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ABSTRACT

The Acari Iron Mining District, part of a tilted uplifted
fault block, comprises an area about 300 square kilometers, in the
southern part of the coastal belt of Peru. It is in the foothills
of the western range of the Andes and it is dominantly formed
by granodioritic and granitic intrusive rocks which belong to
the Andean batholith of Cretaceous-Tertiary age. The intrusive
rocks are overlain by a central; elongated, northwest trending
band, of metasedimentary and volcanic rocks,

The magnetite deposits of Acari district are long, dike-shaped
bodies, which fill two systems of fractures in the granodiorite
intrusive, located in the southwest portion of the district. One
fracture system, includes both the Mastuerzo and Campana Zone,
has NWN trend., The other fracture system, the Pongo Zone, trends
NE. The ore consists predominantly of black, massive, compact,
microporous, fine-grained magnetite characterized by colloform
texture. Its average grade is about 60-66% Fe with 0,10-0.20% P,
The deposits are characterized by a vertical zoning which plunges
southward, consisting of: 1) an upper magnetite ore zone, 2) a
transitional zone, and 3) a lower barren amphibole zone, Two
successive stages of fracturing and faulting, one forming transverse
faults, the other longitudinal faults, have affected the magnetite
deposits, The deposits are believed to have resulted from two
principal endogenetic processes, one was the injection of rich-iron
fluids into fractures in the granodiorite intrusive, the second was

hypogenetic alteration of the magnetite deposits by barren hydrothermal



solutions, which probably were derived from the crystallization
of the granite intrusive in the northeastern portion of the district.

Three stratiform hematite deposits containing, about 31-37% Fe
occur within the outcrop area of Mississippian (?) age of metasedimentary
rocks at the headwater of the Loza Valley. Fairly consolidated
black magnetite sands overlie the granite intrusive in Cerro Conchudo.
They contain approximately 6% Fe,

Copper veins consisting of discontinuous ore shoots of oxidized
minerals in long, east-west trending fissures occur within the
granite intrusive, or as fractures filling in felsic dikes or
quartz veins within the Dark Volcanics and within the granodiorite

intrusive,



Chapter I

INTRODUCTION

LOCATION

The studied area is in the southern part of the Republic of
Peru, 30 kilometers from the Pacific coast, The area is approximately
rectangular and covers about 300 square kilometers, It is bounded
by 75° 35' to 75° L6' west longitude, and 15° 21' to 15° 22' south
latitude,

The Acari Iron Mining District is in the northern extremity
of the department of Arequipa, province of Caraveli, district of
Bella Union, Topographic sheet No. 16b of Yauca, National Chart
of Peru, at 1:200,000, with a contour interval of 50 meters, covers
the area, The general reconnaissance geologic map includes the
mineral claims under the title "Acari" and the neighboring area
of Pongo zone, They are controlled by the Cia., Pan-American

Commodities S,A.

ACCESSIBILITY

The community for the Acari Iron mine is at the outlet of the
Cardonal valley, 500 meters above sea level, and 5 kilometers south
of the crushing plant., The later is 830 meters above sea level,

A private asphalt highway some 60 kilometers in length leads to the
port. The mining district is mainly accessible through the port.
Approximately 25 kilometers from the crushing plant the highway has
an underpass beneath the Pan American Highway at 525 kilometers
from Lima, A small aircraft landing strip is also available about

12 kilometers south of the camp,



rn

Several gravel roads and trails provide access to the
different portions of the mining district. These include: The
Cardonal Valley road to the plateau, the Pongo road which rises to
the plateau by the south slope of Yuyuca hill, the Calapampa Valley
road which also goes to the plateau, and the Tranca Baja Valley trail
to the plateau, A gravel road of 20 kilometers length also joins
the mining community to the small town of Acari. The town of Nazca

lies 75 kilometers to the northwest,

PURPOSE AND SCOPE OF THE INVESTIGATION

In the detailed study of this iron mining district, five major
objectives were outlined:

1. To synthesize, evaluate and interpret available geophysical
and geological information on the Acari Iron Mining District,

2., To determine the possible cause or causes of the mineralogical
bottoming of the magnetite deposits of the Acari District.
Vein 1A, in the Mastuerzo zone, was chosen for detailed
microscopic study of the transitional zone between the
overlying ore zone of magnetite and the underlying barren
zone consisting of amphiboles,

3. To offer a reasonable theory of genesis for this type of
magnetite deposit.

4, To determine the possible relationships between the local
geology and the ore deposits,

5. To point out probable geological and geophysical guides that
might prove useful in future exploration programs in this

district.
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Between January, 1959, and December, 196L, the writer had the
opportunity of participating in various phases of the development
of the Acari Iron Mining District, He also studied the geology
and mineral deposits of the area covered by the "Acari" claims and
the surrounding areas, including the Pongo zone, All of the areas
are shown on the general geologic map (Plate 1),

During late 1964, a compilation of available geologic information
and field work was completed for a general reconnaissance geologic
map of the area, Photomosaics at 1:20,000 of the Aero Service
Corporation of Philadelphia (1952), a general topographic map at
the same scale by E. Kleiman (1952) and a claim map at a similar
scale by V., Velazquez (1960), were used as compilation bases.

Laboratory work began at the Acari Iron mine with the preparation
of the general geologic map at a scale of 1:20,000, compilation of
longitudinal vertical sections of Vein 1 and Vein 1A, of the
Mastuerzo zone, and construction of geological cross sections, each
50 m, apart, at 1:1,000, and development of a stratigraphic section
for the district., At the University of Missouri at Rolla, further
work included a topographic-geologic map of the mining district
at 1:50,000, geological cross sections and longitudinal sections,
at 1:2,000, a partial magnetic map of the Mastuerzo zone, at 1:5,000,
and other illustrations and sketches to complete the investigation,

Laboratory study at the University included the petrography
of the country rock and ore microscopy of the mineral dpposits. Sixty-
four thin sections and fifty-one polished sections were studied,
Photomicrographs were made utilizing both plane and polarized light

of thin sections and polished sections., Macrophotographs also were



prepared for polished flat surfaces of selected hand specimens,
These specimens were originally collected by the writer and by
Francisco Arbizu, resident geologist of the Acari Iron mine.

The report and laboratory investigations were completed during
the Summer and Fall of 1966, and as time permitted during the Fall

and Spring of the preceding year,

PREVIOUS WORK

Before this work only reconnaissance geologic maps at very
small scale covered the study area, These included the schematic
geologic chart of Peru by Steinman and Lisson (1939), a generalized
geologic map of Peru at 1:8,500,000 by Broggi (1945) and the more
recent geologic map of Peru at 1:2,000,000 by E, Bellido and
F. Simmons (1957).

Other geological information on the Acari Iron Mining District
is mainly in the form of private reports belonging to the Cia,
Pan-American Commodities S,A, These reports mainly relate to the
geological background, economics and exploitation of the mineral
deposits,

In 1956, the main magnetite deposits of the Mastuerso and
Campana zones were described by Schmidt Thome, The current author,
in 1959, prepared a geological study of the Mastuerso zone as part
of the requirements for the professional grade of Geological Engineer
at the Universidad Nacional San Agustin de Arequipa, Peru, In 1961,
a special report was prepared on the iron deposits of the Pongo zone.
Another private report was prepared in February 1962 by D, Bradley on

Gordon Hill, including La Mancha area mapped by D, Borkowski., Both



of these are on the Mastuerso zone, Borkowski continued graduate
research at the University of Clausthal, Germany, with a microscopic
study of the intrusives of the Gordon Hill and La Mancha areas,
Information on this study is not available,

A compilation was made of the many private reports of the
company files in late 1964, This included geologic studies of the
various areas noted above, detailed geologic maps of many of the
working mines, an aeromagnetic map, ground magnetic maps, drill
core and cutting descriptions, production, reserves and exploitation
of mines., Reports were written by S. Thome, R, I, Erickson,

G. Hoffmeann, M, Tealdo, D, Borkowski, J. Cook, S, Sadner, D, Bradley,
R. A, Zevallos, Parker Gay, L., H, Lizarraga, H. Varillas, F. Arbizu,

M, Carrizales and J. Moretti.

