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ABSTRACT

Baby, P., Sempere, T., Oller, J. and Hérail, G., 1992. Evidence for major shortening on the eastern edge of the Bolivian
Altiplano: the Calazaya nappe. In: R.A. Oliver, N. Vatin-Pérignon and G. Laubacher (Editors), Andean Geodynamics.
Tectonophysics, 205: 155-169.

For the first time, evidence is presented of major shortening on the eastern edge of the Altiplano, in Bolivia. A tectonic
nappe showing at least 40 km of horizontal displacement towards the east is revealed at the Altiplano~Cordillera Oriental
transition (20°S). Analysis of the differences in stratigraphy, sedimentology and structure between allochthonous and
autochthonous units confirms the 40 km of overthrust. A geometric analysis of the thrust structures has been made to
interpret the three-dimensional geometry of the nappe, and a deformation sequence is suggested.

The nappe emplacement is related to the eastward transport of a large allochthonous domain during the Late
Oligocene—Early Miocene. The sole thrust of this allocthtonous domain is located in a stratigraphic unit whose three-dimen-
sional basin geometry controiled the deformation.
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The existence of the Calazaya nappe allows us to explain the exceptional thickness of the Altiplano (55-70 km) as mainly
resulting from the Neogene shortening that occurred between the Altiplano and the Cordillera Oriental. :

Introduction

The Central Andes (Fig. 1), between 10 and
28°S, are characterized by the arcuate shape of
the mountain range (the Bolivian orocline), a
thick crust (55-70 km), high relief (several sum-
mits over 6000 m) and an enigmatic high plateau
(the Altiplano) with an average altitude of 3650
m.a.s.l.. It has traditionally been considered that
the central part of the Andean Orogeny results
mainly of vertical tectonic movements. The crustal
thickness has been attributed to the effect of
magmatic addition — a fact which is still ques-
tioned. Recent work has shown the importance of

Correspondence to: P. Baby, ORSTOM, CC 4875, Santa
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crustal shortening for the development of the
structural pattern of the Eastern Cordillera and

_the Subandean zone in Bolivia (Roeder, 1985;

Sheffels 1988, 1990; Baby et al., 1989), as well as
in Argentina (Allmendiger et al., 1983). Crustal
shortening tectonics also played an important role
in the structural development of the Altiplano
(Baby et al., 1990; Sempere et al., 1990a) and
tangential movements associated with significant
crustal shortening have been demonstrated at the
contact between the Altiplano and the Cordillera
Oriental (Sempere et al., 1991).

At about 20°S (Fig. 1) this area shows an
unusual structural complexity. Field mapping and
satellite imagery analysis demonstrate the pres-
ence of some tectonic basin-shaped klippes in this
area, overlying a previously deformed domain
(Fig. 2). The klippes give evidence for a major
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Fig. 1. Location of study area within Bolivia, relative to
morphologic units of the central Andes.

subhorizontal thrust (the Calazaya thrust) and
make possible the mapping of the present-day
front of a tectonic nappe (the Calazaya nappe)
whose overthrust towards the east is at least 40
km. :

The purpose of this paper is (1) to present the
Calazaya nappe data which confirm the existence
of a major shortening below the eastern Altiplano
and the Cordillera Oriental and (2) to interpret
its peculiar three-dimensional geometry and de-
fine its regional significance with regard to the
Andean orogenesis.

Comparative study of allochthonous and au-
tochthonous units

Stratigraphy and sedimentology
Stratigraphically, the outcropping units are

practically the same in the two tectonic domains.
However, they exhibit several differences in fa-
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cies and thicknesses (Fig. 3). The stratigraphic
vertical offset between these two domains is about
2 km.

The undifferentiated Ordovician strata (pre-
Ashgillian sandstones and shales) crop out in the
autochthon and are unconformably overlain by
the Tokochi Formation (upper Caradoc?) defined
by Sempere et al. (1991). The Tokochi Formation
indicates a rapid deepening preceding the
Ashgillian~Silurian basin development which be-
comes deeper to the west of the Calazaya thrust.
It consists of 50-200-m-thick black shales with
organic matter and pyrite, characterized by an
ash-colour due to weathering. The Cancailiri For-
mation, which lies above the Tokochi Formation,
is the oldest unit (Ashgillian) present in the two
tectonic domains. In the study area, the Cancaiiiri
Formation consists of glacial-marine diamictites
with a pelitic matrix, white quartz and altered
sandstone pluricentimetric clasts, and stratified

