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PREFACE

In response to the request of the Govermment of the Republic of Peru,
the iapanesq Government declded to conduct a Mineral Exploration in the
Pachapiriana Area Project and entrusted the survey to the Japan International
Cooperation Agency {JICA) and the Metal Mining Agency of Japan (MMAJ)

" The JICA and MMAJ sent to the Republic of PERYU a survey team headed by -
Mr Hiroshi Hama from October 17 to December 30 1988. '

The team éxchanged views with the officials concerned of the Government
of the Republlc of Peru and conducted a field survey in the Pachapiriana area.
After the team returned to Japan, further studies were made and the bresent
report has been prepared

¥e hope that this report will serve for the development of the Project
and contribute to the promotion of friendly relations between our two
countrles

¥e wish to express our deep appreciation to the officials concerned of
the Government of the Républic of Peru for their close cooperation exfended'td
the team.

February, 1%8%

KENSUKE YANAGIXA’
Presidente
Japan International Cooperation Agency

/Mm/w)&a&—

JUNICHIRO SATO
Presidente
‘Metal Mining Agency of Japan



Y

To Piuro
l\

To Piurg
N

Lambayeque

Chiclayo

Limo

Figl—1 (1)

ECUADOR

o) 557 2}
Ochentoluno 40

Sallique
288
Piguijaca

79°¢

Survey  Area

Road  Distonce Km / Hows by Car o

Capital of Department
City, Town

River
Limit of Deporiment

The Frontler

50km
| .

CAJAMARCA

INDEX . MAP

&6°00"

73

B

ram N
¢ LOMB!A? :

. }a SRASIL

-

-

g

RU

i3

Location and Accesibility Map of The Survey Area



Del

3R,

o

Ze

' N\
San Jxls'eo f\o\/b

SN

DLa HNuaea .

San Felipe Areg
Fifle Verds

Péramo

Chontali Ared

[

b Tamborapa

N A

ascarilia
Folmiaxrea |,

=F

LAMBAYEQUQ

Figi—1 (2)

mvruam arco

—O

Location Map of the Survey Area

o
\
¥
¥
N\

. AMAZONAS
&







SUMMARY

' This report suamarizes the first year results of the surveys conducted
in the Pachapiriana area,” Peru. The surveys aimed to reveal potentiality of
. ex1stence of useful mineral resources in the area through clarification of
geo]oglcal setting in the area. The field survey was carried out from Oc-
tober to December, 1988. _

In the surveyed area,. as éontaining-geochemical-anomalies from a stream
sediment- and mineralized indications extracted by INGEMMENT (Instituto
Geofogico.-minero ¥ Metalurgico), the first year survey included a semi-
detalled geological survey combined with geochemical survey which was con-
ducted over a total area of 800 knd in three regions to verify latent poten-
t1a11t3 of mlneral.resources. and to reveal a geological setting of mineral-
ized indications. = An additional detailed gevlogical survey was afsp.cou-
ducted over.a total area of 25 knd at six known mineralized zones (Fig: I -
1(2)). In three of these known minéralized zones, which had been assessed
prospective throigh the result of studying of available data, geophysical sur-
vey (using'{he.CSAMT method) was inplemented over 25 knf with 102 points dis-
persed throughout the area. . ' _

-Through the.afdrementioned semidetailed and detailed geological sur-
veys, the geological setting of eaeh mineralized zone was uncovered in the San
Felipe area (Fig. I -5), there occurrence of such mineralized indications had
been. known. - As the result of these surveys, the possibility of existence of
porphyry copper type deposits was conce1ved betwaen La Huaca and Pena VYerde
(Tablel -2).. lndlcatlons of promising alteratlon zone (TableI -2) containing
'abundant auriferous quartz veins were extracted in the Chontali area (Fig. II-
18), and po:phyry copper type mineralized alteration (Tablel -2)and skarn
zones observed in the Palma area (Fig. M-20). This skarn zone was decided to
barren by géochemical survey, in Jehuamarcas area (Fig. M-22), a distnict al-
teration zoning was verified. '

Géophysical efploratioﬁ adopting the CSAMT ﬁethod was conducted in San
Felipe over an area of 21 knf, and in Jehuamarca over an area of 4 knf.

Low Tesistivity was observed at La Huaca and Pena Verde, where there
are known mineralized zone, amld hlgh resistivity volcanlu rock distributions
in the survey area of San Felipe (Flg 1-16).  This low resistivity distribu-
tion extends-malnly over small-scale monzonite or andesite intrusive dykes,
thus.coinciding with the silicified and argillizedIZOQes distributed at the



surface.

In the Jehuamarca -area, whilst the silicified zones distributedlat the
surface were analyzed to continue as.a hfgh resistivity: layer forming a
mushroom-like shape toward deeper in underground, ‘the analysis,aléo revealed
evidencé of a lov resistivity area occurred the sﬁrrounding parts at a
specific depth (Fig. -20, Fig. W-26). o _ ,

It is assumed from the analyzed geolgical condition that the low resis-
tivity zones collected in boih.San Felipe and .Jehuamarca areas are connected
with the trending and scale of the mineralized alteration and/or magmatisnm
deep in the underground, which would relate to fiineralized indications. '

_ For the further survey, it is necessary to conduct detailed geological
and geophysical surveys in Chontali Area, with respect to extracted prospec-
tive mineralized indications and alteration Zones found out :this year;-Second
proposal includes further implementation of boring in Jehuamarca to speeifi-.
cally identify mineralized potentials. In addition, tﬁis year survey has been
extended to the anomalous zones revealed from geochemical cxploration pre-
viously conducted by INGEMMET and without fail a promising mineralized zones
and/or alteration zones that indicate a possibility of existence of ore
deposits (Fig. ~1). In the further year, therefore, semidétailed_or recon—
naissance survey be carried out in the anomalous zones remaining pending sur-

vey.
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CHAPTER 1 - INTRODUCTION
1-1 Antecedents and Purpose of the Survey

The survey area is situated in a part of the region for which a
geochemical survey using stream sediments was carried out under the Northern
Geochemical Project (Proyecto Geoquemico del Norte) sponsored by the U.K. The
detailed survey for the éxtracted‘geochemical anomalous zones was realized
partially by INGEMMET itself., and partially by German and French organiza-
tions. Bowever, the major part has remained pending due to shortage of
funds. ' '

Under these circumstances, INGEMMET requested, through the Ministry of
Foreign Affairs_of'the Republic of Peru, a technical cooperation from the
Japanese Goverament for the follow~up survey in March 1988. In August 19388,
a delegation for the preliminary survey and agreement negoiiations for this
purpose was organized among the Ministry of International Trade and Industry
(MITI), Japan International Cooperation Agency (JICA) and the Metal Mining
Agency of Japan (MMAJ), and sent to Peru. On August 15, 1988, the scope of
work to the Pachapiriana Area Project was signed hetween the parties.

The purpose of this survey was to verify the potential existence of
usable mineral deposits expected in the survey area through various ac-
tivities, including an analysi$ of existing data, preparation of lineament ex-
traction based on the LANDSAT image analysis, geological, geochemical and

geophysical surveys and boring survey.
1-2 Area, Purpose and Operation of the First Year's Survey

According to the mentioned scope of work concluded among [NGEMMET, JICA
and the Metal Mining Agency of Japan, the survey encompasses an area of 2,820
km., - This year, the LANDSAT image analysis was conducted throughout the area
while géoiogiéa] and geochemical surveys covered an area of only 304 kni.