HISTORY OF THE MINING DISTRICT

To acquaint the reader with the relatively recent history of
the mining district, the following details are included in this
report,

Prior to 1952 no references are known on the Acari Iron Mining
District., In 1952, several mining claims were located in the
district in the following order:

1, The "Amado I", "Amado II" and "Pongo" in the Pongo zone

by H. Amado and others,

2. The "ACARI" claims of the Cia, Pan American Commodities

S.A. covering almost all the district with the exception
of the Pongo zone.

3. Claims by the Corporacion del Santa in the Pongo zone,



A systematic exploration program was initiated after 1952
by the Cia, Pan American Commodities S,A., This included an
aeromagnetic survey, several ground magnetic surveys, physical
exploration by trenching, diamond drill coring, percussion drilling,
tunneling, drifting, and systematic sampling of the deposits,

Open pit mining began in March, 1959, at the vein of the
Mastuerso zone, A production rate of 100,000 long tons per month
to Wells Overseas Limited was established., Pan American built a
60 km, long two lane asphalt highway from the mine to the port at
the Bay of San Juan, about 1 km., north of Marcona's port, Here a
dock and stockpiling and shiploading facilities were comstructed so
that ore carriers could be loaded at a rate of 1500 tons per hour,
At the mine a crushing and magnetic cobbing plant was constructed
with a capacity of 500 tons per hour,

The Acari project was financed through the American Overseas
Finance Company of New York, and the Ore Marketing Corporation of
Panama, With the exhaustion of the reserves of the Vein 1, Pan
American began the underground mining of Vein 1A by sub=-level
stopping in October, 1961, By August of 1964 the contractor
Cia, Bronzzini Hnos. began mining of Veins 5 and 6 in the Campana

zone, Work has been extended to the iron deposits of the Pongo zone,

IRON DEPOSITS OF PERU

Recent prospecting, especially in the Coastal and Andean zones
of the Peruvian territory, has led to the discovery of a broad
variety of iron deposits. Yet, with the exception of the deposits

now in production at Marcona and Acari, little information is available.



Currently there are references on the following iron deposits,
from north to south: Tambo Grande (Piura); Huamachuco (Trujillo);
Moro, Fatima, Pariacoto, Quelleycancha, Canchirao and Aija (Ancash);
La Molina (Lima); Huacravilca and Gallosencca (Junin); Otoca and
Querco (Huancavelica); Marcona, Yaurilla and Tunga (Ica); Tintay and
Chalhuanca (Apurimac); Acari, Chala and Islay (Arequipa); Livitaca,
Chumbivilcas and Canas (Cuzco); North Ilo and Morro Sama (Moquegua);
Santa Lucia (Puno)., Large iron deposits occur in the department of
Apurimac, approximately 300 km, from the coast,

A brief description of the main known iron deposits of Peru is
given in Table I to acquaint the reader with the general character

of these deposits,
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TABLE I. - Main Iron Deposits of Peru (1966)

DEPOSIT - DEPARTMENT SHAPE ORE % FE HOST-ROCK TYPE . RESOURCES AUTHOR
Marcona - ICA Manchas Massive 57-58 |Hornfels Replacement 1 x 109 |F.W, Atchley
porous mar- Volcanics (1957)
Eite magned -
lte P
Acari - AREQUIPA Dike-shaped|Massive, 60-66 |Granodiorite Magmatic 20 x 10° A Zevallos
deposits colloform injection (1964)
magnetite
Yaueilla - ICA Dike-shaped | Hematite |58-62 |Andesite, Magmatic 5 x 106 A, Zevallos
deposits Magnetite granodiorite injection (196k0
Huacravilca - JUNIN [Mantos Magnetite Limestone and | Replacement, b ox 106 'F.S. Simmons
quartzose igneous meta- and E, Bellido
monzonite morphic contact (1956)
Quelleycancha~ANCASHi:Tabular Magnetite [50-64 |Shale, grano- Igneous meta- |1 x 106 |A, Zevallos
bodies diorite morphic (1961)
contact
Canchirao - ANCASH |Mantos Hematite, |U0-56 |Sandstones, Near igneous |5 x 102 | A, Zevallos
magnetite shales and contact (1961)
limestones
Tambo Grande - PIURA | Beds Hematite 41-51 |Sedimentary Sedimentary 12 x 106 I.N.F.M,
rocks (Venturo,
190k4)
Islay - AREQUIPA Beds Hematite 35 Gneiss Sedimentary 1x 106 J. Fernandez

Concha (1956)
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Chapter II

GEOGRAPHY

PHYSIOGRAPHIC FEATURES

Peru is on the west side of South America, between 0° and
18° 20' south latitude, and is characterized from west to east by
three parallel physiographic belts which extend longitudinally
across Peru from the Bolivian border on the south to Ecuador on
the north. These include the coast, the Andean Range and the
Jjungle,

The Acari Iron Mining District is in the southern portion of
the coastal belt, 30 kilometers inland from the coast. This district
is in the foothills of the western range of the Andes, Within the
district topographic characteristics are those of the stage of late
youth of an arid erosion cycle, This region is an uplifted fault
block with deep longitudinal valleys cutting into the south slope,
It is composed of an intrusive rock core partly covered by sedimentary
relics and volcanic rocks,

Three main geomorphic units are recognized: 1) The block-fault
mountain, whose truncated top, the so-called "pampa San Francisco'"
is a plateau at 1400 meters elevation. This unit actually rises
fram 40O in the coastal plain to 1400 meters elevation in the plateau,
It is approximately 20 kilometers long and 2 to 5 kilometers wide.
The surface of the plateau is nearly flat with few hills which attain
altitudes of 1700 and 1900 m, 2) The coastal plain at 400 meters
elevation is adjacent to the fault block on the west and southwest
border, The surface is generally flat and the slope is gentle and

toward the shore line., 3) The alluvial fans forming apron-like masses
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at the mouth of the main valleys descend from the plateau to the
coastal plain, The rigorous dissection suggests recent uplift of

the region,

CLIMATE

The cold Peruvian ocean current and the Andean range are the
main elements asserting influence on the climate of the region, The
current decreases the temperature of the coastal area, which is
delightfully low with respect to the latitude, it impedes the
amount of evaporation from the Pacific Ocean, Eastward, the Andean
Range interrupts the broad sweep of the humid southeast winds
passing over the land from the Atlantic Ocean,

Water vapor movement from the low evaporation rate of the Pacific
Ocean current is hindered by the mountainous body to the east, A
fog is formed periodically and affects the southwest part of the Acari
region, This is especially true in the early hours of the day and the
nights, It is specially characteristic of winter (June to August),
In the summer (January to March) the effect is generally a strong
abundant rainfall,

Paracas, known in the northern hemisphere as dust-devils or
spiral movements of dusty masses of air, are especially characteristic

in the afternoons in this climatic region,

WATER SUPPLY

Only a limited amount of water is available for the Acari Iron
Mining District., Water supply for personal and mine operations are
obtained from a well in the Jaguay area, 20 kilometers west of the

mine camp.
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Chapter III

REGIONAL GEOLOGIC SETTING

GENERAL STATEMENT

The study of the local geology of the Acari Iron Mining District
has been correlated with regional geology from the fairly recent
geologic map of Peru at 1:2,000,000 by E, Bellido and F, Simmons
(1957).