metric sandstone blocks up to 1 m in size. These
diamictites are non-stratified with a thickness of -

about 1500 m in the autochthon where facies are
more proximal than in the allochthon; in the
southeastern outcrops of the Cancahiri Forma-
tion, the diamictite matrix becomes sandy and the
size and abundance of olistoliths increase. The
diamictites are overlain by the Llallagua Forma-
tion (Early Silurian), which consists of sandy tur-
bidites, progressively grading in to the more pelitic
Uncia Formation (Middle Silurian). The Llal-
lagua Formation, several hundreds of metres thick
in the allochthon, is only tens of metres thick in
the autochthon in the few areas where it has not
been removed before the deposition of Mesozoic
strata. Late-Silurian and sometimes Early Devo-
nian units crop out below the Mesozoic uncon-
formity to the west of the study area.

The oldest Mesozoic unit is the Ravelo Forma-
tion which consists of fluvio-eolian sandstones
considered to be Jurassic in age (Oller and Sem-
pere, 1990). In the autochthon as well as in the
allochthon, the Ravelo Formation crops out only
in limited areas where it is unconformably over-
lain by the conglomerates and sandstones of the
Condo Formation of Kimeridgian—Berriasian age
(Jaillard and Sempere, 1989). ENE~WSW-strik-
ing normal faults affecting the Ravelo Formation
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Fig. 2. Geologic map of the Calazaya area (location in Fig. 1 and Fig. 14). From Sempere et al., 1991. Sources of data: Geobol,

1,/100.000 sheets “Uyuni” and “Ubina”, 1966; J. Oller, YPFB, unpublished geological map, 1973; ORSTOM-YPFB field mapping,

1988-89; Spot and Landsat satellite imagery. I =Middle Miocene and youngers rocks; 2= Late Oligocene-Early Miocene;

3 = Kimmeridgian-Eocene; 4 = Jurassic; 5 = Silurian; 6 = Ashgillian; 7 = Ordovician; 8 = Calazaya thrust; 9 = Other thrusts.

C = Calazaya; P = Pulacayo; Tk = Tokochi; TP = Tojra Palca; Tt = Ticatica; U = Uyuni; Y= Yura. The dashed line within the
Kimmeridgian—Eocene is a guide level of Late-Campanian age.

and the first few metres of the Condo Formation
show that the Ravelo Formation is preserved in
half-grabens. The Condo Formation is the thick-
est (several tens of metres) and consists of con-
glomerates in these half-grabens, and progres-

sively seals the ENE-WSW normal faults. This
shows that an extensional tectonic event occurred
during the deposition of the Condo Formation.
Near the Turonian—Coniacian boundary, a simi-
lar but less spectacular phenomenon is observed:
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Fig. 3. Schematic stratigraphies of the allochthon and autochthon (from Sempere et al., 1991). See text.
the base of the Aroifilia Formation (Coniacian The later deposits, which mostly consist of red
red mudstones and sandstones) unconformably mudstones and sandstones (Coniacian to Pale-
overlies either the Early Cretaceous or the Paleo- ocene), are similar in the autochthon and the
ZOic. allochthon.
TECTONIC EVENTS AGES AUTOCHTHON{ALLOCHTHON
Compressive deformation Llandeilian-Caradocian X
"Ocloyic”
1
? Post-Silurian X X
Ante-Jurassic
2
Extensional deformation Kimmeridgian- X X
' "Araucan" 3 Berriasian
Extensional deformation Turonian- Coniacian ? X
"Vilcapujio™" 4
E-W trending compressive Post-Cretaceous X
deformation 5 ante-late Oligocene
N-S trending left-lateral Late Oligocene X
transcurrent deformation
6
Calazaya nappe development 7 Post-Tate Oligocene X X

Fig. 4. Chronology of the observed deformations in the studied area.
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Structure

Field work and satellite imagery analysis
(Laubacher, 1990) allowed us to differenciate at
least seven deformation stages (or periods) whose
superposition explains the structural complexity
of the geologic map (Fig. 2). Four or five of these
deformations are present in both tectonic do-
mains and two are observed only within the au-
tochthon (Fig. 4).

The Ordovician, only present in the au-
tochthon, shows a local complex folding which
does not affect the Tokochi Formation. This de-
formation may possibly correspond to the “Oc-
loyic” deformation defined in the northwest of
Argentina (Allmendinger et al., 1983) and is
probably Llandeilian—Caradocian in age (Sem-
pere, 1989).