The purpose of the first year survey was the following:

i) lineaments extraction through LANDSAT image analysis of entire sur-
vey area (2,820 kmiy and to define the interrelation between such lineaments
and existing mineralized indications and extracted geochemical anomalies by
INGEMMET; ii) to clarify the geological setting of the known mineralized in-
dications and the ofigin of the geochemical anomalies with carrying out a

geological survey in the known mineralized indications and extracted geochemi-



cal anomalies.by INGEMMET ;. iii) to avaiuate the known mineralizéd ZOne ‘and
the newly extracting one with carry1ng out the detailed geological survey
within the known mineralized zone and the newly eXiracting promlslng mlneral-
ized zone by this year's survey ; iv) to look for the possibility of an exisi-
ence of concrete mineral deposits for using geophysical survey (CSAMT method)
in the mosi-promising mineralizéd indications.

The survey was conducted as follows: _

A topographical map on: the scale of 1/25 000 publlshed by . IGN
{Instituto Geografico Nacional) was used as the base map for the survey. The
survey was carried out by three composite teams of both Japanese .and Peruvian
engineers in the San Felipe area, and five teams for the Chontali and Palma
areas. - _ .

. The detailed survey was carried out using.string measures and

'clinometers-and/or clinocompasses with a scale of 1/5,000 by;threé_ieéms.__

Geochemical survey was carried out together with geological_survey.
Sampling density was changed according to the mineralized or alteration condi-
tions of each surveying area. Importance.was given inm samplihg:the'Chontali
area in the semidetailed survey, and the Jehuamarca area in the detailed one.

Trenching was conducted at La Huaca in the San_Felipé area for its
silicified rock distfibution.zones within the La Huaca detailed survey zone to
identify their distribution extent. A peruvian engineer was stationed on the
trenching site, being responsible for supervising_wdrkers for trenching. Upon
completion of the trenches, the site was sketched on a scale of 1/200 by joint
effort between the engineers from both countries, then was refilled.. o

Geophysical survey using the CSAMT method was performed. - Required
equipment and materials were mainly transported from Japan with partial local
procurenent of survey articles. [In this regard, the work included grounding,
wiring and removal of the transmitting station. as well as transmiééion:and
receiving for tests in San Felipe and Jehuamarca, in the former area, :the
base camp was set up in the village of Pigquijaca. In Jehﬁamarcaf the measure- .
ment team camped out on the mountain’s summit. _ _ .

Sampling of rocks for future tests of thelr resistivity and IP effect
was carried out during measurements 1n_the_fleld_and labolatory .test for the
collected rqck'sampieé was conducted afier returning to Japan. .

The survey of this year is summarized as follow:



- Table F-1 Quality of The Survey

_ | Geological And Geochemical Survey Geological Survey
Area, Zone | Arga | Survey Point | Trench | Geological | Areg | Survey
: Lk km mn Samples km | Points
San Pelipe | 90 | 95 19 L
¥ | Chontali 120 ';£§§.1 : ' 245 I
Palma 90 | 146.1 I 180 o
Total - 300 | -d0d2 - | 504
‘Jehuamarea| - 47 - Z1.3 Rk 4 81
Pena Verde i - ' 26 .
——————————— —~—=] 35,4 o | e | 7] 11
#% { La Huaca 5 S -359.7 41
Vega | 4 164 | 2l o
Paramo - 5 0.3 . | - 20 B
Zonanga 3 18.0 25 M
Total 25 101. 389.7 206 25 102
- kmt k m | Samles ki Points

(remark; #:Sémidetailed, *%:detailed)

1-3 Organization of the Survey Group

The representatives from the Japanese government for the preliminary survey
and agreement negbtiafions ﬁere_dispatched to Peru during the period from August 6 to
18. 1988. The delegation members and their counterparts from Peru are as shown
below:

From Japan: _

Mr. Yoshio Matsukawsg, Metal Mining Agency of Japan

Mr. Shootaro Kishinoto, Agency.of Natural Resources and Energy, MITI
Mr. Naotaka Adachi, Metal Mining Agency of Japan

Mr. Hiroyasu Kainuma, Japan International Cooperation Agency
From Peru:

Mr. Juan Guillermo Hercilla Gonzalez, INGEMHET

Mr. Gregorio Flores Nanes, INGEMMET

Mr. Luis Dyarce Gonzalez, [NGEMMET

The survey group was'organized by geological and geochemical survey and



geophysical survey team, the former being sent during the period from October 17 to
December 30, 1988, and the latter from October 27 to December 8,_1988.
The group members from Japan and their counterparts from Peru are as shown

below:

From
Mr.
Mr.
Mr.
Mr.
Mr.
Mr.

From

Mr.

Mr.
Mr.

7 Mr.
Mr.

Mr.
Mr.

Japan: .
Hiroshi Hama; MINDECO;
Minoru kamezawa, . '-MfNDECO;
Osamu Mizuyachi, ~ MINDECO:;
Fukeiiro Miyoshi, MINDECO;
Takeshi Yoshimoto, : MINDECO;
Mitsuyoshi Saito, © MINDECO;
MINDECO:Mitsui Mineral Development
Peru: :
Cesar Vilca Neira, ~ INGEMMET;
Emilio Rojas Rivera, INGEMMET;
Carlos Jimenes Yelasco, TNGEMMET;
Luis Quispe Aranda, INGEMMET;
Arnando Galloso Carféscp. '_IHGEMMEf;

Carlos & Gamarra Romero,  INGEMMET:
Walter Pari Pinto, INGEMMET ;

iéader of the sur#ey team
geological and geochemical survey
geological and geochemical survey
geophysical survey

geophysical Survey

geophysical survey

Engineering Co., Ltd.

general review and geological and
'éenchémical survey
geological and geochemical survey
geological and_geochemical
Csurvey - ‘_

geological and geochemical survey
geoiogical'and geochemical

survey '
geophysical survey

geophysical survey



CHAPTER 2 - GEOGRAPHY OF THE SURVEY AREA
© 2-1 Location and Access

The survey area is located in the northern most of Peru, on the border zone
w:th Equador, being situated in the east slope zones of the Western Andes mountain
chain. That is, the area faces the back ridge mountains of the ¥estern Andes on the
west, and the Great Amazon Plains on the east.

- In terms of,adminietratiﬁe jurisdiction, the survey arvea covers three depari-
‘ments. and four provinceé. The major part of the area belongs to Jaen province,
Cajamarca departmeht; with its north-eastern part falling in San lgnacio province of
the same departmeﬁt. and its north-western part in Huancabamba pfovince, Piura
department. Jehuamarca, the isolated portion of the survey area, is located in Fer-
renafe §rovinEe.‘Lambayeque department. '

' Geograph1caliy. accord1ng to the Un1versal Transverse Mercator Projection
System, - the survey area covers an.area of 2,186 kot (44 km x 64 km) sztuated between
9, 400.900N to 9, 356, 000N and §80, 000E to 744, 000E,. and another area of 4 krnf (2 kn x
2 km) situated between §, 827, 600N to 9,325, 000N and 693 000F to £95, 000E, thus being
represented in a total area of 2,820 kot _

- The access 1o each base camp sef up in the survey area are as shown in:Fig.
_ITZ: . o ' _ : ' ' .

From Lima to Ochentaiuno the read is paved. From Ochentaiuno to Jaen,
however, the roed has been only partially paved by the road construction project
planned upder the administration of former President Belaunde. UYnder current: Presi-
dent Garcia's adninistration, the project was suspended and a major part of the road
femainslunpaved and without surface repair for the paved portion, thus traffic is
very difficult during the rainy season. All minor roads were hastily opened by
bulldozet and have not been renovated, therefore, passage is difficult even during
the dry season. :

There. are only a'scenty number of road . in the survey area {see Fig. I-1).

