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EXECUTIVE SUMMARY 
 

The underexplored intermountain Titicaca Basin runs with a NW/SE orientation parallel 
and between the Western and Eastern Andes Cordilleras. It extends from the Puno 
Altiplano at the Bolivian border to the NW to the Altiplano of Cuzco and Apurimac in 
southeastern Peru covering and area in excess of 500 km. in longitude and 100 km in 
width. The new geological information gathered and interpreted by Perupetro presented 
in this report reveals the excellent hydrocarbon potential of the Titicaca Basin.  

This basin was explored and exploited from 1875 to 1949 by several companies, which 
discovered the Pirin oil field in the first phase of the exploration in the western portion 
of the Titicaca Lake. With an altitude of 3,850m.a.s.l. it is the highest oil field in the 
world. This field accumulated near 300,000 barrels of 40° API oil from shallow 
reservoirs at depth of 100m. before abandonment. Some of the wells continued 
producing minimum amounts of oil until 2008, samples were collected to conduct 
modern geochemical analyses. 

There exists a proven petroleum and a possible second gas system in the Pirin field. The 
proven petroleum system has lacustrine shale source rocks of Jurassic age and more 
likely eolian sandstone reservoirs of Permian age. Gas generated in Pirin may be 
attributed to Paleozoic source rocks and there is also potential additional source rocks 
and sandstone and carbonate reservoirs within the Paleozoic and Mesozoic sections. 

The present study benefited by modern stratigraphic and tectonic concepts interpreted 
and applied in the basin as well as in the Central Andes. The present report was 
elaborated during a period in which Perupetro and other operators were conducting 
extensive field geology in the sub-Andean Ucayali, Ene, and Madre de Dios basins in 
southeastern Peru. These studies contributed substantially to redefine the regional 
stratigraphy with that encountered by the Camisea wells. Thus the stratigraphy of the 
Mesozoic and upper Paleozoic units present in the Camisea-Kinteroni-Candamo gas and 
condensate province were found outcropping in the Mainique Gorge and in the eastern 
Shira Mountains. These units can be extended regionally in a great portion of SE Peru in 
surface and subsurface from the North Ucayali to the Titicaca Basin. The Camisea 
stratigraphy and surrounding areas include the prolific eolian and fluvial sandstone 
reservoirs and Paleozoic source rocks known only in this portion of the sub-Andean 
Peruvian basins. 

The tectonic information in the Central Andes includes periods of shortenings caused by 
thin and thick-skin tectonics of varied magnitude and nature. These young deformation 
episodes active mainly in the last 5my have affected, rejuvenated and covered previous 
deformation episodes from as old as Paleozoic age. A period of modern tectonic 
inversion has modeled in great part the distribution history of the petroleum systems in 
the different sedimentary basins, including Titicaca. 

Two new and acceptable stratigraphic/tectonic settings have been identified in the 
Titicaca Basin, which offer highly attractive exploration plays for hydrocarbon 
exploration. The Altiplano Fold Thrust Belt verging to the SW and opposite to the 
known Sub-andean Fold Thrust Belt (setting for giant Peruvian and Bolivian gas and 
condensate fields) runs NW/SE parallel and west of the Eastern cordillera. With a 
similar orientation the Inverted Rift System is modeled in the western portion of the 
Titicaca Basin. This geological picture has the input of gravity/magnetic data, Digital 
Elevation Model, Landsat imageries, reinterpretation of the stratigraphy of modern and 
old wells, field geology and the little and poor “modern” seismic data 
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LIMA

1.0. INTRODUCTION 
 
1.1. General 
The Titicaca Basin lies in the endorheic Altiplano plateau in a place of some of the 
oldest civilizations in the western hemisphere (Figure 1). It includes the Titicaca Lake 
one of the largest lakes in the world at high altitudes of 3,812 m.a.s.l. Bordering the lake 
pre-Inca civilizations developed and left intriguing records. 

Figure 1. Titicaca Basin Index map shows current two blocks with license contracts Siboil 
(105) and PanAndean (141) and blocks for the 2008 bidding (154, 155 and 156). 
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Although hydrocarbon-drilling exploration began in 1875, the Titicaca Basin constitutes 
one of the main under explored basins for hydrocarbons in the Peruvian territory. 
Current interest to oil companies has been given by extensive campaigns for promotion 
of the basin conducted by Perupetro’s G&G team in Peru and abroad. Main emphasis 
has been given to the re-interpretation of the stratigraphy and tectonics in the basin 
during the current evaluation. In a general context this stratigraphic re-interpretation is 
part of a more regional evaluation that includes the re-definition of the late Paleozoic 
Permian/early Mesozoic units in the Titicaca and Ucayali/Ene Basins. 

Peru is divided into four main morphological regions, three onshore and one offshore. 
The three onshore regions include the Andes Cordillera Region in the center, the Sub-
Andean Region to the east of the Andean Cordillera and the Coastal Region to the west 
bordering the Pacific Ocean. The Offshore Region encompasses the Pacific Ocean. 
Regionally, the Andes Mountains in Peru constitutes a large portion of the Central 
Andes of South America, which includes numerous intermountain basins. Eighteen 
sedimentary basins extend in all these regions with hydrocarbon production and or 
occurrences in most of them including the Titicaca Basin in the high Andes plateau. 

The NW border of the Titicaca Basin extends from Sicuani outside of our geological 
map coverage to as far as the Western Altiplano in Abancay and Cuzco. This border 
coincides with the NE/SW trending Transfer Faults Tamburco and Patacancha 
(Carlotto, et.al., 2004). This fault alignment places outcrops of Paleozoic units to the 
NW in contact with outcrops of Cretaceous and younger ages to the SE. 

The Titicaca basin is located between the Western and Eastern Andes Cordilleras 
extending from the north Altiplano of Cuzco and Apurimac to the Puno Altiplano at the 
Bolivian border in southeastern Peru. A geological young NS topographic high 
established in the border of the Cuzco and Puno Departments gives a major young 
separation of the basin. Current exploration effort is mostly concentrated in the Puno 
portion of the basin. Pirin wells were first drilled due to the existence of an oil seep. 
Similarly, the largely mentioned Islaycocha oil seep lies in the SE Cuzco portion of the 
basin a short distance west of the topographic high. 

The Altiplano plateau or basin continues to the southeast under the Titicaca Lake and 
further south into a large portion of the western Bolivian territory reaching the northern 
border of Argentine. The Altiplano covers an ample area that extends in size from the 
north Maranon Basin at the Ecuadorian border down to south Ucayali at Camisea. 

It is now of more public knowledge in the hydrocarbon community the cumulative 
production of nearly 0.3 MMBO of 37-40ºAPI of the abandoned 125-year old Pirin oil 
field in the Titicaca Basin in Puno. At least one of the over one-hundred year-old well is 
still leaking very light 37ºAPI oil which is used for local consumption by the Pirin town 
people and has been the target for modern geochemical analyses. 

The abandoned Pirin oil field is located on the NW end of the Titicaca Lake in the 
Department of Puno some 875 Km to the SE from Lima and near the border with 
Bolivia. Pirin is located 50 km to the NNE from Puno. Three modern wells and over 20 
shallow old cable wells in and near Pirin give some information of the onshore 
subsurface of the Titicaca Basin. All these wells can be reached by road. 

Distances from Puno, the Department capital located at the Titicaca Lake border, to 
these three modern wells Coata 1X, Coata 2X and Ayabacas 1X are 35, 38 and 46 km to 
the NNW, respectively. Distances from Juliaca, the second largest town in the area, are 
12 Km ESE to well Coata 1X, 10 Km NE to well Ayabacas 1X and 23 Km NE to the 
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Pirin locality. Wells Coata 2X and Ayabacas 1X are located 2.4 and 12 Km to the NW 
of Coata 1. The Coata wells were drilled in ex-Block S-2 and the Ayabacas well in ex-
Block S-4. These three wells, the old Pirin field and all available seismic are located 
within current Block-105. 
 
1.2. Regional Features in the Altiplano 
Several prominent structural and topographic features characterize the High Andean 
Plateau in Peru and Bolivia where the Titicaca Basin is located. For practical purposes, 
the basin has three major sub-basins; the Titicaca Basin proper in Peru, the larger Poopo 
Basin occupying the high plateau in Bolivia, and the Putina/Huarina Fold Thrust Belt in 
Peru and Bolivia bordering the eastern-north eastern margin of the basin in a 
topographic step climbing into the Eastern Cordillera. This tectonic feature is named 
Altiplano Fold Thrust Belt in Peru in this report. 

The Titicaca Basin occupies the plateau of glacial and river origin covered mostly by 
sediments of Quaternary and Neogene and locally Paleogene age. Rivers on this plateau 
have a well-developed meandering system. The Altiplano Fold Thrust Belt constitutes 
an elongated tectonic sub-basin with outcrops of Silurian to Paleogene rocks. Sediments 
of Cretaceous age dominate this series of elongated tectonic features in a NW-SE trend. 

The Titicaca Lake is the most conspicuous feature in the Peruvian Altiplano developed 
from an old lake, Lake Ballivian, formerly emplaced in a large Altiplano territory. 

1.2.1. Titicaca Lake 
The fresh water Titicaca Lake is a main topographic feature in the endorheic Altiplano. 
It is the highest navigable body of water in the world with an elevation of 3,812 m.a.s.l. 
This lake extends 9,064 km2 in Peru and Bolivia and maintains a constant temperature 
of 10° C. The lake has two main water bodies; the larger Lago Grande (Lago Chucuito) 
to the NW connected by the Tiquina Strait to the smaller Lago Pequeño (Lago 
Huiñaimarca) ¼ the size of the former body. Maximum depths of the two water bodies 
are 284 and 40 m, respectively. Peru holds a larger portion of the overall lake than 
Bolivia. Another smaller body of fresh water is the Arapa Lake on the Peruvian side 
adjacent to the NW end of the Titicaca Lake. 

The Titicaca Lake drains south into the smaller and shallow Poopo Lake in Bolivia 
through the slow-moving Desaguadero River. Both of these lakes overly the two 
sedimentary high plateau sub-basins mentioned above and from which they take their 
names. 

The 2000 Atahualpa scientific expedition lead by Italian archealogist Lorenzo Epis 
discovered a holy temple measuring 200 by 50 m at maximum water depths of 30 m. 
near the Copacabana town in Bolivia. Other small ruins also were detected during the 
expedition backed by Akakor Geographic Exploring and all were attributed to 
Tiahuanaco pre-Inca civilization dated 1500 to 1000 years before present. Submerged 
findings will be published in November according to Internet site 
http://news.bbc.co.uk/1/hi/world/americas/892616.stm. Two attemps by otherscientific 
investigators to find submerged ruins had failed. 

1.2.2. Lake Ballivian 
Several authors and Newell himself mention indications that former Titicaca Lake or 
Lake Ballivian stood at elevations up to 150m above current lake of 3,813 m (Newell, 
1949). Newell found old surface lake deposits slightly over 100 m above the present 
surface, wave action at 50 to more than 100 m above present surface and a rock terrace 
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near Laguna Salinas and Chupa north-NW of Arapa Lake 85 m above the present lake 
elevation. 
 
The upper limit of lacustrine clays have been observed at and below the 3900 m contour 
in Rivers Azangaro, Pucara, Putina and Ilave and NW of Rosaspata village. Flat top 
hills are also described at about 3890 m contour. Well-rounded pebbles and cobbles 
overlying these terraces are made up of the underlying outcrops indicating minor 
transport. Horizontal terraces are also found cutting across tilted or massive rocks N-
NW of the lake between 50 to more than 100 m of the current lake surface. A well 

developed tilted terrace or 
pediment cuts strogly deformed 
Cretaceous shales and quarzites 
on the road connecting Chupa 
and San Juan de Salinas 
localities. The terrace slopes to 
the lake Titicaca from 3900-
3915 m to 3880 m near Chupa 
just north of the Arapa Lake. 
The terrace was formed when 
the regional base level Lake 
Ballivian was 85 m higher and it 
is now dissected by a 
rejuvenated meandering 
drainage system. 
 
Perupetro/IRD 2006 field trip to 
the Titicaca Basin also found 
evidences of Lake Ballivian. 
Algae stromatolites were 
encountered near Pirin at an 
elevation of 3,900 m or some 85 
m above the present lake surface 
(Photo 1).  

 
Photo 1. Upper view: persons standing over limestones formed by Algae stromatolites on an 
old lakeshore, very likely the old Lake Ballivian at some 3,900 m. a. s. l. Titicaca Lake in the 
background. Zoom of stromatolites in lower view. 

 
The lake surface drop to 3813 m (in 1944) was relatively too rapid to record 
intermediate terraces. A terrace 8 m. above the lake surface is evidence of a level 
attained by the old lake before its present elevation, attributed to downcutting of the 
Desaguadero River. A 2000 scientific expedition found ancient ruins in the lake down to 
30 m from the lake surface as mentioned above. This is the first indication of the lake 
surface fluctuations below the present elevation. 
 

1.2.3. Salt Deposits 
Some 15 km. to the NW of the Arapa Lake is the locality and the small lake of San Juan 
de Salinas, where salt is mined. Presence of the surface salt deposits forming these salt 
lakes is indicative of the enormous amount of subsurface salt deposits as their source. 
The three modern Ayabacas and Coata wells drilled portions of thick Permian/Jurassic 
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bedded evaporites. The salt deposits must be forming a potential hydrocarbon play that 
needs to be defined with modern seismic. 
 

1.2.4. Salt Deposits in the Bolivia Altiplano 
In contrast to the freshwater Lake Titicaca, endorheic Lake Poopo at an elevation of 
3,700 m is salty and shallow, with depths seldom more than four meters. Because it is 
totally dependent on seasonal rainfall and the overflow from Lake Titicaca, Lake Poopó 
size varies considerably. Several times in the twentieth century, it nearly dried up when 
Titicaca Lake surface dropped belod 3810 m or rainfall was low or the Desaguadero 
River was silty. In years of heavy rainfall, however, Lake Poopó has overflowed to the 
west, filling the Coipasa Salt flat with shallow water and can connect to the Uyuni Salt 
flat through an inlet. 
 
Uyuni the world largest salt flat (area 8,000-10,580 km2) and Coipasa (1/5 of Uyuni 
area) Salinas constitute two large salt flats on the SW border of the Poopo sub-Basin in 
Bolivia. They are located some 70-80 km to the south and SW of Lake Poopo.The 
extension of both salt flats compare in size to the two Titicaca Lake bodies. Uyuni, 
Coipasa and Poopo Lake are also attributed to remnants of an ancestral lake. 
 
1.3. Protected Areas 
A National Reserve and a 
Reserve Zone exist in or near 
the Titicaca Basin (Figure 2). 
The National Reserve 
“Titicaca” with two sectors 
Puno and Ramis is located 
inside the Titicaca Lake and 
outside and adjacent to the SE 
and NE border of the main 
body of Block 105. This NR 
was created by Supreme 
Decree D.S. Nº 185-78-AA 
dated on October 31st, 1978 
with an extension of 36,180 ha. 
Supreme Decree No. 002-96-
AG created the Reserve Zone 
Aymara-Lupaca on March 1st, 
1996 extending 300,000 ha in 
the south portion of the Puno 
Department adjacent to the 
Bolivian border. All blocks 
154, 155 and 156 for the 2008 
bidding are outside of the 
protected areas. 
 
Figure 2. National Reserve Titicaca in the NW border of the Titicaca Lake and on the eastern 
border of Block 105. Reserve Zone Aymara Lupaca lays mainly outside of the Titicaca Basin. 
All blocks for the 2008 bidding are outside of the protected areas. 
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2.0. PREVIOUS WORK IN THE BASIN 
 
2.1. General 
History of the exploration work in the Basin is found in the Cabrera, et. al., 1936 and 
Newell, 1949 publications. Geologists Cabrera, La Rosa and Petersen and others from 
the Mining Engineering School CIM conducted early geological studies in the Titicaca 
area in the 1930’s. Norman D. Newell followed these studies with a publication in the 
Peruvian Geological Society in 1945 and of his extensive and detailed work in the 
Geological Society of America in 1949. Newell’s bibliography summarizes 
contributions to the geological knowledge of the basin since 1835. 

Newell established the basic knowledge of the geology, including the recognition of the 
detailed stratigraphy and some of the near-surface tectonics affecting the Titicaca Basin. 
He also contributed with a summary of the early hydrocarbon exploration history and 
recognized the additional potential for continuing the hydrocarbon exploration in the 
basin that started in the old Pirin oil field. 

The Corocoro Company conducted drilling exploration using a cable rig in the Titicaca 
Basin in 1875 to a TD of 182.8 m, which resulted a hydrocarbon discovery below 
121.9m. A Mr. Fanzzini attempted to mine through galleries the oil from Pirin. Another 
company, the Titicaca Oil Company took over the exploration and drilled ten more 
wells until 1911. The seven productive wells accumulated some 281,250 BO (37,500 
metric tons) of petroleum before abandonment of the field in 1915. 

The company Sindicato Petrolero del Titicaca explored the Corapata plains south of 
Pusi and drilled two wells. The Peruvian Corporation explored the basin between 1922 
and 1925 in a concession 2.5 km south of the Saman village, or 16 km NNW from Pirin. 
The company drilled three dry wells which TD in Devonian quartzites. The Spain 
Petroleum Society “Sociedad de Petroleos de España” drilled five more shallow wells in 
the Pirin area between 1917 and 1925. 

The Peruvian Government operated the field through the “Cuerpo de Ingenieros de 
Minas” CIM (Mining Engineering Board) from 1939 to 1946 drilling ten dry wells in 
Pirin and seven between 2 and 5 km to the SE of Pirin  

State and private oil enterprises conducted extensive field geological work and photo 
geology between 1958 and 1986. Among hese companies were Empresa Petrolera 
Fiscal, Texaco, Peruvian Gulf Oil Company and Petroperu S.A.. Peruvian Gulf Oil 
Company also acquired Airmagnetometry in 1969. 

Russian company Yugansk Petro Andes S.A. and Yugansknefftegas S.A. explored the 
Titicaca Basin west/northwest of the lake in blocks S-2 and S-4 between 1991 and 1996. 
The Exploration License in Block S-4 was signed in 1996 and covered 501,340 ha in the 
Puno Department. These companies acquired 551.8 Km of 2D seismic in two 
campaigns of 307.5 and 244.3 Km. of 12-24 and 24-48 fold in both blocks between 
1994 and 1996, respectively. The seismic quality is considerably better with the higher 
fold coverage, but still with poor to fair definition of the seismic events. Some surface 
geology and geochemical studies were also performed in the basin. 

The Peruvian Company Petro Andes S.A. initiated exploration in Blocks S-2 and S-3 in 
the Titicaca Basin in 1991. Petro Andes was joined by a Russian company to form the 
Yugansk-PetroAndes consortium that drilled three wildcats Coata 1X and Coata 2X in 
Block S-2 in 1995 and 1998 and Ayabacas 1X in Block S-4 (ex-S-3) in 1997. No 
commercial production was established and only the Coata 1X well had shows in the 
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Jurassic limestones of the Sipin Formation, originally named possible Copacabana 
Formation in the operator well reports. 

Russian company Yukos acquired rights between 2002 and 2003 for a Technical 
Evaluation Agreement TEA in Block 65 covering 664,308.750 ha in the old S-3 and S-4 
blocks. The company was unable to comit to a license contract. Siberian Oil Company 
Siboil finally signed a license contract in 2005 for current Block 105 of 443,213 ha 
covering most of the areas previously explored by the Peruvian-Russian companies. Pan 
Andean was awarded Block 141 of 516,892 ha to the NW and adjacent to Block 105 in 
the Perupetro 2007 bidding round. 

Perupetro S.A. and IRD geologists performed two geological field trips to the Titicaca 
Basin in 2006 and 2007 and their two reports are included in the present report as 
Appendices I and II (one is in English and the second in Spanish). Geochemical, 
palynological and thermo chronological analyses were conducted on rock and oil 
samples from these two geological field trips by Infologic, British Petroleum and Mr. 
Enrique Diaz M. from the Spain Geological Institute under particular geochemical 
projects or technical agreements with Perupetro. 

2.2. Hydrocarbon drilling in the abandoned old Pirin oil field area 
Pirin is a small village located 20 km to the ENE of Juliaca town and 47 km to the NNE 
of Puno, the capital of the Puno Department. The Corocoro Company drilled the first 
well in 1875 near an oil seep in the Pirin structure, which resulted in a light oil 
discovery at 121.9 m (TD: 182.8 m). A Mr. Fanzzini attempted to mine through 
galleries the oil from Pirin. It produced 2 gallons per day. The Titicaca Oil Company 
drilled ten cable wells, including seven oil wells and three dry holes, with TD’s between 
51 and 78 m. from 1905 to 1911. These wells accumulated 281,250 BO (37,500 metric 
tons) until abandonment by extensive water invasion in 1915. According to early reports 
the oil had 39º API; later and current reports found between 36º to 37.7º API. 

The company Sindicato Petrolero del Titicaca explored the Corapata plains south of 
Pusi. Well No. 1 drilled calcareous strata impregnated with oil at 53.6m. Well No. 2, 
located 500m away from the first well, drilled to 65.5m in 1908 and contrary to the first 
well was free of water. 

The Peruvian Corporation explored the basin between 1922 and 1925 in a concession 
2.5 km south of the Saman village, or 16 km NNW from Pirin. Well No. 1 was drilled 
to 109.5m, or 70m according to Rassmuss, 1935. From 60 to 70m a hard Devonian 
quartzite was drilled. The hole was lost after a poor use of dynamite attempting to pass 
these hard rocks. Well No. 2 was drilled adjacent to the No. 1 well and was abandoned 
at TD of 61m, 120m according to Rassmuss. Well No. 3 was drilled in one year due to 
drilling problems reaching a TD between 274 and 300m, a large portion in Devonian 
rocks. The three wells were dry holes. 

The Spain Petroleum Society “Sociedad de Petroleos de España” drilled five more 
shallow wells including three oil wells and two dry wells to maximum total depth of 
125m from 1917 to 1925. Cumulative production in this period was 462 BO. 

The Peruvian Government operated the field through the Mining Engineering School 
CIM from 1939 to 1946 also without commercial success. It drilled eleven wells, three 
in Pirin and seven at a distance of between 2 to 5 km SE of Pirin, to TD’s of 57 to 
626m. Wells RH 1 through RH 10 were drilled between 1938 and 1945. All wells were 
abandoned due to different reasons. Productive pays were not found by the exploration 
efforts conducted in the early 1900’s outside Pirin; available technology did not allow 
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completing this goal since subsurface geology definition was lacking and salt water and 
high gas pressure flows were also reported at TD’s in some of these pioneer wildcat 
cable wells. 

The Pirin oil field was abandoned with a cumulative production of nearly 0.3 MMBO of 
36 to 39º API. Cable wells also drilled through salt water and high pressure gas zones 
beginning in 1875. Technology and remoteness of the Titicaca Basin must have played 
an important role to abandon exploration and development drilling near the mid XX 
century. 

Numerous geologists from different exploration companies have visited and studied the 
Pirin oil field in numerous occasions attempting to unravel the tectonic and stratigraphic 
complexity of this unique old oil field. Major difficulty in most interpretations lies in 
the questionable identification of the stratigraphic sections penetrated by the wells 
drilled with cable tools in the late XIX and early XX centuries. Based on current 
Perupetro interpretation, it is understood now that the area is likely to be related to a 
complex regional inversion tectonics associated to a Permian-Triassic-Jurassic rifting 
episode and thin-thick skin tectonics, as discussed in another section of this report. 

Originally, the Pirin field was interpreted as “the northeastward dipping limb of the 
Titicaca trough, broken and apparently sealed by the Pirin overthrust zone” (Newell, 
1949). Oil production and important oil shows in Pirin were encountered in permeable 
beds in the base of the interpreted upper Moho (now Cretaceous Vilquechico Group) 
and the Ayabacas Limestone sealed by Tertiary shales. Additional oil and gas shows 
were also recorded in the Pirin wells in the interpreted Huancane and Sipin Formations. 
A few gallons of “Pirin type oil” were recovered from thin limestones below the 
Tertiary in well RH-10 before it was deepened. It should be pointed out that these oil 
beds outcrop nearby. 

