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Sedimentation, tectonism and volcanism relationships in two Andean basins 
of southern Peru 

By RENI? MAI<OCCO and CHRISTOPHE NOBLBI’, Paris/Quito’b) 

\VitIl 5 figures 

Zusammenfassung 

Die Bildung der interniontanen Becken der Zentral-Anden 
erfolgte in der ältesten Phase der Andcntelctoiiik (Peruvia- 
Phase clcs Santons). Die 13ccltenseilimcntation wird von Itla- 

schaltungen unter kompressiver liilttonilt bestimmt. 
Die beiden Becken, die hier besprochen werden, unter- 

scheiden sich in Alter und geodynamischen Zusammenhang: 
1) Das Cusco-Sicuani-Becken aus deni Mastricht bis Paläo- 

zän ist ein Back-Arc-Becken. In diesem Becken tritt zeit- 
gleich mit synscdimentären tektonischen und vulkanischen 
Vorgingen des Schiittungsgebietes die Sedimentation grob- 
körniger Rotsedimente ein. 

2) Das Moquegua-Becken ist ein oligozänes Fore- 
Arc-l%cckcn. Dieses Becken eiitwicltclte nach einer Itomprcs- 
siven Phase an seiner nordöstl¡chcn Grenze eine Iiohc Mob¡- 
lität, die anhand von alluvialen Schuttfichern zu erkennen 
ist. 

Die beschriebenen Phänoniene der Tektonik, des Vullta- 
nismus und der Rotsedinicntation verliefen in beiden Becken 
zeitgleich. Dabei wird das Vorkonimen der Rotsediniente 
nicht auf It1iin:itischc Vct%idcrungcn, sonderii ;~t~I‘hijlicrc In- 
stabilitiit des Scliiittungsgebiotcs zuriickgcfiihrt. Das Verliält- 
nis zwischen Tektonik und Vulkanismus in Becken und Lie- 
fergebiet ist Inhalt dieser Arbeit. 

stis~l1-l~oiitiiienrnlcn Abl;ig~rtll1g~ti lilit vtillt;lt1iscllet1 13iii- 

Abstract 

The intermontane basins of the Central Andes, forincd 
from the first episode of the andine tectonic (pcruvian phase, 
Santonian), are characterized by a clastic continental 
sedimentation, settled in a coinpressive tectonic context and 
containing volcanic intercalations. 

The two basins presented in this paper, have distinct ages 
and a different geodynaniic context, each: 

1) The Cuzco-Sicuani Basin, Maestrichcian-Paleocene in 
age, is a back-arc basin. A coarse grained red bed sedimen- 
tation appeared at the same time as the synsedimentary tec- 
tonic and volcanic activity increased in the source area. 

2) The Moquegua Basin, Oligocene in age, is a fore-arc 
basin. After a compressive phase, the northeastern border of 
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and Mission ORSTOM, Aptdo 6596, C.C.I., Quito, 
Ecuador. 

the basin shows high niobility, chaixtcrized by superposed 
alluvial fans. \Vithin the basin, the coarse gixincd scdimcnts 
ai-e associated with volcanic tuffs. 

In the two basins, the tectonism, the volcanism and the 
co17rse gt-inctl sciIimcn~;1tion occiircd siillul~aneotisly. The 
c0;irsc gnlinetl sc‘limcllt;lrioll 11ocs not ,1pp‘ar IO Le linlted 
with climatic changes, but with the increasing mobility of 
tlie source area. The  relationship between tectonic regime 
and volcanic activity in tlie basin and in the source area is 
considered. 

Résumé 

Les bassins intramontagneux des Andes Centrales, formés 
h partir du premier 6pisodc tectonique andin (plinse péru- 
vienne du Snntonien), sont caiart6risi.s piir wie sédinienta- 
tion continentale mise en place en contexte tectonique com- 
pressif dans laquelle s’intercalent des produits volcaniques. 