The cartographic unconformity located be-
tween the Mesozoic and Paleozoic units (Fig. 2)
reveals a deformation which occurred between
Silurian and Jurassic times and affected the two
tectonic domains. However, the characteristics of
this deformation are difficult to define because of
the superposition of the five later deformations.

The third observed deformation is the exten-
sional tectonics which occurred during the depo-
sition of the Condo Formation (Kimmeridgian—
Berriasian), and which probably can be correlated
with the “Araucan” tectonic event (Sempere et
al., 1988).

Torja Palca

] Cretaceous
Silurian

[ Ashgillian
ordovician

The unconformity at the base of the Aroifilla
Formation, often difficult to recognize, is due to
the “Vilcapujio” extensional tectonic event
(Chavez, 1986; Sempere et al., 1988) which took
place near the Turonian-Coniacian boundary.
This deformation is observed in the allochthon
and might also be present in the autochthon.

The geological map (Fig. 2) shows that the
autochthon is essentially deformed by kilometric
elongate narrow folds with subvertical axial planes
and N-S subhorizontal axes. These folds, which
deform Paleozoic and Cretaceous units, appear
to be decapitated and overlain by the Calazaya
nappe klippes (Fig. 5). Therefore, they are prior
to the nappe and also to a N—S-treriding left-
lateral transcurrent deformation because they are
locally deformed by decametric folds with subver-
tical axes and S-symmetry. This strike-slip defor-
mation affects only the autochthon and, there-
fore, is previous to the nappe. It is recognized
also in the southern Altiplano and 1s probably
Late Oligocene in age (Baby et al., 1990).

Complex thrust structures with dimensions of
somes kilometers are observed within the au-
tochthon and are probably associated with the
thrust system responsible for the napp'e develop-
ment; they will be described later on.

This study allows us to define a chronology of
the observed deformations, which is summarized
in Figure 4 where the two tectonic domains are
compared.

5 km

Fig. 5. Structural cross-section across the Calazaya nappe where the overlap is largest (location in Fig. 2).
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Fig. 6. Field appearance of the Tojra Palca duplex (location in Fig. 2). ASH. = Ashgillian diamictites; SIL.= Silurian sandstones;
CRET. = Cretaceous sandstones and pelites. ~
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Fig. 7. Structure of the Tojra Palca duplex (location in Fig. 2). OD. = Ordovician; ASH. = Ashgillian; SIL. = Silurian; CT. =
Cretaceous.
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Geometric analysis of the thrust structures

In order to analyse the geometry of the contact
between the allochthonous and autochthonous
units, we have constructed a structural E-W-ori-
ented cross-section (Fig. 5) across the Calazaya
nappe where the overlap is largest (Fig. 2). This
cross-section shows that the Calazaya thrust cuts
not only most of the structures in the au-
tochthonous units but also those of the al-
lochthonous.

The allochthon is formed by a succession of
anticlines with Ashgillian diamictites cores and
synclines with Silurian sandstone cores, truncated
at their base by the Calazaya thrust (Fig. 5). The
anticlines are partially or completely eroded
whereas the synclines are preserved. These syn-
clines form the basin-shaped klippes which ap-
pear westward of the nappe front (Fig. 2). This
suggests that the Calazaya nappe corresponds to
a set of domes and basins transported by the
Calazaya thrust. Surprisingly, these dome and
basin structures are only observed in the al-
lochthon but do not appear either in the west of
the root zone of the nappe or in the autochthon.
For this reason, we suspect that the formation of
these domes and basins, although truncated by

the Calazaya thrust, may be contemporaneous
with the nappe development.

In the autochthon, the principal structures
truncated by the Calazaya thrust are the kilomet-
ric N-S-trending folds (Fig. 5). However, the
complex thrust structures outcropping near the
root zone of the nappe also seem to be decapited
by the Calazaya thrust. This indicates an “out of
sequence” propagation of the thrust structures
associated with the nappe development. One of
these complex structures is well exposed in the
western part of the cross-section in Fig. 5. This
structure, located in Tojra Palca (Fig. 6), repeats
the upper part of the Ashgillian diamictites and
the distinctive basal sandstones of the Creta-
ceous. These repetitions disappear to the north
below the Calazaya thrust. The detailed study of
the Tojra Palca structure (Fig. 7) shows that it
corresponds to a duplex made up of two horses.
Its floor thrust is located in the Ashgillian diamic-
tites and its roof is truncated by the Calazaya
thrust. More to the east at Ticatica (Fig. 6), the
same type of duplex is clearly exposed at the
surface (Fig. 8). It is made up of two horses
similar to Tojra Palca and situated at the front of
two thrust sheets consisting of diamictites over-
lain by Cretaceous sandstones and pelites, partly