The nature of the gas and salt-water entrapment at Aguallane Creek (well RH-5) south 
of Pirin was reported as unknown, since the interpreted gas-bearing sandstones outcrop 
below the lowermost Tertiary breccias in the vicinity of the wells. Small faults of the 
numerous existing faults could be trapping oil and gas in the shallow thin sandstone 
beds. One of the wells in this creek was still flowing salt water according to personal 
communication by the local people and another well was leaking light oil, which was 
used by local people as observed and sampled by Perupetro and other geologists. 
Remedial work conducted in 2008 by Petroperu sealed both the oil and salt-water wells. 

A Structural Map of the Pirin Area at 1/5,000 shows the interpreted distribution of the 
Ayabacas Limestone interpreted in 1945 by Empresa Petrolera Fiscal (EPF, 1938-1947). 
The same illustration depicts the stratigraphic columns of the eleven wells named RH-1 
to RH-10 and RH-12 drilled in the Pirin and surrounding areas on a map drawn by 
Colegio de Ingenieros de Minas in 1939. Montage in Appendix 8d includes the 11 
wells, four of which RH-1, RH-8, RH-9 and RH-10 are presented with more details in 
English. Wells RH-2 (producer and shallowest well with TD 57.80 m) and dry holes 
RH-1 and RH-4 are located in the abandoned Pirin oil field. Well RH-1 (TD 593.15) m 
drilled Tertiary, Cretaceous and the Cabanillas Group in the bottom 101.5 m. Well RH-
2 is seen on the map surrounded by seven additional abandoned productive wells with 
250 m as furthest separation between them. Wells RH-8, RH-10 and RH-12 are located 
some 2 km to the SSE of the Pirin field, wells RH-3, RH-5 and RH-9 some 3-3.5 km in 
the same direction and well RH-6 also 3.5 km to the SE. 

The Pirin dry wells were abandoned due to different reasons. Wells RH-1 and RH-4 
were drilled in the water-flooded Pirin Structure and wells RH-3, RH-5 (TD 505.85 m), 
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RH-6 and RH-7 were drilled off-structure and TD’d in Tertiary. Newell ‘s Plate 13, 
Figure 4 shows a photo of well RH-6 blowing non-flammable gas and salt water to 
considerably altitude. Wells RH-8, RH-9 and RH-10 TD’d in shales with minor thin 
sandstone beds of upper Cretaceous above the Ayabacas Limestone in the Aguallane 
Creek. These wells encountered high gas pressure with high volumes of salt water 
coming from zones above the limestone and halting further drilling. Dry well RH-9 (TD 
626 m) drilled Cretaceous only. Gas was reported on top of the Ayabacas Limestone at 
425 m, followed by a water zone in sandstones at 485 m and oil and gas in the Moho 
Formation below 525 m. This hydrocarbon occurrence is reported in sandstones with 
high pressure and flammable gas. It is not known if this situation led to abandon the 
well, but no twin well was drilled. P&A of wells RH-8 and 9 was completed with 
difficulty and well RH-10 was reported flowing salt water at high pressure in 1946. This 
well blew out at TD of 299.92 m, the drillpipe was thrown out and the well started to 
flow high-pressure salt water in a column 50m high. Another report from 2001 indicated 
the well was still flowing considerably amounts of salt water, as it was in 2006 (Pirin 
people communications). Wells RH-9, RH-10 and RH-12 found high gas pressure and 
high water production rates from the interpreted “Cretaceous” Upper Moho unit.  

2.3. Available Data 
2.3.1. Seismic 

A total of 473.01 km of 2D seismic (of a total of 551km) is available in SEG-Y format 
as described in the Geophysics chapter and shown in Enclosure 2.  
 

2.3.2. Gravimetry and Air Magnetometry 
Carson generated a total intensity magnetic map in 2007 from INGEMMET 
airmagnetometric data. It shows the straight difference of the eastern and western 
portions of the basin as discussed under the Geophysics chapter. 

Petroperu S.A. and Gulf Oil Company acquired air magnetometry in 1969 (Petroperu 
S.A., 1979). Interpreted magnetic intensity and depths to shallow and deep Basement 
events for the Altiplano plateau and magnetic intensity and depth to a deep Basement in 
the Titicaca Lake are also presented in this 1979 report. 

Yukos (2003) reports Gravity and Air magnetometry studies by Yugansk-Petro Andes 
S.A. acquired and interpreted magnetic data through Aero Service Company in ex-
Blocks S-2 and S-4. The magnetic anomalies fully characterize the NW-SE tectonic 
lineaments of major tectonic features in the area. 

2.3.3. Well Data 
Wire-line logs in digital LAS format are available for the last three modern wells Coata 
1X, Coata 2X and Ayabacas 1X drilled by Yugansk between 1995 and 1997. Paper 
copies of these wells are presented in Appendices VIIIa, VIIIb and VIIIc. The 
lithological columns of the 11 RH wells of the Pirin area are presented on a Montage in 
Appendix VIIId with four RH wells (RH-1, RH-8, RH-9 and RH-10) with enhanced 
data in English. Some additional data for these wells is shown in Table 1.  
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Well TD (m) GL m DF m KB m SPUD ABAND 
1 AYABACAS 1X 1,790.00   3825 3828 3829 26-Sep-97 12-Dec
2 COATA 1X 2,950.00   3824 3828 3829 20-Mar-95 12-Sep
3 COATA 2X 2,431.00   3824 3828 3829 22-May-96 6-Aug
4 RH-1 600.00      
5 RH-2 57.80        
6 RH-3 454.90      
7 RH-4 259.50      
8 RH-5 505.90      
9 RH-6 444.80      

10 RH-7 208.60      
11 RH-8 330.00      
12 RH-9 626.00      
13 RH-10 300.00      
14 RH-12 437.60      

TITICACA BASIN

Table 1. Summary of some wells drilled in the Titicaca Basin in 1995 to 1997 and between 
1938 and 1946. 
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3.0. GEOLOGY OF THE TITICACA BASIN 
 
3.1. General 
The Titicaca Basin and neighboring areas comprises a thick and complex sedimentary 
column estimated originally by Newell (1949) at over 20,000 m. Siliciclastic, 
carbonaceous, evaporitic sediments and volcanic deposits of Paleozoic, Mesozoic and 
Cenozoic age overly a pre-Cambrian Basement. Extensive Geological fieldwork has 
been conducted since the XIX century and with more emphasis in the late XX century. 
However, the generalized and detailed stratigraphy defined throughout all this extensive 
geological work have been re-studied and integrated with modern geological work and 
with the introduction of additional stratigraphic sequences in the last 15 years. In line 
with all of this work are our recent geological observations redefining the Titicaca Basin 
stratigraphy and tectonics, which are presented in this report. 
 
The Newell stratigraphic column included very thick composite sequences of various 
ages. Paleozoic Silurian-Devonian units partly marine were estimated at 3,000 m; 
Permo-Carboniferous marine and non-marine sequences at 1,800 m; late Jurassic 
marine sediments at 1,200 m; marine and non-marine sediments of Cretaceous age at 
4,000 m; non-marine sediments of Tertiary upper Paleogene and Neogene at 7,000 m 
and volcanic strata of Tertiary and Quaternary age at 4,000 m. (Newell, 1949). 
 
The post Newell work introduced several important changes to his original stratigraphy 
including the presence or absence of some stratigraphic units in his original column as 
described below. The original column included repetitions of stratigraphic units that 
modern work corrected to establish meaningful definitions for the units involved. 
 
The Newell stratigraphic column has been modified throughout the course of modern 
geological fieldwork in the Altiplano Fold Thrust Belt and in the Western and Eastern 
Cordilleras. These changes are in line with the regional definition of rift development in 
the Peruvian eastern Andes described in the literature in the last portion of the XX 
century. A rift system was interpreted to have developed underlying the Eastern 
Cordillera east of the Titicaca Basin extending into the eastern portion of the Altiplano 
Basin. We present two stratigraphic columns of the basin in the following two figures 
by Acosta, 2001 (Figure 4) and Sempere, 2004 (Figure 5). Additionally, Figure 3 and 
Enclosure 1b includes Acosta (2001) geological map, which incorporated the two eolian 
units in the Huancane and Quilcapunco formations, as well as on his stratigraphic 
column in Figure 9. 
 
The literature describes the composite columns measured locally in the Eastern and 
Western Cordilleras and in the Altiplano. Peruvian Gulf and Petroperu conducted local 
detail field Geology using alidade in the 60’s to 80’s. Perupetro had no access to the 
Gulf work, but it found the Petroperu columns (Petroperu, 1986a). The stratigraphic 
columns worked by Petroperu from different regions following much of Newell’s work 
are included in a montage presented in Enclosure 4. Perupetro reinterpreted on this 
montage the formation names and dating assigned by Petroperu to fit the new 
information gained in its 2006 and 2007 fieldwork and in the last 15 years. One 
important change in the early work was the reassigning of the Mesozoic units to include 
the Huancane Formation in the Jurassic level instead of in the Cretaceous. Later work 
suggested this unit to be even older. 
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Important contributions to the Paleozoic stratigraphy are well documented in the 
Bolivian Altiplano. The Upper Devonian and Carboniferous sequences can be 
correlated with equivalent units in the Peruvian side (Diaz, 1995). Dating of Permian 
units in Bolivia at the Titicaca Lake near the Bolivian-Peruvian border allows to better 
defining the stratigraphic age of some units barren of fossils in the Peruvian Altiplano 
(Vieira et. al., 2004). The current study incorporates part of both papers. Additionally, 
Enclosure 1b includes Acosta (2001) geological map, which incorporated the two eolian 
units in the Huancane and Quilcapunco formations. 
 
Among the major changes introduced by our present work and other authors to Newell’s 
and post Newell stratigraphy are the following, from bottom to top: 

• The Ordovician sequence was identified within Newell’s Silurian-Devonian 
sediments. The Cabanillas Group represents the Devonian-Silurian. 

• The Mitu Group is recognized both as some of the original Tertiary Puno Group 
outcrops and in the subsurface in the three modern wells drilled in the late 90’s 
(Appendices VIIIa, VIIIb and VIIIc). 

• A Permian-Jurassic rift sequence is recognized in general as the Mitu-Sipin-
Huancane rift sequence in a great portion of the western and central Titicaca 
Basin. This sequence contains the evaporitic and shale seals, eolian reservoirs 
and carbonate source rocks that constitute important petroleum systems 
recognized in surface and subsurface and possibly in Pirin. This rift is the west 
expression or extension? of the major rift system interpreted to be present 
underlying the Eastern Cordillera. More work and seismic are needed to relate 
the subsurface nature to correlate both portions of the rift systems. 

• Questions arise as to the actual age of the Huancane Formation. Regional 
lithological correlation in this report tend to place it within the late Permian 
section as presented in the geological map in Figure 10, Enclosure 1a and in 
Appendix III. A lithologic correlation places the stratigraphic interval of this 
formation as late Permian in Yanaoco in the Asillo-Huancane area as found by 
Vieira, et. al. 2004 with late Permian plants in the Chutani Formation in the 
Tiquina Strait in Bolivia. The Quilcapunco-Sipin-Muni-Huancane section had 
been previously re-assigned to Jurassic age by Acosta, 2001 (Figure 4 and 
Enclosure 1b) and was followed by other authors as Sempere, 2004 (Figure 5). 
Newell, 1949, originally assigned a Cretaceous age to the Huancane Formation. 

• The shales and carbonates of the Sipin and Lagunillas Formations outcropping 
to the south and SW are time equivalent to the Pucara Group of Jurassic age. 

• It is uncertain the existence of lower Cretaceous sediments in the Titicaca Basin. 
The continuous disappearance of the lower Cretaceous section from north to 
south is recognized in the south Ucayali and Madre de Dios Basins, where the 
Agua Caliente/Chonta Formations overly Permian eolian sequences (old 
Mainique Formation). A 2007 study of the Sipin limestone in the Coata 1X well 
identified Cretaceous age palynomorphs. 

• No major break is observed between Cretaceous and Tertiary age sequences. 
The Vilquechico Formation is recognized as of late Cretaceous and Paleocene to 
Eocene age instead of late Cretaceous. Radiometric age dates Paleocene and 
Eocene age to the equivalent Puno Formation. 
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QUILCAPUNCO FM.

HUANCANE FM.

Figure 3. Acosta (2001) geological map of the Titicaca Basin Area. 
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Figure 4. Stratigraphic Column in the Altiplano basin (Acosta, 2001). 
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Late Middle 

Figure 5. Stratigraphic Column in the Altiplano area (Sempere, 2004). 
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In summary, based on available surface stratigraphic data from numerous reports, fair 
seismic information and the re-interpretation on this report of the stratigraphy of the 
three wells drilled in the 90’s; the following “litho-stratigraphic” sequences are 
distinguished within the Titicaca Basin. From bottom to top these sequences are the 
following. The Cambrian-Ordovician sequences are represented by sandy, clayey and 
carbonate rocks, whereas sandy/quartzitic, carbonate and clayey rocks of the Cabanillas 
Formation represent the Silurian-Devonian sequence. The Lower Carboniferous 
sequence is represented by the sandy and clayey rocks of the Ambo Group changing 
into a carbonate platform of the Copacabana Formation. The white fluvial/eolian 
sandstone Ene? (Huancane) Formation of late Permian age and an evaporitic unit (salt, 
gypsum and anhydrites) overlay the conglomerate and fine red clastic Mitu Group of 
Permian-Triassic age. The black and gray limestones, shales and marls of the Sipin and 
Ayabacas Formations of Jurassic to late mid Cretaceous age overlay these units. These 
limestones and shales possibly represent the major flooding surface of the regional 
Cretaceous transgression of the area. The Cretaceous sequences also present the basal 
conglomerate and sandstone Angostura unit. The late Cretaceous 
regression/transgression pulses are represented by the Vilquechico Group of 
Campanian/Maastrichtian/Paleocene age; most of the lower Cenozoic sequence is 
represented by red clastic Munani Formation of Eocene to Oligocene Munani Formation 
overlaid by the Neogene volcanic series conformable overlying subjacent Paleocene 
sediments. 

 

Figure 6. Landsat image shows the two field Geology trips carried out by Perupetro and IRD 
geologists in the Titicaca Basin. 

3.2. Stratigraphy Perupetro 
3.2.1. Perupetro Field Geology 

Perupetro and IRD geologists conducted field geology in a portion of the west and NW 
Titicaca Basin in 2006 and 2007 (Figure 6). The reports of these two field trips are 
included as Appendices I and II in English and Spanish, respectively. A regional 
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integration of the stratigraphy was also accomplished based on these field trips and 
additional data collected during the course of the present basin evaluation. This 
stratigraphic report is included as Appendix III, in Spanish. 
 
The present stratigraphy evaluation benefited by the re-interpreted stratigraphy and 
tectonics established by this group of geologists in several southern Ucayali Basin and 
northern Bolivian locations. It follows mainly the stratigraphy of both the wells of the 
Camisea area and of the Mainique Gorge outcrops. A regional geological correlation of 
the pre-Cretaceous section is proposed in the current report based in the Camisea 
stratigraphy and the re-interpreted geological columns in the Ene Basin and Pachitea 
river area integrated with dating of Permian units above eolian sandstones in the 
Tiquina Strait in Bolivia. 
 
A more consistent stratigraphic and tectonic interpretation of the portions of the Titicaca 
Basin visited is proposed and presented in Appendices III and IV. The 2006 campaign 
covered the areas neighboring the towns of Juliaca, Ayabacas, Pirin, Mañazo and 
Lagunillas. The areas visited during the 2007 fieldwork included locations near the 
towns and villages of Arapa, Arapa Lake, Azangaro, Asillo, Huancane and again the 
Pirin area. The Perupetro geological map presented as Enclosure 1a reflects the 
stratigraphic changes introduced to the most recent mapping of Acosta’s (Enclosure 1b) 
and INGEMMET geological maps. 
 

Photo 2. Anticline in Cabanillas Group shales, 3 km north of Pirin. 

3.2.1.1. Pirin Area Stratigraphy 

A contribution of Perupetro field geology in the current study is the reinterpretation of 
the stratigraphic units drilled in 
well RH-1 that TD’d in 
Cabanillas Fm. of Devonian age. 
Apparently, the different units 
represent the complete column of 
the pre-Cretaceous stratigraphy 
found in the area that can be 
correlated with similar 
stratigraphic columns found in 
adjacent Peruvian Basins and 
Bolivian locations. This regional 
correlation is shown in Figure 37. 
Photo 3. Devonian dark gray to 

black shale and argillite outcrops. These sequences were sampled for Geochemical analyses. 
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Photo 4. Outcrops of evaporitic 
“gypsum” sequences overlying 
Devonian rocks in angular 
unconformity. 

The oldest sedimentary 
sequences recognized in the 
Pirin locality are the Siluro-
Devonian deposits of the 
Cabanillas Group. This unit is 
made up of essentially dark 
gray shales highly deformed 
and altered laterally to redder 
sequences due to oxidation 

and/or lateral facies changes (Enclosure 1a and Photo 3). A red sequence with 
evaporites (gypsum, Photo 4) is observed overlying the Devonian series in angular 
unconformity. These deposits record an important regional event that initiated the 
development of a Permo-Triassic-Jurassic rift. 

Photo 5. Dark gray limestone 
with fetid odor, horizontal 
laminations and ondulites. The 
Sipin Formation of Jurassic 
age present good hydrocarbon 
generative potential in the Pirin 
zone. 

 
The carbonate Sipin 
Formation overlies the 
evaporite sequence and 
consists of finely laminated 
limestones with strong fetid 
odor, ondulites and with syn-

sedimentary slump deformation. The upper portion consists of interbedded calcareous 
breccias and undeformed black finely laminated limestones with strong fetid odor 
(Photo 5). These sequences have high potential to have generated hydrocarbons in the 
Pirin area. 
Photo 6. Potential reservoirs in 
the Jurassic eolian sandstones, 
Huancane Formation. 

A terrigeneous clastic 
sequence made of quartzose 
sandstones with volcanic 
matrix and tuffs at the base and 
a medium to coarse-grained 
well-rounded quartzose 
Aeolian sandstones sequence 
in the upper part overlies 
unconformable the carbonate 
platform deposits (Photo 6). 
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According to the character of the sedimentary facies and nature of the grains, these 

sequences of Aeolian 
deposits were laid down 
possibly during late 
Jurassic. The eolian 
sequences have high 
potential as reservoir 
rock in the Pirin area 
and possibly they are 
the reservoirs in the 
Pirin oil field. A second 
Aeolian sequence is 
observed below the 
Mitu Group someplace 
else in the basin as 
described elsewhere in 
the report. 

Photo 7. Close up of eolian sandstones shown in Photo 6. 

Photo 8. Oblique laminations of eolian sandstones in the Huancane Formation, Member C. 

3.2.1.2. Arapa Lake-Azangaro-Asillo-Pucara-Huancane-Pirin Area 

This area to the NW of the Titicaca Lake was studied to extend the geological 
observations made during the 2006 field geology in the adjacent area at the west 
Titicaca Basin. 

The oldest sequences correspond to Paleozoic formations. The Devonian Cabanillas, 
Carboniferous Ambo and Copacabana Formations, the Permian Triassic Mitu clastics 
and the Mesozoic Quilcapunco and Ayabacas Formations were studied between the 
extreme NW of the area visited down to the NW Arapa Lake. The Mitu Formation 
consists of continental flood plain deposits outcropping east of the Pucara town and is 
overlain by lava flows characterizing the Permian-Triassic rift system. The Quilcapunco 
Formation (Acosta, 2001) as seen on this field trip between Asillo and Azangaro was 
found to consist of a unit of heterogeneous facies of laminated limestone, quartzite, 
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Breccias with clasts of pink & yellow sandstone
in a red shale matrix

Eolian sandstone level

Dark limestone

Red shales interbedded with white fine sandstones.
Floodplain deposits.

Pink quartzose sandstones, cross bedding.
Fluvial deposits

Dark limestones with laminated levels.

Red shales interbedded with white fine sandstones.
Floodplain deposits.

Breccias with clasts of pink & yellow sandstone
in a red shale matrix

Eolian sandstone level

Dark limestone

Red shales interbedded with white fine sandstones.
Floodplain deposits.

Pink quartzose sandstones, cross bedding.
Fluvial deposits

Dark limestones with laminated levels.

Red shales interbedded with white fine sandstones.
Floodplain deposits.

breccias and slumps and a second unit of pink sandstone, fine to medium grained, 
mainly quarts elements with good porosity and good reservoir potential. 

Photo 9. Close up of eolian 
sandstone shown in Photo 8. 

The Ayabacas and Huancane 
Formations outcrop in most 
of the areas visited, although 
with more consistent 
outcrops to the east in the 
area between the Arapa Lake 
and Huancane-Vilquechico. 
Southeast of the Arapa Lake, 
near the Vilquechico town, 
the Upper C member of the 
Huancane Formation has an 
eolian sandstone facies with 

clasts of volcanic tuffs and consistent sorted rounded 1mm quartz grains. This facies has 
also decimeter to meter size oblique laminae representing paleodunes (Photo 8 and 
Photo 9). 

Although dated as Jurassic in the literature, there is not absolute confidence of this age 
for the Huancane Formation, 
since identical facies in the 
Madre de Dios and Ucayali 
Basins are considered of 
Permian age. The middle B 
member includes pink 
quartzose sandstones with 
cross bedding of fluvial 
origin within flood plain 
redbed shales. The Lower 
section in these outcrops is 
made up of gray limestone 
interbeded with black shales 
with source rock potential 
traditionally called the Sipin 
Formation (Photo 10). It is 
suggested by regional 
correlation that it could also 
be the Copacabana 
Formation. Above the 
Huancane Formation, there is 
a breccia level that may 
represent the Mitu “rifting” 
system.  

Figure 7. Stratigraphic column in Yanaoco. 

A coarser Huancane Formation with the upper eolian facies and less shale interbeds is 
overlain by black limestone with foraminifer’s fauna in the Asillo area. Pending then is 
the new interpretation by Perupetro that may place this formation within the upper 
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Permian and would make it a new 
stratigraphic column for the Titicaca Basin 
as presented in Figure 8. If radiometric 
analysis proved Huancane is of Permian 
age, the regional stratigraphy must be 
revised.  
Photo 10. Black shales and limestones ending 
with a 1.5 meter-thick black limestone and 
overlain by the Huancane Formation. 

In the Ayabacas area, the Cretaceous 
Ayabacas limestone and the Tertiary Puno 
Group represent the stratigraphic section 
observed. The surface expression of the 
Coata Anticline, near the Coata wells, 
forms a 40-meter high hill topped with the 

Sipin limestones. Gray laminated limestones with fractures with oil stain underly karstic 
and laminated limestones, which are overlain by black fetid limestones (Photo 13). 

Figure 8. Proposed stratigraphic column for the Titicaca Basin. The Huancane Fm is 
identified as a Permian? unit. See Appendix IV for details. 
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The resulting stratigraphic columns are partially defined in subsurface by the re-
interpretation of the stratigraphic intervals 
found by the three wells drilled in the 90’s 
and by some Pirin wells and seismic data in 
the Coata river valley NW of the Titicaca 
Lake in Block 105. 
 
3.2.1.3. New Stratigraphic Information 

The integration of the new information 
from SE Peru in the Madre de Dios, Ene 
and South Ucayali basin and the 
information obtained in the recent field 
geology in the Titicaca Basin indicates the 
potential presence of the stratigraphic 
column presented in Figure 8. Proposed 
stratigraphic column for the Titicaca Basin. 
The Huancane Fm is identified as a 
Permian? unit. See Appendix IV for 
details. Note the late Permian series 
distribution on the Enclosure 1a. 

An important dating contribution was 
provided by Vieira et. al., (2004). They 
collected fossil plants belonging to the 
morphogenera Glossopteris, Pecopteris and 
Asterotheca from the upper part of the 
Chutani Formation with eolian sandstones 
near the Tiquina Strait in Bolivia (Figure 
9). Three species of pecopterid fronds are 
identified as Pecopteris dolianitii Rohn and 
Rösler, P. cf. P. cadeadensis Rohn and 
Rösler, and P. cf. P. pedrasica Read. 
Asterotheca sp was determined in the 
poorly preserved. These fossils are 
typically found in late Permian deposits of 
the Paraná Basin in southern Brazil 
material (Vieira et. al., 2004). 

