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ABSTRACT

This thesls presents brlefly the geology of
the Cerro de Pasco district to acquaint the reader
with the general geologlcal setting of the district.

A study of ore controls for a typical lead-
zlnc replacement body at the world famous Cerro de
Pasco mine in Peru, 102 km northeast of Lima, was
undertaken for purposes of better understanding. The
particular body selected, the San Alberto Ore Body,
occurs as a northeast extension of a maln mass of
pyrite, known as the "pyrite body", and is enclosed
in Triassic-Jurassic limestone.

Primary ore controls were determined to be a
"Y"-1ike intersection formed by NS Longitudinal
Faulting with a NE striking bedding fault. Resultant
breccilation created the necessary permeable conditions
whereby ore fluilds were channeled away from the pyrite
body into the limestone for ore emplacement.

Three phases of hydrothermal rock alteratlon
were lidentified as silicic alteration, chloritic altera-
tion and an outer zone of bleaching and recrystallization.

One pecullarity 1is found in the mineral composition of

x1



xii
the sillcic alteration, and a hypothesis 1s presented
to explaln it.
The paragenetic sequence given for hypogene
and gangue minerals was determined from the examination

of more than 150 thin and polished sections.



INTRODUCTION
General
Purpose and Scope

At the Cerro de Pasco mine in Peru, Triassic-
Jurassic Paria limestone 1s in contact with a large,
elongated pyrite body which has in part replaced the
limestone. Several geologists of the Cerro de Pasco
Corporation (3, 9, 13) have suggested that the lime-
stone in the vicinity of the pyrite contact is a favor-
able host for lead-zinc ore bodles and should be
further explored. As a step in this direction, the
writer elected to\study in detall the San Alberto
lead-zinc ore body extending northeast from the pyrite
body into limestone with the hope that such an inves-
tigation would prove helpful in further exploration.

The San Alberto Ore Body 1s presently being
mided by open pit methods. Careful mapping in the
plt and in a limited amount of underground workings,
along with information from drill holes, allows a

reasonably precise definition of the size and shape

of the ore body and related patterns of alteration.



Correlation of features revealed by mapping with the
regilonal geological picture disclosed important
factors that controlled the emplacement of the ore
body.

A microscopic study of samples revealed fairly
simple mineralogy and a paragenetic sequence. Finally,
abundant assay data have allowed contouring of metal
values and a study of their relationship to the shape

of the ore body and to postulated structural controls.
Location and Access

The well known mining center of Cerro de Pasco
i1s located in the Department of Pasco in Central Peru,
approximately 320 kms by road from Lima, and is con-
nected to the capital by rail (fig. 1). The Cerro de
Pasco mine 1s serviced from the north, south, east and
west by fairly good roads, a network of all weather
roads also connects the mining center with many nearby

small villages.
Topography and Rellef

The area of study 1s in the Andes mountains
on the eastern side of the continental divide at an

elevation of 4,350 meters above sea level. The



topography is a plateau and has been influenced by
alpine glaclation. Nearby, snowcapped peaks have ele-

vations exceeding 5,000 meters.
Climate and Vegetation

Owing to 1£s altitude, Cerro de Pasco has a
cool temperate climate in splte of 1ts proximity to
the equator. The dry season; from May to September,
is the coldest part of the year with temperatures
ranging from 23°F to 59°F in a 24 hour period. The
wet season, which 1is a 1ittle warmer than the dry
season, 1is in January, February and March. Thils period
accounts for most of the annual precipitation which
averages 20 inches. Snow and hail are common and the
ground 1is often covered for several days at a time.
Forests are absent. Even individual trees are
scarce exzept along rivers below 3,800 meters elevation
where eucalyptus has been introduced. A bunch-grass
known as "ichu" is very common and is used for thatch-

ing small huts and for fuel when dried.
Previous Work

A considerable amount of previous work, both

published and unpublished, exists. However, the author



Figure 1

Location of the Cerro de Paseo Mine, Peru.






has referred mainly to papers written by D. H.
McLaughlin (18), S. L. Bowdich (3), L. C. Graton
and S. L. Bowdich (10), Geological Staff, Cerro de

Pasco Corporation (8) and W. C. Lacy (13).
Fileld and Laboratory Work

Fleld work, consisting of detailed mapping
and sample collection 1n the open plit was done between
February and November of 1963. Samples collected were
of two types: those from within the ore body, and
those from alteration halos outslide the ore body. A
microscopic examination of ore samples was made to
determine minerals present and their relative ages.
Samples of altered materlal were studled microscopi-
cally to determine the mineral assemblage and defilne
alteration types. When the writer was at Cerro de
Pasco, only three lO-meter benches had been developed
in the ore body. Lead-zinc assays from blast hole

drilling in only two benches were plotted and contoured.



SUMMARY OF THE GEOLOGY OF THE
CERRO DE PASCO MINING DISTRICT

General Geology

The geology of the Cerro de Pasco district is
shown in fig. 2. Brlefly, a thick sequence of sedi-
mentary rocks was cut by a pyroclastic vent; both were
later intruded by quartz monzonite. Ore deposits,
capped by gossan, are assoclated with the southeastern
1limit of the vent and a large fault. Formational names,

general descriptions; and ages are presented in Table I.
Table I

Geologlic Column at Cerro de Pasco

Quaternary ----------cecc-ceco--- Glaclal deposits.
Tertliary ----------cccmccmeua-—-- Cerro quartz - monzo-
nite porphyry and
related intrusives,
Rumiallana agglomerate,
Tertiary (?) -~-------ccccmmeuaa- Calera limestone
Shuco limestone con-

glomerate.



Table I--Continued

Jurassic-Triassic ---------c---- Paria limestone.

Permian ------cccmmmmmee - Mitu conglomerate and
sandstone.
Early Paleozoic (?) -----c-e---- Excelslior series, shale

and sandstone.

Rock Types

Sedimentary Rocks
S

Excelsior Series

This series, composed of shales and phyllites
wlth interbedded fine grained quartzlite and some cal-
careous layers, represents the oldest rocks in the Cerro
de Pasco district. The maln exposures are in the
northern and southern parts of the area. Replacement
bodies of massive sulphides have not been found in
rocks of this series; however, it 1s the host to some
of the strongest and richest copper veins in the area
(fig. 3).

In detail the structure of the sediments of
the Excelsior Seriles is very complicated. The attilitude
of the beds 1s generally steep to vertical and the
strike varies from N to NW,









Mitu Formation

The Mitu formation near Cerro de Pasco con-
sists of a conglomerate containing pebbles of quartz
and Excelslor-type arglllaceous material. South of
Cerro de Pasco, the formation is composed chiefly of
red sandstone, shaly sandstone, and minor quartz

conglomerate beds.