Les deux bassins prisent& ici ont des dges et des contexLes 
géodynamiques distincts: 

1) Le bassin de Couches Rouges de Cuzco-Sicuani, d’lge 

bassin, une s6dinientation grossii.re appaciît en m 2 m e  tenips 
que des Omissions volcaniques sur les zones d’apport et que 
s’accentue Ia dCforniation synsédimentaire compressive. 

2) Le bassin de Moquegua, Oligocène, est en position 
d’avant-arc. Apr& une phase de compression, le bord NE du 
bassin devient mobile, des cônes alluviaux s’y.superposent 
envoyant au bassin de grandes quantités de matériel grossier 
dans lesquelles s’intercalent des tufs volcaniques. 

Dans les deux bassins, Ia tectonique, IC volcanisme et lasédi- 
mentation grossière, sont des phénornènes simultanés. Ces 
apports grossiers n’apparaissent pas liés ?I un changement cli- 
matique mais B une plus grande mobiliti. dcs zones d’apport. 

Les relations entre le régime tectonique et: l’activité volcani- 
que des bassins et des zones d’apport sont envisagées. 

M,i~st~ichtict~-l’;il.oL.L:nc CSI e11 p<>sitioli tl’;irrihrc-arc. Dails CC 
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The continental clastic sedimentation in intermontane 
basins of the Central Andes, generally controlled by com- 
pressive tectonics, is an important aspect during Uppermost 
Cretaceous and Lower Tertiary. In these basins, tectonism 
and volcanism are frequently linked together with coarse 
grained sedimentation. 

The purpose of this paper is to give an explanation for these 
concomitant phenomena. So, two andean basins in southern 
Peru having different ages and geodynamic patterns were 
analysed (Fig. 1): 
- the Maestrichtian to Paleocene Cuzco-Sicuani Basin in 

a back-arc position; 
- the Oligocene Moquegua Basin in a fore-arc position. 
The Fig. 2 illustrates the general tectonic and stratigraphic 

setting of southern Peru during Upper Cretaceous and 
Cenozoic times. 

1. The Cuzco-Sicuani Basin 

The Cuzco-Sicuani Basin is located in Southern 
Peru, between the towns of Cuzco and Sicuani, at the 
northern end of the Altiplano of Peru and Bolivia, and 
at the southwestern side of the Eastern Cordillera (Fig. 
1). The Cuzco-Sicuani Basin, filled by Maestrichtian- 
Paleocene red beds, is the northernmost one of a series 
of highly subsiding red bed basins, known from Argen- 
tina (SCHLVAB & SCHÄFER, 1976) to Peru (MEGARD, 
1978; DALMAYRAC et al., 1980; CORDOVA, 1986; 
NOBLET et al., 1987). North of the Abancay Deflec- 
tion, red bed basins of the same age, do not show such 
a subsidence rate. 

In addition, this basin is confined by major faults 
trending E-W and NNW-SSE (Fig. 1). 

1.1. S t r a t i g r a p h i c  s e t t  i n  g 

The Cuzco-Sicuani red beds, conformably overlie 
the marine deposits of the Moho Group at Sicuani 
(AUDI~BAUD, 1967) and of the Yuncaypata Formation 
at Cuzco (MAROCCO, 1971; 1975). Both lithostrati- 
giaphic units arc of Albian to Turonian in age 
(NEWELL, 1949; KALAI:ATOV~?'CI-I, 1957). 

Red beds are overlain by thick conglomerates of the 
Puno Group (NEWELL, 1949). In the Lake Titicaca 
region, CI-IANOVI? et al. (1969) proved an Oligocene 
age for the lower part of the Puno Group on the base 
of charophytes. At Cuzco, any elements for dating the 
Puno Group have not been found. At Sicuani, there 
are no deposits above the red beds; the sandstones and 
conglomerates, belonging to the Puno Group as defin- 
ed by AUDI~BAUD (I  967), in fact correspond to the up- 
per part of those red bcds (NOBLiYr, 1985). 