Figure 9. Stratigraphic column in the Tiquina Strait in Bolivia with Permian age levels above 
eolian sandstones in the Chutani Formation, age equivalent to the Ene Formation in Peru. 

A revised geological map of the Titicaca Basin was prepared based on the new 2006 
and 2007 field data, satellite images, DEM, and old geological maps from Newell 
(1949), Petroperu (1979), INGEMMET (1991) and Acosta (2001). This map is included 
as a reduced version in Figure 10 and a larger view in Enclosure 1a. 
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LATE PERMIAN 

LATE PERMIAN 

Figure 10. Perupetro Geological map of the area covered in figure 6 in the Altiplano FTB 
(modified from INGEMMET Geological map). Note Late Permian series distribution. 

 
3.3. Description of the Stratigraphic Units 
Description of the lithology and outcrop locations of the various rock formations and 
groups will be presented in the following sections with updated names of the various 
units. Some formations described below will also be encountered in the Titicaca Basin 
literature, as those described by Acosta (2001) and Sempere (2004). 
 

3.3.1. Paleozoic 
 

3.3.1.1. Ordovician 

No Ordocician rocks have been defined in the Titicaca Basin 
 

3.3.1.2. Silurian-Devonian 

Newell applied the name Cabanillas Group to the Devonian rocks of the Titicaca area 
with its typical section near the Cabanillas village along the Cabanillas River, some 40 
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km SW from Juliaca, Puno (Newell, 1949, p. 32). A section measured on the type 
locality between Surapata Hill and Quitapata Hill, 10 km NW of the Cabanillas village 
and 2 km south of Cabanillas station, respectively, found a thickness of 1,150 m of this 
unit with the base intruded by granite and the top in angular unconformity underlying 
conglomerates, sandstones and limestones of the Lagunitos Group. 

From bottom to top the unit consists of a basal 400 meter-thick quartzite, greenish, 
argillaceous, medium to fine grain with numerous fauna species of Australos pirifer sp. 
in the basal section. A second 150 meter-thick unit is shale dark olive gray, silty, 
interbedded with minor shaly quartzitic sandstone, with Taonurus sp. This unit is 
overlain by 200 m of black shales with minor platy sandstone beds with concretions of 
ferruginous limestones containing Conularia sp. The top unit consists of 400 m of gray 
shales with numerous thinly bedded olive gray quartzitic sandstone; fauna in this unit 
includes Tropilodeptus sp, Conularia sp. Fossils collected from different scholars in the 
type locality found same Devonian fauna assemblage as the Icla/Sicasica formations of 
Bolivia. 

The Perupetro/IRD field trip, authors of the current report, visited very good Devonian 
Cabanillas Group outcrops in several localities, including the ones between Pirin and 
Taraco, some 3 km north of Pirin (Jarajache Creek-Imarucos Hill). These outcrops were 
also visited and described in detail by Newell (1949). This section forms an anticline 
with its axis near the Pirin-Taraco road (Photo 2). From base to top the Devonian 
section is made up of 500 m of shale, black and olive, locally red to brown stained 
below the contact with the overlying Mitu Group. Newel also found in the area what he 
defined as “Cretaceous” Sipin limestones, fossiliferous with “Cryphaeus” sp., 
gastropods and trilobites in concretions with its base not exposed, forming the bulk of 
the Imarucos Hill (Photo 3). Newell missed our finding of evaporites overlying 
unconformably the highly dipping Devonian beds described below. 

A red sequence of evaporites (gypsum, Photo 4) is observed overlying the Devonian 
series in angular unconformity. These deposits record an important regional event that 
initiated the opening of a Permo-Triassic-Jurassic rift. The carbonate Sipin Formation of 
Jurassic age overlies the evaporite sequence consisting of finely laminated limestones 
with strong fetid odor, ondulites and with syn-sedimentary slump deformation (Photo 
5). The upper portion consists of interbedded calcareous breccias and undeformed black 
finely laminated limestones with strong fetid odor. 

• Altiplano Fold Thrust Belt in Bolivia or Huarina Fold Thrust Belt or 
Carabuco-Yaurichambi Fold Thrust Belt 

Numerous stratigraphic studies of the Paleozoic intervals have been carried out in 
Bolivia some of which cover the Huarina Fold Thrust Belt along the southwestern 
border of the Eastern Cordillera or what we define as the Altiplano Fold Thrust Belt 
neighboring the Peru/Bolivia border. The Devonian, Carboniferous and Permian 
sections outcrop extensively in the SE portion of the Titicaca Lake in Bolivia extending 
the knowledge of this same section outcropping in the Peruvian territory.  

Among these studies Diaz Martinez (1995) summarizes a large number of publications 
and references. A description of his findings in the Upper Devonian, Carboniferous and 
lower Permian is included on his following tables in an attempt to correlate the different 
stratigraphic units, names and facies with the outcrops in Peru in this important 
Paleozoic interval (Figure 11, Figure 12 and Figure 13). 
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The Altiplano Fold Thrust Belt in SE Peru and its extension into Bolivia, known as the 
Huarina Fold Thrust Belt, includes outcropping stratigraphic units predominantly of 
Mesozoic age (and late Permian?) in Peru and of older Paleozoic age in Bolivia. Most if 
not all of the Mesozoic section has been eroded off leaving the Permian and older 
Paleozoic sequences exposed in Bolivia. This reference and disscussion is important to 
understand what pre-Cretaceous or Paleozoic stratigraphic units will be expected to be 
present in the subsurface Peruvian Altiplano Fold Thrust Belt. Two zones at the SE 
Titicaca Lake and to the north of the lake in Bolivia, the Copacabana and Carabuco-
Yaurichambi Zones (the Huarina Fold Thrust Belt) bear structural and stratigraphic 
similarities (Diaz, 1995). Thrust belts with Devonian, Carboniferous and Permian 
sections have been dated and described in detail in this area. All the Paleozoic 
sedimentary sequences are present in the Copacabana Zone in the SE border of the 
Titicaca Lake in Bolivia. This zone constitutes a NW/SE trending elongated syncline 
limited to the SW by the NW/SE trending Coniri Thrust dipping to the NE. The Coniri 
Thrust places Devonian rocks in contact with Tertiary volcanic rocks and it should 
extend further to the NW into the Titicaca Lake in Peruvian territory. 

Figure 11. Terminology for the Upper Devonian and Carboniferous units used by different 
authors in the Altiplano of Bolivia (modified by Diaz and Lema, 1991 in Diaz, 1995). 
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Figure 12. Terminology and ages assigned to Upper Devonian to Lower Permian units by 
various authors in the Altiplano of Bolivia (by Diaz, 1991 in Diaz, 1995). 

 

Figure 13. Lithostratigraphy of Upper Devonian to Lower Permian and proposed ages and 
sedimentary environments of deposition (Diaz, 1995). 
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The Altiplano or Huarina Fold Thrust 
Belt in Bolivia north of the Copacabana 
Zone is locally named the Carabuco-
Yaurichambi Zone (Diaz, 1995). This 
zone exhibits a thick section of 
Devonian, Carboniferous and lower 
Permian sequences in a series of thrust 
wedges formed by thin skin tectonics. It 
also exhibits a more pronounced 
unconformity between the equivalent 
Ambo Group and Tarma Formation, in 
the Pennsylvanian/ Mississippian 
contact. The Lower Carboniferous Ambo 
thins to the SE by effect of erosion under 
the unconformity. The local glacial-
marine Cumana Formation, the lower 
formation of the Ambo Group separating 
the Ambo and Cabanillas Formations, is 
also absent locally in this zone. The same 
sedimentary section extends further north 
into the Eastern Cordillera. 
 
 
Figure 14. Late Paleozoic stratigraphy NE 
of San Pablo Tiquina, Bolivia. (Vieira, et. 
al., 2004). 

 
 
 

 
3.3.1.3. Late Permian 

• Ene Formation in Bolivia (Chutani Formation) 
Late early Permian plant assemblages were identified in the upper interval of the 
Chutani Formation, overlying the Copacabana Formation mentioned above, near the 
town of San Pablo de Tiquina on the SE shore of the Titicaca Lake in Bolivia (Figure 
14, Vieira, et.al. 2004). Presence of fossil plants ¨Glossopteris flora¨ are represented by 
the morphogenera Glossopteris, Pecopteris and Asterotheca. These fossil plants were 
recovered from silty dolostones interbedded with mudstone, marl and fine grained 
sandstones, as part of a sequence of carbonate, siliciclastics, volcanic and 
volcaniclastics units assigned to the lower Permian (Kungurian) to Lower Triassic?. 
 
It is important to note the presence of a 55-meter thick eolian sandstone in the middle of 
the Chutani Formation. Dating of this unit is important since it can be correlated with 
similar lithostratigraphic units in Peru where dating is lacking. Thus, the lower 
boundary of the Chutani Formation cannot be older than late early Permian 
(Kungurian), since the underlying Copacabana Formation is well dated in the Altiplano 
of western Bolivia as Late Carboniferous (Pensylvanian)-Middle Permian (Early 
Bashkirian-Kungurian). Similarly, the top of the Chutani Formation cannot be younger 
than Middle or Late Triassic according to dating by several authors. Presence of arid 
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conditions since Permian time in a large portion of the SE Peruvian territory is now 
better understood by the regional distribution of the tidal dolostones and eolian 
sandstones in the stratigraphic column of this age. 
 

• Ene Formation 
The Ene Formation is a contemporaneous marine unit with the Mitu Group, possibly 
deposited outside the major rift influence and known in outcrops and in subsurface. 
Regionally, this unit is known in the south border of the Eastern Cordillera in the Cuzco 
area. On the SE Vilcabamba Anticline (Huayllabamba-Cay Cay area) some 200 m of 
the Ene Formation outcrop in an inverted graben in weak angular unconformity 
overlying the Copacabana Group (Carlotto, et.al, 2004). It is also present in the south 
Ucayali Basin in outcrops east of the Shira Mountains, in subsurface in wells in the Fold 
Thrust Belt both in the Camisea area in the south Ucayali Basin and in Candamo in the 
Madre de Dios Basin.  

The base of the Ene Formation is made of marine black to gray shales, dolomitic 
limestones overlain by fluvial fine-grained sandstones and marine black shales with 
fluvial feldspatic green sandstones on top of the unit. The Ene Formation includes more 
volcanic rocks and more continental red beds of sandstones, shales and gypsum further 
to the west in the Abancay area. This Ene unit sequence is capped with the eolian 
sandstones of the Noi Sandstone in the Camisea Area. A similar sequence is observed in 
the Pantiacolla Fold Thrust Belt where highly rich organic matter characterizes the 
black shales. A mid to upper Permian age for the Ene Formation is dated by fossils 
Linoproductus cora dÓrbigny Neospirifer cameratus (Morton) and Dyctioclostus. 

The Ene Formation is not well recognized in the area of the Titicaca Basin proper where 
tectonic inversion has eroded much of the upper Paleozoic and a large section of the 
Mesozoic. Previous to this present study, the Ene formation and associated eolian units 
had not been mentioned in the normal stratigraphic succession. We call the attention to 
existing geological maps in the Altiplano Fold Thrust Belt with a strong contrast of the 
outcropping units. On these maps formations of Mesozoic age outcrop covering all the 
Paleozoic units, but all the Mesozoic is absent in the Huarina Fold Thrust Belt in 
Bolivia. 

A correlation can be established between the Ene Formation and the Chutani Formation 
and Vitiacua formation in Bolivia although this latter unit extends up to Triassic. 

3.3.1.4. Permian-Jurassic 

A portion of the stratigraphic column and a west-east stratigraphic correlation of the late 
Permian, Mesozoic and Paleogene stratigraphic section between the Peruvian coastal 
and Altiplano basins to Bolivia are presented on Figure 17. The Altiplano stratigraphy 
shown in the cross-section corresponds to a compilation of several authors and 
presented by Sempere (Acosta, 2000, Sempere, 2004, modified from Sempere, 2002). 

The Altiplano stratigraphic column, as stated above, has experienced several 
modifications since Newell’s time. In addition, a main concern in SE Peru is the 
recognition of the extension of the interpreted pre-Cretaceous rift system underlying the 
Eastern Cordillera shown in the cross-section from west/SW into the Altiplano. The 
modern wells drilled in the 90’s found stratigraphic sections representing the rift system 
including the Mitu Group and evaporites. This late Permian-Triassic-Jurassic rift 
development conditions the extension and distribution of the stratigraphic units 
involved. 
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In this study the Mitu Group starts the rift development ending in Jurassic time, a 
termination placed on top of the uppermost eolian unit in the upper Huancane Noi? 
Formation. The massive sandstones of this formation seem to form a single unit, 
although several environments of depositions have been characterized. 

• Late Permian-Triassic-Jurassic Rift Sequence 
Mitu-Evaporites-Quilcapunco-Sipin (Huambutio)-Muni-Huancane Sequences 
Other regional stratigraphic interpretations have been attempted in southern Peru and 
extended into Bolivia (Figure 17). It should be noted the presence of various periods of 
erosions and the position of the stratigraphic units involved. The Mitu-Evaporites-
Quilcapunco-Sipin (Huambutio)-Muni-Huancane stratigraphic interval described by 
Acosta (2001) represents major Late Permian-Jurassic sequences developed in the 
basin. It should also be pointed out that Acosta’s thesis has the input of the French IRD, 
Ingemmet and other geologists with very good experience and knowledge of the 
Andean Geology. Sempere, 2004, introduced some changes to this sequence, but 
maintained the eolian units and lowered the age of the Quilcapunco unit to the late 
Triassic. 

After Perupetro 2006 field trip and the description of the Coata cores (Appendices I, II, 
and VII), we interpreted the presence of a major rift system in a portion of the Altiplano 
plateau. These sequences started with a basal rift system developed, as stated by some 
authors, mostly underneath of the Eastern Cordillera, also along the western portion of 
the Titicaca Basin in the Altiplano plateau (Figure 17). The rift sequence and younger 
sequences have been removed partially to extensively by structural inversion in the 
Eastern Cordillera during Neogene time and it is now the site of extensive outcrops of 
Mitu and pre-Mitu Paleozoic sequences elevated to altitudes in excess of 5,000 m.a.s.l. 
The Late Permian-Jurassic sequences are not uniformly distributed in the Altiplano Fold 
Thrust Belt, but some of them disappear laterally. 

Perupetro and IRD geologists visited some of the outcrops described by previous 
authors in the geological trip in 2007 in the Asillo-Huancane areas, as described above. 
Our findings do not all agree with previous descriptions of the visited sections. In fact, a 
thick sandstone unit attributed as aeolian sand in the Yanaoco location is a quartzite unit 
possibly of the Ambo Formation. Although with a complex stratigraphy, all the 
outcropping units tend to reveal the presence of the Camisea stratigraphic column, two 
eolian sands, noipatsite with the Ene Formation and the lower Nia separated by a shale 
unit, Shinai. A re-interpretation of the stratigraphic column drilled by well RH-10 south 
of Pirin to a TD of some 600m. tends to place a similar stratigraphic column also similar 
to Camisea resting on Devonian sediments. 

The different units of the rift system mega-sequence and their distribution will be 
described in the following sections. 

• Mitu Group 
The Mitu Group represents the opening of the rift system recognized in the Titicaca 
Altiplano and bordering areas in outcrops and in subsurface. It consists of a syn-
sedimentary unit deposited in protected grabens discordantly overlying the 
Carboniferous Copacabana Group or the Devonian Cabanillas Group. Newell did not 
identify Mitu, but included its outcrops as part of the Tertiary Puno Group.  

Mitu outcrops along the Altiplano Fold Thrust Belt in the north Putina area and it is 
recognized in the subsurface by modern wells. Several Mitu outcrops are described in 
several locations as to the north and northwest of the Titicaca Lake between the Arapa 
and Chupa lakes (Newell’s Puno Group redefined later by other authors), along the 
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Putina Anticlinal axis and to the NE Putina fold belt, south of Quilcapunco, south of the 
Pusi village along the west flank of the Llucamalla syncline, north of the Pucara town, 
between Ayaviri and Santa Rosa towns, north of the Sicuani town, between Juliaca and 
Lampa where it is made mainly of volcanic rocks. The Mitu Group presents a high 
thickness variation depending upon the portion of the rift basin where it is present. 
Acosta (2001) measured an aggregate thickness of 1,370 m for the Mitu Group in the 
Puno area. 

Mitu consists of a synrift deposit of late Permian age. It is made up of continental red 
beds of siltstones, sandstones, olistostromes and conglomerates with pebbles of quartz, 
quartzite, other metamorphic and volcanic rocks embedded in arkosic sandstone to shaly 
matrix. The entire unit is seen interbedded with red facies of fluvial fans, distal and 
proximal river deposits, alluvial and lake floodplains and evaporites, some limestone 
and volcanic flows (Sempere, 2004). The unit include tuff beds and several 20 to 30 
meter-thick basalt flows are found near the top of the Mitu Group at Tantilla hill, at the 
Chocorosi Farm. A combination of different lithologies and environments of 
depositions were grouped in nine units by Acosta (2001). More work is needed to better 
define these units; of especial interest is the occurrence of a stratified 80 meter-thick 
gypsum unit (Sequence III of Acosta, 2001) in the lower Mitu Group northeast of 
Muñani and at the Pucara Station village. A similar thinner gypsum unit was observed 
overlying the Cabanillas in strong angular unconformity north of Pirin (Photo 4). The 
three wells drilled in the 90’s encountered an evaporitic salt/anhydrite/gypsum spine 
interbedded with shales and overlying the Mitu Group, as discussed below. 

The Mitu Group is characterized by the presence of olistostromes, syn rift deposits a 
character defining the basin instability on the borders of the extensional rift tectonics. 
Large mapeable blocks and clasts of the Copacabana Group are found embedded in red 
and shaly sandstone and shale matrix masses of Mitu deposits in Bichoco; also re-folded 
gray limestones, yellow sandstone and red and pink shale beds of a few tens of meters 
are re-sedimented within the Mitu Group, which is seen normally stratified deeper in the 
section. 

The Mitu Group and an evaporitic unit were encountered by the three modern wells 
drilled in the 90’s. Well Coata 1X drilled 375 m of the Mitu Group in the bottom of the 
hole below 2575 m and underlying a thick, highly dipping up to 50º evaporitic 
sequences of salt, anhydrite and gypsum interbedded with claystones (Figure 15). Mitu 
consists of red sandstones, conglomerates, siltstones and shales dipping up to 50º as 
seen in the conventional cores reviewed for this study (Appendix VI); the well TD’d in 
the Mitu Group. Well Coata 2X drilled the evaporitic sequence down to 2323 m and it is 
uncertain whether the well entered the Mitu Group below this depth at TD of 2430 m 
(Figure 15). The interval 420 to 924 m drilled by well Ayabacas 38-1X has been 
assigned to the Mitu Group; which would represent a thrust sheet overlying Sipin 
limestones and the evaporitic sequence drilled below to TD (Figure 16). Carbonates of 
the Sipin Formation were drilled by wells Coata 1X and Well Ayabacas 38-1X. 

The Mitu Group has a wide distribution in SE Peru. It extends to the NW of the Titicaca 
Basin outside of our geological map coverage to the Cuzco and Abancay Altiplano 
(Carlotto, et.al., 2004). In these areas the Mitu Group outcrops extensively in the 
Vilcanota Anticline east of Cuzco on the western border of the Eastern Cordillera. The 
unit is subdivided in two formations Pisac and Pachatusan of upper Permian-Triassic 
age in these areas. 
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The Pisac Formation overlies the Copacabana Group in strong angular unconformity in 
the Vilcabamba Anticline. It consists of syn-sedimentary deposits of breccias and 
conglomerates deposited as coarsening upward sequences interbedded with red 
sandstones and siltstones. Pebbles consist of Copacabana limestones with fusulinids, 
volcanic rocks, quartzites and gneiss. The unit reaches between 200 to 400 m in 
thickness. Brachiopod fossils Marginifera capasi D’Orbigny and Linoproductus cora 
date the unit as Permian east of the Vilcanota Anticline in the Eastern Cordillera. 

Figure 15. Wells Coata 1X and Coata 2X in the Titicaca Basin show pre-Cretaceous 
stratigraphy. Well Coata 2X with salt and shale section overlying Mitu?. Well Coata 1X 
possibly with a normal Sipin-Evaporites-Mitu interval. Blue = limestone, red = salt, light 
green = anhydrite  and gypsum, yellow = cong & Ss and deep green = shales. Depth in m. 

The Pachatusan Formation outcrops as thin skin-wedges dipping SW in the border of 
the Eastern Cordillera and the Western Altiplano. It consists of basalt deposits with tuffs 
and breccias, common spilite (volcanic rock) levels, rhyolite and pumice-dominated 
pyroclastic flows with subordinate ash described as ignimbrites and conglomerate of 
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alluvial cones with variable thickness of 300 to 500+ m. A radiometric dating of a 
rhyolite bed underlying the Huancane Formation gives a middle Triassic K/Ar age of 
236 ± 6 Ma in biotites. 

• Evaporite Unit 
The Sipin carbonates (equivalent in part to the Pucara Group)/evaporites/Mitu Group 
succession is similar to that encountered by the Oxapampa well Iscozacin 7-1 in the 
South Ucayali Basin, Pachitea sub-basin. Well Ayabacas 38-1X drilled two sections of 
394 and 260 m thick of gypsum, anhydrites, salt and shales capped by carbonates of the 
Sipin Formation (Figure 16). Well Coata 1-X drilled 665 m of a similar section with 
carbonates and no gypsum also overlain by the Sipin Formation carbonates (Figure 15). 
Well Coata 2X encountered a thick section of 1,255 m of mainly salt and shales, 
including a 400 meter-thick shale section with thin anhydrites beds; the Sipin Formation 

in this well does not cap the evaporitic 
section, since it is missing possibly by 
erosion below the Puno breccias of Tertiary 
age (Figure 15). The stratigraphic/tectonic 
relationship of the various evaporitic 
sections is not well understood due to the 
lack of reliable seismic data. Apparently, 
the evaporitic succession overlies the Mitu 
Group in the wells; field observations 
encountered an 80 meter-thick gypsum 
interval (unit III of Acosta, 2001) near the 
base of the group. This evaporitic unit is 
the only correlationable environment of 
deposition observed in the area with that 
found by the wells, but at different level. 

It is worth noticing the surface expression 
of evaporite-salt deposits in the Peruvian 
and Bolivian Altiplano. The literature and 
maps show the “Salinas” Lake and the 
Muni Grande Salt Mine in Peru and the 
large “Salinas” Coipasa and Uyuni salt 
deposits in Bolivia among others. The 
Salinas Lake is located adjacent and 
possibly related to the Azangaro Thrust 55 
km N of the Juliaca town and the Muni 
Grande Mine near Taraco 10 km to the 
NNW of Pirin. Salt is fed from surface and 
subsurface salty waters, respectively, and 
salt is mined in both places. These two salt 
occurrences evidence the subsurface 
distribution of the layered evaporites as 
originally discovered and drilled by the 
three wells drilled in the 90’s. 

 
Figure 16. Well Ayabacas S4-38-1X in the Titicaca Basin shows pre-Cretaceous stratigraphy 
(m). Mitu overlies two repeated wedges of Sipin-Evaporites. Blue = limestone, red = salt, light 
green = anhydrite and gypsum, yellow = cong & Ss and deep green = shales. Depth in meters. 
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Figure 17. West-East Cross Section in southern Peru including the Altiplano Region (Basically, Sempere (2004) 
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• The Quilcapunco Formation 
The Quilcapunco Formation is a new formation introduced by Acosta (2001) as a 
fluvial-eolian unit overlying unconformable the Mitu Group or in places the Devonian 
Cabanillas Group in angular unconformity and underlying the Sipin, Huambutio or the 
Muni Formations in the Altiplano region. The unit was apparently included in a column 
in the Quilcapunco town of Jaillard (1995, Fig 11; as mentioned by Sempere, 2004). Its 
main outcrops are present in the Altiplano Fold Thrust Belt in the Putina area north and 
NW of the Titicaca Lake with a thickness up to 400 m.  