Paria Limestone Formation

The Paria limestone formation 1n the Cerro de
Pasco district consists chiefly of a rather thick
bedded, dense, black to gray rock that weathers to a
light graylsh white. Chert nodules and lenses are
common, JSome fossils have been found such as the
Norian pelecypod Entomonotis Ochotica and different
species of Milophoria belonging to the upper Triassic
(19).

Economically the rock 1is important as it is
the host for the large replacement ore bodies of the

district.

Shuco Limestone Conglomerate

This conglomerate crops out along the western

edge of the pyroclastic plug and in the southern part



10
of the district. It consists of thick beds of a very
coarse conglomerate composed of large sub-angular
fragments of Parla limestone set in a gravel and sand
matrix of the Same material. It rests on highly
inclined beds of the Excelsior Series south of Cerro
de Pasco district.

In some places, the Shuco conglomerate is cut
by mineralized fissures that exhiblt gossans with gold

values,
Volcanic Rocks

Rumliallana Agglomerate

The Rumiallana agglomerate forms of the bulk
of the pyroclastic plug in the center of the district.
It has a varied composition that depends upon the
adjoining intruded rocks. Where it makes contact
with the Excelsior Series, the fragments of the agglo-
merate ére mainly shale and sandstone. Where it borders
limestone, the fragments are mainly limestone. The
fragments are enclosed in a fine gralned matrix com-

posed of ash, and essentlally crushed quartz fragments.
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Lourdes Fragmental

This rock type was studied by W. C, Lacy (13).
He determined the rock to be a dacite or quartz -
latite in composition, and concluded that 1t appeared
to be an intermediate phase between the Rumiallana
agglomerate and the Cerro Monzonite. It forms a par-
tial rim around the southern edge of the volcanic
plug.

The economic importance of these two volcanic
rocks 1is related to the copper bearing veins that
exist near the eastern and southern margin of the

vent (fig. 3).
Intrusive Rocks

Cerro Quartz Monzonite Porphyry

Intrusive rocks in the area conslst predomi-
nantly of quartz monzonite porphyry. The largest
body of quartz monzonite porphyry crops out along and
deeply invades the southern edge of the pyroclastic
plug. Other smaller bodies closely follow the edge
of the vent or form eastwest trending lenticular

bodies in the heart of the plug.



The quartz monzonite porphyry, a light grey to
buff rock, 1is composed of phenocrysts of quartz, pla-
gloclase, minor orthoclase, and blotite in a flner-
grained matrix of quartz, orthoclase, and cligoclase.

Apart from crosscutting and embaying relation-
ships, the intrusive character of the quartz monzonite
porphyry is demonstrated by the presence of abundant
inclusions of the surrounding rocks close to the con-
tacts.

Bowdich (3), Graton and Bowdich (10), and
Lacy (13) have postulated that the quartz monzonite
magma was the source of the flulds responsible for the

deposits of ore in the Cerro de Pasco district.

Structure

Volcanic Vent

An explosion vent about 1 mile in dlameter 1s
the most prominent structural feature. It is filled
by Rumiallana agglomerate, Lourdes fragmental, and is
intruded by Cerro quartz monzonite. The original
surface expression of the vent has been destroyed by

erosion.

12
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Longitudinal Fault

A second 1lmportant feature 1s the Longitudinal
Fault or fault zone tangential to the eastern margin
of the vent. 1In the southern portion of the district
this major break strikes north - northwest and dips
to the east. Near the minerallzed area 1t has been
reported to have a steep dip due west (3). The exist-
ence of the Longitudinal Fault north of the vent is
still a matter for further investigation because geo-
logists have not come to agreement on this., Bcwdich
(3) did not find it but Ward (20) indicated that a
major break appeared near the Rumiallana tunnel, and
was displaced by a N 65° W fault. In the northern
part of the district the same relationships exlst as
in the southern part, 1.e., the Longitudinal Fault
separates the Excelsior series in the west from Parla
limestone to the east. The actual trace of the Longi-
tudinal Fault around thls area appears to be concealed
by Quaternary_deposits.

The Longitudinal Fault, where it enters the
pyrite body, appears to split into various fault
segments and it has been possible to trace zones of

late movement (14). That is why i1ts position is
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difficult to determine in the mine workings. Bowdich
(3) stated that this major break was complicated by
cross breaks, possibly normal faults that strike NE
with variable dips.

McLaughlin (18) also studied this fault and
determined three main periods of movements. The first
two periods of movements are depicted in figs. 4, 5,
and 6, McLaughlin stated that in the third period of
faulting the Shuco limestone conglomerate and over-
lying rocks of volcanic origin suffered intense defor-
mation from compressive stresses. |

The Longitudinal Fault exerted a strong
influence on the emplacement of the San Alberto Ore

Body as will be seen further on.
Folding

Anticlines, synclines and domal structures
exlist on the east side of the Longitudinal Fault having
a pattern associated with NW reglonal trend. Cross
folds and drag folds complicate the overall plcture
to the point that the complete pattern of folding 1s

not well undefstood.



Figure 3
Generalized geologic map of the 600
level, showing the location of the various
types of ore bodles, the transverse vein system,
and the relation of the pyrite body to the

contact of the volcanic vent and Longitudinal

Fault.
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East-West Fractures

East-west mineralized fractures are found along
the eastern and southern margins of the volcanic vent.
Except for the southern edge, where fractures are more
or less tangential, they cut the vent wall and extend
into the vent before plinching or into the pyrite body
where they split up before dying out. Fractures range
in dip from vertical to flatly north or south, prob-
ably due to the effect of different rock types. For
instance, the 43 vein has an average strike of N 60° W
and a dip of 550 N above the 1,000-foot level. The
most pronounced change in dip 1s between the 1,000-
foot le&el and the 1,400-foot level along the contact
of the pyrite body and volcanics where the veln flattens
to 3Oo N on entering the Lourdes Fragmental. The veiln
resumes its normal dip upon re-entering the pyrite
body below the 1,400-foot level. In the pyrite body
the strike of the vein is more northerly than in the

jgneous rocks of the vent (fig. 3).
Pyrite Body

A large crescentic pyrite mass lles along the

eastern and southern margin of the volcanic vent where



Figure 4
Idealized geological section showling
the position of sediments at the close of the
first movement of the Longitudinal Fault.
After D. H. McLaughlin.

Figures 5 and 6
Idealized geological sections depicting
the conditlions of sediments before and after
the close of the second movement of the Longl-

tudinal Fault.
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tangentially intersected by the Longltudinal Fault.
At the surface, the pyrite body is 6,000 feet long
(north-south) with a maximum width of 1,000 feet. The
average width of this body is between 400 and 450 feet.
Downward it shortens and narrows, and below the 2,100-
foot level divides into root-like prongs.