The main access roads are actually. for r1d1ng on horseback. Even such trails are not
yet sufficiently developed in the survey area as vast tropical rainforests still
remain unexploited. So, we were forced to organize a path clearing group to obtain

the survey foﬂtes;
2—2_Toposraphy.and;Dtainege Systen

: The majen part of-the survey area falls in the Sallique mountain range-ac-



cording to the topographic division of Perl, with elevations of 700 meters to 3,800
meters above sea level, and is topographically steep, which proves that the area cor-
responds to a typical stage of youth terrain. To the west of the»survey-area; there
is the Western Andes mountain range, which forms the watershed of the South American
Continent due to the lowlands of Huancabamba falling ‘in between. ‘The east end of the
area is situated in the lowlands of Maranon which presents its older stage having
gentle rises and falls. ' '

[t is said that the Sallique mountain range was separated from the Western
Andes by glacial activity, thus leaving traces of glacial terrains such as U-shaped
valleys and glacial cirques in its relatively low lands. Characteristic glacial
terrains such as aiguilles, horns and grats are preserved ihroughdut the high lands.

A1l drainage systems in the survey area discharge into the Atlantic Ocean via
the Amazon River.  Major rivers include the Huancabamba that runs along the west
boundary of the survey area from north to south and changes direction to east-west in
the southern part of the ares, the Chontali that crosses the center of the area with
a N¥-SE direction, and the Tabaconas that runs along the north flange.  All these
rivers join the Maranon, one of the major'tributafies of the Amazon in’ Peru. '

With its abundant water resources, the Huancabamba is sought as the source of
the irrigation channels to cross the Western Andes mountain chain to provide suffi-
cient irrigation to the vast desert extending over the western part .of the mountain
Tange. The operation of tunneling for the project, however, has currently been

suspended.
2-3 Climate and Vegetation

.Climate and vegetation in the survey area show a particularly remarkable
variation due to the altitude difference reaching about 3,000 neters.

Above the elevation of 3,000 meters, the distinctive Pupa (high Andean
plateau) climate is predominant, thus categorized as part of the cold zone.

Its vegetation consists of aciculate plants locally called "ichu’ and low shrubs
which, coupled with steep glacial terrains, is disabling land utilization of thése
zones. | _ -

The zones between 1,500 and 3,000 meters above the sea level are subtropical,
having high temperatuwres and humidity, and form a main agricﬁltufal zone. A part of
the highland subtropical rainforest zones remains uncultivated, forming a virgin area
coupled with its topographical stecpems. Because field:burning”iS'mainly practiced
in the cultivated part of these zones, secondary vegetation grows densely in the area
left after burned-over. - It is said that precipitation is decreasing in the western
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pért of thesé¢ zones as qultivation_advances,-gradually,making it into a desert, and
that there was abundant vegetation downstream the Grande River, a tributary of the
Huancabamba, whereas at present what remains is rocky desert.. .
lh'bld_days. the zones below 1,500 meters belong to the.high temperatiure,
high humidity:tfcpical-rainforest zone, - At present, however, after .progress in cul-
‘tivation, :the ;rbpical rainforest;zdnes exist only locally along the river basins,

: Therefis.a cleér'distinctibn between the rainy and dry periods.in the survey
area. - Whilst in the rainy period covering December 16 March, the annual average
precipitation registers 2,000 mm_ in the_ﬂry‘period from April to.NovemBer squallish
rainfall occasionally occurs in.the'eastern,part..‘ A

As a vast subtropical rainforest zome remaining in the mountainous area as-
sumés the role of a water—holding_fdrESt of abundant rainfall in the rainy
period, the aforemehtioned major rivers hold affluent water yéar-round. These main
rivers aﬁd-their tributaries are cleverly utilized for irrigation of the
cﬁltivated area. . These irrigation channels were used as importanti routes for the

geological survey this year.



CHAPTER 3 - AVAILABLE GROLOGICAL DATA
3—1 Outline of Antecedents

Though in the past the area of interest has been partially and/or locally
surveyed from a geological viewpoint, a regionai geological survey had to wait until
the quadrangular survey was conducted by INGEMMET (Reyes, L. y Caldos, J., 1987).

With respect to the ore deposit survey, "Proyecto Geoquemico del Norte” was -
conducted during the period from 1968 through 19706 under the technical assistance of
the U.K. government and its follow-up survey was performed by INGEMMET with technical
assistance from West German and France governments during from 1871 to 1975, and
"Proyecto Integral Chinchipe” which was conducted through 1983 into 1986. are noted
among others. '

In the "Proyecio (eoquemico del'Norte" nineralized indications were found out
in Canariaco, La Huaca.'La Granja, fehuamarca, Pena Verde, Paramo and Vega, of which
follow-up surveysrhave been carried out in Canariaco and Jehuamarca by INGEMMET, at
La Huaca under the technical assistance of France, and at La Granja under the techni-
cal assistance of West Germany. Other mineralized indications were left as is
without survey.

In the "Proyecto Integral Chinchcipe”, geochemical anomalies were extrabted
in Tomague, Huwaquilla, Cerro Campaua, El1 Cedro, Las Pinas, Chentali, Jaen and
Zonanga. Follow-up survey for the first four mineralized indications has been com-

menced in 1986 under the technical assistance of West Germany.
3-2 General Geology and Geological Setiting of the Survey Area

An outline of regional geology..including this survey area, is given below
after Reyes y Caldos (1987), Wilson (1984) and Davila et al (unpublished). The area
situated in a technologically disturbed zome, so-called Huancabamba deflexion zone.
This causes a great variation in the sedimentary environment of each goological unit,
thus bringing some confusion to correlate geological formation and it requires fur-
ther study. A geological column in the survey area can be summarized as shown in

Fig. I-4. Descriptions are given below for each geological unit in ascending order.
3-2-1 Sedimentary Rocks and Metamorphic Rocks

1) Maranon Complex



This Complex is roughly classified into crystalline schist and gneiss. The
former mainly consisfs of mica schist which is originated of sedimentary rocks, in-
tercalating quartzite and metamorphic arkose sandstone. The latter is tonalitic
and/or grano&ioritic with a banded structure, and can be divided into muscovite-
biotite~garnet and muscovite-biotite series.

- According to Wilson y Reyes (1964) who named this Complex, an Ordovician
system unconformabl&‘overlays'on this unit (in Pataz, Libertad}, and therefore, it can
be correlated with the pre-Ordovician system. Metamorphic rocks similar to this Com-
plex distributed in the southern Peruvian coastal area, are given an age of 2 to 0,65
billion years by.the'Rber method, and therefore, it is assumed that this Complex
would be also correlative with Precambrian Erathem.

They say that'the compiex distribution in the survey area, appears upstreaﬁ
the Tabaconas River that flows along its northern flange.

2) Olmos Complex

This Complex was named by Baldock (1971) and is correlated with the lower
Paleozoie Bra. It consists of pelitic and quartz schists with reaching gneiss facies
in case of deep facies, originating from pelitic sediments.

In geheral, lit-par-lit injection quartz are observed, particularly developed
in the proximity of the intrusive body.

Although tﬁere.is no clear evidence proving the geological age of this Com—
plex, {t may.be correlative with-the upper Precémbrian Era to Ordovician Period,
judging from the fact that it covers the Maranon Complex unconformably , and in turn
is unconformably covered by Salas Group.

In the survey area, wetamorphic rocks that are distributed in its southwes-

tern part were identified in this Complex.
3) Salas Group

Thistroup consists of phyllite, pelitic schist and tuffaceous mudstone, with
intercalation of quartzite, and - unconformably covering on the Olmos Complex. At the
base, ‘it occurs basal=coﬁg10merate with schist gravels, and it grades into the Rio
Seco Formation at the upper part.

' This:Group'is correlative with the lower Ordovician to Siluro-Ordovician
period based on the fossils found, although scarce. '

- This Group is distributed upstiream thE'Huandabamba.ijer in the northwestern



flange of the survey area and nidstream ;he Tabaconas River at the center of its

north flange.
4) Rio Seco Formation -

This thmation'consistingfmainly of quartzite with phyllite, conformably
covers the Salas Group. Although it is not eas& to identify its age as. no fossils
wore found, it can be correlated with the Siluro-Ordovician period from its occur-
rence. '

Distribution of this Formation is not clearly identified in the survey area

5) Oyotun Volcanies

These Volcanics were named by Wilson (1984). They unconformably cover the
Olmos Complex, and are conformably covered with the Goyllarisquizga Group. In the
western survey area these Volcanies are uneonformably covered by the Tinajones Forma-
tion. .

