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Abstract 
 
The present-day Andean foreland of Peru is composed of a number of discrete, structurally controlled sub-basins. All show a complex, 
polyphase deformation history. Seismic mapping, construction of balanced cross-sections and integration with wells, published 
literature and surface maps reveals at least four generations of Phanerozoic deformation, including Early Carboniferous compression, 
Permian rifting, Late Triassic and Late Jurassic compression, and Cenozoic compression. Each of these deformational episodes 
reactivated existing basement faults in the modern Andean foreland and created additional new ones. The present-day Andes are 
characterized by a thin-skinned thrust belt impinging eastward on a system of foreland basement-cored uplifts, some of which offset 
the frontal thin-skinned thrusts. Both systems are active today.  
 
For much of the Phanerozoic, a subduction zone bounded western South America and much of the deformation affecting the Peruvian 
foreland can be linked to subduction zone dynamics. These links include Carboniferous docking of the Arequipa terrane, Permian slab 
roll-back, Cretaceous westward movement of South America, Eocene increase in subduction rate and last, flattening of the subducting 
slab.  
 
Changing subduction dynamics have had at least three important effects. 1) The complex deformation history has created widespread 
potential traps and widely varying trap styles. 2) The repeated episodes of deformation within the foreland have created a profoundly 
heterogeneous stratigraphic section, rife with local unconformities, facies variations, and areally restricted deposits. 3) Recent 
flattening of the subducting slab has replaced hot asthenosphere with cold oceanic lithosphere, cooling the overriding plate, deepening 
the seismogenic zone and promoting reactivation of ancient foreland faults.  
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Abstract 

 
The present-day Andean foreland of Peru is composed of a number of discrete, structurally controlled sub-basins. All show a complex, 
polyphase deformation history. Seismic mapping, construction of balanced cross-sections and integration with wells, published 
literature and surface maps reveals at least four generations of Phanerozoic deformation, including Early Carboniferous compression, 
Permian rifting, Late Triassic and Late Jurassic compression, and Cenozoic compression. Each of these deformational episodes 
reactivated existing basement faults in the modern Andean foreland and created additional new ones. The present-day Andes are 
characterized by a thin-skinned thrust belt impinging eastward on a system of foreland basement-cored uplifts, some of which offset 
the frontal thin-skinned thrusts. Both systems are active today.  
 
For much of the Phanerozoic, a subduction zone bounded western South America and much of the deformation affecting the Peruvian 
foreland can be linked to subduction zone dynamics. These links include Carboniferous docking of the Arequipa terrane, Permian slab 
roll-back, Cretaceous westward movement of South America, Eocene increase in subduction rate and last, flattening of the subducting 
slab.  
 
Changing subduction dynamics have had at least three important effects. 1) The complex deformation history has created widespread 
potential traps and widely varying trap styles. 2) The repeated episodes of deformation within the foreland have created a profoundly 
heterogeneous stratigraphic section, rife with local unconformities, facies variations, and areally restricted deposits. 3) Recent 
flattening of the subducting slab has replaced hot asthenosphere with cold oceanic lithosphere, cooling the overriding plate, deepening 
the seismogenic zone and promoting reactivation of ancient foreland faults. 
 



Deformation history of the Andean foreland 
of Peru and its impact on present-day 
structure
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Peru

Andean foreland data in Peru

•Coarse grid of 2D seismic 

•Tens of wells

•Surface geologic maps



Complex Deformation History

(PARSEP, 2002)



Outline

• Previous interpretations of deformation history

• Major pre-Andean events seen on seismic
-Eo-Hercynian orogeny
-Jurua orogeny
-Mitu rifting
-Nevadan orogeny

• Andean deformation

• Effect of inherited structures



Interpretations of Structural History



Deformation History



Eo-Hercynian Orogeny

• First deposits on basement

• Ordovician Contaya
-laminated slate

• Devonian Cabanillas
-upward coarsening shale-sandstone 
sequence

• Late Devonian Eo-Hercynian orogeny
is first clear deformation event

• Variously interpreted
-rift
-wrenching
-contraction

• Coincident with or post-dated by 
Ambo conglomerates
-rifts?
-flexural sags?



