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New data on Tectonics of Bolivian Andes 

from a photograph by Gemini 5, and field knowledges 

by Luigi RADELLI 

To my children, who will fly 

among the planets. 

ABSTRACT : A photograph taken by Gemini 5 shows many of the basic géomorphologie 
units of Bolivian Andes, which are : the Western volcanic Cordiller.a; the Altiplano with the 
lakes of Titikaka and Poopo, and <the Sait lakes of Uyuni and Coipasa; the Huayllamarca Range; 
the Eastern Cordilleras, including Cordillera Real; and the Sub Andean Zone. The whole of 
Bolivian Andes is eut by several tectonic lines, either paraHel or transverse to the géographie 
trend of the mountain ranges, some ones of which were revealed first by the photograph taken 
from Gemini 5. The tectonic lines (Coniri, Ichilo-Achacachi, Poopo, Palca, Chacarilla, and 
Chiriquina) correspond to faults which were active ever since Paleozoic. Their existence is 
proved by précise both stratigraphie and tectonic remarks within the blocks separated by them-
selves. Of those, the Poopo Line crosses the Andean géographie trend; the Ichilo-Achacachi one 
does also that between the town of Santa Gruz on the East and the Cordillera Real on the West, 
but then it becomes paraUel to this trend. The other ones are always parallel to it. Mutual 
movements of Andean blocks separated by the indicated intersecting faults occurred during 
géologie time are studied since Silurian, and they are summarized at S 18. Spécial attention is 
paid to both Hercynian and Nevadian tectonic movements. With regard to Bolivian Andes, 
the conclusion is attained that one Hercynian cordillera existed Eastwards of the actual Altiplano, 
ano'ther Westwards of it, and a minor third one in place of Altiplano itself, Eastwards of tihe 
actual Huayllamarca Range. The second one seems to hâve been engulfed, South of Poopo Line, 
during Nevadian tectonism, .and North of that probably only during Miocène (or Pliocène), as 
well as the third one. The relationships between those blocks and the actual tectonics of 
Bolivian Andes are discussed. The tectonic features of each région hâve the same trend and the 
same bend of the nearest of the faults Coniri, Achacachi, Chacarilla, Chiriquina, and of those 
which limit the Sub Andean Zone. The tectonic outline of the cordilleras dépends on vertical 
movements, along normal distensional faults, which in process of time can be bent towards 
sagging contiguous régions, to originate some overthrust, but it does not on external pressures. 
The resulting tectonic style is quite similar to 'that of the composite wedges suggested by 
C. Migliorini for the Apennines. The raising of such structures on the other hand originates 
pressures on neighbouring, gently raised, régions, where classic tectonic patterns (true folds) 
are recognizable. 