Based on the regional presence of the Newell’s mapped Huancane Formation or the 
Cotacucho the new unit definitely was included both within and/or as part of the units 
mapped by Newell. The areas outside of Acosta’s work need to be studied with more 
detail to determine the real distribution of the Quilcapunco Formation. Areas with the 
Quilcapunco Formation erroneously mapped include the Newell’s “Cotacucho” unit, 
INGEMMET’s “Huancane” in Nuñoa and between Azangaro and Arapa and as Ambo 
Group SE of Asillo (Sempere, 2004). 

The Quilcapunco Formation consists of white quartzose fluvial-eolian sandstones at the 
type locality east of the Quilcapunco village (Acosta, 2001). Two 40 meter-thick basal 
and top channel sandstones with curved inclined laminae, ripples and locally some 
floodplain deposits of red bed siltstones characterize the unit. The central portion of the 
unit is a thick 250 meter-thick quartzose eolian sandstone unit (Acosta, 2001, text says 
100 m thick, but Figure 19 indicates 250 m). There is an angular unconformity with the 
underlying Mitu Group west of the Quilcapunco village. 

The NE border of the Altiplano (named Putina by Acosta) Fold Thrust Belt shows a 
complete Quilcapunco section with notable facies changes and thickness variations. 
Thickness of the fluvial-eolian sandstone unit reaches 400 m in the area. The facies 
changes are not as noticeable as the thickness variations (only 40 m thick) SW of the 
Moho-Huancane-Azangaro Thrust at the Bichoco village where the Quilcapunco 
Formation rests on Cabanillas Group slates or Mitu Group conglomerates. South of the 
Asillo town a thickness of 270 m is assigned to the Quilcapunco Formation. Further 
NW of the Sicuani town near the Uchuyllucllo village and the Livincaya-Santa Barbara 
stratigraphic column have a basal 100 meter-thick eolian sand that correlates with the 
Quilcapunco Formation. These quartzose sandstones are medium grained, well rounded 
and clean, with large-scale oblique laminae. 

The outcrop localities described by Acosta include areas SW of the Moho-Huancane-
Azangaro Thrust, NE of the Pucara village and south of Asillo, areas at the Jallapise 
Lake SE from Asillo, west and SW from the Azangaro town, south of Salinas Lake, 
along the Putina Anticline and west, east and north of the Quilcapunco town (NE flank 
of the Yana Orcco Anticline). 

The Quilcapunco Formation is represented by a sequence of white fluvial-eolian 
sandstones interbedded with red shales and conglomerate with Copacabana clasts in all 
areas described above, especially in the Chupa Conglomerate of Klinck (1986) at 
Bichoco. Its outcrops cover a wide and long range on the Altiplano Fold Thrust Belt 
from Asillo 20 km NW from Azangaro town to Quilcapunco village 15 km east of the 
Putina village, a distance of over 70 km. This formation constitutes a high quality 
potential reservoir in the Altiplano Fold Thrust Belt, especially in the Putina area north 
and NW of the Titicaca Lake. 

A late Triassic-early Jurassic age is assigned to the Quilcapunco Formation based on its 
stratigraphic relationship overlying the Mitu Group and underlying the Sipin Formation. 
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3.3.2. Mesozoic 
3.3.2.1. Jurassic 

• Sipin (Lagunillas)-Huambutio-Muni Formations 
As described by Acosta (2001) the Sipin-Huambutio-Muni stratigraphic interval 
separates the two quartzose fluvial-eolian Quilcapunco and Huancane Formations where 
present (Figure 4). Actually, the new proposed correlation by Perupetro may define part 
of these units, except the Sipin Formation to be equivalent to the Shinai Formation of 
Camisea. The Muni Formation is one of the decollement surfaces in the Altiplano Fold 
Thrust Belt. 

o The Sipin and Lagunillas Formations 
The Sipin Formation constitutes the first Mesozoic marine transgression at the end of 
the Permo-Triassic-Jurassic rift development that started with Mitu deposition. This 
marine character increases to the SW to the Lagunillas Lake and Mañazo areas, 80 and 
40 km west of Puno. The unit is seen to change to a more continental facies in the 
Altiplano Fold Thrust Belt, where it seems to constitute the northeastern termination or 
the shallower incursion of the major marine transgression. This major event deposited 
the thick 500+ meter-thick marine limestones and black shales of the lower Lagunillas 
Formation, partially equivalent to the Yura Group further west in the Arequipa region. 
The carbonates drilled by Well Coata 1X and Well Ayabacas 38-1X are here correlated 
as Sipin Formation limestones, although originally were assigned to the Copacabana 
Group by the operators. The unit is described with strong facies and thickness variations 
in the Titicaca Basin. It remains to be defined how much of these variations are actually 
due to missidentification or miscorrelation of the Sipin Formation. 

Newell (1949) described the typical section of the Sipin Formation in the Sipin Hill 2.5 
km SW of the Pusi village near Pirin and as a unit with local presence in the Altiplano 
west/SW of the Moho-Huancane-Azangaro Thrust. The unit in this area consists of a 33 
m of gray dense limestone locally dolomitic interbedded with minor grey to light brown 
calcareous sandstone with coarse grains of argillite and quartzite, and shale. Further to 
the SW in the Pirin area the Sipin Formation has less terrigeneous bedding and a basalt 
sill intrudes its upper portion. In this area, it is found onlapping Devonian rocks in 
strong angular unconformity and it overlies the Mitu Group evaporites a few km north 
of Pirin; the relationship of the Sipin Formation and the underlying unit depends on 
what portion of the rift basin developed in the area. Some 150 m of the unit rests 
conformably over the Quilcapunco Formation in the Asillo area. In all areas the Sipin 
Formation underlies the Muni Formation with a conspicuous erosion and altered contact 
(paleosoil). 

Several authors have described the Sipin Formation in various localities of the Altiplano 
region and neigh boring areas. The unit consists of approximately 15 m of limestones, 
marl limestones and black marls overlying transitionally to fine grained white 
sandstones and underlying the Muni Formation with a paleo altered contact at the 
Yanaoco Hill 7 km SW of Huancane town. A more continental and shallow marine unit 
with littoral bars is represented nearby east of the Arapa Lake at the Bichoco village. 
NW of the Azangaro town and south and at Caquincorani 4 km ESE of the Asillo town 
the Sipin Formation consists of a 120 meter-thick section including a basal 55 meter-
thick unit of red sandstone and siltstone, followed by a 65 meter-thick unit of 
predominantly marine fossiliferous limestone interbedded with thin black shales and 
marls and with a middle sandstone and red siltstone; an altered surface on top is also 
noted (Sempere, 2004; Acosta, 2001). The Sipin Formation is absent between these 
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outcrops and the Chupa village to the SE, areas where the conglomerate of the 
Huambutio Formation is present. These conglomerates are present probably 
representing deposition in areas of active horst activity removing the Sipin Formation. 

In other areas, the Sipin Formation consists of a 200 meter-thick section of a basal red 
sandstone and siltstone followed by grey and black limestones, thinly bedded black 
shales, calcareous gray to light brown sandstones and shales ending on top of the unit 
with marls, conglomerates and gypsum (Batty, 1989; Laubacher, 1990). Limestone is 
also gray, pink and chocolate, dense to fine grained, laminated and sandy, found 
shattered and locally with fetid odour. It must be emphasized that the Sipin limestones 
are lithological unlike the Ayabacas Limestone or the Quaternary travertine, the only 
limestone beds in the Titicaca Basin column. 

Further to the NW of the Sicuani town at the Uchuyllucllo village the Sipin Formation 
equivalent ends with a 100 meter-thick anhydrite interval or it represents the base of the 
Muni Formation. There is also a correlation with a sequence of red siltstone, sandstones 
and limestones overlying the Triassic-Jurassic series in slight angular unconformity in 
the Livicaya-Santa Barbara area in Cuzco. The Huambutio Formation in Cuzco consists 
of three members; the lower member is a purple red sandy conglomerate, the middle 
member is made of interbedded red shales very fined grained sandstones and few 
limestone beds, and the upper member is again a purple red sandy conglomerate at the 
base and sandstones, red shales and marls. The three members of the Huambutio 
Formation in Cuzco may represent the Huambutio-Sipin-Muni sequence of the Puno 
Altiplano (Carlotto et. al., 1997, 1991 and Gomez and Carrillo, mentioned by Acosta, 
2001). 

Newell (1949) mentions a 37 meter-thick basalt sill intruding the limestones near the 
top of the formation and Petroperu (1979) recognized basalt lava near the base of the 
Sipin Formation. Great lithological variations over short distances are attributed to 
intense over thrusting that has placed in contact or in close proximity wedges of 
different facies of the same formation originally deposited at large distances. It is likely 
that the volcanic activity affecting the rift development was still affecting the area 
during Sipin Formation time. 

Sipin Formation fauna consists of Rinchonela subtetraedra ranging from upper Jurassic 
to early Cretaceous. Other Sipin fauna in the Yanaoco area include echinoids 
Diademopsis sp. representing the Rhaetian-early Bajocian or late Triassic to mid 
Jurassic. The Lagunillas Formation is dated from Sinemurian to Bajocian, early to 
middle Jurassic. 

The Sipin Formation has also been recognized in subsurface by wells drilled in the 90’s. 
Well Coata 1X drilled a gray limestone/grainstone section interpreted here as the Sipin 
Formation with peloids, oncoids, oncolites and foraminifer remnants in the interval 
1557-1910 m overlying the Mitu Group. Thin sections from cuttings in the well at 
depths of 1890 and 1906 m. gave a Foraminifera assamblage consisting of Meanrospira 
(?) sp. in axial section; Agathammina (?) sp. typical for Tethys section not older than 
Triassic age. Thin sections from core No 5 cut in the interval 1894-1898 m in the lowest 
of the four limestones of the Sipin Formation defines a grainstone and calcareous 
sandstone with Forams Agathammina (?) sp., Glomospirella sp., Nodasaria sp., 
Cornuloculina (?) sp., Pachyphloides sp., Meandrospira sp., Ammobaculites sp., 
Quinqueloculina sp. This foraminifera assemblage assigns an age not older than Triassic 
to the Sipin Formation. Dating by BP during the current study extends this age up to 
Cretaceous. Operator had originally reported drilling of the “Upper Copacabana”, to this 
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Sipin Formation, overlying the “Lower Copacabana” section of halite, anhydrite and 
shales. This 700 meter-thick evaporitic section overlies the Mitu Group made up of 
continental red sandstones, conglomerates and shales (Figure 15). 

o The Lagunillas Formation 
The Sipin Formation in the Altiplano Fold Thrust Belt represents the eastern 
termination of a major Jurassic transgression in most of the Peruvian territory (Pucara 
Group) and represented in SE Peru by time equivalent Lagunillas Group developed to 
the west in the Arequipa region. The Lagunillas Group type locality is well preserved 
west of Puno in the south border of the Lagunillas Lake and the north shore of the 
adjoining Saracocha Lake 65 km WSW of Juliaca. (Photo 11). According to Newell 
(1949) best exposures are found in the SE shore of the Saracocha Lake and south of the 
Mañazo village. NE of these areas the Lagunillas Group thins considerably and the 

Sipin Formation, 
which eventually 
disappears as a 
continental deposit in 
the Altiplano Fold 
Thrust Belt, 
represents the 
termination of the 
group. To the SW it 
is equivalent to the 
Yura Formation with 
Reineckeia species 
and it is mostly 
overlain by volcanics 
of Tertiary age. 
 

Photo 11. Black shale sequence with hydrocarbon generative potential, Lagunillas Group 
with abundant large Ammonites in the Lagunillas/Saracocha Lakes  (see next photo). 

Photo 12. Ammonite 
fossil 0.9 m in 
diameter found in the 
Lagunillas shales in 
the Saracocha Lake, 
adjacent to the 
Lagunillas Lake. 

The Lagunillas 
Formation consists of 
dark grey to black 
sandy shales, fissile, 
with concretions of 

ferruginuous limestones containing Reineckeia broncoi, interbedded with gray and 
white to pink quartzites and fossiliferous gray limestones in the Lagunillas Lake section. 
A rich ammonite shale section was visited in the NE shore of the Saracocha Lake 35 km 
SW of the Lagunillas town (Photo 12). An incomplete section in this area measures 325 
m. The Lagunillas Group was best exposed at the Mañazo village where 1,115+ m had 
been measured. The unit consists of dark grey to grey and black shales containing the 
Reineckeia and R. douvilléi horizons; interbedded with buff quartzite and bluish grey, 
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fossiliferous limestones one bed of which forms the top of the Pucara Hill located 8 km 
SW of the Mañazo village. 

Newell’s collection includes Reineckeia (Reineckeia) brancoi Steinmann and 
Reineckeia (Kellowaysites) douvilleié Steinmann all of which dates the lower series of 
the Lagunillas Group as late middle Jurassic Callovian. Other fossils obtained by 
another author 500 m above the Reineckeia bed established an older Bajocian age. 

A Cretaceous section with a basal conglomerate (150 m), red shales (25 m) and ending 
upwards with the Ayabacas Limestone (25 m) overlies the Lagunillas Group in the 
Lagunillas Lake area. This section appears similar to the basal Cretaceous found in 
other areas of the Altiplano. 

o The Huambutio Formation 
The Huambutio Formation conglomerate underlies the Muni and Huancane succession 
in the Altiplano Fold Thrust Belt south of the Salinas Lake at Huancarani (Sempere, 
2000). This succession correlates with the Huambutio and Huancane interval SE of 
Cuzco (Carlotto, 1989; as indicated by Acosta, 2001). In Cuzco the Huambutio 
Formation conglomerates grade upwards into a fine red shale unit with limestone 
interbeds, a unit similar to the Muni Formation underlying the Huancane Formation. 
The 120 meter-thick conglomerate Huambutio Formation overlies the Sipin Formation 
in erosional unconformity and underlies the Muni Formation in transitional contact in 
the Salinas Lake area. The basal conglomerate is interbedded with thin calcareous 
sandstones and red siltstone in a thinning upward sequence. The conglomerate is made 
of angular to sub rounded possibly Cabanillas quartzite pebbles of 0.15+ m in diameter 
in a sandy matrix. An assigned age of middle Jurassic is based on its stratigraphic 
position, overlying the Sipin Formation of late Triassic to mid Jurassic age and 
underlying the Muni Formation of middle to late Jurassic. 
 

o The Muni Formation 
Newell also defined the Muni Formation at the Muni locality 4 km SW of the Pirin oil 
field. The unit is made of between 100 to 250 m of red shales, sandstones, thin 
limestone beds and gypsum overlying and underlying concordantly the Sipin and 
Huancane Formations. Upper Dogger to early Malm, or middle to late Jurassic age is 
assigned from fauna at the Pusi peninsula by Newell (1949). Pelecypods and Ostreas of 
pre-Cenomanian age of late Jurassic to early Cretaceous characterize the Muni 
Formation implying a marginal marine environment of deposition. Common outcrops of 
the Muni Formation are present in the western Altiplano. 
 

• The Huancane Formation 
Newell originally established a cretaceous age for the Huancane Formation and Acosta 
lowered it to a Jurassic level. Newell described the Huancane Formation near the 
Huancane locality north of the Titicaca Lake overlying and underlying the Muni 
Formation and the “Moho Group”, respectively. It is by far one of the most widely 
distributed stratigraphic units in the Altiplano region with best exposures in the 
Altiplano Fold Thrust Belt from Azangaro to the SE into Bolivia. It extends in outcrops 
to the Sicuani area in Cuzco and to the south of this location in Puno. Newell assigned a 
Cretaceous age to this unit. 

The unit consists of a series of thickening and coarsening upwards sequences of 
quartzose fluvial and eolian sandstones. The sandstones are pink to white, coarse to 
fine-grained, with extremely rounded and frosted grains, well sorted, very friable, 
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common cross laminated, non-fossiliferous, coarse bedded and with few thin red 
siltstone interbeds. Newell defined three Members a, b and c, described below, of highly 
variable distribution and in cases the lowermost unit is missing and the middle unit with 
more eolian character rests directly over the Muni Formation. This thickness variation is 
expected in the massive eolian deposits as it has been observed in longitudinal sand 
dunes in Camisea, but with these eolian sandstones of more likely Permian age.  

Modern correlation of the formations of Cretaceous age has defined and clarified the 
repetitions caused by thrusting and consequently has re-named Newell´s units in some 
parts of the Altiplano Fold Thrust Belt. Thus, the Huancane sandstones are placed as a 
formation of Jurassic age and the Cotacucho Formation has been dropped since it 
represents the same unit (Figure 18). There exist sedimentological and petrographic 
similarities between sandstones of the lower Cotacucho Group and the Huancane 
Formation as both are described to contain large inclined laminae, a clear indication of 
the eolian character of these two units, but possibly of older age than Cretaceous. The 
basal red sandstones and shales with gypsum and limestone lenses of the Cotacucho 
Group correlate with the Muni Formation.  

Figure 18. Correlation of various stratigraphic units originally described by Newell (1949) in 
the Titicaca Basin in a, b and c. In bold to the right units proposed by Acosta, 2001. 

There are good outcrops of the Huancane Sandstones along the road between Santa 
Rosa and Nuñoa and surrounding areas some 140 km to the NW of Juliaca town 
(Petroperu, 1965). Pink to white sandstones, partly conglomeratic interbedded with 
shales at the base with the same colors as the sandstones. In some localities it is found 
overlying shales of the Muni Formation and in others it overlies the Devonian 
Cabanillas Formation presenting cross bedding. The unit is described with thickness 
variation from 20-30 to 500-600 m in the border and center of the basin (a character also 
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typical of eolian deposits) and silicified plant remains up to 1 meter-thick in diameter 
indicating a near continental origin. Excellent reservoir character is given by the quality 
and sphericity of the grains attributed by Petroperu as “obtained by several reworking 
processes”, without considering its eolian character. 

The uniform thickness of about 100 m of the Huancane Formation in the type locality 
thickens considerably to 500 m along the strike southeasternwards at the west edge of 
the Moho village. At this locality, an inverted section has the middle unit Member b of 
250 m consisting of a massive sandstone unit, heavily cross-laminated with salmon 
colour spheroid and frosted quartz grains with the outcrop weathering to gentle slopes 
as to indicate the friable nature of this eolian sandstone. The lower ¨a¨ and upper ¨c¨ 
members are 200 and 50 meter-thick. 

More recent field Geology in the Putina area of the Altiplano Fold Thrust Belt revealed 
the presence of additional thick stratigraphic units, which should be within the original 
Newell’s conception, so that he possibly incorporated these new units into his original 
Huancane Formation (Sempere, 2004, Acosta, 2001 and others). According to Newell, 
the Huancane Formation thins to 192-164 m at Puerto Acosta on the Huarina Fold 
Thrust Belt in Bolivian and to between 50 to 110 m westwards at Pirin, Las Huertas and 
Ilave. 

A close examination of the outcrops by Perupetro/IRD staff near Pirin also detected 
white tuffs with the eolian Huancane sandstones as to indicate the environment of 
deposition on which they were deposited. In the Lagunillas area the unit assigned to 
Huancane is coarser and with a conglomerate character, locally named Saracocha 
Conglomerate to outcrops on the north shore of the Saracocha Lake. Cobbles up to 0.25 
m of locally derived quartzite, limestone and quartz veins are common and the unit 
attains a thickness of 150+ m.  

As a reference, sandstones attributed to the Huancane Formation near Cuzco yielded a 
wealdian (Neocomian) age (some of these observations are mentioned by Laubacher, 
1990). 

The Huancane Formation consists of three units in most of the Titicaca Basin (Newell, 
1949). The Lower Unit “a” is a pink to buff and white, coarse grained to conglomerate 
quartzose massive sandstone, cross-laminated, pebbles are well-rounded with quartz 
veins, interbedded with few thin red siltstone. This lower unit has a transitional contact 
with the underlying Muni Formation and represents a floodplain with channels as distal 
braided streams. The Middle Unit “b” consists of massive quartzose sandstones with 
exceptionally well rounded and frosted medium to coarse grains up to 1 mm; the entire 
interval is of eolian origin weathering to gentle slopes. This “b” unit has a basal 
erosional contact with the lower “a” member and a concordant contact with Member 
“c”. The eolian sequences show a thickening upward distribution. The Upper Unit “c” 
is made of reddish brown, fine to medium grained, evenly stratified hard sandstones. 
This unit is in transitional contact with the overlying Newell Moho Group basal unit “a” 
or Acosta’s Yanaoco Formation (Group?). 

There is not a direct relationship between the newly defined Huancane Members A, B 
and C of Acosta (2001) and the Newell units, since eolian deposits of the Middle Unit 
“b” are also found in the upper Member C. Acosta measured some 280 m of the 
Huancane Formation west of Moho. Basal member A is a quartzose medium grained 
thickening and coarsening upward sandstone unit with oblique curved laminae 
interbedded with red siltstone characteristic of a floodplain deposit cut by channels and 
in transitional contact with the underlying Muni Formation. Member B is a thinning 
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upward conglomerate with quartz pebbles 3 cm in size, cut by channels, with curved 
inclined laminae and with an erosional contact with lower Member A. The upper 
Member C is a 150 meter-thick thickening upward eolian quartzose sandstone. It should 
pointed out the transitional contact of this later member with the overlying Yanaoco 
Formation (Group?), although in other places this contact is discontinuous and marked 
by an altered surface (Yanaoco Hill) or an erosional surface (south of Asillo). The 
Huancane Formation thickness varies between 300 to 100 m. 

The Huancane Formation was identified in subsurface west of the Azangaro Thrust by 
drilling. The Ayabacas 38-1X well drilled a sandstone and shale section from 196 to 
420 m assigned to the Huancane Formation overlying Mitu Group (Figure 19). The 
Pirin well RH-1 drilled sandstones of the Huancane Formation between 269 and 415 m, 
110 m true thickness estimate, sealed by Tertiary age sediments (Newell, 1949). 
Perupetro introduced a correlation between the Coata 1X, well RH-1 in Pirin, a 
Yanaoco outcrop section in Peru and outcrops in the Tiquina Strait in the SE border of 

the Titicaca Lake in Bolivia (Figure 37). 
This Tiquina Strait section can also 
correlate with Camisea and the Ene 
Basin stratigraphy (Figure 38). 

A Callovian late middle Jurassic age is 
more characteristic of the Huancane 
Formation since pollen Monocollpates y 
bissacates correlate with Callovian 
assemblages of the Neuquen Basin in 
Argentine (Volkheimer, 1972). However, 
a fossil assemblage of Cretaceous age 
has also been assigned to this formation. 
Presence of the genus Callialasporites, 
Cicatricosisporites australiensis y de 
Appendicisporites sp., and absence of 
pollen Dicotyledons place this flora 
association in the basal Cretaceous 
(Doubinger & Marocco, 1976). Micro 
flora identified in a basal black shale unit 
in Huambutio, Cuzco, has an affinity 
with lower Cretaceous deposits of Santa 
Cruz in Argentine. 

Figure 19. Well Ayabacas 38-1X shows uppermost 550 m with the Huancane Formation 
overlying the Mitu Group. 

The Huancane Formation sandstones are considered potential high quality reservoir 
rocks in the Altiplano. The eolian deposits show high porosity with extreme friable 
character supported by extremely rounded medium to coarse quartz grains. 
Additionally, it is in close association to the ¨petroliferous¨ Newell’s Moho Group in 
Pirin. 

It is worth making a general comment at this point after describing the Permian and 
Jurassic sections including the carbonate Sipin/Lagunillas Formation and the two eolian 
deposits in the stratigraphic column finally identified in the Peruvian Altiplano.and the 
Mitu Group. The Jurassic Sipin/Lagunillas carbonate/shale units of the Altiplano region 
are age equivalent with the Pucara Group of the Ucayali Fold Thrust Belt and Ucayali 
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foreland basin. The Quilcapunco (where present)-Muni-Huancane Formations litho 
stratigraphic succession of the Altiplano can be correlated with the Ene/Noi-Shinai-
Lower Nia stratigraphy found in subsurface in the San Martin, Cashiriari, Pagoreni, 
Mipaya and Sepa structures of the Camisea Production Unit and in outcrops in the 
Mainique Gorge. All these units are found below the Base Cretaceous unconformity 
representing Permian age deposits in both areas overlying the Ene-Tarma Copacabana 
Group (Mitu is absent in Camisea). These eolian deposits have proven to be the best 
reservoirs in the giant gas and condensate Camisea fields with EUR of over both 10 
TCF’s and 1 BBC. Additionally, the middle Cretaceous section overlying the eolian 
deposits represents a regional deposition onlapping the pre-Cretaceous formations. The 
Lower Cretaceous section representing the lower Oriente Group, including the basal 
Cushabatay Formation, Raya Formation and the lower Agua Caliente Formation are 
missing in the south Ucayali and Madre de Dios Basins due to a regional uplift episode 
of a great portion of the southern Peruvian territory during early Cretaceous. It is not 
well understood how this uplift episode extended into the Titicaca Basin. 