Eo-Hercynian Orogeny

• Basement-cored 
uplifts

• Thick growth 
wedges

• Overlain by 
isopachous
Permian 
Copacabana

• Minor same-sense 
reactivation



Jurua Orogeny

• Late Carboniferous Tarma
-shale-sandstone sequence

• Permian Copacabana
-carbonate

• Permian Ene
-black shale

• Late Permian-Early Triassic 
unconformity
-Jurua orogeny



Jurua Orogeny

• Deforms Ordovician-Permian strata

• Large structures
-folds
-faults
-duplexes?

• Propagates eastward into Brazil

• Biggest deformation event in eastern Peru



Mitu Rifting

• Triassic Mitu
-redbeds, conglomerates, 
evaporites
-well documented in Eastern 
Cordillera
-fault-bounded deposits
-seen in 2 foreland wells
-apparently not involved in Jurua 
deformation

• Triassic-Jurassic Pucara
-carbonate-shale-carbonate 
-widespread deposits
-overtops Mitu-bounding faults
-definitely not involved in Jurua 
deformation

• Major axis of rifting in Eastern 
Cordillera

• Collapse of Jurua orogen?



Mitu Rifting

• Mitu redbeds
interpreted in 2 foreland 
wells

• Small Mitu graben
interpreted on seismic

• No unequivocal 
examples on seismic

• If real, these are small, 
outlying pods 
- ~10km x 1km

• Primary axis of rifting 
well to the west

• Effect on foreland is 
small

(PARSEP, 2002)



Nevadan Orogeny

• Jurassic Sarayaquillo
-westward-thickening redbeds
-clasts show inverted 
stratigraphy from Pucara to 
Precambrian

• No coeval strata in Eastern 
Cordillera

• AFT show removal of 2-3km of 
material from Eastern Cordillera

• Top Jurassic Nevadan 
unconformity bevels entire 
foreland



Nevadan Orogeny

• Minor deformation, close to 
present-day mountain front

• Sarayaquillo folds detached on 
Pucara salt

• Thrusts in Pucara overlain by 
Sarayaquillo growth sections

• Beveled by Nevadan unconformity



Present-Day Andean Plate Tectonics



Crustal Seismicity, 1962-Present



Andean Cross-Section

100km

trench fore-arc 
basin

accretionary
prism

Western 
Cordillera 

(Cretaceous 
thrust belt)

Eastern 
Cordillera 
(inverted 
Mitu rifts)

Neogene
thin-skinned 
thrust belt

Neogene
basement-

cored uplifts

• Present-day seismicity concentrated in 
foreland

• Crustal area balance suggests >150km 
shortening



Influence of Inherited Structure

• Some ancient faults reactivated in Neogene
-Shira Mountains, other foreland basement-cored uplifts

• Many other, apparently similar faults not reactivated

• Facies changes more important in thin-skinned thrust belt?
-limit of thrust belt approximately coincident with limit of Jurassic and Triassic salt

• ~15km shortening in thin-skinned thrust belt

• Greatest shortening probably at eastern edge of Mitu rift in Eastern Cordillera 
-base Mitu now ~10km above regional
-not a simple case of inversion



Conclusions

• Peruvian foreland shows 3 key pre-Andean events
-Eo-Hercynian orogeny
-Jurua orgeny
-Nevadan orogeny

• All have a strong compressional component

• Possible strike-slip element difficult to assess on current data

• Mitu rifting expressed only locally in the foreland, if at all

• Three effects on modern Andean orogeny
-reactivation of some foreland faults
-distribution of detachment horizons in thrust belt
-location of crustal-scale ramp at edge of Mitu rift