The western contact of the body with the rocks
of the volcanic vent is usually well defined, dipping
from 700 W to nearly vertical. Its eastern contact
with limestone is very irregular and in many places
is difficult to map. The northern end of the pyrite
body follows the contact of the vent and Paria lime-
stone. This contact appears controlled by the Longltu-
dinal Fault further north. 1In fig. 2 1t can be seen
that the northern contact of the pyrite body lies along
the projection of the Longitudinal Fault, 1f known
parts of this major break are Jjoined. The southern
contact 1s well marked against the Excelsior Seriles,

The pyrite body consists essentlally of pyrite
and quartz. Lacy (12) described the different types of
pyrite and their relation to milneralization and pipe-
like bodies of pyrrhotite, lead-zinc, copper and

silver minerals. However, the pyrite body could also
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be consldered as a huge mass of pyrite containing
minor amounts of lead, zinc and copper minerals.

Concerhing the nature of the rocks replaced
by the pyrite body, Lacy (13) suggested that areas of
barren pyrite and pyrite mineralized with copper re-
placed volcanic rocks; the remaining areas along the
eastern margin where the lead-zinc ore bodies 1lie,
are replaced limestone. Conversely, Ward (20) believed
that at least ninety per cent of the pyrite resulted

from the replacement of limestone.

Ore Deposits of the Cerro de Pasco Mine

The different ore deposits found in the pyrite
body can be classified into three known classes: (1)
oxldlized ore deposits, (2) supergene ore deposits, and

(3) hypogene ore deposits.
Oxidized Ore Deposlts

The oxlildized zone constitutes the most out-
standing surficilal feature in the area and extends
through the greater part of the Cerro de Pasco district,
its areal extent beling indicative of the slze of the

underlying deposits.
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The oxidation of sulphide minerals, formed a
thick capping of siliceous silver-bearing material
locally called "Pacos". On the basls of composition
the "Pacos" or gossan shows two main types. One type
contalns high silver and sillica and appears to be
found above the main sulphide body. The other occurs
on the eastern side of the main pyrite and is char-
acterized by a higher content of lead and iron but
lower content of sillca.

Within the "Pacos" silica and iron are present
as hydrous oxldes displaying different colors. Mag-
nesium and calcium are in the form of carbonates. Zinc
occurs mainly as calamine (H,ZnS1,0 ), but anglesite
(PbSOa) 1s occasionally present. Copper occurs as
malachite, azurite, cuprite, and more rarely as native
copper. The silver 1s mainly as native silver in
varying microscopic sizes (5).

The depth of the oxidized capping is very
irregular. Present pit development is revealing its
true thickness and irregularity. Based on present
and past information, the thickness of the gossan
ranges from 4 to 40 m. It 1s an irregular-éhaped

mass wedging out to the north (fig. 2).
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Supergene Ore Deposits

Secondary copper mineralization is found at
the base of the "Pacos" and is underlain by protore.
Supergene copper deposits are composed mainly of covel-
11fe and chalcocite forming coatings or microscopilc
veinlets around and in sphalerite, galena, enarglte
and pyrite.

The main conditions that alded the formation
of the secondary copper zone were the following:

(1) Sufficient copper sulpgides and pyrite

to yield, through oxidation, copper sulphates,

iron sulphates and sulphuric acid.

(2) The existence of fractures or permeable

zones,

(3) Sulphides in depth to precipitate copper.

The shape of the supergene deposits is far more
irregular than those of the oxidized zone. Distribution
of copper minerals within the supergene zone 1s also
very irregular. There are instances in which the
copper grade varies greatly 1n a distance of less than
five feet. This variation in grade is found either
laterally or vertically. The bottom of thls enriched

zone is also irregular, and extends 90 to 110 m below

the present surface.
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Factors that influenced the depth of secondary
enrichment were a deep water table and good permeabi-

1ity resulting from fracturing.
/
Hypogene Ore Deposilts

The main hypogene deposit in the district is
the pyrite body containing steep ellipsoidal to pipe-
like bodies of pyrrhotite, lead-zinc, copper or silver
mineralization, In addition, there are copper-bearing
veins which cut the vent wall and extend into the pyrite
body. According to Lacy (13) these veins seemingly

feed or are fed by sulphide bodies.



THE SAN ALBERTO ORE BODY

Historical Notes

The San Alberto or L-333 Ore Body (fig. 7) was
first exposed by surface workings in the northern part
of a small pit called San Alberto. Later it was also
intercepted by a railse extending from the 200 level
to the surface. At that time, this ore body was
believed to be a small and more or less irregular
oviform body with no downward extension,

Exploration in 1960 resulted in several churn
drlll intercepts but the shape of the San Alberto Ore
Body was not completely determined. Continued explora-
tion drilling and geologic mapping of the San Alberto
Ore Body 1in McCune Pit resulted in a much better con-
ception of the ore body.

At present the San Alberto Ore Body 1s one of
the varilous ore'bodies being mined by large scale

operations in the McCune Pit.

Location, Size, Shape and Boundaries of the Ore Body

The San Alberto Ore Body 1s located in the north-

eastern portion of the pyrite body on the limestone side
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and 1s almost completely enclosed by limestone (fig. 8).
In plan the ore body is a continuous, elongatéd zone
diverging from the main mass of pyrite into the Paria
lilmestone. Its width is very irregular, but on the
average appears to be from 20 to 35 meters. On the
4310 and 4320 benches, however, the width reaches 45
meters. Its length is also variable from bench to
bench, but appears to increase to the NE on lower benches
such as the 4310 and 4300. The extension of the ore body
on these benches is based on an exploration rotary hole
drilled from the 4350 bench down to approximately 4300
bench (fig. 10). This hole encountered a partially
oxidized limeStone which may correlate.with the partly

oxidized zone that overlies the upper part of the San
| Alberto Ore Body. The partly oxidized zone has been
exposed by pit development and extends from the 4350
bench to the 4330 bench where oxidation has penetrated
the ore body itself. The attitude of thils oxidized
halo is very close to that of the San Alberto Ore
Body.

The vertical extent of the lead-zinc ore body

is still largely undetermined. However, based on
vertical sections and also on the downward behavior

of other ore bodles, the possible vertical extent

2L



Figure 7
Shape and size of the San Alberto Ore.:
Body as first known. At that time the ore body
was termed the L - 333 Ore Body.
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could be predicted to be about 120 meters (figs. 17,
18).

The shape of the San Alberto Ore Body varles
a great deal locally, but, if 1t 1s taken as a unit,
it maintains more or less the shape of an irregular,
southeastward dipping, tabular body. Sevéral churn
drill holes in the area encountered the ore body
(figs. 12, 13, 14) and revealed 1its shape.