The ‘lower pért of these Volcanics.cbnsists of andesite lava and pyroclastics
with some occurrences of intercalation of limestone and phyllite, and toward the up-
per changing to andesite and/or meta-andesite. At.the uppernost, pyroclastic rocks
hecome predominant._ﬁith intercalation of shéle. mudstone and siliceous limestone

Because its main component is of volcanic rock, fossils are scarcely oc-
curred. However, based on the foésils-very rarely found, they can be correlated with
the upper Triassic period.

These rocks are the main unit forming the survey a%ea. and their distribution

is widespread over the area.
6) Tinajones Formation

This Formation was named by Wilson (1984). It unconformably covers the

Oyotun Volcanics and consists of sandy sediments mainly with tuffaceous rocks.

Toward its upper part, the intercalating quartzite increases, and then grading to the

quartzite sequence of the Goyllarisquizga Group. To the east of Pucara, this Forma-
tion is absent but Farrat formation is direétly sedimented over Oyotun Voleanies.

' The Formation has been correlated with the Berriasian and/or Neocomisn in age

from its yielding of abundant fosils.

1n the survey area it occurs at west flange.



7 Goyllarisquizga Group

This Group has been identified to consist of Chimu Formation, Santé Forma-
" tion, Carhuaz Formation and Farrat Formation {(Bellido, 1969).  However, in the area
is only described quartzite correlated with Chimu Formation and quartzite with inter-
calation of shale correlated with Farrat Formation, they say that limestone and al-
ternation of sandstone and. shale correlated with Santa Formation and Carhuaz Forma-
tion respectively: are absent. _ 7
Goyllarlsqulfga Giroup is dlstributed at the west flange, central part

(Chontali area) and north flange of the survey area.

8) Inca Pormation

This Formation unconformably covers Goyllarisquizga Group and is conformably
covered by the limestone of the Chulec Formation. [ts base consists of sandy lime-
stone and caléareous tuff, and banded sandstone is deposited toward the upper. Com-
pact calcareous nodules characteristically occur among the limestone.

Judging from- the associated fossils, this Formation corresponds to the lower
Albian and is correlative with the Pariahuanca Formation in the central Peru

The Formation occurs at the western part in the survey area.
9) Chulec Fofmation

This Formation %as named by Benavides (13956) and conformably grades from the
underlying Inca ?ormation and into the overlying Pariatambo Formation. Its lower
part consists of marl, and the upper part of limestore containing rodules. Abundant
fossils have been yield. Based on these fossils, the Formation is identifiable as
middle Albian.

In the survey area, this Formation appears adjointly to the Inca Formation in

its western part.
10) Pariatambo Formation

This Formation conformabiy grades from the underiying Chulec Formation and
into the overlying PuIluicana Pormation. Its lower part forms an alternation of well
bedded .1imestone and calcareous and tuffaceous shale, toward the upper varying into
tuffaceous -shale and tuff,f The Pormation has been correlative with the upper part of

middle Albian in age from its yielding of abundant ammorite fossils.

—i1—



In the survey area, this Pormation appears adjoining to the Chulec Formation

in its western part.
11) Pulluicana Formation

This Formation was named by Tafur (1950), and conformably grades from the
Pariatambo Formation. Its upper part has not been identified, but generally, the
Formation is covered by Tertiary vb]canics with an unconformity. Overall, it con-:
sists of calcarecus rocks with interrelation of shale and calcareous sandstone
These rocks have been varied into andesitie volcanies and p&roclastic rocks toward
its upper part. Normally, the formation contains abundant fossils, and is correlative
with the upper Albian to Cenomanian.

In the survey area, this Formation is distributed adjointly to the Pariatambo

Formation in its western part.
12) Llama Volcanics

These Volcanics were named by Wilson (inedited, INGEMMET), and unconformably
covers on various geological units and being covered by Porculla Volcanics unconfor-
mably.

They mainly consist of andesitic pyroclastic rocks with acidic tuffaceous
rocks. In addition, calcareous sandstone, limestone, gypsum and sandstone are accos-
panied with. It is known that copper, lead and zinc mineralizéd indications are oc-
curred in these volcanic rocks around Aragoto and Anchalay which afe located on the
north-west extension of the survey area.

Because of bad-preserved fossils, the age of deposits of these volcanic rocks
cannot be accurately determined from such fossils. However, as they unconformably
cover on the Chota conglomerate {the upper Cretaccous to the lower Tertiary ), they
may be correlative with the lower Tertiary, being identified with the lower part of
Calipuy Voleanies. |

These rocks are not distributed within the survey area. but are found out

north-vest extension and south outside flange of the survey area.

13) Porcnlla VYoleanics
These Volcanies were named by Baldock (1971), énd has an angular uncoformable

relationship with the underiying Llama Voicanics and the overlying Shimbe Voleanics.
They mainly consist of andesitie and rhyolitic tuff with intercalation of an-



desitic tuff breccia and lava. Rhyolitic rock becomes predominant toward the west
' Because of_beiﬁg-poor in fossils, there is no clear evidence to identify the
age of deposits'of_these volcanic rocks, Nevertheless, as they unconformably cover
the Llama Volcanics, they‘ma& be correlative with the lower to middle Tertiary, being
identified with Tacaza Volcanics which are distributed in the southern Peru, or the
upper of Calipuy Volcanies.

1t is reported that these Volcanics are distributed in the valley of the
Huancabamba River and downstream the Grande River which is one of its tributaries.

14} Shimbe Volcanics

These tocks are composed of andesite and meta-andesite with pyrite dissemina-
tion occasiqﬁally. and overlies unconformably on the Porculla Volcanics, and dis-
tributed almost horizontally with undulation within 5 to 10",

_ Although there is no decisive evidence for determination of the age of
deposits, as these volcanic rocks overlie the Porculla Volcanies, they may be cor-
relative with the middle to upper Tertiary, and are assumed to correspond to the
Tacaza Voleanics in the south of the country.

These rocks are not distributed within the survey area, but in the north-west

extension of the Survey Area.
15) Tamborapa Formation

This formation consists of heterogencous conglomerate formed of subrounded
and rounded gravels, which is compoéed in various rocks stich as inirusive, volcanie,
sedimentary and sometimes metamorphic rocks, with loose consolidation, being correla-
tive with the Quaternary sediments.

This Formation is distributed in the eastern flange of the survey area with

unconformably covering the Jurassic and Cretaceous Systems.

3-2-2 Intrusive Rocks

- . (iabbros, diorites and granites are the main infrusive rocks in the survey
area. Their ages of intrusion are unknown as there is no am isotopic age determina-
tion on these jhfrusjyés. However, 100 million years was predicted for the Macara
intrusive body which is located in Equatorian Coastal Batholith (Kennerley, 1873)
Generalli. gabbros and. djorites are older than granites which are intruding even into



the Poreulla Voleanies.
Plutonic rocks such as diorites and granites arc distributed with NW-SE or N-
S intrusive trends in the southwestern, central and eastérn parts of the survey area.

3-2-3 Geological Structure

Geological structure 6f the survey area is characterized by'its situation of
which located at the south flange of a distorted zone of general Andean Trend. This
distorted zons, so called the Huancabamba Deflection Zone, which correspbnds to the
area at which the general NNW-SSE direction, the basic characteristic of the Andes,
changes direction to the NE-SK trending of the Colombia-Venezuela area. This
deflection zone is assumed to have been formed during the Mesozoic tectogenetic move-
ment. This means it is the process of change in the Alpine type geosyncline and/or
intercontinental environment rather than ih the Andes type continental emnvironment.