 
3.3.2.2. Cretaceous 

Major stratigraphic changes have been introduced to the Mesozoic stratigraphic column 
and especially in the Cretaceous section that have modified the original Newell 
stratigraphic column. 

• Angostura-Murco-Arcurquina Formations (Newell Lower Moho) 
These sequences (Yanaoco Group, Acosta, 2001) have been defined as the middle 
Cretaceous section onlapping and transgressive on pre-Cretaceous units (Sempere, et. 
al., 2004). They consist of a basal conglomerate, sandstones, red shales and limestones 
as defined in the Arequipa region (Figure 4 and Figure 5). 

The Murco Formation underlies the Arcurquina Formation and consists of continental 
deposits with coarser sandstones and fine conglomerates at the base, marls and red clays 
are interbedded in the central portion and coastal lagoon and sabkha development with 
gypsum lenses on the upper section. The Arcurquina Formation was deposited on a 
shallow carbonate platform with a basal section dated early Albian deposited 
conformably over the lower shalier Murco Formation (Benavides, 1962). 

• The Ayabacas Formation 
The Ayabacas Limestone was defined by Cabrera and Petersen at the type Ayabacas 
locality 10 km NE of Juliaca in 1936. The Ayabacas Limestone is highly broken and 
deformed constituting an olistostrome deposit visible in numerous outcrops of the 
Altiplano region. The Ayabacas Limestone is a persistent limestone unit widely 
outcropping on most of the Titicaca Basin, in Puno, Cuzco Altiplano Basin (quarry for 
the Inca Sachsayhuaman fortress) and in the Bolivia Altiplano. The thick red shales and 
gypsum beds above and below the Ayabacas Limestone were zones of weakness to 
thrust, dislocate and contort the limestone, which “yield in the form of intricate isoclinal 
and recumbent folds and low-angle compression faults”. 

The Ayabacas Limestone is dark gray, crypto crystalline, dense, thin to medium bedded, 
dolomitic, with sparse marine fauna and reaching a thickness between 25 to 30 m. with 
a single massive lithology. North of the Titicaca Lake the Ayabacas Limestone is 
correlated with the Huatasane Dolomite, since bi-valves (Neithea sp), echinoderms 
(Orthopsis sp), chorals and gastropods of probable early Cenomanian age have been 
described (Palacios and Ellison, 1986, mentioned by Laubacher and Morocco, 1990; 
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Petroperu, 1979 and Newell, 1949). In any case, the Ayabacas Limestone age is not 
interpreted being older than Albian. 

The Ayabacas Limestone has an ample distribution in the region. Its contorted 
lithostrome character is recognized in the Lagunillas Lake SW of Juliaca area and in the 
adjacent Cuzco Altiplano basin in the Cuzco area 350 km to the NW of Puno. Another 
limestone found in the stratigraphic column is a fossiliferous earthy 2-3-meter thick 
limestone bed with black flint found near the top of the Huancane Formation some 50 m 
below the Ayabacas Limestone in localities 15 km SW of Juliaca and 8 km SW of the 
Cabanillas Station. The Ayabacas Limestone correlates with the Miraflores Limestone 
in Bolivia. The marine transgression of this limestone represents a maximum flooding 
surface that occupied a large portion of the Peruvian and Bolivian Altiplano. 

• Vilquechico Group (Newell Upper Moho) 
The newly named Vilquechico Group is dated Campanian-Maastrichtian-early 
Paleocene age. The red beds overlying the Vilquechico Group are equivalent to the 
Muñani Formation dated by charophites of late Paleocene to Eocene age younger than 
the Cretaceous age provisionally assigned by Newell. Presence of Porochara ovalis, 
Porochara perlata, Pucapristis branisi and Gasteroclupea branisi dates the Vilquechico 
Group as Campanian-Maastrichtian. Phosphate nodules and vertebrates including a fish 
Schirorhiza cf. S.stroemeri Weiler of Maastrichtian age. Continental red beds have been 
assigned to Vilquechico near Puno at the Umayo Lake and at the Cuzco-Sicuani region 
to the NW of the basin where a fauna of dinosaurs, mamiferous and charophite flora of 
Campanian-Maastrichtian age have been found (various authors mentioned by 
Laubacher, 1990) 

The Vilquechico in the SE portion of the Altiplano Fold Thrust Belt is made up of a 
basal section of 650 m of 390 m of brown to purple shales, gypsiferous, interbedded 
with red to pale green mudstones. The Huatasane Dolomite is a 10-meter-thick white to 
pink massive dolomite and partial calcareous sandstone unit present near the middle of 
the section; this unit was also correlated with the Ayabacas Limestone. Most of the 
Vilquechico Group was deposited in a continental environment with a short marine 
incursion where the dolomite was deposited. Original location of the Vilquechico Group 
is interpreted to be a large distance to the east/northeast of its current outcrop locations 
in the Putina area. 

 

3.3.3. Cenozoic 
 
An aggregate thickness of over 11,200 m were assigned to the Tertiary age deposits 
widely distributed SW of the Azangaro Thrust. 
 

3.3.3.1. The Puno Group 

 
• The Muñani Formation 

The Muñani Formation is a thick sandstone succession of strata and coarsening upward 
sequence. Newell included this unit provisionally as the uppermost Cretaceous unit 
lithologically distinct from, and older than the red sandstones of his Puno Group. The 
unit is characterized by its friable character, bright red to brown colour tones contrasting 
with the somber red chocolate tones of the Puno Group and the green and purple colours 
and quartzite nature of the Vilquechico Formation. It consists of bright red, fine to 
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medium grained, arkosic sandstones with rare conglomerates and very few thin beds of 
bright red sandy shales, non-volcanic mostly outcropping as erosional remnants in 
synclines of the Altiplano Fold Thrust Belt in conformable contact over the Vilquechico 
Formation. 

The Muñani Formation has a basal section of a few tens of meters with braided 
sandstone channels with local floodplains and paleosoils (Sempere, 2004). Where 
dominated by shaly facies, this lower unit represents facies of alluvial floodplains, mud 
flats and lake deposits, which also includes a lacustrine conspicuous stratigraphic 
deposit of a few tens of meters, dark gray to green, locally calcareous, contrasting with 
the adjacent red shale beds. The lacustrine unit correlates with La Cabaña Member of 
the Bolivia Andes and the Green Bed (Faja Verde) of NW Argentine. This unit 
represents a global climatic change dated 55.5 my and between 55 and 56 my dated with 
magnetostratigraphy in Bolivia (Baines 1999, Sempere, 1977, mentioned by Sempere, 
2004). A section of 900 m of red sandstones, massive and even beds of the Muñani 
Formation outcrops west of the Muñani village 50 km NW of Huancane. The top of the 
Muñani Formation corresponds to erosional levels of the upper Neogene (Sempere, 
2004).  

3.4. Thin Sections Descriptions, Analyses and Results 
Thin sections of 28 samples from cuttings and cores of well Coata 1X had been 
analyzed and described to determine age and lithology. Only 9 of them encountered 
foraminifers (Yukos, 2002). Formation tops from these descriptions were modified by 
Perupetro to include new interpreted stratigraphy. 

 

3.4.1. Thin Sections From Cuttings 
Depth: 1888m (Perupetro Log: Base Sipin Fm), 5 cuttings fragments, 2 of red rocks 
and 3 of gray rocks. 
Lithology: Red rocks, loose, with pebbles of more dense rocks with no fossils. Gray 
mudstone with numerous inclusions of fine-grained dolomite?/calcite and micro 
granules of hard bitumen. One cutting is a gray rock, cloddy, similar to well rounded 
and well-sorted packstone/grainstone with peloids, spheres of obscure origin. 
Rock age: impossible to determine. 
Depth: 1890 m (Perupetro Log: Limestone at base Sipin Fm). Cuttings fragments of red 
and gray rocks. 
Lithology: Red rock, loose, contains various pebbles and no fossils. Gray rocks, 
limestone/grainstone with peloids, oncoids and foraminifer remnants. 
Rock age: Foraminifers: Meanrospira (?) sp. in axial section; Agathammina (?) sp. 
Typical for Tethys section no older than Triassic. 
Depth: 1906 m, fragments of red and gray colored rocks. 
Lithology: red rocks are like the ones described above. Gray rocks are limestones, 
grainstone- well-rounded and well-sorted calcareous sandstone; an urchin needle and 
two good sections of foraminifer shells Agathammina (?) sp. 
Rock age: foraminifers are known to be no older than Triassic. 
Depths: 2390, 2395, 2400, 2405 and 2410 m (Perupetro Log: shale & anhydrites within 
thick anhydrite section), red and gray rock fragments with no fossils. 
 

3.4.2. Thin Sections From Cores 
Depths: 1894 – 1898 m (Perupetro Log: Ls Base Sipin Fm), 7 thin sections, one of 
them on a large glass. 
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Lithology: Thin sections 1 to 4 and the one on the large glass is a grainstone, calcareous 
sandstone made of well-rounded oval and elongated grains of various sizes: peloids, 
oncoids, oncolites, large pellets with bioclasts (Gastropods, urchin needles and 
fragments, pelmatozoan, foraminifers). Foraminifers: Agathammina (?) sp. in thin 
sections 1, 2, 3. 4; Glomospirella sp. in 1 thin sections, 2, 3, 4, 6; Nodasaria sp. in thin 
section 1, 6, Cornuloculina (?) sp. in thin sections 1, 2, 3, 4; Pachyphloides sp., in thin 
section 1; Meandrospira sp. in thin sections 3, 4; and Ammobaculites sp. in thin section 
6 (thin section on a large glass). Thin section 5 is a wackestone with extra clasts and 
foraminifers with often Quinqueloculina sp. 
Rock age: Foraminifer’s assemblage is not encountered before Triassic in Tethys 
sections. 
Depth: 2414 – 2421 m (Perupetro Log: shale within anhydrite), weathered rock, no 
fossils. 
Depth: 2645-2648 m (Perupetro Log: shale within Mitu Fm), 4 thin sections. 
Lithology: Silicified and weathered rocks, inclusions of relic bioclasts, often black 
bitumen grains, no fossils. 
Depth: ? Sample 5-k, 4 thin sections. 
Lithology: Weathered relic, organogenic (?) rock with large round windows of calcite, 
no fossils. 
Conclusions: Core interval 1894-1898 m in well Coata 1-X has a Agathammina (?) sp., 
Glomospirella sp., Nodasaria sp., Cornuloculina (?) sp., Pachyphloides sp., 
Meandrospira sp., Ammobaculites sp., Quinqueloculina sp.. This foraminifera 
assemblage assigns an age not older than Triassic to the lowest of the four limestones 
of the Sipin Formation in the current study. The remaining of the analyzed thin sections 
bears no fossils. 

3.5. Igneous Rocks 
The Altiplano has stocks of granodiorite, diorite, monzonites and sienites, which have 
produced incipient local contact metamorphism. Igneous bodies intrude the Mitu Group 
without affecting overlying units like the Huisuroque tonalite and a rhyolite dike SE of 
Santa Rosa, dated lower to middle Triassic K-Ar over Biotite ages of 236 and 244 ± 
6My (Klinck, 1986 and Sempere, 2002, mentioned by Sempere, 2004). A lava flow in 
Juliaca within the Mitu Group dates from a middle Permian K/Ar age of 272 ± 10My to 
an Isochrones Rb/Sr early Triassic age of 245 ± 42My (Palacios, 1993 in Acosta, 2001). 
These ages range from mid Permian Sakmarian to mid Triassic Anisian. 

In summary, the Permo-Triassic rift was emplaced in older tectonic settings and it 
controlled the Andean Orogeny. There is a close relationship between the existing thin-
skin tectonics and the rift. Old rift normal extension faulting was reactivated during the 
Neogene as thrust faults driven by tectonic inversion of the Permo-Triassic rift as 
observed in different portions of the sub-Andean Basins. 
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4.0. TECTONICS 
 
4.1. Regional Tectonic Settings 
The Altiplano plateau forms a geologic province covering some 140,000 Km² in the 
central Andes of southeastern Peru, northern Chile, Bolivia and northwestern Argentine. 
It extends along an elongated plateau between the Eastern and Western Cordilleras at an 
elevation between 3,800 and 4,000 m.a.s.l. covered by a glacial, fluvioglacial and 
lacustrine fill of Quaternary age. Outcrops of Paleozoic, Mesozoic and Cenozoic age 
rise above the Altiplano plateau. 

The tectonic evolution of the Titicaca Basin follows the pattern of the development of 
the Andes Mountains built along the western margin of the South American plate 
overriding the Pacific oceanic Nazca plate. Although with regional tectonic variations, 
the character of the Andes Mountains can be grouped in three major segments in South 
America. One is the Northern Andes developed in Venezuela, Colombia, Ecuador and 
north Peru, a second developed in the Central Andes in Peru, Bolivia, northern Chile 
and NW Argentine and the third in the Southern Andes developed in central Chile and 
west central Argentine (Sempere, et.al., 2002). 

The Central Andes constitutes the most conspicuous topographic portion of the Andes 
Cordillera. It is subdivided into three major segments: 1) the north central in northern 
Peru from the Huancabamba Deflection down to south of the Shira Mountains in the 
Camisea area, 2) the Bolivian Orocline, where the Altiplano Basin (Titicaca Basin in 
Peru) is located developed in south Peru, Bolivia, northern Chile and NW Argentine, 
and 3) the southern central Andes developed in central Chile and NW central Argentine. 

The Bolivian Orocline has an oceanward concavity in its western forearc portion that 
marks the conspicuous change of the Andes orientation and coastline from a NW trend 
in south Peru, west/SW Bolivia to a NS trend in Chile. The WSW/ENE Cochabamba 
Fault located mainly in Bolivia controls this change. The change of orientation of the 
Bolivian Orocline is attributed by different authors to opposite 10-20º anticlockwise and 
clockwise rotations of the Andes segments north and south of the Arica-Santa Cruz 
Bend, respectively (Kley, 1999). The kinematics of the Bolivian Orocline have been 
studied using paleomagnetic data, balanced crossed sections and crustal data estimates. 

Tectonic deformation is intense in the Bolivian Orocline. As a reference, the Ordovician 
is found at 3,000 m.a.s.l. in the Eastern Cordillera and 4,000 and 10,000 m.b.s.l. in the 
Interandean (not well developed in Peru) and Subandean Zones in Bolivia, respectively 
(Kley, 1999). There is a coincidence of the structures in the Paleozoic, Mesozoic and 
Cenozoic formations implying common tectonic deformation episodes in the formation 
of potential hydrocarbon traps. 

The Altiplano Basin is an intermountain basin that extends considerably for over 1500 
km in southern Peru, W/SW Bolivia, Chile and Argentine. It was formed and deformed 
by a series of tectonic events by different pulses of the Andean Orogeny. Tectonic 
deformation left a complex tectonic imprint with structural alignments with NW-SE and 
N-S trends to the north and south portions of the basin in Peru and Bolivia. This change 
in structural orientation roughly coincides with an axis with a NE-SW alignment 
crossing south of the Poopo Lake in Bolivia. 

In general, the Altiplano Plateau is defined with a normal lithosphere thickness or even 
a case of extreme crustal thickening of a continental margin bounded by two 
lithosphere-thinning areas. A lithosphere thinning to the north marks the rifting episode 
developed regionally during the late Permian-Jurassic from north Peru and extended 
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south into Bolivia along an axis that coincides with the basin eastern border along the 
present Eastern Cordillera (Sempere, et.al., 2002). An elongated thinning of the 
lithosphere also corresponds to the west bordering and adjacent to the “Arequipa” Basin 
along the western Andes Cordillera. The southern Peru and neighboring Bolivia show 
intense uplift and inversion of the high Eastern Cordillera formed during late Oligocene 
and Neogene times (25 my). 

The Altiplano Basin is segmented in several major sub-basins separated by individual 
highs, lows and thrust blocks; the major and second major of which in order of 
magnitude are the Titicaca Basin in Peru and the Poopo Basin in Bolivia. These basins 
take their names after the Titicaca and Poopo Lakes located at altitudes of 3,810 and 
3,686 m.a.s.l., which are connected through the Desaguadero River. The Titicaca Basin 
constitutes the NW termination of the major Altiplano mega Basin. 

 
4.2. Local Tectonics 
During our investigations we have redefined the extension of stratigraphic and tectonic 
units in the Titicaca Basin with modern geological studies. The integration of different 
data made it possible to interpret the surface and subsurface geological nature of the 
basin. The revised geological map covering the studied areas is shown in Enclosure 1a. 
The information used to support this revision includes Landsat images, generated 
Digital Elevation Models DEM, well and seismic data, newly acquired and old field 
geological data and digitized magnetic intensity map among others.  

The following features represent the major tectonic-morphological belts with a NW/SE 
orientation in the Titicaca Basin in all southern Peru (Figure 20). 

The Western Cordillera. 
The high altitude Altiplano Andean Plateau of consistent nearly 4,000 m.a.s.l represents 
the western portion of the Altiplano Basin. It has open folding and limited thrusting of 
Neogene age and covered by Neogene to recent sediments and volcanic rocks. The 
Altiplano Fold Thrust Belt is the eastern portion of the Altiplano Basin formed by a 
series of elongated anticlines and synclines located on the western border of the Eastern 
Cordillera. 

The Altiplano Andean Plateau and the Altiplano Fold Thrust Belt represent the 
Altiplano Titicaca Basin. Perupetro/IRD defines these two tectonic units as discussed 
below in the following sections under Styles of Deformations. 

The Eastern Cordillera representing the maximum deformation tectonic belt. 
The Sub Andean Fold Thrust Belt to the east of the Eastern Cordillera representing the 
eastern Andes mountain front. 
The Foreland Basin forms the alluvial plain of the Madre de Dios Basin with elevations 
less than 500 m.a.s.l. 

The Western Cordillera is a prominent topographic feature extending along the western 
margin of the Andes in all the Peruvian territory. It includes the old Arequipa Massif as 
part of this cordillera in southern Peru. This Massif was set in the proto-Andean margin 
during the Grenville Orogeny (1300-1000 My). New U-Pb zircon geochronology dates 
two Mesoproterozoic granulite-facies domains: 1200 Ma to the NE of Quilca (16° 44'S, 
72° 24'W) and 970 Ma in the vicinity of Mollendo (16° 58'S, 72° 03'W). Present area 
occupied by this massif includes the western portion of the Western Cordillera in 
Arequipa, Moquegua and Tacna extending SW into the Pacific Trench. Snow-covered 
volcanoes reach altitudes of over 5000 m.a.s.l. on the Western Cordillera. Of these the 
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Tutupaca volcano reaches 5,815 m and the Ubinas Volcano has been active in the last 
few years. 

 
 
 
 
 
 
 
 
 
Figure 20. West East topographic profile shows altitudes of various tectonic features in the 
Titicaca Basin and bordering cordilleras. 

 
The Titicaca Basin and the Eastern Cordillera extend mainly in Puno and Cuzco areas. 
The Eastern Cordillera is characterized by high topographic relief, which reaches 
elevations between 3,000 to 4,500 m.a.s.l. This cordillera divides waters flowing 
towards the SW to the endorrheic Titicaca Lake in Puno and towards the NE to the 
Atlantic Ocean. It includes a series of snow-covered mountains with high altitudes 
between 5,400 to over 5,800 m.a.s.l. The Ananea Peak with 5,852 m.a.s.l. constitutes 
the highest peak on this cordillera near the Bolivian border. 

Thin-skin tectonic deformation with basal detachment in Silurian, Ordovician or over 
Basement strata raised numerous wedges above underlying Basement structures. Figure 
21 is a balanced cross-section based on seismic data in the Bolivian territory near the 
Peruvian border, which shows thin-skinned tectonics with detachment levels. East and 
west verging thrusts also become apparent near the surface on both sides of the Eastern 
Cordillera. Similar thrust also extends to the north on the eastern border of the Titicaca 
Basin in Peru. 

 
 
 
 
 
 
 
 
 
 
Figure 21. Seismic interpretation of West/ SW verging thin skin tectonics in the Bolivian 
Altiplano. Similar tectonic deformation is present in the Peruvian Altiplano Fold Thrust Belt. 

 
4.3. Deformation Styles 
Integration of restricted seismic data (2D seismic in current Block 105 and research 
seismic over the Titicaca Lake), field geology, DEM’s, structural geological maps and 
satellite images were used to define deformation styles, geometry of the potential 
hydrocarbon traps and variation of the lateral ramps (Figure 22). The seismic data is 
partially in SEG-Y format with a poor to fair quality in general. Satellite images and 
DEM maps were of very good value for the Altiplano Fold Thrust Belt and areas SW of 

Seismic interpretation Altiplano Bolivia 
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the lake lacking seismic data. Review of the tectonics in the Titicaca Basin is presented 
in Appendix IV. 

Two tectonic settings have been defined in the Titicaca Basin by our 2006 and 2007 
geological work. The structural interpretation shows that the uplift of the Eastern 
Cordillera created the Altiplano Fold Thrust Belt on the eastern border of the Titicaca 
Basin, whereas an Inverted Permian-Triassic Rift system (Perupetro names) was 
emplaced on the western border (Figure 20). They are bordered to the west by the 
Western Cordillera made up of Tertiary and Quaternary volcanic rocks and to the east 
by the Eastern Andean Cordillera with strata of different ages. The new tectonic 
concepts introduced define new hydrocarbon exploration plays in the Titicaca Basin 
similar to those present in the sub-Andean Fold thrust Belt. 

Structural mapping defines the NW-SE structural trend parallel to the Andes Mountains 
in the Titicaca Basin. Major tectonic elements are several thrust faults, synclines 
plunging towards the Titicaca Lake and the Coata Anticline represented by a high 
topographic alignment representing several culminations in the Altiplano plateau in 
Block 105. Areas in the Altiplano Fold Thrust Belt have higher topographic elevations 
than in the Altiplano Andean Plateau due to recent Andean deformation. However, the 
Altiplano Andean Plateau has higher subsurface tectonic elevation due to the absence of 
some Mesozoic units in the Inverted Rift System (Figure 22). 

The uplift of the Eastern Cordillera controlled the main deformation of the Titicaca 
Basin since Neogene time. Thin skin tectonic deformation was carried through various 
detachment levels within the Paleozoic and Mesozoic sequences (Figure 26). The 
modern three wells drilled in the 1990´s encountered important Jurassic Permian? 
evaporite levels above the Mitu and Cabanillas Formations. The Perupetro/IRD 
fieldwork in 2006 and 2007 also defined important characteristics of the stratigraphy 
and structure of the whole sedimentary sequences. The general and local lithological 
character of the different formations is described in the stratigraphy section above.  

The base of the Ordovician series in contact with the Basement is the interpreted oldest 
and deep detachment level. These series outcrop on the Eastern Cordillera. The Silurian-
Devonian black shales of the Silurian-Devonian Cabanillas Formation constitute an 
important detachment level in the Titicaca Basin. These sediments are well represented 
in outcrops in the whole basin. The upper Permian also is made up of shales that 
constitute a main detachment level in the Altiplano Fold Thrust Belt; in addition this 
level includes an important petroleum system in the basin. A rift system of late Permian 
–Triassic age is defined and characterizes an extensive episode controlling the 
distribution of source rocks and the deformation style of the potential hydrocarbon 
traps. 