Valuable geologic information has been provided by W, F, Jenks
(1948 and 1956), G. Petersen (1954), W, Ruegg (195(7), and J. Fernandez
Concha (1956), from geologic studies in the neighboring areas of

Arequipa, Ica and Marcona,

PRE-ORDOVICIAN - LOWER PALEQZOIC

The oldest rocks of Peru have been grouped as Pre-Ordovician and
included rocks of Archean and Paleozoic age., These consist of
phyllites, schists, gneisses and granites and they outcrop in the
Coast Cordillera, Central Cordillera and in the south and central
portion of the Eastern Cordillera, In the Coastal Cordillera these
rocks occur south of 14° south latitude, including Lomas.,

W, F, Jenks (1956) notes that:

Knowledge of the basement rock of the Coastal and
Cordilleran portion of Peru is still limited, Precambrian
rocks undoubtedly occur in the country, and perhaps are
widespread, It is evident that intense metamorphism of
Paleozoic rocks exist in many places, so that it seems
unwise to assume that the schists and gneisses are dominantly
Precambrian, Strong metamorphosed Mesozoic formations of
more than local distribution have not been recorded,

The nearest reference to rocks of Lower Paleozoic age, is in

Rio Grande (Ica), Here a series of metamorphosed dark slates are
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considered of Silurian-Devonian age (G, Petersen, 1954), Some slates
and quartzites which outcrop on the west side of the city of Ica are

considered to be Silurian (W. Ruegg, 1957).

UPPER PALEOZOIC CARBONIFEROUS (PERMIAN)

Upper Paleozoic rocks have been described in portions of the
central Peruvian coast and at the junction of the Grande and Nazca
rivers, At Caballa port red quartzites and dark slates crop out
which belong to the Ambo group (G, Petersen, 1954).

In the area of Marcona and San Juan Bay, La Justa, Faro and
La Punta formations of quartzites, marbles, slates, carbonaceous
slates and coal seams crop out, These are probably of the Ambo
group (J. Fernadez Concha and Rosenzweig, 1956). These formations
are considered members of the Marcona formation which enclose the
iron mantos ("Manchas") of the Marcona Mining District (Marcona

Company data),

JURASSIC=-CRETACEOUS (VOLCANIC .SEDIMENTARY FACIES)

Bellido and Simmons (1957) note that:

Volcanics of submarine origin, associated with marine
sediments of Jurassic-Cretaceous age, outcrop in the western
flank of the Andean, This sequence of diabasic flows,
porphyritic diabases, tuffs, etc., reach considerable
thickness,

These volcanic-sedimentary rocks have been called the Andean
formation of diabases-melafires (Steinmann, 1930), formation of

porphyries, porphyritic formation and porphyritic facies, In Peru

this formation is interbedded with strata of Jurassic and Cretaceous

age,
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These rocks outcrop in Caballa port, in the lower and middle
course of the Grande River, between Marcona and Lomas, in Chala
and in Ocona. In Grande River, the volcanic rocks are interbedded
with sediments of Middle and Upper Jurassic (Ruegg, 1953).

At Arequipa, the Chocolate volcanics comprise 900 m, of
andesite, basalt and trachyte flows, tuffs and agglomerates, and
interbedded slates, quartzites, calcareous reefs and limestones

with fossils of Lower Jurassic age (Jenks, 1948),

LOWER CRETACEQUS

Cretaceous formations comprise about 75% of the outcrops of
Mesozoic rocks in Peru, They occur in all of the western Cordillera
from 13° south latitude northward and their outcrops extend from
the coast to the Amazonian basin,

Outside of the Acari area, bituminous, black limestones outcrop
in Portachuel, Nazca (Ica) and belong to the Albionian (Petersen,
1954). W. Ruegg (1957) records:

The Cretaceous rocks which are restricted to the valley

of Ica and the Andean foothills and have undergone much

alteration by the Andean batholith. Like elsewhere, the

sequence begins with continental sediments (Neocomian),

grading upward into more calcareous marine rocks which

have locally furnished Albiomian ammonites. Volcanic

rocks are abundantly interbedded in the lower part of the

sequence., The highly contorted rock near Palpa, characterized

by giant concretions, are judged to be Lower-Middle Cretaceous.,

Fernandez Concha (1950) mapped small outcrops of Cretaceous

rocks in the area of Marcona,
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CRETACEOQUS-TERTIARY INTRUSIVE ROCKS

Along the Western Cordillera, principally located in the basin
of the Pacific Ocean, the so-called Andean batholith crops out., This
body crops out continuously from Trujillo southward. The batholith
.is a complex of many types of plutonic rocks which vary in composition
from gabbro to granite, but the main rock type is granodiorite,

Small later intrusions of rhyodacite and monzonite occur within
the batholith,

Douglas (1920) and Steinmann (1930) offer general descriptions
of the batholith, Subsequent studies include that of Vielmeter
(1935), Jenks (1948), and Jenks and Harris (1953) in the region of
Arequipa; Egeler and DeBoy (1954) and Bodenlos and Ericksen (1955)
in the Cordillera Blanca,

The batholith apparently was intruded beginning with Cretaceous
time but continuing into the Tertiary (Steinmann, 1930). Jenks
(1956) reports:

The main part of the intrusion apparently took place
in early Upper Cretaceous (Lower Senonian) time, yet in

the late Upper Cretaceous igneous activity appears to
have been at a minimum,

CRETACEQUS-TERTIARY VOLCANICS

A widespread and thick accumulation of volcanic rocks occurs
along the Western Cordillera, These consist of agglomerates, breccias,
tuffs, and flows, which largely are andesitic in composition and
stratified in fom,

Steinmann (1930) presents a generalized description of these

rocks, Two main series of volcanic rocks, the Tacaza Volcanics (Lower)
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and the Sillapaca Volcanics (Upper) have been recognized in southern
Peru by Jenks (1946) and Newell (1949),

The Tacaza volcanics are considered Cretaceous=Tertiary volcanics,
although the age is uncertain, In the region of Lake Titicaca,
basaltic flows, breccia flows, agglomerates and tuffs of greenish
gray and chocolate color comprise this group.

Newell and Ahlfeld (19&9)‘tentatively correlated the Tacaza
volcanics with the Mauri volcanic series of Bolivia of probable

Miocenic age (Douglas, 191k4),

CENOZOIC VOLCANIC ROCKS

The Cenozoic vclcanic rocks are of Pliocene age and have been
described in southern Peru as "Sillapaca Volcanics" by Jenks (1946),
They consist of flows, flow breccias, tuffs and agglanerates of
andesitic composition, basalt flows, and the so-called sillares of
rhyolitic tuffs near Arequipa (Jenks, 1948; Fenner, 1948; and Jenks
and Goldich, 1956), The petrography of the volcanic rocks of Arequipa
has been described by Hatch (1885), Douglas (1920), and Jenks and
Goldich (1956).

The thickness of the Chachani volcanics of the Arequipa region
equivalent of the Sillapaca volcanics is approximately 2,800 m,

(Jenks, 1948).

QUATERNARY SEDIMENTS

Along the Peruvian coast Quaternary silt, sands and gravels
form part of the coastal plains, the fluvial plains, and piedmont

plains, They also occur in fluvial, marine terraces and dunes of



Quaternary age,
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Chapter IV

STRATIGRAPHY

The regional geology was described in the preceding chapter,
The present chapter deals with the details of local geology within
the Acari Iron Mining District, particularly a review of the stratigraphic
and lithologic sequence,

A generalized stratigraphic correlation of the Acari region with
regions to the north (Ica) and to the south (Arequipa) is given in
Table II., A more detailed rock sequence for the Acari Iron Mining

District is shown in Figure 2,

LOMAS COMPLEX

The Lomas Complex consists of gneisses, schists, phyllites, and
red granite, In the Las Penuelas area, well-formed pigmatic folds
occur in the gneisses. These rocks are well exposed at the port of
Lomas, Las Penuelas beach, and at the San Juan Bay, west of the
district where they probably constitute the basement rock,

The age of the Lomas Complex has not been determined but as
with all the oldest Peruvian rocks it is considered Pre-Ordovician

(Bellido and Simmons, 1957).

