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" PREFACE

In response to the request of the Govermment of the Republic of Poru, the Japanese
Government determined to conduct a series of survey related to exploration of ore
deposits including analysis of the existing data and satellite image analysis, for the
purpose of examining the potentialitics of mineral resources in the inferior areas of
the Urubamba River of the Republic of Peru, and entrusted the survey to the Japan

International Cooperation agency (JICA). In view of the geological and mineralogical -

nature of the intended survey, the JICA commlssmned the Metal Mmmg Agency of
Japan (MMAJ) to nnplement the sur vey '

- 'l'he sur vey was commenced in FY1998 (Phase I), whlch was followed by the Phase II :
(FY1999) or the second year's survey. During Phase II, the MMAJ orgamzed and

sent a two-man survey team to the Republic of Peru for the period from February 12

~ to 18, 2000. The field surve:y was completed as scheduled, in close collaboration with
the Peruvian government agency, the Institute of Geology, Mineralogy and

Metallurgy (INGEMMET) under the Mmlstry of Energy and Mines. This is the final

- report 1ncorporatmg the tesults of surveys in Phases I and II

We are also thankful to the Japanese Ministry of Foreign Affairs, the Mlmstry of

'Intelnatlonal Trade and Industry, the Embassy of Japan in Lima and pelsons _

concerned who have rendered assnst‘mce and support for the survey

March, 2000

Kimio Fujita -
. President -
' Japan Intel natlonai Coopelatlon Agency

‘ v %U%WSL /Mwﬂ/

L Nachiro Tashno

e President . B
o Metal Mmmg Agency of Japan

We shculd like to take thls opportumty to express our sincere glatltude to the ) |
- Peruvian government agencies and persons concerned for their valuable cooperation.
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‘Summary

This report describes results of the first year’s survey in FY1998(Phase I) and the
second year's swvey in FY1999(PhaseIl), implemented in the Urubamba river

- inferior area of the Republic of Peru, under the technical cooperation for the mineral

exploration. The survey was conducted with an aim to effectively select promising

“zones from the extensive survey area in a short period of time, by means of satellite

image analysis, existing data analysis and integrated studies of survey findings of an

~ area upstream of the Amazon in eastern Peru, which covers the Ucayali River Basin

and its upper streams, the Urubamba and the T'mlbo where the mctallogemc zoning
has not been clarified in detall : _

Thc Ur uhamba river mfcrlol area covers an area of about 65 500 km’ spleadmg over

“the 27 quadrangles of the 1:100,000-scale topoglaphlc map issued by the National

Geographical Institute of Peru. Topoglaphlcally, the alea extends from the Sub- -

: Andes in the west to the Selva i in the east

: In Phase I the analysm of the JERSI SAR images was conducted of thc 15 4
- quadrangles (approx. 37,500km’ ; 72° 30' to 75° 00' W of longitude and 9° 30' Sto
- 11° 00" S of latitude) west of the Urubamba inferior area, while the analysis of
- existing Data was conducted of the whole inferior area of the Urubamba.

Slmuitaneously, the technology transfor to the INGEMMET , the  Peruvian
. counterpart for the survey, was 1mplemented concernmg the methods of satelhte"
1mage analyms S : : AR

In Phaso II the analySis of the JERS:1 SAR 1mages was conducted of the 12
- quaurnngles (approx. 28, 000km2 ; 70° 30' to 72° 30' W of longitude and 9° 30' to

11° 00" S of latitude) west of the Urubamba mfeum area. Besides, an mtegml :

o analysis was conducted on the basis of the combined results of the satellite i image
- analysis in Phases [ and 11 'md the analysis of the existing data, in order to evaluate
_ potentials for oceurrence of ore dep031ts in the entire mfel ior arcas of thc Ur llb'll‘ﬂba

_ 'Rwel : : : : :

: The mtegral analys1s of the survey ﬁndmgs 1evealed the followmg facts
' (1) Satclllte 1mage analysm us;ng dJd ERS IISAR data :

oa, From the analys1s of dlamage pattems in the Ucayah sedunentaly basin, d‘lt'l '

suggesting presence of antlclmal structures or dome structures and possible
‘presence of intrusive ‘rocks were obtained, In the Selva zone in eastern Peru as

E represented by the Ucayali sod;mentfiry basin, drainage analysis utllmng satellite
' lmages is effectlve for the 1nterpretatlon of geology and geologlc structure

oo —iv—



b. In the thrust zone trending NNW-SSE located in the east of the Sira range, many
parallel lineaments to the thrusts, considered to reflect small faults accompanying
“the thrusts, and many intersecting lincaments to the thrust trending ENE-WSW, .

~ possibly reflecting tension fractures or strike-slip faults, have been extracted and

those lineaments form high density zones of lineament in this zone. Generally,
tension fractures are hkely to he accompanied by intrusive rocks and hydrothelmal
activity having the intrusive rocks as the thermal source. At Agua Caliente in the
northeast of the study area, there are thermal springs accompanying faults with the
NE-SW trend. Therefore, the lngh concentration zone of lineaments in the thrust

- fault zone east of the Sira range is e0ns1deled to be 1111p01tant for metalhe mmeral

resources explm atlen

- (2) Analysm ofthe exrstmg data

; 'a It was asceltamed by 1eeent geelegleal survey conducted by INGEMMET that an _‘ : -_
“intrusive rock accompanied by gold and copper ore showings is present 13 km east -
of Puerto Inca in the quadrangle 19-n of the 1:100,000-scale tepographle map. This - -

indication is similar with the placer gold deposit in the Negro river (located i in Quad. '

90- n) in structural setting, whereas the indication is considered to be a source

_(pumaly deposit) of placer gold. It may be said that to discover both primary and =
. secondary (placer) types of ore deposnt mlght be pessrble dependmg on a System'ltlc o

pr espectmg in future

~ b. In the Ucayah sedlmentary basm gold and tm concentratlon have been reported

in heavy minecrals in stream sediments along the Urubamba river near Atalaya
(Quad. 22-0) and Sepa (Quad. 22-p). Especially, near Sepa, panning samples of -

o heavy minerals is reported to assay Au: 1.6 glt whxch suggests ‘mgh posmblhty 0f :

~gccurrence ef a]luvnl gold deposnts

In the lrght of the mtegral analy31s referred to above, it is consldered desrrable that |
field survey aimed for discovering ) new ore deposits, including geochemical survey,

* ore showings survey and confirmation of lithofacies along the survey route should be i

undertaken in the prmmsmg ore- bearmg areas whleh follow

'I‘he surroundmg areas of the Negre Rwer where the knewn alluvnl geld dep031ts
are leeated : : o :

'I‘he area stretchmg from the Ulubamba rlverbanks meludmg the Atalaya Sepa.;_:.

* zone, where alluvial gold showings are lecated to the eastern part of the Sira Range S

_west of the Ucayali, where 1ntrus1ve 1ecks occur and hlgh denenty zenes ef
lmeament h'we been extraeted SR e N
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Chapter 1 Outline of thé Survey

1-1 Antecedents and Purposes of the Su'rvey

Peru ranks among the nations most 1'i§hly endowed with underground resources. The
land covers an area of 1,285,220 km™ and its zonal distribution of the topography,
geologic provinces and metallogenic provinces are nearly parallel from the Pacific
coast castward.

The metallogenic provinces in Peru consist of 1) the iron belt in the southern coastal

range, 2) the copper belt in the Pacific coastal piedmont, 3) the polymetallic belt in

the highlands (Sierra), 4) the polymetallic belt in the east Andes, and the zone called
Selva spreading farther east of 4) in the Amazon upstream basin whose metallogenic
zoning has not been fully clarified as yet. Large-scale and low-grade dissemination
type gold ore deposits im massive silicified rocks have been discovered and notlced in

the polymetalhc belt in the northern highlands recently.

In compliance with the 1'equest of the gOverhmont of Peru, the survey was conducted
with an aim to effectively select promising zones from the extensive area in a short
period of time, by means of satellite image analysis, existing data analysis and
integrated studies of survey findings of an arca upstream of the Amazon in eastern
Peru, which covers the Ucayali River Basin and its upper tributaries, the Urubamba
'md the Tambo, whele the metallogemc zoning has not been clauﬁed in detail.

Slmultaneously, it is mtended to plomote technology tlansfei to the INGEMMET
Instituto Geolégico Minero y Metaltr glco the Per uvian countmpfut concer mng the

methods of survey and analysis.

The sutvoy was execufed in accmd‘mco with the Scope of ka SIgned by the both
governments on November 5, 1998, o _

'1-2 Areaand Outline of Phase I Survey

In the first fiscal year's survey, the satellite image analysis was performed on 15

~quadrangles (72°30" - 75° W, 9°30' - 11° S, Figure 1) of the Urubamba river inferior
" area (about 65,500 km2), designated in the Scope of Work agreed to between the
JICA/MMAJ and the Ministry of Energy and Mines/INGEMMET, that consists of 27
_quadrangles of 1:100,000-scale topoglaphlc maps, whilst the existing data analysm '

cover ed the whole area of the Uy ubamba river inferior area.

’_I‘he survey was carried out in the following manner.



The satellite image processing and interpretation were conducted mainly in Japan

~after obtaining the JERS-1 SAR data and the 1:100,000-scale topographic map

(partly in satellite map). The existing data analysis was conducted in Lima and
Japan after the geological and mining information were obtained in Peru. During the
swrvey, some parts of the JERS-1 SAR data pmcessmg and interpretation were

conducted at the INGEMMET's head office in Lima, in coll’tbomtlon w1th its

engmeels in an effort to tr aus['el of image analyms techmque

As the result of the satelllte image analysis and the ex1st1ng data' analysis, " the
geologic interpretation maps and the lincament maps, as well as the list of ore

'(leposuslmmelal indications and the regional potential evalmtlon map, were

elabm ated.

;'_1-3 Area and Outline of Phase II Survey

In Phase II analy31s of the JERS 1 SAR 1mages was carrled out of the 12

quadtangles (70° 30'to 72° 30'W of longltude and 9° 30'to 11° 00'S of latitude) in

~the 1:100 000 topoglaphic map of the castern side of the inferior arca of the
. Urubamba Rlvel In addition, an integral analy31s mcmporatmg the whole lesults of _

Phase I 'm(l Il sur veys was undertaken

- These sur veys were conducted in the followmg manner s

'I‘he satulllte lmage analy31s was conducted in the same manner as in Phase I

In the mteglal analyms plomlsmg ore- beaung Lones were extlacted on the basxs of .
the results of the analysis of existing data in Phase I and the image analy51s in Phase
1I; and, evaluation of potentials for occurrence of deposnts in the whole inferior area

of the Urubamba River was lmplemented for which the results of the Phase-I i 1mage
analy313 was referred to as well - '

o 4 Orgamzatton ot the Survey Team

.. The membels fmm the ﬁeld survey team are llsted in the Tables 1



Table 1 Mission for.thé field survey

Per.t.ivian side . L Japanese side
 Ing. Juan Mondoza Marsano | INGEMMET | Mr. Hiroaki Kagawa MMAJ
Ing. Hugo Rivera Mantilla | INGEMMET | M. Kaoru Sakogaichi | MINDECO
9 . Ing; Oscar Palacios Moncayo  INGEMMET
Ing. Ménual Péz Maidana ’_'_I'\IGEMMET B
Ing. José L‘eéﬁAg}ariﬁo o INGI&MME’P
Ing MarcoA L'n-a Moreno INGFMMFT

INGEMMET: Instituto Geoldgico Minero y Metalm gico
MMMJ: Metal Mining Agency of Japan
MINDECO Mxtsm Mmelal Development anmeeung Co. Ltd.

" 1 5 Period and Quantity of the Survey

The survey pel md is mdlcated in Table 2
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- The quantities of the sin-vey are indicated in Table 3.

Table 3 Quantity of the study

Survey items | L Quanlilies

Satellite image analysis 12 quadlangles (the eastel n potlon of ,
C T . survey 'nea) R
Integrated analysis The entne Urubamba river 111{'91101 area




Chapter 2 Geography of the Survey Area

2.1 Location and Tr"ansportation

The surtrey arca expands 750 km in B-W direotion, from 250 km ENE, (756°W) of Lima,

* a capital of Peru, to the Brazilian border (70°30'W) and 170 km in N-S direction from
the down stream of Urubamba river towards north, and it covers about 65,500 km

(Kigure 1).

_ The_nlain administrative divisions covered by the area are the Departnlents of Pasco,' '
- Ucayali and Madre de Dios, as well as the Cities of Atalaya and Esperanza, the

former falling on the south end while the latter on the east end of the area, Atalaya,
population 15,200, is the seat of the Atalaya District government and has the pollce
and mlhtary shtlons hotels and restautants, etc.

' Atalaya is accessxble by air from lea via Pucallpa It takes 1 15 homs f10m lea to

Pucallpa and one hour from there to Atalaya

-' The transportatlon in the survey area is limited to elther clnltered small planes or
© - small vessels. Major towns and villages have runways in nearby areas for landmg of :
o Small planes. . _

_ :2-2 Topography and Drainage System

" The western part of the survey area topographlcally mcluded in the Sub- Andes -
" mountains adjacent east to the Cordillera Oriental of the Andes, and the eastern part -

included in the Selva or the lowlands embracmg the Amazon s upstream

' The Sna range, altltude 2 000 m trendmg NNW SSE lles in the survey area at
- around long. 74°75' W within the Sub-Andes. A stretch from the Ucayali basin to the -
. Brazilian border is the Selva, where flatlands, alt. 200 to 300 m, spreads out; the -
Ueayall rlver ﬂows down along the east 81de of the Sna range in the NNE dlrectlon

- The main upper trlbutaues of the Ucayah river are the U1 ubamba and the Tambo 8

river, which merge near Atalaya. The Urubamba river has its origin in the Lake

“. Titicaca in southern Peru. By way of Cuzco and the Camisea gas field, it enters the

EERFARE - survey area whele it changes course from northwest to west to join the Ucayali.

© - . Within the survey area, tributaries such as the Inuya (from the 11ght bank) and the

é? R Sepa (from the left bank) ﬂow into the U1 ubamba I‘IVCI‘ e

S The northeast snde of the hne connectmg lat 11°S long 72°30' W and ]'it 9°30‘ S - :

. long. 75°30' W in the survey area pertains to the basin of the Purts and the Yurda,



both of which enter Brazil and run into the Amazon. Within the survey area, the
Purdis runs down northeastward whereas the Yurda meanders but generally runs
northward.