The Jurassic-lower Cretaceous section was deposited in a rift and back-arch basin 
controlled by the underlying rift system. Their carbonate, sabkha and fluvial sequences 
bear the imprint of minor to large magnitude horizontal thrusting. Zones of weakness in 
normal and listric faults helped the rift inversion process. The upper Cretaceous and 
Paleogene sequences constitute main deposits of foreland infill developed in the 
Altiplano and Madre de Dios Basins. During the Neogene occurs the uplift of the 
Eastern Cordillera, the formation of an intermountain basin, structuration of the 
Altiplano Fold Thrust Belt and also the migration of the foreland basin to its present 
location to the east. Generation of the hydrocarbon traps and petroleum systems occur 
during this episode. 
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Figure 22. Two tectonic settings defined in the west and east portions of the Titicaca Basin 
around the Titicaca Lake. 

4.3.1. The Altiplano Fold Thrust Belt FTB 
The Altiplano Fold Thrust Belt FTB has a NW/SE orientation, a width of 25 to 30 km 
and also is part of the western portion of the Eastern Cordillera verging to the SW. It 
extends further north into Cuzco with elevations between 3,800 to 4,200 m.a.s.l. and 
further south as the Huarina Fold Thrust Belt in Bolivia (Figure 20 and Figure 22). The 
Altiplano FTB is the western piedmont of the Eastern Cordillera with a thrust system 
similar in orientation and geometry as the Sub Andean Fold Thrust Belt. The Sub 
Andean FTB is the eastern piedmont of the Eastern Cordillera verging to the NE. 
However, tectonic deformation towards the SW in the Altiplano FTB is opposite to the 
Sub Andean deformation with verging structuration towards the NE.  

This Sub Andean FTB is the tectonic site where the world-class gas and condensate 
fields Camisea, Kinteroni and Candamo in Peru and Tarija in Bolivia are located. 
Detachment levels are found in the Permian, Devonian and Silurian sequences forming 
duplex, ramp anticlines, propagation folds and piggy back basins corresponding to thin 
skin tectonic deformation (Baby et al., 1992; Kley et. al. 1999, Gil et al., 2001; 
Hermoza, 2004). 
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Figure 23. Satellite image shows the location of seismic data (2D in red, research in light 
blue) and modern and old wells (in yellow). 

 

Figure 24. DEM of the Titicaca Basin shows the Altiplano Fold Thrust Belt to the north and 
NW of the lake and detail of seismic and old and modern wells. 
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Figure 25. Structural map of the Altiplano Fold Thrust Belt, as the western piedmont of the 
Eastern Cordillera. Longitudinal anticlines and synclines and thrusts have a NW-SE 
orientation. 

Similar Sub Andean FTB thin skin tectonic deformation with detachment levels and 
structures are interpreted to be present in the Altiplano Fold Thrust Belt. Main 
detachment levels are interpreted in the upper Permian and the Paleozoic Basement 
contact in the Altiplano FTB (Figure 26). Interpreted deep Paleozoic duplexes outcrop 
in the western portion of the Altiplano FTB. Transported piggyback synclines with 
Neogene continental fluvial sequences are clearly seen along surface thrusts as seen on 
the DEM and satellite images. This Altiplano FTB has numerous structural traps with a 
potential attractive exploration play. 
 

 
 
Figure 26. NE/SW structural section across the Titicaca Basin shows styles of deformation of 
the Altiplano Fold Thrust Belt. 
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The high-resolution shallow research seismic was acquired in selected locations within 
the Titicaca Lake in the Altiplano Fold Thrust Belt (Zeltzer et al., 1998). The section on 
Figure 29 extends 2.4 km in a W-E orientation covering the upper 53 m (71 ms) of 
bottom lake sediments at the SE portion of the lake. It shows Quaternary sediments, 
inverse faults, progressive unconformities and onlaps on piggyback transported basins 
controlled and deformed by the structuration of the Altiplano FTB. Other shallow 
seismic sections show longitudinal channels along the axes of the piggyback synclines. 
It is interpreted that the Titicaca Lake has same hydrocarbon potential as the rest of the 
Altiplano FTB. 

 

Figure 27. Landsat satellite images show the Putina elongated piggyback synclines extending 
some 50 km with a NW/SE orientation controlled in subsurface by duplexes and thrusts in the 
Altiplano FTB north and NW of the Titicaca Lake. 

 

Figure 28. Landsat satellite images show elongated piggyback synclines with a NW/SE 
orientation in the Huancane-Vilquechico-Rosapata localities.  



 63

Figure 29. High resolution seismic in the Tiquina Strait in the SE portion of the Titicaca 
Lake (Zeltzer et al., 1998). It shows highly deformed recent sediments within piggyback 
synclines. 

 
4.3.2. The Permian- Jurassic Inverted Rift System  

The Inverted Rift System IRS has a NNW/SSE orientation oblique to the Altiplano Fold 
Thrust Belt (Figure 22 and Figure 30) in the western portion of the Titicaca Basin. The 
IRS is restricted to the Altiplano plateau up to the transition to the Western Cordillera 
and extending further south into Bolivia. The acquired seismic data in block 105, all 3 
modern wells, the 28 shallow wells and the Pirin Oil field are located within the IRS. 
 
The stratigraphic sequences are mostly affected by tectonic inversion and a long period 
of pre-Cretaceous erosion activity. The skin tectonics created numerous thrust wedges 
that were transported for several tens of kms and superimposed different facies of the 
same stratigraphic Mesozoic sequences. This is the case for the original definition of 
several formations by Newell (1949) and also by other authors that created new 
stratigraphic units. Different names were assigned to each of these new units in the 
vertical succession, which in some cases were similar and I others or were not, but 
represented lateral facies variations of the same formation. As a result, the original 
thickness estimate included repeated sections of the same formations adding 
considerable thickness to the regional stratigraphic column. Recent authors have 
modified the original nomenclature of the stratigraphic units based on biostratigraphy 
and even based on lithological correlations. 
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Figure 30. Structural map of the Permian-Triassic Inverted Rift System in the western 
portion of the Titicaca Basin, which contains 2D seismic and wells. 

Figure 31. Distribution of the deformed Ayabacas Limestones of Cretaceous age. 
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A series of structures, thrust faults and numerous outcrops of the highly deformed 
limestone sequences of the Ayabacas Formation of Cretaceous age cover the Inverted 
Rift System belt in the Titicaca Basin (Figure 31). This Ayabacas Formation overlies 
older sequences, although limestone outcrops of this unit float over Tertiary sequences 
to the SE of the Lagunilla Lake all around the Saracocha Lake. Several authors attribute 
the limestone deformation to block faulting, intense erosion, salt tectonics, volcanic 
intrusions, mega submarine sliding and thrust tectonism (Newell, 1949; Heim, 1947; 
Audebaud, 1967; Sempere et al., 2000 and De Jong, 1974). 
 
4.4. Interpreted Seismic Lines 
The interpretation of several selected seismic sections tied to well data define the 
deformation style and the geometry of the different structural traps in the 
Permo/Triassic Inverted Rift System. These traps constitute one of the hydrocarbon 
exploration plays in this portion of the Titicaca Basin (see Appendix IV). 

Seismic line 94-41 extends 17 km in a NE/SW orientation south of well Coata 1X with 
a TD of 2,950m.Perupetro staff performed the reinterpretation of the stratigraphy as 
well as examined several conventional cores of this well to tie the different units to the 
seismic line. Oil shows were encountered in fractured limestones of Jurassic/Cretaceous 
age. 

Previous authors interpreted Titicaca Basin tectonics to represent complex thrusting 
associated to block faulting with faults affecting Neogene sequences. Available seismic 
has also been interpreted by license operators to represent same extensive Neogene 
tectonics (Figure 32). However, Perupetro interpretation of thin skin tectonics verging 
to the SW is in line with a more representative regional tectonics of the Central Andes 
as shown partially in the western portion of the line in Figure 33 and in the whole line in 
Figure 34. Detachment level is the upper Permian formations and in the Mesozoic? 
evaporate unit made up of anhydrites and salt interbedded with carbonates and shales. 
Similarly, structures associated to the Inverted Permian-Jurassic Inverted Rift System 
involved the Basement in a thick-skin tectonics in the eastern portion of the seismic line 
where well Coata 1X was projected. 

 

 
 
 
 
 
 
 
 
 
 
Figure 32. Seismic line 94-41 interpreted by SibOil, (2006) as traditional extensive tectonics. 
Rectangle shows detail interpreted by Perupetro in following Figure. 

Well Coata 1X drilled the Mitu synrift deposits as evidence of the rift system. The 
tectonics interpreted a transported piggyback Neogene basin with fluvial sequences with 
onlaps and progressive unconformities controlled by the inversion of the half grabens of 
the rift system; seismic events indicate presence of ramp folds and near horizontal 
thrusts (Figure 34). 
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Figure 33. Close up of a portion of seismic line 94-41 with events interpreted by Perupetro 
with compressive tectonics, a character of the Central Andes. 

Seismic line 94-43 in Appendix IV extends 28km with a NE-SW orientation south of 
the Coata 1X well and down to the Saracocha Lake. Outcrops of the deformed 
Ayabacas Formation visited in 2006 float on Neogene sediments in the extreme SW 
portion of the line as evidence of large horizontal movements. These extreme 
movements and the tectonics in the area may be indicative of duplexes development, 
which must constitute an important potential hydrocarbon exploration play still non 
explored in the basin. 

 
Figure 34. Interpreted seismic line 94-41 shows the styles of deformation in the Titicaca 
Basin. 
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Geological section with seismic line 95-107 and the Pirin area extends some 25 km with 
a NE-SW orientation crossing well Ayabacas 1X. This section shows the Permian-
Jurassic Inverted Rift Basin. An inverted rollover structure and associated west verging 
listric fault created during this period control the synrift Mitu deposits and all the 
sedimentation and deformation of the Mesozoic formations (Sipin, Muni and Ayabacas 
Formations). Age of Sipin carbonates in well Coata 1X suggests a continuous carbonate 
sedimentation from late Jurassic to Cretaceous. 

Andean deformation causes tectonic inversion of the rollover structure with generation 
of the various fault systems interpreted on Figure 35. Thin skin tectonics develops on 
the western portion of the seismic line with detachment level in the late Permian units 
and controlled by the underlying extensive rift basin. The Neogene sedimentation was 
controlled by the inversion of the rollover structure. The old Pirin oil field lies on the 
eastern portion of the inverted structure, an area where eolian sandstones constitute the 
potential reservoir for the basin. 

Figure 35. NE-SW Cross section Seismic along line 95-107 and the Pirin area. 

 
4.5. Titicaca melange 
Titicaca melange is a term used by De Jong (1974) to characterize syn-sedimentary 
chaotic structures found mainly in the Mesozoic succession in the Puno area. Sub aerial 
downward gravity sliding causing extreme deformation of the Jurassic-Cretaceous 
(current identification) a sedimentary origin that defines its olistostrome character or 
sediments with chaotic structures. The chaotic elements corresponds to a final 
deformation stage acquired by highly distorted beds which can be traced to its original 
condition following transitional deformation from originally folded sedimentary 
succession of varied chaotic shapes and limited extension. The blocks over 12 m in size 
are mainly native, not exotic, to the sedimentary succession in which they are embedded 
in a highly fractured and sheared matrix. 

Exotic olistostromes have also been defined within the Mitu Group where enormous 
500 m Copacabana limestone blocks are found embedded as mentioned above. The 
Titicaca Melange is correlated with analog olistostromes in the Apennines in Italy; a 
term characterizing breccias and conglomerates derived from previously consolidated 
rocks by fragmentation, sliding and flowage as submarine processes. The Olistostromes 
are bounded by marine sequences. 

Under these conditions large olistrostomes are the results of a combination of tectonic 
mass transport and sedimentary mass transport a condition largely to be acquired in the 
border of a developing rift system. 
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5.0. GEOPHYSICS 
5.1. Seismic 
2D seismic was acquired in two seismic campaigns in the Titicaca Basin. Petroandes 
acquired 1243.6 km of 12 and 24 fold in 31 seismic lines from 1991’s to 1994’s. 
Yugansk and Petroandes acquired 209.2 km of 24 and 48 fold in 15 seismic lines in 
1994. The seismic improved from poor in the first campaign to poor to fair in the 
second. Part of this seismic data totalling 957.56 km was reprocessed by SibOil in 2007 
from original Petroandes seismic with a total of 773.5 km. in 16 seismic lines and 
Yugansk and PetroAndes original seismic with a total of 184.06 km. in 14 lines (Figure 
36). The quality was fairly improved. All this reprocessed seismic is available in SEG-Y 
format in the Perupetro G&G files. 
 
Due to the mostly poor quality sesimic a comprehensive interpretation was not 
attempted. Some seismic lines were interpreted and the results are presented above. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 36. Base map of the seismic lines in the Titicaca Basin. 

5.2. Magnetometry 
A Deep Magnetic Basement was interpreted at a depth 4000 m, which roughly coincides 
with the interpreted sedimentary section based on surface geology in Block S-3. A 
Shallow Magnetic Basement is interpreted to correspond with the base of Cretaceous. 
Positive anomalies on this shallow Basement coincide with surface structures. 
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6.0. SUMMARY OF WELL DATA 
A summary of the information obtained by the three modern wells drilled in the 90’s is 
presented in this chapter. Formation names and tops have been modified to account for 
the new information gathered in the field and interpreted in the present study by 
Perupetro’s and IRD’s geologists. Well Ayabacas 1X, Coata 1X and Coata 2X were 
drilled by YUGANSK PETRO ANDES SA. 
 
After the first seismic acquisition (1991-1992) was completed it was recommended to 
drill a “stratigraphic-test well” based on the 150 line-km of 12-fold CDP shooting data. 
This first test Well Coata 1X would study the geologic section and evaluate the 
petroleum potential of the Mesozoic and Paleozoic strata. The drilling data to TD of 
2950 m did not confirm the geologic model prognosis, since the Cretaceous sediments 
in the Coata anticline were completely eroded off and instead the Puno Oligocene 
molasses were drilled to the depth of 1500 m overlying the Sipin Limestones.  
 
The second “stratigraphic-test well” Coata 2X was drilled 2.4 km to the northwest from 
the first well along the direction of line YA 105. While drilling, it became obvious that 
the real section penetrated by well Coata 2-X did not correspond to the prognosis either, 
as it was re-interpreted after the results of the first well. Notwithstanding the fact that 
both wells were located in the immediate vicinity, their stratigraphic sections could not 
be directly correlated, since the prospective Permian Copacabana limestones (nor the 
Sipin Limestones in well Coata 2X) were not found. It should be pointed out that in 
both wells the Cretaceous clastic sediments were absent. The wells penetrated an 
unknown 600-1000 m thick mainly evaporitic sequence within the 1915-2575 and 1068-
2042 m intervals. 
 
6.1. AYABACAS S4-38-1X 
Well drilled on the NW-SE trending Ayabacas structure on the NW of Block S-4 some 
25 west km from the old Pirin oil field. The well was located on the interpreted apex of 
the Silurian-Devonian “B” seismic event. The structure extends 8.5 x 3.5 km with a 
closure of 800 ms or 300m. The programmed stratigraphic column differs greatly with 
the drilled stratigraphic column. 
 
The Well Ayabacas 1X drilled rocks of Cretaceous and Paleozoic ages as follows: 
Quaternary (0-43 m): Silty mudstones and brown gray sandstones. 

6.1.1. Mesozoic: 
• Muni Formation (43-107 m), Aptian: Brown to brick red shales and some 

sandstone greenish grey, fine grained.  
• Sipin Formation (107-125 m), Jurassic Cretaceous: limestone light grey and 

finely crystalline. It overlies in fault contact to a 71 meter-thick limestone of the 
Ayabacas Limestone, light brown and yellow. 

• “Moho Group”, Ayabacas Limestone (125-196 m), Cenomanian: limestone 
light grey, light brown microcrystalline with basal mudstone red grey. 

• Huancane Formation (196-420 m): sandstones dark grey and brown grey, fine 
locally coarse grained, tight, quartzitic, interbedded with mudstone red brown to 
brown at the base, gypsum and friable siltstone. This formation overlies the 
Mitu Group interpreted in fault contact. 
6.1.2. Paleozoic: 

• Mitu Group (420-924 m): conglomerate red brown interbedded with red brown 
shale, sandstone, argillite, and siltstone, gypsum cement. 
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OPEN 
HOLE 
DST #

INTERVAL FORMATION
RATE 
(M3/D) DESCRIPTION

DST-1 117-124 Sipin 11.3 Flowed Formation Water
DST-2 615-685 Mitu  Recovered mud filtrate.

AYABACAS S-4-38X 

o 420 m, 84 m: conglomerate red brown, quartzite and siltstone pebbles, 
gypsum and sandstone cement. 

o 504 m, 276 m: mainly a red brown shale unit; some interbeds of siltstone 
brown, tight; sandstone gray brown and red brown, fine grained and 
tight; red brown gypsum; some limestone beds and conglomerate red 
brown, with sandstone, siltstone, argillite and quartzite pebbles. 

o 780 m, 144 m: conglomerate, red brown, with sandstone, siltstone, 
argillite and quartzite pebbles. 

6.1.3. Paleozoic-Mesozoic: 
• Sipin Formation, Mitu Shale? and Evaporite intervals (924-1790 m TD) possibly 

representing several repeated wedges. From top to base the well drilled: 
o Sipin Wedge: top at 924 m, 94 m of limestone light grey to white, finely 

crystalline with some interbeds of grey shales. 
o Gypsum-anhydrites: 1018 m, 95 m., red brown, compact, shaly with 

limestone interbeds. 
o Mitu shales?: 1113 m, 258 m red brown with siltstone and white 

anhydrite interbeds. 
o Salt 1371 m, 39 m:  
o Sipin Formation: 1410 m, 120 m limestone light grey and light brown 

finely crystalline with a middle 20 meter-thick red grey shale with 
occasional friable siltstone and white gypsum beds. 

o Evaporites: 1530m to TD 1790m, 260 m. Salt up to 40 meter-thick beds 
interbedded with brown and brown grey shales, friable siltstone, 
anhydrite and gypsum horizons. 

 
6.1.4. Testing: 

• TEST 1: 117-124 m (Sipin Formation): Flowed Formation Water, 11.3 m3. 
• TEST 2: 615-685 m (Mitu Group?): Recovered mud filtrate. 

 
6.1.5. Conclusions: 

Well did not find hydrocarbon shows or permeable reservoirs. The stratigraphic column 
drilled by the well was completely unrecognized by the operator. The interpreted 
structure on operator’s B Horizon does not exist; although questionable it proved 
presence of operator’s A and V seismic events with no hydrocarbon traps. It is worth to 
mention operator’s comments that the well experimented mechanical problems at 
various depths. Stuck situations at 1044-1106, 1263-1357 and 1468-1492 m in shales, 
gypsum and halite zones. 
Table 2. Summary of Open Hole DST’s in Well Ayabacas 38-1X. 

 
 
 
 
 
 
 

 
6.2. COATA 1X (IP00140) 

6.2.1. General 
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Perupetro geologist’s re-interpreted stratigraphy and core descriptions section 
summarizes the various sedimentary units drilled by well Coata 1X (Figure 15 and 
Appendix VIIIa). This Perupetro’s study is also included when describing the lithology 
described by the operator.  
 
Well Coata 1X was recommended to test the South Coata Anticline to a PTD 2,000 m. 
at a location 16 km west from the old abandoned Pirin oil field in ex-Block S-4. This 
asymmetrical anticline was defined by surface geology, magnetometry and confirmed 
by the interpreted seismic data; its eastern faulted flank was interpreted to have higher 
dips than the western flank. Based on the operator’s interpretation the anticline is 
located on the western flank of an interpreted Devonian High in the basin. Formation 
lithology and thickness of the various formations were measured during field geological 
work and tied to two main seismic events correlated to the tops of the “Cretaceous” 
Huancane and Cabanillas Formations. 
 
Primary objectives were the “Cretaceous” Huancane Formation sandstones and the 
Silurian-Devonian turbidite sandstones of the Cabanillas Group. Secondary objectives 
were the Cretaceous sandstones of the Moho Group and dolomites of the Copacabana 
Group of Permian age. Estimated area and vertical closures were 1,500 acres and 120 
m. at the Huancane Formation level increasing to 2,000 acres and 200 m at Cabanillas 
Formation level. Estimated reserves were 18 MMBO. 
 
Note by current authors: the Mitu Group-Sipin Formation sequence is correlated with 
the Perm-Jurassic sequence that correlates with Mitu-Pucara (Sipin) rift sequence 
known in the Peruvian literature. 
 

6.2.2. Post-drill Evaluation 
Based on the operator, well Coata 1X drilled a Cenozoic section overlying the 
interpreted Copacabana Group limestone sequences found at 1557m. This result greatly 
contrasts with the programmed prognosis, which included the presence of Cretaceous 
Formations overlying Ambo at 890 m with the Copacabana Group being absent. 
Interval 1888-1906 m has a foraminifer assemblage reported no older than Triassic. 
This occurrence is in the lowest most limestone near the base of the interpreted Upper 
Copacabana Group, which was assigned a possible Lower Permian age. The remaining 
of the analyzed thin sections bears no fossils. The original PTD of 2000 m was re-
programmed twice to finally reach 2900 m. Well deviated to the west until 1600 m, to 
the NNW to 2,300 m and to the NW to TD 2950m. 
 
The detailed stratigraphic column penetrated by Well Coata 1X recognized by the 
operator with re-interpretation and comments by the Perupetro’s geologists is as 
follows: 

6.2.2.1. Cenozoic 

The Cenozoic section consists of alluvial sandy clays, clayey sands and fine pebbles of 
Quaternary age down to 24 m. underlain by continental red beds of possible Tertiary 
Puno Group of mid to upper Neogene age. 

• Puno Group (24-1557 m): red beds, conglomerates. Three units are 
distinguished: 
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o The upper Clay unit at 24-463 m (439 m) is made of mainly clays with 
few sandstone beds one of which at 145 m is a 5-meter thick salt water 
bearing bed; 

o The middle Clastic unit in the interval 463-687 m (224 m) consists of 
dense sandstones shaly, polymictic, locally conglomeratic, mudstones 
and siltstone interbeds. 

o The lower Breccia unit from 687 to 1557 m (870 m) is made of basaltic 
breccias and minor conglomerate layers with angular fragments. These 
breccias have sandstone beds with mudstone and siltstone cement. 
Pebbles are made of grey brown sandstone and white quartzite, and 
present 30-40% of limestone fragments in the basal portion possibly 
from the “Copacabana Group”. Highly cemented claystone, claystone-
siltstone, mudstone and clayey sandstones are also present. DST’s from 
these beds tested slight flow of CO² with no hydrocarbon shows. 
Micropaleontological and palinological studies were conducted on 
samples from 0 to 1500 m; however, no microorganisms or vegetable 
remains were encountered. 

 
6.2.2.2. Jurassic-Cretaceous Sequence 

Sipin Formation: 1557-1910 (Operator’s Lower Permian Upper Copacabana Group), 
1557-2019 m: four 35 to 52 meter-thick limestone and dolomite beds (1557-1594, 1730-
1772, 1802-1837 and 1858-1910 m) interbedded with red claystones, shales and 
siltstones. These latter beds are interbedded with anhydrite, gypsum-anhydrite and 
dolomite beds. All four carbonates show small caves and fracture porosity in cuttings 
and cores. Thin section in the interval 1894-1898 m from the lowermost limestone body 
identify a foraminifera assemblage not encountered before Triassic in Tethys sections. 
 

6.2.2.3. Paleozoic 

• Evaporitic Unit (Operator Lower Permian Lower Copacabana Group): 1910-
2575 mainly an evaporitic unit consisting of an intercalation of halite, anhydrite 
and minor shale beds with occasional interbeds of red claystone and siltstone 
and rare shaly limestone and dolomite beds. This unit constitutes an excellent 
seal for underlying potential reservoirs. Assignment of this unit to Lower 
Permian Kungurian (?) age and to Copacabana by operator was tentative. 
Copacabana constitutes a distinctive carbonate plataform deposit. 

• Mitu Group (Operator Tarma/Ambo Group): 2575-2950 m. Upper 
Carboniferous, clastic unit consists of sandstone with clay matrix, brown to grey 
interbedded with dark brown siltstone and brown shales. The well drilled some 
conglomerates in the basal section. 