METASEDIMENTARY ROCKS

Metasedimentary rocks probably constitute the oldest rocks in
the Acari Iron Mining District., Two separated outcrop areas are
known. One is on the east flank of the upper course of the Loza

Valley, Here it is composed dominantly of pink stratified quartzitic
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sandstones and quartzites on an anticlinal structure plunging about
50° NE., Three hematite deposits, the so-called 7, 8 and 9, occur
within the sequence. Deposits 7 and 8 are clearly stratiform,

The other outcrop area to the southwest is in the outlet of
the Quebrada de los Chilenos Valley, Here the dominant rocks are
pink quartzites, They are metamorphosed, massive, and they do not
contain hematite deposits,

- The northeastern outcrop is intruded by the granitic intrusive,
in its northeastern border and any southwest extension would be
unconformably covered by the dark volcanics. The southwestern
outcrop zone is intruded in the northwestern part by the granodioritic
intrusive, It is overlain unconformably along its NE border by the
Chocolate Volcanics,

The lithologic characteristics,; metamorphism and presence of
hematite deposits suggest a correlation with the Marcona formation,
This formation, in turn, has been correlated with the Ambo group of

Lower Carboniferous age (Fernandez Concha and Rosenzweig, 1956).

CHOCOLATE VOLCANICS

The Chocolate Volcanics cover a continuous northwest trending
belt 10 km, in length and 0,5 to 2 km, in width., They occupy the
south slopes of the hills Campana, Pan de Azucar and Loza,

The Chocolate Volcanics are formed principally of porphyritic
andesite with phenocrysts of plagioclase and colored dense matrix,
The upper part of the sequence is chocolate colored andesite, while

the lower part consists of greenish gray andesite, In the Acari
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TABLE II.- Generalized correlation ot stratigraphic sequenees.
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region the thickness of these volcanics is between 200 and 300 m.,

On the southwest slope of the Cerro Campana the contact between
the intruded volcanics and the granodiorite intrusive is well shown,
This is near the outcrops of Veins 5 and 6 (See PLATE ; ). The
contacts of the Chocolate Volcanics with the underlying metasedimentary
and with the overlying Dark Volcanics appear to be angular unconformities,

The lithologic and stratigraphic characteristics permit broad
correlation with the Chocolate Volcanics of the region of Arequipa
(Jenks, 1948), His suggested name is adopted in this thesis, Similar
rocks occur in Grande River, between Marcona and Lomas, Chala and Ocana
(Ruegg, 1953). These volcanics have been called "diabase-melaphyre"
by Steinmann (1930). Jenks (1948) believes that the Chocolate Volcanics

must be of Jurassic and probably of Lower Jurassic age,

DARK VOLCANICS

The Dark Volcanics are widespread and cover a broad belt of
N L0° W trend, about 20 km, in length and from 3 to 5 km, in width,
They occupy approximately the southwest half of the plateau,

This rock series consists of some basalt flows and tuffs, but
it is predominantly gray andesite and porphyritic andesite, The
latter contains phenocrysts of plagioclase and pyroxene in a fine-
grained matrix,

The Dark Volcanics enclose copper veins, numbered 15 and 16,
and the "Pluto" gold vein. They are related to dikes which cut

older rocks and which have been referred to as late green andesite

porphyry.
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These volcanic rocks cover the erosional surface cut across the
Chocolate Volcanics, granodiorite and granite intrusives, Locally
they underlie a white tuff,

The dark volcanic rocks are correlated with the Nazca volcanics
and the Tacaza volcanics. The Tacaza volcanics are considered to
be Tertiary age (Jenks, 1946; Newell, 1949), It is possible, however,
that their age ranges from Upper Cretaceous to Upper Tertiary

(Cerro de Pasco staff).

WHITE TUFFS

Discontinuous outcrops of White Tuffs are distributed along
the plateau, They overlie the erosional surface cut on the Dark
Volcanics and the granite intrusive, The thickness of the white
tuff ranges from 10 to 50 m,

These pyroclastic rocks consist of a heterogeneous mixture of
porous white matrix enclosing phenocrysts of glass and andesitic
fragments., They are white on the fresh surface and grayish pink on
the weathered surface, They do not contain any mineral deposits,
The white tuffs are related to dikes and pyritic stocks that cut the
Dark Volcanics,

The White Tuffs are correlated with the Chachani Volcanics of
Arequipa (Jenks, 1948)., These latter are composed principally of
rhyolitic and dacitic tuffs called the "sillar", The Chachani
Volcanics in turn are correlated with Sillapaca Volcanics, Newell
(1949) indicates that the Sillapaca Volcanics range from Pliocene

to Recent in age.
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CLASTIC DEPOSITS

In Quaternary times, the last erosional and constructional
stage produced many small areas covered by alluvial gravels and
eolic deposits of sands on the plateau, These include for example,
the windblown magnetiferous sands of Cerro Conchudo., The main
valleys of the region have been filled by alluvial fans that
descend from the plateau to the coastal plains, Thus, in the north
part of the Acari region, we have the large valleys of Tranca Baja,
Calapampa and Romerill, which are almost of E-W trend, In the
southern part, from west to east, are the valleys of Pongo, Yuyuca,
Mastuerso, Cardonal, Militar, Quebrada de los Chilenos, San Francisco,
Pan de Azucar and Loza, and the Acari River, all of which have a
N-S trend. All of the valleys have extensive alluvial fans at their

mouths,

HISTORICAL GEOLOGY SUMMARY

The oldest Pre-Ordovician rocks crop out beyond the Acari Iron
Mining District, where they are called the "Lomas Complex"., Within
the Acari region, the oldest formation is a metasedimentary unit
composed dominantly of highly metamorphosed pink quartzites, These
enclose the hematite deposits of the Loza Valley, They are correlated
with the Marcona formation, which is possibly Mississippian in age,

The Chocolate Volcanics rest unconformably on the metasedimentary
rocks in the Quebrada de los Chilenos Valley., They consist of
porphyritic andesitic flows of green and chocolate color, These

volcanics are correlated with the Chocolate Volcanics of the Arequipa
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region and they are of Jurassic age.,

The Andean batholith probably was intruded at the close of
Cretaceous time, Here it was formed by an early granodiorite
intrusive and by a later granite intrusive, Granodiorite occurs
in the southwestern part and granite in the northeastern part of
the Acari Iron Mining District, These intrusive rocks are the host
rock for the known magnetite deposits and copper veins,

During Tertiary time intense erosion denudated most of the
overlying volcanic and metasedimentary rocks and some parts of the
batholith, Following this period of deep erosion, widespread
vulcanism produced dark flows of basalt and andesite which covered
the entire area, These volcanic rocks, which contain copper veins,
correlate with the Tacaza Volcanics,

Block faulting, during the process of formation of the Andean
Cordilleran, was followed by deep erosion of the uplifted blocks,
This produced the Acari tilted fault-block upon which was exposed
a central norfhwest trending band of volcanic and metasedimentary
remnants, located between the granodiorite and granite intrusives,
along the southwest border of the plateau.

At the close of Tertiary time, the pyroclastic White Tuffs
were deposited, A subsequent erosion cycle formed the main valleys
that bisect the Acari region.

Still later, in Quaternary time, the flood plains, alluvial
fans and coastal plain were developed, During this time the black

magnetite sands of the Cerro Conchudo zone probably were formed,
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Chapter V

INTRUSIVE IGNEOUS ROCKS

GENERAL FEATURES

The intrusive rocks, which occur in the Acari Iron Mining
District, belong to the Andean batholith of Cretaceous-Tertiary age.
They form the core of the uplifted fault-block and are now largely
exposed due to intense erosion. The intrusive rocks represent
stages of intrusion from granodiorite to the granite, The two
intrusive bodies are discussed separately because of the differences
in occurrence, composition, structure and type of ore deposits
enclosed in these two host rocks.

The granodiorite intrusive occupies the southwest part, and
the granite intrusive the northeast part of the mining district.

