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Introduction 

Counterclockwise tectonic rotations in the northern central Andes and clockwise rotations in the southern 

Central Andes have been systematically reported (see Roperch et al. 2006 and Arriagada et al., 2006 for a recent 

summary) and interpreted to be mostly driven by oroclinal bending associated with shortening in the Eastern 

Cordillera and in the subandean belt. Large counterclockwise rotations have been found in the Eastern Cordillera 

of Southern Peru (Gilder et al. 2003). While these rotations were initially attributed to a Cretaceous event of 

deformation, Gilder et al. (2003) interpreted these rotations to be coeval with the rotations found along the 

forearc (Roperch et al., 2006). Rotations along the forearc from Arequipa to Caravelli are larger than 40° and 

occurred mainly during the late Eocene - Oligocene. However, the lack of data within the Peruvian Altiplano 

precludes a good description of the spatial and temporal evolution as well as a clear understanding of the 

different tectonic processes leading to rotations. Here we report results from a paleomagnetic study from Nazca 

to Cusco (Figure 1). This transect corresponds to the location of the northern end of the Altiplano and a 

transition with the central Peruvian Andes. Near Cusco, the Eastern Cordillera is also strongly deflected toward 

the east with a complex deformation as shown by the curved fold and thrust system associated with the Manu 

Indenter. 

 
Paleomagnetic results 

Paleomagnetic sampling  

Fifty one paleomagnetic sites have been sampled from Nazca to Cusco. Six sites were drilled in lower Miocene 

Nazca ignimbrites that cover the forearc between Nazca and Puquio. Near Puquio, 5 sites were drilled in undated 

tertiary volcanics that are overlain by the Lower Miocene Nazca tuffs. Four sites were also sampled in upper 

Miocene ignimbrites and two sites corresponds to a Semca Ignimbrite within the Altiplano. Six sites were drilled 

in Paleocene to Eocene red bed sediments intruded by dykes north of Chalhuanta. Near Cusco, 9 sites were 

sampled in Oligocene red beds from the Sonco Formation of the San Jeronimo group. While a late Cretaceous 

age was initially attributed to the thick red beds sequences that outcrop in the southern Peruvian Altiplano, a mid 

Oligocene 40Ar-39Ar age at the top of the sequence provides an upper age limit for the red bed sequence 

(Carlotto, 1998). Several sites were also drilled in red beds either contemporenaeous or slightly older than the 

San Jeronimo group (3 sites west of Sicuani) or in the Anta Formation. 
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Figure 1. Simplified geological 
map from Peru (modified from 
the 1/1000000 Peruvian map 
from Ingemmet ; see also 
Roperch et al. 2006) The 
paleomagnetic sampling was 
carried from Nazca  to Cusco. a) 
sites drilled in the Sonco 
Formation (results reported in 
Figure 2); b) sites drilled in 
Paleocene- Eocene red beds and 
dyke near Chalhuanca (Figure 4); 
c) sites drilled in other Paleogene 
red beds near Cusco (Figure 3) ; 
d) sites drilled in Oligocene – 
Miocene volcanics near Puquio 
(Figure 5) ;  c) sites (results not 
discussed). The dashed line is the 
northern boundary of the 
Arequipa domain identified by 
geochemical data (Mamani et al., 
2008). Angles between the 
arrows and the north direction 
correspond to tectonic rotations. 
New results shown with white 
confidence interval. The colour 
(yellow, orange, magenta, cyan) 
correspond to age of rock unit 
(Miocene, Oligocene, Paleogene, 
Mesozoic). 
 

 

Characteristic directions  

All the samples in red beds were progressively thermally demagnetized. Except at a few sites where it was 

 possible to isolate a secondary magnetization, pre-tectonic components of magnetization were determined at 

most sites. Near Cusco, all the samples drilled in 9 sites from the Sonco Formation have a reverse polarity 

(Figure 2). The magnetic characteristic upon demagnetization and the better grouping after tilt correction 

demonstrates that the magnetization is a primary component. Although the sampling is not stratigraphically 

continuous enough for magnetostratigraphic dating, the lack of samples with normal polarity suggests high 

deposition rate during a time interval dominated by reverse polarity, possibly during the late Eocene – early 

Oligocene (35-31Ma). 