It is evident from figs. 17, 18 and 19 that
if the San Alberto Ore Body 1s projected downward and
correlated with the other known ore bodles 1n under-
ground workings, mainly those on the LOO level, its
projection will fall into the extension of the K - 327
Ore Body, and not into the O - 325 Cluster as has been
suggested.

On the 300 level from Diamante Shaft dilamond
drill hole No. 3-63-1 (fig. 9) was drilled to inter-
cept the projection of the San Alberto Ore Body.
Unfortunately, this hole only advanced 108.2 m, and
had to be stopped very close to the projected contact
of the ore body because of operational difficultiles.

The last 10.5 m. of this hole encountered a limestone

breccia.



Figure 8
Location of the San Alberto Ore Body
in relation to the pyrite body, on about 200
level (4300 bench).






Figure 9
Vertical Section showing the diamond
drill hole No. 3-63-1
Note how close the hole came to the

projected contact of the San Alberto Ore Body,.
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The hanging wall of the lead-zinc ore body is
composed of fractured and slightly faulted Paria lime-
stone.* The footwall of this ore body is also composed
of Paria limestone but 1s strongly faulted and brec-
ciated. The hanging wall contact is brecciated and
gougy for almost the entire extent exposed by pit
development. The southwestern contact 1is gradational
into the pyrite body. Finally, the northeastern limit
of mineralization has not been determined but appears

to have a steplike form pitching NE (fig. 10)

Character, Structural Controls and Posslble

Mode of Emplacement of the San Alberto Ore Body

The lead-zinc ore body under study 1s a large
tabular replacement of Paria limestone. Mineralization
consists chiefly of coarsely granular galena, sphale-
rite, and pyrite with minor amounts of magnetite,
hematite, and chalcopyrite as well as non-metallic
minerals that will be described 1n a later sectlon. The
ore body has an average strike of about N 350 E and a
dip of 50° SE; 1t is slightly oblique to the general

trend of the pyrite body (fig. 8). This ore body is

* Timestone 1s used here in the broader sense
to include calclum limestone, dolomites, and their

me tamorphic equivalents.



Figure 10
Generalized block diagram showing the
geology of the San Alberto Ore Body. Note the

location and irregularity of the various

alteration zones.
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"an extension from the pyrite body and appears connected
in depth to another and larger lead-zinc ore body
known as the K - 327 (fig. 18). Based on fileld findings,
the attitude of the San Alberto Ore Body roughly paral-
lels that of the enclosing Paria limestone. Therefore,
1t can be classified as a concordant deposit (fig. 10).
In several places, mainly on the 4320 and 4310
benches, veins within the lead-zinc ore body show
strong evidence of open space filling. These veins
display a well marked banding of galena, sphalerite,
and calcite. They have a width of from 2 to 3 cms,
strike S 62° E, and dip 57° N. 1In addition to these
small veins, two other wider and longer ones were also
encountered on 4330 and 4320 benches. They are both
fractured, consist mainly of galena and sphalerite and
extend from the ore body into the alteration zones of
the hanging wall side. Thelr strike 1is about S 500 E,
dip 85° N, and average width is more or less 0.50
meters. The walls of these two veins show some chlori-
tization as well as a few hematite patches. Also,
on 4330-20 bench and on the footwall side of the ore
body another series of fractures was found. Although
their strike is variable, their dip is about 80° N.

All these fractures are partly filled with calcite and



Figure 11
Shape and size of the San Alberto Ore
Body on the 4310 bench., A - A', B -B', C - C',
D - D' are section lines for the following
figures: 12, 13, 14 and 15.






galena. No satlisfactory explanation was reached by the
author to account for the structural presence of these
veins. All that can be sald is that they, mainly
smaller ones, are probably later than the ore body
itself.

There 1s a spatial relationshlip between the
San Alberto Ore Body and the pyrite body. To the
southwest, on 4310-00 bench, lead-zinc mineralization
is gradational into pyrite. Therefore, lead and zinc
values gradually decrease while the pyrite and quartz
increase greatly; copper minerals, mainly supergene
chalcocite and covellite, appear as thin coatings
replacing sphalerite, galena, and pyrite.

The San Alberto Ore Body shows a fairly good
zoning of lead and zinc values when these are contoured

through points of equal value. See figs. 25, 26, 27

and 28. In the field, no visible zoning can be detected,

but from reviewing the figures it appears that galena
and sphalerite are more abundant on the footwall side
of San Alberto Ore Body than on the hanging wall silde.
Also, the assay contour plans clearly show a decrease
in lead and zinc values with depth.

The geological features responsible for the

emplacement of the San Alberto Ore Body are possilbly
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Figure 12
B - B' - Vertical Section showing the shape
of San Alberto Ore Body (purple),
the silicic alteration zone (sky
blue), and the chloritic alteration

zone (green) of the hanging wall
side.

Figure 13
C - C' - Vertical Section showing the irregu-
lar thickness and the downward

tabular shape of the San Alberto
Ore Body.






Figure 14
D - D' - Vertical Section showling the
irregularity in thickness of
the San Alberto Ore Body due
to a sudden dip change of tﬁe
hanging wall side.

Figure 15
A - A' - Vertical Section showing another
view of the downward extension

of the San Alberto Ore Body.
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many, but two stand out. One is the strong zone of
splitting related to the Longltudinal Fault, if not
the major break itself. Although the actual physical
trace of the Longltudinal Fault was sought in thils
area by the author without notable success, a probable
segment or split was encountered along the contact of
the pyrite body against the Parlia limestone on the
4300 bench (figs. 9 and 16). This structure lies
along the projected trace of faulting (fig. 2).

Consequently, the Longitudinal Fault appears
to have been a primary control in pyrite emplacement
and would naturally have been 1in large part obliterated
as a result. It is suggested that such faulting served
to 1imit mineralization to the east except where favor-
able horizons were encountered.

The second principal control in the emplacement
of the San Alberto Ore Body is a bedding fault that may
be related to the NE cross breaks mentioned by Bowdich
(3). The existence of this fault is demonstrated by
the differences in the character of the limestone walls.
The footwall of the ore body consists of strongly frac-
tured and brecciated limestone plus heavy gouge. Con-
versely, the hanging wall side consists of only slightly

brecclated and fractured limestone; gouge 1s practically
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absent as compared to the footwall side. Therefore,
between these two zones a pre-mineral fault i1s postu-
lated to have existed prior to emplacement of the San
Alberto Ore Body. Formation of this bedding fault
was probably alded by the Longitudinal Fault, and
perhaps by differing physical properties of the sedi-
mentary beds.

