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In response to the rcquest of the govcmmcnt of thc Hepublic of Peru, thc 
Japanese govemment determined to conduct a sel'ies of smvcy related to 
oxplomtion of oro deposits including analysis of tho oxisting data aud satellite 
image analysis, for the purpose of examining the potentials of mineral resources 
in the Urubamba river inferior arca of the Republic, and entrusted the survoy to 
the Japan International Cooperation Agency (JICA). In view of the geological 
and minoralogical nature of the intended survoy, the JICA commissioned the 
Metal Mining Agency of Japan (MMAJ) to implement thc survey. The survoy 
startcd in FY1998 (Phase 1), and the MMAJ organizcd and sent a two·man 
survey tea m to thc Republic of Pm·u for the pcriod from January 24 to l<'ebruary 
13, 1999. 

The field smvey was completed as scheduled, in close collaboration with, the 
Peruvian government agency, the Institute of Geology, Mineralogy and 
Metallurgy (INGEMMET) under the Ministry of Energy and Mines. 

This report summarizes the results of the first year's survey and is designed to 
form an integral part of the final survey report to be elaborated. 

We should like to take this opportunity to express our sincere gratitude to the 
Peruvian government agencies and persons concerned for theit· valuable 
cooperation. We are also thankful to the Japanese Ministry of Foreign Affairs, 
the Ministry oflnternational Trade and Industry, thc Embassy of Japan in Lima 
and persons concerned who have rendercd assistance and support for the survey. 

March, 1999 

Kimio Fujita 
President 
Japan International Cooperation Agency 

!~~:.:.~ 
President 
Metal Mining Agency of Japan 
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Summary 

This roport describes results of tho first yoar's smvoy in l<'Yl998, implemented in 
tho Urubamba rivot· inferior arca of tho Ropublic of Pet·u, under tho tochnical 
coopcration fo1· tho mineral cxploration. Thc smvcy was conducted with an aim 
to cffcctivcly select promising zoncs from the extensivo survoy ar()a in a short 
period of time, by means of satcllite image analysis, cxisting data analysis and 
intcgmtcd studies of survcy findings of an arca upstream of the Amazon in 
eastcm Pcm, which covers thc Ucayali River Basin and its upper streams, the 
Umbamba and the Tambo, whoro tho metallogenic zoning has not bccn clarified 
in detail. Simultaneously, thc tcchnology transfer to thc INGEMMET · Instituto 
Geológico Minero y Metalúrgico, the Peruvian counterpart for the survey, was 
carried out concerning the methods of survey and analysis. Collection and 
analysis of existing data and the satellite image analysis for the purpose of the 
tcchnology transfer was oxccuted from January 24 to February 23, 1999. 

The Urubamba river inferior arca covers an arca of about 65,500 km2, spreading 
over thc 28 quadrangles of the 1:100,000-scale topographic map issued by the 
National Geographical Instituto of Pem. In Phase 1, the analysis of the JERS-1 
SAR images was conducted of the 15 quadrangles in the western part of the 
mentioned area, situated at 75° to 70°30' W of longitude and 11 o to 9°30' S of 
latitude, whilst the existing data analysis was conducted of thc entire 
Ut·ubamba river inferior area . 

1'he results of the Phase 1 survey are summarized as follows: 

(1) As the analysis of the drainage patterns using JERS-1 SAR data of the 
Ucayali sedimentary basin, presence of anticlines or dome structures and 
possible presence of intrusive rocks werc obtained. Of the eastern "Selva" 
(forest) wne of Peru, as represented by this interpretation arca, the drainage 
analysis utilizing satellite images proved to be effective for interpretation of 
geology &nd geologic structure. 

(2) The image analysis using the JERS-1 SAR data revealed the existence of 
high density zones of lineament in the NNW-SSE trending thrust zone in the 
east of Sira rango, where many NNW-SSE lineaments supposed to be 
suggesting the presence of small-scale faults accompanying to the above 
mentioned thrust, and ENE-WSW lineaments possibly indicating tension 
fractures or strike-slip faults, were dclineated. Tension fracture generally has a 
possibílity to accompanied with intrusive rocks and/or hydrothermal activities 
related to intrusions. A hot spring relatcd to NE-SW trending fault are known 
in Agua Caliente in the Northwest of the survey arca. A high density zones of 
lineament in the east of Sira rango, thercfore, are considered to be important 
arcas for mineral exploration. 

(3) It was learned fmm the existing data analysis that the geologícal survey 
recently undertaken by INGEMMET ascertained presence of intrusive rocks 
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accompanied by gold and copper mineral indications 13 km east of Puerto Inca, 
which is included in the quadrangle 19-n of the 1:100,000-scale topogmphic 
map. Since the mineral indications and placer gold doposits in the Negro Rivor 
in the quadrangle 20-n occur in the similar ambienco in hmns of geologic 
stntct\ll'e, the showings aro Iikely to be a somce (primary deposit) of placer gold 
doposits. Accordingly, it is possible that both primary an!l secondary (placer) 
gold deposits will be discovcred by future systcmatic exploration. 

(4) It has been repol·ted that, in the Selva, gold and tin are containod in hoavy 
minerals in thc stream sediments a long the Urubamba rivcr noar the tributary 
on the east bank of the Ucayali (20-o), Atalaya (Qua d. 22-o) and Sepa (Quad. 
22-p). A report says that, ncar Sepa, somo panning samplo of hcavy minerals 
assays Au 1.6 g/t, which indica tes a high possibility of occmTenco of placer gold 
doposits. At prcsent, small mining contractors seem to inactivoly engage in 
placer gold mining there. It is possible for minable placer gold deposits to be 
discovered by future surveys to the east of the Ucayali-Urubamba rivers, as 
well. 

Based on the survey findings summarized above, the following rocommondatíons 
m ay be made for the futuro survey: 

(1) Satellite image analysis: Execute, in collaboration with the Peruvian 
engineers, the JERS-1 SAR data processing to prepare mosaic images covering 
the 13 quadrangles in the eastern part of the Urubamba river inferior aren, in 
an effort to ensure the transfer of the SAR image proccssing technology in 
Peru. Successively, execute image interpretation including geologic mappings 
and lineament delineations, digitizing of interpretation results, preparation 
and analysis, such as lineament density mapping, of GIS data set. 

(2) Analysis of existing data: Collect and compile additional data prepared in 
Peru after the Phase I survey (mainly information related with mining claims). 

(3) Field survey: Consider the possibility to exccutc thc field surveys aimed to 
ascertain mineralization, with the base camp at Atalaya, situated in thc east 
foot of the Sira range where the Tertiary intrusive rocks are present and 
relatively close to the placer gold mineral indications in the Ut·ubamba-Ucayali 
rivers. The survey will include the following items: 

- Geochemical sampling of stream sediments, heavy minerals and rocks. 
- Investigation of mineral indications. 
- Verification of lithofacies along survcy routes. 
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PART 1 

GENERALITIES 
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Chapter 1 Outline of the Survcy 

1-l Antecodonts and Purposes of the Survey 

Poru ranks among the nations most richly cndowed with undorground ¡·esom·ccs. 
The land covers an arca of 1,285,220 km2 and its zonal distribution of the 
topogmphy, 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 rango, 2) the coppcr bolt in tho Pacific coastal piedmont, 3) the 
polymetallic bolt in the highlands (Sierra), 4) tho polymetallic belt in the east 
Andes, and the mne callod Selva spreading farther east of 4) in the Amaron 
upstream basin whose metallogenic zoning has not boen fully clarified as yet. 
Largo-scale and low-grade dissemination type gold ore deposits in massive 
silicified rocks have been discovered and noticed in the polymetallic belt in the 
northern highlands recently. 

In compliance with the request of the government of Peru, the survey was 
conducted with an aim to effectively select. promising zones from the extensivo 
arca 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 
tributarios, the Urubamba and the Tambo, where the metallogenic zoning has 
not been clarified in detail. 

Simultaneously, it is in tended to promote technology transfer to the INGEMMET 
- Instituto Geológico Minero y Metalúrgico, the Peruvian counterpart, concerning 
the methods of survey ami analysis. 

The survey was executed in accordance with the Scope of Work signed by the 
both govornments on November 5, 1998. 

1-2 Scope and Outline of the Survey 

In the first fiscal year's survey, the satellite image analysis was performed on 15 
quadrangles (72°30' - 75• W, 9°30' - n• S, Figure 1) of the Urubamba river 
inferior arca (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 28 quadrangles of 1:100,000-scale topographic maps, whilst the 
existing data analysis covered the whole area of the Urubamba river inferior 
are a. 

The survey was carried out in the following manner. 
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Tho satollito imago procossing and intorpt·ctation wot·o conducted mainly in 
Japan aftor obtaining the JERS-1 SAR data and tho 1:100,000-scalc topographic 
map (partly in satollito map). The oxisting data analysis was conductod in Lima 
aud Japan aftor thc gcological and miniug information wero obtainod in Pcru. 
Duriug tho survoy, somo parts of the JERS-1 SAR data procossing and 
interprotation WOI"O conduclod at tho INGEMMgT's head office in Lima, in 
collaboration with its ongineers, in an effort to transfor of image analysis technic. 

As the result of the satcllite imago analysis and tho oxisting data analysis, tho 
geologic intorprotation maps and the lincamont maps, as woll as the list of oro 
deposits/mineral indications and the regional potential evaluation map, wero 
olaborated. 

1-3 Organization of the Survey Team 

The members from the both countries of the prior consultation tea m and the field 
survey team are listed in the Tables 1 and 2, respectively. 

Table 1 Mission for previous agreement and negotiation 

Peruvia11 side Japanese si de 

Jng. Juan Mendoza INGEMMET Mr. Humihiko Kimura Marsa no 

lng. Hugo Rivera Mantilla INGRMMET Mr. llidefumi Nakashima 

lng. José León Aparicio INGEMMET Mr. Takashi Kamiki 

Jng. Osear Palacios 
INGRMMET Mr. Hiroaki Kagawa Moncayo 

1 ng. Yorry Elena Carrasco 
INGEMMET Mr. Tomoo Hayakawa Pinares 

1 ng. Julio C. Zeda no INGEMMET Mr. Hitoshi Shimoda Cornejo 

lng. Marco A. Lara Moreno INGEMMET 

INGEMMET: Instituto Geológico Minero y Metalúrgico 
MMMJ: Metal Mining Agency of Japan 
MI TI: Ministry of International Trade and Industry 
JI CA: Japan International Cooperation Agency 
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Table 2 Mission for the field survey 

J>omvian sido Japanose side 

lng. Manuel Paz M a ida na INGF:MMET l\lr. l<aoru Sakogaichi 

lng. Ma>·co A. Lara Moreno INGEMtl.mT Mr. l<azuhiro Adachi 

lng. Washington )Aqrico Cayo INGEMMET 

INm:MM~~T: Instituto Geológico Minero y Metalúrgico 
MINOECO: Mitsui Mineral Dcvelopment Engineering Co., Ltd. 

1-4 Poriod and Quantity of thc Survey 

The survoy poriod is indicated in Table 3. 

Table 3 Study period 

,,.. 1999 

Nov. Dee. J.n F•b 

4 u " " 2 ' ,. 23 ., 6 13 .. 27 ' •• ll " ' •• 
ISJDee. 

S·~n¡ey P..riOO 

-· 
Flanning & Pl:eparat>on 

"' 
Satelhte lma¡¡:~ Anal}'$il 

lmact Ptoce .. iog 

II!\Jige lnt.eorpr~tttion 

Di¡¡.W.1ing 

Anal;·!th & Reporl Writing 

E11i~ting Data Arulysi!- !ttJan _ IS.'Feh. 

Tnw1 • - •• 
E.:i~:~tinr Oah An.aly!-i' • • 
SateUile l~r-oll.lf<! Analysis • • 
ReponSubmiuioo 
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'l'hc quantities of the survcy are indicatcd in Table 4. 

Table 4 Quanlity ofthe study 

Survcy itcms Qwm tití es 

Satellite imagc analysis 15 quadrangles (the wcstern potion of survcy arca) 

Existing data analysis Thc cntirc Urubamba rivcr inferior arca 
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Chaptcr 2 Gcography of thc Survcy Arca 

2-1 I.ocation and Transportation 

Thc survcy arca expands 750 km in ¡.;.w direction, from 250 km ENE (75°W) of 
Lima, a capital of Peru, to the Brazilian border (70°30'\V) and 170 km in N-S 
direction from thc down stream of Urubamba river towards north, and it covors 
about 65,500 km2 (I<'igure 1). 