As noted earlier, part of the erosional surface on these intrusive
bodies, including their intrusive contacts, have been nonconformably
covered by later volcanic rocks,

Jenks (1955) in a paper on the plutonic rocks of the Arequipa
region made the following statement:

The part of the batholith within the Arequipa quadrangle
is a fair sample of what may be expected in the coastal
batholith elsewhere in the southern departments of Arequipa
and Moquegua.,

Jenks (1948) distinguished five stages of intrusion in the
region of Arequipa (Table ITT), The granodiorite and a fine-grained
granite, belonging to the last stages, If it is possible to
consider similar processes in both regions, on the data available,

the intrusives of the Acari region also could belong to the last

stages.
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In Table III are presented the modes of some specimens of the
main intrusive rocks of the Arequipa region, collected by Jenks,
and of the Acari region collected by the writer,

Steinmann (1929) considers the principal igneous activity
occurred in the Eocene to early Oligocene (Incaic orogeny). Jenks
(1956) suggests that the main part of the intrusive activity
apparently took place in early Upper Cretaceous (Lower Senonian),
and that in late Upper Cretaceous time igneous activity was at a

minimum,

GRANODIORITE INTRUSIVE

As early as 1959, the writer considered that the intrusive
rocks of the Mastuerso zone formed from several igneous facies of
one intrusion, He termed this, the "Mastuerso Series",

Bradley (1962) in his report on Gordon Hill and on La Mancha
parts of the Mastuerso zone, pointed out three types of rock:

1) light medium-grained granodiorite, 2) light colored porphyry
and 3) dark hornfels, These units were noted on the geologic
plan, mapped by him and Borkowski,

The granodiorite intrusive occupies the southwestern part of
the mining district, largely along the southwest slope of the
plateau, The body trends NW and is some 15 km, in length and
from 2-5 km, in width., It extends from the Romerillo Valley to
the Quebrada de los Chilenos Valley, including the hills Pajayuna
(1653 m,), Pongo (1650 m.), Yuyuca (1686 m,), Huanaco (1550 m,),

Mastuerso (1550 m,) and Campana (1678 m.).
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Megascopic and microscopic features of the granodiorite intrusive
permit subdivision into three types of igneous rocks. These constitute
different igneous facies of one intrusive body: 1) fresh, white,
medium-grained granodiorite with abundant and regular distribution
of magnetite (6-10%), and irregular distribution of hornblende and
quartz, 2) a "pink porphyry" on fresh surface, classified as quartz
monzonite porphyry, with a higher content of quartz and abundant
magnetite distributed in a pink, fine-grained matrix, and 3) the
so-called "hornfels" are actually monzonite porphyry with abundant
magnetite (14%),

The granodiorite shows a phaneritic, holocrystalline, hypau-
tomorphic, equigranular texture and characteristically abundant,
medium grained (3-4 mm,), elongated crystals of calc-alkalic
feldspar (10-50% An} predominantly oligoclase). These plagioclases
generally exhibit polysynthetic and carlsbad twinning. There also
is a lesser proportion of medium grained orthoclase, Other
medium-grained, green crystals of hornblende (2-3 mm,) dominantly
exhibit poikilitically distributed small magnetite crystals,

Locally the hornblende is partially surrounded by rims of small
grains of magnetite., Small anhedral grains of quartz are irregularly
distributed throughout the rock, Small crystals of magnetite are
regularly distributed among the larger crystals., One exposure of
white granodiorite consists oply of plagioclase with disseminated
magnetite in an area of no known magnetite deposits., The main
granodiorite occupies approximately 92% of the total area of the

granodiorite intrusive,
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The so-called pink porphyry is a quartz monzonite porphyry
that shows a holocrystalline, hypautomorphic, porphyritic texture.
Phenocrysts make up more than 50% of the rock, These are medium-
grained crystals of plagioclase, largely oligoclase, with polysynthetic
twinning, and medium-grained crystals of hornblende containing
abundant magnetite crystals., The matrix consists of very fine-grained
cloudy, pink orthoclase with disseminated larger grains of quartz
(16%) and magnetite (9%)., The quartz monzonite porphyry occupies
5% of the total areal extent of the granodiorite intrusive.

The so-called hornfels and dark porphyry is a monzonite porphyry
which has holocrystalline, hypautomorphic and porphyritic texture,
with phenocrysts making up more than 50% of the rock, The pink
porphyry differs in the absence of fine quartz grains, the increase
of fine magnetite grains and in the presence of medium-grained dark
brown hornblende that gives a dark tone to the rock, The monzonite
porphyry occupies 3% of the total area of the granodiorite intrusive,

In summary the granodiorite intrusive exhibits the following
characteristics:

1, It encloses the magnetite deposits which fill two main

sets of fractures; one of N 45° E trend, and the other
of N 30° W to N 10° E bearing,

2. The principal rock is a white, medium-grained granodiorite,

with the dominant mineral a medium-grained calc-alkalic
feldspar, largely oligoclase, generally accompanied by

green hornblende,
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Figure 3- photograph of a sawed slab of a typical specimen of light, medi-
um-grained granodiorite. Mastuerzo zone, specimen A-35.

Figure 4- Photomicrograph of typical light medium-grained geanodiorite
showing plagioclase (polysynthetic twinning), anhedral grains of quartz
(white) and hornblende (dark gray) with poikilitic distribution of magne-
tite (black). Mastuerzo zone, specimen A-35, thin section, crossed nicols.
32X
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Figure 3- photograph of a sawed slab of a typical specimen of light, medi-
um-grained granodiorite. Mastuerzo zone, specimen A-35.

Figure 4- Photomicrograph of typical light medium-grained geanodiorite
showing plagioclase (polysynthetic twinning), anhedral grains of quartz
(white) and hornblende (dark gray) with poikilitic distribution of magnetite
(black). Mastuerzo zone, specimen A-35, thin section, crossed nicols. 32 X
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FIGURE T.- Photograph of a sawed slab of a typical specimen of monzo-
nite porphyry (dark porphyry). Mastuerzo zone, specimen

A—26 L]

Figure 8- Photomicrograph of typical mozonite porphyry, showing
phenocrysts of plagioclase ( white ) and brown hornblende (dark gray),
surrounded by a fine- grained matrix of plagioclase and orthoclase
(gray) with disseminated magnetite (black). MAstuerzo zone, specimen
A-26, thin section, plane polarized light. 32 X.
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GRANITE INTRUSIVE

The granite intrusive is in the northeastern portion of the
Acari region, mainly underlying the plateau, Here it occupies a
northwest trending belt 20 km, by 2 km,

The dominant rock is a reddish granite composed of euhedral
crystals of orthoclase which range from medium-grained (3-4 mm.) to
fine-grained, Quartz occurs as medium-grained grains., Black, large
crystals of pyroxenes (augite) and tourmaline (4-5 mm,) form some
phenocrysts, These occur in the extreme southeast portion of the
intrusive, In the extreme northeast part, the intrusive shows
segregations of mafic and felsic rocks of fine-grain.

Briefly, the granite intrusive exhibits the following character-
istics:

1. It encloses the copper veins which strike N 60° W to

almost east-west.,
2, Granite is the dominant rock, and the principal minerals

are pink orthoclase, quartz and black pyroxenes,
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Chapter VI

STRUCTURAL GEOLOGY

GENERAL STATEMENT

The Acari Iron Mining District lies within an uplifted
fault block with a larger vertical displacement on the south side
than the north, In the latter area the displacement is almost
imperceptible,

The district is divided into three structural units: 1) the
southwest unit formed by the granodiorite intrusive and 2) the
northeast unit constituted by the granite intrusive, which belongs
to the Andean or Coastal batholith, But they were intruded at
different times, Different fracture patterns are present in the
two intrusive bodies, 3) Between the intrusives an intermediate
unit occupies an elongated area of northwesterly trend., It is
composed of intruded older metasedimentary and volcanic rocks,
and younger volcanic rocks nonconformably overlying the intrusive
bodies,

The structural pattern of the Acari region can be observed

in the vertical sections across the area shown in Plgte 2.