The Bedding and the Longitudinal Faults form
a "Y" shaped intersection. Where the angle of inter-
section was acute on the footwall side of the lead-zinc
ore body, the sedimentary rocks were breccilated. How-
ever, on the obtuse side of this intersection the rock
was only slightly fractured and partially brecciated.
Later, with formation of the volcanic vent, the degree
of fracturing was increased. Consequently, 1t may be
concluded that the side less fractured and breccilated
became the more favorable zone., Ore fluids were not
able to enter the brecciated and gougy zone because
of its impervious nature., Instead, solutlons migrating
up the zone of faulting entered and replaced the more
accessible hanging wall; such replacement was facllitated
by the calcareous nature of the beds.

The San Alberto Ore Body shows in proJjection a
N to NE strike down to the 400 level (fig. 17). The



Figure 16
Photograph of the San Alberto Ore Body.






Figure 17
Composite level plans showing the relation
of the San Alberto Ore Body to the K - 327 Ore
Body. On the 400 level, the connection of the
San Alberto Ore Body to the K - 327 Ore Body is
shown, A - B and C - D are section lines which

the figures 18 and 19 are referred to.



39

| N.QQQ-M

Py

70,000-N

“\\\\\\\ \\

\ )

o

200 - Level
- 300 - Level
400 - [evel
600 - Level

-

60m
Scale




Figure 18
Section A - B: vertical section showing
the downward extension of the San Alberto Ore
Body. The O - 325 cluster, as can be seen, does

not join up with the San Alberto Ore Body.
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downward termination of the ore body is not known, but
1t may possibly be in various narrow prong-like bodies
similar to other known ore bodies, such as the pyrite
body and the K - 327 Ore Body (fig. 19).

Therefore, the reasons that facilitated the
formation of this concordant ore body would be:

(1) Differences in the nature of individual

beds.

(2) Permeability, mainly the one induced by

favorable response to deformation,

(3) An intersection of the favorable horizon

against the pyrite body.

Wall Rock Alteratlion Adjoining the

San Alberto Ore Body

Hydrothermal alteration adjolning the San
Alberto Ore Body may be divided into three types dis-
tinguishable by mineralogy and distribution. Such
alteration, however, 1s not symmetrical in distribution.
The following types have been distinguished: silicic
alteration, chloritic alteration, outer zone of altera-
tion.

The boundary between the first two types 1s
not clearly defined because faultling is belleved to

have taken place during and afterltheir formation,



Figure 19
Section C - D: Vertical section showing
the relation of San Alberto Ore Body to the
K - 327 Ore Body. The San Alberto Ore Body 1is

an extension of the K - 327 Ore Body.
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Sllicic Alteration

Sllicic alteration forms an irregular halo
in direct contact with the San Alberto Ore Body on
both sides (fig. 10). Despite its irregularity it
is the best defined of the alteration types. However,
its width varies considerably along the contact both
horizontally and vertically from a few centimeters to
over two meters, or may be locally absent, thereby
placing lead-zinc mineralization in contact with the
chloritic halo. This is more frequently seen on the
hanging wall side. When not present on the footwall
side, the former presence of silicic alteration can
sometimes be inferred from the existence of a breccia
contalning fragments of silicified limestone wilth
hematite, magnetite, relicts of chloritized limestone,
plus some galena, sphalerite and pyrite. The footwall
contact of the ore body is faulted and gouge is
visible; in one or two places, however, sllicic altera-
tion does grade into the ore body. The hanging wall
contact 1s faulted in all 1its known extent,.

Within the silicic footwall zone there are
many dolomite veinlets and small vugs. The latter are

variably 1lined with dolomite, quartz, or wlth galena
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and sphalerite crystals. Conversely, on the hanging
wall this alteration is criss-crossed by many veinlets
of sphalerite, galena, and pyrite. This wall also
contains local fragments of the chloritized type.

The variability in width of the silicic altera-
tion is apparently greater on the footwall side. It
1s believed that bedding plane movements controlled
this variation through periodic slippage concomitant
wlth early altering solutions prior to the ore stage
(fig. 10).

The typical rock of the silicic alteration
zone, footwall side and in hand specimen, has a red-
dish color, and represents a silicifled limestone
partly replaced by magnetite and hematite; it is not
reactive with 1:HCl. Galena, sphalerite together with
leached boxwork are also present, and coated either
with dolomite or quartz. However, the rock from the
hanging wall side has a dirty white color, is very
fine grained, and contalns abundant galena, sphalerite
and pyrite veinlets.

The hardness and speciflic gravity of speci-
mens from the hanging wall side are less than those

of the footwall, due mainly to the lack of magnetite

and hematite.



Figure 20
Silicified limestone from silicic altera-
tion zone of the hanging-wall. Light and
gray grains are quartz and dolomite.

Large dark zones are open spaces ( x 60 ).

Silicifled limestone from silicic altera-
tion zone of the footwall. All dark zones
conslst of opaque minerals, essentially
magnetlite and hematite. Light minerals

consist of quartz grains and sericite

( x 60 ).






Under the microscope this type of rock ccnsists
of transparent and opaque minerals. The abundance of
these minerals varies between both the footwall and
hanging wall sides. On the hanging wall side this
rock 1s composed of, in order of abundance, dolomite,
quartz, sericite and opaque minerals. Hdwever, on the
footwall side this rock consists of, in order of abun-
dance, opaque minerals, quartz, dolomite, and sericite.

The average percentage of dolomite in the
hanging wall side is about 30 per cent but in the foot-
wall reaches only 8 per cent (fig. 20 A). The dolomite
is found 1n fine textured masses uniformly distributed
in the rock itself. Generally, the dolomite 1s stained
by limonite, and velnlets of dolomite are found cross-
ing other minerals. Granularity varies from O0.01 mm
to 0.03 mm. Dolomite crystals show characteristic
cleavages and are assoclated with sphalerite and opaque
minerals. Slight undulatory extinction is present in
éome dolomite crystals; this 1i1s more visible on the
footwall side.

The percentage of quartz 1s approximately equal
on both sides; hanging wall 35 pér cent, and footwall
40 per cent. The quartz 1s present as fine grains

varying from 0.01 mm to 0.1 mm (fig. 20 A). The quartz
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grains show anhedral and subangular forms, and they
are tightly joined. Some quartz grains present undu-
latory extinction.

Sericite ;s far more abundant on the hanging
wall side than on the footwall (fig. 21 B). The average
percentage determined for the hanging wall side 1s
about 20 per cent; the footwall contalns only 2 per
cent. The sericlite occurs as irregular netwcrks mixed
with some clay (?) minerals.

Opaque mineral content also varies in percentage
between the two sides. The opaque minerals found in
the footwall consist principally of magnetite plus
hematite, which constitute 35 per cent of the total
mineral content (fig. 20 B), and sphalerite, abcut 15
per cent. However, the percentage of opaque minerals
in the hanging wall reaches only 15 per cent, and con-
sist mainly of sphalerite, pyrite, and galena. Magnetite
and hematite are essentially absent.