2- 3 Climate and Vegetation

.. Both the Sub-Andes including the Sira range and the Selva have the 1a1ny season
roughly from November to April and the dry season from May to October. The

climate in the Selva is genelally hot and humid, with certain fluctuations of the -
'itmosphenc temperatwre in a day. The average annual temperature and

_ precipitation in Atalaya (1934 - 1935) are 15.7°C and 3,029.5 mm, respectively. The_ _

average monthly tempel atures and pr eclpltatlon are tabulated below

" Table 4 Monthly 'ave.rage t_empe.rature' and
‘precipitation in Atalaya (1934-1935)

Jan. | Feb. | Mar. | Apr. [May |[Jun. |Jul. Aug. | Sept. Oct. | Nov. .Dec.

| Temp. {262 {264 |259 |256 |26.1 |256 |24.4 |243 [250 |267 |264 |260

¢C)

Precip. | 204.0 | 291.4 | 423.4 | 364.4 | 1212 [ 156.2 | 100.0 | 137.4 [ 208.9 [ 211.1 | 421.1 | 300.0 |

(mm)

. The zonal d!StI‘ll)llthIl of ﬂora in the survey area is as follows

B a) Tloplcal Jungles (Selva)

The flora comprises trees parasmzed by orchlds vines, etc and the hchens As
thick forests block off the sunllght plants in the Selva tend to have leaves of
gigantic S1408S. : : :

b) Evergreen trees in hlghldnds ' - - L _
Compared with the Selva, the densmy of trees is low due to strong wmd forest B
fires, fall of old trees, ete. - .

" ¢) Ferns in marshlands -

d) Ranges of reeds - =

Reeds range along rivers and grow up to 10 m tall
e) Forest zones on river terraces outside of ﬂoodplams S o N
H Forests of trees and shrubs on fords and playas of large rnvers such as the Ucayah .

- The greatel part of the sur vey area fqlls w1thm elther the a) or the b) categorles
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Chapter 3 Existmg Geologlcal Information
of the Survey Area

3-1 Outline of ExIsting Geological Information

In the 'highlands of the Cordillera Oriental, precious metals, copper, etc. were mined

since the Pre-Inca times. During the Colonial period, prospecting, though not

- systematic, was carried out so vigerously in search of precious metals that gold and

silver production increased tremendously. The survey area spreads over the

" transitional region of the Sub-Andes toward the Selva, which has imposed enormous
* constraints on tlanspmtatlon and has retar ded progress of complehenswe gcologlcal

studtes on the area,

o Infm matmn on the Selva s very lnmted due to the tr anspmtatlon dlfﬁcultles
" Geological and mineral surveys were initiated in the 1950's by petroleum companies,
* which included interpretation of aerial photographs and satellite images and surface

geological reconnaissance based on the former. Petréleos del Perd ("Petroperd),
Oficina Nacional de Evaluacién de Recursos Naturales ("ONERN," presently -
Instituto Nacional de Recursos Naturales - "INRENA") have been involved in the
survey activities. ONERN's natural resources surveys were carried out along the

o Urubamba, the Tambo and the Alta Yurna upstream situated in the central part of
' the sulvey area. . :

= As iegards surveys of placer dep031ts undertdken by prwate firms, the Banco Mmero '

del Peri is engaged in the systematic assessment in accordance with the Presidential -
Decree D.8. No. 010-74-EM/DGM, which 1s purported to protect small miners and

- also to ensure effectlve utilization of natural resources. OCculrence of placer gold
. depomts n the survey area 1s not clearly deﬁned

o As f01 geologlc maps ( of the sur vey area, INGEMMET has elaboxated 1: 100,000 and 1:
. 200,000-scale maps, while a _geologm map at 1 2,000,000- scale was also compiled by

the same Instltute in 1995

: _3 2 Outlane of Geology

L Accordmg to the geologlc map of Peru( INGE’VIMET 1995 Figure 2), the hlghlands -

“ . in the survey area is underlain by Precambrian metamorphic rocks as the basement; _
o sedimentary rocks of the Ordovician Contaya Formation and of the Carboniferous to ©

. early Permian Ambo, Tarma and Copacabana Formations; sandstone of Permian to

.. Triassic Ene Formation; limestone of the Triassic Pucara Formation; sandstone of

L - the late Jurassic Sarayaqulllo Formation; sandstone of the Oriente Group; marl and
e llmestone of the Chont't Formatwn, sandstone of the V1v1an Formatmn and shale of :



the Cachiyaku-Huchpayacu Formation of the Cretaceous age; and, sandstone-shale-
slate of the Palecogene Huwayabamba Group. The intrusive rocks are granites
presumably of Permian age and monzodiorite correlated with the Paleogene age.
The Selva zone, stretching from the Ucayali-Urubamba basin to the Brazilian border,
is underlain by sandstone-conglomerate of the Neogene Ipururo Formation, gravel of
the Ucayali Formation and the Madre de Dios Formation of Pleistocene age, and the
Alluvium,

3-3 Outline of Known Ore Deposits

According to the metallogenic studies of Pery, the Cordillera Ovriental belongs to the
East Andes metallogenic provinee underfain by the Paleozoic to Cenozoic units, -
where occurrence of gold-silver bearing copper, lead and zinc ore deposits and
prospects, as well as mineral indications of rare metals such as tin, tungsten, nickel
and cobalt, has been known. In the highlands of the survey area, which is contigucus
with the Kast Andes metallogenic province, however, only some placer gold deposits
are known. Small-scale placer gold mining is still ongoing in the Negw river, a
tributary of the Pachitea river at the western piedmont of the Sira range in the west
of the survey area. :

In the Selva region, whose geologic-metallogenic provinces are not yet clearly defined,
Tertiary to Quaternary sedimentary rocks are widespread on the west margin of the
Brazilian shield. Orve deposits in the Selva are petroleum, gas and placer . gold
depnsﬂs Petroleum and gas deposits were mvestlgated by Petroperu and oil
companies from 1950's to 70's but the activities have since declined. In March, 1983,
the Camisea gas field was discovered 50 km south of the survey arca by oil
companies including Shell. Small mining of placer gold deposits in Tertiary-
Quaternary stream sediments are said to be conducted in the Ucayall and Ur ubamba
river in the centrat part of the survey area. :
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Chapter 1 Satellite Image Analysis

1-1 Purpose of the Image Analysis

The image analysis is intended to produce geologic interpretation maps and
lineament maps of JERS-1 SAR images, to examine the regional geologic structure of
the survey area, thereby providing basic data for the evaluation of mineral resource
potentials in the survey area. The geologic interpretation map elaborated in Phase
II covers the 12 quadrangles, 20 to 22-r, 21 to 22-s, 20 to 22-t and 19 to 22-u -- a
quadrangle represents a square with a side equivalent to 30' of the latitude and

~ longitude -- of the 1:100,000-scale topographic map of the Instituto Geoglaﬁco

Nacmnal (IGN).

1-2 Image processing
1-2-1 Datﬁ used
D.atﬂ used for the anélysis are 18 scénes(No 1 to No.18 in Table 5) of JERS-1 SAR

data in Phasell, and 24 scenes(No.14 to No.37) of JERS-1 SAR data in Phase I as
indicated in Table 5 and Figure 3.

_ 1-2-.2 Procedmes f01 1n11ge processing

12 guadrangles of image for interpretation have been processed in the followmg ’

pr ocedme

1) Loading d‘lt‘l All the JERS-1 SAR data provided by ERSDAC with E‘{ABITE. R

tapes are copied to the hﬂld disk (HD) connected to an engineering work station
(EWS). _

2) Sepal ation of headet information and i 1111‘1ge data: From transferred data ﬁles thc
header files including positioning information of images are extracted and saved in
- text format. Image data files are converted to the standard image database format

- of PCIIEASI-PACE an image processing software (leveloped by PCI of Canada. -
o -3) B1t numbel conversxon 16 bzt image data is converted into 8 bit image data.

- 4) Hlstogram normalization: Slmultaneously w1th blt conversion, hlstogzams of
digital numbels are nmmallzed

: 5)_Image rotation: I mages are rotated clobkwise by 90 de_grees.

—~10—



6) Antenna pattern correction: In order to re-correct the characteristics of antenna

pattern of JIERS-1 SAR data that an average DN gradually decreases from far

range to near range, averages in the azimuth direction of each scene are calculated
and cach pixel value is (hwded by the aver age, :

0 Comdmates assignment: UTM coordinates of thc cor nels of each scene are Iead
from headel infor mat10n and as&gncd

8) Pwpaung m\age database for mosalckmg PCI image database ﬁle that has U’I‘M
ccmdmate system f01 makmg mosaic mmge is plcpated '

9) Pastmg Of a center image: A scene near the centel ef mosalckmg area is p'lsted to
the database file for making mesatc nnages The pastmg posmon is detenmned by
~the 1nf01 m*ttlon in headel file. - o - -

' 10) Mosalckmg Mos‘uckmg is sta1 tmg ﬁem 1magcs ad]emmg the center 1mage o
 Several dozens of tie-points are collected in an overlapping of images and geometric
" correction is applied so that the residual error may be reduced to less than 1 pixel.
- Simultaneously, the bughtuess is adJusted so that dlffel ence in DN value between
two mmges is 1educed : :

.11) Spcckle noise 1educt10n ’I‘he Enhanced Lee ﬁltel (7 X 7) is employed to reduce
speckle noises. ' : :

t 12) Extractten of sub scene lmages Flom the prepared mosaic image, 12 sub -scene :

images are made so as to correspond to the quadrangles of the 1:100,000-scale S

e topoglaphlc map. Geometric correction is again applied so. that the sub-scene

images may exactly be everlald on the topographic map, for which confluence and -

bendmg pemts ef rnvels ete. are ut1lued as ground cont1 ol pomts for geereferance

_ 13) Annotatlon Each sub -scene image zs annotated with the UT\l comdmates scale |
: bals and tltles ' § _

: 14) Flle for mat conversion: The format of i 1mage ﬁles is converted flom PCI database '
: format to TIFF f01 mat, so as to fit to the output devxce used : : :

'. 15) Alteratlon of i 1mage 1esolut10n Resolutmn of each sub scene 1mage is adjusted so -
-asto output at 300 dpi and at a 1:100,000-scale. As the result the spatlal reselutmn s
' ef images was altelcd to about 8 45 m per plxel '

: 16) Hard copy output Two sets of the 12 suh _scene images, totalmg 24 i lmages, Were B

output at a 1 :100,000-scale by digital photo- -printer (nghtjet 5000). One set was
used for the analysis in Japan while the other was prepared as the final product.



' 1-3 Image Interpretation, Preparation of GIS Data Set and Lineament Analysis

" The output images at a scale of 1:100,000 of the 1'espective quadrangles prepared in

the above mentioned procedwres were used for image interpretation, and the

~ obtained results were digitized and output at a 1:100,000-scale. The digitized

lineament map was used as the input data for computatlon of the lincament density,

whereby the hneament densltles of the entire sur vey area was mapped
| The wonk was done in the followmg plOCOduleS

o 1) Geologlc mtelpletation Geologlc umts were classlﬁed using sur fflce texture and

topographic features on images as criteria. Correlation between the photo-geologic
- characteristics of each geologic unit and the existing geologic map was tabulated
_ usmg the geologlc map of the INGEMMET (1995) as reference

2) Intelpretatlon of lmeament and geologm str ucture Elements of geologic structure

such as f'iults, lineaments and foldmg str uctul es were dellueated for which mlclo-_

: topogmphy was consulered

_‘V‘ 3) Dngttlzmg Scanned data of hand wutten geolocrlc 1ntelpretat10n maps and
- lineament maps was loaded on a computer as raster data, which, in turn, was

converted to vector data. Frgures such as polygons and lines included in the vector

- data were manually retouched on monitor screen and attributes such as names of

.- structures were added to respective figures. For the series of processing, the TNT

i Mlps, a GIS software developed by Micro Image Inc USA was employed. -

: 4) Preparatlon of GIS data set: Geogrdphlc data such as dramage systems lakes
~roads, villages and national borders in Arc/Info "Coverage" format provided by ..

.. INGEMMET was loaded to TNT Mips database file and overlaid on the
R 1nterpretat10n results, then annotated with legends, scale, quadrangle numbers,

. names, ctc. and, in turn, output by a color plotter at 1:100,000-scale. The output
maps were two types: a geologic interpretation map and a lineament map. From the

" respective vector data of geologic boundaries, faults, geologic structures and
© lineaments included in the database files of 'NT Mips, the files in the "Expel t"
format (EOO format) of AlclInfo were prepal ed as the final products. '

5) Lmeament dencnty map Lmeament data prepared of each quadlangle were

- integrated into a MOSS (Map Overlay and Statistical System) format -- one of the
" QIS standard format by USGS --, and lineament densities (m/km?) of 2 km x 2 km

grids were calculated by obtamlng a cumulatlve extension of all faults and

lineaments mcluded in cach grids. For the computation, an analysm tool developed
. by MINDECO was employed. The lineament density distribution in the entire area
oof analy31s was output at a 1 1 000 000- scale and rose dlaglams of each quadrangle

RSP



were simultancously produced.

Table 5 Satellite data used

No. Date sat, | Sensor | Path row fati. long. Qual. | station
1| 1996/06/11 J1 SAR 430 319 -11.04] 7021 G FAIS
2| 1996/06/12 dJ1 SAR 431 316 -9.17 - -70.30f G | FAIS
3| 1996/06/12 J1 SAR 431 317 952 7039 G FAIS
4| 1996/06/12 J1 SAR 43t | 318 -10.28|  -7046] G - | FAIS
5| 1996/06/12 J1 SAR 431 319 -11.04] 7084 G FAIS
6| 1996/06/13 J1 SAR 432 316 -9.17]  -71.03 - G FAIS
7| 1996/06/13 J1 SAR 432 317 -9.52) 7112 G| FAIS
8| 1996/06/13 J1 SAR | 432 318 | -10.28 -71.19] G | FAIS
g | 1996/06/13 | JI1 SAR | 432 | 319 -11.04)  -71.270 G FAIS
10] 1996/06/14 - { J1 SAR 433 - | 316 | 9.7 - -7L.35| G | HEOC
1] 199s6/06/14 | J1 SAR 433 317 963} -T143] G HEOC
12| 1996/06/14 | J1 SAR 433 318 | -10.29) .7151 G HEOC
13| 1996/06/14 | J1 SAR 433 319 | -11.04f -7169 G | HEOC
14| 1996/06/15 J1 SAR 434 316 | . -9.17| -7208 G -| HEOC
15| 1996/06/15 | J1 SAR 434 317 - 9621 1217 G HEOC
16| 1996/06/15 | J1 SAR 434 | 318 -10.28] 7225 G HEOC
17| 1996/06/15 J1 SAR | 434 | 319 -11.04} ~ -72.33) G | HEOC
18| 1996/06/16 Jl1 SAR 435 | 316 917, -7241 G HEOC
19} 1996/06/16 J1 SAR | 435 317 062 7250, G | HEOC
20}  1996/06/16 J1 SAR 436 318 -10.28 -7258 G - | HEOC
21}  1996/06/16 Ji SAR 435 318 {  -11.04f -7306] G .| HEOC
221 . 1996/06/17 J1 SAR 436 316 | -9.17 -73.14] G .. | FAIS
23| 1996/06/17 J1 SAR | 436 317 | - -9652 7323 G| FAIS
24| 1996/06/17 J1 SAR 436 318 | - -10.28] 7331 - G | FAIS
25| 1996/06/17 | J1 SAR 438 | 319 -11.04] - -73.39] =~ G | FAIS
26| 1993/03/18 J1 SAR 437 316 - -9.17| 13498 G | FAIS
27| 1993/03/18 J1 SAR 437 317 953 73490 G | FAIS
28| 1993/03/18 J1 SAR 437 318 | -10.28) 7405 G | FAIS
29| 19938/03/18 J1 SAR 437 319 | -1L.04] . -74.12| - G FAIS
30} 1996/06/19 J1 SAR 438 316 -9.15|  -74.19] G HEOC
31} 1996/06/19 | - J1 SAR 438 317 | - -961 7427 - G HEOC
32| 1996/06/19 Ji SAR | 438 .| 318 | --10.27|  -74.35 = G - | HEOC
33|  1996/06/19 J1 SAR 438 || 319 .11.04] 7443 G | HEOC
34| 1994/08/30 J1 SAR | 439 316 9.16| -74.54] G - | FAIS
35| 1994/08/30 | J1 SAR 439 | 317 -9.62| - -76.02] < G | FAIS
36| 1994/08/30 | J1 SAR 439 318 | -10.28| . -765.10{ G . | FAIS
37| 1994/08/30 J1 SAR | 439 319 -11.04) ~ -76.18] G FAIS

