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EXECUTIVE SUMMARY 
 

 
Perupetro conducted the Madre de Dios Basin Technical Report over a two months 
span. The Madre de Dios Basin Study was intended to be a regional work to integrate 
the geological and geophysical data from within the archives of our Perupetro data 
bank to investigate new exploration concepts that could be defined and to produce a 
final report on the future hydrocarbon potential of the Madre de Dios Basin. Most of 
this time was spent looking and gathering the digital data. Due to the lack of digital 
seismic data for the entire basin, an early decision was made to focus the study in the 
south part of the basin, in the Candamo area with 8 seismic lines loaded in the 
workstations. 
 
LAS files for wire-line logs of all field wildcats were gathered and quality controlled.  
Standardized composite well logs were made for all wildcats from this data set, which 
were utilized to create a cross-section grid through all the wells in the Basin. Well 
data summaries for each of the six wells in the basin were prepared. Seismic SEGY 
data collection and quality control was considerable more problematic.  As much of 
this study was seismic driven, it was difficult to make any forward progress in the 
project until a reasonable amount of seismic data was loaded on the workstations.  Of 
the 6,129 km of data historically registered in the Madre de Dios Basin, we could get 
just around 520 km of seismic data shot in Candamo area worked by Mobil in the late 
90`s.  We propose that any data acquired after the present date, be utilized in future 
studies when a much more detailed evaluation of Madre de Dios Basin could be 
completed.  
 
To supplement the present work, an outside consultant who is considered an expert in 
his field conducted one additional study: 

 
1. Tectonics:  by Tony Tankard, Tankard Enterprises 

 
The Madre de Dios Basin is a large sub-Andean Basin situated on the SE side of the 
Andean mountain front and is comprised of the low to moderate hills (elevations 
generally less than 1200m) of the Madre de Dios River Basin. All the rivers are part 
of the Madre de Dios River Basin watershed that flows to Bolivia from east/southeast 
of the Fitzcarrald Arch. The basin is asymmetric (deepest along the mountain front) 
and about 450 km wide and 700 km long. About 50% of the areal extent of the basin 
is situated in Peru, 35 % in Bolivia and 15% in Brazil.  
 
Sediments of Paleozoic, Mesozoic and Cenozoic age overly a crystalline Basement in 
the Madre de Dios Basin. From the deepest portions of the basin, just northeast of the 
Sub Andean foothills, the sedimentary section of the Madre de Dios basin thins 
regionally to the northeast toward the Brazilian Shield. The Fold Thrust Belt area 
contains a stratigraphy similar to that described in the Camisea area. In the foreland, 
the extend of the late Permian and early Cretaceous sequences need additional 
investigation. 
 
The tectonic evolution of the basin was very complex. Actual basin configuration is 
the result of tectonic activity occurred on what is now the Fold Thrust Belt in the 
western and SW margin and its bordering foreland with the stable Brazilian shield 
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lying inland. In broad terms, the Paleozoic is characterized by compression due to 
continent-continent interaction in Peru, Bolivia and northern Chile, whereas ocean-
continent interaction occurred in central and southern Chile with development of a 
substantial accretionary prism. 
 
A first insight into the Paleozoic tectonics clearly shows the presence of young and 
old pre-Cretaceous structures that have survived the Andean Orogeny. In some cases 
deep Paleozoic and shallow Cretaceous structures coincide and others they do not. 
Tectonic Arches are defined in the foreland and in the Fold Thrust Belt. In the latter 
the Candamo 1X in the Candamo triangle zone proved GIIP of 2.1 TCFG and OIIP of 
82 MMBC, 520 m. hydrocarbon column, tested 10 (potential 30-50) MMCFGD from 
Agua Caliente/Lower Nia reservoirs, a current non-commercial stand-alone gas and 
condensate discovery. Candamo will acquire a better status with completion of the in-
progress Camisea gas/condensate production project. This Fold Thrust Belt includes 
other unexplored potential attractive thrusts. Stratigraphic truncation of the various 
Paleozoic and Cretaceous units is also observed in conjunction with the arches in the 
foreland basin. Completion of the digital seismic data is required to better understand 
the tectonics and regional stratigraphy in the basin to culminate a future exploration 
strategy in the basin. 
  
Geochemical studies in the basin have recognized significant petroleum source rocks 
that have generated the hydrocarbons found in the Cretaceous and Permian reservoirs.  
These are the Devonian Cabanillas, the Carboniferous Ambo and Permian Ene 
Formations. The source rocks in the basin and neighboring areas are sufficiently rich 
enough to have generated the non-commercial amounts of hydrocarbons presently 
found in the structures of the basin in addition to a sizeable amount of as of yet, 
undiscovered reserves. A long-range migration from these source rock kitchen areas 
to reservoir is implied for the accumulations found to date. Permian and Cretaceous 
sands are found with good reservoir character and encouraging hydrocarbons 
accumulations and shows. The above source rocks in combination with reservoirs of 
Devonian, Carboniferous, Permian and Cretaceous established three petroleum 
systems in the Madre de Dios Basin. 
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1.0 INTRODUCTION 
 
 
The Madre de Dios Basin Project has being done by technical personal from 
PERUPETRO. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1:  Area of investigation of Madre de Dios Basin..  
 
A lack of available SEGY seismic data in the Madre de Dios Basin, forced us to focus 
this study through the southern part of the basin. This study has being called 
“Madre de Dios Basin Technical Report”. 
 
Unlike the previous studies, the one on the Madre de Dios Basin is not as complete an 
evaluation as the one done for the Marañon Basin in that certain sections such as 
geochemistry, basin modeling and prospective areas have been reduced or omitted.   
The emphasis of this year’s work placed a major effort on data gathering, quality 
controlling and correcting the data, and in defining the stratigraphic and structural 
framework of the Basin.  
 
All the SEGY data utilized in this project was supplied by Data bank of Perupetro and 
was interpreted primarily utilizing the Schlumberger GeoQuest UNIX based seismic 
interpretation software and with Kernel Technology’s WinPICs PC based seismic 
interpretation software.  The seismic data was tied (bulk-shifted, phase rotated and 

Madre de Dios Basin  
of Peru, Study Area 
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amplitude-tied) utilizing Kernel Technology’s SMAC software. On the geological 
side, Geographix and DigiRule software were used extensively for mapping, well log 
preparation and cross-section construction.  Microsoft Access was utilized to design a 
standardized, exportable well database in the same format carried forward from the 
previous studies.     
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2.0 SCOPE OF PROJECT 
 
 
When this project was initiated, it was intended to be a regional geological and 
geophysical evaluation of the southeastern Peruvian Sub-Andean Basins focusing on 
the identification of new play types.  It was hoped not to be a rework of previous 
Madre de Dios Basin studies of which there have been a number of excellent ones, 
mainly work made by Mobil.  The focus was to examine the Basin (just with the 
available digital data) in slightly a different manner than others had before in the past.  
The manner in which to do this was though the interpretation of a seamless digital 
seismic and well data set, with each being tied to one another combined with an 
analysis on the lack of exploratory drilling success in the Basin since the late 1980’s.   
Supplementing this work was one additional study:   
 

2. Tectonic:  by Tony Tankard, Tankard Enterprises 
 
Although this study was originally initiated for the Marañon Basin study (PARSEP, 
2002), they were sufficiently regional in nature to have application for this evaluation 
of the Madre de Dios Basin.  
 