The observable difference in dolomite content
petween the silicic alteration of the footwall and
hanging wall 1s seemingly caused by the replacement
of the footwall dolomite by quartz and opaque minerals.

The percentage of quartz in the silicic altera-

tion is about equal on either side. Therefore, it might



Figure 21
Silicified limestone from silicic altera-
tion zone of the footwall side. Note
relict dolomite crystals running diagonally
in the photo. Fine gralned groundmass
conslsts of quartz grains, opaque minerals
and some sericite. Dark areas are open

spaces ( x 60 ).
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be assumed that the degree of silicification was

about equal for both sides as well. However, this
might not be true because most of the opaque minerals
could have also replaced quartz. Consequently, the
percentage of quartz introduced by hydrothermal solu-
tions might have been greater than that which the rock
itself shows at present., If this were true, the total
percentage of quartz present in the silicic alteration
of the footwall side before the opaque minerals started
to replace it had been around 90 per cent. Probably

a small amount of quartz out of this total percentage
could have been residual from the rock and re-worked

by solutions. The silica content of the unaltered lime-
stone 1s about 11 per cent,.

The differing sericite content between the two
slides may also be explained in the same manner as for
the dolomite content, 1. e., that guartz and opaque
minerals almost completely replaced the sericite.

The discrepancy in opaque mineral content between
the two walls suggests that hydrothermal alteration tock
place 1n sﬁch a manner that the silicic hanglng wall
alteration was displaced outward in front of a growing
~sulphide mass. Magnetite and hematite paragenetlically

deposit first, therefore, their deposition only took



Figure 22
Chloritized liﬁestone from the chloritie
alteration zone of the hanging-wall side.
Angular grains are quartz. The very fine
grained groundmass mainly consists ef
chlerlte. Also note some opaque minerals

(black spets). ( x 130 )

Silicifled limestone from the silicic altera-
tilon zone of the hanging-wall side. Large
dark gray phenocryst is sub-hedral quartz.
White and light grains are also quartz. Fine
grained groundmass consists of quartz as well
as dolomite partidy stained by limonite.

Large black spots are epen spaces. ( x 60 ).
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place in the silicic footwall alteration zone and not
in that of the hangling wall side becauser of the postulated
outward migration of the ore fluids.

To summarize, the rock from the silicic zone
may be classifiled as siiicified limestone in which the
percentage of opaque minerals, mainly magnetite and

hematite, varies greatly in relation to the San Alberto

Ore Body.
Chloritic Alteration

The chloritlc alteration 1s better defined and
exposed in the hanging wall than in the foctwall., Its
width 1s also very irregular. Maximum width found on
‘the footwall side was two meters, and on the opposite
side was 5.5 meters, In some places thlis alteration
zone 1s completely sheared; it is quite soft with a
soapy feeling.

In hand specimen, thils altered rock is very
fine grained with a dark green to light gréen color,
The rock is criss-crossed by calcite, which is replaced
either by galena, or by galena and sphalerite veinlets.
Pyrite dissemination occurs 1n lesser amounts than 1in
the silicic zone. The hardness of the altered rock is

only 2-3 and it is generally inert to 1:5 HCL.



52

In thin section this rock reveals a very slight
schistose texture made up (about 90 ber cent) of fine
grains, less than 0.01 mm diameter. The remaining 10
per cent varies from 0.01 mm to 0.1 mm dlameter. The
very fine minerals that form the bulk of the rock con-
sist totally of fibrous chlorite with a slight parallel
orientation, and a very low birefringence (from 0.004
to 0.011). Grains larger than 0.0l mm are represented
by angular grains of quartz (figs. 20 A, 22 B). In some
areas, however, fine grains of quartz are found Jbined
tightly. Some quartz grains show an undulatory
extinction. A fine dissemination of sericite can
also be seen. Locally, small concentrations of calcite
(approximately 0.8 mm by 0.02 mm) can be identified.
Such concentrations may possibly represent the remnants
of the original limestone. Finally, some anhedral
sphalerite, surrounded by rings of opaque minerals
is seen. The rock is classifled as chloritized lime-
stone.

On the hanging wall slde, between the silicic and
chloritic zones, there 1s a small brecciated area con-
sisting of fragments of silicic and chloritic material
cemented by an aphanitic matrix produced from the

grinding of the fragments. The matrix contains weakly
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disseminated pyrite and a few specks of sphalerite.

Thls intermediate zone 1s exposed irregularly and its
wldth, although variable, does not exceed 0.5 meters,
It 1s not shown in fig. 10, because of the scale. This
narrow zone has the features of a fault between the
slliclc and chloritlc alteration zones. Because of

its small exposure, however, its age relationships

cannot be determined.
The Outer Zone of Alteration

The outer zone of alteration on the footwall
side varies a great deal from that of the hanging
wall; the rock is more brecciated and gougy. The
rock from the footwall side consists of randomly sized
angular and sub-angular fragments of either soft
altered or black silicified limestone. These frag-
ments in some parts show local flow structure. The
enclosing matrix consists of fine material originated
by the griding of the fragments. Thls zone of altera-
tion, in the footwall, is wide and criss-crossed by
faults striking in many directions. The rock gets

harder and less brecclated away from the intersectian

of the two main fault structures.
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Rock from the hanging wall has been only par-
tlally fractured and brecclated. The contact of this
outer zone wlth the chloritic zone 1s also better
exposed than in the footwall, and 1t may be faulted
or gradational. The contact in the footwall, however,
is faulted in almost all 1ts exposed extent., This
fault (0.25 meters wide) generally places the silicic
zone agalinst the outer zone of alteration. Although
this fault was determined to be normal, its relation
to mineralization is somewhat confusing; field findings
show that it could have been pre-ore as well as post-
ore (figs. 23, 24).

The outer zone of alteration merely represents
a broad heterogeneous halo in which the alteration
effects were weak. These weak alteration effects - on
the hanging wall - are manifested as follows:

(1) bleached limestone with no noticeable

mineralization;

(2) black to gray silicified limestone with

abundant disseminated pyrite and galena;

(3) 1ight gray limestone which is falrly

sof't;

(4) recrystallized limestone.



Figure 23
Diagramatic section of the faulted
footwall contact of the San Alberto Ore Body.
According to the tension fracture, the fault

is normal and pre-ore emplacement.