Two combinated fault systems are observed in the survey area: one is E-W with
NE-N¥ trending caused by an east-west lateral compressive force, and ihe oiher is N-S
with NNW-SSE trending by northwest-southeast one. Both these fault systems reflect

the tectonic movement at the time when the Huancabamba Deflection Zone was formed.
3-3 Metallogenical Situation of the Survey Area

According to metallogenic province of Peru, the survey area is situated at
the western metallogenic province, northern cupriferous subprovince and Mesozoic
polymetallic subprovince (Ponzoni, 1980).

The northern conpriferous suybprovince corresponds to the coastal cupriferous
subprovince of the central and southern Peru, nevertheless, important deposits have
not been found up to date. The Mesozoic polymetallic subprovince refers to the
simple or complex sulfide deposits containing copper, lead, zine and silver
(Including ocecasionally molybdenum, gold and tumgsten), ‘which are distributed nearly
paraliel to the Andean geosynclinal basin from Colombia in the north to Chile in the
south via Bolivia. All the major lead and zine deposits in the country are included
in this subprovince. .

According to Cobbing et al (1980), the Mesozoic polymetaliie subpfovince is
further subdivided, and therefore, the survey area is'subdiﬁided into Michigunillay~
La Huaca deposit group (Fig.1-5). 'In this deposit group; copper mineraliiation'is
predominant, because there are porphyry copper deposits such as Michiquillay, La
Granja, Canariaco and Turmalina. And in this group polymetallic accompanying with

gold and silver vein fype deposit is also known such as Hualgayoe and Sorochuco.



In the survey area there are no operating mines in actual, however, it is
reported that barite have been mined for use as slurry for oil boring in the south-
western flange of the San Felipe area.

In effect, alluvial gold is panned by individuals and/or small groups in the
Chontali and Tabaconas Rivers, which suggests the existence of mineralization with
containing precious metals, the characteristic of this deposit group previously men-
tioned.
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. CHAPTER 4 SURVEY RRSULTS, COMPRENENSIVE ANALYSIS
21 Chareeteristies aiid Controlling Factors of the Mineralization

This survey area is regionally located in fhe Huancabamba Deflection 7Zone,
that is; the erea'belonge to a distorted zone of -the general Andean trend in NW-SE
changes to NE-SW trending. | |

“The extracted llneament frequency and its scale based on the LANDSAT image
analySJS, NIS"W trend is distinctive in the region, which is so called ‘Andean trend.
"VThe frequency of the lineaments in each semiditaled surveyed area shows that the NNW-
SSE trend is ptedominant bdth-in the Chontali and Jehuamarca areas, and the B-¥ or N-
S lincament in the Sap Pelipe and Palma areas ( Fig.II?S Yo

3Aec0rding to‘the field survey, on the other hand, clear fissure system trend-
ing NE-SW to NNE—SSW:observed in all the areas crossing obliquely with the mentioned
lineaments. 'This;may indicate the possible direction of the lateral force that would
correspond to the aforementioned major structure, suggesting the cause of the right
lateral slip fault observed: in the Palma area. WNevertheless, as the depression-like
structure of the west side block found in San Pelipe area indicates the extension
force. “1t, thercfore, will be difficult to explain the entire survey area based on a
single force field. Taken ih'eorrelation_ﬁith the compression system in the eastern
area and the extension system in the western area, they could indicate the forming
process of the:Huancabemba Defleetion'ZOne, but we-eould not reach a firm conclusion
this year. ' '

Analy7ed in terms of mineralized alteration, the alteration zones were formed
along the NE-SW f:ssure system or those secondary-derived NW-SE fissure system, all
found “in the field survey. ~The former was observed in Jehuamarca ( Fig. -22 ), '
the latter in-Chontali ( Fig. H-18 }. The mineralized alteration zones found in
Zohanga 'Palma ( Fig-T-22 ), are the composite type according to an occurrence of
the. geochemlcal ‘anomaly, as are those in La Huaca, -San Felipe (.Fig -5 ) since
their monzonlte intritsion combine both the NE-S¥ and NW-SE in trend although ap-
parently the alterat;on there could be attributable to such intrusion. At Pena Verde
alteration zone,“the_silieified zone expands in a NE-S¥ direction.  Although now
these zonee»haVe aiready settled; it_is'assumed that their alteration occurred along
the NE—SW'treﬂding fissures originally. '

' All the case of mineralized alteration mentioned above can be characterized
ag epjthermal If”the relationship between the fissure system and ore mineral is
anaiyzed in’ each survey ‘area by disregarding the relative situation of each altera—
tion zone; the ‘alteration due to NE-SH trending fissure will relate to base metal

e Y



mineralization containing_Au-and_Ag {(Pena Verde and Jehuamarca), that due to secon-
dary NW-SE trending fissure relates to Au and Ag mineralization (Chentali), and both
combined trending fissure to cupriferous mineralization (La Huaca and Zonanga)
Fig. [-6 ).

4-2 Potentialitr of an Existence of Ore Deposits

The survey area contains numerous geochemical anomalous_zbnes with using the
stream sediments which were previously sampled-by INGEMMET in the "Proyecto
Geoquimico del Norte”™ and the "Proyeceto Integral Chinchipe”.  This year survey was
implenmented to find out to what origin these anomalies were attributable. As a
resuit, obvious mineralized alteration was verified in the backiand of the rivers
where is marked geochemical anomaly.. Indications of Au and Ag vein type ore deposits
in the Chontali area. and of porphyry copper type ore deposits in the Palma area were
confirmed, although in these areas there had. been no firm mineralization data
registered (Perhaps due to the lack of a.follow-up study). Therefore, we can con-
clude that the geochemical anomaly extracted by INGEMMET suggests an existence of
mineralized indications, _ ' .

- ¥hile no economical ore deposiis have been found as yet, the follow-up study
of the aforementioned "Proyectos” verified the existence of deposits La Granja and
Canariaco ore deposits. In addition, it is reported that a stratiform Au deposit and
an epithermal gold deposit have_been found in the northern part of this sﬁrvey area
by the “Proyecto Integral Chinchipe:Cordillera del Condor” which is currently under
way. [t is certain that the area contains promising mineralized area. - _

The geophysical survey conducted this year confirmed a tree-dimensional dis-
tribution of mineralized alteration zones in La Huaca, Pena Verde and Jehuamarca,
further verifying the high probability of ore deposits in the survey area. In Chon-
tali and Zonanga, the horizontal distribution of mineralized alteration was yerified.
by geochemical survey, suggesting the possibility of an existence of ore deposits
comparable with other known mineralized zone in San Pelipe area. It is concluded,
therefore, that there is possibility to extract some promising ore depoﬁits when 2

future detailed survey is conducted.
4-3 Relation between Gecochemical Anomaly and Mineralization
Geochemical anomalies obtained this year may be classified into driving from

mineralized alteration and indicating specifie hdrizons. Although we feel the data
may still be insufficient for the latter, they are assumed to correspond to the



anomalous values found by geochemical survey, whose distributions were detected in
the Salas Group, Chontali. Almost all the detected mineralized alteration, par-
ticularly the geochemical anomaly that suggests the presence of alteration zones, may
correspond to the Zones distributed in the Oyotun and Porcuiia Volcanics

The entire picture of the mineralized zomes .in the survey area is still in-
fereﬁtial. The expected types of ore deposit corresponding te the geochemical
anomaly are described as below. _

It was revealed through of boring survey of BRGM, France, that geochemical
anomaiies of copber. zinc and lead were arranged outward from the center of each
respective altération in La Huaca, which can be categorized as a porphyry copper type
mineralization. S _

" In the alteration zomes at Chontali, which are categorizable as epithermal Au
and Ag vein: type mineralization, no evident geochemical anomaly were observed in the
vein distributed zone,.but the distribution of anomaly of lead and silver was ob-
sefved in their adjoining surrounds, thus zonal arrangement in this order can be as-
sured.