The main administmtive divisions covered by thc area aro the Departmonts of 
Paseo, Ucayali and Madt·o do Dios, as woll as thc Citics of Atalaya and 
Esperanza, the formcr falling on thc south cnd while the latter on the east end of 
the a•·ea. Atalaya, population 15,200, is tho scat of the Atalaya District 
governmcnt and has the polico and military stations, hotels and restaurants, etc. 

Atalaya is accessible by air from Lima, via Pucallpa. It takes 1:15 hours from 
Lima to Pucallpa and one hour fwm there to Atalaya. 

The transportation in the survey area is limited to eithor chartered small planes 
or small vessels. Major towns and villages havo runways in nearby arcas for 
landing of small planes. 

2-2 Topography and Drainage System 

The western part of the survey area topographically included in the Sub-Andes 
mountains adjacont east to tho Cordillera Oriental of the Andes, and the eastern 
part included in the Selva, or the lowlands embracing the Amazon's upstream. 

The Sira range, altitude 2,000 m, trending NNW-SSE, lies 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 Ucayali river flows down along the east sido of the Sira rango in the NNE 
direction. 

The main upper tributarios of the Ucayali river are the Urubamba and the 
Tambo river, which mcrge 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 survey area where it changos course from northwest to west to join 
the Ucayali. Within the survey area, tributarios such as the Inuya (from the 
right bank) and the Sepa (from the left bank) flow into the Urubamba river. 

The northeast side of the line connecting lat. 11•s- long. 72°30' W and lat. 9°30' 
S - long. 75°30' W in the survey area pertains to the basin of the Purús and the 
Yurúa, both of which en ter Brazil and run into the Amazon. Within the survey 
area, the Purús runs down northeastward whereas the Yurúa meanders but 
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gonorally runs northward. 

2·3 Climato and Vogotation 

Both tho Sub·Andos including tho Sira rango and tho Selva havo the miny 
season roughly from Novomber to Apriland tho dry soasan from May to Octobor. 
Tho climato in tho Selva is gonerally hot and humid, with certain fluctuations of 
the atmospheric tomporaturo in a day. Tho average annual tomporatmo and 
procipitation in Atalaya (1934 · 1935) aro 15.7oC and 3,029.5 mm, respectively. 
Tho ave1·age monthly tomperatures and precipitations at·e tabulated below. 

Jan. 

Temp. 
26.2 

("C) 

Precip. 
294.0 

(mm) 

Table 5 Monthly average temperature and 
precipitation in Atalaya (1934-1935) 

Feb. Mar. Apr. M ay Jun. Jul. Aug. Sept. 

26.4 25.9 25.6 26.1 25.6 24.4 24.3 2&.0 

291.4 423.4 364.4 121.2 156.2 100.0 137.-1 208.9 

The zonal distribution of flora in the survey are a is as follows: 

a) Tropical jungles (Selva) 

Oct. Nov. Dec. 

2&.7 26.4 26.0 

211.1 421.1 300.0 

The flora comprises trees parasitized by orchids, vinos, etc., and tho lichens. 
As thick forests block off the sunlight, plants in the Selva tend to ha ve le aves 
of gigantic siies. 

b) Evergreon troes in highlands 
Compared with the Selva, the density of trees is low due to strong wind, forest 
fires, fall of old trees, etc. 

e) 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 floodplains 
f) Forests of trees and shrubs on fords and playas of largo rivers such as the 

Ucayali. 

The greater part of the survey al'Ca falls within either the a) or the b) categories. 
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Chaptcr 3 J!~xisting Gcological Information 
of the Survcy Arca 

3-1 Out.linc of gxisting Gcological Information 

In the highlauds of the Cordillera Oriental, prccious metals, copper, etc. were 
mined since the Pro-Inca times. During the Colonial period, prospecting, though 
not systcmatic, was canied out so vigorously in search of precious mctals that 
gold and silver production increascd trcmendously. Thc survcy arca sprcads over 
the transitional t·cgion of the Sub-Andes toward thc Selva, which has imposed 
enormous constraints on transportation and has retardcd progress of 
comprchensivc geological studies on thc arca. 

Information on the Selva ís very limitcd duo to the transportation difficulties. 
Geological and mineral surveys were initiated in the 1950's by petroleum 
companies, which included intcrpretation of aerial photographs and satellite 
images and surface geological reconnaissance based on the former. Peb·óleos del 
Perú ("Petroperú"), Oficina Nacional de Evaluación de Recursos Naturales 
("ONERN," presently Instituto Nacional de Recursos Naturales - "INRENA") 
havo been involved in the survey activities. ONERN's natural resources surveys 
were carried out along the Urubamba, the Tambo and the Alta Y urna upstream, 
situated in the centml part of the survey arca . 

As regards surveys of placer deposits undertaken by private firms, the Banco 
Minero del Perú is engaged in the systematic assessment in accordance with the 
Presidential Decree D.S. No. 010-74-EM/DGM, which is purported to protect 
small mincrs and also to ensure cffective utilization of natural resomces. 
Occurrence of placer gold deposits in the survey area is not clearly defined. 

As for geologic maps of the survey arca, INGEMMET has elaborated 1:100,000 
and 1: 200,000-scale maps, while a geologic map at 1: 2,000,000-scale was also 
compiled by the same Institute in 1995. 

3-2 Outline of Geology 

According to the geologic map of Peru( INGEMMET, 1995, Figure 2), the 
highlands in the survcy arca is undcrlain by Precambrian metamorphic rocks as 
the basement; sedimentary rocks of the Oldovician Contaya Formation and of the 
Carboniferous to early Permian Ambo, Tarma and Copacabana Formations; 
sandstone of Permian to Triassic Ene Formation; limestonc of the Triassic 
Pucara I>'ormation; .sandstone of the late Jurassic Sarayaquillo Formation; 
sandstone of the Oriente Group; marl and limestone of the Chonta Formation, 
sandstone of thc Vivían Formation and shale of the Cachiyaku-Huchpayacu 
Formation of the Cretaceous age; and, sanstone-shale-slate of the Paleogene 
Huayabamba Group. The intrusive rocks are granitos presumably of Permian 
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ago and monzodiorito corrolatod with tho Paleogono ago. 
Tlw Selva zono, strotching from the Ucayali-Urubamba basin to tho Brazilian 
bordor, is undorlain by sandstonc·conglomerate of the Neogene Ipururo 
Formation, grave) of tho Ucayali Formation and thc Madre de Dios Fonnation of 
Pleistocone ago, anrl thc Alluvium. 

3-3 Outline of Known Oro Doposits 

According to the metallogonic studies of Peru, the Cordillera Ot·iental belongs to 
the East Andes motallogenic provinco underlain by the Palcomic to Cenozoic 
units, where occurrcnce of gold-silvcr bearing coppcr, load and zinc ore deposits 
and prospccts, as well as mineral indications of rare metals such as tin, 
tungsten, nickel and cobalt, has been known. In the highlands ofthe survey area, 
which is contiguous with the East Andes metallogenic provinco, however, only 
sorne placer gold deposits are known. Small-scale place1· gold mining is still 
ongoing in the Negro river, a tributary of the Pachitea river at the western 
piedmont ofthe Sira rango in the west ofthc survey arca. 

In the Selva region, whose geologic-metallogenic provinces are not yet clearly 
defined, Tertiary to Quaternary sedimentary rocks are widespread on the west 
margín of the Brazilian shield. Ore deposits in the Selva are petroleum, gas and 
placer gold deposits. Petroleum and gas deposits were investigated by Petroperu 
and oil companies from 1950's to 70's but the activities havo 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-Quatcrnary stream sediments are said to be conducted in the Ucayali 
and Urubamba river in the central part ofthe survey are a. 
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Chaptor 1 Satollite Imago Analysis 

1-1 Purposc of thc Imagc Analysis 

Thc imagc 11nalysis is intcnded to produce geologic interp1·ctation maps 11nd 
lineamcnt maps of JERS-1 SAR images, to examine the regional gcologic 
stmcture of thc smvey arca, thereby providing basic data for the cvaluation of 
mineral rcsomcc potentials in the survey arca. 'l'he geologic interp1·etation map 
claborated in Phasc I covers the 15 quadrangles, 20 to 22 - n, ñ, o, p and q -- a 
quadrangle reprcscnts a square with a side equivalent to 30' of the latitudc and 
longitudc -- of thc 1:100,000-scale topograt)hic map of the Instituto Geográfico 
Nacional (IGN). 

1-2 lmage proccssing 

1-2-1 Data used 

Data used for thc analysis are 24 scenes of JERS-1 SAR data as indicated in 
Figure 3 and 'l'able 6. 

1-2-2 Procedures for image processing 

15 quadrangles of image for interpretation ha ve been processed in the following 
procedure. 

1) Loading data: All the JERS-1 SAR data provided by ERSDAC with EXABI'l'E 
tapes are copied to the hard disk (HD) connected to an engineering work station 
(EWS). 

2) Separation of header information and image data: From transferred data files, 
the header files including positioning information of images are extracted and 
saved in text format. Image data files are converted to the standard image 
databasc format of PCI/EASI-PACE, an image processing software developed 
by PCI of Ca nada. 

3) Bit number conversion: 16-bit image data is converted into 8-bit image data. 

4) Histogram normalization: Simultaneously with bit conversion, histograms of 
digital numbers are normalized. 

5) Image rotation: Images are rotated clockwise by 90 degrees. 

6) Antenna pattern correction: In order to re-correct the characteristics of 
antenna pattern of JERS-1 SAR data that an average DN gradually decreases 
from far range to near range, averages in the azimuth direction of each scene 
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are calculated , and each pixel valuc is divided by the average. 

7) Coordinates assignment: UTM coordinates of the four comers of each sccne 
are reacl from hcader information ami assigncd. 

8) Preparing imagc databaso for mosaicking: PCI imago databasc filo that has 
UTM coordinate system fo1· making mosaic image is propa•·ed. 

9) Pasting of a center image: Scene P436/R318 nom· the center of mosaicking 
arca is pasted to the databasc filo fm making mosaic imagcs. The pasting 
pos ilion is detormined by tho information in heador filo. 

10) Mosaicking: Mosaicking is starting from imagos adjoining the contor imago. 
Severa! dozens of tie-points are collocted in an ovedapping of images and 
geometric corrcction is applied so that !he residual error may be reduced lo less 
than 1 pixel. Simultanoously, the brightnoss is adjustcd so that diffcrcnce in 
DN value betwcon two imagcs is roduced. 

11) Specklo noise rcduction: Tho Enhanccd Lec filler (7 x 7) is cmploycd to 
reduce specklc noises. 

12) Extraction of sub-scene images: From the prepa1·ed mosaic image, 15 sub
scone images are made so asto correspond to tho quadrangles of thc 1:100,000-
scalc topographic map. Geometric correction is again applied so that the sub
scene images may exactly be overlaid on thc topographic map, for which 
confluences and bending points of rivers, etc. are utilized as ground control 
points for georeffcrancing. 

13) Annotation: Each sub-sccne image is annotated with thc UTM coordinates, 
scale bars and titles. 

14) File format conversion: The format of imagc files is converted from PCI 
data base format to TIFF format, so asto fit to the output device used. 

15) Alteration of imagc resolution: Resolution of each sub-scene image is 
adjusted so as to output at 300 dpi and at a 1: 100,000-scale. As the rcsult., the 
spatial resolution of images was altered to about 8.45 m por pixel. 

16) Hard copy output: Two sets of the 15 sub-scene images, totaling 30 images, 
were output at a 1 : 100,000-scale by digital photo-printer (Lightjet 5000). One 
set was used for the analysis in Japan while the other was used in Peru. 

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

The output images ata scale of 1:100,000 of the respective quadrangles prepared 
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in thc abovc mcntioncd proccdures wcre uscd for imagc intcrprctation, aml thc 
obtaincd rcsults wcrc digitizcd and output at a 1: 100,000-scale. The digitizcd 
lineamont map was used as the input data for computation of the Jineamont 
donsity, whercby the linea m cut densities of the entire survcy arca was mapped. 

Thc work was done in thc following proccdmes: 

1) Gcologic interpretation: Gcologic units were classificd using surface tcxture 
ami topographic features on images as criteria. Correlation between the photo
geologic characteristics of cach geologic unit and the existing geologic map was 
tabulated, using the geologic map of the INGEMMET (1995) as reference. 

2) Interpretation of lineament and gcologic structure: Elements of geologic 
structure such as faults, lineaments and foldiug structures wcre delincated, for 
which micro-topography was considered. 