Ji: JERS-1, SAR: synthetic aperiure ra&—fl}, G: good, HEOC: Hatoyama, FA_IS: Fairbanks
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14 Results of the Image Analysls
1-4-1 .Geologic Interpretation

 For interpretation of the images, the existing 1:2,000,000-scale geologic map

(INGEMMET, 1995) was used as reference. For geologic interpretation, the geologic
map was referred to, while new information obtained through the image
- interpretation was considered as much as possible. For symbols of geologic units, the
geologic ages in the map were referred to, and serial numbers were assigned, in
ascending order, to the units sub-divided by the interpretation. SAR image of the

- entire analyzed area is shown in Figure 4, its geologic interpretation in Figure 5 and

~lincament map with in Figure 6. Table 6 indicates correlation between geologic units
of the mtcrpretatlon m'lp 'md those of the ex1stmg geologlc maps '

' .._Characteustlc of the 1espectwe g0010g1c umts are summarlzed in the followmg '
-' pfuagraphs . w

- (1) Umt Q4 _ : ' ' : o

The unit develops along main streams Countless meandermg tracks of old channels o
- are seen. The surface texture of the unit looks smooth and flat. Tones rangmg from

ver y llght to very d'uk (m the old channels) are mmgled (A.lluvmm) :

_ (2) Unlt Q3 . : : :

*The unit develops along main streams, formmg lower terrace surfaces Though flat -

~ the surface plane appears to be of rough (sandy) texture Thc tone is somewhat dark.'
Quaternal y teuace dep031t) : - SERTT

'tf(mtmmoz'":'

- The unit forms mlddle teirace SUIfﬂCGS Sand grain- llkc or patch hke llght speckles
~are seen while the tone is somewhat llght The surface tcxture looks coarse. -
' (Quaternaly tenace deposnt) : - : S

*tmyuth1

The unit forms hlghel terr ace Slllf'iCOS It has hght and somewhat Iarge smed _
patchwork pattem, whlle the sur face texture looks somewhat coarse (Quatornary o

' . terrace deposnt)

*f‘w)Unmﬂu n’”

" The area of oceurrence is very hnuted The unit is a thm bed covermg the flat parts -
- of the Unit T2. Although it has rather smooth surface texture, patchwork lnke or -
' pnmato dramage pattern is sllghtly seen (Upper Tertlary) : S

(@lhnth_ff - e . . L
The Tertlaly unit is seen overlymg the Umt T2 in tho east part of the mterpretatmn T



Table 6 List of geologic units

Units in Geologic Maps afler

Inferred Lithology

No Units INGEMMET |
. nils ang
1:2,000,000 1:100,000 Geologic Age
(1995) - - (1997-1998)
1 | Q4 o - Qhal sand, gravel (Quatemary).
' ' - Qh —— . e
2 Q3 ’ ' _ lower tevrace deposit (Quaternary)
31 Q2 . . NQ-u middle terrace deposit
- __'__;ﬁ : Q 'I (Quaternary)
'4 o : p. ' highcrle;:race deposit
) - L (Quaternary)
. o+ ' sandstone, conglomerate
5 T4 o D - - (Late Tertiary)
6 T3 Nc S N-i~NQ-u sandstone, conglomerate
— ' ' : - (Middle Tertiary)
7 T2 e
' . T 1' ' p sandstone, conglomerate
B - - (Karly Tertiary)
U R " sedimentary rocks
-9-. K4 Ksh, Ksy, K_s-_ch. " {L.ate Creiaceous)
10 | K3 - B Ki-o R
: e - o - - sedimentary rocks
¥ K27 . < Ks . (Middle Cretaceous)
— _ Pi-c {_' : ook )
42 Ki sed 1n1¢ntar) rocks (Late Jurassic
B S g to Karly Cretaceous)
P SN Js-s, Tedi-pu, | o 0 L
13 J o ds PsR-e - : sg_dl_me_ntary rocks (Jurassic)
14 P o Pi";. R Pe-t:m _sedimc:ntary rocks .(Permian)'
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arca. The unit resembles the Unit T2 but has deeper valleys, ch'n acterized by the
parallel drainage pattern plesumed to reflect the strike of the bed. The tone is light .
on the cast side of the slopes and dark on the west side. (Middle Tertiary)

- {7) Unit T2 _ : ' :
Tertiary unit is pmdommqnt espocmlly in the oast palt of the mtelptetatlon area.
“On flat portions, it has fine, dendritic drainage patiern. The tone is somewhat light,

~ In 1images, beddmg planes are partially traceable but generally unclear, probably -

because the unit is composed of alternation of thin beds. It is inferred that the unit -
-~ is chiefly composed of fine-grained, pelitic rocks, mtelcalatmg conglomelate beds .
sandstone beds, ete. (Lowel 'I‘eltl'uy)

- (8) Umt T1 : : : : :

_ _The unit, undellam by the Umt T2 is obselvable at valley p01t10ns in aleas'
- dominated by the T2. The bed is inferred to be considerably thick. At steep slopes or
valleys, fine, parallel dvainage patterns develol), and bedding planes in well
confinuity are occasmnaliy obsel vable but, 1n general it appe‘ns masslve (Lowel -

-'I‘eltlmy) - : :

(9) Unit K4 - . ' . ' :

‘The unit is talely seen ovellymg the Umt K2 at ﬂat portlons or on gently d1ppmg
slopes. The smface texture is smooth but weak undulation develops As for the tone, -

- light and shade are 1epeated m a spotted pattem Beddmg is not clear. (Uppel .
Clotaccous) S . . '

(10) Umt K3 _ : : : :

~ The unit is often seen for mmg extenswe, model ately dlppmg slopes wh1le in some -

* cases, it forms large or small fold structures. As the bedding planes. develop and .
include members which have strong resistance to erosion, steep  scarps are -
frequently formed in the peripheries of the unit. The tone is dark but, at places,
there ave light patches due to thin covers of the Unit T2, etc. Basically, the drainage -

shows dendritic patterns but parallel patterns are observed at steep slopes. The .

unit contacts the Umt J wnth thrust faults in many pm tions (Mlddle Cletflceous)

(11)Uth2 ' : R ' L ..
- The wunit is underlain by the Umt K3 'I‘hese umts form fold structures

accompanying thrust faults. The K2 has relatively smooth surface texture, though =

somewhat coarse on gentle slopes. Drainage patterns are not so well developed and '.
only parallel drainage patterns are observable especially on steep slopes. The tone '
1s somewhat dark but light dots are seen all over. (Mlddle Cletaceous)

(12) Unit K1 _

- The unit 1s (lommated by ]omts and the smface texture is coalse The tone 1anges
widely from light to dark. Beddmg plane_s are Vrecogm?able but not so clearly.

R



.(La:w-er Cretaceous to Upper Jurassic)

(13) Umt J ,

The surface texture is 1ough and banding with light and dark tonal portion is
“observed. Bedding and joint are generally well developed and dipping northeast.
NNW-SSE to NW-SE trending large range is developed in the portion showing clear
bedding planes. ENE-WSW to NE-SW trending joints are dominant, that is

- perpendicular to bedding. NNIE-SSW trending large-scale thrust is scems to be

developed at the boundary between this unit and Cretaceous. Massive portions

- without clear bedding plane are paltly observed and whele dominant range
dn ectlon does not appea. (Jurassic)

(i4) Umt P

.. Fissures par rallel to beddmg planes or ]omt planes are well developed and sur face
- texture is genelally coarse. The tone is light, except the dark slope in the west.

: Be(ldmg planes are occasionally visible but they are generally unclear. The unit is

- often seen as inliers in K2 or K1, presumably accompanied with thrust faults. The

“unit is inferred to be mainly composed ﬁom hard rocks such as sandstones or
llmestones (Palcozmc)

' .The geologlcal mtelpletatlon of images is paltlally exlnblted in Flg

7-2(quadrangle 20-u) and Fig. 8-2(21-1), respectively, while Fig. 7- 3(20711) and Flg
8-3 (21 1) dlsplay the 1espect1ve lmeament mterpletatlon maps

g The area of Phase il analysxs 15 undellam by the Neogene '[‘2 to T4 umts 'lnd the

Holocene Q3 to Q4 units. The Holocene lies only along main dlamage systems and is

- mostly underlain by the Neogene The T2 unit is exposed in the west part of the -
" Quadrangles 20-r and 21-r in the nor thwest From the fact that the T3 unit contacts

- the T2 gencrally forming scar ps, it is plesumable that upper part of the T3 consists
of rocks of high erosion resistance such as sandstone. The T4 lies in topographically -

- .. elevated portions in the central and south parts of the subject area of analysis, and

its boundaries with the T3 also form scarps in many instances. Therefore, the
uppermost part of the T4 is also plesumed to be composed of facies of high erosion -
resmt‘mca 31m11'nly to the 'I‘3 '

R 'I‘he mterpretatlon of the respectwe quadlangles is given in the follewmg
L paragraphs '

R (1) 19u : : ; : :

. A major part of the qu'ldlfmgle is occupled by the Blaalhan teultmy, whlle the
o Peruvian territory only covers a small part in the southeast end. The geology is
e composed of fluvial deposits of the Alto Puris River (Q4) and the Tertiary rocks (T3).
i Although beddmg is barely dlsce1 mble in the 'I‘ertlaty, the fmmatlon is mfened to be



~ nearly horizontal.

(2) 20 X :

The eastern half of the quadrangle is the Bl azilian tervitor y. The west part of the
Peruvian territory is underlain by the Middle Ter tiary (12) whereas the cast part is
by the Upper Tertiary (T3). The T3, compared with the T2, lies in topographrcally
elevated arecas, which tend to have somewhat strong relief. Scarps are often formed
“on boundaries between the T3 and T2. From these facts, the T3 is plesumed to be
composed of vocks of hlgh 1esmtance to erosion, comp‘ued w1th the T2

@20t | - | -
. Most part of the quadrangle 15 the Brazilian telutory and the Peluwan telutory
barely occupies the southeast end, where the Curanja River, a tributary of the Alto

.. Purlis, meanders and runs hortheast The both river banks are underlain by the

fluvial deposrts about 2 km 1in width. The northwest and southeast parts, -
mtercalatmg the Q4, are underlain by the Te1t1a1y (T3), where the bed is presumed
to be neally horizontal in the hght of tracmg of the beddmg ' : :

@20 - - - B ._
. A JERS-1 SAR image and a geologlcal mterpretatlon map of the quad1angle are .

- exhibited in Figs. 7-1 and 7-2, respectively. The east and northeast parts of the -

. quadr angle are included in the Brazilian territory. The Alto Purids meanders,
* running from northwest to northeast in the central part of the quadrangle This NE-
“ SW trend is concordant with the direction of the high of basement in depths of the .
- area, possrbly reflecting it. The both banks of the Alto Puris are covered with fluvial
. deposits (Q4) of 3. km in average width, and mtelcalated by the Tertiary (T'3). The T3
- has relatively strong relief and has a tendency that rldges and valleys trending NE- _
. SW- are dominant. From the barely interpretable tracing of the beddmg, the
- for mation is presumed to be nearly horizontal. The relatively low portion in the south -
of the qufldr angle is undetlam by the uppe1 most ’I‘ertl‘lry (T4) -

A JERS 1 SAR image and a geologlcal mterpretatlon map are dlsplayed in F]gs 8 1

" and 82, respectlvely The Envira River flows from WSW to ENE, meandering near =~
~ the center of the quadrangle. The Curanja River, a trlbutary of the Alto Puris, also

meanders running almost in parallel with the Envira in the southeastern end of the
quadrangle. This suggests the possﬂnllty ‘that the flow of rivers in the area is _' :
_controlled by the unde1 glound structure in the depths as dlscussed above '

’I‘he northwest to westernmost part of the quadrangle is mostly underlaln by the';'-_

L Middle Tertiary rocks (T2) In the central part of the quadrangle, the Middle Tertiary

" (T3) that overlies the T2 is widespread, stretchmg NE-SW. On the bhoundaries l..;
between the 'I‘2 and T3, the 'I‘3 clearly forms scarps whleh suggosts that the T3 is -
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composed of rocks of high resistance to eiosion compared with the T2. The southeast
part of the guadrangle is underlain by the uppelnlo% Tertiary (I'4). The T4 also

~ forms clear scarps on its boundaues with the 1'3.

Itis mfeued flom thc dlalnage pattern that an aticlinal structure stretching nemly

in the E-W direction is present in the southeast part of the quadrangle. The axis of
the anticlinal structure is higher in elevation than the flanks, showing coarse

- structure. The noxthern flank is bounded by drainage systems with the E-W trend

whereas the southern flank is by those with the WNW-ESE trend. Apparently,
therefore, the anticlinal str u_ctl_ne is presumed to plunge westward. The boundary
between the T3 and T4 to the north of the anticlinal structure is cut by two faults in
the NEN-SWS to N-S direction. These faults appear to show right lateral movement.

. _However, the formation is presumed to dip nemly horizontal. In case a fault =

movement includes vertical slip, horizontal slip is exqggemted Presumably, the

rlatel al movement is not as l'uge as the appment dlsplacement of approx. 1. 5km

©) 21-s : - o
Crossing a near- centel of the quadlangle in the E W dlrectwn the Cluan]a RIVOI _
runs meandering generally from west to east. The northern half of the quadrangle is

g _' mostly underlain by the Upper Tertiary (T'3) whilst the other part of the northern

half and the whole southern half are extensively underlain by the uppermost

Ter tiary (T'4). On the bounda1y between the T3 and T4, the latter often forms scarps.

The Curanja changes its flow from the NE to ESE direction near the center of the

" quadrangle. This may sugges{: possible presence of an anticlinal structure stletchmg ‘
- E-W to the qouth of the river, but it is not necessarily clear. Some ﬂuvnl depoglts '
' (Q4) are observed on the both bankb of the Cutan_]a Rwel o :

o '(7) 21+t -

Both the Alto PU.IUS and its tubutaly, the Curan]‘l ﬂaw mefmdeung genela]ly o
toward northeast. The quadrangle is extensively covered by the Upper Tertiary (T'3)
while the southwest part is underlain by the uppelmost Tertiary (1'4). As the T4

~ often forms scarps on its boundaries with the T3, the border lines are relatively clear.