MAROCCO (1971), MEGARD (1978), DALMAYRAC et 
al. (1980), assign an Uppermost Cretaceous-Upper 
Eocene age to the red beds of South Peru and Central 
Peru, which is based on charophytes and lithostrati- 
giaphic correlations. The red beds are considei-ed to be 
continental sediments and accumulated in inter- 
montane basins, formed by tectonics of the Peruvian 
phase (roughly SO nia) (MEGAIW, 1975; NOBLE et al., 
1974; DALMAYRAC et al., 1950). The rccent discovery 
of vertebrate footprints in thc uppcr part of the Cuzco- 
Sicuani red beds (NOBLET, 1955; CORDOVA, 1956; 
NOBLET et al., 1957) allow to revise the age of the 
series. Some of these footprints are tridactyl and pro- 
bably could be formed by dinosaurs (NOBLET et al., in 
progress). In this case, thc whole Cuzco-Sicuani red 
beds could be Santonian to Maestrichtian or Paleocene 
in age. 

1.2. D e s c r i p t i o n  o f  t h e  s e r i e s  

The whole unit is formed by red continental sedi- 
ments of fluvial origin and is composed of two prin- 
cipal sequences (sequence I and II in Fig. 3). 

The lower sequence (I) 

Sequence I is 3000 ni thick and consists of reddish 
fine-grained quartzose sandstones and red clays. The 
stratas are arranged in several sequences, thickening 
and coarsening upward and correspond to the accu- 
mulation of fluvial distal sediments in a subsiding 
basin. The source areas are quite remote and located 
somewhere in the West and in the South. 

There is no evidence of magmatic activity in the 
source areas nore in the basin. The tectonic activity in 
the basin is mainly an intense subsidence. 
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Upper Eocene or Oligocene sedimenls 

. . . .  

Jppermosl Crelaceous Red Beds 
Cuico-Sicuani and Allidano ba 

PACIFI C \., 

Fig. 1. Location and geodynamic setting of the Cuzco-Sicuani Basin and the Moquegua Basin in Southern Peru. 

The upper sequence (II) 

Sequence II is 3000 m thick and fundamentally dif- 
ferent from the sequence I. Its lower part shows a bed 
of carbonates and oxides of copper having a syn- 
sedimentary origin. There are associated with abun- 
dant plant remains. The whole sequence is coarsening 
upward (from mainly siltstones at the base to con- 
glomerates at the top). As the Cuzco region is probably 
closer to the source area, its sediments are more con- 
glomeratic than in Sicuani. 

There is a lot of evidence for volcanic activity 
throughout the sequence: 

- microdiorite monogenic clasts associated 
with clastic magmatic minerals (feldspars, 
pyroxenes, amphiboles); 

- monogenic volcanic pebbles of greenish 
andesite; 

- brecciated volcanic tuffs. 

The amount of volcanic fragments increase from the 
bottom to the top of the sequence. They really corres- 
pond to a contemporaneous magmatic activity and not 

. s ,  

to an anterior volcanism which supplied volcanic 
fragments. 

The stratas of sequence II are arranged as coarsening 
and thiclcening upwarcl sequences of minor order. 
Although the Cuzco-Sicuani Basin is characterized by 
a rapid subsidence; the vertical evolution suggests that 
this subsidence is less important than the sedimenta- 
tion within the basin. A progradation of a very prox- 
imal fluvial system and alluvial fans is to be inter- 
preted. 

The dynamics of that sedimentation style is different 
from that of sequence I. The source areas are close and 
show high mobility. 

1.3. C o  m p r e s s  i o II a 1 s y n  s e d  i m e n t a r y  
t e c t o n i c s  o f  t h e  C u z c o - S i c u a n i  

r e d  b e d s  

The structural analysis of the Cuzco Basin clearly 
establishes the presence of synsedimentary folded 
structures in the upper part of the red beds (Fig. 4). 
These structures are related to N-S, E-W and "V-SE 
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trending fault systems. CORDOVA (1986) and NOBLET 
et al. (1987) determined these faults to be formed by 
synsedimentary movements respectivelly dextral, 
sinistral and rcversal, rcsulting in a NE-SW shortening. 