The Jehuamarca alteration zones, classified as a base metal dissemination
type mineralization containing gold and silver, cover the whole area of the survey,
thus lacking regulafity.r However,. they can be closely related to silicified or com-
bined silicified argillized zomes where the mineralization is deemed to have been
caused by geochemical anomaly of gold, silver and lead.



CHAPTER 5 CONCLUSION AND RECONMBRDATYON
§-1 Conclusion

This survey area consists of rocks from Precambrian to Cenozoic. Mineralized
alteration occurs in Oyotun and Porculla Volcanics, belonging to Mesozoic and
Cenozoic, respectively. The alteration is related to the epithermal mineralization
occuring mainly throuéh the NE-SW and its subsidiary NW-SE trending fissure systenms.
It is characteristically accompaﬁied with clay minerals, such as sericite, smectite,
kaolinite and sericite-smectite mixed layers, o '

Geochemical anomaly which overlaps to silicified and/or combined silicified
and argillized zones suggest a possibility of an existence of porphyry copper type,
epithermal silver and gold vein type, and auri-argentiferous base metal dissemination
type ore deposits; the first were found in La Huaca and Zonanga mineralized altera-
tion zones, the second in the Chontali area, and the last in Pena Verde and
Jehuamarca.

Geophysical survey result in Jehuamarca shows a mushroom structure of high
resistivity zones indicating silicification in areas of low resistivity indicating
argillized zone. These high Tesistivity zones will be an effective prospecting tar-
get as the mineralization there probably corresponds to silicification. In the San
Felipe area, low resistivity zones indicating argillization were extracted the form
of geophysical anomaly from high resistivity zone i.ndicating no altered voleanics.

As for the analytical results of ore samples from quartz veins at Chontali,
average values were 1.37 g/ton Au and Tg/ton Ag (from 17 samples), indicating the
potential presence of gold and silver veins. Altered rock samples containing dis-
semimated sulphides from the mineralized alteration zones at Jehuamarca showed 0.80
g/ton Au, 495 g/ton Ag, 0.42% Pb, 0.69% Zn and 0.4% Cu (average of two samples), thus
indicating 2 possibility of an existence of auri-argentiferous base metal dissemina-

tion type deposits.
9-2 Recommendations for the Second Year Survey

The following surveys are proposed for the second year survey based on the

results obtained in the first year:
1) A detailed geological survey and geophysical survey in the Chontali al-

teration zones extracted from semi-detailed survey areas this year.
2) Boring survey for the Jehuamarca alteration zones where a clear survey

—00~—
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target was found out this year by geophysical survey

8) A high probability of occurence of mineralization has been verified by
thé first year survey for the geochemical anomaly based on the stream sediments by
INGEMMET. Therefore, it is recommended for the second year that a reconnaissance
geological survey be conducted around the north and south of Chontali, Pena Blanca
and Tuna prinéipally. in areas which were left unsurveyed, to check for geochemical
anomaly there

4) A detailed geophysical prospecting for the alteration zones at La Huaca
and Pena Verde where reconnaissance prospecting has been conducted this year (by the
SIP or IP method, for example).

5) An additional detailed survey along extension of north and east from the
Zonanga alteration zones, and a Teconnaissance geophysical prospecting of the entire
arca (by the CSAMT method, for example).
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CHAPTER ! LANDSAT IMAGE ANALYSIS
i~1 Analysis aethod

1-1-1 Landsat MS$SS Data

MSS data used in this study are shown in table II-1. Fig. I -1 is the
location map of Landsat Images.
Table T-1 LIST OF LANDSAT CCT DATA
PATH/ROW | DATA ACQUISITION | SATELLITE | CLOUD SUB-SCENE
COVERAGE

9_/ 64 Oct. 26, 83 Landsat-4 10% @

9/ 65 Jun. 07,7 79 t-3 20%

10 / 64 May 19,778 "3 20% O

10 / 65 May 19,7178 i -3 0%

. The surveying area spreads in 2 MSS scenes, and 2 other MSS scenes are

used for better geological interpretation of this area.
1-1-2 Processing

(1) F11 scene
(a) Data input
MSS original data are put into a computer. Data used are from Brasil,
and ‘its brasilian BIP2 (Band Interleaved by 2 Pixels) format is couverted fo
normal BIL (Band Interleaved by Line) format.
(b) Contrast stretch
Histogram of original data shows too low contrast to make an image. So
data are enhanced by Linear Contrast Stretch.
{c) Data interpolation
The original data have severe noise in one line, and this line is in-

terpolated with neighboring 2 lines by Bilinear Interpolation.



(d) Geometriec correction o
Any original satellite data have geometrical distortion, so 4 full
scene data are geometricaily corrected to project on topographic map. Over 30
GCPs (Ground Control Points) for each scene are chosen from one to a hundred
thousands UTM (Universal Transverse Mercator) Topographic map, and distorted
original data are corrected to coincide with GCPs by affine transfothation;
Coefficients of the transformation expression are decided by least squares
method. '
(¢) lmage output
Rlue, green and ted color are assigned to band 4, 5 and 7 respectively

to get a false color image.

(2) Sub scene
(a) Data iﬁput
Same as full scene
(b} Contrast stretch
Same as full scene
(¢} Geometric correction
Same as full scene
{d) Geometrical smoothing in connected parts df_moséicking
After geometrie COrrectionIQf each scene above mentioned, detail dis-
tortion remained in the connected part is corrected. Several GCPs are chosen
from each image, and one image is corrected by affine transformation to coin-
cide to another image, '
(e) Radiometrical smoothing in connected parts of mosaicking
To correct the intensity difference betwsen 2 scénes that comes-from
the difference of aquisition date, mean and standard deviation of one image
are coincided to another image. Then the in{eﬁsity difference remained along
the connect [ine is erased by the radiometrical smobthing.l
(f) Data cut : _
The sub scene that includes the surveying area is cut from mosaicked
data. -
(2) Contrast stretch .
Sub scene data are. enhanced again to get sufficient contrast.
(h) Image output ' :
Blue, green and red color are assigned to band 4, 5 and .7 respectively
to get a false color image. A black and white image of band 7 is put -out.
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1-1-3. lnterpretatlon Method . 7

: A false color sub scene image 1s mainly used for geological interpreta-
tion. -4 hlack and white image is for pseudo~ stereoscoplc viewing with a
false-colqr image for detail judgement. Llnearments, ring structures,
‘stratifications and anticlinal/synclinal axes are drawn in the interpretation

" map. Linearments are divided into strong and weak.
1-2 Result of Analysis
1-2-1 Linearments

: Thelregiouai;geqiogical_sﬁructure changes between northern part of Peru
and southern part of Equador. The Andes mountain chains that consist of three
cordillefas changé theif trend fronm N¥-SE of south part'to NE-S¥ of north.
Sub Scene qpvers‘the northwesternmost part of Andes which shows NW-SE trend.
' This tread can be seen on strikes of sedimentary rocks of the northeast corner
of the scene.:and_dn‘diréctions_of strong linéarments of 30uth/southeast_and
ﬁofth of the surveying area. ‘In the east part of the scenc there are
antxcllnal/synclina] axes whlch have also N¥-SE trend. NE-SW linearments nor-
~mal to NW SE are notable in the gastern part ¥-S trend can be seen in the
WBst of the Huancabamba river. ' .

in the surveying area N¥-SE and NE-SY trends are not remarkable, but N-
S and E-¥ trends are-domlnant. The latter -irend can be seen in lineatments at
the west of Jaen, south of Chontali and south of Piqnijaca
| Fig. II -3 shows rose dlagrams of strong and weak linecarments of the sur-
veying area. An upper semxcxrcular shows frequency and a lower semicircular
total length. There are 81 strong llnearments and ‘the toial length of them is
about 500km.  Mode d1rect1on is N15¥ in frequency and N5 ¥ in total length
and E-# is stb dominant dlrection. Mode of linearment length is 3~ 4kn.