One of the more time consuming aspects of this evaluation was in obtaining and 
gathering of the data.  Digital wire-line log curve data was complied and corrected for 
each of the six Field Wildcats in the Basin (Figure 2).  A composite log for each well 
was constructed, which if available included a Caliper, SP, Gamma Ray, Deep and 
Shallow Resistivity, Density, Neutron and Sonic curve.  These composite logs are 
available as an LAS file as part of this report.  A series of 2 cross-sections were strung 
across the Basin to standardize the stratigraphy that was to be utilized in the 
geological mapping module of this project.   A standardized well database in Access 
was developed in which is included every field wildcat well in the Basin with 
standardized well tops, and other information when available was input.   
 
Seismic data acquisition for the southern basins project began in February 2002 and 
has continued on through to the time of this writing.   Clearly the lack of readily 
accessible data was a major roadblock for the group with respect to the completion of 
this study. 
 
On the other hand, this study had a different issue, unfortunately of the 6,129 km of 
seismic data registered historically in the Basin, only 520 kms. were obtained in 
SEGY format.  This was a Mobil data set shot in the vicinity of the Candamo 1X well, 
which was evaluated and mapped by Mobil in the late 90`s. The seismic data set 
utilized in the project consisted of these 520 kilometers of 2D SEGY data, which 
represents coverage throughout most of the southern part of the Basin (Figure 2).   
 
The wells, however, in the Madre de Dios Basin were corrected and evaluated in the 
same manner as those in the Ucayali Basin and as such, are included as part of the 
data set of this study as are the SEGY files of the seismic lines referred to above. A 
more clear understanding of well location with regard to seismic mapping of 
structures will need the future seismic data support. 
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A meaningful future second part study proposed on the Madre de Dios Basin will 
require that the paper copies of the seismic lines be interpreted or scanned.  Both these 
options were outside the limits of this study in terms of time and finances.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2:  Location of Madre de Dios Seismic Data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Karene 1X

Los Amigos 1X

Mipaya 1X

Pagoreni 1X

Panguana 1X

Pariamanu 1X

Puerto Primo 1

San Martin 1X

Sepa 1X

Armihuari 4X

Candamo 1X

Cariyacu 1X
Cashiriari 3X

Madre de Dios Area 
Of the more than 6000 km of 
seismic data acquired in the 
Basin only 520 km were 
available (colored red) Candamo 1X Well
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3.0 PREVIOUS WORK IN THE STUDY AREA 
 
The exploration effort in the Madre de Dios basin dates to the 1970's. In 1974, Cities 
Services and Andean Petroleum acquired approximately 2,800 kilometers of seismic 
data in the Peru portion of the Madre de Dios basin. As part of the commitment in the 
area, Cities Services drilled three wells and Andes two. The wells were drilled on 
Paleozoic paleo structures and also in Cretaceous structures with monoclinal dip some 
with absence of structural closure. Although there were shows in several lower 
Paleozoic reservoir sections, the wells were noncommercial. 
 
In 1985, Shell acquired 505 kilometers of seismic data in the area, then designated as 
blocks 49 and 51. This program was part of over 2000 kilometers of seismic data 
Shell recorded in the Ucayali and Madre de Dios Fold Thrust Belt and culminated 
with their discovery of the Camisea gas field in 1984. 
 
In the early 1990's, Mobil drilled five slim-hole wells in the Bolivian extension of the 
Madre de Dios Basin. One of these was the Pando discovery. This well identified the 
Devonian section in this area as a world-class source rock. This section was thought 
to extend into Peru, but the basin boundaries were unknown. The result of this 
preliminary work led to the initial Technical Evaluation Agreement carried out by 
Mobil for Perupetro during an exclusive two-year period (1993-1995), which covered 
an area of 8.9 million hectares (89,000 square kilometers or 22 million acres). As a 
result of the TEA Mobil entered into negotiations with Perupetro for the rights to 
explore for hydrocarbons in selected parts of the Madre de Dios basin. The 
negotiations resulted in the contracts for exploration in block 77 (Las Piedras) and 
block 78 (Tambopata). 
 
For Phase I of the block 78 contract, a 570-kilometer seismic program was conducted. 
For Phase II, the Candamo 78-53-1X/ST wildcat was drilled and discovered gas and 
condensate within Cretaceous and Permian sandstone reservoirs. It was the first 
wildcat well to penetrate pre Tertiary objectives within the unexplored fold and thrust 
belt of the southern portion of the Madre de Dios Basin of Peru. The well had a gross 
hydrocarbon column of approximately 1,700-ft (520 m). Porosities and permeabilities 
were 6-7% and 1.5mD respectively; this impacted the flow rates from the three zones 
that flowed to surface. The average flow rates for each tested interval were 3 to -4 
MMCFD with 65 bbls/day of condensate (~16 bbls/MMCF). The condensate yield 
tested is considered non-representative and it could be increased to an initial value of 
30-50 bbls/MMCF (average over production life of 22 bbls/MMCF) with adequate 
well stimulation. 
 
In the northwest portion of the basin the Karene 3X well was drilled on a surface 
anticline and TD`d in the Tertiary section. The well was difficult to drill due to 
tectonic stresses. It encountered a Tertiary section followed by a thrust fault at a depth 
of 2300 meters KB and then a repeated Upper Tertiary section. Although shows were 
not documented, possible traces of hydrocarbons were encountered in the mud pit 
when the wellsite was re-visited on a field geologic expedition in 1995. A 
petrophysical evaluation of the Karene 3X, cuttings descriptions and a correlation of 
gravity data of the northwestern part of the basin with the gravity acquired in 1997, 
were performed. 
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4.0 GEOLOGY OF THE MADRE DE DIOS BASIN 
 
 
4.1 GENERAL BASIN DESRIPTION 
 
The Madre de Dios basin is a foreland basin of the extensive Sub Andean foreland 
area, which extends north into northern Peru and south into Bolivia. The Madre de 
Dios Basin is one of the sub-Andean Basins of Peru (Figure 3) with a prospective area 
of 43,000 km2 and some 5,000+m of sedimentary infill. The Basin extends 430 km in 
length southeast from the Ucayali Basin to the Bolivian border and 100 km in width 
northeast from the Sub-Andean mountain front to beyond the Brazilian border where 
it eventually borders the Brazilian Shield. The basin includes the complex Fold Thrust 
Belt with outcrops of Paleozoic, Cretaceous and Tertiary age on the south and SW 
bordered by a foreland basin covered by Quaternary alluvial deposits. Along the 
leading edge of the Sub Andean thrust belt in the Madre de Dios basin of southeastern 
Peru, thrust faults juxtapose older rocks over the younger rocks of the Madre de Dios 
basin. Old seismic and well data indicates that the composite sedimentary section 
consists of Paleozoic, Mesozoic and Cenozoic sediments as seen in Figure .. and 
Appendixes 2a and 2b. From the deepest portions of the basin, just northeast of the 
Sub Andean foothills, the sedimentary section of the Madre de Dios basin thins 
regionally to the northeast toward the Brazilian Shield. With its extension into Bolivia 
and Brazil the basin acquires a general WNW/ESE trend and a complete size of 700 
km. by 450 km (Figure 3). The structural evolution of this foreland basin was strongly 
influenced by early basement tectonics dating from the Paleozoic and continuing into 
the Tertiary. The basin has been discontinuously explored since the 70`s with much of 
the basin still remaining under-explored. 
 