1.4. G c O d y II a ni i c c o t i  t e x  t 

The analysis of the Cuzco-Sicuani red beds permits 
to determine two successive tectonic-magmatic pat- 
terns during Upper Cretaceous-Paleocene times. T h e  
transition between the two patterns is progressive and 
fast. 

Sequence I (Santonian-Maestrichtian) corresponds to 
the beginning of the Andean uplift consecutive to the 
Peruvian tectonic phase (80 ma). This uplift first af- 
fected the regions close to the Pacific Ocean. From 
there came down a fluvial system that carried 
sediments to an alluvial plain which was located ac the 
southwestern side of the actual Eastern Cordillera. In 
the basin, an incipient compressive synsedimentary 
deformation can be linked with this uplifting. 

Sequence II (Maestriclitian-Palcoceiic) is cliaiacteriz- 
ed by the increase of coarse grained sedimentation in 
the basin, proving the vicinity of the source areas. 
Volcanic rock fragments dominate in the sandstones. 
In the basin, the accumulation rate and the 
synsedimentary compressive tectonic increase. 

Based upon paleocurrent analysis, CORDOVA (1986) 
& NOBLET et al. (1987) suggest that the Eastern Cor- 

The uplift of the western regions was linlted to a ex- 
tensional period following the compressional Peruvian 
tectonic phase, However, VICENTE et al. (1979) & 
MEGARD (1984) showed that one of the main effects of 
this Peruvian phase was the overthrust of the andine 
Mesozoic western basin on its eastern foreland. The 
coarsening-upward and thickening-upward evolution 
of sequence I and II, the compressional synsedimen- 
tary deformations, and the direction of sediment trans- 
port are coherent with a compressive uplifting of the 
Western Cordillera. 

Up to now it was admitted, that the Uppermost Cre- 
taceous-Paleocene volcanism was localized at the Co- 
ast, forming the Toquepala volcanics (BELLIDO & 
GUEVARA, 1963; BELON & LEFEVRE, 1976; VATIN et 
al., 1982). The activity, close to the Cuzco-Sicuani Ba- 
sin, on the other hand, indicates that in Maestrichtian- 
Paleocene times an important magmatic centre was ac- 
tive 350-400 km off the trench (fig. 1). In the same re- 
gion (eastern borders of the Western Cordillera) an im- 
portant magmatic activity occured during Upper Eo- 
cene-Oligocene (NOBLE, et al. 1985). 

clillcla did 1101 have a11 importnnt relief in thcsc iimcs. 

2. The Moquegua Basin 

The Moquegua basin, located in the coastal region oi 
Southern Peru and Northern Chile (Fig. I), is genelal. 
ly considered as Oligocene. However, prcsent studia 
consider the possibility of an Eocene age, for the lowei 
part of the basin filling (MAROCCO, 1984; NOIX.~  ci 
al., 1985). The northeastern edge of the basin is a NW. 
SE trending fault system (Fig. 1). According to thc 
position of the volcanic arc during Oligocene, the Mo. 
quegua basin is a continental fore-arc basin. 

2.1. D e s c r i p t i o n  o f  t h e  s e r i e s  

The Moquegua Basin (Fig. 5) is essentially filled with 
fluvial, lacustrine and evaporitic sediments (the Mo. 
quegua Group). They are arranged in two separate se- 
quences (Lower Moquegua Formation, Upper MO 
quegua Formation), both sepaiated by a regional 
angular unconforniity. 