3) Digitizing: Scauned data of hand-written geologic interpretation maps and 
lineament maps was loaded on a computer as raster data, which, in turn, was 
converted to vector data. Figures 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 Mips, a GIS software developed by Micro Image Inc., USA 
was employed . 

4) Preparation ofGIS data set: Geographic data such as drainage systems, lakes, 
roads, villages and national borders in the MOSS (Map Overlay and Statistical 
System) format ·· one of the GIS standard format by USGS -- provided by 
INGEMMET was loaded to TNT Mips database file and overlaid on the 
interpretation results, then annotated with legends, scale, quadrangle 
numbers, names, etc. 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. l<'rom the respective vector data of geologic boundaries, faults, 
geologic structures and lineaments included in the database files of TNT Mips, 
the files in the "Export" format (EOO format) of Arcllnfo were preparcd as the 
final products. 

5) Lineament density map: Lineament data prepared of each quadrangle were 
integrated into a MOSS-format file, and lineament densities (mfkm2) of 2 km x 
2 km grids were calculated by obtaining a cumulative extension of all faults 
and lineaments included in each grids. For the computation, an analysis tool 
developed by MINDECO was cmployed. The lineament density distribution in 
the entire area of analysis was output at a 1:1,000,000-scale and rose diagrams 
of each quadt·angle were simultaneously produced. 
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Table 6 Satellite data used 

i 1 • 
path 

1 ' 

1 
! sta!ion date SR t. j sonso!' ¡ i row la ti. : long. qua l. 1 1 ' ' ' 

1996106/H> ! i 

1 

1 i 1 

1 

i HF.OC 1 JI SAR 434 316 -09.17 -72.08 ! G 
1 ' ; 1 ¡ 

1996106115 ! ¡ ¡ 1 ' 2 JI ¡ SAR 434 1 317 -09.52 1 -72.17 1 G j HF.OC 
1 ' ! 1 i 

3 1996106/15 1 JI i SAR ! 431 318 -10.28 ' -72.25 1 G : m:oc 
' 

1 
' ' i 

1 HEOC 

¡ 1 

1 
1 1 

4 1096106/15 ! JI 
1 

SAR i 434 319 -11.04 -72.33 í G 

1096106116 ¡ 
1 

! 

! HEOC {j JI 1 SAR ·135 316 -09.17 -72.41 ! G 
' 

1 

1 i 
! HF.OC 6 1996106116 • JI SAR ·1 435 317 -09.52 -72.50 ' G 

1 
1 

1996/06116 1 1 

1 

lm;oc 7 JI 
1 

SAR 1 435 318 -10.28 -72.58 1 G 1 

1 1 
' 1 

IIIEOC 
1 1 ! 8 1996/06/16 i JI 

1 

SAR 

1 

435 319 -11.04 1 -73.06 G 

9 JI SAR 436 316 -09.17 -73.14 G FAIS 1996106/17 1 1 

10 1996/06/17 1 JI 1 SAR 436 317 -09.52 -73.23 G F'AIS 

1 

' 
11 1996/06/17 JI SAR 436 318 -10.28 -73.31 G FAIS 

12 1996106/17 
1 

JI 

1 

SAR 1 436 1 319 -ll.04 -73.39 1 G FAIS 

1 

1 13 1993103/181 JI 

1 

SAR 437 316 -09.17 1 -73.49 ' G FAIS 

14 JI SAR 437 317 -09.53 -73.49 G FAIS 1993/03118 1 

1 1 16 1993/03118 1 JI SAR 437 318 

1 

-10.28 -74.05 G 1 FAIS 
' 1 1 

16 1993/03118 JI SAR 437 319 -11.04 -74.12 G FATS 

• 
17 1996/06/19 Jl SAR 438 316 -09.15 -74.19 G HEOC 

• 

1996/06/19 JI SAR 
1 

G 18 438 317 -09.51 
1 

-74.27 HEOC 

19 1996/06/19 ' JI SAR 
1 

438 
1 

318 -10.27 1 -74.35 G HEOC ; 

1 
1 

1996/06/191 1 
1 20 J1 SAR 

1 
438 

1 

319 -11.04 -74.43 
1 

G HEOC 
1 

1 Jl SAR 1 1 21 1994108130 

1 

439 316 -09.16 

1 

-74.54 G FAIS 

22 1994108130 JI SAR 439 317 -09.52 
1 

-75.02 G FAIS 

23 1994108130 1 JI 

1 

SAR 

1 

439 318 -10.281·75.10 G FAIS 

1 
1 FAIS 24 1994108/30 1 JI SAR 439 319 -11.04 i -75.18 G 

JI: JERS-1, SAR: synthetic aperture radar, G: good, HF.OC: Hatoyama, FAIS: Fairbanks 
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1-4 Resulta of thc Imagc Analysis 

1-4-1 Gcologic Intcrpretation 

For intcrprctation of the imagcs, thc exist.ing 1:2,000,000-scalc gcologic map 
(INGKl\1Mg'r, 1995) was used as rcfcrcncc. I<'or gcologic intcrprctation, the 
gcologic map was rcfencd to, whilc new information obtained through thc imagc 
interpreta! ion was considercd as muchas possible. For symbols of geologic units, 
!he gcologic ages in thc map werc referrcd to, and serial numbers wcre assigned, 
in ascending m·der, to thc units sub-divided by the interpretation. SAR image of 
thc cnth-e analyzcd arca is shown in F'igure 4, its geologic interpretation in 
Figure 5 and lineament map with rose-diagrams of each quadrangk in Figure 6. 
Table 7 indicates correlation betwcen geologic units of thc interpretation map 
and thosc of the existing geologic maps. 

Characteristic of the respective geologic unit are summarizcd in the following 
paragraphs: 

(1) Unit Q4 
The unit develops along main streams. Countlcss mcandering tracks of old 
channcls are secn. Thc surface texture of the unit looks smooth and flat. Tones 
ranging from vcry light to very dark (in thc old channcls) are mingled. 
(Alluvium) 

(2) Unit Q3 
The unit develops along main streams, forming lower terrace surfaces. Though 
flat, the surface plano appears to be of rough (sandy) texture. The tone is 
somewhat dat-k. (Quaternary terrace deposit) 

(3) UnitQ2 
The unit forms middle terrace surfaces. Sand grain-like or patch-like, light 
speckles are seen while the tone is somewhat light. The surface texture looks 
coarse. (Quaternary tcrrace deposit) 

(4) Unit Ql 
The unit forms higher terrace surfaces. It has light and somcwhat large-sized 
patchwork pattern, while the surface texture looks somewhat coarsc. 
(Quaternary terrace deposit) 

(5) Unit T4 
The area of occurrence is very limited. The unit is a thin bed covering the flat 
parts ofthe Unit T2. Although it has rather smooth surface texture, patchwork
like or pinnate drainage pattern is slightly seen. (Upper Tertiary) 
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Table 7 Ust of geologic units 

.-~ ,-------- -,----- - ·---
Units in Geologic l\!aps after 

INGF.Ml\!Wl' lnfcrred Lithology 
No_ Units f-· and 

1:2,000,000 1:100,000 Geologic Agc 
(1995) (1997-1998) 

1 Ql Qhal sand, grave! (Quatcrnary) 

Qh 

2 Q3 
lower terracc deposit 
(Quaternary) 

NQ·u 

3 Q2 middle terrace deposit 
(Quaternary) 

Qpl 

4 Ql 
higher terracc dcposit 
(Quaternary) 

5 'P4 
sandstone, conglomcrate 
(Late Tertiary) 

6 T3 N e N-i~ NQ-u 
sandstone, conglomera te 

7 T2 
(Middle Tertiary) 

8 TI p sandstone, conglomerate 
(Early Tertiary) 

9 K4 Ksh, Ksv, Ks·rh 
sedimentary rocks 
(Late Cretaccous) 

10 K3 Ki·o 
sedimentary rocks 

Ks (Middle Cretaceous) 
11 K2 

Pi-e 

12 ]{] sedimentary rocks (Late Jurassic 
to J<:arly Cretaceous) 

13 J Js Js-s, 'PrJi-pu, PsTR-e sedimentary rocks (Jurassic) 

14 1' Pi·C Pe-cm sedimentary rocks (Permian) 

(G) Unit T3 
The Tertiary unit is sccn ovcrlying the Unit T2 in the east part of the 
intcrpretation arca. The unit resembles the Unit T2 but has deeper valleys, 
characterized by the parallel drainage pattern presumed to reflect the strike of 
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the bed. The tone is light on thc cast side of the slopes and dark on the west 
sido. (Middle Tertim·y) 

(7) Unit T2 
Tertiary unit is predominan! especially in the east part of the intet·pt·ctation 
arca. On flat pot'tions, it has fine, dendritic drainage tJattcm. Thc tone is 
somewhat light. In images, bedding planes at·e partially traceable but generally 
unclear, probably beca use the unit is composed of alternation of thin beds. It is 
inferred that the unit is chiefly composed of fine-grained, pelitic rocks, 
intercalating conglomera te beds, sandstone beds, etc. (Lower Tcrtiary) 

(8) Unit Tl 
The unit, underlain by the Unit T2, is observable at valley portions in arcas 
dominated by the T2. The bed is inferred to be considembly thick. At steep 
slopes or valleys, fine, parallel drainage pattems rlevelop, and bedding planes in 
well conHnuity are occasionally observable but, in general, it appears massive. 
(Lower Tertiary) 

(9) Unit K4 
The unit is rarely seen overlying thc Unit K2 at flat portions or on gently 
dipping slopes. The surface texture is smooth but wcak unrlulation develops. As 
for the tone, Iight and shade are repeated in a spotted pattern. Bedding is not 
clear. (Upper Cretaceous) 

(10) Unit K3 
The unit is often seen forming extensivo, moderately dipping slopes while, in 
aome cases, it forms large or small fold structures. As the bedding planes 
develop and include members which have strong resistancc to erosion, steep 
scarps are frequently formed in the peripheries of the unit. The tone is dark but, 
at places, there are 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 contacta the Unit J with thrust faults in 
many portions. (Middle Cretaceous) 

(11) Unit K2 
The unit is underlain by the Unit K3. These units form fold structures 
accompanying thrust faults. The K2 has relatively smooth surface tcxture, 
though somewhat coarse on gentle slopes. Drainage pattems are not so well 
developed, and only parallel drainage pattcrns are observable especially on 
steep slopes. The tone is somewhat dark but light dots are seen all over. (Middle 
Cretaceous) 

(12) Unit Kl 
The unit is dominated by joints and the surface texture is coarse. Thc tone 
ranges widely from light to dark. Bedding planes are recognizable but not so 
clearly. (Lower Cretaceous to Upper Jurassic) 
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(13) Unit J 
'I'ho smfaco toxturo is rough and banding with light nnd d!U'k tonal portian is 
observed. Bodding and joint are gonorally wcll dovcloped and dipping northoast. 
NNW -SSI<: to NW -SR trcnding largo range is dovcloped in thc portion showing 
clcar bedding planos. ENE-WSW to NE-SW trcnding joints are dominant, that 
is perpendicular to bedding. NNE-SSW trcnding large-scalc thrust is scoms to 
be dcvclopcd al thc boundary bctwecn this unit and Crctaccous. Massivo 
portions without clcar bcdding plano are partly observed and whcrc dominant 
rango dircction docs not appcar. (Jurassic) 

(14) Unit P 
Fissurcs parallcl to bcdding planes o1· joint planes are well developed and 
surface texture is generally coarse. The tone is light., except the dark slopo in 
the west. Bedding planes are occasionally visible but they are generally unclear. 
'I'he unit is often seen as inliers in K2 or Kl, presumably accompanied with 
thrust faults. The unit is inferred to be mainly composed from hard rocks such 
as sandstoncs or limestones. (Peleozoic) 

Somo oxamples of geologic intorpretation maps are exhibited in l<'igurcs 7-2 
(quadranglc 20-n), 8-2 (21-ñ), 9-2 (22-o) and 10-2 (22-p), and those of lineament 
maps are in Figures 7-3 (20-n), 8-3 (21-ñ), 9-3 (22-o) and 10-3 (22-p). 

The interpretation of the respective quadrangles is summarizod bolow . 

(l) 20-n 
Thc extremo west of the quadrangle corresponds to upper stream of the 
Pachitea river, where an extensivo basin composed of Alluvium and terrace 
deposit is forrned. In the central part of the quadrangle, Cretaceous extends 
south to north, gently dipping westward, while the east part is underlain by 
Tertiary. In the extreme east of the quadrangle, Cretaceous bedding plane is 
clear, stretching south to north and dipping west, whilst Tertiary appears to the 
east. From this, it can be inferred that these are bounded by thrust faults. 