 
4.1.1 Basin Geometry 
 
The Madre de Dios basin shares boundaries with four main tectonic components. 
These components are: 
 

1. The Sub Andean thrust belt to the south and southwest.  
2. The Beni basin of Bolivia to the east.  
3. The Brazilian Shield to the north.  
4. The Ucayali basin to the west. 
 

The basin geometry is a large WNW foreland bounded by a Fold Thrust Belt to the 
south and SW. A late Permian/Cretaceous angular unconformity lies on top of 
Paleozoic formations. Ordovician through late Permian marine sequences lie below 
the unconformity. Continental clastics of late Permian age and Cretaceous sequences 
lie above this unconformity. Foredeep Tertiary deposits cover most of the basin. 
 
Broad arches have apparently acted to buttress deformation of post-Cretaceous 
Andean orogenic activity into the central part of the Madre basin. Unlike the Ucayali 
basin where thrust and wrench related structures occur far out into the foreland basin 
sequence, no (or extremely minor) late stage deformation is observed in the Madre de 
Dios basin. 
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4.2 REGIONAL GEOLOGY 
 
Sediments of Paleozoic, Mesozoic and Cenozoic age overly a crystalline Basement in 
the Madre de Dios Basin. Ordovician, Silurian and Devonian sediments reach 
thicknesses of several thousand meters in the south of Peru. The Permo-Carboniferous 
is next in the succession and is found resting unconformable over the Devonian Cycle 
and/or Ordovician sediments.  Rocks of this age have a widespread distribution 
throughout the Andean Range, the subsurface of the Peruvian eastern basins, and in 
the Brazilian Acre and Solimoes Basins.  The earliest Carboniferous sedimentation 
began with the Ambo Group, which was deposited as continental to shallow marine, 
gray shales, and occasional thin coal beds.  These sediments are followed vertically 
by the thin transgressive, clastic-rich Tarma Formation, which is overlain, usually 
conformably, by the normally thick, massive shelf carbonates of the Copacabana 
Formation. The Tarma-Copacabana Group is widely distributed in most of the 
Andean basins. It is predominantly a marine carbonate sequence although the cycle 
begins with a basal fine- to coarse-grained sandstone, the Green Sandstone Unit.  This 
is overlain by a thick sequence of dark gray, fossiliferous limestones The Copacabana 
Formation in turn, was conformably overlain by the Ene Formation, a sequence 
containing black organic rich shales, dolomites and minor sandstones. 
 
Cretaceous and Tertiary sediments overlie sediments of Paleozoic age. The region 
apparently was uplifted or a large period of erosion removed all Triassic and Jurassic 
sequences. The Cretaceous section in the Madre de Dios Basin seems to be 
represented by a basal sandstone unit representing the Agua Caliente, Chonta and 
Vivian Formations.  The Cretaceous epeiric sea deposition terminated during the Late 
Cretaceous with the arrival of the first pulses of the Andean Orogeny at which time 
through Miocene Quechua time, molasse-styled deposition dominated the Basin, 
which has continued through to the present.   
 
4.3 CROSS BASINAL ARCHES 

 
It is recognized in the literature the existence of several large-scale arches that played 
an important role in defining the limits of the Madre de Dios basin. These arches have 
much in common with other large-scale arches that occur in the Ucayali, Marañon, 
Beni, and Santa Cruz basins. Figure 3 shows the location of these arches. Further 
seismic studies are needed to have a better understanding of these significant features. 
Development of the arches may have begun as early as the Devonian. This is 
evidenced by other anoxic organic rich depocenters that have been mapped out along  
the entire periphery of the Brazilian Shield. These basins may have been tectonically 
controlled and demonstrate tectonic partitioning of an early series of foreland or 
continental sag basins. Other data suggest that the time between late Permian and late 
Cretaceous may have been a period of major uplift for these features. Most of the 
development of these arches is thought to have occurred during this period 
 
4.3.1 Madidi Arch 
 
On the south and SE of the Madre de Dios basin, the Madidi Arch trends WNW/ESE 
between the Madre de Dios and Beni basins. At the southern margin of these basins, it 
takes a turn towards the west below the leading edge of the thrust belt. In the central  
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Figure 3:  (After Mobil 1998) 
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portion of the basin, the arch turns to the south, gradually plunges to deeper levels, 
and ceases to be a major feature. 
 
4.3.2 Manu Arch 
 
In the west and NW part of the Madre de Dios basin, the Manu Arch trends SW/NE. 
Towards the western portion of the Madre de Dios basin, the Manu Arch turns toward 
the south and southwest. It gradually plunges to deeper levels near the northern edge 
of Manu National Park and ceases to be a major feature. No major faulting is 
observed on the Manu Arch and it is interpreted as a crustal upward that probably 
hosts steep reverse faults. 
 
4.3.3 Fitzcarrald Arch 
 
About 75 kilometers to the west of the Manu Arch, on the far western border of the 
Madre de Dios basin, is the long-known Fitzcarrald Arch. This arch trends north-
south and plunges to the south apparently toward the east of the Camisea gas fields. 
Upper Cretaceous units thin onto the arch in the vicinity of Camisea. More complex 
relationships in the upper Permian sequence suggest that there was also thinning of 
these units onto the Fitzcarrald Arch as well. Therefore, the arch is believed to have 
developed between late Permian and late Cretaceous time.  
 
4.4 MADRE DE DIOS SUBCROP 
 
Previous evaluations defined a subcrop pattern of the Paleozoic formations in this 
basin (Figure 4) and showed lines of truncation for early Paleozoic formations in 
outer portions of the basin. Basically, the basin is a synclinal remnant of an early 
Paleozoic depocenter with an east-west axial trace. The Paleozoic formations plunge 
into the basin on all sides and a small expression of the synclinal axis is in the vicinity 
of Manu Park. The Madidi, Manu, and Fitzcarrald arches all exhibit highs stripped of 
Paleozoic units and with early Paleozoic units exposed below the upper Permian and 
Cretaceous clastic sequence. 
 
The Upper Permian, Cretaceous, and Tertiary continental sequences are deformed into 
a broad syncline with a definite asymmetric depocenter. This depocenter is a result of 
tectonic loading. Its center is located close to the emerging thrust sheets in the south. 
As a result, the structure contours on the subcrop unconformity surface demonstrate a 
steep plunge to the south into the depocenter of the basin. Close to the thrust front, 
depths to the unconformity of 5500 and 6000 meters are common. These depths 
decrease rapidly to the north and northeast. 
 