There are 306 weak linearments and the total length amounts to about
900km. Mode direciion:is N20°W1in-frequency'énd N10¥W in total length and
those'valué shows 5 degrees westward rotation compared to strong linearments.

Mode of linearment iength is I~2knm.
 1-2~2'Ring Structure

There-aré 9 ring structures, 5 along the south end of the surveying
area, 2 at southernmost part of the scene. ~The diameter of those siructures



is 4~15km., Among those, a typical ring can be seen-at the southwesternmost
of the surveying ared. Huancabamba river and Piquijaca river which join at

Ochentaiuno make south semicircular, and its branchs make the rest part.
1-3 Review

(1) San Felipe site
Only a few linearments are inferpreted in this site because of cloud
cover. lLinearments interpreted have N-$ and E—W direction, an obvious E-W
linearment extends from Piguijaca to Chontali site. ]
(2) Chontali site _
' NNW~NW direction is dominant which is concordant to the main trend of
the Andes mountain chain. NNE~NE can also be seen. ' -
(3) Palma site | o
There are a few remarkable E-¥ 1inearments north part of this site, and
the strongest one extends to east of Jaen. 'NNE strong linearment and NE weak
linearment can be seen.
(4) Jehuamarca site
Because of cloud cover, only two linearments are interpreted, and their

directions is NNW.
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CHAPTER 2 SAN FELIPE AREA
2-1 Geological and Geochemical Surveys
Z-1~1 Purpose of the Suevey

The San Felipe area includes mineralized zones at La Huaca, Pana Verde,
Vega and Paramo, which were extracted by the "Proyecto Geoquimico del Norte”.
0f these mineralized zones, in La Huaca a preliminary survey including boring
{secven borings with a total depth of 572 meters) was performed by the Bureau
de Recherches Geologiques et Minieres (BRGM), France. For the remaining three
mineralized zones, preliminary surveys were bartially conducted by INGEMMET.

This year survey included a semi-detailed geological survey combined
with geochemical survey for the purpose- of defining the correlation and
geological settings of these mineralized zones. A detailed geological survey
combined with geochemical survey was also performed to idetify the specific
deposit potentials for‘éach mineralized zone. Trenching was also conducted in

order to confirm a scale and an occurrence of silicified rocks found in La

Huaca.
2-1-2 Survey Procedure

The base camp was set up at the village of Piquijaca situated southwest
of the survey aréa. and the advance camps were positioned at Sallique and
Cerro Paramillo which are located in the northeast and southeast of the survey
‘area respectively (Fig.1-2 (1)).

Being the first survey of the year in this area, three survey teams
were organized pairing the Japanese engineers and their counterparts of Peru
so that they coulq share observations.

-Riding routes and irrigqtion channels, crossing everywhere in the sur-
vey area, Wwere mainly used as surveying routes. Path-clearing groups were oc-
casionally formed to penetirate virgin forests in the remaining uncultivated
parts of the survey area.

Sampling for geochemical analysis were carried out with. the semi-
detailed and detailed geological surveys. As the preliminary survey was pre-
vioﬁsly implomentes by INGEMMET, the number of samples per upit area were
reduced, and the resulting portion of the allowance was allotted to the semi-
detailed survéy in Chontali and Palma, and the detailed survey in Jehuamarca



and Zonanga.
2-1-3 Analysis Method

We first'énalyzed the geological structure of the semi-detailed survey
area. Based on this resulti a geolbgical structure of the detailed survey
areas was conducted, -Airphotographs, Series 359-83-A (1983) and 222-72-A
(1972) taken by the National Aerographic Service (S.A.N., Servicio Aerografico
Nacional), were used as auxiliary means of analyzing the semi-detailed survey
areas, being on a scale of about 1/30,000 and 1/25,000; respectively.

The geochemical samples were sent to C. H. Plenge, S.A., a Peruvian
laboratory, to analyze for silver, lead, zine, copper and molybdenum,_and_to
Chemex Labs Ltd., Canada, for gold. ' S

In the assay results of geochemical samples, distinect characteristics
could not be obtained for some semi-detailed survey areas and/or detailed sur-
vey zonhes by statistical processing conducted separately for each'ihdividual
area and/or zore. The data was processed in a batch for the entire survey
area, the cumulative frequency distribution was plotted on normal pfobabiiity
graphs, and the relevant threshold value {A) was extracted as bending point of
the cumnulative frequency distributinon curve, which would discriminate be~
tween the background and anomaly values. This threshold value was. compared
with the sum (B) of the standard deviation and the average obtained in-
dividually from statistical brocesSing of each area. (4) was taken if the
comparison resulted (A)<(B), and (B) if resulted in {A)>(B), as the definitive
threshold Valﬁe of each area. Geochemical anomaly distribution map was
prebared for each of the above-mentioned element, except moiybdenUm, based :on
these threshold values; In calculating the standard deviation per each area,
as the values above 1| g/ton Aﬁ, 200 g/ton_ﬁg. 2% Pb, %% Cu and 0.1% Mo which
can be déemed as obvious anomaly values respondihg to the core grade, the
relevant elemeﬁts were eXxcluded from the statistical processing. Threshold
values used for analysis and the statistical data obtained from the calcula-

tion using them are shown in Table H-2.
Z2-1-4 Geology
According to Reyes et .al. (1987), it is reported_that'in the western

part of the survey area {including Pena Verde, La Huaca and Yega mineralized

zones), the basement is formed by Mesozoic roéks consisting mainly of
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sedimentary rocks, which is unconformably covered by the Tertiary Porculla
Volcanics, these geological units are in contact with each other by a fault.
In its eastern part (including Paramo mineralized zone), the basement is the
Paleozoic Salas Group.’which_is unconformably covered by Porculla Voleanics,
and dioritic intrusive rocks extending in N-$ direction are distributed in the
middie of the both above (Fig.I-3).

The Mesozoic Rocks extend in N-S direction at the western flange of the
survey area, consisting of the Tinajones, lnea, Chulee, Pariatambo and Pul-
luicana Formations superposed in this sequence from its east flange, and un-
conformably covered by Porculla Volcanics at the western end. The Tinajones
Formation, located at the eastern flange of the survey area, covers the Por-
culls Yolcanies distributed in its eastern part by a thrust fault. Reyes et
al. also reported that the mineralized zones extracted by INGEMMET at Pena
Verde, La Huaca and Vega are occurred in these Porculla Volcanics.

2-1-5 Survey Results

1) Geological survey ,

The basement. of this survey area is compdsed of metamorphic rocks that
consist mainly of gneiss with minor amount of erystalline schist. This base-
ment rocks are covered unconformably by pyroclastic rocks that contain an-
desite and/or dacite. Over this, calcareous or tuffaceous sedimentary rocks
with interacalated limestone and marl are distributed. Diorite~granodiorite,
granite, monzonite, and quartZ“vgranité porphyries intrude inio them (Fig. I -
5). _

At two localities, the eastern flange of detailed survey area in La
Huaca {center of the western part of the San Felipe semi-detailed survey area)
and the northwestern part of the Paramo zone, were observed metamorphic rocks
with foliatin. - Judging from their metamorphic grade, it is assumed that they
are correlative with Olmos Complex being the facies in the proximity of
intrusive rocks.