ACARI TILTED FAULT BLOCK

The Acari Iron Mining District is considered to be part of
one of the several fault blocks uplifted during the process of
formation of the Andean Cordilleran,

Data on the dimensions of the fault block follow, The northern

border is approximately 25 km, long and trends N 80° W, This
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corresponds to the valley Tranca Baja which drains westward to
the coastal plain and the Calapampa Valley which descends eastward
to the Acari River, Vertical displacement along this border was
very small, The west border is approximately 12 km, long and
trends N 25° W. It now constitutes the steep scarp of the west
slope of the Cerro Pajayuna, The eastern border is about 15 km,
long and trends N 10° E, It forms the scarp of the west slope
of the Acari River, The southern border is about 20 km, long
and trends N 65° W. The deep denudation of the of the south border
is partly due to the presence of longitudinal fractures which form
a system of parallel valleys., Vertical slip was maximum along the
south border,
Features which support the existence of this tilted fault
block are:
1., The steep fault scarp on the west and east border, In
the south border the initial relief due faulting has been
modified by erosion,
2, The post-intrusion dark volcanics that lie, in the coastal
plain, westward of the Acari region are also horizontal,
3. The inclined northeastern plunge of the fold in the

metasedimentary rocks, within the Loza Valley,

SOUTHWEST STRUCTURAL UNIT

The southwest structural unit is composed of granodiorite,
It represents the first stage of intrusion in the Acari region,

Structural information pertaining to this unit is abundant because
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the granodiorite intrusive encloses important magnetite deposits.

Within the southwest unit three main fracturing stages can
be discerned, The stages are discussed from oldest to youngest,
1) The first stage of fracturing has produced two principal systems
of fractures, One system, the Pongo zone, strikes from N 60° E
to N 40° E, and dips 60-80° West, The other system of fractures,
the Mastuerzo and Campana zones, strikes from N 50° W to N 15° E
and dips 60-80° East., 2) The second stage of fracturing produced
transverse fractures, which have effected horizontal and vertical
displacements in the fractures belonging to the first stage. The
strike of these transversal fractures ranges from N 70° W to
N 80° E and the dip varies from 70° to 80° south or north,

3) The third stage of fracturing is constituted by longitudinal
fractures which trend N-S with a steep dip toward the east or
west,

The relationship of rupture to stress in the different
fracturing stages are shown in the diagram of the Figure 9, 1In
the first fracturing stage the greatest principal stress axis was
sub-vertical and inclined northeastward, For this reason the
two systems of fractures close northeastward, They would have
been parallel if the principal stress had been vertical., The
intermediate principal stress axis was sub-horizontal and in a
northeast-southwest direction., And the least principal stress
axis was sub-horizontal and northwest-southeast, During this
stage stress pressure has produced shear fractures, These shear

fractures were then filled by the iron-rich fluids forming the
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magnetite deposits, Subsequently the upper part of this fracturing
pattern has been eroded,

In the second fracturing stage, the greatest principal stress
axis was horizontal and almost east-west; the intermediate principal
stress axis was vertical, and the least principal stress axis was
horizontal and north-south, The east-west compression stress at
this stage probably was caused by the emplacement of the granite
intrusive to the north, The sub-vertical shear fractures which it
produced, displace the magnetite deposits in earlier shear fractures,
Their horizontal slips are approximately 1 to 200 m, and the vertical
displacement is 1 to 50 m,

In the third stage of fracturing, the greatest principal
stress was vertical, which caused the lifting of the Acari fault
block, the intermediate principal stress axis was horizontal and
north-south and the least principal stress axis was horizontal and
east-west, Canpressive stress during this stage produced longitudinal
tension fractures, along which subsequent erosion developed a
system of longitudinal valleys on the south side of the Acari
tilted fault block. These longitudinal faults have produced the
camplicated structural pattern shown in the Figure 10, Movement
along the longitudinal faults was of rotational nature with the
maximum vertical slip of over 100 m, located at the south extremity.
These faults are zones, commonly fram 0,50 to 2,00 m, wide, which
exhibit abundant gouge and breccia,

A diagramatic explanation of the modification which the
magnetite deposits 1 and 1A of the Mastuerzo zone have suffered by

the various stages of fracturing is given in Figure 10, Fractures
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of the first stage (Figure 10A ) were filled by the iron-rich

fluids which formed the magnetite deposits called veins 1 and 1A,
Then the transverse faults of the second stage (Figure 10B ) produced
displacements of the magnetite deposits., During the third stage

of fracturing a large longitudinal fault lifted the west side of

the Mastuerzo zone, which subsequently was deeply eroded, The
following features support that interpretation, 1) The west side

of the longitudinal fault consists almost completely of granodiorite,
which belongs to the deeper part of the granodiorite intrusive, In
contrast, the east side is formed by granodiorite and pink porphyry,
igneous facies characteristic of the peripheral portion of the
intrusive body. 2) In the open trench in La Mancha deposit, the
contact between unconsolidated material on the east and fresh rock
on the west could be clearly observed, 3) The wide structure of
amphiboles on the west side and between the north extremity of

the vein 1 and the south extremity of the La Mancha deposit

coincides with the widths observed in vein 1 and La Mancha devposits.,

NORTHEAST STRUCTURAL UNIT

The northeast structural unit is composed of granite intrusive,
The granite belongs to the second stage of intrusion in the Acari
region,

The main system of fractures observed in this structural unit
belongs to the first stage of fracturing., These are a system of
transverse fractures, which are long structures from 1-5 km, in

length, They strike from N 60° W to N 80° E, and dip very steeply
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to the north, Copper veins are found in some of these fractures
in the Acari region, This system of fractures has been produced
by the same campressive stress which formed the transverse fractures
of the second stage of fracturing in the southwest structural
unit. They are also shear fractures,
The second stage of fracturing in the northeast structural
unit is represented by the same longitudinal N-S fractures found
in the southwest structural unit. However, the rotational movement

along the fractures in this unit has produced smaller displacements.

INTERMEDIATE STRUCTURAL UNIT

The intermediate structural unit has its longest dimension
in a northwesterly direction and it is located between the southwest
and the northeast structural units, Pre-intrusives rocks (the
Metasedimentary rocks and Chocolate Volcanics) and some post-
intrusives rocks (the Dark Volcanics and White Tuffs) comprise the
main rock types of this unit,

Between the pre-intrusive rocks, the metasedimentary rocks
have been strongly metamorphosed and folded, They consist principally
of quartzites and hornfels., On the east slope of the upper course
of the Loza Valley, the metasedimentary rocks exhibit a net anticline
whose axis strikes N 14° E and plunges about 60° NE, These rocks
enclose stratiform hematite deposits, The flows of the Chocolate
Volcanics, which gently dip southeastward, do not show any predominant
system of fractures,

Between the post-intrusive rocks the Dark Volcanics exhibit a
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system of fractures which trends fram N 20° W to N 40° W and dips
very steeply., These fractures are filled by felsic dikes and by
veins containing quartz, copper and gold. The White Tuffs lies
horizontally on the plateau and it does not exhibit any principal
system of fractures., The White Tuffs are correlated with the

felsic dikes and pyritized stocks.

SEQUENCE OF TECTONISM AND METALLIZATION

A close relationship between the tectonic processes which
produce the fracturing of the rocks and the metallization processes
which cause the formation of metalliferous deposits appears to
exist in the Acari region.

The following is the probable sequence of the metallization
and tectonic processes which took place in the Acari Iron Mining
District:

1. Formation of miogeosyncline in the Upper Paleozoic

(Metasedimentary rocks).

2., Formation of an eugeosyncline in the Jurassic (Chocolate
Volcanics).

3. Emplacement of the granodiorite intrusive,

4, Formation of the fractures in the pre-iron mineralization
fracturing stage, including two main systems, One strikes
from N 60° E to N 40° E and dips 60-80° West., The second
strikes from N 50° W to N 15° E and dips 60-80° East.