4.5 MAJOR THRUST SHEETS 
 
4.5.1 Inambari/Azulmayo Thrust System 
 
The Inambari/Azulmayo thrust system, as shown in Figure 4, is the largest 
displacement thrust sheet in the basin with displacements of 10 to 20 kilometers. It 
alone involves Paleozoic units across its entire length. This thrust system exhibits two 
probable periods of displacement in the last 30 ma. 
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Figure 4: (After Mobil 1998) Synthesis: Tectonic Elements 
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It is sometimes difficult to differentiate between these two thrust systems. The 
Azulmayo segment has at times reactivated or cut through the existing hanging wall 
of the Inambari thrust sheet making it hard to pinpoint its location. Because the 
Azulmayo has presumably faulted out much of the evidence of the Inambari thrust 
sheet on the east side of the thrust and fold belt, the western edge of the basin is the 
best place to observe the relationship between the two thrust sheets. At this location, 
the Inambari thrust is visible and shows Cretaceous and Paleozoic rocks over the 
Tertiary sequence (Figure 4). The Azulmayo thrust to the south has juxtaposed lower 
Paleozoic units over the Cretaceous and Paleozoic units in the Inambari thrust system. 
 
4.5.2 Tambopata Frontal Thrust 
 
The Tambopata frontal thrust system occurs over the entire length of the thrust and 
fold belt. It is a simple thrust with nominal displacement of 2 to 8 kilometers. 
 
Cretaceous and Paleozoic sequences from the foreland basin become thicker and also 
appear to become involved in thrusting in the vicinity of the Tambopata thrust. The 
Pantiacolla anticline proves that Cretaceous and Paleozoic units indeed become 
involved in the frontal thrust. 
 
4.5.3 Pantiacolla Anticline 
 
The Pantiacolla anticline is a significant frontal feature with presence of Cretaceous, 
Permian, and presumably older Paleozoic units within its subsurface core. This is the 
only anticline on the frontal Tambopata thrust that involves older units in the folding 
and thrusting. From Bolivia to the east to beyond Camisea to the west, no other 
anticline in the frontal trend exhibits this relationship. In the nearby Karene anticline, 
only Tertiary units were penetrated. This well drilled Tertiary units, crossed the 
Tambopata thrust, and reentered Tertiary beds. It is possible, however, that 
Cretaceous an Permian reservoirs may actually exist in a hanging wall anticline 
farther south of the well location. 
 
The Pantiacolla anticline also exhibits another character. The entire lower Tertiary 
sequence crops out around the structure. This is the only location in the basin where 
the lower Tertiary sequence is so prominently exposed. It appears that the Candamo 
triangle zone, the Pantiacolla anticline, the lower Tertiary sequence, etc. are all 
moving up a lateral ramp and become exposed in the direction of the Manu Arch. This 
relationship is consistent with the steep plunge to the east of the Pantiacolla anticline 
below the Tertiary.  
 
4.5.4 Candamo Back-Thrust System 
 
The Candamo back-thrust and its subsidiary faults are evident in map view and on all 
seismic lines in the vicinity of Candamo valley and as far as Karene. The back-thrusts 
dip to the north, as opposed to the Inambari/Azulmayo thrust sheet, which dips to the 
south. The surface expression of these series of back-thrusts is the northern limit of 
the Candamo triangle zone. In addition, it is one of the defining limits of the Candamo 
triangle zone below. The Candamo back thrust is defined as the lower most thrust-
plane that dips to the north and occurs over the Candamo triangle zone. 
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The back-thrusts form an imbricated series of north-dipping thrusts that moved in 
response to the Candamo triangle zone developed in the footwall of this thrust 
sequence. These back thrusts contain the uncompacted Tertiary sequence, which 
moved passively up and out of the way of the Candamo Paleozoic wedge, as the 
wedge was thrusted under them. The Loromayo and Malinowsky back thrusts 
continue to the western side of the basin, near Karene, and are finally exhumed with 
the rest of the Candamo triangle zone at Pantiacolla. 
 
4.5.5 Candamo Triangle Zone 
 
The Candamo triangle zone is an allochthonous sheet bordered by faults on all sides. 
These boundaries are defined in the following manner: 
 

1. At the base is the regional decollement. 
2. To the north are the north-dipping fault surfaces of the Candamo back-
thrusts. 
3. On the south are the south-dipping fault surfaces of the Inambari/Azulmayo 
thrust system. 
4. In addition, the northern border can also be defined where the back-thrusts 
rejoin the master decollement at depth. 
 

The Punquiri syncline, located between the trend of back-thrusts and frontal 
Tambopata thrust, has an axis that corresponds to the subsurface line where the back 
thrusts ramp up over the Candamo triangle zone (Figure 5). From the trend of the 
Punquiri syncline, it is clear that the Candamo triangle zone trends almost all the way 
across the western side of the basin. Several data sources have documented this 
interpretation. They include the seismic lines that cross this trend, surface geology, 
and Landsat imagery. 
 
It is probable that the Candamo triangle zone may trend into the east-plunging 
Pantiacolla anticline. The feature would then represent a lateral component of the 
Candamo triangle zone that is separated from it by a lateral ramp. A very significant 
result of this lateral ramp is that it divides the thrusted belt into the two distinctive 
structural styles. 
Again, the basic geometry of the Candamo triangle zone is a triangle juxtaposed by 
thrust sheets and terminated on the west at a lateral ramp. However, the internal 
geometry of the Candamo triangle zone on the east is another matter. Seismic data on 
this trend demonstrate many horses and duplexes in the Candamo wedge. These 
subsidiary duplexes occur on small displacement faults in the wedge zone. They 
probably developed in reverse order with the frontal most duplex developing first 
followed by a sequence of back-limb imbricate displacements on minor faults. 
 
Two main structural trends are also observed within the Candamo triangle zone 
(Figure 5), one of these lies on trend of the main Candamo Structure. The other trend 
lies on trend with the Candamo South prospect. These trends, which exhibit multiple 
leads, have developed in association with two master faults. The culminations and 
depressions of these trends are not completely understood and it is not certain that 
two-way closures observed on seismic are actually structural culminations. However, 
it is very encouraging to see these two-way closures on successive lines. Additional 
seismic will help delineate where the actual closures on the trend are. 
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Figure 5:  Lead and Structural Trends  
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Lastly, the buried duplex trends observed in the Candamo triangle zone resemble the 
frontal thrust zone in the Camisea area where sufficient seismic data exists to 
demonstrate the locations of successive structural closures. One of these, the Pagoreni 
structure, discovered a giant gas condensate field in 1998. 
 
 
4.6 GEOLOGY MADRE DE DIOS PROJECT AREA 
 
4.6.1 Methodology 
 
The Madre de Dios project is comprised of four subprojects, 
 

a) Collection and standardization of geological information – Geological well 
data and tops were collected and put into an ACCESS data base that was used 
as the preliminary data set for interpretation.  The final ACCESS database is 
included as Appendix 7 in this report and LAS files of the composite wells 
logs used for the interpretation as Appendix 8.   

 
b) The stratigraphic cross-section grid project - The cross-section grid consists 

of two regional stratigraphic sections designed to include all six wells in the 
Basin (Appendix 2a and 2b).   

 
c) Collection of SEGY seismic data, navigational data corrections and tying the 

available data set. 
 
d) Geophysical interpretation – as discussed in the Geophysical portion of the 

report. 
 