Olmos Complex is unconformably covered by volcanics. These volcanics
in the western region distributed trending nearly north to south, the Olmos
Complex is observed in the.central part of their distribution area. Overall,
therefore, it can be interpreted that the volcanic rocks in the northern part
are.plunging to north, and those in the southern part to the south from the
Complex. Therefore, it can be coneluded that there was an uprising of base-
ment near La Huaca.  Considering a stratigraphy.of the volcanrics based on this



hypothetic.interbretation; andesitic tuff or tuff breccia would be predominant
in the lower pért. the middle part these.pyroclastic rocks would contain a
relatively abundant andesitic lava, and finally, intercalated shale and oc-
casionally sandstone would be present in them in the upper part, thus they
grades conformably into sedimentary rocks which will be described later (at
Cerro Tableon). In the eastern area, on the other hand, andesitic lavas are
distributed directly on the Complex with a little amount of tuff or tuff brec-
cis intefcalting in it., Supposing that the basemsnt was flat when these vol-
canoclastics were sedimented, these regional variations of volcanic roek
facies would suggest the position of their supply origin. The age of their
sedimentation c¢annot be readily determined because no fossils are available
nor were absoluie age determination conducted. It, liowever. may be correlative
with the Oyotun Volcanics through thé assessment of the mentioned rock facies
and the faet that they were covered by Cretaceous sedimentary rocks, and that
there were iﬁtruded by rocks belonging to the upper the early Cpetacedus
Period.

The major distribution of sedimentary rocks in the survey area extends
in the north-south direction along the western flange of the area, and a few
portion presents covering on the Oyotun Volcanics in conformable relation.
All the sedimentary rocks extending in the north-south are in contact with the
Oyotun Volcanics with fault. The quarzite located on the Oyotun:Volcanies is
about 20m in thickness and is covered with shale. -Further up, there are réla—
tively thick tuffaceous and/or calcareous shale and sandstone with interca-
lated limestoné. Ammonites, and other fossils are generally found out among
the calcareous rocks. According to the assessment by Ms, Lidia Romero Pit-
tman, INGEMMET, these obtained fossils (Apx. 12) correspond to the upper part
of the lower Cretaceous to the lower part of the upper Cretaceous System, and
can be assumed to be correlative with the Inca, Chulec, Pariatambo and Pul-
luicana Formations classified by Reyes (1987).

Inirusive rocks in the area are composed of diorite-granodiorite widely
covering the central to eastern parts and intruded with above mentioned
geological units: granite intruded as stocks with 0.5 to 1.5 ks on the minor
axis and I to 3 km on the major axis into neighboring of the'above mentioned
diorite-granodiorite; monzonite—-monzonite porphyry as dykes with 10 to 150
meters in width and 50 meters to 3 ki in ‘length into the Oyotun Volecanies in
the western area, and quartz and granite porpliyries and andesite also intrud-
ing as dyke with widths reaching from several centimeters to meters,

Microscopie observation indicaies that the diorite-granodiorite exist-



ing in the area consist of plagioclase, quartz, and biotite (Apx. 1, Sahple
Xo. X02505), being equivalent to granodiorite facies. As for granite, those
fine-grained are predominant. Granite found along the Grande river shows a
faliation characteristically, and around the boundary witih the gneiss, con-
taining a numerous xenolith of gneisses, which suggests the gneiss might be
asgimilated with granite in part. JUnder the microscope, the samples taken
from the granite bodies found along the Grande, exhibit rock facies variation
from granodiorite {Sample No. H11005) to tonalite (Sample No. H03008). Al-
though the absolute age of this granite (Sample No. H11005) is estimated at
82.5+ 4.1 million years (middle Late Cretaceous) by the K/Ar method, a some~
what 61der age could also be possible since the potassium feldspars were found
altered to sericites.

The monzonite hero are remarkablly altered in general. Under the
microscope, the monzonite (Sample No. H02503) comsists of plagioclase, quartz,
and altered minerals which are chlorite, epidote, calcite and sericite, and
being correlative with from quartz monzonite to diorite. Whilst the absolute
age of ‘this sample (Sample No. H02503) is estimated at 78.0j:3.9 million years
(Campanian, Late Cretaceous) by the K/Ar method, a somewhat older age could be
derived since the sample is altered strongly as mentioned above. Quartz-
granite porphyries intrude into the aforementioned intrusive rocks and appear
mainly in the periphery of the graritic body. Andesite are observed in the
whole survey area, with a great variation of its rock facies, thus suggesting
a considerably wide range of periods of intrusion. They are roughly divided
inte those porphyritie and aphanitic, the latter mainly appearing in the dis-
tribution area of Oyotun Volcanics.

Remarkable fault fissures run in the distribution area of the Mesozoic
rocks located in the western part, formed into the NW-SE and NE-S¥ trending
systems. Both fissure systems involve acutely steep dipping and younger
geological units apppaer in a western block of them. Based on the analysis of
airphotographs, the continoation of these fault structures is unelear in
intrusive rocks spread area; this suggests that they were formed before the
intrusion and cotrolled their itrusions,

Alteration occurs with peculiar facies to the respective distribution
areas of Oyotun Volcanics and calcareous rocks in the west, and Qyotun VYol-
canies in the east., Alteration in the western Oyotun Volcanics is at-
tributable to hydrothermal effect and distributed of 2 km in width and 9 km in
length trending north-south, containing mineralized zones of Pena Verde, La
Huaca and Vega extracted by INGEMMET. From a general view, these alteration

~~3}









THE - MINERAL EXPLORATION
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zones mainly consist of argillization around Vega (PL.8) in the south, com-
bined silicification and argiliization in the center, La Huaca (PL.7), and
silicification_in'the northhbst part, Pgna Verde (PL.6). These alteration
zones may Suggest the possibility of their presence in the northern extension
of the survey area if they are serially fomed. It is supposed that the al~
teration would have been generated as the,result of post-igneous activities of
didrite-granodiorite'and/or-monzoniie, through the said fault fissure sysiema
That is, a zonal arrangement of silicification, combined silicification and
argillization and argillization is verified in the Pena Verde area, par-
ticularly around the western periphery of the small-scale diorite-granodiorite
body. Another zoring of combined silicification and argillization is also ob-
served, centered at the-monzbnite distribution area in La Huaca. As the
result of an X-ray diffractive analysis (Apx.5), quartz, sericite, smectite,
kaolinife, halloysite and chlorite, ‘all of which are clay minerals charac-
teristic to'hydrotherma] alteration, were detected, The sericite polytype,
sampled in the combined alteration zone of La Huaca refers fo 2ZM, which sug-
gests that they were formed in a relatively high temperature facies.

The alteration observed in the.eastern Oyotun Volcanics is attributable
to the contact metasomatism, which is featured with skarn minerals such as
chlorite and épidote. Ih addition, larﬁe amounts of magnetite were found in
the same zone, and a ver& fTew amoﬁnt of cubanite coexisting with pyrite were
chserved(Apx. & and 7, No H10307). Argillization was observed at the bedding
plané and/or along the eracks crossing it in the sedimeniray rocks distributed
in the western flange of the survey area. Based on the result of an K-ray
diffractive analysis (Apx. 5, No M02706), it is supposed that this alteration
contains kaolinite, sericite, pyrophyllite. alunite and jarosite, forming the
outer zone of the hydrothermal alteration mentioned above.

2} Geochemical surey _

Compared with other areas of the survey, cupriferous mineralizatioﬁ was
predominant in the San Pelipe area, in view of the resultant average values of
gold (56.67 ppb), lead (538.61 ppm) and copper (480.05 ppm) contents, higher
than those obtained in other areas, in particular, the copper content being
more than twice the mean value (190.86 ppm) of the whole area (Table N -2).
Analyzing the distribution of anomalous values or zones per each element (Fig.
L-6(1),(2)), it is noted that those of gold, lead and silver arc extremely
sporadic and moreover, on a very‘smail scale. The anomalous values of molyb-

denum also appeared on a small scale, but have relative unity. Those of zinc
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