I'luv1al depOSIts (Q4) he 1athe1 extenswely on the both banks of the two rivers.

(® 21

The Brazilian border runs in the east of the quadlangle The quadrangle is mostly

underlain by the Upper Tertiary (T8) while the other parts including the southwest -
. portion is undeérlain by the uppermost Tertiary (T4). As compared with the T3, the T4 ,
lies on topographically elevated lands but boundaries between them are not )

necessarlly clear. On the banks of the Alto Purts, which meanders in the

northwestern t!p of the quadrangle ﬂuvml deposﬂ;s splead lathel extensively.



(9) 22-r

The quadrangle is situated in thie headwatels of the Alto Purtis system; its west side
belongs to the Urubamba system, btaltmg from the northwest of the quadrangle, the
- Ronsoco and Curiuja Rivers of the Alto Purds system, as well as the Inuya River of
the Urubamba system, flow in radial directions -- east, southwest and south,

respectively. It is clear that the area is the center of topographic elevation. Possible -

- presence of a dome structure centering around the headwaters of these river systems

can be pointed out. The east to south parts of the quadrangle is underlain mainly by

the Upper Tertiary (1'3) which, in turn, is extensively covered by the uppermost

~ Tertiary (1'4) from the central to east parts. The T4 often forms scarps on its
* boundaries with the 'I‘3 and the boundal y lmes are relatlvely cleal ' :

(10) 22-s - - - - -
The Curiuja River ﬂOng northe'lst f10m the southwost tip of the quadrangle while
the Ronsoco flowing southeast from the western tip merge into the Alto Purds in the -
" central part of the quadrangle and meanders northeastward. The southeast side of
the Curiuja and Alto Purts Rivers is underlain chiefly by the extensive Upper
Tertiary (1'3) whereas the nor theast 31de is extensively underlain by the uppermost
- Tertiar Y (T4). The banks of major rivers are coveled by belts of ﬂuv1al depOSIts '

'(11)221; ' ] |
An extensive area of the quadrangle is underlam by the Upper Tertlary (T3) whlle o

" the uppermost Tertiary (T4) ovellles the south and northwest parts. On the =

boundaries between the ‘I'3 and T4, the latter forms scarps; the boundary lines are

- 'very clear. Especially, the T4 in the south of the quadlangle has little erosion, :

forming a broad mesa- type topog1 aphy Belts of ﬂuwal dep051ts cover the both banks :
- of majm rivers.

. (12) 22 -1 : : : L
- The east part of the quadlangle comes under the Blamllan domam Wmdmg hke an

8 and passing near the center of the quadrangle, the Iaco River runs from west to
cast flowing into the Blanllan territory. An extensive area of the quadrdngle is

underlain by the Upper Teltlary (T3) while the uppermost Tertiary (T4) overhes the

south and the north parts. The T4 in the south forms an éxtensive mesa-type
" topography, similarly to the Quadr‘mgle 922-t. From tracing of the bedding, it can be -

inferred that an anticlinal structure is present to the north of the portion where the - :
~ Iaco River bends like an S protruding southward. The bend of the Iaco can be_ B
- inter pleted to 1eﬂect the antxclmal structule ' Co :

- 1-4-2 Lmeament analy31s

The 1esults of lineament mteipretatlon of the respectNe quadrangles are descrlbedg-'- ;
“in the followmg palaglaphs : = . N




() 19-u |

In the southeast end of the quadrangle covered by the Brazilian telutmy, several

. lmeaments with the NNW-SSE and NE-SW trends were extracted.

(2) 20 -r .
Lineaments with the NE-SW to FNT‘-WS\V trends and with the N- S to NNW-SSE

‘trends tend to be dominant. Those with the NNE-SSW trends are intermittent,

especially near the Brazilian border a little to the east of the south part of the

_‘quadrangle, where the lincament dens_ity is high.

'(3)201;'

Lincaments with the N- S tlend are 111t01m1ttent and those with the NE SW trend
tend to predominate in the Upper Tertiary (T3) lying on the left bank of the Curanja
River in the southeast palt of the qufldtangle wluch comes under the Pemv:an :

' domam

N C)) 20 w | ' ' '
Fig. 7-3 displays a llneament map of the quadlangle Lmeaments w1th the NE SW

trend are dominant in the area northwest of the Alto Purds which flows from

southwest to northeast meandering near the center of the quadrangle. The direction
is mterpreted to reflect the geologic structule in the depths. In a zone vertically .
_traversing a near-center of the quadrangle, high concentration of lineaments with

the N-S trend is discerned. A circular structure, 1.2km in diameter, was extracted in

.- the north of the quadrangle To the southeast_of the Alto Purts, lineaments with the
s N-S trend are dominant. High density Zones of lineament are formed in the vicinity
- ofi mtersectlons of those w1th the NE- SW trend and those with the N-S tlend

CGyolr . | |
-On the northeast sule of the Envira River whlch ﬂows from WSW to FNF

mefmdermg near the center of the quach angle, obser ved are intermittent lincaments

with the ENE- -WSW trend running almost in parallel with the mentioned river. In

. general terms, there is a tendency that lincaments with the same trend pledommate

~ on the north side of the intermittent lmeamem zone whereas, on the south side,

e those with the N-S trend are predominant. The fault that cuts the boundary between

the T8 and T4 i is included in the lincaments with the N-S trend. High density zones

' ':',; of lineament are formed at mtersectlons of those with the ENE WSW tzend and
L thoqe thh the N S trend : :

'-"..(6) 213 - ' Sl

~ - This quadrangle has hlgher hneament dens1ty, compared to the others Dominant
E 'trends are NNE-SSW, NE- SW to ENE-WSW, NNW-SSE, etc. Especially, the river
; systems w1th1n the uppemlost Telt1aly (T4) wlnch has h:gh 1emstance to erosion
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have flow dnectlons contlolled by these hneaments often assumlng trelhs like
drainage patterns.

(D 21 t _ :
Lmeaments with the NE SW and NNW- SSE tlends ale donnnant in the area

1ntelcalated by the Alto Purtis and its tributary, the Cur anja. High density zones are
formed at lnterse'ctlons of these lincaments. Two of circular structures, though
incomplete, were extracted from the northwest side of the area where the Alto Purtis -

_gently changes its direction from ENE to NE in the southeast part of the quadrangle.

To the northeast of the Curanja, rather dominant are lineaments with the NW-SE
trend, whereas, to the southeast of the Alto Pm s, those w1th the NNW SSF and

| NE SW t1 ends are consplcuous

(8) 21u

- Inter nmittent zones of lmeament w1th the N S tlend are present in the east part of the
“quadrangle whilst those with the NE- SW trend traverses a little to the northwest of -
" the center of quadrangle, both stretching in the same dnrectron as those of the |
~ lineaments. At the northeastern end of the intermittent zones with the NE-SW trend,
_observed is a portion in which: lincaments with the N-S trend concentrate. -

Intermittent zones of lineaments with the NE-SW trend appear in the southeast end
of the Peruvian terr 1tory ngh densnty zones of lmeament are formed i in the v1cm1ty o

of 1nte1 sectlons of these zones

(9 221 o ! Lo |
~ An mtelmlttent zone of lmeaments w1th the NNE- SSW trend is drscerned whlch :
~ passes a little to the cast of the center of the quadrangle. The northern half of the

quadrangle has an area in which lineaments with the ENE-WSW trend predominate.

‘The lineanient density tends to be especially high in the northwest part where
- presence of a dome structures is inferred. This conforms to the results of analyms of
- drainage patterns, as well. It is presumed that tension fractures accompanymg :

formation of the dome structule were extlacted as llneaments

L 10) 22

The quadlangle hqs relatwely hlgh derlslty of lmeament The main trends are the E

. NE-SW, NW-SE and N-S, and hneaments with the same trend to he mtermrttent In -

“the eastern half of the qu'ldlangle, the N-S irend is especially conspicuous. An
- incomplete circular structure was extxacted in the east of the conﬂuence of the '
R Cuuu]'1 and Ronsoco RIVOI’S : S S

: (11)22t

Intermittent zones of hneaments w;th the ENE WSW trend traverse the central part

. of the quadrangle nearly east to west. Intermittent zones with the NE-SW trend are

dlstrlbuted flOl]l the south eentlal end to the n01 theast end of the quadrangle The'

RN I



northwest i)alt of the quadrangle has an area where lineaments with the ENE-WSW
trend paralleling with the flow of major rivers are dominant while, in the north part,

- thme is an area where those with the NW-SE tr end predominate.

(12) 22-u
" To the notth of the Taco Rwel wh:ch gently meanders like an S around the center of
* the quadrangle and traverses it west to east, lineaments with the NE-SW and NW-
SE trends tend to be intermittently present. To the south of the same river,

intermittent lineaments with the ENE-WSW tlend are dommant as well as those

with the NE- SW and N-S tlends

1-5 Conslderations

A compfuatlve study on the lesults of the Ph'lse I and II mmge analyms and the
'1:100 000-scale geological map published by the INGEMMET in 1997- 98(Llsl: of
' 1eferenees and data collected, 1) has 1evealed the followmg aspects ' :

a. The mterpretatlon ﬁndings and the ex1st1ng geologlc map are in- substantlal
: agleement in teuns of the genelal division of geologlc umt :

' b Due to the lack of glound data for the verification of mtel p;etatlon ﬁndmgs, the L

respective geologic time units are hard to 1dent:fy and, precision-wise, the _
interpretation 1esults ale mfellol to the geologlc map, 1n telms of detailed d1v1smn '
of the geologlc urut - : - :

c. 0w1ng to the dlstortmn partxculal to a radar lmage, ‘the f’lult Imes and geologlc :
bound'lry lines in the interpretation map tend to be dlstmted espema]ly in
mountamous Zones w;th hlgh speelﬁc altltude - : Lo

(l In the Teltlary zone in the east where beddmg planes are obselvable all over in
spite of its flat topography, a verification survey, if conducted, is expected to be able
to clanfy the large and small foldmg str uctules more in detall -

e. The geologlc map and the mterpletatlon map do not agree as to the geologlc '

- division of Pelmlan in the quadrangles 20-fi, 20-n, etc. of the geologic map. In the

* map, the unit underlaln by the horizontal to moderately dipping Cretaccous that
constitutes the main body of the Sira range and apparently conforming to the
. overlymg stratum is classified into the Permian. Since it is clear from the SAR
- images that Cretaceous is composed of a number of members (alter nation of beds of

high and low re31stance to erosion), the unit is dealt w1th in the mterpretatlon map i

" to be the lowest member of Cretaceous



f. The unit with rough texture and with well developed lineaments, lying in the
vicinity of the Sira anticlinal &xis in the quadrangles 20-ii and 20-n, is classified in

. the geologic'm_ap into Proterozoic, whereas the interpretation map classifies it into
Palecozoic in conformity to the division of the 1:2,000,000-scale geologic map, since
no reference to Proterozoic have so far been found in the Sub- Andes stud:es and in
view of the ment ioned relations w1th Cretaceous.

g. The eastern part of the study area (Phase 11 suri.fey area) tends to have low density
of lineaments in comparison with the western part (Phase I survey area). From the
tendency, it is considered that the eastern area has lesser petentnls for metallic
mlnel al resources compated wnth the westem al ea. :

h. In the eastern part of the study area, lmeaments w1th the NNF SSW trend are
. predominant. Different tendency is observed when compared with the Selva zone in

the eastern part, underlain by the Neogene rocks, where the NE-SW trend is

~ dominant. The difference possibly reﬂects dlffelence m the erientatlon ef the- |
e b‘lsement structures in the depths

' -__.'I‘he Westeln palt of the mtelpretatlon area on the loft b'mk of the Ucayall- Tambe _
rivers, where the Sira range is formed, is malnly compesed of Paleozoic to Cretaceous,
. whllst the Ucayah sedimentary basin area in the eastern part, Tertiary .to

: Quatemaly are widespread forming relatlvely moderate landforms. The two areas -

are clearly divided by the thrust faults in NNW-SSE direction which serve as the
boundary. In Paleozoic to Cretaceous in the Sub-Andean region, large to small scale_ :
fold structures W1th axes parallel to the strike ef the thrust faults are f01 med

In 'I‘eltlaly to Quaternary in the Ucayah sedlmentary basm area, presence of a' '
number of anticlinal structures or dome structures are inferred from dramage
_ patterns. These structures are hkely to reflect concealed Cretaceous or lower depths

structures. The anemalous dr amage pattern discerned in the quadrangle 21-p :-a

distinctive trellis pattern -- appears interesting as it possibly suggests presence of an

“intrusive rock. In the Sclva zone as represented by the Ucayali sedimentary basin -

- area, drainage analysns is effectlve for mterpretatwn of geelogy and geelegw
structure. o S

,Plgule 9 demonstlates a lmeament den91ty map. In the thrust zone trendmg NNW
- -SSE located in the east of the Sira range, many parallel lmeaments to the thrusts,
~ considered to reflect small faults accompanying the thrusts, and many intersecting
- lineaments to the thrust tlendmg ENE-WSW, possibly reﬂectmg tension fractures or

strike-slip faults, have been extracted and those lineaments form high density zones -
of lineament in this zone. In general tension fractures are possibly accompanied by .

~intrusive rocks and hydrothel mal activity related w1th the mtruswe rocks therefere, o
they are c0ns1deled 1mpertant for exploratwn N L -

.;-3lf s



* The presence of small-scale intrusive rock bodies in Palcozoic in the southeast of the

Sira range has been confirmed from the field data by INGEMMET, which suggests
that similar rock bodies possibly lie in the zone. Although a zone of intrusive rocks
cannot be interpreted from SAR images, the most part of the Phase I study avea is
covered by Jurassic to Quaternary sedimentary rocks or unconsolidated sediments

" and therefore fissures are preswmed not to be well developed. It is also inferable that,

in such an area, intrusive rocks and metamorphic rocks are likely to be present in
portions of high lineament density.
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Chapter 2 Data Analysis

21 Purpose of the Data Analysls

The data analysis is intended to outline the ore deposits and showings and to
ascertain the mode of occurrence in the survey area by collecting, compllmg and
analy/mg the existing d'lta

~ The Phase-I descriptions on the analysis of the existing data that covers the whole mferlor areas
- of the Urubamba River, are reproduced in the paragraphs below, since the data are
. essentlal for extraction of pronusmg ore- bem‘ulg zones, combined w:th the satelllte
B 1mage analyms in Phase H:

| 22 Geology' |

. 2 2 1 Data collectlon

" ; The collected data mclude among others the INGEMME.T geologlcal reports the :

- Petroperu's geologic maps and reports, and the ONERN survey reports. For details of =

-~ the coliected data, refer to the list of refelence and data collected at the end of thls '
volume s : : : : :

2 2- 2 Summar)r of Geology '
 The survey area is underlain by the Precambrian, the lower and upper Paleozoic
- formations, the Mesozoic and Cenozoic rocks, and intrusive rocks. The Sira range,
" which is situated in the west of the survey area and constitutes a part of the Sub-
~ Andes, is composed of Precambrian, Lower and Upper Paleozoic, Mesozoic, and -
intrusive rocks. The Ucayali-Urubamba rivers, which run northward - while .

meandering along the east margin of the Sira range, form the Ucayali sedlmentary
basm w1th N-S tr endmg qxns, composed of the Paleozmc and Mesozolc rocks

“In the centlal to eastern palt of the survey area, the Selva spreads extenswely from E
" the Ucayali basin to the Brazilian border, formmg flatlands chiefly underlain by the - :
Cenozmc rocks. I*lgure 11 demonstrates a schematlc geologlc column of the sulvey

' The geoioglc umts of the survey rlrea are descrlbed in ascendmg order in the o
. followmg paraglaphs ' - - _

"'__43_;':._ :



Figure II.