 

Figure 2. Paleomagnetic results in red 
beds in the type section of the San 
Jeronimo group located to the south of 
Cusco. Equal areal projection of site-
mean directions with the 95 angle of 
confidence. Filled circles are projection 
in the lower hemisphere. Filled red 
square is the expected late Eocene-early 
Oligocene direction for stable south 
America. The filled red circle and 
associated angle of confidence 
correspond to the mean direction. 
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Normal and reverse polarity magnetizations were found in other red bed units at different localities (Figure 3). 

After bedding correction the observed inclinations is in good agreement with the expected inclination but large 

counterclockwise deviations of the declinations are observed. 

The dykes sampled north of Chalhuanca do not record a primary component of magnetization but a well-

defined primary magnetization was observed in the sediments baked contacts. Away from the dyke contacts, 

characteristic directions were also determined in the red bed sediments (Figure 4). 

Sites in volcanic rocks near Puquio have a well-defined primary characteristic magnetization of normal or 

reverse polarity (Figure 5). Sampling in mid Miocene to Pliocene rocks is not sufficient to enable an accurate 

averaging of secular variation. The average direction calculated for sites in the lower Miocene ignimbrites and 

Figure 3. Paleomagnetic results in red 
beds at other sites near Cusco. Equal 
areal projection of site-mean directions 
with the 95 angle of confidence. Filled 
(open) symbols are projection in the 
lower (upper) hemisphere. The squares 
correspond to the late Eocene-early 
Oligocene expected directions. 

Figure 4. Paleomagnetic results in red 
beds and dykes from the Paleocene-
Eocene basin located to the north of 
Chalhuanca. Equal areal projection of 
site-mean directions with the 95 angle 
of confidence. The grey circle 
correspond to a remagnetization of 
unknown age recorded by pyrrothite in a 
site of Jurassic limestone south of 
Chalhuanca. 

Figure 5. Paleomagnetic results in the lower Miocene Nazca 
ignimbrites and the underlying volcanics sampled near of Puquio. The 
red circle with angle of confidence is the mean direction calculated for 
these sites. Results highlighted in orange colour corresponds to 
younger Miocene or Pliocene volcanics and are not included in the 
mean calculation. The red square is the expected direction. for the late 
Oligocene Early Miocene. 
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underlying volcanics has an inclination similar to the expected direction.  

 

Tectonic rotations 

Near Cusco, large counterclockwise rotations are observed at some Paleogene sites while only 10° rotation is 

determined in the Sonco Formation. Large rotations were also reported for the Permian to lower Jurassic 

sediments (Gilder et al., 2002) in the Eastern Cordillera at a distance of about 15km to the east of the sites 

sampled in the Sonco section. Taking into account that the upper part of the Sonco section is of mid-Oligocene 

age, the result in the Sonco formation may provide an upper bound in the age of the rotation. Further work is 

however needed to understand the cause of the large variation in the magnitude of the rotations. 

North of Chalhuanca, the preliminary results from the late Paleocene- Eocene red bed basin indicate that this 

area is affected by large counterclockwise rotation (~60°). In the Chalhuanca region to the west of the Eocene 

basin, fold axes and faults in Mesozoic units have an anomalous WSW-ENE orientation. These structures can be 

traced for more than 50km. Despite the fact that the Eocene basin presents little folding, the sediments record a 

low magnitude anisotropy of magnetic susceptibility whose lineations are also oriented WSW-ENE. We 

speculate that the ~60° counterclockwise rotation recorded in the Eocene basin corresponds to the block rotation 

of a larger block postdating or associated with the main event of folding in the region. The Nazca ignimbrites 

and underlying volcanics record a <5° counterclockwise rotation in agreement with the result previously 

published by Roperch et al. (2006) indicating almost no block rotation within the forearc during the Neogene 

even in front of the Nazca ridge. 

The new available results confirm the widespread occurence of large (>40°) counterclockwise tectonic 

rotations in southern Peru during a major phase of deformation in the time interval late Eocene- early Oligocene. 

Geochemical data (Carlier et al., 2005; Mamani et al., 2008) show significant crustal and lithosperic 

heterogeneities in the Central Andes and especially in Southern Peru. Mamani et al. (2008) argue that the 

different rheologies are an important factor in controlling the deformation pattern of the central Andes and the 

localization of the Andean plateau. They suggest that most of the rotations are the results of intense shearing 

along the border of the Arequipa block. While the geochemical data suggest a sharp boundary between the 

Arequipa block and the Central Peruvian Andes, large rotations are however observed in a much wider area 

north and south of the geochemical boundary (Figure 1).  
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