Fig. 8. Field appearance of the Ticatica duplex (location in Fig. 2). ASH.= Ashgillian diamictites; SIL.= Silurian sandstones;
CT. = Cretaceous sandstones and pelites.
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hidden by the Ticatica klippe (Fig. 9). The cross-
section clearly shows that this small thrust system
has been cut by the Calazaya thrust. The Ticatica
klippe, consisting of diamictites and Silurian
sandstones, corresponds to the S-W limb of one
of the domes transported within the Calazaya
nappe.

Duplexes repeating the distinctive sandstones
of the base of the Cretaceous are clearly exposed

" P:BABY ET AL.

at the surface (Figs. 6 and 8), but"duplexesuc‘on;

sisting only of Ashgillian diamictites are difficuit
to ascertain. The diamictites are unstratified and
thus show no key bed. However, the presence of
unusually large thicknesses of diamictites suggests

the occurrence of duplexes as at-the front .of.the- .-

Tojra Palca duplex (Fig. 7) or the Ticatica duplex
(Fig. 9). All of these potential duplexes, with or
without the Cretaceous sandstones, produced cul-

Fig. 9. Structure of the Ticatica duplex (Location in Fig. 2). Od.= Ordovician; Ash.= Ashgillian; Sil. = Silurian; Jr. = Jurassic;

Ct. = Cretaceous.

iroat
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minations in their cover which are now invisible
because they have been decapitated and trans-
ported by the Calazaya thrust: these culminations
must thus be searched for in the frontal part of
the nappe.

Suggested deformation sequence of the Calazaya
nappe

Conclusions drawn from the geometric analysis
of the thrust structures led us to construct a
conceptual evolutive mode] (Fig. 10), using simple
graphical experiments showing the geometric
consequences of an “out of sequence” propaga-
tion of three identical foreland-sloping duplexes
(Mitra classification, 1986) characterized by a
shortening “S”. In stage 1, the first duplex devel-
ops and the displacement “S” is transferred to-
wards the foreland on the upper decollement
(A,A"). In stage 2, the second duplex forms just
behind the first one; the cover accommodates the
shortening by a horizontal forethrust which de-
capitates the first duplex and transports it for a
distance (B,B’)=S on the upper decollement

STAGE 1

previously used in stage 1. On this horizontal
thrust, during its development, a syncline whose
amplitude is only dependent on the displacement
“S” is forming between the upper parts of the
two duplexes. In stage 3, the displacement “S” of
the third duplex is transferred towards the fore-
land in the same way; the second duplex is decap-
itated and its upper part, as well as that of the
first duplex, is transported for a distance (C,C')
=S on the upper decollement. A second broad
syncline like the first one is forming between the
upper parts of the second and the third duplexes.
The final stage thus shows an important subhori-
zontal thrust separating an allochthonous domain
structured into two anticlines and two synclines
from an autochthonous domain constituted only
by a series of decapitated horses. This allochthon,
which is comparable to the Calazaya nappe, seems
to have its root at point C, suggesting an overlap
and thus an apparent offset (C,A')=(CA)+
(A,A). But stages 1 and 4 show that the real
offset is only (A,A’) =3 S, i.e., the total shorten-
ing in the three duplexes. (C,A) corresponds only
to the length of the series of truncated horses.

STAGE 2

STAGE 3

STAGE 4

33

Fig. 10. Geometric consequences of an “out of sequence” propagation of three identical foreland-sloping duplexes (Mitra
classification, 1986) characterized by a shortening “S”.
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The anticlines and synclines of this type of
nappe can correspond to domes and basins. Du-
plex structures such as foreland-sloping duplexes
can cause important culminations, and excellent
examples are known where contoured duplex
thicknesses show a series of domes and basins
(see Boyer and Elliott, 1982), In order to illus-
trate this phenomenon geometrically and, thus,
explain the Calazaya nappe structure, a block
diagram is presented (Fig. 11). It shows an “out
of sequence” propagation of foreland-sloping du-
plexes which develop in an incompetent unit like
the Ashgillian diamictites, with a cover consisting
of a competent unit like the lowermost Silurian
sandstones. Figure 11A represents the Calazaya
nappe in its deformed state. The last-formed
duplex is situated in the rear part, while the other
ones are decapitated and their upper parts trans-
ported forward, as in the evolutive model of
Figure 10. At the surface, the cover is deformed
into unfaulted domes and basins produced by the
development of the duplexes. The domes have
disappeared owing to erosion (Fig. 11B), and

P.BABY ET AL.

large surface areas of incompetent units are ob-
servable (like diamictites) where, sometimes, the
decapitated horses of the autochthon and the
transported horses of the allochthon are mixed-
up. In the frontal part, above the horizontal
thrust, only the synclinal basins are preserved,
forming klippes like those of the Calazaya nappe.