 
6.2.3. Testing 

Table 3 summarizes the results of extensive testing in Well Coata 1X. Four tests were 
performed in the Puno breccias and five in the Sipin (operator Copacabana) limestones 
assigned to Copacabana. The Puno Neogene breccias flowed formation water with CO² 
and no hydrocarbon shows were detected. All four carbonates in the Upper Copacabana 
Group flowed clean formation salt water and CO² with slight C1-C4+ gas shows in the 
lower two limestones. No tests were conducted in the clastic SubSalt interval Mitu 
(Operator Tarma/Ambo Group) below 2,575 m. 
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Table 3. Testing in well cota 1X. 

OPEN 
HOLE 
DST #

INTERVAL FORMATION
GAS 

RATE 
(M3/D)

DESCRIPTION

DST-1 934-1042 Puno 54,000 Flowed formation water with CO2. No hydrocarbon shows
DST-2 1102-113 Puno 78,300 Flowed formation water with CO2. No hydrocarbon shows
DST-3 1300-1321 Puno 172 Flowed formation water with CO2. No hydrocarbon shows. Low permeability.
DST-4 1472-1512 Puno Recovered mud in chamber tester. No hydrocarbons. Low permeability

CO2 with no hydrocarbons. Tester chamber with salty mud. Good permeability
Resistivity: 0.064 Ohm.m at 12º C. Density 1.16 gr/cm3. NaCl>200 gr/lt

Copacabana 12,096 Formation water with CO2 and hydrocarbons "shows" . 
Σ hydrocarbons=0.35%. Composition C1=98.5%, C2= 1.5%.
Resistivity: 0.050 Ohm.m at 15º C. Density 1.17 gr/cm3. NaCl>200 gr/lt

Copacabana Flowed salty formation water with CO2. No hydrocarbon shows
SW RATE 124.8 Resistivity: 0.060 Ohm.m at 15º C. Density 1.155 gr/cm3. NaCl>200 gr/lt

DST-8 1868.6-1888.2 Copacabana No recovery, low permeability.
Copacabana Salt formation water with CO2 and hydrocarbon "shows" . 

Σ hydrocarbons=0.47%. Composition C1=97.5%, C2= 1.5%, C3= 0.5%, C4+= 0.5%.
Resistivity: 0.05 Ohm.m at  ºC. Density 1.21 gr/cm3. NaCl= 375 gr/lt at 18º C.

COATA 1-X

1557-1567

1727-1755

1802.5-1814

DST-5

DST-7

DST-6

Puno-Copacabana

DST-9 1878.6-1894.2

3520

SW RATE 117

SW RATE 189.6

  
 
 

6.2.4. Conclusions 
The programmed sandstones of the Huancane Formation or other objectives were not 
found in the Coata 1X well. The Sipin limestones (1558-2019 m) were found with some 
oil shows and constitute the only unit with interest for hydrocarbon exploration in the 
well. Cores and cuttings recorded some oil shows in limestones with fair permeability 
and fracture porosity. The South Coata structure is still undefined in pre-Cretaceous 
levels. Recovery of formation water from limestones in Well Coata 1X may indicate the 
well was not located appropriately to test a structure. 
 
Concordance of the Mitu Formations with the Sipin Formation implies a similar 
structural situation with regard to the presence of a deeper Paleozoic structure in case of 
block faulting. The uncertainty of the real structural definition at Paleozoic levels did 
not contributed to continue drilling deeper to reach the Devonian Cabanillas Group, the 
second main objective. Contract commitment was a TD of 2,000 m and the well was 
drilled to 2,900 m. 
 

6.2.5. Core Descriptions and Interpretation 
Perupetro geologists described some of the conventional cores drilled by the Coata 1X 
well. This study is included in Appendix VI. The following three stratigraphic units 
were drilled by well Coata 1X based on the interpretation and study of 14 conventional 
cores, well cuttings and wire-line logs (GR, SP, DT and resistivity). 
 

6.2.5.1. Tertiary Series (Interval 0- 1557 m) 

The Tertiary series in well Coata 1X were drilled from surface to 1557m. overlying the 
Sipin Series. Sixteen cores were cut in this interval, six of which were analyzed for the 
present analysis. 
 
This Series is made up of two large units. An upper unit (interval 0 – 463 m) consists of 
sequences of siltstones and red shales with high GR values. The lower unit (interval 463 
– 1557 m) is characterized by breccias with clasts of gray quartzite, quartz and volcanic, 
metamorphic and occasionally limestone rocks. 
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Table 4. Open Hole Test Summary in well Coata 1X well. The Sipin Formation is named 
Copacabana Formation on this table. 

OPEN 
HOLE 
DST #

INTERVAL FORMATION
GAS 

RATE 
(M3/D)

DESCRIPTION

DST-1 934-1042 Puno 54,000 Flowed formation water with CO2. No hydrocarbon shows
DST-2 1102-113 Puno 78,300 Flowed formation water with CO2. No hydrocarbon shows
DST-3 1300-1321 Puno 172 Flowed formation water with CO2. No hydrocarbon shows. Low permeability.
DST-4 1472-1512 Puno Recovered mud in chamber tester. No hydrocarbons. Low permeability

CO2 with no hydrocarbons. Tester chamber with salty mud. Good permeability
Resistivity: 0.064 Ohm.m at 12º C. Density 1.16 gr/cm3. NaCl>200 gr/lt

Copacabana 12,096 Formation water with CO2 and hydrocarbons "shows" . 
Σ hydrocarbons=0.35%. Composition C1=98.5%, C2= 1.5%.
Resistivity: 0.050 Ohm.m at 15º C. Density 1.17 gr/cm3. NaCl>200 gr/lt

Copacabana Flowed salty formation water with CO2. No hydrocarbon shows
SW RATE 124.8 Resistivity: 0.060 Ohm.m at 15º C. Density 1.155 gr/cm3. NaCl>200 gr/lt

DST-8 1868.6-1888.2 Copacabana No recovery, low permeability.
Copacabana Salt formation water with CO2 and hydrocarbon "shows" . 

Σ hydrocarbons=0.47%. Composition C1=97.5%, C2= 1.5%, C3= 0.5%, C4+= 0.5%.
Resistivity: 0.05 Ohm.m at  ºC. Density 1.21 gr/cm3. NaCl= 375 gr/lt at 18º C.

COATA 1-X

1557-1567

1727-1755

1802.5-1814

DST-5

DST-7

DST-6

Puno-Copacabana

DST-9 1878.6-1894.2

3520

SW RATE 117

SW RATE 189.6

 
 

6.2.5.2. Jurassic- Cretaceous Series (interval 1557 – 2575 m) 

The sedimentary series of Jurassic and Cretaceous age are laid down overlying the 
sequences interpreted as Mitu Group (Upper Permian-Triassic). Six cores were cut in 
this interval, five of which were analyzed for the present analysis. 
 
The Jurassic-Cretaceous series consist of two units (Figure 15). The Upper Unit, 
interval 1557–1910m, is the Sipin Formation. It is made up of limestone green gray and 
dark shales and locally there is the presence of some sin-sedimentary calcareous 
breccias. The foraminifer Meanrospira? Agathanima Foraminfero at depth of 1850m 
indicates an age not older than Triassic (< 240 My). However, recent palynological 
studies suggest a Cretaceous age (personal communication by British Petroleum, 2007). 
The Lower Unit (interval 1910–2575 m) is recognized as a mainly evaporitic unit. It 
consists of anhydrites light gray, locally with thin levels of black shales and some levels 
of black limestone. These sequences present laminations dipping 60 and 70º, possibly 
representative of the bedding in all sequences drilled in a flank of a salt spine. 
 

6.2.5.3. Permian-Triassic Series Mitu Group (interval 2575 – TD 2950 m) 

The Perm-Triassic Series is made up of red feldspatic sandstones coarse to medium 
grained and conglomerates with abundant volcanic clasts. Down to TD the section 
consists of mainly red sandstones, coarse grained, calcareous matrix and abundant 
blocks of volcanic and intrusive rocks. These are typical sequences of the Perm-Triassic 
Mitu Group (Figure 15). 
 
6.3. COATA 2X (IP00148) 
 
The Coata 2X well was recommended to test the Coata Anticline defined by field 
geology, Airmagnetometry, photo geology and Landsat. The subsurface anticline was 
defined by seismic acquired between 1991 and 1994 and with more detailed seismic 
data acquired by Yugansk between 1995 and 1996 in the Coata South Anticline. 
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Well Coata 2X was originally recommended to test similar Cretaceous and Paleozoic 
objectives as the original recommendation of Well Coata 1X, 2 km apart. However, 
after drilling this latter well the recommended stratigraphic section was changed to 
reflect findings of the first well. This change ties the interpreted seismic events to the 
new stratigraphic horizons defined by Well Coata 1-X. 
 
Well Coata 2-X was expected to drill the Cenozoic Puno Group resting over the 
Paleozoic Copacabana Group at 1400 m, which overlies the Ambo and Cabanillas 
Groups. Additionally, an upper sandstone member of the Cabanillas Group known from 
outcrops was a primary objective if found in the well (Yugansk, 1996). It should be 
noted that Cretaceous clastics and carbonates and up to 1,500 m of continental molasses 
of Neogene age outcrop in the area of well Coata 2-X. 
 

6.3.1. Post-drill Evaluation 
Well Coata 2X drilled a Neogene section overlying a thick evaporitic interval (Operator 
Lower Permian Copacabana Group sequences) found at a shallow depth of 817 m, some 
600 m shallower than the revised prognosis. The original PTD of 2000 m was rep-
programmed twice to finally reach 2900 m.  
 
The stratigraphic column penetrated by the Well Coata 1X is as follows: 
 

6.3.1.1. Cenozoic 

• Quaternary (0-246): lacustrine deposits consist of tuff, clays, sandy and silty 
clays, shaly sands brown and green gray. 

• Puno Group (246-817): claystone, clayey breccias, dense, hard, red and brown 
red with subordinated thin sandstones and conglomerates. 

 
6.3.1.2. Paleozoic? 

• Evaporite Unit (Operator Copacabana Group, Lower Permian): 817-2218 m 
several units as follows 

o 817-852 m  (35 m): claystone and minor carbonates. 
o 852-1070 m  (218 m): claystone and shales. 
o 1068-1088 m  (18 m): salt (halite) 
o 1088-1152 m  (64 m): claystone and shales 
o 1152-2042 m (890 m): interbedded salt with claystone, minor claystone 

grading to shales, conglomerates. 
o 2042-2323 m (281 m): claystone, shales, conglomerates and occasionaly 

salt beds. 
• Mitu? (Operator Ambo Group, Lower Carboniferous): 2272-2430 m TD: 

sandstone fine grained, hard and compact; siltstone and claystone. 
 

6.3.2. Testing 
No testing was performed. The Coata 2-X well did not encounter the upper Copacabana 
limestones drilled by the first well. 
 

6.3.3. Post-drill Evaluation 
All the drilled section did not find the programmed objectives nor even did find the 
carbonate units drilled by Well Coata 1-X. The thick evaporitic unit of 900 m of mostly 
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a salt dome drilled by the well made the depths of the deeper Paleozoic objectives 
unpredictable. 
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7.0. PETROLEUM GEOLOGY 
 
7.1. Geochemistry 

7.1.1. General Discussion 
The abandoned Pirin oil field proves the existence of a petroleum system in the Titicaca 
Basin. Additionally, gas shows found in Pirin and nearby wells and regional presence of 
source rocks in the gas generation stage are clues to a potential second petroleum 
system. British Petroleum and Infologic in a joint effort with Perupetro recently 
performed some geochemical analyses on some rock and oil samples obtained during 
Perupetro/IRD 2006 and 2007 field geology campaigns and the results are incorporated 
in this report. 
 
A report on the “Petroleum systems in the Titicaca Basin, Peruvian Altiplano” was 
completed based on the 2006 and 2007 field geology and the interpretation and 
integration of the new available geological and geochemical data (Appendix V, in 
Spanish). Similarly, Figure 37 showing the petroleum system includes the new 
stratigraphic column proposed for the basin mentioned in the section under stratigraphy. 
The report for this proposed stratigraphic column is included in Appendix III, in 
Spanish. 
 
Petroperu, Vera Gutierrez Exploration and Production and Yugansk Petro Andes S.A. 
conducted previous geochemical analyses. They defined best potential as source rocks 
in the Cretaceous Formations and in the Devonian Cabanillas Group. Devonian rocks 
are mainly of marine origin; samples from this unit also show poor results in some 
areas, with low TOC values or where found highly altered by metamorphism. A 
geochemical database was compiled and in a tabular form is included in this report 
(Appendix VII). 
 
7.2. Hydrocarbon Occurrences 
The Pirin oil field had a cumulative production of nearly 0.3 MMBO of 37.7-40º API 
historically attributed to sandstone reservoirs in the Cretaceous Moho Group. The API 
gravity and its parafinic nature were re-confirmed by a recent analysis performed by 
Siboil current operator of Block 105 in a mixed sample from wells 17 and 19. Oil 
samples can also be found at the National Geological Society of Peru. It should be noted 
that the samples analyzed lacked the light components due to both a long period of 
leaking from the wells drilled over 100 years ago and by the sampling procedure. 
 

7.2.1. Hydrocarbon Shows and Seeps 
Numerous oil and some gas seeps and well shows have been documented in the Titicaca 
Basin in sediments of Mesozoic age. These occurrences are present in reservoirs of 
Lower Cretaceous Muni and Huancane Formations and in the Lower Paleogene Puno 
Group. Well Coata 1X found oil shows in Triassic-Jurassic Sipin limestones. Extensive 
conventional coring performed in this well yield limestone cores (identified as 
Copacabana by operator) saturated with oil in intervals 1590-1594 and 1894-1898 m.  
 
Other surface oil seeps include one long mentioned at the locality of Islaycocha in 
Espinar, in the NW extension of the Titicaca Basin in Cuzco, 140 km to the NE of Pirin 
(Petroperu, 1965). Others are reported in the Capachica Peninsula and in an island of the 
Titicaca Lake near the Tiquina Strait in Bolivia, 180 km to the SE of Pirin. Asphalt 
presence is reported in Juli and Caracoto near the lake. The Ayabacas limestones were 
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found to be oil stained in the Taraco area north of Pirin (EPF, 1964?). Yukos (2003) 
reports 10 previously nowhere recorded surface oil and gas shows registered while 
prospecting the Titicaca Lake region between 1991 and 1996; however, no locations of 
the seeps are documented.  
 
The Perupetro and IRD 2007 field trip to the Titicaca Basin discovered what we 
considered to be important direct indications of oil migration in potential reservoirs in 
the basin. Eolian sandstones of possible Permian age were found with oil stain in eolian 
sandstones of the Huancane 
Formation (Photo 19). 
Sipin limestones outcrop 
on the crest of a surface 
anticline 4 km south of 
Juliaca town. These 
limestones show fractures 
with possible oil stain 
(Photo 13). 
 
Photo 13. Black limestone 
breccias of the Sipin 
Formation, 4 km south of 
Juliaca with possible oil 
stain on fractures 

 
The Islaycocha or Pallpata oil and gas seep 

The oil and gas seep Islaycocha or Pallpata was described in the middle 1920’s in the 
Cuzco Altiplano Titicaca Basin (Rassmuss, 1926). It is found west of the NW border of 
the present limit of the Altiplano Titicaca Basin established at the divortium aquarium, 
which has elevations above 4700 m.a.s.l. This border roughly coincides with the N-S 
limit of the Puno and Cuzco Departments. This oil and gas seep was located at 4100 
m.a.s.l. 2 km ESE from Islaycocha in the Department of Cuzco and some 109 km NW 
from Juliaca city. The exact provenance producing the seep cannot be established. Oil 
and gas seep from tuff sandstones and Tertiary breccias in an anticline core in fault 
contact with Cretaceous calcareous rocks; other volcanic rocks also outcrop at the 
anticline. Ferruginous and sulphurous water carries oil with slight gas bubbles coming 
from below the calcareous outcrops. Local people collected this water in small 20-30 
cm ponds, separated the light green oil with rare gas bubbles and was subsequently 
boiled and used in lamps. There was a gas seep with strong sulphidric acid smell with 
some oil stain some 150 m below towards Islaycocha. 
 

Old reported and documented hydrocarbon seeps 

Cabrera and Petersen, 1936, summarize several documented hydrocarbon occurrences. 
• Pocuma. “High pressure” and noisy gas seeps with strong H2S smell in three 

holes with diameters of 1 to 1.5m and several m deep along a fault 7 Km NNW 
of Pirin in the Pocuma Creek. The area is described as an extended swamp with 
numerous smaller gas seeps. During the 2006 Perupetro field trip possibly one of 
these gas seeps was detected, apparently inflammable, in a flat valley near the 
road to the Pirin oil field. 
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• Caracoto. Although hydrocarbon occurrences similar to Pirin and Pocuma Creek 
were historically reported in Caracoto, 8km SSE from Juliaca or 31km NNW 
from Puno, only fresh water was found. Instead, asphalt was found filling a fault 
affecting the Ayabacas Formation near the Pucara hill to the SW of Caracoto, 
These asphalt occurrences are 0.5-2 cm thick in various places and extend 

between 2 to 8m long 
(Photo 14). The asphalt 
deposits of Caracoto are 
described by Newell, 1949, 
as black, vitreous coating 
on the ceilings and walls of 
caves in limestone. This 
material in inflammable, 
non bituminous and 
insoluble in petroleum 
solvents. 

 
Photo 14. Fault with asphalt in the Ayabacas Formation in Caracoto (Cabrera and Petersen, 
1936). 

• Asnacocha. A sulphurous, slightly salty water bubbles in several places on a 
10m wide and several m deep spring in Asnacocha, a creek flowing into the 
Coata River, 6.5 km south of Pirin and 4.3km west of the Pusi village. 

• CO2 was also reported on the cliffs on the north portion of the road from Pusi to 
Muni, 5km south of Pirin or 5km NW from Pusi. 

• Saman. Continuous flow of slightly sulphurous gas and salty water from 
fractures in the Ayabacas Formation outcropping 25km to the NE of Juliaca, a 
few hundred m upstream from the Saman bridge or 1.5km West of Saman, near 
Taraco. 

• Juli. Newell reports that the well-known asphalt “deposit” 15km south of Juli is 
made up of very small particles of dry asphaltite dispersed throughout compact 
limestones of the Ayabacas Formation and altered by a trachyte intrusive.  

 
Other hydrocarbon occurrences reported by previous authors could not be confirmed 
physically by visits to the localities by Cabrera, et. al., 1936, and Newell, 1939. Newell 
concludes that the widely presence of gas springs are inflammable and the reported oil 
seeps floating on springs are organic or films of iron oxide floating on waters of 
swamps. Some of these occurrences include the following. 

• Quello-Quello. E. Dueñas, 1907, Deustua, 1912 & 1915, mentioned “serious 
people” reporting presence of oil seeps in calcareous terrains in Quello-Quello 
(Quechua word for yellow), 7km SSW from Maravillas, Cabana District or 53 
km SSW from Juliaca. Volcanic rocks and carbonates from the Ayabacas 
Formation outcrop in this area. 

• Desaguadero. Same authors and same dates as above. Referring to the Titicaca 
Basin extending further away than the Desaguadero (River), where it is common 
to hear the existence of natural sprouts of mineral oil, or similar presence of 
petroleum seeps in stratigraphic terrains equivalent to those observed in the 
Canas Province. (This is in Cuzco, near to the Islaycocha or Pallpata oil seep). 

• Tiquillaca. R. Dueñas, 1921. Presence of salt water with odourless and non-
flammable strong gas pressure leaving a ferruginous yellow hard cake residue. 
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Limestones of the Ayabacas Formation, sandstones and quartzites outcrop in the 
area located 4.5km west of the Tiquillaca village, 18km NW from Puno, Tiquina 
District. 

• Chacocunca o Yanaoco. Rassmuss, 1935. 4km SW from Pirin. Salty water and 
numerous gas bubbles sometime with H2S smell. 

• Calangache Creek. More than four authors, 1907-1922. Clear presence of oil as 
greasy films floating on springs in open areas with no vegetation, 12km to the 
NNW from Rosaspata. Late Permian series have been redefined in the area. 

• Inchupalla. Oil sprouts and greasy skin floating on springs 24 km NNE from 
Huancane or 23 km SE from Putina. 

• Chuquibambilla. Oily substance staining sandstones were reported in the 
vicinity of Chuquibambilla, 19km NW from Ayaviri. The Peruvian Corporation 
acquired some concessions but no exploration was carried out. 

 
Other unconfirmed hydrocarbon occurrences were reported as those similar to 
Islaycocha and Titicaca Lake in Corpachupa and Pichacani, located 7km NNW and 9km 
north from Chuquibambilla (Deustua, 1921). Near a dozen of water and/or gas cones 

have been built by sediments 
or residues from the same 
water and gas sources. At a 
distance of some 100m from 
these cones there was the 
largest one with a diameter of 
20-30m rising 3m above the 
plain terrain. Its center had a 
crater 0.5m in diameter and 
had stagnated water 1m below 
the surface with gas bubbles 
with H2S smell. 
 
 

Photo 15. Gas seep near Pirin. 

 
During Perupetro and IRD 2006 field trip similar presence of gas (Photo 15) and 
”volcanoes” (Photo 16) were documented near Pirin. The largest cone, however, was 

much larger than the one 
described in the previous 
paragraph. Several people are 
seen inside the volcano crater. 
 
Presence of these gas seeps 
have been reported in areas 
near Chuquibambilla as in 
Buenavista, 5 km to the N. 
 
Photo 16. Large “volcano” near 
Pirin and close to location of 
gas seep of Photo 8.  
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7.3. Petroleum Systems 
One or two main petroleum systems have been defined in the present study with source 
rocks of Jurassic Sipin Formation and late Permian (Ene Formation?) and eolian and 
possible carbonate reservoirs. A petroleum system was defined in the old Pirin oil field 
with 37-40º API oil in potential eolian sandstone reservoirs of the Huancane Formaton. 
 
Old literature mentions other petroleum systems interpreted to be present in the 
Cretaceous Moho Group. Petroperu S.A identified source rocks in the Cretaceous 
Ayabacas Limestone and Silurian Devonian Cabanillas Group with geochemical 
analyses performed in the 80’s. Petroperu S.A. in 1980 established a source rock-oil 
correlation between the oil produced from Pirin Oil Field, attributed to the Cretaceous 
Moho Formation, and source rocks of the Moho Group (Ayabaca Formation) with 
contribution of the Cabanillas Formation. 
 
Wells Ayabacas 1X, Coata 1X and Coata 2X drilled layers and spines of bedded 
carbonates, evaporites and salt interbedded with shales. These carbonate reservoirs, 
potential source rocks in the shales and evaporitic seals constitute one potential 
petroleum system in a portion of the basin. 
 

7.3.1. Source Rocks and Maturity 
Mesozoic and Paleozoic black shales and limestones have good potential to generate 
hydrocarbons in the Titicaca Basin. The potential presence of the Ene Formation in the 
Titicaca Basin adds additional importance to a new underexplored petroleum system in 
the SE Peruvian Basins. The proposed stratigraphic correlation between the late 
Permian sequences in the Tiquina strait in Bolivia, well RH-1, Yanaoco and well Coata 
1X in the study area show the extensive distribution of these marine deposits. (Figure 
37). These sequences correspond to sediments of the Ene Formation deposited overlying 
the Upper Carboniferous Copacabana Formation. The Ene Formation is known to have 
excellent source rock condition to generate oil in the Fold Thrust Belt of the Madre de 
Dios, Ucayali and especially in the Ene Basin to the north and NW of the Titicaca 
Basin. This unit underlies excellent eolian sand reservoirs in the basin. 
 
A regional correlation between Tiquina, Camisea and the Ene Basin defines the 
presence of the late Permian Camisea sequences in the Titicaca Basin (Figure 38.). A 
much thicker Ene Formation underlies eolian sandstones, Noi? and Shinai?. The Ene 
Formation shales constitute source rocks deposited before the beginning of the late 
Permian/Triassic/Jurassic rifting episode. 
 
British Petroleum and Infologic performed geochemical analyses of few rock samples 
from the 2007 field trip (discussed below). British Petroleum found TOC values ≥ 1.81 
wt% in the Ene Formation? (Figure 40, Figure 41 and Figure 42). These values may 
extend the excellent source rock quality found in other Ene Formation localities. 
Vitrinite reflectance values range from 1.19 to 2.01% Ro in the beginning of the gas 
window to overmatured conditions.  
 