Compiled Geological Column
Guological Age ~ Formation Name Thick~ Lithology ]
o : ness mn '
Holocene | Aluvial Deposit, Talus Sand, Gravel
- - - {Unconformity]
C East Selve Area: )
Quaternary _ Formation Madre da Dios 20| Brownish Sand, Clay, Gravel
E]l Pleistocene| Wast Selva Area: ) ] . : :
i Formation Uecayali 30{ Brownish Sand, Clay, Gravel
N : [Angular Unconformity]
0] Neogens ' Pliocensa Formatlon lpururo 1,200] Calcarecus Sandstone
: ' Miocéne (Wast Sira Area 500m thick {Sandstone with lignite layer)
7 Co ' -ness) [Unconformity]
0] Pateogens Oligocens | Fast Sira; Group Huayabamba 1,600] Sandstone, Mudstone,
o : West Sira: _ B and Limsstone :
1 S Formation Ghambira {400)] Reddish violet Claystone
" Eocene | . Formation Pozo {400)} Tuff, Shale
C : : Formation Yahuarango {800) Ca!careous Claystone
: : ' [Unconformnty]
Formatlon Cachlyacu ) :
—Huchpayacu 150 Shale Sandstone
' FOrrhation Vivan 350| Siliceous Sandstons
€ : . i : . :
Cretaceous | - Upper Formahon Chonta 650] (Shaly) Limestone
S C L with thin Limonite Layer
Group Onente . 600]| Siliceous Sandstone
0 : with thin Limonite Layer
" [tUnconformity)
Upper Formation Sarayaquilfo _ 600} Feldspasic Sandstons
0 _ ' R * with Basal Conglomerate -
Jurassic - [Angular Uaconformity])
: . Lower Group Pucara 1,500 L|mestoneNShaly Lumestone
c o Upper : : '
Tiassic | - PR - - _
o " Lower | Formation Ene 700 (Galcareous) Sandstons
1 o : Upper S : ' ' [Unconformlty]
AP Pérmian ao _ -
1A o ' Lower Group Copacabana - 500 DOIOI‘I’IltIG Limestone
e} o Upper | Group Tarma - 500 'SI'IGGOUS Sandstone -
0 [Carboniferous R o s " with thin Coal layer
2 ' T B . a . .. : ’ - . .
0 " Lower | Group Ambo . 600] Sandstone with Limonite fayer
| _ i IR R [Angular Unconformity]
G| Ordovician - Formation Contaya ~ 400| Limonitic Shale
e R : o (Angular Unconformity]
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‘ 1) [Sira comp]ex and Malanon comp]ex] Pr ec;zmbuan .
These complexes occur as the inliers within the Upper Paleozoic Copacabana GIOU.])
which corresponds to the anticline east of the Sira range (Quadrangles 21-i and
22-i1). These are the oldest strata in the survey area, for mmg the basement of the
Ucayali sedlment'uy basin. The Sira complex (Quad. 21-R) is composed of gnelsg
and slate whllst the Malanon complex (Quad 22- n) is mainly of diori ltlc gne;ss '

2) [Contaya For matmﬂ] Ot a’owcmn , S
The formation lies in a small area to the south of the Bajo Plchanaqul (Quad 22 n)
at the southwest end of the survey area. It i is about 400 m thlck in unconfm mable
covmed by the Ambo Gmup : .

3 [Ambo G oup] Emly Carbomz"erous . o B L
The Carboniferous to Permian OVOIIIOS the Oldovmlan in angular unconfmmlt.y, _
constituting the Ambo Group, Tarma Group and Copacabana Group in ascendlng
order. In Quad. 22-n, the formations lie in a small area at Autiki. The Group
consists of gray colored, medium to coarse glamed sandstone containing mica, - -
" accompanied by thin !ave1s of dalk & ay colowd llmonlte contfunmg fossnl ﬂora The _
- Gloup is 600 m thlck : S S ~ '

, 4) [ I‘arma Gz oup] Late Carbomfemus _ ‘ . '
~ In Quad. 21-n, 22-n and 22-/, the formatmns lie in Obentenl The ]ayer con51sts of '
: greemsh white-colored, coarse grained qu'ntzntlc sandstone. In the lower horizon, . _
gray colored sandstone mcludmg coal layers is observable 'I‘he Group 18 500 m .
E thlck . . , L, e

' 5) [Copacabana G'wup] Lar]y Pemuan EE : L
. The Group is wlde%plead over the entire area of the Slra range (Quad 20- -n, 20- n, _
21-n, 21-f, 22-n, 22-fi and 22-0). The layer is mainly composed of limestone,
paltlally dolomitic. The upper horizons are dominated by fossil-rich marl. The o
Gr oup is 500 m thlck in unconfoz mable covered by the Fne Formatlon : o

6') [Ene F01 mationj Late Permmn to Barly Tnassw SRR S -
The Formation lies northwest of Bajo Pichanaqui (Quad. 22- n) in the gouthwest end
of the survey area. The Formation is composed of fine to medium-grained sandstone
accompanied by limonite and thin lqyels of poorly qorted calcal eous sandstone The _
thlckness of the Formatxon is 700 moo : - :

7) [Pucara Group] Late ’1}'1asszc to lmr]y Jurassrc L .
The Group lies in the vicinity of Bajo Plchanaqua (Quad 22 n) in the southwest end
of the survey area. The Group is mainly composed of thick beds of neritic limestone,

accompamed by thin layers of marl. The -upper horizons abound in fossils, The -

Group is ‘1,600 m thlck covered by the Sarayaqulllo Formatlon in angular -
unconfoumty - RS o - -



8) [Sarayaquillo Formation/ - Late Jurassic
The Formation lies in a small area to the south of Puerto Bor mudez (Quad. 21-n).
The Formation is composed of somewhat thick beds of feldspathic sandstone,
accompanicd by limonitized basal conglomerate. The Formation is 600 m thick, in
unconformable covered by the Oriente Formation.

9) [Oriente Gi oup] ]mrly Cretaceous

Cretaceous in unconformable covers Jurassic, constituting the Oriente GlOllp
Chonta Formation, Vivian Formation and Cachiyacu- -Huchpayacu Formation, in
ascending order. The Group spreads most broadly over the entive area of the Sira

range in the survey arca. (Quad. 20-n, 20-i, 21-n, 21-#, 22-n, 22-ii, 22-0 and 22.p)
- The Group is composed mainly of white-colored siliccous sandstone accompanied by
: thm layels of 1eddlsh feldspathlc sandstone and limonite. The Group is 600 m thlck '

| '10) [C’Izonta Fozmat;on] Late C’zetaceous
- . The Formation extends in strip north to south : along the eabt and west ﬂanks Of the
- Sira range. (Quad. 20-n, 20-i, 21-n, 21-ii, 22-n, 22-ii, 22-0 an(l 22-p) The Formation

is composed mainly of somewhat thick beds of yellowish gray coloved marl and
limestone which yields abundant fossils, accompanied by thln layets of ]nnonltlzed
shale The thlckness of the Formation is 650 m, :

1 I) / Vwmn If rmatlon} Late Cretaceous

The Formation extends north to south along the west ﬂank of the Sira 1ange in

©  Quad. 20-n, 21-n and 22-n, whilst, in Quad. 22-ii, 22-0 and 22-p, it extends along the - |
~ southeastern part of the range. The Formation is composed of somewhat thick beds
of I'me to medmm gramed sﬁlceous sandstone The Formation is 350 m thlck o

o _12) [Cacblyacu Hucbpayacu Format;on} Late Cretaceou.s . S
" In the quadrangles 20-n and 21-n, the Formation extends in strip along the wost :

flank of the Sira range. The Formations are mainly gray colored shale and -

~ medium-grained sandstone including coal layers. In the upper horizons, "carofitas - =

(small plant fossil)", are observed. The Formation is 150 m thlck in unconfor mable

: covered by the Huayabamba Group

S 13) [Hua yabamba Graup] L‘ocene to 0]1gocene o _
~The Group lies in strip north to south along the Pachitea, PlChlS and Autlkl basms :
 (Dwgs. 20-n, 21-n and 22-n) on the west side of the Sira range, whilst, on the east
- side of the range, it extends on the west banks of the Ucayali and Urubamba rivers
- (Dwgs. 10-ii, 21-i, 22-ii, 22-0 and 22-p). On the west side of the Sira range, the
" Group is classified into the three formations: the Eocene Yahuarango Formation, .
“the late Eocene Pozo Formatlon and the Ollgocene Chambna Formatlon The totai o

thlckness is 1 600 m.

4



- [Yahuarango Formation]

The lower to middle part of the Formation is composed of reddish violet-colored

“claystone in thick beds which intercalates thin layers of greenish gray colored

sandstone, whereas the upper part is of reddish violet-colored, massive claystone
which intercalates thin layers of llmestone 1ncludmg limonite and fossils. 'l‘he
For matlon is 800 m thick.

[Pozo For. matmn ]
The Formation consists of the loweunost part composed of yellow1sh gray colmed

. tuff, the middle part of greenish gray colored shale including fossils, and the upper

part of reddish glay colowd claystone mcludlng fossnls The thickness of the

o F01 matlon is 400 nt.

' [ Cbambna ffw matmn]

The lower part is composed of 1oddlsh bIOWIl colmed massive calcareous claystone_
~including coarse grained sandstone in lenses, while brick red-colored, massive

calcareous claystone including calcaleous nodules comprises the uppel part The
Formatlon is 400 m thlck : o

o 'I‘he hthofames on the east Sl(le of the Sua range is of 1ed colored ﬁne glamed
o sandstone, reddish brown-colored mudstone accompanied by limonite in thin layers, .
- limonitized claystone, dark gray colored limestone, dark gray colored conglomeratlc o

andstone clayish sandstone cte. ’I‘ho total thlckness is 1,600 m.

1 4) [Ipurmo Forma tlon ] P]mcene to M'Iocene

~~ On the west side of the Sira range, the Formation extends in stnp north to south -
" along the Pachitea and Pichis Rivers (Quad. 20-n and 21-n) while, on the east side of
" the range, it spreads bloadiy over the Selva from the Ucayall Ulu‘oamba basin to
' the Branhan border . - -

'I‘he Formation of the west side of the Sira rmige"eompi‘ieee— reddish to '-g'l-'ziyish. .

. white- colored, coarse grained sandstone in th1ck beds accompamed by a horlzon of
" clayish mudstone, ‘md is 500 m thlck -

' The For mthon on the cast 31de of the Slra 1ange comprlses sandstone accompamed
by reddish blown colored mudstone and lenticular calearcous rocks, yellowish . .

“ brown-colored, fine-grained sandstone accompanied by reddish brown-colored

~limonite and fossil plants, dark gray colored calcareous sandstone accompanled by

thin layers of reddish brown-colored mudstone - mcludmg fossil tortoises,

" conglomerate accomp*nmed by thin layers of tuff, brecma assuming various colors,
~ete. The thickness of the Formation reaches 1,200 m.-The Formation is covered by

th_e Pleistocene Ucayali and Madre de Dios Formations in angular unconformity. -

o _15.)' [Ucéyali Forma#ion] ;Pjefetoéen'e B

B (T
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The Pleistocene Series in unconformable overlies the Ipururo Formation of Miocene

~ to Pliocene age, spreading over the Selva on the east side of the Sira range from the
- Ucayali-Urubamba basin to the Brazilian border. The portion west of the long.

73°30" W is called Ucayali Formation whereas the castern portion is called Madre
de Dios Formation. The lithofacies of the Ucayali Formation comprise red-colored
clay, coarse glamed sand, and pebble including tlnn layers of gravel. The thlckness
of the Formation is about 30 m.

18) [M?dze de ])10.9 Ifounatmn] Pleistocene |

The Formation comprise limonitized sand, yellowlsh brown-colored clay and

: yellowlsh b10wn colmed unconso_ll_datcd pebble, The Formation is 20 m thick.

- 17) [A]Iuwum] Ho]ocene =

‘The Alluvium spleads over the Sira range and river basms in the Selva comp1 ising

unconsohdated sand pel)ble ete.

| (_)_Intrusmemks

Two typeb of stocks presumably of (llffelent intr usion stages lle in the Sira 1ange in

. the west of the survey area. One of the stocks comprising gnelssw granite, diorite,
" ete., which is inferred to have intruded in the Permian time, is situated in the center -

of the ‘anticline of the Sira range (Quad. 21-i and 22-ii) and intrudes into

Precambrian metamorphlc rocks. The other stock, situated in the north of the range
~ {Quad.19-n), comprises monzodiorite inferred to have intruded in the Paleogene time

and is altered by contact metasomatism and mineralization. (Although the latter is
situated outside the survey area, reference is her ein made in view of its necessity fm

_ -_the evaluatxon of potentlal ore dep031ts )

‘_'I‘he characteustlcs of the mtluswe 1ocks in aud alound the sutvey area are
summan?ed as follows S o :

- 1) Soutbeastem part of' tbe SJra range (I)

Locallty southeastern part of Quad. 21-f: "Bolognem
" Rock types: gnelssm granite, diorite .-

- QOccurrence: gneissic granite (EW 2 km, NS b km) dloute (EW 0.5 km, NS:1.5 km) '
~Altitude: 500 m to 1,200 m .
- Wall rock: Pr ecambrlan slate and gnelss (Sna Complex)
- Age: Permian © - .

Mineral mdicatlons none -

B _ 'Source INGEMME’[‘ geologlczllll report (4)

o Rock types amphlbohte, basalt glamte

2) Southeastern part of tbe Sira range (II)
Locality: northeastern part of Quad 22-ii: '_'Obentem

e



Occurrence: snnll scale (lllldOSCl 1bed in the 1: 100 000 scale geologlc map)

- Altitude: about 500 m to 800 m

Wall rock: Precambrian dioritic gnelss, etc (Maraiion complex)
Age: Permian

~ Mineral indications: none

Soulce INGEMMFT geologlcal report (5)

3) Nm thern part of the Sua range

- Locality: southwestern part of Quad.19-n: "Puelto Inca" 13 km east of Puer to Inca,

- Dept. Huanuco, on the right bank of the Rio Pachitea; UTM coordinates (N
- 8,963,000; E 517,000); the piacel gold deposrt in the Negro Rwex is located about
- 23 km southward. ‘

. Rock type: Monzodlollte

Occurrence: E-W: 3.5 km; N-5: 1.5 km .