From these conceptual models of evolution
(Figs. 10, 11A, 11B) explaining the structuration
of the Calazaya nappe and its corresponding au-
tochthonous units, we suggest a schematic defor-
mation sequence (Fig. 12) for the structural ge-
ometry of the cross-section of Figure 5.

The initial stage of Figure 12 is characterized
by the km-sized elongate narrow N-S-trending
folds locally deformed by the N-S-trending left-
lateral transcurrent deformation prior to the
nappe formation. From east to west, the Creta-
ceous sandstones unconformably and successively
overlie the Ashgillian diamictites and the Silurian
sandstones. In stage 2, the first foreland-sloping
duplex (a) develops; its floor thrust corresponds
to the base of the Ashgillian diamictites and its

Fig. 11. (A) Block diagram showing an “out of sequence” propagation of foreland-sioping duplexes which develop in an
incompetent formation like the Ashgillian diamictites, with a cover consisting of a competent formation like lowermost Silurian
sandstones. (B) Block diagram of Fig. 11A after the erosion of domes.
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Fig. 12. Schematic sequence of deformation, based on the cross-section in Fig. 5.
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roof thrust is located at the Asghillian diamic-
tite—Cretaceous sandstone interface. The short-
ening in this duplex is accommodated by a sub-
horizontal forethrust (Calazaya thrust) which de-
capitates the previous large N-S-trending folds.
In stage 3, the first foreland sloping duplex (a) is
decapitated by an out of sequence thrust (b)
which prolongs the Calazaya thrust backwards.
Further towards the west, the Tojra Palca duplex
(c), where the Cretaceous sandstones are involved
in the horses, develops independently. Stage 4 is
characterized by the development of an impor-
tant foreland-sloping duplex (d) involving the
Ashgillian diamictjtes and whose cover consists
here of Silurian sandstones. The shortening in
this duplex, producing two culminations (d’) in
the Silurian sandstones, is accomodated by a
forethrust which decapitates the Tojra Palca du-

P. BABY ET AL.

plex (¢) and the ramp anticlines (b'), before
transporting them on the Calazaya thrust. Stages
5 and 6 are repetitions of stage 4, where two
other foreland-sloping duplexes (e, f) comparable
with the earlier one (d), but with different geome-
tries, prolong the Calazaya thrust backwards. At
the end of stage 6, the Calazaya nappe overlap is
about 350 km (E,A), whereas its offset is about
255 km (A,A). In stage 7, there is no more
duplex development but an important out of se-
quence thrust climbs upward through the section
from the sole thrust. This major thrust decapi-
tates the culminations (f') of the westernmost
duplex (f) and part of Calazaya nappe (G,G),
before transporting them on the Calazaya thrust.
The Calazaya nappe offset increases thus by 18
km; its total displacement is about 41.5 km. At
present, the frontal part of the nappe, composed

149

123

ekeze
ANOZ

Fig. 13. Position of the Calazaya nappe within the Bolivian orocline (from Sempere et al., 1991). Fine dotted line: boundary of the

present-day endoreic Altiplano basin; framed: location of Fig. 14. FLIA = Intra-Andean Boundary Fault; CANP = Main Andean

Thrust; CALP = Main Altiplanic Thrust: SFK = Khenayani Fault System; FSV = San Vicente Fault; LP =La Paz; SC = Santa
Crus; OR = Oruro.
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of Cretaceous sandstones and shale culminations,
has been eroded, and the root zone essentially
made up of diamictite horses is not outcropping.
Only the reconstruction of the different stages of
evolution has allowed us to define them.

Regional significance and paleogeographic con-
trol

At the scale of the Bolivian orocline (Fig. 13),
the Calazaya nappe occurs at the junction of the
east-verging Main Altiplanic Thrust (Cabalga-
miento Altipldnico Principal = CALP) with the
Khenayani Fault System (Sistema de la Falla de
Khenayani = SFK) (Sempere et al., 1991). The
Calazaya thrust shows thus that the CALP-SFK
system is characterized by an eastward displace-
ment of up to 41.5 km (see Fig. 12) in its central
part.