The Moquegua Group unconformably overlies dif. 
ferent units from Precambrian (Coastal Basal C o m  
plex) to Paleocene (Toquepala volcanics). The top oí 
the group is formed by pyroclastics (Huaylillas 
volcanics) of a Late Oligocene-Early Miocene age: 22 
to 17 ma (BELON & LEFEVRE, 1976; NOBLE et al., 
1974; TOSDAL et al., 1981; VATIN et al., 1982). The age 
of the basal unconformity is probably Paleocene 
(MAROCCO, 1984; NOBLE et al., 1985). The angular 
unconformity between the Lower and the Upper Mo- 
quegua Formation is considered by NOBLE et al. 
(1985) as the result of the 43 nia Incaïc phase. However, 
this unconl'ormiiy can be also inicrprctcd :is ihc result 
of a 30 ma tectonic event (MAROCCO, 1984; SEBRIER 
et al., 1979). This last interpretation seems to be the 
more coherent with regard to the stratigraphic and the 
tectonic correlations in the Central Andes (NOBLET et 
al., in progress). In a recent publication, SEBRIER et  al. 
(1988), in base on news radiometric studies realized on 
Bolivians rocks, suggest an age of 26-28 ma for this 
tectonic phase. 

The Lower Moquegua Formation (Fig. 5a) 

This is 150 to 300 m thick; its vertical evolution cor- 
responds to the filling of a stable depression. From bot- 
tom to top, we note a progressive transition from 
coarse-grained sediments (debris flows and proximal 
braided rivers) to fine-grained sediments (distal braided 
rivers and freshwater lakes and saline lakes). This evolu- 
tion constitutes a fining and thinning upward se- 
quence. Where the Lower Moquegua Formation is 
thickest, two sup,erimposed fining and thinning u p  
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Fig. 2. Stratigraphic and tectonic correlations of Upper Cretaceous-Cenozoic cimes in Southern Peru. 1: Marine deposits; 2: Lacustrine deposits; 3: Volcanics (lavas); 4: 
Volcanics (pyroclastics); 5: Fluvials deposits; 6: Erosion or no deposition. The black vertical lines in the column *Tectonics* indicaie the duration of the tectonic continuum. 
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CONGLOMERATES 
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9 

Fig. 3. Synthesized lithologic section of the Cuzco region Red Beds as compiled from different localities (after CORDOVA, 
1986). 

ward sequences, can be observed. They altogether in- In the central part of the basin (Fig. 5c), the forma- 
dicate a pulse of subsidence in the area located close to tion corresponds to a superposition of a number of fin- 
the faults, for example in the Caraveli region ing and thinning upward fluvial sequences. They all 
(HUAMAN, 1985) and in the Woquegua region (Fig. begin with tens of metres thick conglomerates beds 
5d). and end with fine-grained lacustrine or evaporitic 

sediments. 
In the northeastern margin of the basin, 100 to 200 

m thick conelomerate beds coarsen and thicken UD- 
The Upper Moquegua formation (Fig. 5b and 5c) 

" 1 

The Upper Moquegua Formation overlies the Lower 
Moquegua Formation by an angular unconformity. Its 
lithology is very different as well as the sequential dis- 
position. 

ward (Fig. 5b). These are interpreted as alluvial fans 
linked to the mobility of the N\V-SE trending fault 
system that limits the northeastern margin of the basin 
(MAROCCO & DELFAUD, 1985). The southwestern 
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Fig. 4. Example of the synsedinientary tectonic structure in the Cuzco-Sicuani Basin. 

margin is often covered by eolian deposits of the recent 
desertic pediment. However, along some valleys 
perpendicular to the basin axis (for example Rio 
Sihuas, Fig. 5d), the Upper Moquegua sediments reveal 
a decreasing granulometry from NE to SW: this 
margin was inactive, during the sedimentation: neither 
volcanism, nor tectonics, nor erosion. 

The whole unit shows evidence of an intense 
volcanic activity: feldspars in sandstones, floating 
pumices, water-lain and ash-flow tuffs. The amount of 
volcanic products increase from bottom to top of the 
formation. 

In the northern part of the basin (Caraveli region), 
NOBLE et al. (1985) obtained K-Ar ages of 25.5 f 1.0 

(southern part of the basin), K-Ar ages of '25.3 0.4, 
23.3 f 0.4 and 22.7 rt 0.4 ma were obtained from ash- 
flow tuffs interbedded in the Upper Moquegua forma- 
tion (TOSDAL et al., 19S1). 