(2) 20-ñ 
On the east side of the quadranglc, an extensivo basin is seen in the Urubamba 
river inferior arca. Around Alluvium, embracing countless tracks ofmeandering 
old channels, terrace deposits spread on the surface. The Sira rango composed 
from Paleowic to Tertiary units líes in the west. A fault supposed to be a thrust 
is running in N-S direction and changos its direction to NW-SE in the south. 
Anticlines formed in the east of the fault ha ve N-S to NNW-SSE trending axes 
parallel to the strike of thrust. fault. 

(3) 20-o 
Quaternary overlies most of the arca. On the extreme west of the quadrangle, 
an extensivo alluvial basin develops along the Ucayali river, in the east of 
which, low and middle terrace spread out. On the extreme east of the 
quadrangle, Tertiary Units T2 and T3 are seen. Faults and folding structures 
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are unclcar. 

(4) 20·p 
Most. of !he arca is covcrcd by Tertiary Unit T2. Undulation is gcnorally weak 
and vallcys are rclativcly shallow. In thc oast, NN\V.SSl!~ to N·S trmul bcdding 
planes with eastward dips aro continually obscrved. 'rhc t•adial drainagc 
pattem obsct·vcd in the northcrn·central port.ion of the quadranglc suggcsts thc 
existe neo of NNW -SSE trending syncline or dome structurc. \V hile thc basic 
drainage pattem is dendritic, parallcl pattems and fine pinnatc pattcrns also 
dcvelop, which are pl'csumably contmllcd by bedding. 

(5) 20·q 
Like the 20·p, Tcrtiary Unit 1'2 prevails all ovcr. Undulation is modct·atc, and 
valleys are rclatively shallow. Along thc Alto Yurua rivcr which runs from 
south to north in the central part of thc quadrangle, fluvial sedimcnts of Q3 are 
seen. The radial drainage pattern in the Northeast of the quadrangle 
p1·esumably indicatcs thc existcncc of anticline clongated in N·S dircction. The 
drainage patterns are basically dendritic but parallcl patterns and fine pinnate 
patterns also devclop, which are presumably controlled by bedding. 

(6) 21-n 
The western are a of the quadrangle covers upper stream basin of the Pachitea 
•·iver and an extensivo flat plane is formed. Narrow Cretaceous unit crops out in 
the Center with N-S trend but, in the east of there, it is completely covercd by 
Tertiary. Cretaceous is gently dipping westward, whereas Tertiary is almost 
flat. 

(7) 21-ñ 
The east side of the quadrangle corresponds to the upper stream of the Ucayali 
river, where an extensivo alluvial basin is formed. To the wcst of Quaternary, 
Cretaceous, partially including Jurassic, is widespread. Cretaceous forms 
anticlinorium with the axes in N-S trend in its east periphery where it 
accompanied by thrust fault, whereas, in the west side of the thrust, it forms a 
gentle monoclinal structure. The west side in the quadrangle is completely 
covered with Tertiary. Tertiary has nearly horizontal structure and is cut by 
large faults with N-Sor NW-SE trend. 

(8) 21·0 
On the extreme west of the quadrangle, the alluvial basin (Q4) on the right 
bank ofthe Ucayali river continues south to north. On the east side ofthe basin, 
an extensivo terrace surfaces consisting of Q3 (lower tcrrace surface), Q2 
(middle terrace surface) and Q1 (higher terracc surface) sprcad out. Dendritic 
drainage pattern develops in Ql, while the other terrace surfaces are flat and 
have low drainage density. The extreme right portian of the quadrangle is 
underlain by 1'2. The drainage patterns are mainly dendritic or fine pinnate 
patterns, but valleys are not deep. 1'herc are many linear features presumably 
indicating bedding planes, and other lineaments intersecting the bcdding 
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planes also dominant. lt is hard to disting\tish those lineations and to interpret 
the details of geologic structure. 

(9) 2l·p 
1'he entire arca is underlain by T2. Undulation is generally small and deep 
valleys are not observed. The drainage density is very high and the main 
streams make dendritic patterns whilst the tributarios make fine pinnate 
pattems. Bedding planes are observable everywhere, which however cannot 
continuously be traccd, beca use of disturba neo by fine drainages. A zone having 
characteristic trellis drainage pattern is located in thc central east of the 
quadrangle, which possibly suggests the existence of intrusive unit. 

(10) 21·q 
The T2 covers most of the arca. On the whole, undulation is scarce and deep 
valleys are not developed. The drainage is very dense. The main streams have 
dendritic patterns while the tributarios have fine pinnate patterns. Bedding 
planes are observable everywhere, which however cannot continuously be 
traced, because of disturbance by fine drainage. A dome structure is inferred 
from the radial drainage pattern in the central east ofthe quadrangle. 

(11) 22-n 
On the east side of the quadrangle, a nearly horizontal Tertiary forms "Mesa" 
and broadly overlies Cretaceous. As seen in the central portion of the 
quadrangle, Tertiary is cut by faults in NNW-SSE t~ NW-SE direction and is 
not present on the west side of the faults. Cretaceous and Jurassic form 
synclinal structure and cover the southwest of the quadrangle. 

(12) 22-ñ 
On the east side of the quadrangle, Cretaceous and Jurassic are widespread and 
accompanied by thrust faults in nearly N-S direction. Cretaceous forms 
anticlinal structure with the axis parallel to the thrust faults and is gently 
dipping westward in the west side of the fault. In the east half of the 
quadrangle, Tertiary is widespread, overlying Cretaceous. Tertiary fm·ms a 
nearly flat structure, whose continuous bedding planes are clearly observed. 

(13) 22-o 
Near the central portion of the quadrangle, the Urubamba river from the east 
and the Tambo river from the south merge into the Ucayali river, which flows 
down northwestward. Along these rivers, an extensive basin, covered by Q4, is 
formed. Outside of the basin, lower terrace (Q3), middle terrace (Q2) and higher 
terrace (Ql) are observed. Of these, the higher terrace is markedly superior to 
the others in respect ofthe height. While therc remain surfaces where drainage 
systems are undeveloped, erosion has proceeded in valleys. On the east side of 
the Tambo river, T2 is widespread. Large, meandering rivera are seen but, on 
the whole, fairly fine drainage systems are assembled. Countless linear patterns 
are obscrved but they are traversed by other linear patterns, or directions of 
their dips are unclear due to weak undulation; the structure is hard to clarify. 
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Tho Sira rango mainly composorl of Kl, K2 and K3 risos on tho wost sido of tho 
Tambo and Ucayali rivor. A nmnbor of faults tronding NNW accom¡}anied by 
obliquo faults aro soon. Valloys along tho faults m·o deop anrl stoop. At loast two 
tht·usts with NNW-SSE to N-S trond aro dovolopcd ncar tho boundary bctwcen 
Sira rango and Ucayali basin and treo anticlines dividcd by thcso thntsls are 
formed. 

(14) 22-p 
Fluvial sodimcnts of Q2 are widesprcad along tho Untbamba rivor, tho Inaga 
l'iver, thc northorn tributary of that, and thc Sepa l'ivcr, tho sottthom tributary 
of the samo, which flow in thc central portion of the quadrangle. Tho 
sunounding arcas of these rivot·s are fully covored by the Tertiary unit T2, 
whoro the undulation is weak and valleys aro shallow, in general. Noar the 
extreme east of the quadranglo, linear pattems seomcd to be beddingplanes are 
hardly observed, which, occasionally bending, strotches almost in parallel with 
each othor in the N-S dircction and gcnerally dipping southeast. In a littlo north 
of the center of the quadrangle (contoring around the arca between the 
Urubamba and lnuya river), a semi-circular bedding planos aro scen if not 
clearly. Since a mdial drainago pattorn is also obscrved thore, a dome struchn·o 
possibly formod. 

(15) 22-q 
Almost all the arca is covered with Tertiary (T2 and T3). Similar to the 21-q, 
the area has little undulation in general and no deep valleys are obscrved, but 
valleys in T3 are little deepe1· than that in '1'2. The drainage systems are very 
denso, composed of the main streams with dendritic pattorns and the 
tributarios with fine pinnate patterns. Bedding planos(?) dipping gently 
southeast at·o hardly observable in the northwest to southwost portion of tho 
quadrangle, where '1'3 mainly undorlies the surface. 'fho drainage pattcrn in the 
same portion is clearly controlled in NE-SW direction and shows rectangular 
pattern. This direction certainly reprosonts strike of bodding. 

1-4-2 Lineament analysis 

The results of lineament analysis of tho respectivo quadrangles aro summarized 
below: 

(1) 20-n 
In the areas covercd by the Quaternary and the Unit K2, lineament donsity is 
very low. On the whole, lineaments with NW-SE, Nl'.'W·SSE and ENE-WSW 
trends are predominan t. 

(2) 20-ñ 
The linearnents in the areas covered by the Quatornary include innumerable 
parallel lines presumod to reflect the strikes of the underlying beds. These 
lineaments are unclear and the direction of dips are uncortain. Linoament 
density is high in the wost arca, especially where the Cretaceous is prosont. 

-25-



1 

• 

• 

Linoamonts with N-S and ENI<~-I':SW tronds aro prodominant. 

(3) 20-o 
In tho woatorn arca covorod by tho Alluvium, thoro is no linoamont worthy of 
montion, oxcopt tho numorous moandering h·acka of old l"ivor channels. In t.he 
arca covcred by T2 and T3, Iinoamcnts with NW trcnd are dominant and at·e 
good in coutiuuity, which aro followcd by thoso with ENE and EW trcnds. 

(4) 20-p 
Thc lineamcnt donsity is high. Lineaments with NNW and ENE trends 
predominatc. Many bedding planes are observable, but the structure is hard to 
asccrtain sinco they are intorsected with numcrous lincaments. 

(5) 20-q 
Similar to the 20-p, the quadrangle has high lineament dcnsity, and Iineaments 
with NNW and ENE trends are predominant. In thc arca covered by Q3, 
innumerable Jineaments with the ENE trend are seen. 

(6) 21-n 
Lineaments with NW-SE and ENE-WSW trends are dominant and good in 
continuity. In the arcas covercd by the Tcrtiary Unit T2, lineament density is 
low. 

(7) 21-ñ 
In thc arca covered by the Quaternary, Jineament density is very low. 
Lineaments with NNW-SSE and ENE-WSW are dominant. Espocially near the 
thrust faults in the cast, Jineament dcnsity tends to increase. 

(8) 21-o 
Few lineaments are observable in the arcas covered by Quaternary, while 
lineament density is high in the east arca covered by T2. Lineaments with ENE 
and NNW trends are especially dominant. 

(9) 21-p 
On the whole, lineament density is high. Especially, lineaments with ENE and 
NW trcnds are dominant and good in continuity. 

(10) 21-q 
Similar to thc 21-p, lineament density is high, on the whole. Especially, 
lineaments with ENE aud NW trends are dominant and good in continuity . 

(11) 22-n 
Lineaments with NNW-SSE and NW-SE trends which are parallel to the thrust 
fault are dominant. In the area coverod by Tertiary on the east side of the 
quadranglc and by Jurassic in the southwest end, lineaments with NE-SW 
trend are also dominant. 
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(12) 22-11 
On tho wholc, lincamcnts with F:NF.-WSW and NWN-SES trcnds are dominant. 
In thc arca covcrcd by Torliary in tho central portion of tho quadranglo, 
linea monis m·o not so wcll dovolopcd. 

(13) 22-o 
In tho arca covorod by K2 and Kl on tho wost sido of tho quadranglc, Jincmnont 
donsity is high, as comparod with thc cast a1·ca covorod by Quatcrnary and 
1'ortial'Y· Abovo all, dcop valloys presumably formcd by faults develop and 
lineaments with NNW and NS trends aro dominant along thc vallcys. 
Lineamcnts with NE trond also dcvclop and few of thcm are good in continuity 
and large in size. In the Unit T2 on thc cast si de of the quadrangle, lincaments 
with NNW to NW and ENE trcnds are good in continuity. Many lincamcnts 
prcsumed to ¡·cflcct bcdding are obscrvcd but thcso are too poor in continuity 
and untraccablo to clarify the sh·uctme. 

(14) 22-p 
On tho whole, lineament density is high. Espccially, lincaments with J<:NJ<; and 
NW trends are dominant and good in continuity. 