Altitude: about 300 m -~ : : ' SR

Wall rocks: sandstone of the lower Cletaceous Orlente Group, limestone: sandstone )
beds (gently dipping west) of the upper Cretaceous Chonta Formation, limestone -
of the Chonta Formation in the v1c1n1ty of the stock the sandstone of thc Orlente'
Group is altered to homfels ' - o :

'.Age Paleogene _ - R I A T
~ Mineral indications: In some hmcstone of the Chonta Formation, contact

- metasomatic alteratlon with Au- Cu dissemination occurs. Au-Cu anomalies (Au .
10.02 to 0.18 gft) are detected in the stream sedlments in the vwnuty of the stock

' Soulco INGEMMET geologleal repmt (9)

1) Geo!ogm str uctm e nea1 tbe smf'we

The survey area is mtuated north of the stluctulally transﬂ;lonal zone called the
“Abancay” bend in southern Pem and 1cplesents the NNW SSE dnectlon the
typlcal Andean ttend : g : .

The western part of the smvey area is catled Sub Andes whore the Cordlllera,

l ~ Oriental shifts into the Selva The Sn‘a range, alt 2, 000 m, IS formed w1th1n the o
_SubAndeS" : SRR B A ~

" The Sira 1ange composed of the Precambrlan Paleozore Mesozorc and Paleogene,' -

conslitutes an anticline thrusted on the west and east margins of the range whlle o
inter nally, antlcllnal and sync]mal structures develop wrth the Andean trend '

On the cast sxde of the Slra range, the Selva composed of the Neogene to Quaternary s

spreads extensively up to the Blamhan botder, while the Ucayall Urubamba rivers
are situated on the westeln malgm of the Ueayah sedlmentary basm The Ucay‘nh -
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basin has the Precambrian basement which constitutes the DBrazilian shield,
underlain by the Paleozoic, Mesozoic and Palecogene rocks, extending in the N-S

direction and reaching 6,000 m in depth. Oil and natural gas prospecting have long
since been conducted in the sedimentary basin.

As regards inty usive rocks, granite stocks are observed in the Sira range in the west
of the survey area, which have caused contact l]lBt‘llllOl phism to the Precambrian
and Mesomlc of the Sira range.

2 ])eep geo]ogic structure

An overview of the geotectomc fr amewmk of the survey area, based on the smvey

- data of the Petroperu, indicates the following structural units from west ‘to east.

hgule 12 exh1b1ts the deep geologlc stl ucture of the sur vey avea.

Aa. Viicabamba Sua HI)tI(,’]HIe Sira thmst zone and Uca ydll dep1 ‘ession

"The Vilcabamba-Sira anticline mpmsents a large-scale anticlinal StlllCtLlle

~‘extending from Agua Caliente in the northwest of the survey arca to the -

Vilcabamba range in the south of the survey area. The total extension reaches 400

- km. The anticlinal axis generally trends N10°W In the north, it plunges northward

and sinks into the Tertiary System while, in the south, it is bounded by the Abancay
bend. In the survey area, the anticline forms the Sira range. Its cast and west
flanks are asymmetric, the former dlppmg steeply while the latter gently The
antlchne is bounded by the th1 ust 70ne in the east.’ o .

'; The nmthem area of tho anticllml structure is called Slra hlgh whele sudden '
~ ascension of the basement is mfemble from gravity and seismic data. At the

‘northern end of the anticlinal structure, out of the survey area, there is the Agua
Caliente gas field. In the Vllcabamba_ -Sira anticline, many fractures develop in NE-
SW direction, which are interpreted to be left-lateral faults. The hot spring at Agua

" Caliente is presumed to ascend through one of such fractures as the path. Besides

~the thrust zone boun(hng the east flank of the anticlinal structure, theve is a

 parallel thrust zone in the interior of the anticlinal structure. In these thrust zones,
Ta block structure consmtmg of the nor mal and reverse faults is f01 med -

Along the Ucayah river east of the Sira thl ust zone which bounds the east ﬂank of ;
_the anticlinal structure, a sudden subsidence of basement caused by the N

,development of the thrust is observed, which is called the Ucayali depression. From

" seismic’ prospectlng data and well logs the amount of veltlcal dlsplftcement ls' '
: mferred to exceed 2 000 m. : :

b Uca yah sedzmentary basm e

- The Ucayali sedimentary basin b-'r.o.adly extends in the \lNW SBE dnectlon over the -

Selva in eastern Pelu w1thm the approxmate area of lat 6°30' 2°S and long 72°-
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_'.76°.W. It has the Precambrian basement, overlain by the lower Palcozoic to

- Cretaceous. In the survey area, the Ucayali sedimentary basin is located outside the

both flanks of the Vilcabamba-Sira anticline and bounded in the cast by the
Fitzcarral arch. The depth of the basement reaches 6,000 m in the vicinity of Sepa
in the lower 1each of the U1 ubamba river. :

c. Alala ya ffzult zone, S]zesbea }ugf) and Sepa high

About 10 km north of Atalaya, in the south of the survey atea, plesence of a fault
zone striking N70°F, 15 km wide, has been inferred, which is called the Atalaya
fault zone. The fault zone, as a whole, is inferred to have a left-lateral displacement.
The occurrence of the Atalaya fault zone is not necessanly clear flom the surface
geology -

| The ascension of the basement w1th the N-S tlend obsewable at alound long. 73°20"

W is cut by the Atalaya fault zone. The north side of the fault zone is called the
. "Sheshea high" while the south side is called the "Sepa high." The latter forms an
antichinorium, where the anticlinal structures such as Sepa, Pucacuro, Leigh and -

- Vietor lie intercalating a small synclinal structure. The depth of the basement is
) mfened to be 5, 000 m in the v1cmlty of the Sepa qntlehne

- d Inu_ya Ymua brgb : : :
- The high represents an ascendmg portlon of the basement obselvable at around

long. 72°30' - 73°W and is inferred, as a whole, to assume a horst-like structure -
“bounded in the east and west by 1101 mal faults 'l‘he depth of the basement is about

: 2 000 m in shallow poxtlons

-"-'e thzcaua[ dwb o
~ From around long. 71° to 7‘?°30'W thele is an ascendmg portlon of the basement

with the NE-SW trend, called the Fitzcarral arch. The arch bounds between the
Ucayah sedlmentaty basm and the Madle de Dios sedlment'uy basm '

L Madz'e a’e DIOS sedzmentary basm - : -
- The sedlmentary basin spreads from the southwest part of the Pltzcaual atch to

Brazil and Bolivia, its southern limit being at lat. 13°20' S. Similar to the Ucayali

- sedimentary basin, it has the Plecambuan basement overlain by the Lowe1

rPaleoaom to Cretaceous 1ocks

| "'g Otbers

>

- An antlclmal structure w1th the NE SW trend is mferred to extend along the Alto -
Purus river in the northeast of the survey area, but its details are unknown

: ﬂ52~—



2-3 Ore Deposits
2.3.1 Data collection

The collected data mclude the INGEMME’I‘ geologlcal 1epmts and data base of ore

deposits and showings, the data of the Mine Inspection Bureau (la Diveceién de

Fiscalizacion Minera) of The Ministry of Energy and Mines and the Mining Registry

(Registro Piblico de Mineria), the Banco Minero's financing-related technical reports,

Petroperu's geologic maps and reports and ONERN's survey reports, For details of

the collected data refer to the llst of 1efelence and data co]lected, at the end of thlS
volume, : - SR :

2-3-2 \1i11era1izt1tioh

- From the geologlc-metallogeme pomt of view, the survey area is sntuated east of the '
East Andean metallogenic province, and where few deposits have so fal been
developed because of the poor accessibility and the lack of information on ore

" deposits and showings. Mineralization in the survey area is described below, on the

- basis of the topographic division, into the Sira 1ange lelSl(}n the Uc*ayah Urub'unba L

'd1v131on and the easteln Selva dwlsmn -

' The Sna range (11v191on alt 2, 000 m, is a patt of the Sub Andes area where the
Cordillera Oriental shifts into the Selva, and is underlain by Paleozmc mcludmg
" Precambrian and by Mesozoic. The area has the best accessﬂnhty in the survey arca
from the Andes Mountains side; therefore small placer gold mining has long since

been conducted on the western ‘margin of the Sira range. The INGEMMET's recent ' -

~ geological survey has verified occurrence of intr usive rocks accompanied by Au- Cu
o mmeral mdlcatlons and new appllcatlons for mmmg clalms are bemg ﬂied

E The Ucayall Urubamba d1v1smn is sﬂ;uated on the west margm of the Ucayall basin
- stretching in the central part of the survey area, bounded by the thrust fault .

- trending N-S on the east edge of the Sira range. The Ucayah basin, w1th the 6,000 -
- m-deep Precambrian basement, is composed of the Paleozoic and Mesozoic rocks. The .
" area has high potentials of petroleum and natural gas, where seismic prospectmg L

and long-hole drilling have been conducted long since, in an effort to examine

geological structure of the Ucayali basin. As for metallic mmerals, however
sufficient prospecting and development have not yet heén ‘done, owing to the poor
accessibility to the Selva zone. Nonetheless, information on showings of placer gold -
dep031ts has been increasing recently, near small towns along the Ucayah Ur ubamba -
rivers which serve as the major transpmtatmn routes T :

_The eastern Selva d1v1310n COVErsS the Selva up to the Brazﬂlan bmder a sparsely

populated area of hard access. Descriptions of ore deposits and showmgs are scarce, .
~as we]l as mformatlon on mmelal resources development From the topographlcal e



and geological points of view, occurrence of placer gold deposits is considered to be

possible.

2-3-3 Ore deposits and showings

Table 7 lists ore deposits and ininor_al indications in the survey avea extracted from
the INGEMMET data base. Location, geology, mineralization and source described
in the existing data are summarized below, in respect of the topographic division.

(1) Sira range -
| _ 1) Pu ch Pmtuchu

A Locahty Quad 19 -n: “Puel to Inca" 13 km east of Puelto Inca, Dopt Huanuco in

. the northwest of the Sira range; UTM coordinates (N 8,963, 000 E.517,0000; alt.

. about 300 m. The locality -- out of the survey avea -- is about 23 km north of the
' placer gold deposﬂ: in the Noglo river 1ofel ved below o .

=+ b. Geology Sandstone of the Onente Group of the Lower Cletaceous System and
- - limestone-sandstone of the Chonta Formation of the Upper Cretaceous System are

“overlying with a_gentle dip westward. Monzodiorite intrude in stock (2 km @) into

;" the Cletacoous leestone of the Chonta Formation and sandstone of the Ouento =

Gloup alound the stock are metamorphosbd to hornfels

,:__o Mmelalwatlon Contact met‘lsomatlc portlons exnst in palt of hmestone of the '
- Chonta Formation, accompanied by dissemination with Au, Cu, etc. In stream .
~sediments around the stock, Au and Cu anonalies (Au: 0.02 to 0.18 g/t; Cu: 10 to

27,6 ppm) are detected. Assay of rock samples collected in the sumoundmgs of the -
1nt1 uswe rock lndlcates max. Au O 567 glt and Cu 900 ppm. :

d Source INGEMMET geologlcal repmt (9)
| 2) Negra River (HUA 0071 0072, 0073, 0074)

a. Locahty Qu‘id 20 -1 "Rlo Palcaz.u in the Neglo river at Puelto Inca, Dept

- Huanuco, in the northwest of the Sira range; UTM comdmates (N 8,937,622, E -
506 827) alt. about 300 m. _

b Geology and mmerahzatlon The placer gold dep031ts occur in the Llullaplchls .

S “river and the Negro river, tributaries of the Pachitea. Mining dates back to 1935-45,
when 2,000 to 2,500 miners were engaged in gold production at a monthly rate of
- 100 kg. From 1970 to 80, gold prospecting was active. At the two claims, Oro del Rio -

Negro and El Sira, 10 km east of the Pachitea river, 37 pits were dug and resource-

. geological evaluation had been done. It indicated 300,000 m? (Au: 1.55 g/m3; 465 kg)

.. .;5'45 ,



of conﬁrnled reserves, 460,000 m3 {(Au: 1.487glm3; 680 kg)'of pl’obable reserves and

1,500,000 m3 (Au: 1 g/m3; 1,600 kg) of possible reserves (Moya, R. Carlos, 1974). At

present, some 200 people are engaged in panning to plO(lllCG gold of 1 g per man-
~day. _

c. Som'eei Reference (11), INGEMMET geological report (1)

3) Intz Mmtaro (J UN 0320, 031 9)

a. [ncahty Quad 22-n: "Baja Pichanaqui,” Chanchamayo Huachlrlkl Dept Junin,
in the southwest of the Sira 1ange UI‘M coor dmates (N 8,800, 60{) E 520,038); alt. -

900 m to 1 OOO m, :

~ b. Geology and mmerahzatlon In the small mining clalms of Intl Mantaro and Vllla |

El Sol, minor-scale tunnel prospecting is ongoing to examine occurrence of the - B

" Pucara_ Group and Chonta Formation of Mesozoic. It has been reported however, _
~that the mineral indications and alteration are weak No mtluswe rocks are
obselvable in the nealby aleas ' : '

o c. Source INGEMMET geologleal rep01t (2)

. ..4) Autlkl -

. ."a Loeahty Quad 22-n: "B‘l]’l Plchanaqul Chanchamayo Antlkl ljept Junm in the
o southwest of the Sira 1ange UTM coordmates (N 8, 789 000, E 541 0000) alt 500 m..

| b Geology and mmelallzatlon A forelgn company is eonductlng geologlcal survey to o

" examine a paleo-placer deposit which occur in the basement of the Orlente_ '
Fm matlon of the Lower Cretaceous System -

| c. Somce INGEMMET geologlcal 1ep01t (2)
' '(zmeaxajumamhamgen '
1) Cumaua Valley

a Locahtyr Quad 20 -0 "Cum'ma " 105 km north ofAtalaya Dept Ucayah 1n one of S
_ the Ucayah tubutarles UTM eoondm‘ites (N 8 912 000 E 622 000) alt 210 rn o

_b Geology and miner ahzfxtlon Fluv;al sednments (sand) around the Cumarla valley,
~a tributary of the Ucayali on the right bank, assay Aw 0.025 gft. The Ipururo

- Formation of the Neogene System is exposed in the area. No intrusive rocks nor the - -

Mesozoic-Paleozoic rocks are ex1stent in the vicinity or upper streams lt has been S

. pomted out that the Ipu; uro For 1natlon posmbly eontalns gold

o WSSH .
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¢. Source: INGEMMET geological 1'épo1't (3)

2) Vieinit y of Afalaya

- a: Locality: Quad. 22-o: "'Atalaya," Dist. Atalaya, Depl;'. Ucayal, near the confluence

of the Tambo and Urubamba river; an island near Mardonadillo (UTM coordinates:

- N 8,812,500, E 642,000) and tho Tambo river near Atalaya (UTM coordinates: N

8,815, 000 E 686 500)

b Geology and nnnelalimtion In the Ucayali river and its tributaries north of

~Atalaya, occurrence of placer gold deposits and heavy minerals has been reported,

- but exact localities of many mineral indications are unknown and many are not

“covered by mining claims. Howevel the placer gold deposits at the two locahtles

' mdlcated above are well known
e Soulce INGEMMET geologlcal 1epozt (4)

o _3) The Urubamba L

a. Loeaht_y Quad ?2p"'Rlo Inuy‘a," Dlst Atalaya Dept Ucayall M8 near the.