2.2. G e o d y n a m i c  c o n t e x t  

The initial depression of the Moquegua Basin was 
probably formed by a Paleocene tectonic event; this 
depression was elongated and parallel to the pacific 
coast. A more or less continuous structural high 
(acoast ranges<< in Fig.. l), separates that depression 
from Pacific Ocean. The geodynamic evolution of the 
Moquegua Basin presents two different ueriods. 

.: a and 24.5 rt 0.8 ma from floating pumices and water- 
lain tuff respectively. In the vicinity of Moquegua 

The jirst peribd (Eocene and probably Lower 
Oligocene), is characterized by a lack of tectonic and 

~ 
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volcanic activity wiihin the basin as well as in the 
source areas. 

The second period (Upper Oligocene), begins after 
the 30 ma tectonic event. The dynamics of the source 
area and within the basin completely changes. In the 
northeastern margin of the basin, a superposition of 
alluvial fans proves a tectonic activity of the border 
faults. This tectonic activity induces periodical brealts 
of the topographic equilibrium. Correspondingly, in 
the central part of the basin, the fine-grained sequences 
were superposed by several conglomeratic filling-up se- 
quences (Fig. Sc). 

HUAMAN (19S5) showed - at  least in the Caraveli 
region (northern part of the basin, Fig. 5d) - that the 
continental sedimentation of Upper Moquegua For- 
mation was linked with a compressive stress 
(synsedimentary reverse faulting). In the southern part 
of the basin, the synsedimentary tectonic seems to be 
localized to the NW-SE fault system, of a probable 
reverse-dextral motion, that limits the basin to the 
northeast. 

The volcanism of the source area (actual Western 
Cordillera, NE of the basin) began during Oligocene 
(Fig. l), and increased gradually. So, the upper part of 
the basin infilling is constituted by the pyroclastic 
deposits of the Huaylillas Volcanics of WILSON & 
GARCIA (1962). 

3. Conclusions 
In the Cuzco-Sicuani Basin, as well in the Moquegua 

Basin there is a close relationship between tectonism, 
volcanism and the resulting coarse-grained sedimenta- 
tion. This rclationship docs not constitute a rule for 
rlic formation of andean intermontane basins but is 
not of casual nature either. In fact, the same reiation- 
ship exists in others basins of the Central Andes, for ex- 
ample: 

- in the Eocene red beds of the southern Bolivian 
Altiplano (MAROCCO et al., 1987; SWPERE verb. 

- in the Upper Perniian volcano-clastic Basin of 
Southern Peru, CANDIA & CARLUITO (19SS) 
which emphasize the contemporaneous occurence 
of coarse grained continental sedimentation and 
volcanism; 

- in the Cretaceous to Recent Rio Toro Basin of NW 
Argentina (S~I-I\VAI$ & SC1 IÄI:I;I<, 1976). 

The relationship between tectonism or volcanism 
and coarse-grained sedimentation is obvious. If the 
source areas are submitted to a tectonic stress, uplift oc- 
curs which induces erosion and consequent coarse- 
gixined sedimentation in the basin. A volcanism in the 
source area can result in coarse-grained in the deposi- 
tion of volcaniclasts in the basin. 

The relationship between volcanism and tectonism 
is more difficult to understand. Two geodynamic 
regimes have been determinated from out the deposits 
of the basins: 
- Periods of relative tectonic stability, corresponding 

to fine-grained sedimentation and lack of 
volcanism; 

- Periods of tectonic mobility which correspond to 
coarse-grained Sedimentation and volcanic activity. 

The volcanic products in the sedimentary basins can 
only be derived from the Upper Cretaceous and 
Eocene or Oligocene magmatic arcs (Fig. 1). In both 
basins, the synsedinientary deformation corresponds 
to a compressive tectonic stress. 

However, volcanic and tectonic phenomena must be 
considered in the scale of global geodynamics. So, the 
evolution of the andean active margin shows periods of 
tectonic and tnagnintic quietticss alternating with long 
periods of active tectonism xsociatccl with an  increasc 
of the magmatism. 
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