5. Iron mineralization,

6. Hypogenetic alteration of the magnetite deposits.,
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Emplacement of the granite intrusive,

Formation of the pre-copper mineralization transverse
fractures, A system of fractures which trends from

N 60° W to N 80° E and dips very steep northward or
southward,

Widespread volcanic activity including the eruption of

the Dark Volcanics and emplacement of andesitic dikes,
Copper mineralization,

Formation of the post-minerglization north-south longitudinal
fractures,

Uplifting of the Acari fault block,

Pyroclastic activity producing the widespread White Tuffs
and emplacement of the felsic dikes and pyritic stocks.
Later erosive period which eroded the longitudinal fractures
to form longitudinal valleys in the south slope of the

uplifted fault block.
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Chapter VII

ECONOMIC GEOLOGY

GENERAL SUMMARY

The metallic mineral deposits of the Acari Iron Mining
District are classified according to structural and lithologic
setting, mineralogy and genesis., At least classes of four mineral
deposits are recognized:

1. Magmatic injection magnetite deposits

2. Stratiform hematite deposits

3. Magnetite black sands

4, Hydrothermal copper veins

MAGMATIC INJECTION MAGNETITE DEPOSITS

DISTRIBUTION

The magmatic injection magnetite deposits occur within the
granodiorite intrusive, Based on their geographic position, three
zones are distinguished:

1. Mastuerzo zone

2, Campana zone

3. Pongo zone

OCCURRENCE

The geologic setting for all of the magnetite deposits in all
three zones is that of ore dike filling of fracture zones by
magnetite, The magmatic injection iron deposits fill two main

sets of fractures developed in the granodiorite intrusive, One
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set, which strikes from N 40° E to N 60° E and dips 60° to T0°
northwestward, includes the iron deposits of the Pongo zone., The
other set ranges from N 20° W to N 15° E and dips from T0° to 80°
to the east, Magnetite deposits of the zones of Mastuerzo and
Campana are included in this latter group. Transverse faults
showing both vertical displacements up to 50 m, and horizontal
displacements up to 200 m, cut these deposits, Some of the
magnetite deposits also have undergone vertical displacements of

more than 100 m, along longitudinal faults.,

MINERALOGY AND TEXTURE

The mineral composition and texture of the upper part of
this type of iron deposit is simple., Black, fine-grained, massive
and compact magnetite is almost the only mineral, Very small
amounts of apatite give the ore less than 0,15% phosphorus., Surface
exposures have been oxidized to hematite and martite. The magnetite
also occurs as more or less disseminated crystals, and as fillings
of networks and small fissures and stockworks in the host rock,

Near the important fault zones the magnetite is brittle and
pulverized, Some vugs (1 cm,) in the magnetite ore are filled by
crystalline quartz,

While the upper portions of the iron deposits are dominantly
magnetite, the deposits exhibit marked mineralogical changes with
depth, At intermediate depths in these mineral deposits, veinlets
canposed principally of actinolite (10-20 mm,) or actinolite mixed
with octahedral magnetite cross the massive magnetite, These

veinlets also exhibit rosettes of specularite. Pink to white
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Figure 11- Photograph of hand specimen from a veinlet composed by a
mixture of large crystals of actinolite (green), apatite (white) and second-
ary magnetite (gray), cutting the primany magnetite body. Mastuerzo
zone, 944 level, Vein 1A, specimen A-11.

Figure 11- Photograph of hand specimen from a veinlet formed by by a
octahedral crystals of magnetite , with one of their granodiorite wall
rock. Pongo zone, Vein 1A, specimen A-27.
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apatite grains (1-2 mm.) are present throughout the massive
magnetite and within the actinolite veinlets, The apatite occurs
as disseminations and as thin stringers, and it increases in
amount with depth. In this intermediate zone the mineral deposits
show transitional stages from magnetite in the upper part to
quartz, carbonates (calcite, dolomite, ankerite) or amphiboles
(actinolite) or mixtures of them in the lower part. Specimens
were collected from the transitional zones of vein 1A of the
Mastuerzo zone for detailed megascopic study of the hand-specimens
and microscopic study of their thin and polished sections,

In the lowest portions of these deposits the dominant minerals
are amphiboles (actinolite) mixed with lesser quantities of apatite,
carbonates, quartz, and greenalite (?), The texture generally is

fine-grained (1 mm,) and equigranular.

MEGASCOPIC DESCRIPTION

The megascopic study of the hand specimens comprised 49 specimens
from the mineral deposit and 13 specimens from the host rock, One
polished flat surface was prepared on each specimen, The thin and
polished sections were prepared parallel to that flat surface, The
results of the megascopic study of the specimens of the transitional
zones observed in the underground workings of the vein 1A of the
Mastuerzo zone are summarized below:

1. In the Til level, from south to north, the specimens show
gradual changes from a mixture of amphiboles and carbonates to

massive magnetite., The amphibole-carbonate specimens exhibit a
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grayish green color and a fine-grained texture., Some medium size
crystals of apatite (5 mm,) and actinolite (3-4 mm,) are present.
The magnetite specimens are cut by veinlets (10 mm., wide) of
actinolite with some apatite (5 mm.). The crystals of actinolite
occur with their long axis normal to the walls of the veinlets.
Polished surfaces of the magnetite specimens reveal colloform
texture in which the scalloped layers locally are replaced by
amphibole (see Figures 13 - 18),

2. In the 8 raise, from the Tik level to the 810 level, the
lowest specimen is a fine-grained matrix of amphiboles and carbonates
with rare disseminated crystals of apatite (5 mm,). The intermediate
specimens show a colloform texture, in which some of the cavities
among the scalloped layers have been filled by apatite and carbonates,
The upper specimen shows massive magnetite with colloform texture
and some disseminated crystals of apatite (See Figures 19-22),

3. In the 810 level, from south to north, the specimens gradually
vary in composition from magnetite to amphibole-carbomnate, The
magnetite specimens show colloform texture with botryoidal free
surfaces, In some specimens the scalloped layers of magnetite are
cut by veinlets (1-5 mm, in width) consisting of apatite, calcite
and lesser quantities of quartz (See Figures 23 and 2L),

L, In the 870 level, from south to north, the specimens gradually
change in composition from magnetite to silica-amphibole, The
magnetite exhibits colloform texture, The transitional specimens
show relicts of magnetite surrounded by fine-grained quartz, One

specimen shows scalloped layers of magnetite surrounded, cut and
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Figure 13- Photograph of a polished flat surface of an amphibole specimen
showing colloform texture. Quartz fills interlayer cavities. Mastuerzo zone, Vein
1A, 744 level, specimen A-62.

Figure 14 - Photograph of a polished flat surface of a specimen showing mag-
netite in the upper and lower parts, and scalloped layers in the middle por-
tion Mastuerzo zone, 744, level, Vein 1A, specimen A-3.
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Figure 15- Photograph of a polished flat surface of a colloform magnetite specimen
. Quartz (light gray) forms veinlets and fills the cavities between the scalloped
layers of magnetite. Mastuerzo zone, 870, level, Vein 1A, specimen A-10.

Figure 25- Photograph of a polished flat surface of an amphibole specimen showing
colloform texture. Quartz fills interlayer cavities. Mastuerzo zone, 870, level, Vein 1A,
specimen A-10.
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FIGURE 17.- Photograph of a polished flat surface showing large crys -
tals of actinolite (gray) and apatite (white) waich are
part of a veinlet which cuts the collotorm massive magne-
tite. llastuerzo zone, Vein 14, 744 level, spacimen A-2,

Figure 18- Photograph of a polished flat surface of a specimen from the amphi-
bole barren zone. It consists of a amphiboles, apatite, and carbonates with
nin-grained and colloform texture. It is crossed by a quartz veinlet (white).
Mastuerzo zone, Vein 1A, 741 Specimen, A-1
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Figure 19- photograph of apolished flat surface of a magnetite specimen
showing colloform texture. Mastuerzo zone, Vein 1A, upper part of 8 raise,
specimen A-8.