Five out of six samples analyzed by Baseline Resolution, Inc for BP yield Vitrinite 
Reflectance Ro% values. Age determination was not conducted on these samples, but a 
general identification correlates them with somehow known formations of the area. It is 
a general conclusion that organic matter on all these samples consists of predominantly 
non-fluorescent amorphous material (amorphinite). An Ayabacas limestone overlying 
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Tertiary sediments have a mean 1.17 Ro% suggesting organic matter in the late stage of 
oil generation and within thermogenic gas generation (Figure 40A). A Sipin limestone 
with fetid odor and with oil stain in fracture limestones (Photo 18) with no vitrinite also 
suggests being in the late stage of oil generation and within thermogenic gas generation 
(Figure 40B). Two black limestone and shale samples from the Sipin? and Cabanillas 
Formations in the NW Arapa Lake have mean 1.31 and 1.42 Ro% or within the 
thermogenic gas generation stage (Figure 41). Similarly, the organic matter of two black 
shale and limestone samples from the Permian or Copacabana Formations in the 
Yanaoco area with mean 1.6 and 1.66 Ro% is also suggested to be in the gas generation 
stage. 
 

Photo 17. Black shales of the 
Lagunillas Formation with good 
potential to generate 
hydrocarbons bordering the 
Lagunillas lake. 

The Lagunillas Formation was 
visited during the 
Perupetro/IRD 2006 field trip 
in the western portion of the 
Titicaca Basin where the unit is 
characterized by a very thick 

sequence of black shales (Photo 17). TOC values on samples from these outcrops at the 
Lagunillas Lake gave values of ≥ 1.04 wt% with non-fluorescent liptinitic organic 
matter and overmature, with Vitrinite Reflectance Ro of 4.46%. In its original state the 
Lagunillas Formation must have been and excellent source rock. 
 
The Sipin and Ayabacas Formations have black limestones with fetid odour in the Pirin 
area (Photo 18). Organic matter consists of amorphous non-fluorescent material and 
with predominant inertinite over vitrinite content. Vitrinite reflectance Ro 1.31% show 
Perupetro sample to be in the beginning gas generation window. Although the few TOC 
analyses performed on these formations have been disappointing, a more systematic 
sampling by localities needs to be performed. 

 
Photo 18. Black limestones with fetid 
odour of the Sipin Formation with 
possible dead oil along fractures. 
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YANAOCO

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 37. Stratigraphic correlation in the pre-Cretaceous section showing main reservoirs and potencial source rocks of Upper Permian age in the 
Titicaca Basin.  
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Figure 38. Regional correlation in the Ene Formation in the Tiquina Strait in the Titicaca Basin, Camisea in the south Ucayaly Basin and the Ene Basin. 
Distance between Titicaca and the Ene Basin is 500km. 

(Leigh & Rejas) 
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Figure 39. Litho stratigraphic diagram includes the potential Mesozoic and Paleozoic petroleum system 
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Figure 40 A and B. Vitrinite Reflectance from the Ayabacas and Sipin(Coata Anticline) 
Formations, respectively. 
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Figure 41 A and B. Vitrinite Reflectance Ro% on samples from Sipin? and Cabanillas 
Formations, NW Arapa Lake. 
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Figure 42 A and B. Vitrinite Reflectance Ro% on a black shale and limestone of the Permian 
or Copacabana Formations in the Yanaoco area. 
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7.3.2. Petroleum Systems Report 
Perupetro selected one project on Geochemistry of the Peruvian basins to be funded by 
the United States Trade Development Agency USTDA.  Infologic was awarded this 
study, which included a geochemical study on the Titicaca Basin (Infologic, 2007). 
Much of the new Perupetro field and well interpretations and information of its Titicaca 
Basin Evaluation is included in Infologic report. Infologic collected existing data from 
300 outcrop samples of potential source rocks, half of each Mesozoic and Paleozoic 
age. All samples had been analyzed for TOC, less than 10 samples had Rock-Eval 
pyrolisis, detailed kerogen description and/or vitrinite reflectance Ro. No samples were 
analyzed for biomarkers or carbon isotope distribution. TOC% was found to average 
less than 0.5%, and only a few samples from Jurassic Sipin/Lagunillas, Permo-
Carboniferous Copacabana/Ambo and Devonian Cabanillas Formations had values over 
1% (Table 5). 
Table 5. Total Organic Carbon Content in the Titicaca Basin (Infologic, 2006). 

The low TOC values restricted further detailed analyses and only 10 samples were 
analyzed by Rock-Eval, which had low HI, Tmax had low S2 and in general samples 
showed advanced maturity. Due to the low TOC the samples had poor present day 
source rock potential. Two samples each from Lagunillas and Cabanillas Formations 
were analyzed for kerogen contents and Ro%. Kerogen in three of these four samples is 
made up of mainly oil and gas prone liptinite with overmature conditions since Ro 
amounts to 3.5% (Figure 43). 

Figure 43. Kerogen content in four samples from Lagunillas and Cabanillas in the Titicaca 
Basin. 
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VG Exploración Producción, Yugansk Petro Andes and Petroperu, S.A. performed 
geochemical analyses in the basin. VG Exploración Producción (1991) conducted field 
geology in Block S-2, within current Block 105, and performed geochemical analyses 
(TOC, Pirolysis, Vitrinite Reflectance and Spore Colorations) on rock samples in the 
Petroperu S.A. and Sojuzkarta laboratories. Sojuzkarta Lab (SL) conducted TOC 
analyses in 98 samples from Paleozoic and Mesozoic units, whereas Petroperu made 30 
TOC analyses on the Ayabacas Limestones. Where sampled, TOC ranges from 0.18 and 
0.32 in the Cabanillas Formation, although they mentioned the weathered character of 
the samples.  
 
Petroperu conducted geochemical work in two sets of samples from the basin 
(Petroperu, 1980). A first set of 29 rock samples were analyzed by Geochem Laboratory 
in the USA (Appendix VII) and a second set of 20 rock samples and an oil sample were 
analyzed by the Geoscience and Natural Resources Federal Institute in Germany TOC 
(Appendix VII). Pirolysis and Vitrinite Reflectance analyses were performed on the 
samples. Additionally, two water samples from the Pirin and Corapata wells were also 
analyzed. Emphasis was given to the Paleozoic Cabanillas Formation and less to 
Copacabana, Ambo and the Mesozoic formations. Focus on these formations failed to 
conduct a more extensive investigation of the sequences of the Jurassic Sipin, of the 
now suspected Late Permian Ene Formation and the Pirin oil to establish a positive oil-
source rock correlation. Since this information is available we present a summary of 
their findings. 
 
Eleven TOC’s values from the first set of 12 black shale samples of Devonian 
Cabanillas Formation indicated above, had values in the range between 0.68 to 2.54 
wt%, eight of them with values higher than 1.0 wt% (Appendix VII). All these samples 
are from outcrops north (Ananea) and NW (between Ayaviri/Azangaro and Lake Arapa) 
from the Titicaca Lake (Petroperu, 1979b). Samples from Carboniferous Tarma-
Copacabana (2) and Ambo (3) from Ananea had TOC’s of 0.52-1.55 and 0.31-1.55 
wt%. 
 
From the set of 15 samples from the Devonian Cabanillas Formation analyzed in 
Germany, 4 had TOC values between 0.75 to 1.23 wt% and the remaining less than 0.5 
wt% (Appendix VII). Soluble extract percent is also low, in the order of 1, less than the 
minimum of 3. TOC values in two Copacabana samples were 0.14 and 0.86 wt%. One 
sample in each Lagunillas, Sipin and Cretaceous had 0.76, 0.04 and 0.68 wt%, 
respectively; i.e. small number of samples to generate major conclusions. The Paleozoic 
and Lagunillas samples showed high degree of carbonization, non suitable for 
conducting pyrolisis. 
 
Vitrinite Reflectance analyses Ro were conducted on several samples by the German 
group. Ro varies from a range of 1.51 to 3.68% with an average range between 1.61 to 
3.38%. The organic matter is mostly bitumen with high reflectance. 
 
Rock-Eval defines Kerogen type I, II and III within the oil window with potential to 
generate liquid hydrocarbons. Source rocks in the Muni Formation are within the oil 
window. Samples from these units also show poor results in some areas (Petroperu, 
1986). Maximum TOC values of 0.4 and 0.6 wt% were found in 27 and 6 samples in the 
Cabanillas Group and Ayabacas Limestone in the Chillojache and Aguallane sections, 
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respectively; lower TOC values were found in the Sipin and Muni Formations. The 
Ayabacas Limestone presents good source rock character based on geochemical 
analyses performed by Peruvian Gulf (from Audebaud, 1972, mentioned by Petroperu, 
1979b).  
 
Other geochemical character is found in the Titicaca Basin literature. Devonian 
Cabanillas Group shales have Kerogen Type II and III and locally I, maturity from 
immature to highly over mature. One sample from Jurassic yielded Kerogen Type III 
within the oil window. The lower Cretaceous Muni Formation has shales and mudstones 
within the oil window and with high production index. The Ayabacas Limestone of mid 
to upper Cretaceous and within the Moho Group has highly fossiliferous limestones and 
shaly limestones. Rock-Eval defines Kerogen Type I, II and III within the oil window 
and with potential to generate liquid hydrocarbons. Potential source rocks are in the still 
not analyzed Permian Copacabana and Ene Formations. 
 
Ten shallow core holes drilled by Exxon/Marathon were drilled in nine localities in the 
margins of the basin to test the source rock potential in the basin in the Poopo sub-basin 
in Bolivia (Livieres, 1997). The core holes documented source rocks in the El Molino 
Formation of Cretaceous Campanian to Maastrichtian age at various localities with 
thickness ranging from 27.5 to 14 m. and TOC between 2.1 and 2.6 wt%. The original 
hydrocarbon generation potential S-2 varies from 3 to 85 HC/gr rock and a very large 
number of samples have high HI up to 850 with potential to generate liquid 
hydrocarbons. The El Molino Formation has locally good oil source potential. Modeled 
sites in the margins of the Poopo sub-basin established events of rapid deposition, 
heating and cooling caused by an advancing thrust. Thus, the sediments were 
subsequently deformed, uplifted and cooled in the western and southern margins of the 
basin. Analysis of numerous Paleozoic Ordovician-Devonian samples from 11 localities 
of the Altiplano and Eastern cordillera indicate that the original source and reservoir 
potential were severely degraded by over maturity. 
 

7.3.3. Geochemical Analyses of Pirin Oil 
7.3.3.1. Oil-Oil and Oil-Source Rock Correlation 

Perupetro provided an oil sample from a Pirin well to Infologic for a complete 
geochemical analysis. The sample analyzed by two labs GeoMark and BRI produced 
duplicate results. In summary, the oil is light (40˚ API), paraffin, low sulphur, not 
affected by biodegradation and has lost its light contents. This is an expected condition 
since the sample was collected from wells that were drilled some one hundred years ago 
and they have been leaking from an unknown number of years. Available geochemical 
data suggests that this oil correlates with mature source rocks deposited in a dry, highly 
restricted, reducing, saline lacustrine with algae environment with little or no marine 
influence. However, more detailed analyses are needed for a positive oil-source rock 
correlation. 
 
The long-chained n-paraffin characterizing the oil indicates a possible lacustrine algae 
origin, a unique origin for Peruvian oils shown on the gas chromatogram (Figure 44). 
Other characters defining the Pirin oil includes low Pristane/Phytane ratio, 1.2, and very 
light stable carbon isotopic compounds, -31, (Figure 45). On this graph the oil from 
Pirin is different than other oils from the Peruvian Basins. 
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From the Infologic, 2006 report a summary is presented in the following paragraphs 
including its figures to characterize and differentiate the Pirin oil from other oils from 
various Peruvian Basins. Terpane and Sterane mass chromatograms for the Pirin oil are 
shown in Figure 46 and key biomarker parameters are compared in Figures 48 through 
51. 

 
Figure 44. Whole oil gas chromatogram from a Pirin oil (Inlogic, 2006). 

 
Biomarker characteristics that differentiate the Pirin oil from other Peruvian oils and are 
consistent with a lacustrine origin include abundant C26 relative to C25 tricyclic terpanes, 
significant gammacerane content (Figure 47) and low sterane content relative to 
hopanes. The relative abundance of C27 and C28 αββ steranes in oils from marine source 
rocks increases over geologic time, reflecting the evolution of biological diversity, is 
illustrated in Figure 48. 
 
Tertiary Oils have higher relative C28 sterane contents than Maranon oils of Jurassic 
(C28/C29 < 0.8) and/or Cretaceous (C28/C29 steranes > 0.8) age source rocks. Ucayali oils 
correlated to Early Mesozoic and/or Paleozoic source rocks have the lowest αββ sterane 
ratios. Assuming this trend can be applied to lacustrine derived oils, a Pre-Cretaceous or 
Paleozoic source would be indicated for the Pirin oil. 
 
The isotopic compositions versus αββ sterane crossplot in Figure 49 shows that the Pirin 
oil is compositionally similar to the oil from Upper Devonian marine shales in the 
Pando-1X in Bolivia. However, the Pirin oil differentiate fron Pando oil due to other 
factors as it does not contain n-propyl C30 steranes present in marine derived oils, also 
the gammacerane abundance, a lower Pr/Ph ratio, and C26 > C25 tricyclic terpanes as 
presented in previous figures. 
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The Pirin oil shares many attributes that can be correlated to oils from northern Ucayali 
and southern Maranon derived from Jurassic source rocks. These include elevated 
Ts/Tm ratios, similar αββ and triaromatic sterane compositions (Figure 50) and contain 
fairly abundant triaromatic dinosteranes, eliminating a Permo-Carboniferous source. 

Figure 45. Pristane/ Phytane Vs. aromatic isotopic composition (Inlogic, 2006). 

 
7.3.3.2. Old Oil-Oil and Oil-Source Rock Correlations 

Old oil geochemical analyses support most of the conclusions expressed in the previous 
section except the age for the oil. Old oil analysis from well RH-1 indicates to be very 
mature, paraffin rich, waxy crude generated by terrestrial organic matter strongly 
reworked by microorganisms. The C15+ fraction displays the chemical characteristics of 
a crude oil generated by a mature source rock dominated by microbial reworked 
terrestrial organic matter. The oil is a paraffin crude composed predominantly of n-
alkanes with a low content of isoprenoids. It has a high pour point (65° F), low sulfur 
(0.86%) and high concentration of alkylcyclohexanes. The saturate fraction was 
analyzed with gas chromatography/mass spectroscopy mass-spectrometry? (GC/MS) for 
dipertane, tripertane and sterane biomarkers. The sterane biomarkers (m/z 217 and 218) 
show the oil to be very mature. Enhanced ββ(Pk 12A) relative to αα(Pk 11 & 13) have a 
high fungal biomass input (small C27 steranes and large C28 steranes) and to be late 
Mesozoic or younger (large C28 steranes relative to C29 steranes). The large C28/C29 
sterane ratio is thought to indicate origin from Cretaceous or younger source rocks. The 
high maturity indicated by the sterane biomarkers is confirmed by the large IH29/H29 
and Ts/Tm ratios. The large GAM/H30 ratio is suggestive of lacustrine oils, but may 
also be an artifact of high maturity. Its significance in this oil is not clear. The terrestrial 
nature of the oil is further characterized by the very low ratio of steranes to hopanes 
(ST/HOP). Marine oils are noted for Sterane/Hopane ratios greater than 0.8 while 
terrestrial oils usually have ratios less than 0.5. The age-dependent parameter, C28/C29 
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ranges 1.18 (Cenozoic) for the Pirin oil. (Ing. Carlos Bustamante C. personal 
communication). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 46. Terpane (m/z 191), sterane (m/z 217) and αββ sterane (m/z 218) mass 
chromatograms – Pirin oil (Infologic, 2006). 
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Figure 47. Terpane biomarker parameters – Peru oils (Infologic, 2006) 

Figure 48. αββ Sterane (m/z 218) composition of Peru oils (Infologic, 2006). See location of 
Pirin oil on grapth. 
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Figure 49. Relationship between αββ sterane and stable carbon isotopic composition of Peru 
oils (Infologic, 2006). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 50. Relationship between αββ sterane and triaromatic sterane compositions (Infologic, 
2006) –Peru oil families. 
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Gas Chromatograms from the Islaycocha oil seep in Peru has much similarity with 
similar analyses performed on Bolivian oils from wells and from shales of Devonian 
age (Figure 51). The effect of biodegradation is also observed in old gas chromatograms 
of saturate hydrocarbons in the Cretaceous Ayabacas and in the Lagunillas Formation 
samples (Figure 52). 

 

Figure 51. Gas chromatograms from Bolivian oils and shales and from the Islaycocha oil 
seep (Petroperu, 1979). 
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Figure 52. Gas Chromatograms from Cretaceous Ayabacas and Jurassic Lagunillas samples 
show the effect of biodegradation. This figure is from a Petroperu (1979) paper. 

7.4. Reservoirs, Seals and Traps 
Perupetro interprets the eolian sandstones of the Huancane Formation as the main 

reservoir in the abandoned Pirin oil 
field and in the whole Titicaca Basin. 
All previous interpretations correlate 
the Pirin reservoirs to Cretaceous 
sandstones. Although recognized by 
Newell very early in the exploration of 
the basin, the eolian sandstones have 
not been credited as the main potential 
reservoir. 
Photo 19. Oil stained eolian sandstone of 
the Huancane Formation of possible 
Permian age in the Pirin area. 

 
The excellent reservoir character of the Huancane Formation sandstones has long been 
recognized in several locations in the Titicaca Basin. In the Espinar area the sandstones 
are described with spherical grains roundness attributed to reworking instead of the 
eolian origin (Petroperu, 1965). Old microphotograpths also show the roundness and the 
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bimodal grain distribution (Figure 53 and Figure 54). Measured 31% porosity and 229 
Md permeability are reported on sample of these figures (Petroperu, 1986b). 

Figure 53. 
Huancane 

sandstone in 
Ccoano Hill 
with excellent 

porosity, 
textural 

maturity of 
quartz grains, 
bimodal grain 

distribution. 
Note absence of 
clay matrix. See 

electron 
microscopy foto 
of this sample 
on Figure 54 

(Petroperu, 
1986b). 

Figure 54. 
110X Electron 
microscopy of 

Huancane 
sandstone in 
Ccoano Hill. 
Well rounded 
and spherical 
quartz grains 
and grain 
selection with 
bimodal grain 
distribution. 

Potential 
sandstone 

reservoirs were 
identified in 
the Cotacucho 
(Newell’s old 
name for a 

Cretaceous unit now recognized as repeated Huancane Formation in the Putina area), 
Huancane and Muñani Formations of Mesozoic age. Five outcrop samples from the 
Ccoano Hill located 0.6 km north of Pirin possibly all from the Huancane Formation 
were analyzed for reservoir character (Petroperú, 1986b). They present bimodal 
character with well-rounded coarse grained (eolian?) and fine-grained subangular and 
subrounded sandstones. Porosity amounts to 25 to 22% and 8 to 12% in two samples; 
these latter sandstones have 10 to 15% bitumen as matrix that represents oil migration 
sometime in their geological history. The stratigraphic unit identified as the Huancane 
Formation some 2.5 km SW of Pirin in the Ñuñorcco Hill has less porosity due to more 
effect of diagenesis or possibly corresponding to a different unit. 
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Sample Nº 22 Sample Nº 38 Units
Cl 5090.00 730.00 mg/l
SO4 158.00 1735.00 mg/l
CaCO3 0 10.20 mg/l
CaCO3 1185.00 49.60 mg/l
Na 2992.30 509.00 mg/l
K 125.50 10.53 mg/l
Ca 144.14 568.60 mg/l
Mg 364.90 87.50 mg/l

Pirin and Corapata wells
Unknonw individual identifications

Seals are provided by shale and mudstones overlying potential reservoirs of Mesozoic 
and Paleozoic ages. The three modern wells Ayabacas and Coatas defined the Permian/ 
Jurassic anhydrites, salt and shales, which constitute excellent seals for potential 
carbonates of the Sipin Formation and for potential “subsalt” Paleozoic reservoirs. 
Modern seismic is needed to define these old sequences. 
 
7.5. Analyses of Water Samples from Wells 
Table 6. Chemical analyses of two water samples from Pirin and Corapata wells. 

Two water samples from wells in 
Pirin and Corapata were analyzed 
by Petroperu in Lima (Petroperu, 
1980). The results are shown on 
Table 4. In any case the sampled 
water samples are relatively fresh 
and fresh (mg/l=ppm). 
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8.0. LEADS AND PROSPECTS 
 
8.1. Potential Perupetro New Leads 
 
Definition by Perupetro staff of the two tectonic settings affecting the Titicaca Basin 
described in the tectonics chapter created a scenario for existence of more attractive 
potential leads than those defined before. The reinterpretated seismic lines, which 
integrate available geological data, show these leads although in this case all within 
Block 105. The leads must be redefined with new modern seismic and similar leads 
should be present in other places in the basin. 
 
8.2. Prospects and Leads Based on Previous Extensional Tectonic Interpretation. 
Being the only operator that worked the Titicaca Basin with some modern seismic we 
list the Yugansneftegas-Petro Andes eleven potential prospects and leads defined in ex-
Blocks S-2 and S-4 (Table 7). All of them are located in current Siboil Block 105. These 
prospects and leads represent several subsurface culminations of the Coata Anticline. 
The Coata anticline has a surface NW-SE structural trend that runs for some 20 Km 
(Photo 20). 

Main targets in these prospects are the interpreted sedimentary carbonate reef sequences 
associated to salt tectonics in the now Sipin carbonates (Permian Copacabana and 
adjacent formations for the old operator). These evaporitic deposits overlying the 
Copacabana Formation can be correlated seismically and were identified in the three 
modern wells drilled by Yugansk Petro Andes SA. The interpreted reefs “builups” 
defined by the wells have a thickness between 400 and 800 m. A late early Permian 
Kungurian age (259my) is assigned to the evaporites, which constitutes an excellent seal 
for the underlying sub-salt potential prospects. 
Table 7. Potential Prospects in Block 105. 

Regional salt distribution 
defines the presence of 
tectonic highs some with 
conspicuous salt spine cores 
bordered by faults with 
large displacements. Seven 
of these highs are 
considered the main 
prospects in Block 105, 
three are dome-type 
structures with 2 km. in 
diameter and between 100 
to 300 m. of vertical closure 
in the northern portion of 
the block and four of them 
in the south with NE and 

NW trends have surface closure of 1 x 1.5 Km. and between 50 to 150 m. of vertical 
closure. Two of these structures are considered the best prospects. 
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Photo 20. Anticlinal Coata with Sipin Limestones? along the surface axis. Note high plateau 
of the Titicaca Basin. 
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9.0. CONCLUSIONS 
 

1. Two tectonic settings defined by Perupetro staff affecting the Titicaca Basin 
create a scenario for existence of more attractive leads than those defined before. 
The Altiplano Fold thrust Belt and the Inverted Rift system offer potential 
hydrocarbon plays more attractive for hydrocarbon exploration. 

2. The underexplored intermountain Titicaca Basin contains the old Pirin oil field, 
which accumulated near 300,000 barrels of 40° API oil from shallow reservoirs 
at depth of 100m. before abandonment. It is the highest field in the world with 
an altitude of 3850m. a.s.l. 

3. Oil shows in modern well Coata 1X at less than 1900m in the Sipin Formation 
of Triassic-Jurassic age extends the presence of hydrocarbons to the subsurface 
in the basin. 

4. The Titicaca Basin lacks good quality modern seismic information. For all 
practical purposes the basin has not been studied seismically. The absence of a 
rain forest and good quality logistics makes seismic acquisition dependable 
mainly on the topographic roughness. 

5. Systematic sampling for Geochemical, Palinologycal and Biostratigraphic 
analyses is also needed. Sampling is relatively simple compared with the sub-
Andean basins with sporadic presence of outcrops. 

6. Absences of both reservoir by erosion and of sealed reservoirs are the main 
causes of failure of the modern three wells. 
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