4.6.2 Stratigraphy of the Madre de Dios Basin  
 
The composite stratigraphic column present in the Ucayali Basin includes a thick 
sedimentary succession of early and late Paleozoic, Mesozoic and Cenozoic age 
overlying a crystalline Basement (Figure 6). The stratigraphic cross-sections 
presented in the report show the distribution of all these units in areas with well data.  
The most critical/difficult aspect to standardize the stratigraphy presented in above 
Figure was in tying the Cretaceous units with the southern Ucayali Basin. The current 
reports uses Mobil`s (1995) Cretaceous stratigraphic units with some modifications in 
an attempt to standardize PARSEP`s 2002 (in press) stratigraphic nomenclature. 
These modifications were originally introduced by Shell’s using a new nomenclature 
within the Permian and Cretaceous stratigraphic sections after the Camisea gas 
discoveries in the late 80`s, which were finally updated in the late 90`s after drilling 
the appraisal wells (Shell, 1997). The Camisea discoveries of the southern Ucayali 
Basin in the 80’s, allowed for detailed stratigraphic studies to define the extension and 
termination of the early Cretaceous units and the stratigraphy in the Cretaceous/pre-
Cretaceous section overlying the Copacabana Group. The intention of the current 
study is to keep the stratigraphy as simple as possible without introducing unknown or 
contradictory names. At the termination of this project there are still a number of 
unanswered questions relevant to stratigraphy that may form the basis for future 
studies. Among them, it is clearly a major project to establish a confident age for the 
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thick sandstone units overlying the Paleozoic formations to determine their 
Cretaceous or Permian age. 

 
 
Figure 6:  Generalized Stratigraphic Column for the Madre de Dios Basin  of Peru, Modified from 
Mobil (1995). 
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4.6.2.1 Basement 
 
Basement rocks have been described in the greater Marañon Basin, but it has not been 
drilled in the Madre de Dios Basin.  
 
4.6.2.2 Ordovician 
 
The pre-Andean System begins with the Ordovician cycle and is represented by the 
Contaya Formation, a unit of gray and black laminated hard slates, which overlies 
Basement. A maximum thickness of 4500m has been reported for the cycle in the 
Eastern Range of southern Peru. The Contaya Formation outcrops 35km south of the 
Oxapampa wells in the northern and southern Ucayali Basin and it has been drilled in 
the northern Ucayali Basin.  
 
4.6.2.3 Silurian 
 
Next in the succession is the Silurian cycle which is represented by argillites, flysch 
and tillites, and can reach thicknesses up to 1000m in southern Peru (Laubacher, 
1978). The Silurian depositional cycle ends with an erosional episode that is the result 
of tectonic movement during the Caledonian/Taconian Orogeny in the Peruvian 
Oriente. The Silurian cycle merges with that of the Devonian Cabanillas Group that 
has been deposited in the Madre de Dios, Ucayali and Marañon Basins. The Silurian 
sequence has not been drilled in the Madre de Dios Basin. 
 
4.6.2.4 Devonian - Cabanillas Group 
 
Sediments of Devonian age have a widespread distribution reaching a thickness of up 
to 2000m in the south of Peru, while in northern Peru the maximum thickness seen is 
1000 m.  Rocks of the Cabanillas Group of Devonian age constitute a well-defined 
unit in the study area. Appendix 2a shows the wells that penetrated the Cabanillas 
Group. It is comprised of dark gray mudstones, shales, siltstones and sandstones. The 
mudstones are dark gray, micaceous, and iron-rich, weathering to red with a sulfurous 
stain. Generally, the unit is considered to have been deposited in moderately deep 
water as turbidite and hemi-pelagic deposits, which change upwards into sediments 
representative of shallow water deposition. 
 
4.6.2.5 Early Carboniferous - Ambo Group 
 
In the Peruvian basins the earliest Carboniferous sedimentation began with the Ambo 
Group. The Ambo Group is generally found overlying the Devonian Cabanillas 
Group. A gross thickness of over 500 m. was drilled by well Los Amigos 1X well 
(Appendix 2a). Ambo consists predominantly of coarse and fine-grained terrigeneous 
sandstones with interbedded siltstones, gray shales, and with coal or organic rich 
interbeds deposited as continental to shallow marine and fluvial deposits.  The coal 
and organic rich beds represent the initial transgression of the early Carboniferous 
Ambo Group. The unit includes a tidal/estuarine inter-deltaic lower section, a deltaic 
middle section organic-rich section and an inter-deltaic upper section. The Ambo 
Group is identified as the main source rock of the Camisea gas/condensate fields.  
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4.6.2.6 Late Carboniferous to Early Permian - Tarma/Copacabana Group 
 
The Tarma/Copacabana Group was drilled by all 4 wells in the foreland Madre de 
Dios Basin (Appendixes 2a and 2b). It is the most widely distributed pre-Cretaceous 
unit in the sub-Andean basins. The lower unit of the Tarma Group, the Green 
Sandstone, is a clastic unit that includes green sandstones, red siltstones, silty 
mudstones and anhydrite beds reaching 80 m. in thickness, with good porosity and 
good reservoir potential. There is a sharp contact between the Green Sandstone and 
the underlying Ambo Group. 
 
The carbonates become a sequence of thick units of dark gray micritic and sparite 
carbonates, white to light brown crystalline dolomites, cross-bedded oolites, 
wackestones. The group also include a 50 to 60 meter-thick anhydrite unit at a level of 
the contact of Tarma and Copacabana (Figure 7), and occasionally 5 m thick 
anhydrite, as in the Puerto Primo 2X and Pariamanu 1X wells capping and sealing the 
Green Sandstone unit with hydrocarbon shows and non-commercial oil production 
(Figure 8). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7:  Anhydrite unit in the Tarma/Copacabana Group in the foreland wells.  
 
The Copacabana contains organic-rich dark gray to black mudstones deposited under 
flooding or anoxic conditions with source rock characteristics. Dolomitic wackestones 
interbedded with brown sandstones at various levels in the whole unit produce strong 
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to faint oil smell in fresh broken surfaces.  These intervals have TOC of 2.0 wt% and 
are mature for oil and gas generation in the Mainique Gorge, Shell (1997).  
4.6.2.7 Late Permian 
 
The late Permian Ene Formation conformable overly the Tarma/Copacabana Group 
and unconformable underlie the Cretaceous in the foreland wells.  
 
Ene Formation  
 
Presence of the Ene Formation is confirmed in outcrops from the eastern Shira 
Mountains to the south in the Candamo area. Thickness of this formation varies 
substantially, being controlled by depth of erosion of the late Permian and Base 
Cretaceous unconformities. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8:  Green Sandstone capped by anhydrites in the Puerto Primo 2X and Pariamanu 1X wells and 
by carbonates in the Los Amigos 1X well. 
 