- Mapalija Island on the right bank of the Urubamba river (UTM coordinates: N

8, 813,000, E 678,000; alt. 285 m; 12 km northwest of Sepa, and M-7, at Esperanza

~on the right bank of the Urubamba river (UTM comdmates N 8,799, 000 E

694 000) alt 286 m; 9 km southeast of Sepa

, 'b Geology and mmelahzatlon placer gold showmgs are obselvablo in the glavel E
. beds mixed with clay along the Urubamba river from Sepa to Camisea. Panning

samples of stream ‘sediments at the mentioned M-8 and M-7 are reported to assay

- 1.6 g/t and 0.8 g!t of Au, respectlvely It has been pointed out that places where
. current velocity is abruptly reduced, such as confluence, and curvatures of
ineanders are important as locations where placer gold deposits tend to be formed.
" The gold is thought to be originated from gold-bearing quartz lenses and veinlets

which filt beddmg planes and fissures in Paleozoic sedimentary rocks such as slate

- and quartzite in Andes mountains, which are accompanied with acidic intrusions.

0 17% of Sn contamed in a panmng sample has also been repor ted

| e Source Reference (10) :
@ I [ ' S ]_.- '!" SECOR
.'_.'1) E'ast of the Ucayah |

" a Locahty Quad 20 p, 20 4 20 -1, 21 p and 21 -q

o :'. f;-55-7‘.



b. Geology and mineralization: The area is the Selva zone from the right bank of the
Ucayali to the Brazilian border, having hard access and sparse population.
Descriptions and information on placer gold deposn;s and mmelal resources
development are hardly avallable :

c. Soulce Refel ence (12) and INGFMMET geologlcal wp{n ts (6) and (7)
2) Districts of' Purds, Department of' Uca ya]: (the east mmgm of the survey ar ea)

 a. Locality: Quad 211, 22 r, 21- -8, 29- s, 20 t, 21 t 22-t, 19 -u, 20 u, 21 -u and 22-u (the |
Selva zone up to the Blamhan border) ' : o :

b. Geoiogy and mmelahmtlon ’I‘he area bemg hardly accessible 'md sparsely.,'
- populated, few descriptions and mformatlon on plac01 gold deposn's and mmeral a
resources development are avallable :

c. Somce I\IGEMMET geologlc'xl 1ep01 ts (7) and (8)

24 Conslderatlons

The survey area consxsts of Precambman, Lower Paleozmc, Upper Paleozcnc, :

- Mesozoic, Cenozoic and intrusive rocks. In recent years, geological survey of the -
“extensive arca including this swrvey area has been undertaken by the INGDMMET :
- ‘llld its geologlcal repmts were pubhshed in 1997 and 98 L S

'Ihe sur vey area is 31tuatecl in the remote 1eg10n beyond the Andes Mountams and '
. the access is impeded by the Selva zone. Such constraints have obstructed progress of
-systematic surveys. At present there is no operatmg mines of metalhc mmerals in
" the survey area. - :

Considmetiens on the geology and ere'deposits in the survey area; based upon the -
data collected durmg the Phase I sulvey, may be summanzed as follows

' On the westeln margin of the Slra range whlch has relatwely good aceess from the

. ~ Andes side, placer gold mining has been carried out long since. In the Negro river, a -
. tributary of the Pachitea river in the north of the Sira range (Quad. 20-n), placer gold -

mining was conducted since the 1930's to produce gold of 100 kg a month. In the
- 1970's, plospectmg including pitting was done, which indicated 1.2 tons of gold
- content in the confirmed and probable ore reserves, At present some 200 people are -
engaged i in panmng operatlon : : L _

" As the INGEMMET geologmal survey in recent years 1n the area 13 km east of _

5
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" Puerto Inea (Quad. 19-n), or about 23 km north of the Negro river, verified presence

of an intrusive rock accompanied by Au-Cu indication, a number of applications for
mining claims have been filed. This indication is similar with the placer gold deposit
in the Negro river in structural setting, whereas the indication is considered to be a

“source (primary deposit) of placer gold. Therefore, it may be said that to discover

both primary and secondary (placer) types of ore deposit might be possible,
depending on a systcmatic prospecting in future, :

Gold and tin concentration in stream sediments are reported in a eastern tributary of

-~ ‘the Ucayali river in Quad. 20-0, near Atalaya (Quad. 22-0) and Sepa (Quad. 22-p)
along the Ucayali itself. A report says that, near Sepa, some panning sample assays

1.6 g/t of Au, which suggests a high probability of occurrence of placer gcld deposits.
At present, mmmg contractors seem to inactively engage placer gold mining at this

- prospect. It is possible that minable placer gold deposits can be discovered by future
. surveys in the unexplm ed Selva zone east of the Ucayah U1 ubamba llVOIS, as well.

': '458ﬁ .
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. Table 7 List of ore déposits and minerai-indiéatio.ns (1)

/D | NOMBRE DEPARTAMENTC - UBICACION | LATITUD |LONGITUD | CUADRANGULO E"E“gENT MINERAL | FORMA | DEPOSITO
: '3 nggEL ' PUERTO INCA, o C | RIOPALCAZL o o : :
| HuAGO?? ' " HUANUCO | PROVINCIA DE | 06-36-425 |074-58-16W| . ] AU | ORO | RREGULAR | ALLVIAL
A NEGRO, ~C .
. PACHITEA | . S 20-N
MINA
S .LéRENA" IR PUERTOINCA, | Sl T RIOPALCAZU I : ' :
Huaoorz | “SRETA | HUANUCO - | PROVINGIA OE | 08-36-425 |074-56-06W . AU ORG | IRREGULAR | ALUVIAL
e ] o dopacHmEA | © 20N o
L shiRA | PUERTO INCA, | RIO PALCAZU ) o , .
| Huacoza | S50 SN | HUANUCO | PROVINCIA DE | 06-35-008 |074-50-36W S "AU- | ORO | IRREGULAR | ALUVIAL .
] MINA PACHITEA | . ‘ 20-N -
N B Miéﬁ'ﬁNO : TPUERTOINCA, |~ - | 1 RIOPALCAZU | - : . .
| Huaco7a | M EHS | HUANUCO | PROVINCIA DE | 0934245 (074-44-24W AU ORO | IRREGULAR | ALUVIAL
N S _ PACHITEA 20N -
. BAIC _
b | vitasl | T | picHanaAQul, - O o . :
JUNO319 | SOL, }.° JUNIN .~ | PROVINGIA DE | 10-53-008 |074-51-00W AU ORO
. | PETITORIO o | CHANCHAMAY Y . : : ' :
T Pzt:n-?mgom o - BAO
Junozzo | MANTARS, | . - juNiN | PROVINGIA DE | 10-51-008 [07a~co-00w| ~FICHANAQUI AU ORO
CONCESIO . _ S
. . | CHANCHAMAY | - -
LN - 22-N

. 1D 1 CODIGO INGEMMET
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.Tabka7'LEtofohidéposﬂsahdlTﬁnenﬂihdkmﬁphs(2)

; Rl ' : £RAL COMENTARIGS OMENTARIOS D UBICACON COMENTARIO GEDLOGICO
) COMENTARIO DE EXPLORACION COMENTARIO DE EXPLOTACIGN EXPLORACION ¥ COMENTARID CENERAL MAERALES REFERENCIAS BBLIOGRAFICAS COMENTARIOS RESERVAS c ICACH *
DESARROLLO . " R ’
. . : R ) ) i FEROS
EL YACREENTO CONSISTE ENDEPOSITOS ' |EXISTEN HUELLAS DE ZONAS TRABAIADAS | DESPUES OUE FUERON - f;&%ﬂﬁ%g:g::‘og?fﬁz oue R ) o £ USICA EN EL PARAJE DE YANAYACY, &gg‘f;m fﬁiﬁs MIRIFER
AURIFEROS EXISTENTES EN TERRAZAS EN LA EXTENSION D 20 X 33 MHOY CONOCIDOS LOS DEPOSITOS [eot et e Bl e P ERITA 16 OROSERALLAEN  [MOYAFERRADAS, CARLOS; ANTEPROYEGTO ENTRE LOS BEMUNCIOS LORENAY EL | CUATERRARIO) EN LAS MARGENES DEL IO
ALUVALES (CUATERNARIO) . €L ORO SE CUBIERTA DE MALEZAS (ZONANL ADEMAS [ FUERON INTENSAMENTE ELLY LOPEZ GALLARDO Y QUL LUEGO  [FORMA BE CHaRpAs,  |OF EXPLOTACICH DE GRAVAS AURIFERAS SHIRA", EN LA CDIFLUENCIA DL Ri0 NEGRO . EL 10 TIENE LN ANCHO PROMEDIO
HUA074 [ENCUENTRA DENTAO DE UHA CAPADE GREDA |SE KA ENCONTRADO UNATRICHERA DE 20 [EXPLOTADOS YASEGURAN  fyc s LIkt st Lim sy o Bl R e [ RIO REGRO', BMP.1914, COD.BEST5 GALVAN YUYAPICHES CON EL IO REGRO, ALAGUAL T S0 T, o i OF 30
GUE CONTENE TAMBIEN RODADOS (40 CHIA G 5X 201 (PONA B) SEQLNMANFESTACION DE [MINEROS DE LA ZOMA ue | S50 Tan o B0 B e Vo s - ANGS L, MIGUEL; NFORME TECNICO MiNA YORO SEACCEDE DE ACUERDOAL SGUENTE e 2o o e AR ETE S DE
CM DE DIMETRO) . LA SECUENCIADELAS [LOSMIEROS DELAZOUA TAVBENHAN  [RAN SACADO HASTAT KG EN 120\ he o jsPECCION , FL EABORED . g DEL RIO NEGRO", BMP 1972, COD B7642 ITINERARIO, PUCALLPA- PUERTO BICA 120 HIREEIRES ¥ B0 AR O Pt
CAFAS DE ARRIBA HACIA JEAJO ES C SACADOCELLECHOGELRIO . - [ AW . - RER o KU OANIEREN) PUERTO IICA- PAMEMtooueninbe
EL YACALENTO CONSISTE ENDEPOSITOS  |EXISTEN HUELLAS DE ZONAS TRASAJADAS  [DESPUES QUE FUERON E'&fﬁf&%ﬁ&ﬁéﬁéﬁ&e A o - SE UBICA EN EL PARAIE DE YARAYACUY $E %&“{‘Qm by NirEROS
AURIFEROS EXISTENTES EN TERRAZAS ENUNA EXTENSION DE 20 X 30 MHOY CONOTIDOS LOS DEPOSITOS | T e o MINERD ESTABA [EL 0RO SE HALLA Ent : : L ENCUENTRARDYACENTE AL OESTEGEL 1,0y | apARID) EN LAS MARGENES DEL RIO
A UVALES (CUATERNARKD) . £L ORO SE CLB'ERTA DE MALEZAS (ZONA AL ADEMAS. [ FUERON INTENSAMENTE AR IZACO DESDE FACE ZA005 - FORMADE CHARPAS, [OALYAN S, MGUEL: INFORVE TECHICO MHA DEHLRICID "ORO DEL RIONEGRO™Y AL CUAL [ o0 o e 0 PROMEDO
HURD0T2 [ENGUENTRA DENTRO GE LNACAPA OE GRECA |SE HA EHCONTRADOUNA TRICRERA DE 20 [EXPLOTADOS YASEGURAN 1ot i fooe s IR Sin LAILAS Y Fv0S 0RO DEL RIO NEGRO, EMP.1972, SE ACCEDE DE ACUERDO AL SIGUENTE [ Tuir T o o s DE 30
OUE CONTIENE TAMB.EN RODADOS (43 CMA B 51X 7 0L (ZONA B) SEGUN MANFESTACION DE [MINEROS DELATONA QUE oy Voo e e nocn v foons ) COD BI6A2 ITIERARIQ PUCALLPA - PUERTO INCA 120 | oo ooy o) LECHO 50 PAQUETES DE
GHOE DUWMETRO) . LASECUENCACERAS [0S MINEROS DE LA ZONATAMBEN KA [N SACaDO HASTAT KGN 10OV EREE Be e MINERAS RESIDE KM (VIA AEREA), PUERTO BCA - PARME  bloo o s mROIFERAS EMLAS
CAPAS DE ARRIBA HACWA ABAJO ES C * sacabopeL LecHo DEL RO U ANG LA BIG MAQUISAPAYOC 16 K04 (DESLEZADOR) . OUEDALE
EL YACILENTO CONSISTE EXDEPOSITOS - |ENFL ARFA CORRESPONDIENTEAL © DESPUES QUEFUERON |ELAREA DEL BEMLNGIO ‘EL SHERAES DE : ASLOS MOYA, FERRABAS: ANTEPROYECTO S SE UBICA EN EL PARAJE GE YANATACU Y o€ [N EAZOFADE LOS BLEGSHOS ARIFEROS
AURIFERGS EXiSTENTES ENX TERRAZAS CEMNUNCIO "EL SHIRA™ SE HF-‘I EJECUTADO 76 COMNOCIDDS LOS _DEPOS[TOS 3.000 1M I.S,M M. E H;CIALMENT_E R - |eLoro se HN.LP. en - [oe EXFLOTA.C'W DE LAS GRAVAS ESTOS DATOS E_STAN EPWM ADYACZENTE AL NE DEL (CUATERMARIO) EN LAS MARGENES DEL RIO
ALUVALES {CUATERNARIO) . £L ORO §E POZOS EXPLORATORIOS CONEL FINDE | FUERON INTEHSAMENTE PERTENECIQA LA SELORITANELLY LOPEZ [ ol el oo o Lt o e "ORD NEGRO= PP 1974 REFERIDOS A RESERVAS DENUNCIO "ORO DEL RIOKEGRO"Y AL CUML |y coon g1 R10 FIEME LN ANCHO PROMEBIO
HUAS073 [ENCUENTRA DENTRO BE LA CAPA DE SREDA [EVALUAR EL AREAMNERALIZADA YSEPA  [EXPLOTADOS Y ASEGURAN  [GALLARDO (§977). GUIENLUEGO LA . - iy Grattes | oot baars ALV S MGEr: orae  |PROBABLES UNICAMENTE CON [SE ACCEDE DE ACUERDO ML SIGWENTE | oo iy el it ApROXAADO DE 30
GUE CONTIENE TAMBIEN RODADGS {4 CM A O 5| CETERMINADO UN AREA MAS FAYORABLE DE{MNEROS BELAZONAQUE  [TRASPASO ALGS ACTUALES PROPIETARIOS, i LoD LA "0 DL RO HE RO L CONTEAIDO FINO BE 650 KG)ITHERARI: PUCALLPA- PLERTONCA 120 | oo L0 B (L et T
CM DE DIAMETRO} . LA SECUENCIADELAS - smiimm‘zommvnsnsﬁw.s CE  HANSACADO HASTAT KS EN TIENE UN CLIMA CALUROSO Y ELBO % DELA | BMP1ST2. COD BTS2 v DEAU IO (VA REREA) , PUERTO INCA - PARAIE | REMESCAS CUARCIFERAS. EN LAS
CAPAS DE ARR'BAHACA ABAMO ES C EXTENSION uN AR PROPIEDAD SE EMCUENTRA CUBERTA POR e . MACUISAPAYOC 16 KM(DESLZADORY. WA o erines o .
. - . : Lo e . R ARAJ y ! TOS AURFERGS
EL YACMENTO CONSISTE EN DEPOSITOS EXSTEN HUELLAS DE ZOHAS TRABAIADAS  |DESPUES QUE FUERON EL AREA DEL DENUNCHO MISTERIO™ ES DE. B : : mﬂﬁyﬁcwiﬁ‘@gfm'“ agﬁgﬁ‘é‘m,ﬁjﬁﬁ .
AURFEROS EXISTENTES ENTERRAZAS  * [ENUKNA EXTENSIONDE 20X 30MHOY - |COHOCIDOS LOS BEPOSITOS |3.000M X 2,000 M TINE UN CLIMACALUROSO | oo ey aee | 0 0 - : : DENUHCHD "EL SHEAA® ¥ AL CUAL SE ACCEDE [(CUATERNARIO) EN LAS MARGENES DEL RIO
© o [ALUNALES (CUATERNARIO) , Ex ORO SE CUBIERTA DE MALEZAS (ZONAAJ ADEMAS  |[FUERON INTENSAMENTE © . EN LA FECHA DE LA INSPECCION, EL FORAA DE Cattapns, |CALYAN . MGUEL: INFORME TECNIOO MINA OE ACUERDO AL SIGUHENIE N PERARID,  [NEGRO . £4 RSO TIENE LN ANCHO PROVEDIO
HUAOTY. JENCUENTRA GENTRO DE LA CAPADE GREDA |SE HA ENCONTRADO UHA TRICHERA DE 20 |EXPLOTADOS Y ASEGURAN.  |LABOREO MINERD ESTASAPARALIZADG [P P8 GuNGs 0RO BEL RO HEGRO', BMP.1672, PUGALLPA - PUERTD INCA 120 KM (VA DE 15 MY U CAUOAL APROXMIDO CE 30
OUE CONYIENE TALSHEN RODADOS (49 CM A B S{X 2 0 M (ZONA B) SEGUN AANFESTACION DE MINEROS DE LAZONAQUE  |DESDE HACE 2 ALGS APROXIMADAMENTE ¥ Faws. COD B7E42 LEREA) . PUERTO BCA - PARALE L TROS/SES ¥ SU LECHO S0 PAGUETES DE
©04 DE DIAMETRO) . LA SECUENCIA DE LAS LOS MINEROS DE LA ZONA TAVBENHAN  |HAN SACADOHASTA T KQER [SE TRABAIABA EN FORMA EMPIRICA . EL \AQUSAPAYOC 18 KM (DESLIZADGR) AR EMSCAS CULRCIFERAS. EX LAS
CAPAS DE ARRIBA HACIA ABAJO ES C SACADO DEL LECHO DEL RO LN ANO : MAYOR FROBLEMA PARA LAS OFERACIONE AESAPAYO ’ OQUEDADE
e . ’ o - R R EH EL CATASTRO MINERO SE REGISTRAN e e ELAREA COMPRENDE ROCAS DE LAS
" lew FROPOSITO DE ESTE PETITORO £S Lot T |og AREAS UBIGADAS EN EL CLADRARGLRO HISEMMET, GEOLOGIA LE LOS ;{;;;jf&’“m%s;’,‘ﬁiﬁﬁm U4 hranancs PUGARA Y GHONTA o
rn31e |DESARROLUAR TRABAJOS BE EXPLORAGIN | & EL PEVTORIO ABARCALINA o6 8AJ0 PICHANAOUE CEREA AL FOBLADO . CUADRANGULOS BE BAJD PICHARATRA ¥ HABENDOSE DETECTADD ROCAS
: EXTENSION DE 600 HAS. - PUERTO BERMUDEZ, BOLETIN 45 DE LA PICHANLOU, PROYINCIA BE G’\'.’\.W‘\‘A‘I'O y AZACKON
POR ELEMENTOS METALICOS kit bl BE HUACHIRIKE, U0 OE Esms PETITORIOS CARTA GEOLOGICANACIONAL, |99, : 0FT0. OF baN ITRUSNAS M FICHO DE MtERAL
. el csmu.n ol YA ALTERACION
e e ot - . R ) EL AREA COMPRENGE ROCAS DE LAS
LAS CLAS HAN HEGHD MUESTRED B EL AREAHA SIDO SOLICITADA ""Tw"CES'ON f“”rﬁi””ﬂ,“ ) BSEMVET, GECLOGIA BE 103 . SE UBICA LA CONCESION EN £L BISTRITO O ﬁ?ﬁﬁﬁcﬁm&’;ﬁw O CE
FYraT PARA HACER TRABAJOS DE | A1 DICKXI DE 1000 oo CUBDRANGULOS DE BAJO PICHANAGE Y 2430 PICHAMADUR, PROVINCIA DE ‘
S GMENTOS DE QUEBRAZA SOLICITADA PARA REALIZAR TRABAJOS DE : : ALGUN INTRUSIVO NIINDICIOS DE