Figure 20- Photograph of a polished flat surface of a specimen of colloform
magnetite with apatite, carbonates and amphiboles, filling its cavities.
Mastuerzo zone, middle part of 8 raise, specimen A-7
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Figure 21- Photograph of a polished flat surface of a specimen showing scalloped
layers of magnetite with apetite , carbonates and amphiboles filling cavities.
Mastuerzo zone, middle part of a 8 raise, Vein 1A, specimen A-5

Figure 22- Photograph of a polished flat surface of a specimen which consists of
amphiboles, carbonates, apatite and quartz, and which exhibits colloform tex-
ture. Mastuerzo zone, Vein 1A, lower part of 8 raise, specimen A-5
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Figure 23- Photograph of a polished flat surface of a specimen of a colloform mag-
netite. In the upper part the youngster free surface is botryoidal. All of the scalloped
layers are convex toward the freee layer. Synersis fractures are present. Mastuerzo
zone, Vein 1A, 810 leel, specimen A-17
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Figure 24.- Photograph of a polished flat surface of a specimen composed of
colloform magnetite. Carbonates, apatite and quartz fill interlayer cavities and
transverse fractures. Mastuerzo zone, Vein 1A, 810 level, specimen A-14
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Figure 25- Photograph of a polished flat surface of an amphibole specimen
showing colloform texture. Quartz fills interlayer cavities. Mastuerzo zone, 870,
level, Vein 1A, specimen A-10.

Figure 26- Photograph of a polished flat surface of specimen showing collo-
form magnetite surrounded by quartz which cutand fills some of the in-
terlayer cavities. Mastuerzo zone, 870, level, Vein 1A, specimen A-9.
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Figure 25- Photograph of a polished flat surface of a specimen which consists
largely of quartz surrounding magnetite renmants. They exhibit colloform tex-
ture. Mastuerzo zone, Vein 1A, 870 level, specimen A-20
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Figure 28- Photograph of a polished flat surface of a specimen of colloform
magnetite. Quartz and calcite fill some interlayer cavities and transverse frac-
tures. Mastuerzo zone, Vein 1A, 870 level, specimen A-19
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FIGURE 29.- Photograph of a polished flat surface of a specimen show-
ing collotorm magnetite cut by a veinlet composed of large
crystals of actinolite (bright gray), apatite (white) ana
secondary magnetite. Mastuerzo zone, Vein 1A, 944 level,
specimen A-11.

Figure 30- Photograph of a polished flat surface of a pure magnetite
specimen with colloform texture. Mastuerzo zone, Vein 1A, 944 level,
specimen A-25.
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replaced by quartz, Specimens at the north extremity show
écalloped layers composed by amphiboles (See Figures 25 - 28).

5. In the 9kk level, from south to north, the magnetite passes
gradually to amphibole., One specimen of magnetite exhibits a veinlet
(30 mm,) formed dominantly by large crystals of actinolite (10-30 mm,)
mixed with apatite, secondary octahedrohs of magnetite and quartz,
while its walls consist of colloform magnetite. Another specimen
exhibits a veinlet of colloform magnetite (10 mm.) enclosed in
granodiorite (See Figures 29-30).

6., The colloform texture generally is observed only on well
polished surfaces of the specimen. Colloform texture also has been
observed in specimens from the 1010 level, and from surface specimens

above the 810 and 1010 levels.

MICROSCOPIC STUDY

The microscopic investigations comprised the preparation and
study of 51 thin sections and 51 polished sections of the ores and
13 thin sections of the host rock, The identification of the
constituent minerals was made by employing index of refraction
determinations on crushed fragments by the o0il immersion method
and by determining diagnostic optical properties in thin sections,
The results are summarized below:

1., In the T4l level, the amphibole-carbonate vein has a
fine-grained matrix composed principally of greenalite (?), calcite
and ankerite, The matrix encloses masses of calcite with polysynthetic

twinning, radiate prochlorite and amphiboles containing small
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magnetite grains, In some specimens the apatite surrounds amphiboles
which contain magnetite, Relicts of the magnetite scalloped

layers are observed in the specimens of the amphibole-carbonate

rock (Figure 31 ), Polished sections show that the magnetite

has a microporosity following the scalloped layers. The magnetite
exhibits core replacement texture in which the amphiboles invade

the core of the host mineral and leave the rim unreplaced (See
Figures 31-36).

2. In the 8 raise, the amphibole-carbonate rock shows a
fine-grained matrix formed principally of calcite and apatite.
Relicts of calcite enclosing radiate green crystals of prochlorite
and cummingtonite are present, The amphiboles contain magnetite
crystals in their border, The specimens of the transitional zone
exhibit scalloped layers of magnetite replaced by calcite and apatite,
The magnetite is microporous following the scalloped layers (See
Figures 3T7-42),

3. In the level 810, veinlets of apatite and quartz cut
the magnetite ore, Epidote partly surrounds specularite, The matrix
of the amphibole-carbonate structure is composed dominantly of
amphiboles, calcite and apatite. Calcite is found with remnants of
di sseminated magnetite., The magnetite is microporous.(See Figures
L3 and k),

L, In the 870 level, the magnetite exhibits rim replacement
texture, being surrounded by apatite and quartz. The quartz shows
mineral zoning., The scalloped layers of the magnetite are replaced
by amphiboles, calcite and quartz. The magnetite is cut by some

veinlets of quartz. The magnetite is microporous and the difference
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Figure 31- Photomicrograph of athis section showing amphibole crystals (gray | formed by replacement along
the cavities in the colloform magnetite (black). Mastuerzo zone, Vein 14, 744 level, specimen A-56. 32 X,
plane palarized light.
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Figure 32.- Phatomicrograph of a polished section showing magnetite with colloform and mi-
croporous texture. Mastuerzo zone, Vein 14, 7dd level, specimen A-56. Plane polarized light,

100%.
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Figure 33- Photomicrograph of a polished section showing colloform and mi-
croporous magnetite. Mastuerzo zone, Vein 1A, 744 level , specimen A-54 . 100
X. Plane polarized light.

Figure 34- Photomicrograph of a thin section showing scalloped layers mag-
netite. (black) amd replace by amphibole (gray). Mastuerzo zone, Vein 1A, 744
level , specimen A-3 .32 X. Plane polarized light.
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Figure 35- Photmicrograph of a thin section showing large crystals of amphibole ( dark
gray) with poikilictic distribution of grains of magnetite (black), surrounded by quartz
(white) Mastuerzo zone, Vein 1A, 744 level, specimen A-2. Plane polarized light. 32 X

Figure 36- Photomicrograph of a thin sectio n showing metacrysts of amphiboles (dark
gray) conatining replacement remnants of magnetite (black), surrounded by a matrix
formed by carbonates (light gray), apatite (white), quartz (white) and amphibole.
Mastuerzo zone, Vein 1A, 744 level, specimen A-1. Crossed nicols. 32 X.
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FISURE 37.- Photomicrograph of a policshed section shoving magretite
with colloforn and microporous texture. astuerzc zone,
Vein 1A, upper part of 8 raise, specimen A-8, TFlane po-
larized light. 100 X.

FIGURD 38.- Photomicrograph of a thirn section showing a scalloped la-
yer of magnetite (black) and calcite, avetite =nd quertz
(white) rilling the cavities. Iastuerzo zone, Vein 14,
niddle part of 8 raise, spzcimen A-T7. Plesne polarized

light. 32 X.
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FIGURE 39.- Photomicrograph of a thin section showing cclloform magne--
tite (black) and cavities filled with apatite,carbonates
and quartz (white), and amphiboles (gray) formed by meta-
somatism. Mastuerzo zone, Vein 14, middle part of 8 raise,
specimen A-T.

FIGURE 40.- Photomicrogreph of a thin Section showing a scalloped layer
of magnetite (black) surrounded by a matrix composed of
quartz (whitz), abundant apatite (white) and replacing am-
phibole (gray). Mastuerzo zone, Vein 1A, middle part of
8 raise, specimen A-5.
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Figure 41- Photomicrograph of a thin section showing a scalloped layer of magnetite
with calcite, apatite and quartz filling the cavities. Mastuerzo zone, Vein 1A, middle
part of 8 raise , specimen A-6. Plane polarized light. 32 X.

Figure 42- Photomicrograph of a thin section showing metacrysts of amphibole with
renmant grains of magnetite (black) surrounded by calcite (with cleavage), apatite
and quartz ( white) . Mastuerzo, Vein 1A, lower part of 8 raise, specimen A-5. Crossed
nicols. 32 K.
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FIGURE 43.- Photomicrograph of a polished section showing magnetite
with colloform and microporous texture. Mastuerzo zone
Vein 1A, 810 level, specimen A-17.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>