(15) 22-q 
Similar to the 22-p, linoament donsity is high, in general. Especially, 
lineaments with NE, NW and NS trends are dominant and good in continuit.y. 
As compared to the Unit T2, lincamcnts in T3 are clearcr. 

1-5 Considerations 

A comparison between the image interpretation and the 1:100,000-scalc geologic 
map published by the INGEMMET in 1997-98 (List of Reference and Data 
Collected -1) is summarized as follows: 

a. The interprotation findings and the existing geologic map are in substantial 
agreement, in terms of thc general division of geologic unit. 

b. Due to the lack of ground data for thc verification of intcrpretation findings, 
the respective geologic time units are hard to idcnt.ify and, precision-wise, the 
int~rpretation results are inferior to the geologic map, in terms of detailed 
division of the geologic unit. 

c. Owing to the distortion peculiar to a radar image, the fault. lines and geologic 
boundary lines in the interpretation map tend to be distorted, especially in 
mountainous zones with high specific altitude. 

d. In the Tertiary zone in the east whcrc bedding planes are observable all ove1· 
in spite of its flat topography, a verification survey, if conducted, is expected to 
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be ablo to clarify tho largo ami small folding strncturcs moro in detail. 

c. Tho geologic map ami tho interpretation map do not agrce as to tho gcologic 
division of Permian in thc quadrangles 20-ñ, 20-n, etc. of thc gcologic map. In 
the map, the unit underlain by the horizontal to moderatcly dipping Cretaceous 
that constitutes thc main body of the Sira range and apparently conforming to 
the overlying stratum is classified into the Permian. Sincc it is clear from the 
SAR images that Cretaceous is composed of a number of members (alternation 
of beds of high and low resistance to erosion), the unit is dealt with in the 
interpretation map to be thc lowest member of Cretaceous. 

f. The unit with rough texture ami with well developed lineaments, lying in the 
vicinity of the Sira anticlinal axis in the quadrangles 20-ñ and 20-n, is classified 
in the geologic map into Proterozoic, whereas the interprctation map classifies 
it into Paleozoic in conformity to the division of the 1:2,000,000-scalc geologic 
map, since no reference to Proterozoic have so far been found in thc Sub-Andes 
studies and in view of the mentioned relations with Cretaceous. 

Tho wcstern part of the interpretation arca on the left bank of the Ucayali
Tambo rivers, where the Sira rango is formed, is mainly composed of Paleozoic to 
Cretaceous, whilst the Ucayali scdimentary basin arca in the eastern part, 
Tertiary to Quaternary are widesprcad forming rclatively moderate landforms. 
The two areas are clearly divided by the thrust faults in NNW-SSE direction 
which serve as thc boundary. In Paleozoic to Cretaceous in the Sub-Andean 
region, large to small-scale fold structures with axes parallel to the strikc of the 
thrust faults are formed. 

In Tcrtiary to Quaternary in the Ucayali sedimentary basin area, presence of a 
number of anticlinal structures or dome structures are inferred from drainage 
patterns. These structures are likely to reflect concealed Cretaceous or .lower 
depths structures. The anomalous drainage pattern discerned in the quadrangle 
21-p .. a distinctive trellis pattern ·· appears interesting as it possibly suggests 
presence of an intrusive rock. In the Selva zone as represented by the Ucayali 
sedimentary basin area, drainage analysis is effective for interpretation of 
geology and geologic structure. 

Figure 11 demonstrates a lineament density map. In the thrust zone trending 
NNW-SSE located in the east of the Sira range, many parallellineaments to the 
thrusts, considcred to reflect small faults accompanying the thrusts, and many 
intcrsecting 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 lineamcnt in this zone. In general, tension fractures 
are possibly accompanied by intrusivc rocks and hydrothermal activity related 
with the intrusive rocks; therefore, they are considered important for 
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oxploration. 

'fhc preso neo of small·scalc intmsivc roe k bodios in Palcozoic in tho southcast of 
thc Sira muge has bcon confirmcd from tho fiold data by INGI<~MMg'f, which 
suggcsts that similar t·ock bodios possibly lic in tho zono. Although a zono of 
intmsivo rocks cannot bo interprcted from SAR imagcs, · tho most part of tho 
Phaso 1 study arca is covcrod by Jurassic to Quatcmary scdimcntary rocks or 
unconsolidated scdiments and thm·cfore fissures are prosumed not to be well 
doveloped. It is also inferable that, in such an arca, intmsive rocks and 
motamorphic rocks are likely to be prescnt in portions of high lineamcnt donsity. 
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Chaptcr 2 Data Analysis 

2-1 Purposo of tho Data Analysis 

Tho data analysis is intondo<l lo outlino tho oro doposits and showings and to 
ascortain tho modo of occurwnco in the survcy arca by collccting, compiling and 
analyzing thc cxisting data. 

2-2 Goology 

2-2-1 Data collection 

Thc collcctcd data include among othms the INGgMMET gcological rcports, the 
Potl'Opcru's gcologic maps and rcports, and the ONERN stnvey reports. For 
details of thc collcctcd data, rcfcr to thc Jist of rcfcrencc and data collected, at 
thc cnd of this vol u me. 

2-2-2 Summm·y ofGeology 

ill Stratigraphy 

Thc survey arca is underlain by the Precambrian, thc lowcr and upper Paleozoic 
format.ions, thc Mcsozoic aml Cenozoic rocks, and intmsive rocks. Thc Sira 
range, which is situated in tho west of the survey are a and constitutcs a part of 
the Sub-Andes, is composed of Prccambt·ian, Lower and Upper Palcozoic, 
Mcsozoic, and íntn1sivc rocks. Thc Ucayali-Urubamba rivcrs, which run 
northward while meandering a long thc east margin of the Sira mngc, form the 
Ucayali sedimentmy basin with N-S trcnding axis, composed of the Palcozoic 
and Mcsozoic rocks. 

In the central to eastem pa1t of the survey arca, thc Selva spreads cxtensivcly 
from the Ucayali basin to thc Brazilian border, forming flatlands chiefly 
underlain by the Ccnozoic rocks. Figure 12 demonstrates a schematic geologic 
column of the survcy are a. 

The geologic units of thc survey at·ea are dcscribed, in ascending order, in thc 
following paragraphs: 

1) {Sira complex and Marañon complcx] - Precambrian 
These complexos occur as the inliers within the Upper Paleozoic Copacabana 
Group which corrcsponds to the anticline east of the Sira rango (Quadrangles 
21-ñ and 22-ñ). Theso are the oldest strata in thc survey arca, forming tho 
basement of the Ucayali scdimcntary basin. The Sira complcx (Quad. 21-ñ) is 
composed of gneiss and slate whilst thc Marañon complox (Quad. 22-ñ) is 
mainly of dioritic gneiss. 
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Figure 12 Schematic geologic column 

Geological A&e Formatlon Name Thick-
ness m 

Lithology 

Holocene Aluvial Oeposit, Talus Sand, Gravel 
[ Unconformity 1 

e East Selve Area: 20 Brownlsh Sand, Clay, Gravel 
Ouatemary Madre de Dios Formation 

E Pleistocene West Selva Area: 
Ucay.ali Formation 30 Brownish Sand, C!ay, Grave! 

N lAn_r;ular Unconfonmity 1 

o Pliocene 
Jpururo formation Calcareous Sandstone 

Neogene 
(West Sira Are a: 500m thick 

1,200 
(Sandstone with lignite !ayer) 

z Mi oc ene 
-ness) [ Unconformity] 

o Oligocene East Sira: Uuayabamba Group 1,600 Sandstone, Mudstone, 
WestSira: and Umestone 

1 Paleogene Chambira Formation (400) Reddish violet Claystono 

E oc ene Pozo Fonnation (400) Tuff, Shele 
e Yahuarang,o Formation (800) Calcareous Cfaystone 

[Unconformity] 
Cachiyacu-Huchpayacu 150 Shale, Sandstone 

Formation 
M 

Vivian Formation 350 Siticeous Sandstone 

E Cretaceous 
Upper Chonta Fonnation 650 (Shaly) limestone 

• S with thin Limonite Laver 
Siticeous Sandstone 

o Oriente Group 600 with thin Limonite layer 
[Unconfonmity] 

z 
Upper SarayaquiHo Formation 600 Feldspasic Sandstone 

o with Basal Conglomerate Jurassic 
(Angular Unconfonmity] 

1 lower 
Pucara Group 1,500 Umestone Shaly Limestone 

e Uooer 
Trias sic lower 

Ene Fonnation 700 (Calcareous) Sandstone 
Upper [ Unconfonmity] 

p 

A 

Permian 
Lower Copacabana Group 500 Dolomitic Limestone 

l 
E Upper Tanna Group 500 Siticeous Sandstone 
o 

Carboniferous 
with t.hin Coal layar 

z 
o lower Ambo Group 600 Sandstone with limonite layer • 1 (Angular Unconfonmity] 
e 

Ordovician Contaya Fonnation 
400 limonitic Shale 

[Angular Uncon!onmity] 

Proterozoic Sira Complex Gneiss, Semisch¡st 
Mara"on Complex Oioritic Gneiss 
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2) [Contaya Fomwtio11] · Ordovician 
Thc formation Iies in a small arca to thc south of thc Bajo Pichanaqui (Quad. 
22-n} at thc southwcst end of the survcy arca. It is about 400 m thick, in 
unconformable covered by thc Ambo Group. 

3) {Ambo Group} . Eady Carbonifcrous 
The Carbonifcrous to Permian overlies the Ordovician in angular unconformity, 
constituting the Ambo Group, Ta1·ina Group and Copacabana Group in 
ascending order. In Quad. 22-n, thc formations lie in a small arca at Autiki. The 
Group consists of gray colored, medium to coat·sc grained sandstone containiug 
mica, accompanied by thin layers of dar k gray colored limonitc containing fossil 
flora. The Group is 600 m thick. 

4) (Tarma Group] · Late Carboniferous 
In Quad. 21-n, 22-n and 22-ñ, the formations lie in Obenteni. The !ayer consists 
of greenish white-colored, coarse grained quartzitic sandstone. In the lower 
horizon, gray colored sandstone including coal layers is observable. The Group 
is 500 m thick. 

5) {Copacabana Group] - Early Permian 
The Group is widespread over the entire arca ofthc Sira rango (Quad. 20-n, 20· 
ñ, 21-n, 21-ñ, 22-n, 22-ñ and 22-o). The !ayer is mainly composed of limes tone, 
partially dolomitic. The upper horizons are dominated by fossil-rich mar!. The 
Group is 500 m thick, in unconformable covered by the Ene Formation. 

6) {Ene Formation] - Late Permian to Early Triassic 
The Formation lies northwest of Bajo Pichanaqui (Qua d. 22-n) in the southwest 
cnd of the survey arca. The Formation is composed of fine lo medium-grained 
sandstone accompanied by limonite and thin layers of poorly sorted calcareous 
sandstone. The thickness of the Formation is 700 m. 

7) {Pucara Group] - Late Triassic to Early Jurassic 
The Group lies in the vicinity of Bajo Pichanaqui (Quad. 22-n) in the southwest 
end of the survey area. Thc Group is mainly composed of thick beds of ncritic 
limestone, accompanied by thin layers of mar!. The upper horizons abound in 
fossils. The Group is 1,500 m thick, covered by the Sarayaquillo Formation in 
angular unconformity. 

8) [Sarayaquillo Formation] ·Late Jurassic 
The Formation lies in a small arca to the south of Puerto Bermudez (Quad. 21· 
n). The Formation is composed of somcwhat thick beds of feldspathic sandstone, 
accompanied by limonitiwd basal conglomerate. Thc Formation is 600 m thick, 
in unconformable covered by the Oriente Formation. 

9) (Oriente Group} · Early Cretaceous 
Cretaceous in unconformable covers Jurassic, constituting the Oriente Group, 
Chonta Formation, Vivían Formation and Cachiyacu-Huchpayacu Formation, in 
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asccnding ordor. 'I'ho Group sproads most broadly ovcr thc cntiro arca of tho 
Sira rango in tho smvoy arca. (Quad. 20·n, 20·ií, 21-n, 21-ií, 22-n, 22-ñ, 22·o and 
22-p) Thc Group is composod mainly of whito·colorcd siliccous sandstono 
accompanicd by thin laycrs of rcddish fcldspathic sandstonc and limonitc. Tho 
Group is 600 m thick. 