In the Sepa/Camisea/Mainique Gorge area the unit is divided in three members (Shell, 
1997), the Ene Sandstone, Noipatsite and Shinai Members with a thickness between 
150 to 220 m. The Shinai Member was drilled in the Candamo 1X well and a 
siliciclastic section drilled by all four wells in the foreland Madre de Dios Basin is 
attributed to Ene. It is presently unknown how much of the overlain sandstones 
represent the Ene Formation in these well.  
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Shinai Member 
 
The Shinai Member is a 70-100 meter-thick organic-rich carbonate mudstone with 
algal laminates, oolites and wackstone carbonates preserved south of the Runuya 1X 
well. The Candamo 1X well drilled a 40 meter interval below the Cretaceous/Permian 
age reservoirs before entering into a repeat Cretaceous section. 
 
The late Permian age Red Bed Group/Mainique and late Permian/Jurassic mega 
sequence formed by Mitu syn-rift/Pucara/Sarayaquillo have not been identified in the 
Madre de Dios Basin. 
 
4.6.2.8 Cretaceous 
 
The reader is referred to extensive and excellent studies done to date on the 
Cretaceous stratigraphy in the Ucayali Basin in such works as Robertson Research 
(RRI)’s Petroleos del Peru (1990) and Shell (1997).  The final objective of this study 
will be to correlate time units across the Basin that could be tied back to seismic when 
available. Within the context of the regional stratigraphic cross-section grid and 
geological mapping that was done for this project, the subtle details of the Cretaceous 
stratigraphy that are needed to further understand its importance in defining 
hydrocarbon trapping geometries, could not be examined. A digital well data was 
collected to further supplement the database in preparation for future studies.   
 
The Cretaceous mega-sequence covers the entire basin with regional thinning to the 
northwest and possibly to the NE into the Brazilian Shield. The lower Cretaceous 
Cushabatay and Raya Formations are not present with the lithostratigraphic character 
known in the Great Marañon Basin. The regional lithostratigraphic and 
biostratigraphic correlation and interpretation in the stratigraphic cross-sections 
extend the uppermost section of the Agua Caliente Formation to the Madre de Dios 
Basin (Appendixes 2 and 3).  PARSEP (2002 in press) places the top of this formation 
at the top of Shell’s Basal Chonta Sandstone and, therefore, it also includes the 
sandstone unit of Cretaceous age designed as Upper Nia as defined by Shell.   
 
Vivian Formation  
 
The nearshore regionally extensive Vivian sandstone complex is subdivided into 3 
units, with the two sand sequences, the Upper and Lower Vivian being separated by 
the Cachiyacu interval. The sands are quartz arenites, white, very fine to very coarse -
grained, poorly cemented with quartz overgrowths, and moderate to good 
intergranular porosity. The Upper Vivian typically has kaolinitic authigenic clays 
while the Lower Vivian sandstone as noted primarily in the southern Ucayali Basin, 
has a much cleaner sand character.  Channel sandstones develop in the base of both 
sandstone units and rest on erosive contacts over their respective lower mudstones 
units.  The Cachiyacu represents the end of a transgressional cycle (fining upward 
sequence) that begins with deposition of the Lower Sand. The Cachiyacu cycle 
represents a period of considerable stratigraphic variability as it contain numerous 
shales and discontinuous sands that have remained protected from fresh water 
flushing which is more common than not in the Vivian section throughout the Basin. 
The shale interval below the Vivian sandstones in the bottom of the Candamo 1X well 
represent several repeated intervals of Cachiyacu (Huchpayacu).  
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Agua Caliente  
 
The Upper Agua Caliente onlaps Paleozoic aged units in the southern Ucayali Basin 
as the entire Cretaceous section thins from North to South. In the Camisea fields, the 
top of this unit is equivalent to the top of the Chonta Basal Sand of Shell 
nomenclature (PARSEP, 2002 in press). In the Candamo 1X well it corresponds to the 
Upper Nia sand representing the upward continuation of a predominant transgressive 
sequence of sandstones channels (Appendix 2b and 3 a).   
 
Chonta 
 
Overall the Chonta Formation represents the end of a regional transgression and the 
beginning of a regressive episode. The maximum flooding surface that occurred 
during Chonta deposition more or less represents the division between the Upper and 
Lower Chonta intervals. In the Camisea and Candamo areas this interval has sealed 
the most important reservoirs.  
 
4.6.2.9 Tertiary 
 
The Tertiary section consists of a wedge shape foredeep deposit of red bed cycles, 
with poor hydrocarbon potential that is widely distributed throughout the Basin 
overlying sediments of Cretaceous age and underlying an extensive Quaternary 
alluvial cover.   
 
The sediments of Tertiary age consist of Paleocene/Pliocene Upper and Lower Red 
Bed sequences. The Upper Red Bed Member consists of red and red brown sandy and 
silty clays interbedded with pale gray clays with sandstone units.  This unit is 
underlain by a Conglomerate Member of Miocene age consisting of a thick sequence 
of numerous channels. An underlying Sandstone Member forms a coarsening upward 
sequence of gray and yellow lithic channeled sandstones interbedded with red and 
brown clays. The Yahuarango or Lower Red Bed Member of Paleocene age is made 
up of red and purple clays with nodular carbonate rich layers and contains Paleocene 
charofites in the Camisea area.  Lithic sandstone beds become more common upwards 
and it grades transitionally into the Sandstone Member.  Red brown and green 
siltstone and mudstone are common in the northern portion of the Basin. 
 
 
4.7 STRUCTURE ANALISIS 
 
Reflection seismic shows that thin-skinned deformation and substantial structural 
shortening is developed only in the Madre de Dios ranges of southeast Peru (MdD in 
Figure 9). The Madre de Dios fold-thrust belt consists of northward-verging, stacked 
thrust sheets (Hermoza, 2000). The western margin of the thrust belt is rotated into an 
arcuate string of faults against which it abuts. This arcuate string of structures is 
locally expressed in the northward-oriented Cordillera Vilcabamba that has a 
discordant relationship to the overall tectonic fabric of Peru, and continues northward 
to form the eastern sidewall or termination of the Acre basin, and finally appears to 
link the Acre and Solimoes basins of Brazil. Like the Madre de Dios, the Solimoes 
basin also suffered structural inversion at this time. 
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Geometric relationships show that the northward-verging Madre de Dios fold-thrust 
belt was rotated into this Vilcabamba fault system, suggesting a left-lateral sense of 
displacement and lateral-ramp affinities. The Cenozoic granitoids that form the 
Vilcabamba Cordillera are attributed to transtensional dilation along this shear zone. 
This Vilcabamba shear zone accommodated structural shortening, and relayed the 
compressional stresses into the Solimoes basin as well. In this context, the faulted 
Fitzcarrald anticline (Figure 9) was formed as a lateral fold associated with 
transcurrent displacement along the principal Vilcabamba shear zone. The Fitzcarrald 
anticline owes its prominence essentially to the fact that it forms a present drainage 
divide, and to the legendary Fitzcarrald expedition.  
 
There are structures within the Madre de Dios fold-thrust belt that are rhomboid-
shaped piggy back basins. The Candamo depository (Perupetro proprietary reports) is 
interpreted as a small intermontane pull-apart basin formed by synthetic left-lateral 
slip along the grain of the thrust belt.  
 