Figure 24
Diagramatic section of same side as fig.
23 in a different locality. Now, according to
the tension fracture, the fault is normal but

post-ore emplacement.
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The black to gray silicified limestone seems
to be the most receptive to mineralization, if compared
with the other "sub-alteration types". 1In this type of
rock a few calcite, galena and pyrite veinlets, and
three small galena-pyrite veins were found. Also many
leached boxwork and vugs coated with galena crystals
were seen,

All these minor manifestations of alteration
are broken, cut off, and sometimes brecciated. Con-
sequently, all these '"sub-alteration types" are not
continuous und there 1s not any observable spatial
relation to one another.

The total thickness of the outer zone of
alteration has not been determined on elither side of

the ore body but it is rather wide and of varilable

width.

Mineralogy

Distribution of Sulphldes

Distribution of sulphides 1n the San Alberto
Ore Body 1s rather irregular and practically no large
scale zoning exists. However, on a smaller scale,

zoning apparently exists in the distribution of the
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lead-zinc values., To establish this zoning, rotary

blast hole assay maps for the 4320-10 and 4310-00
benches were contoured (figs. 19, 23, 24, and 25).
Essentlially no primary copper mineralization is present
in the lead-zinc ore body, although some secondary
copper 1s present where the San Alberto Ore Body Jjoins
the main mass of pyrite. However, a correspondence
between "high" silver and lead values, with no corres-
ponding rise in zinc values, was noticed. It was also
observed that there was a decrease of lead and zinc
on the 4310-00 bench with respect to the 4320-10 bench.
Because of sample dilution, lead and zinc values
appear concentrated on the footwall side of the San
Alberto Ore Body on the 4320-10 bench, Such dilution
was caused by the dip of the lead-zinc ore body and
the method of drilling (fig. 10). Hanging wall holes
were necessarily drilled through barren alteration
prior to cutting the ore body. Grades, which are based
on assays of total cuttings, were unavoldably diluted.
However, contouring of the lower bench shows a truer
distribution of values, since practically all rotary
blast holes were drilled from within the lead-zinc ore
body, although not on the same relative horlzon. By

comparing contouring of the benches it will be seen



Figure 25
Plan of the 4320-10 bench showing the
distribution pattern of lead within the San
Alberto Ore Body. Blank areas indicate either
the hanging-wall side, or else regions below

the assay grade used to contour,






Figure 26
Plan of the 4320-10 bench showing the
distribution pattern of zinc within the San
Alberto Ore Body. Blank areas indicate either
the hanging-wall side or the footwall side, or
else regions below the assay grade used to

contour.
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Figure 27
Plan of the 4310-00 bench showing the
distribution pattern of lead values within the
San Alberto Ore Body. Blank areas indicate
elther the hanging-wall side or the footwall
side, or else regions below the assay grade

used to contour.






Figure 28
Plan of the 4310-00 bench showing the
distribution pattern of zinc within the San
Alberto Ore Body. Blank areas indicate either
the hanging-wall side or the footwall side, or
else regions below the assay grade used to

contour,
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that, notwithstanding dilution, values do tend to be

controlled on the footwall. Finally, there 1s a drop

in lead and zinc values in the lower bench,
Paragenesis of Hypogene Sulphide and Gangue
Minerals

Minerals described are mainly hypogene sulphilde
or gangue found in the San Alberto Ore Body and col-
lected by the writer from the 4320-10 and 4310-00 benches.
The 1list is not exhaustive, but does embrace all those
abundant enough to be significant in the paragenetic

history of the San Alberto Ore Body.

Pyrite

Pyrite is the most abundant sulphide gangue
mineral in the lead-zinc ore body. It is found mainly
in parts of the ore body close to the pyrite body.

Pyrite occurs in various habits: euhedral,
subhedral, or anhedral and is massive as well as
showing different textures. No detalled study nor

classification of the varlous types of pyrite were

carried out.



Shearing movements both during and after ore
body formation are revealed by the deformation of
crystals, mainly galena, and fractured and brecciated
pyrite. Moreover, this deformation is not restricted
to certalin portions of the San Alberto Ore Body, and
therefore, does not reflect merely local pressure
adjustments within the ore body.

The pyrite 1s present in various forms and
sizes. Some areas are very fine grained and generally
seem to follow a certain direction, probably as a
result of shearing. Another type 1s present as 1isolated
coarse grains frequently surrounded by quartz, though
certaln grains are surrounded by very fine grained
pyrite.

In addition to these types there are others,
One of these, which 1s widespread and fairly abundant,
predominantly shows cubic, pyritohedral and octahedral
habits under the microscope. These different forms
of pyrite occur as a mosalc aggregate, and, where
fractured, often seem to have been healed by either
quartz or some later pyrite,. Locally, spaces between
different grains of pyrite were filled by sphalerite
(fig. 31 A). Another type of pyrite occurs as small

veins cutting either sphalerite or earlier pyrite.
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Figure 29
Mineral sequence chart, showing age
relations of the various minerals studied in

the San Alberto Ore Body.
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Figure 30
Pyrite (white) showing octahedral (?)
and cubic habits. Spaces between the
pyrite are filled by sphalerite (gray)
and quartz (dark) ( x 130 ).






Figure 31
Galena (light and with triangular pits),
replaced by sphalerite (gray). Replace-
ment developed and encroached along
cleavage directions of galena. Black

areas are pits 1n the sphalerite.

( x 60 ).

Isolated galena remnants (light) in
sphalerite (gray) which has replaced
galena. Black spots are pits 1n the
sphalerite. ( x 130 ).






A characteristic of these small veins is that the
pyrite is not massive but formed by very fine grains,
Pyrite deposition as revealed by crosscutting
relatlonships was probably continuous through the
period of sulphide mineralization. For further infor-
mation on the various types of pyrite at Cerro de Pasco,

reference 1s made to the painstaking study made by

Lacy (13).

Pyrrhotite

This mineral is a minor constituent of the sul-
phide body in the upper benches. It appears to occur
mainly as inclusions in sphalerite, though definite

relation could not be determined.

Sphalerite

Two ages of sphalerite deposition may be dis-
tinguished. The earlier and most abundant 1s primarily
a brown, coarse grained, and often porous variety
observed both in polished sections and hand speclmens.
Based on the color, it 1s assumed that the iron content
is high. This type of sphalerite usually replaces
pyrite, and also fills fractures and spaces between

pyrite crystals, This same type sphalerite seems to



Figure 32
Triangular pits developed in grinding
and polishing define the cleavage
directions in galena crystals (white).
Light gray 1is sphalerite, and dark gray
is quartz. ( x 130 )

An incipient penetration of sphalerite
(gray) along contact between galena
grains (white) can be observed at the
left lower corner. The guest is the

sphalerite. Dark gray is quartz. (x 130)






Figure 33
Lamellar marcasite (streaked white)
pyrite (mottled white), sphalerite
(dark gray), and galena (1light gray).
Note marcasite replacing sphalerite,

galena and pyrite ( x 130 ).