10) [Chonta Ji'ormation] · Late Cretaceous 
Thc Fm·mation cxtcnds in strip north to south a long thc cast and wcst flanks of 
tho Sira muge. (Quad. 20-n, 20-ñ, 21-n, 21-ñ, 22-n, 22-ií, 22-o ami 22-p) Tho 
Formation is composcd mainly of somcwhat thick bcds of ycllowish gray colo red 
mar! and limcstono which yiclds abundant fossils, accompanicd by thin laycrs 
oflimonitizcd shalc. '!'he thickness ofthc Formation is 650 m. 

11) [Vivianl<ormation] ·Late Cretaceous 
The Formation cxtcnds nOI"th to south along the west flan k of thc Sira rango in 
Quad. 20-n, 21-n and 22-n, whilst, in Quad. 22-ií, 22-o and 22-p, it extends along 
tho southeastern part of thc rango. The Formation is composcd of sornewhat 
thick beds of fino to modium-grainod siliceous sandstone. The Formation is 350 
m thick. 

12) [Cachiyacu·Huchpaya.cu l<orma.tion]· Late Cretaceous 
In the quadrangles 20-n and 21-n, the Formation extends in strip along the 
west flank of the Sira rango. The Formations aro mainly gray colorcd shalo and 
medium-graincd sandstone including coa! layers. In the upper horizons, 
"carofitas (small plant fossil)", are observed. The Formation is 150 m thick, in 
unconformablc covorcd by the Huayabamba Group. 

13) [Huayaba.mba. Group} · Eocene to Oligoceno 
Tho Group lies in strip north to south along the Pachitoa, Pichis and Autiki 
basins (Dwgs. 20-n, 21-n and 22-n) on the west side tho tho Sira range, whilst, 
on the east sido of tho rango, it extonds on the wost banks of tho Ucayali and 
Urubamba rivers (Dwgs. 10-Ji, 21-ñ, 22-ñ, 22-o and 22-p). On tho wost sido of 
the Sira range, the Group is classified into tho three formations: the Eoceno 
Yahuarango Formation, tho late Eocone Pozo Formation and the Oligoceno 
Chambira Formation. The total thickness is 1,600 m. 

[Ya.huarango Forma.tion] 
The lowor 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, whoreas the upper part is of reddish violot-colored, massivo 
claystono which intercalates thin layers of limostone including limonito and 
fossils. Tho .l<'ormation is 800 m thick. 

[Pozo l<orma.tion} 
'!'he Formation consists of tho lowormost part composed of yellowish gray 
colored tuff, the middle part of groonish gray colorod shalo including fossils, and 
tho uppor part of reddish gray colored claystone including fossils. The thickness 
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oftho Formation is 400 m. 

[Chambira Fom!fltion] 
Tho lowor part is composod of roddish bwwn-colorod, massivo calcarcous 
claystono including coarsc grained sandstonc in lcnscs, whilc brick rcd-colorcd, 
massivc calcareous claystonc including calcarcous nodules compriscs the uppor 
part. Thc l<'ormation is 400 m thick. 

The lithofacics on the east sidc of thc Sira range is of t·cd-colorcd, finc~graincd 
sandstonc, reddish brown-colorcd mudstonc accompanicd by limonite in thin 
laycrs, limonitized claystonc, dark gray colorcd limcstonc, dark gray colorcd 
conglomcratic sandstonc, clayish sandstonc, etc. Thc total thickncss is 1,500 m. 

14) {lpumro Formation]- Plioceno to Mioceno 
On thc wcst side of thc Sira range, thc Formation cxtcnds in strip north to 
south along the Pachitca and Pichis Rivcrs (Quad. 20-n and 21-n) whilc, on thc 
east side of the range, it spreads broadly over the Selva from the Ucayali
Urubamba basin to thc Brazilian bordcr. 

The Formation of thc wcst side of tho Sira range compriscs reddish to grayish 
white-colored, coarse grained sandstone in thick beds, accompanied by a horizon 
of clayish mudstone, and is 500 m thick. 

The Formation on the cast sido of thc Sira rango comprises sandstone 
accompanied by reddish brown-colored mudstone and lenticular c!llcareous 
rocks, yellowish brown-colored, fine-graincd sandstone accompanied by reddish 
brown-colored limonite and fossil plants, dar k gray colored calcareous sandstone 
accompanied by thin layers of reddish brown-colorl?d mudstone including fossil 
tortoises, conglomerate accompanied by thin layers of tuff, breccia assuming 
various colors, etc. Thc thickncss of the Formation reaches 1,200 m. The 
Formation is covered by the Pleistoceno Ucayali and Madre de Dios Formations 
in angular unconformity. 

15) [Ucayali Formation]- Pleistoceno 
The Pleistoceno Series in unconformable overlies the lpururo Formation of 
Mioceno to Plioceno age, sprcading over the Selva on the cast sido of the Sira 
range from the Ucayali-Urubamba basin to the Bmzilian border. The portion 
west of the long. 73°30' W is called Ucayali Formation whercas thc castern 
portion is called Madre de Dios Formation. The lithofacics of the Ucayali 
Formation comprise red-colred clay, coarsc grained sand, and pebble including 
thin layers of gravel. The thickncss ofthe Formation is about 30m. 

16) [Madre de Dios Formation}- Pleistocene 
The Formation comprise limonitized sand, yellowish brown-colored clay and 
yellowish brown-colorcd, unconsolidated pebble. Thc Formation is 20m thick. 
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17) {AI/uvium] · Iloloccno 
'!'he Alluvium spreads ovcr thc Sira rango and ¡·ive¡· basins in thc Selva, 
comprising unconsolidatcd sand, pcbble, etc. 

'1\vo typcs of stocks prcsumably of different intrusion stages lie in the Sira ¡·auge 
in the wcst of thc survcy arca. Onc of thc stocks comprising gncissic granito, 
dim·ite, etc., which is infcncd to have intruded in the Permian time, is situated 
in thc center of the anticline of the Sira muge (Quad. 21-ñ and 22-ñ) and 
intrudcs into Precambrian metamorphic rocks. Thc other stock, situated in thc 
north of thc rango (Quad.19·n), comprises monzodiorite inferred to ha ve intruded 
in the Paleogene time and is altered by contact metasomatism and 
mineralization. (Aithough thc latter is situatcd outside thc survey arca, 
rcference is hercin made in view of its nccessity for the evaluation of potential 
ore dcposits.) 

Thc characteristics of the intrusive rocks in and around the smvey arca are 
summarized as follows: 

1) Southeastern pal"t ofthe Sira range (I) 
Locality: southeastern part of Quad. 21-ñ: "Bolognesi" 
Rock types: gneissic granito, diorite 
Occurrcnce: gneissic granite (EW: 2 km, NS: 5 km), diorite (EW: 0.5 km, NS:L5 

km) 
Altitud e: 500 m to 1,200 m 
Wall rock: Precambrian slate and gneiss (Sira Complex) 
Age: Pcrmian 
Mineral indications: nono 
Source: INGEMMET geological report (4) 

2) Southeastern part ofthe Sira range (II) 
Locality: northeastern part of Quad. 22-ñ: "Obenteni" 
Rock typcs: amphibolite, basalt, granito 
Occurrence: small scale (undescribed in the 1:100,000-scale geologic map) 
Altitude: about 500 m to 800 m 
Wall rock: Precambrian dioritic gneiss, etc. (Mamñon complex) 
Age: Permian 
Mineral indications: none 
Source: INGEMMET geological report (5) 

3) Northern part ofthe Sira range 
Locality: southwestern part of Quad.l9-n: "Puerto Inca"; 13 km east of Puerto 

Inca, Dept. Huanuco, on the right bank ofthe Rio Pachitea; UTM coordinates 
(N 8,963,000; E 517,000); the placer gold deposit. in the Negro River is located 
about 23 km southward. 

Rock type: Monzodiorite 

-48-· 



) 

Occurrcnco: E-W: 3.5 km; N-S: 1.5 km 
Altitudo: about 300 m 
Wall rocks: sandstono of tho lowcr Crctacoous Oriente Group, limcstonc· 

sandstono bcds (gcntly dipping wcst) of tho uppcr Crctacoous Chonta 
Formation, limes tone of thc Chonta Fol'lnatiou in thc vicinity of !he stock; tho 
sandstonc of thc Oriente Group is altcrcd to hornfols. 

Agc: Palcogono 
Mineral indications: In somo limostonc of tho Chonta Fonnation, contact 

metasomatic altcration with Au·Cu dissemination occurs. Au·Cu anomalics 
(Au 0.02 to 0.18 g/t) aro detected in the sti·eam sedimonts in the vicinity of the 
stock. 

Source: INGEMMET goologicall·eport (9) 

1) Geologic structurc near the surface 

The survey arca is situated north of the structurally transitional zone called tho 
"Abancay" bend in southern Peru, and represonts the NNW ·SSE direction, the 
typical Andean trend. 

The western part of the survey area is called Sub·Andes where the Cordillera 
Oriental shifts into the Selva. The Sira range, alt. 2,000 m, is formed within the 
Sub-Andes. 

The Sira range, composed of the Paleozoic including the Precambrian and the 
Mesozoic, constitutes an anticline thrusted on the west and east margins of the 
rango while, internally, anticlinal and synclinal structures develop with tho 
Andean trond. 

On tho east sido of the Sira range, the Selva composed of the Neogeno to 
Quaternary spreads extensively up to the Brazilian border, while the Ucayali
Urubamba rivers aro situated on the western ma1·gin of tho Ucayali sodimentary 
basin. The Ucayali basin has the Precambrian basoment which constitutes tho 
Brazilian shiold, undorlain by the Paleozoic, Mesozoic and Paleogene rocks, 
extending in the N-S direction and reaching 6,000 m in depth. Oil and natural 
gas prospecting ha ve long since beon conducted in the sedimentary basin. 

As regards intrusive rocks, granite stocks are observed in the Sira rango in the 
west of the survey area, which have caused contact metamorphism to the 
Mosozoic ofthe Sira range. 

2) Deep geologic structure 

An overview ofthe geotectonic framework ofthe survey area, based on tho survey 
data of the Petroperu, indica tos tho following structural units from west to east. 
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Figuro 13 oxhibits tho dcop gcologic structurc of tho survcy arca. 

a. Vilcabamba-Sira anticlirw, Si m tlu·ust zonc and Ucayali dcp1·cssion 
Thc Vilcabamba-Sira anticlinc roprcsonts a largc-scalc anticlinal structuro 
cxtcnding fmm Agua Caliento in thc nort.hwcst of thc sm·vcy arca to thc 
Vilcabamba rango in thc south of thc survcy arca. Thc total cxtcnsion roachos 
400 km. Thc anticlinal axis gonerally trends Nl0°W. In the north, it plungos 
northward ami sinks into thc Tortiary System while, in the south, it is boundod 
by tho Abancay bond. In thc smvoy arca, thc anticline forms tho Sira rango. Its 
oast ami wcst flanks aro asymmot.ric, tho fm·mcr dipping stoeply whilo tho 
lattor gcntly. Tho anticlinc is boundod by thc thrust zone in thc oast. 

Tho nmthom arca of thc anticlinal structme is called Sira high, whcrc suddcn 
asconsion of tho basement is inforablc from gravity and seismic data. At thc 
nmthern end of the anticlinal structuro, out of the survey arca, there is the 
Agua Caliente gas ficld. In thc Vilcabamba-Sira anticline, many f1·acturcs 
dcvclop in NE-SW direction, which are interpreted to be Ioft-lateral faults. The 
hot spring at Agua Caliente is presumed to ascend through one of such fmctures 
as thc path. Besides the thrust zone bounding the east flank of tho anticlinal 
structure, thero is a parallel thrust zono in the interior of the anticlinal 
structure. In these thrust zones, a block structure consisting of the normal and 
reverso faults is formed. 

Along thc Ucayali river east of the Sira thrust zone which bounds the east flank 
of thc anticlinal structure, a sudden subsidence of basement caused by the 
developmcnt of tho thrust is observed, which is called the Ucayali depression. 
From seismic prospecting data and well logs, the amount of vertical 
displacement is infcncd to oxcoed 2,000 m. 

b. Ucayali sodimentary basin 
The Ucayali sedimentary basin broadly extends in the NNW-SSE direction over 
the Selva in eastern Peru within the approximate arca of lat. 6°30' - l2°S and 
long. 72•- 76°\V. It has the Precambrian basement, overlain by the lower 
Paleozoic 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 east by thc Fitzcarral arch. The dopth of the basement reaches 6,000 m in 
the vicinity ofSepa in the lower reach ofthe Urubamba river. 

c. Atalaya fault zone, Sheshea high and Sepa high 
About 10 km north of Atalaya, in the south of the survey arca, presence of a 
fault zone striking N70°E, 15 km wide, has been inferred, which is called the 
Atalaya fault zone. The fault zone, as a whole, is inferred to havo a left-lateral 
displacement. The occurt·ence of the Atalaya fault zone is not necessarily clear 
from the surface geology. 