The Madre de Dios forms the northern recurved margin of the Bolivian fold-thrust 
belt. Since the Maastrichtian, the Andean ranges of Chile, Argentina and Bolivia have 
reflected the oblique, flat-plate subduction of the Pacific plate. The architecture of 
these ranges incorporates eastward verging, high-angle thrusts and prominent N- to 
NNE-oriented strike-slip faults (Tankard, 2000). Oblique subduction has driven right-
lateral displacement on strike-slip faults such as the Aconquija fault of NW Argentina 
where transpression has resulted in many thousands of metres of structural relief. In 
this interpretation, terranes such as the Precordillera have been displaced northwards. 
The progressive northward displacement of the Precordillera and the Eastern 
Cordillera and Western Cordillera has been cumulative, and was ultimately 
accommodated by compressional shortening and northward vergence of the Madre de 
Dios and, on a depleted smaller scale, structural inversion of the Solimoes basin. 
Thus, the discordant relationships of the Vilcabamba shear zone and the Madre de 
Dios range with respect to the tectonic framework of Peru are intimately linked to N-
NNE right-lateral displacement along the Chile-Argentina and Bolivian Andes that 
was driven by oblique subduction. 
 
This reconstruction may have economic significance. Where the Madre de Dios abuts 
the Vilcabamba shear zone there are the giant San Martin and Cashiriari gas-
condensate fields. Whether the Vilcabamba shear zone acted as a sidewall or lateral 
ramp to the basin-thrust complex, it undoubtedly influenced the hydrodynamic 
regime, high heat flows and migration pathways. Dilational emplacement of the 
Vilcabamba granitoids supports this interpretation. Likewise, the development of 
duplexing in the thrust belt probably also imposes numerous barriers to northward 
migration of hydrocarbons. Finally, this tectonic regime has also resulted in the 
development of thrust-parallel piggy-back basins, such as the Candamo depository in 
which the Cashiriari 1X wildcat discovered gas and condensate in tight Permian and 
Cretaceous sandstone reservoirs. 
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Figure 9:  (After Tankard, 2001) Late Cretaceous – Tertiary paleogeography in which the locus of 
subsidence and deposition was the Marañon – Oriente basin area. co, Contaya high; cob, boundary 
between continental and oceanic crust; csz, Contaya shear zone; cu, Cushabatay high; Cv, Cordillera 
Vilcabamba range and shear zone; fc, Fitzcarrald anticline; Hu, Huallaga basin; j-n, Jambeli-
Naranjal shear zone; MdD, Madre de Dios range; Pr, Progreso basin; s, oil seeps; Sa, Santiago basin; 
Ta, Talara basin; Tr, Trujillo basin; Uc, Ucayali basin; vu, Vuana fault. 
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 5.0 GEOPHYSICS 
 
 
5.1 GEOPHYSICAL DATA 
 
The 6,129 km. seismic database historically registered in the basin consist: 

1. A total of 1730 km, of post 1980 vintage data that includes: 
• 512 km. Acquired by Shell in the mid-1980’s. 
• 176 km. Acquired by Mobil and partners in 1996 
• 659 km. Acquired by Mobil in Block 77, year 1996 
• 382 km. Acquired by Mobil and partners in 1997 

2. A total of 4400 km of 1974 vintage data acquired by Cities Services and 
Andes petroleum (ex-Blocks 46 and 47), in the foreland portion of the 
Madre de Dios basin. 

 
In order to tie the foreland wells in the Madre de Dios basin, in 1998, Mobil attempted 
to reprocess 1000 km. of the 1973-74 vintage data, near to the Karene well and further 
into the foreland portion of the basin.  Due to the lack of support data, such as survey 
and observer reports, these reprocessing attempt did not produce significantly better 
results. There was some marginally better imaging overall, but no improvement in the 
fold belt and foothills. As a result, attempts to reprocess, the data were abandoned. 
Instead, the data were digitally scanned for inclusion in a database. 
 
In 1996, Mobil and its partners reprocessed 416 km of 1985 vintage data. These lines 
were originally acquired by Shell in the area then described as Exploration Lot 46, 
which encompassed the southern portion of the Madre de Dios foreland and extended 
southward to the edge of the thrust belt. Although Shell recorded nearly 512 km. of 
data, Mobil only reprocessed the lines or portions of the lines that were relevant for 
them. 
 
Unfortunately, of the 6,129 km of seismic data historically registered in the basin, 
only 520 kms. were obtained in SEGY format for this report. This is a Mobil data set 
that was shot in the vicinity of the Candamo area (ex-block 78). Due a lack of 
available SEGY seismic data, this current evaluation must be completed when a 
sufficient seismic data set is obtained. 
 
The few SEGY data utilized in this project was supplied by Perupetro and was 
interpreted primarily utilizing the Shlumberger GeoQuest UNIX based seismic 
interpretation software and with Kernel Technology’s WinPics PC based seismic 
interpretation software. The seismic data was tied (bulk-shifted, phase rotated and 
amplitude-tied) utilizing Kernel Technology’s SMAC software.  
 
 5.2 STRATYGRAPHY VS. SEISMIC EVENTS 
 
With the few digital data, ties to well Candamo 78-53-1X we could recognize: 
 

1. Upper Cretaceous and Upper Permian Reservoir 
The cretaceous section contains the primary objective reservoir units. This 
section appears seismically as a relatively high amplitude event with a 
very recognizable triplet near the base. From outcrop studies made by 
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Mobil and Shell, the top Cretaceous Vivian Upper Sand (Casa Blanca) is a 
clean sand that overlies the Cachiyacu (Huchpayacu) shale section. This 
seismic horizon often appears as a discontinuous event indicating that it 
may be erosional in nature. 
 
The Cretaceous Chonta correlates with units in the foreland wells. This 
unit is the package thought to create the high amplitude triplet, which is 
recognizable across the basin. 
 
Although the Permian section (Ene-Red Beds) appears to exist in outcrop 
data, it cannot be directly correlated to subsurface seismic events. 
However, the possibility exists for the presence of thick upper Permian 
units in the basin compared to 60 m. drilled in the foreland wells to the 
east. This group may correlate to the Jurassic (?) Beu sands that have been 
jump correlated from Bolivia to the foreland portions. 
 
On the seismic sections, the horizon interpreted as the Mitu can be seen 
downlapping an interpreted upper Permian angular unconformity. The 
correlation of these units to similar units in the Ucayali basin northwest of 
the Madre de Dios basin and to the western limits of Las Piedras block to 
the north indicate that the late Permian age section is closely associates 
with the Permian unconformity. 
 

2. Regional Permian Unconformity 
Underlying Cretaceous a possible upper Permian clastic section is easily 
recognizable in angular unconformity. It is currently believed to represent 
the late Permian to base Cretaceous age unconformity recognizable across 
most of the basin. 
 

3. Paleozoic Units: Permian to Devonian 
Below the regional Permian unconformity, the lower Paleozoic has been 
correlated to seismic data in Bolivia. In the foreland, the Paleozoic section 
has been eroded to the south along the Madidi Arch and to the northwest 
along the newly identified Manu Arch. Seismically interpretable events 
below the unconformity include the base of the Permian Copacabana 
carbonate section and the Pennsylvanian Tarma sand. 
 