Chalcopyrite (dark gray) replaced by
sphalerite (light gray). Pyrite (white)
and quartz (dark) are also present,

Black spots are open spaces (x 270).
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occur 1n the veins in the ore body. In various speci-
mens, marcasite was observed replacing this early type
of sphalerite (fig. 33 A). 1In almost all of the polished
sections studied, early sphalerite replaces galena, and
usually small remnants of galena can be seen in the
sphalerite (figs. 31 A, 31 B). This sequence or mode

of replacement is contradictory wilth the usual parage-
netic sequence for hydrothermal ores. Perhaps thls 1is
why the positional distribution of lead and zinc values
is not largely coincidental, and this may also indlcate
that the sphalerite was not deposited simultaneously
with the galena, but followed the galena deposition

and replaced it. Only in a few polished sections do
galena and sphalerite display a rough contemporaneity.
In some polished sections the sphalerite appears to be
veined by a later type of pyrite. Finally, chalcopyrite
was also observed in one polished section to be replaced
by this brown type of sphalerite (fig. 33 B).

The later sphalerite, whose color is light tan,
was mainly identified in hand specimens lining vuggy
pyrite. This sphalerite is well crystallized and
usually displays a dodecahedral habit. In polished

sections 1t was found veinlng the early sphalerite.
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Galena

Two ages of galena were noticed, although they
were not clearly differentiated.

The early galena (mostly deformed) displays
crystals that‘are usually twisted with curving cleavages
and 1s replaced by the early type of sphalerite. Because
of 1ts softness and brittleness, cublc cleavage can
frequently be observed (figs. 32 A, 32 B). This type
of galena seems to be somewhat porous and replaces
pyrite., It is replaced in turn by late quartz,

The later galena appears to have been contem-
poraneous with the later sphalerite; deformation 1s
not so noticeable as in the early galena. Compared
to the early galena, however, 1t 1s a minor constltuent

of the sulphide body.

Marcasite

Marcasite often occurs with a llnear arrange-
ment of grains in lamellarAstructures. It appears to
be present, as a minor constituent, on the hanging
wall side of the San Alberto Ore Body as well as in
the silicic alteration zone of the hanging wall. The

presence of marcasite, believed to require an acid



environment for deposltion, in a limestone environment
(alkaline by nature) suggests that some of the late
acid solutions (13) responsible for the main mass of
pyrite possibly ehtered into the San Alberto Ore Body
and replaced galena and sphalerite (fig. 33).

Lacy (13) suggests that the marcasite lamellae
may have initlated in pyrrhotite, and continued to

grow into the sphalerite by replacement.

Chalcopyrite

Chalcopyrite 1s uncommon in the San Alberto
Ore Body. It was identifiled in only one polished sec-
tion that came from the 4310-00 bench. This chalco-

pyrite is replaced by the late type of sphalerite

(fig. 33 B).
Quartz

Quartz and pyrite are the most abundant gangue
minerals in the San Alberto Ore Body wilth quartz con-
stituting up to 30 per cent of the sulphide mass where
the lead-zinc ore body Jjolns the pyrite body.

Two possible ages of quartz deposition have
been noticed. The later quartz appears to be contem-
poraneous with the later sphalerite. It occurs as

euhedrons with well developed prisms.
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Figure 34
Thin tabular crystals of hematite
(1ight) in quartz (dark gray). Black

areas are pits. ( x 130 )

Magnetite (dark gray) replaced by
hematite (light gray). Polished

section was fairly magnetic. ( x 270 )
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The possible early quartz was mainly identified

in hand speclimen as small euhedrons lining wvugs in

pyrite, and as fine grains lining hemafite vugs.

Magnetite

Magnetite has been found in the silicic zone
of the footwall and occupies a close parageﬁetic rela-
tionship with hematite. Almost all polished sections
studied showed magnetite being replaced by hematlte
(fig. 34 B). 1In two polished sections, however, an
overlapping in deposition of these two minerals was

obsgserved.

Hematlte

Hematite is found primarily in the silicic
o

alteration of the footwall, It exists in well formed
tabular crystals (fig. 34 A) and also replaces magne-

tite.

Dolomite

Small, coarse textured masses of dolomite are
scattered through the San Alberto Ore Body. Some

crystals clearly show rhombohedral cleavage.
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Dolomite was also identified in hand specimen,

It was found in rhombohedral crystals of about 1 em
diameter lining wvugs in the lead-zinc ore body.

This dolomite probably represents recrystallized

residuals of the host rock.,
Calcite

This mineral was only 1dentified in the hanging
wall chloritic zone as small velnlets, which are replaced
by galena, and as small concentrations,

The paragenetic sequence presented 1s very
similar to that presented by Lacy (13) for the para-
genesls of hypogene sulphldes and gangue minerals at
Cerro de Pasco. The author, however, on studying the
paragenesis of the San Alberto Ore Body, found one
exceptlion to that glven by Lacy. Lacy placed galena
after or contemporaneous with sphalerite. The author
found the reverse sequence to be the common one in the

San Alberto Ore Body, although not understood yet

(figs. 31 A, 31 B).



CONCLUSIONS

(1) The main structural control that favored
the emplacement of the San Alberto Ore Body is a "Y"
iIntersection formed by the Longitudinal Fault and a
bedding fault.

(2) The San Alberto Ore Body is a tabular,
roughly concordant lead-zinc replacement body whose
shape and size vary greatly. As a unit it maintains
a more or less regular strike, and its dip 1is generally
steep, though it locally flattens on the hanging wall
side,

(3) Three types of hydrothermal rock altera-
tion adjoin the San Alberto Ore Body and are classified
as follows: silicic alteration, chloritic alteration,
and an outer zone of alteration.

(4) It is believed that the unique presence
of hematite and magnetite in the siliclc footwall
alteration halo 1s due to the outward displacement of
the silicic hanging wall in front of a growing sul-
phide mass. Consequently, the deposition of magnetite

and hematite only took place in the silicic footwall

alteration environment.
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(5) Based on geological plans and vertical

sections, it 1s believed that the San Alberto Ore Body
is an extension of another lead-zinc ore body known
as the K - 327.

(6) Minerals found and studied microscopically
in the San Alberto Ore Body apparently show the follow-
ing paragenetic sequence: quartz, galgna, chalcopyrite (?),
sphalerite, marcasite, sphalerite-galena (?).

(7) A paragenetic reversal between the galena
and sphalerite was found. In almost all the polished
sections, studied by the writer, sphalerite was found
replacing the galena.

| (8) Lead and zinc values are slightly more
concentrated in the footwall portion of the San Alberto
Ore Body than in the hanging wall portion.
(9) The San Alberto Ore Body falls into the

genetic classification of a mesothermal deposit.
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