The asccnsion of the basement with the N-S trend observable at around long. 
73°20' W is cut by the Atalaya fault zone. The north side of the fault zone is 
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called the "Sheshea high" while the south sido is called thc "Sepa high." The 
lattcr forms an anticlinorium, whcre thc anticlinal structuws such as Sepa, 
Pucacuro, Lcigh and Victor lie inte1·calating a small synclinal stntcturc. 'I'he 
dcpth of t he basement is inferred to be 5,000 m in thc vicinity of the Sepa 
anticlinc. 

d. Jnuya· Yurua high 
The high representa an ascending portien of tho basernent observable at around 
long. 72°30' - 73•W and is inferred, as a whole, to assume a hol·st-Jike structut·e 
bounded in the east and west by normal faults. The depth of the basement is 
about 2,000 m in shallow portions. 

c. Ji'itzcarml arch 
From around long. 71• to 72°30'\V, there is an ascending portion of the 
bascrnent with the NE-SW trend, called the Fitzcarral arch. Thc arch bounds 
between the Ucayali sedimentary basin and the Madre de Dios sedimentary 
basin. 

f. Madre de Dios sedimentary basin 
The sedimentary basin spreads from the southwest part of the Fitzcarral arch 
to Brazil and Bolivia, its southern Jimit being at lat. 13°20' S. Similar to tho 
Ucayali sedimentary basin, it has the Precarnbrian basernent, overlain by the 
Lower Paleowic to Cretaceous rocks . 

g. Others 
An anticlinal structure with the NE-SW trond is inferred to extend along the 
Alto Purús river in the northeast of the survey arca, but its details are 
unknown. 

2-3 Oro Doposits 

2-3-1 Data collection 

The collected data include the INGEMMET geological reports and data base of 
ore deposits and showings, the data of the Mine Inspection Bureau (la Dirección 
do Fiscalización Minera) of The Ministry of Energy and Mines and tho Mining 
Registry (Registro Público de Minería), 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 list of reference and data 
collected, at the end of this volume. 

2-3-2 Mineralization 

Frorn the geologic-rnetallogenic point of view, tho survey area is situated east of 
the East Andean rnetallogenic province, and where few deposits have so far been 
developed because of the poor accessibility and the lack of inforrnation on ore 
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deposits and showings. Mineralization in the survey arca is doscribod below, on 
tho basis of tho topographic clivision, into the Sira rango division, tho Ucayali· 
Urubamba division and thc castom Selva division. 

Thc Sira rango division, al t. 2,000 m, is a part of tho Sub-Andes arca where tho 
Cordillera Oriental shifts into the Selva, and is unde1·lain by Paleozoic including 
Procambrian and by Mesozoic. Tho arca has tho best accossibility in tho survoy 
arca from the Andes Mountains side; therefore, small placer gold mining has 
long since been conducted on the western margin of the Sira rango. The 
INGEMMET's recent geological survey has verified occurrencc ofintrusive rocks 
accompanied by Au-Cu mineral indications, and new applications for mining 
claims are being filed. 

The Ucayali-Urubamba division is situated on the west margin of the Ucayali 
basin stretching in the central part of the survey arca, bounded by the thrust 
fault trending N-Son the east edge ofthe Sira range. The Ucayali basin, with the 
6,000 m-deep Precambrian basement, is composed of the Paleozoic and Mesozoic 
rocks. The are a has high potentials of petroleum and natural gas, where seismic 
prospecting and long-hole drilling have been conducted long since, in an effort to 
examine geological structure of the Ucayali basin. As for metallic minerals, 
however, sufficient prospecting and development have not yet been done, owing 
to the poor accessibility to the Selva zone. Nonetheless, information on showings 
of placer gold deposits has been increasing recently, near small towns a long the 
Ucayali-Urubamba rivers which serve as the major transportation routes. 

The eastern Selva division covers the Selva up to the Brazilian border, a sparsely 
populated area of hard access. Descript.ions of ore deposits and showings are 
scarce, as well as information on mineral resources development. From the 
topographical and geological points of view, occurrence of placer gold deposits is 
considered to be possible. 

2·3-3 Ore deposits and showings 

Table 8 lists ore deposits and mineral indications in the survey area 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) Piraje Pintuyacu 

a. Locality: Quad. 19-n: "Puerto Inca", 13 km east of Puerto Inca, Dept. Huanuco, 
in the northwest ofthe Sira range; UTM coordinates (N 8,963,000, E.517,0000; 
alt. about 300 m. The locality ·· out of the survey area ·· is about 23 km north of 
the placer gold deposit in the Negro river referred below. 
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b. Gcology: Sandstono of the Oriento Group of tho Lowor Crctaccous Systcm and 
limcstonc·sandstonc of thc Chonta Formation of thc Upper Crctaceous System 
are overlying with a gcntlc dip wcstward. Monzodiol'itc intrudc in stock (2 kmo) 
into thc Crctaceous. Limcstono of tho Chonta l<'ormation and sandstone of thc 
Oriente Group around the stock are metamorphosed to homfels. 

c. Mineralization: Contact mctasomatic portions exist in part of limcstone of the 
Chonta Formation, accompanied by dissemination with Au, Cu, etc. In stream 
sediments around thc stock, Au and Cu anomalies (Au: 0.02 to 0.18 glt; Cu: 10 
to 27.5 ppm) are detectcd. Assay of l'OCk samples collected in the surroundings 
of the intrusive rock indica tes max. Au: 0.567 glt and Cu: 900 ppm. 

d. Source: INGEMMI<}T geological report (9) 

2) Negro Rivor (HUA 0071, 0072, 0073, 0074) 

a. Locality: Quad. 20·n: "Rio Palcazu," in the Negro river at Puerto Inca, Dept. 
Huanuco, in the northwest of the Sira rango; UTM coordina tes (N 8,937,522, E 
506,827); al t. about 300 m. 

b. Geology and mineralization: The placer gold deposits occur in the Llullapichis 
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 Río Negro and El Shira, 10 km east of the Pachitea river, 37 
pits were dug and resource·geological evaluation had been done. It indicated 
300,000 m3 (Au: 1.55 g/m3; 465 kg) of confirmed reserves, 460,000 m3 (A u: 1.48 
g/m3; 680 kg) of probable reserves and 1,500,000 m3 (Au: 1 g/m3; 1,500 kg) of 
possible reserves (Moya, R. Carlos, 1974). At present, some 200 people are 
engaged in panning to produce gold of 1 g per man·day. 

c. Source: Reference (11), INGEMMET geological report (1) 

3) In ti Mantaro (JUN 0320, 0319) 

a. Locality: Quad. 22·n: "Baja Pichanaqui," Chanchamayo Huachiriki, Dept. 
Junin, in the southwest of the Sira range; UTM coordinates (N 8,800,600, E 
520,038); alt. 900 m to 1,000 m. 

b. Geology and mineralization: In the small mining claims of Inti Mantaro and 
Villa El Sol, minor·scale tunnel prospecting is ongoing to examine occurrence of 
the Pucara Group and Chonta Formation of Mesowic. It has been reported, 
however, that the mineral indications and alteration are weak. No intrusive 
rocks are observable in the nearby arcas. 

c. Source: INGEMMET geological report (2) 
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4) Autiki 

a. Localily: Quad. 22-n: "Baja Pichanaqui," Chanchamayo Autiki, Dcpt. Junin, in 
thc southwcst of thc Sira rango; U'rM coordinatcs (N 8,789,000, E 541,0000); 
alt. 500 m. 

b. Geology and mineralization: A forcign company is conducting gcological survcy 
to examine an palco-placer dcposit which occm· in the bascmcnt of the Oriente 
J.t'ormation of thc Lower Cretaceous System. 

c. Source: lNGEMMET geological report (2) 

(2) Ucayali-Urubamba divi~jon 

1) Cumaria valley 

a. Locality: Quad. 20-o: "Cumaria," 105 km north of Atalaya, Dept. Ucayali, in 
onc of thc Ucayali tributaries; UTM coordinates (N 8,912,000, E 622,000); alt. 
210m. 

b. Geology and mineralization: Fluvial sediments (sand) around the Cumaria 
valley, a tributary of the Ucayali on the right bank, assay Au: 0.025 g/t. The 
lpururo Formation of the Neogene System is exposed in the are a. No intrusive 
rocks nor the Mesozoic-Paleozoic rocks are existent in the vicinity or upper 
streams; it has been pointed out that the Ipururo Formation possibly contains 
gol d. 

c. Source: INGEMME'l' geological report (3) 

2) Vicinity of Atalaya 

a. Locality: Quad. 22-o: "Atalaya," Dist. Atalaya, Dept. Ucayali, near the 
confluence of the Tambo and Urubamba river; an island near Mardonadillo 
(UTh1 coordinates: N 8,812,500, E 642,000) and the Tambo river near Atalaya 
(UTM coordinates: N 8,815,000, E 636,500) 

h. Geology and mineralization: In the Ucayali river and its tributaries north of 
Atalaya, occurrence of placer gold deposits and heavy minerals has bcen 
reported, but exact localities of many mineral indications are unknown and 
many are not covered by mining claims. However, the placer gold dcposits at 
the two localities indicated abovc are well known. 

c. Source: lNGEMMET geological report (4) 

3) The Urubamba 

a. Locality: Quad. 22-p: "Rio Inuya," Dist. Atalaya, Dept. Ucayali. M-8, near the 
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Mapa lija Island on the 1·ight bank of the Urubamba river (UTM coordina tes: 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 (U'l'M coordinates: N 
8, 799,000, E 694,000); al t. 286 m; 9 km southeast of Sepa. 

b. Geology and mineralization: placer gold showings aro observable in the grave! 
beds mixod 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, respcctively. It has hcen pointed out that places 
whero current velocity is abruptly reduced, such as confluences, and curvatures 
of meanders are important as locations whero placer gold deposits tend to be 
formed. The gold is thought to be originated ft·om gold-bearing quartz tenses 
and veinlcts which fill bedding planes and fissures in Paleozoic sedimentary 
rocks such as slate and quattzite in Andes mountaíns, which are accompanicd 
with acidic intrusions. 0.17% ofSn contained in a panning sample has also becn 
reported. 

c. Sourcc: Reference (10) 

(3) Eastern Selva division 

1) East of the Ucayali 

a. Locality: Quad. 20-p, 20-q, 20-r, 21-p and 21-q 

b. Geology and mineralization: The area is the Selva zone from thc right bank of 
the Ucayali to the Brazilian border, having hard access and sparse population. 
Descriptions and infmmation on placet· gold deposits and mineral resources 
development are hardly available. 

c. Source: Reference (12) and INGEMMET geological reports (6) and (7) 

2) Districts of Purus, Department of Ucayali (the east margin of the survey area) 

a. Locality: Quad. 21-r, 22-r, 21-s, 22-s, 20-t, 21-t, 22-t, 19-u, 20-u, 21-u and 22-u 
(the Selva zone up to the Brazilian border) 

b. Geology and mineralization: The arca being hardly accessiblc and sparsely 
populated, few descriptions and information on placer gold deposits and mineral 
resources development are available . 

c. Source: INGEMMET geological reports (7) and (8) 

2-4 Consíderations 

The survey area consists of Precambrian, Lower Paleozoic, Upper Paleozoic, 
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Mcsozoic, Conozoic and intntsivo rocks. In rocont yoars, geological survey of the 
extensivo arca including this survey aren has been undcrtakon by thc 
INGEMMET and its geologicalreports wcrc publishcd in 1997 and 98. 

The survey arca is situatcd in tho remoto region bcyond tho Andes Mountains 
and tho access is irnpedcd by the Selva zone. Such constraints have obstructed 
progress of systematic surveys. At proscnt, thcre is no oporating mines of 
rnotallic rninorals in the survey arca. 

Considorations on the geology and ore dcposit.s in thc survoy arca, basod upon 
the data colloctod during the Phase 1 survey, rnay be sumrnarized as follows. 

On the western rnargin of the Sira range, which has relatively good access frorn 
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 rango (Quad. 20· 
n), placer gold mining was conducted since the 1930's to produce gold of 100 kg a 
month. In the 1970's, prospecting including pitting was done, which indicated 1.2 
tons of gold content in the confirmed and probable ore reserves. At presont, sorne 
200 poople are ongaged in panning operation. 