EXPLORACION POR ORO. -

EX.PLORACiON POR ORO

PUERTO BERAMUCEZ, BOLETIN 85, 1997~

C“W\Cm AAYQ, DPTO. BE LN

WAME RALIZACION YA ALTERACHT
HOROTERMAL -

10 . CODIGO INGEMMET
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" Chapter 3 Integrated Analysis

~ In the integral analysis, promising ore-bearing zones were extracted on the basis of
the combined results of the analysis of the existing data in Phase I and the satellite
hnage analysis in Phase I and 11, whereby potentials for occurrence of ore depomts in

~ the entive inferior areas of the Urubamba River were evaluated. The integral
analy31s of the sutvey ﬁnd:ngs 1evealed the followmg aspects(Ref I‘lgule 13)

(1) 'i‘he data suggestlng plesence of antlchnal or dome stluctules in the Ucayalt
sedimentary basin have been obtamed from the drainage patterns delineated by
JERS-1 SAR image interpretation. As it has been confirmed with the Sira anticline,

“anticlinal structures and dome structures tend to be accompamed by a stockwork

“.intrusive rock nealby those centlal pmtlen Generallv, presence of an intrusive

~ rock suggests possible presence of the thermal source for formation of ore deposits;

the antlc]mal or dome structures are of particular importance from the viewpoint =

of prospecting not only f01 petloleum or gas but for metalllc mme1 al resources, as
well : -

(2) In the east part of the q11ad1angle 21. Ps thele is an area in Wthh an anomalous
- drainage pattern - a dlstlnotwe trellis pattem - 18 observed ‘As the anomaly is
o -~ possibly reﬂectmg ‘the presence “of intrusive rocks, the area is also consulered
B . nnpmtant for explmatlon of mmetal resources. : R '
‘ (3) 'I‘he hneament mterpl etatlon usmg the JERS 1 SAR data has revealed that the
~ lineament dens:ty tends to be low in the eastern part of the study area (Phase II
survey area), as compared with the western part (Phase I survey area). From the .
fact, it is inferred that the eastern part has lesser potentlals for metalllc mmeral
resour ces in comparlson w1th the western part

4) In the tln ust zone trendlng NNW SSE located in the east of the %ra range, many -
parallel lineaments to the thrusts, considered to reflect small fauits accompanying
~ the thrusts, and many intersecting lineaments to the thrust trending ENE-WSW,
" possibly reﬂeotmg tension fractures or strlke slip faults h'we been extraoted and
~ those lincaments form high densn;y zones of lineament in this zone. Generally,
- tension fractures are likely to be accompamed by mtruswe rocks and hydrothermal =
activity having the intrusive rocks as the thermal source. At Agua Caliente in the - -
. northeast of the study area, there are thermal springs accompanying faults with .~

“the NE-SW trend. Therefore, the high concentration zone of lincaments in the

o_ o - thrust fault zone east of the Slra range is consmlered to be 1mportant for metalho o '
' ' mineral resources exploratlon s R - : -

(5) Analysus of the ex1st1ng geologlc data mdlcates the possﬂnllty that pr1mary gold h

e
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depomts occur in the v1cuuty of the alluvial gold deposits in the Negro river in the
quadrangle 20-n,

(6) Minable alluvial gold depoéits are possibly pr_esént in the ﬂlivial sediments along
the Urubamba river near Atalaya (Quad.22-0) and Sepa (Quad. 22-p). :

In the light of the integral aﬁalysis referred to above, it is considered desirable that

field survey aimed for discovering new ore deposits, including geochemical survey,
ore showings survey and confirmation of lithofacies along the sur vey route, should be
under taken in the plomlsmg ore- -beari mg areas which follow:

'I‘he sur 10undmg aleas of the Neglo Rlvel whele the known alluwal gold dep031ts

are located

The area stretching from the Urubamba riverbanks including the Atalaya-Sepa

- zone, where alluvial gold showings are located, to the eastern palt of the Sira Range
west of the Ucayali, where mtruswe rocks oceur and high den51ty zones of :
lme'lment have been extracted. :

B R
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Chapter 1  Conclusions

~ The following conelusions are drawn from the Phase I and Phase [Istudy.
(1) Satellite image analysis using JERS-1/SAR data

a. From the analysis of drainage patterns in the Ucayali sedimentary basin, data
suggesting presence of anticlinal structures or dome structures and possible
presence of intrusive rocks were obtained. In the Selva zone in eastern Peru as
-represented by the Ucayali sedimentary basin, drainage analysis utilizing satellite
images is effective for the interpretation of geology and geologic structure.

b. In the thrust zone trending NNW-SSE located in the cast of the Sira range, many
parallel lineaments to the thrusts, considered to reflect small faults accompanying
the thrusts, and many intersecting lineaments to the thrust trending ENE-WSW,

" possibly reflecting tension fractures or strike-slip faults, have been extracted and
those lineaments form high density zones of lincament in this zone. Generally,

- tension fractures are likely to be accompanied by intrusive rocks and hydrothermal

- activity having the intrusive rocks as the thermal source. At Agua Caliente in the

 northeast of the study area, there arve thermal springs accompanying faults with the

~ NE-SW trend. Therefore, the high concentration zone of lincaments in the thrust

e . fault zone east of the Sira range is considered to be important for metallic mineral
g'- B - . resources exploration ' :

‘(2) Analys:s of the ex1stmg data _

a. It was asceltamed by recent geologlcal sulvey conducted by INGEMMET that an
.~ intrusive rock accompanied by gold and copper ore showings is present 13 km east
~ of Puerto Inca in the quadrangle 19-n of the 1:100,000-scale topographic map. This
- indication is similar with the placer gold deposit in the Negro river (focated in Quad.
' 20-n) in structural setting, whereas the indication is considered to be a source
" (primary deposit) of placer gold. It may be said that to discover both primary and
~ secondary (placer) types of ore deposit. mlght be possible, depending on a systematlc
' prospectlng in futurc

b In the Ucayah sedlmentaly basin, gold and tin concentration have been reported
~in heavy minerals in stream sediments along the Urubamba river near Atalaya
- (Quad. 22-0) and Sepa (Quad. 22-p). Especially, ncar Sepa, panning samples of
©_ heavy minerals is reported io assay Au: 1.6 git, Wthh suggests high possibility of
. .. occurrence of alluv1al gold depomts o

E fﬁ._In view' of the I‘esults of analyms the followmg arecas are extracted as promising
~ areas: '
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- The area along the Negro river where occurrence of alluvial gold deposits are
known. ' - - -

- The area stretching from around Atalaya and Sepa, where alluvial gold showings
are present, to the eastern part of the Sira range on the west bank of the Ucayali
river, where the intrusive rock is present and the high density zones of lineament
have been extracted. ' ' S o
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Chapter 2 - Recommendations

(1) Analysis of geology and geologic structure based on the JERS-1 SAR data is an
effective means for geological mapping and for collection of basic exploration data,
especially, in arcas that have thick cloud coverage as in the study arca. The

‘ INGEMMET's project of compiling the 1:100 000-scale geological maps which cover
§ the whole te1u_t01y of Peru was completed in 1999; however, some of the maps
' contained in the old editions do not satisfy the required level of precision. Renewal
of such maps will have to be undertaken in due course, Utilization of the JERS-1

SAR data to this execution would prove to be effectwe f01 efﬁment rencwal work
and 1mp1 ovement of the ])IGCISIOD

(2) When the JERS 1 SAR data are utllued f01 analySIS of geology and geologlc
st ucture, the geometuc distortions called foreshortening and layovel, which are
" theoretically included in SAR images, will be a serious hindrance especially to
“analysis of mountainous zones with strong relief. To solve the problem, it is
necessary to convert SAR images into geocoded i images -- geometrically corrected
-and geo-referenced 1mages having coordinate system referved from S])UClﬁc
topographic map - using the DEM (Digital Elevation Model). It will be necessary
_to transfer to the Peruvian counterpalt such kind of advanced technologles f01
SAR chta utllwatmn : :

_ (§ - (3) Il; 18 de31rable to 1mplement ﬁeld survey such as geochemlcal survey survey of ore -

showmgs and conﬁunatmy survey of rock facies along the survey route, in an -

- effort to discover new ore deposits in the plomlsmg ore- bearmg zones extracted in
- the Phase I and II smveys whlch follow: : :

* The suuoundmg arcas of the Negao Rlvel, where the known alluv1al gold ‘
deposns are mtuated . : : , . ‘

. The area from the Urubamba riverbanks, including the Atalaya-Sepa zones,
where the alluvial gold showings are located, to the eastern part of the Sira
'Range on the west bank of the Ucayali River, where intr usive 1ocke occur and
“high’ densnty zones of lmeament have been ext1 acted ' : S
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1974 | GB-9467 |  Petroleos del Peru
| 1974| ©B9468 | Petroleos delPera -
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©11/1,000,000 | 1967 | GB-9627 ~ Petroleos del Peru .
. 1/ i,OO0,0CO 11976 | GB-9724 . .Petroléos del Peru’
11/1,000,000| 1976 | GB-9726 | . Petroleos del Peru
_ﬁ? 1/1,000,000 [ 1976 | GB-9726 | = Petroleos del Peru

11/2,000,000 | 1977 | GB-9731 | . Petroleos del Peru
1/1,000,000 | 1977 | GB-9733 '| ** Petroleos del Peru-
11/1,000,000| 1977 | GB-9735 | - Petroleos del Peru
171,000,000 | 1977 |- GB-9736 | - Petroleos del Peru
‘| 1/500,000 | 1977 | GB-9740 /| _ Petroleos del Peru
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