The presence of this major east-verging thrust
system allowed us to search for its correlative
foreland deposits. Two sedimentary basins filled
by fluviatile red-bed deposits of Late Oligocene—
Early Miocene age extend along the CALP-SFX
system (Fig. 14): the western part of the Lipez
Basin corresponds to the SFK-foreland basin
(Baby et al., 1990) and the Bolivar-Mondragon
Basin to the CALP-foreland basin (Sempere et
al., 1986). Several piggyback basins, such as the
Pulacayo Basin, appear to have developed at the
same time in the western part of the Calazaya
thrust and the SFK (Figs. 2 and 14). Thus, the
CALP-SFK system is active in Late Oligocene-
Early Miocene time (Sempere et al., 1989; 1991;
Baby et al., 1990).

On the southern Altiplano (Fig. 14), it has
been demonstrated that the geometry of the
Khenayani Fault System (SFK), whose sole thrust
is also located at the base of the Ashgillian di-
amictites, was controlled by the geometry of the
eastern margin of the Ashgillian-Silurian basin
(Baby et al., 1990). This paleogeographic controt
seems to continue to the north, where the geome-
try of the Calazaya nappe could reflect the geom-
etry of the continuation of this paleomargin
(Sempere et al., 1991). This is confirmed by the
presence of proximal Ashgillian facies in the au-
tochthon whereas, in the western part of the

. \
drainage ¢
divide—

%)
Fig. 14. Structural setting of the Calazaya area (framed).
(Location in Fig. 13). Dotted areas: Late Oligocene—Early
Miocene foreland basins of the CALP-SFK system, and minor
piggyback basins. CALP = Main Altiplanic Thrust; SFK =
Khenayani Fault System; FSV = San Vicente Fault.

Calazaya nappe, the facies of the same formation
are thicker and representative of a deeper depo-
sitional environment. Thus, the three-dimen-
sional geometry of the Ashgillian diamictites,
where the sole thrust of the SFK and Calazaya
duplexes is located, seems to have controlled the
geometry of a large part of the CALP-SFK sys-
tem.

Discussion and conclusion

The eastward displacement of the Calazaya
nappe is mainly due to the accomodation of the
shortening in a series of foreland-sloping du-
plexes, successively decapitated by the Calazaya
thrust and now located in the roof zone of the
Calazaya nappe (see Fig. 12). Thus, the Calazaya
thrust is characterized by a displacement of about
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41.5 km of which 23.5 km results from the accom-
modation of shortening in these duplexes. With-
out a detailed study of the nappe and the du-
plexes and without applying an addition of the
shortening in the nappe and duplexes would give
an unrealistically large estimate of shortening.
The overlap of this type of nappe can also be
misleading: as we have seen in stage 6 of Figure
12, the overlap can be more important than the
offset because the basal overthrust of the nappe
has a foreward displacement but is progagating
backwards at the same time.

The Calazaya nappe can be considered as the
illustration and definition of a2 new type of thrust
system, which confirms the importance of du-
plexes in fold-thrust belts, as already emphasized
by many authors during the past ten years {Suppe,
1980; Price, 1981; Jones, 1982; Boyer and Elliott,
1982; Mitra, 1986; Morley, 1986; Banks and War-
burton, 1986; Kulander and Dean, 1986; Dunne
and Ferril, 1988).

The Calazaya nappe occurs at the junction of
the east-verging Main Altiplanic Thrust (CALP)
with the Khenayani Fault System (SFK) (Fig. 3).
It is here that this fault and thrust system is the
most developped, with a shortening of about 42
km in only one structure. The first structure of
this kind observed in the Bolivian Andes, the
Calazaya nappe may have developed during the
Late Oligocene—Early Miocene; the Bolivar—
Mondragon and Lipez basins are the foreland
basins of the CALP-SFK (Fig. 14). Paleogeo-
graphic structure controls the geometry of the
nappe as well as its limits, but this nappe is due
to a significant shortening of the crust. This
shortening, due to the functioning of the CALP-
SFK, is coeval with the Late Oligocene~Early
Miocene major tectonic crisis defined by Sempere
et al. (1990b) in Bolivia. This crustal shortening
explains the crustal thickening below the Oriental
Cordillera and the Altiplano.
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