The Tarma sand, together with the underlying Ambo shale, produces a 
high amplitude series of three or four events. The Mississippian Ambo 
formation immediately underlies the Tarma sands. It is one of the major 
source rocks in the Camisea area. Below the Ambo formation is a thick 
section of Devonian sediments. 

 
4. Acoustic Basement 

Below the middle Devonian, maximum flooding surface is a regionally 
correlative event interpreted as acoustic basement. At this time, the age 
and composition of this unit are unknown. 
 
In march 2000, Mobil completed the Technical and Economical 
Evaluation of the Candamo South prospect based on the Candamo 78-53-
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1X Well. Perupetro group, confirmed this significant prospect and 
prepared a structural seismic map in time, shown below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10:  Structural Seismic Map, near Lower Chonta Top  
 
 
5.3 MAYOR SEISMIC-STRUCTURAL FEATURES 
 

1. Tambopata Thrust fault 
The most east forward thrust in the sequence. It extends nearly 2/3 the 
length of the Tambopata area, and correspond to the youngest thrust. 

 
2. Punquiri Syncline 

This syncline is parallel to and behind the Tambopata thrust. 
 

3. Candamo Valley 
This valley is bounded on both sides by shallow back-and fore-thrust. 
 

4. Inambari thrust Sheet 
This sheet thrusts Cretaceous and older formations over younger tertiary 
formations of the Punquiri syncline and Tabari anticline.  

5. Madidi Arch: 
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This arch has been identified as the extension of the Madidi Arch from 
Bolivia. This feature appears to be post early Permian and pre late Permian 
in age. 

 
Mayor thrust trends, which propagated from the hinterland into the foreland Madre de 
Dios and Ucayali basins, occurred in response to the placement of pre-existing arches. 
The local thrust systems in the Tambopata area include the frontal Tambopata Thrust, 
a series of back thrusts, the intermediate Candamo triangle zone, and two major thrust 
sheets on the south, the Inambari and Azulmayo (Figure 11). 
 
Deformation generally occurred between about 30 to 2 Ma, with decreasing offset and 
higher stratigraphic levels of deformation occurring in the more frontal thrust sheets. 
The Azulmayo thrust to the south (hinterland) appears to be an out of sequence event, 
which show very recent displacement. Decollement levels are variable across 
Candamo Area with the northwestern portion exhibiting a decollement below Upper 
Paleozoic level. On strike to the southeast and east, a decollement occupies a level 
very close to the basal tertiary claystones. 
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Figure 11:  Line 96MGT-103 
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6.0 HYDROCARBON INDICATIONS 
 
Although the Madre de Dios basin is only lightly explored, there are sufficient 
occurrences of oil and gas to lend encouragement to continue exploration in the basin. 
In addition, the presence of a giant resource such as Camisea along trend on the west 
flank of the neighboring Ucayali Basin also supports the probability of this region to 
have similar petroleum systems 
 
6.1 Seeps 
 
Four documented seeps (SPT, 1994) are known along the fold- thrust belt of Peru, 
whereas numerous seeps are present in the Bolivian fold-thrust belt (Figure 12). The 
best-documented seep is located along Quebrada Petroleo and is known as the 
Shintuya or Pantiacolla seep. This seep is situated in probable Vivian Sandstones, and 
Shell’s analysis indicates the oil has an API gravity of 35 degrees. Shell also reports 
that an inflammable gas is associated with this oil seep. The characteristics of this 
seep are very similar to seep in the sub Andean in Bolivia, which commonly occur in 
Devonian rocks. 
 
Only one seep is reported in the foreland portion of the basin, near the Bolivia/Peru 
border in the Cobija area. Oil, gas and secondary minerals have been reported from 
the seep, but no additional data are available. 
 
6.2 Shows 
 
Non-commercial hydrocarbon accumulations and shows of oil and gas were 
encountered in all the wells drilled in the Madre de Dios basin. An exception is the 
Karene 3X well, which penetrated only the Tertiary red bed section. Shows are 
common in the Paleozoic section in cuttings, sidewall cores and conventional cores, 
and also occur in the Cretaceous (Figure 12). 
 
The oil shows reported in the Cretaceous sandstones penetrated in the Los Amigos 
well are critically important in that these sandstones provide the best reservoir rock in 
the basin. The presence of oil indicates that oil generated from Paleozoic and/or 
Cretaceous source rocks has migrated though the Cretaceous section in the foreland 
setting. 
 
6.3 Petroleum Systems  
 
Several Petroleum systems have been recognized in the Madre de Dios Basin. In the 
Fold Thrust Belt, Ene and Copacabana Type I and II oil prone shales were identified 
as source rocks for the gas and condensate accumulation in Permian/Cretaceous 
reservoirs in the Candamo 1X well; thus, establishing a late Carboniferous/Permian/ 
Cretaceous petroleum system. This petroleum system can be explored to the NW of 
the Candamo well, where exceptionally organic-rich black shales outcrops of the Ene 
Formation with average TOC of 9.15 weight% (maximum 13.15 %) are in the oil 
window (Shell, 1998).  
 
Non-commercial oil accumulations and numerous hydrocarbon shows were found in 
the foreland wells drilled in the 70’s. Significant oil occurrences were found in the 
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Puerto Primo 1X well where 22 bbls. of 45° API oil with an estimated 69,000 CFGD 
were recovered from sands in the Cabanillas Formation. Similar 22 bbls. of 52° API 
oil and gas were tested in the Green Sandstone unit in the Pariamanu 1X well. These 
hydrocarbon accumulations point to Devonian and/or Ambo source rocks establishing 
a Devonian petroleum system and a Devonian and/or Carboniferous petroleum 
system.  
 
The extension into the Madre de Dios Basin of the Carboniferous/Permian/Cretaceous 
petroleum system of the Camisea area in the south Ucayali Basin should be 
investigated further. 
 
 

 
 
Figure 12:  (after Mobil 1995) Hydrocarbon Occurrences and Springs 
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7.0 CONCLUSIONS 
 
 

 
1. Several Paleozoic and Paleozoic/Cretaceous petroleum systems were 

established from testing in the Fold Thrust Belt and foreland Basin. Current 
non-commercial stand-alone Candamo gas and condensate discovery with 
Ene/Tarma/Copacabana as source rocks defines a petroleum system different 
from that of the Ambo source rocks for Camisea. Other Paleozoic petroleum 
system has also been defined. 

 
2. We confirm the presence of the Candamo South Prospect. As the Candamo 

discovery is interpreted to represent a new petroleum system, the Candamo 
South Prospect is inferred to have the same generation/charge history as 
Candamo.  

 
3. The Madre de Dios Basin is clearly an area with significant potential of 

hydrocarbons accumulations. There exist at least 12 leads located in the Fold 
Thrust Belt and in the foreland area. These leads can be upgraded through 
acquisition of additional detailed seismic to confirm closures. 

 
4. It is emphasized the need to complete gathering and converting to SEGY 

format the 92% of unavailable old seismic to better present the hydrocarbon 
potential of the Madre de Dios Basin. 
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       Figure 3:  (After Mobil 1998) 
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  Figure 4:  (After Mobil 1998) Synthesis: Tectonic Elements 
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  Figure 5:  (After Mobil 1998) Lead and Structural Trends 
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