As the INGEMMET geological survey in recent years in the arca 13 km east of 
Puerto Inca (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 havo been filed. This indication is similarwith 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) iypes of ore 
deposit might be possible, depending on a systematic prospecting in future. 

Gold and tin concentration in stream sediments are reported in a eastern 
tributary of the Ucayali river in Quad. 20-o, near Atalaya (Quad. 22-o) and Sepa 
(Quad. 22-p) along the Ucayali itself. A report says that, near Sepa, sorne 
panning sample assays 1.6 g/t of Au, which suggests a high probability of 
occurrence of placer gold deposits. At present, mining 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 unexplored Selva 
zone east ofthe Ucayali-Urubarnba rivers, as well. 
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ID NOMBRE 

ORODELRIO HUA0071 NEGRO. MINA 

HUA0072 LORENA, MINA 

HUA0073 ELSHIRA. 
MINA 

MISTERIO, HUA0074 MINA 

JUN0319 VILLA EL SOL, 
PETITORIO 

!NTI 
JUN0320 MANTARO, 

CONCESION 
------

ID: CODIGO INGEMMET 

~~~ -

DEPARTAMENTO 

HUANUCO 

HUANUCO 

HUANUCO 

HUANUCO 

JUNIN 

JUNIN 

• ~ 

Table 8 List of ore deposits and mineral indications (1) 

' UBICACION LATITUD LONGITUD CUADRANGULO a.EMENTO MINERAL FORMA DEPOSITO ¡ 
1 

PUERTO INCA. RIOPALCAZU AL~AL 1 PROVINCIA DE 09-36-42$ 074-56-16W AU ORO IRREGULAR 
PACHITEA 2Q-N 

PUERTO INCA, RIOPALCAZU 
PROVINCIA DE 09-36-425 074-56-06W AU ORO IRREGULAR ALUVIAL 

1 
PACHITEA 2Q-N 

¡ 

PUERTO INCA. RIOPALCAZU 1 

PROVINCIA DE 09-35-00S 074-'Sf>.36W AU ORO IRREGULAR Al.~AL i 
PACHITEA 2Q-N 

PUERTO INCA. RIO PALCAZU 
PROVINCIA DE 09-34-245 074-44-24W AU ORO IRREGULAR Al.UVIAL 

PACHITEA 2Q-N 
1 

BAlO PICHANAQUI, BAlO PICHANAQUI 1 

PROVINCIA DE 1Q-53-00S 074-51-00W AU ORO 1 

CHANCHAMAVO 22-N 
1 

BAJO PICHANAQUI. BAlO PICHANAQUI 
1 PROVINCIA DE 1Q-51-00S 074-49-WN AU ORO 

1 
CHANCHAMAVO 22-N 

-- -
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Table 8 List of ore deposits and mineral indications (2) 
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Chapter 3 lntegrated Analysis 

Following findings ha ve been obtaincd by tho intcgration of thc survoy results in 
Phasc I (Rcf. Figure 14). 

(1) Thc data suggesting prosoncc of anticlinal or domo structurcs in the Ucayali 
sedimentary basin havo been obtained from tlle dminage patterns delineated 
by JERS-1 SAR imago intorprotation. As it has been confirmed with the Sira 
anticline, anticlinal structures and dome structures tend to be accompanied by 
a stockwork intrusive rock nearby those central portion. Generally, presence 
of an intrusive rock suggests possible prcsence of the thermal source for 
formation of ore deposits; the anticlinal or dome structures are of particular 
importance from the viewpoint ofprospecting not only for petroleum or gas but 
for metallic mineral resources, as well. 

(2) In the east part of the quadrangle 21-p, there is an area in which an 
anomalous drainage pattern · a distinctive trellis pattern · is observed. As the 
anomaly is possibly reflecting the presence of intrusive rocks, the area is also 
considcred important for exploration of mineral resources. 

(3) In the thrust zone trending NNW-SSE located in the east of the Sira range, 
many parallel lineaments to the thrusts, considerad 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, 
havo been extracted and those lineaments form high density zones of 
lineament 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 
arca, there are thermal springs accompanying faults with the NE-SW trend. 
Thcrefore, the high concentration zone of lineaments in the thrust fault zone 
east of the Sira range is considered to be important for metallic mineral 
resources exploration. 

(4) Analysis of the existing geologic data indicates the possibility that primary 
gold deposits occur in the vicinity of the alluvial gold deposits in the Negro 
river in the quadrangle 20-n . 

(5) Minable alluvial gold dcposits are possibly present in the fluvial sediments 
a long the Urubamba river near Atalaya (Quad.22-o) and Sepa (Quad. 22-p). 

As to the above items (1) and (2), it is hard to evaluate the possibilities since no 
ground verification has been made. Therefore, the following are considered to be 
promising areas for future exploration: 
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- 'l'he area along the Negro l'iver where occunence of alluvial gold deposits is 
known. 

- The arca stretching from around Atalaya and Sepa, wherc alluvial gold 
showings are present, to the castern part of the Sira mnge on the west han k of 
the Ucayali river, where the intrusivc l'Ock is prescnt and the bigh density 
zones oflineame1't havo bcen extracted. 
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Chaptcr 1 Conclusions 

'fho following conclusions aro drawn from tho Phasc 1 study. 

(1) Satcllitc imago analysis using JERS-1/SAR data 

a. I<'rom the analysis of drainagc pattorns in tho Ucayali scdimentary basin, data 
suggosting prescnco of anticlinal structurcs or dome structures and possiblo 
prcscnco of intrusivo rocks woro obtaincd. In the Selva zono in eastcrn Peru as 
t'cprcscnted by thc Ucayali sedimcntary basin, drainage analysis utilízing 
satellito imagcs is cffcctivo for tho intorpretation of geology and geologic 
structure. 

b. In the thrust zone trending NNW-SSE located in the oast of the Sira rango, 
many parallcl linoaments 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, 
havo been extracted and those líneaments form high density zones of lineament 
in this zone. Gcnerally, tcnsion fractures are likely to be accompanied by 
intrusivo rocks and hydrothermal activity having the intrusive rocks as the 
thermal sourcc. At Agua Caliente in the northeast of the study arca, there are 
thermal spring~> accompanying faults with the NE-SW trend. Therefore, the 
high concentration zone of lineaments in the thrust fault zone east of the Sira 
range is considered to be important for metallic mineral resources exploration. 

(2) Analysis of the existing data 

a. It was ascertained by recent geological survey conducted by INGEMMET that 
an intrusive rock accompanicd 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 (located in Quad. 20-n) in structural setting, whereas the indication 
is considerod to be a so urce (primary deposit) of placer gold. It may be said that 
to discover both primary and secondary (placer) types of ore deposit might be 
possiblc, depending on a systematic prospecting in futuro. 

b. In the Ucayali sedimentary basin, gold and tin concentration havo been 
reported in heavy minerals in stream sediments along the Urubamba river near 
Atalaya (Quad. 22-o) and Sepa (Quad. 22-p). Especially, near Sepa, panning 
samples of heavy minerals is reported to assay A u: 1.6 g/t, which suggests high 
possibility of occurrcncc of alluvial gold deposits. 

In vicw of thc results of analysis, the following arcas are extracted as promising 
are as: 

- Thc area along the Negro river where occurrence of alluvial gold deposits are 
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known. 

- 'l'ho arca strotching ft·om around Atalaya and Sopa, whoro alluvial gold 
showings aro pt·esont, to tho eastern pat't of the Si m mnge on the west bank of 
the Ucayali river, where the intrusive rock is prcsont and the high density 
zones oflineament havo been extracted. 
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Chaptet' 2 Recommendations for the Phase II 

Hascd on thc survcy findings summarizcd abovc, thc following rccommcndations 
m ay be mado for thc sccond phasc: 

(1) Satcllitc imagc analysis: Executc in collaboration with the Peruvian 
engincers the JERS-1 SAR data proccssing to prepare mosaic images which 
a1·c to cover the 13 quadrangles in thc east part of the Urubamba river inferior 
a1·ea, in an effort to ensurc thc transfer of the SAR imagc processing 
technology. Successively, imagc interpretation including mapping of the 
gcologic interpretation and lineamcnts, digitizing of interpretation rcsults, 
prcpm·ation of thc GIS data sct and analysis of such data as lineament dcnsity. 

(2) Exist.ing data analysis: Collect and compile additional data prepared in Peru 
after thc Phase 1 survey (mainly mining claims·related information). 

(3) Field survey: Consider the possibility to execute field survey aimed to 
ascertain mineralization, with the base camp at Atalaya, situated in the east 
piedmont ofthe Sira rango where thc Tertiary intrusive rocks are present and 
relatively closc to the placer gold mineral indications in the Urubamba-Ucayali 
rivcrs. The survey will include the following items: 

· Geochcmical sampling of stream sedimcnts, heavy minerals and rocks. 
· Investigation ofmineral indications. 
· Verification oflithofacies a long survey routes. 
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Geological Data of PERUPETRO S.A. ( 1) 

Title Scale 

Figures & Maps 

Columna Estratigrafica Generalizada del Area del Maranon 

Columna Estratigrafica Generalizada del Area del Rio Ucayali 

Mapa de Rasgos Estructurales del Ucayali Sur 1/500,000 

Seccion Estructural A'-C Lotes- 38 y 39 1/1,000,000 

Mapa Isopaco del Cretacico Total, Hoja-e 111,000,000 

Mapa Isopaco del Cretacico Total, Hoja-G 1/1,000,000 

Mapa Isopaco del Cretacico Total, Hoja-G 111,000,000 

Mapa Geologico, Hoja-G 1/2,000,000 

Bosquejo de Los Elementos del Marco Tecwnico Regional del 
1/1,000,000 Centro y Sur clel Peru en el Paleozoico Inferior, Hoja-e 

Bosquejo de Los Elementos del Marco Tectonico Regional del 
111,000,000 Centro y Sur del Peru en el Paleozoico Superior, Hoja-e 

Bosquejo de Los Elementos del Marco Tectonico Regional del 
111,000,000 Centro y Sur del Peru en el PaleozoiCo Superior, Hoja-G 

Seccion Estructural Regional a Traves de las S:1b-Cuencas del 1/500,000 Pachitea, Sierra del Shira y Sub-Cuenca del Ucayali Area Sur 

.._. 

Year 
Reference Researcher number 

1974 GB-9467 Petroleas del Peru 1 

1974 GB-9468 Petroleas del Peru 
1 

1976 GB-9622 Petroleas del Peru > 

1 
1967 GB-9627 Petroleas del Peru 

1 
1976 GB-9724 Petroleas del Peru ' 1 

1976 GB-9726 Petroleas del Peru 

1976 GB-9726 Petroleas del Peru 

1977 GB-9731 Petroleas ele! Peru 

1977 GB-9733 Petroleas del Peru 1 

1 

1977 GB-9735 Petroleas del Peru 
1 • ' 

1977 GB-9736 Petroleas del Peru 
' 

1977 GB-9740 Petroleas del Peru 1 
1 

J 





..., 
o 
1 

·~ ....... 

Geological Data of PERUPETRO S.A. (2) 

Title Scalc 

Repons 

Estudio Geologico Regional Sector Sur - Cuenca Ucayali 

Informacion Geologico del Lote 38, p.6-8 

Informe Preliminar del Area del Sepa 

Informacion Geo!ogica Basica, Lote 37 Cuenca Ucaya!i 

Evaluacion Geologica Lotes 39 y 43 (Cuenca Ucaya!i) 

Evaluation Final del Lote 36 Cuenca Ucaya!i Peru 

Evaluacton de Posibilidades Petroliferas del Lote 39, Cuenca 
Ucaya!i 

Geological Reconnaissance in the Upper Ucayali Basin 

Other 

Seismic Reflexion Data 

Year 

1995 

1970 

1991 

1987 

1992 

1992 

1972 

'-' 

Reference Researcher nuniber 

PP0054 Murphy Peru Oil Co., l 
Sucursal del Peru 

PP0057 1 

1 
PP0070 Petroleos del Peru S.A 

PP0072 Petroleos del Peru S.A 

PP0077 Petroleos del Peru S.A 

PP0084 
Occidental Petroleuro 

Corp. of Peru 

' PP0106 Petroleos del Peru S.A ! 

PP0118 
1 
1 

1 
[ 

PP0123 
Total Peru - Sucursal 

del Pe!"'.l 

1 
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