RÉSUMÉ : Une photo prise de Gemini 5 montre la plupart des principales unités géomor­
phologiques des Andes Boliviennes, qui sont : la Cordillère occidentale, volcanique; TAltiplano 
avec les lacs Titikaka et Poopo et les lacs salés d'Uyuni et de Coipasa; la Cordillère de Huaylla­
marca; les Cordillères Orientales desquelles fait partie la Cordillère Royale; et le Sub Andin. 
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Le système andin bolivien est recoupé par un certain nombre de lignes tectoniques, soit 
parallèles soit 'transversales par rapport à l'élongation de la chaîne, dont certaines ont été 
reconnues pour la première fois grâce à la photo prise de Gemini 5. Ces lignes tectoniques 
(Coniri, Ichilo-Achacachi, Poopo, Palca, Chacarilla, Chiriquina, et celles qui séparent le Sub 
Andin) correspondent à des failles, qui ont été actives à partir du Paléozoïque. Leur existence 
est prouvée par des observations précises sur la stratigraphie et la tectonique des blocs qu'elles 
séparent. De ces lignes tectoniques, celle du Poopo est transversale par rapport à la direction 
géographique de la chaîne; celle dTchilo-Achacachi Test aussi entre la ville de Santa Cruz à l'E 
et la Cordillère Royale à l'W, mais ensuite elle devient parallèle à cette direction. Les autres 
lui sont toujours parallèles. Les mouvements mutuels des blocs andins séparés par le croisement 
de ces failles dans le temps géologique ont été étudiés à partir du Gothlandien, et ont été 
résumés au S 18. Les mouvements orogéniques hercyniens et névadiens ont fait l'objet d'une 
étude plus particulière. Pour ce qu'il en est des Andes boliviennes, il semble qu'une première 
cordillère hercynienne existait à l'E de l'Altiplano actuel, une deuxième à l'W, et une troisième 
à la place de celui-ci à l'E de l'actuelle Cordillère de Huayllamarca. Il semble que la deuxième 
ait disparu, au S de la Ligne du Poopo, au cours des mouvements névadiens, mais au N de cette 
ligne, seulement au Miocène (ou au Pliocène), en même temps que la troisième. Les relations 
entre les blocs et la tectonique actuelle des Andes boliviennes ont été aussi étudiées. Les lignes 
directrices tectoniques de chaque région présentent la même direction dt les mêmes sinuosités 
de la plus proche des failles Coniri, Achacachi, Chacarilla, Chiriquina, et de celles qui limitent 
le Sub Andin. La configuration tectonique des cordillères dépend de mouvements verticaux le 
long de failles normales de distension, lesquelles par la suite peuvent être voûtées, jusqu'à 
donner des recouvrements, vers des compartiments voisins affaissés, mais sans intervention de 
pressions tangentielles externes. Le style tectonique résultant est semblable en tout à celui des 
« cunei composti » qui a été décrit par C. Migliorini dans les Apennins. Le soulèvement de ces 
structures donne lieu d'autre part à des pressions dans les zones voisines moins élevées, où 
se forment de véritables plis. 

RIASSUNTO : Una fotografia presa da Gemini 5 mostra una gran parte délie principal! unità 
geomorfologiche délie Ande boliviane, che sono : la Cordigliera occidentale con i suoi vulcani; 
l'Altopiano con i laghi Titikaka e Poopo ed i laghi salati di Uyuni e Coipasa; le Cordigliere 
orientali, tra cui la Cordigliera Reale; il Sub Andino. L'intero sistema andino boliviano è 
intersecato da un certo numéro di linee tettoniche, parallèle e trasversali alla catena, alcune délie 
quali rivelate per la prima vol ta dalla fotografia presa da Gemini 5. Dette linee tettoniche 
(Coniri, Ichilo-Achacachi, Poopo, Palca, Chacarilla, Chiriquina, oltre a quelle che separano 
il Sub Andino dalle Ande propriamente dette) corrispondono a délie faglie in parte profonde in 
parte affioranti, alcune délie quali furono attive fin dal Paleozoico. La loro esistenza è docu-
mentata da précise osservazioni stratigrafiche e di stile tettoniche nei diversi blocchi che esse 
con il loro incrociarsi individuano. Di esse, la linea Ichilo-Achacachi è trasversale alla catena 
tra la città di Santa Cruz e la Cordigliera Reale, quindi le diviene parallela; la Poopo è trasversale, 
le altre sono parallèle aU'allungamento délia catena. I movimenti relativi dei diversi blocchi andini 
boliviani durante il tempo geologico sono studiati a partire dal Gotlandico, e sono riassunti 
al § 18. Particolare interesse è posto nello studio dei movimenti ercinici e nevadici. Per quanto 
riguarda le Ande boliviane, si conclude che una prima cordigliera ercinica esisteva all'E 
delTaCtuale Altopiano, una seconda all'W, ed una terza minore al posto di questi all'E 
dell'attuale cordigliera di Huayllamarca. La seconda sembra essersi inabissata, al Sud délia Linea 
dei Poopo, durante i movimenti nevadici, ed al Nord di questa solo al Miocène (o al Pliocène) 
assieme alla terza. Si discutono le relazioni tra i blocchi e la tettonica attuale délie Ande 
boliviane. Le linee tettoniche principal! di ciascuna regione hanno direzione parallela a quella 
délia più prossima délie faglie Coniri, Achacachi, Chacarilla, Chiriquina e di quelle che delimi-
tano il Sub Andino; e ne seguono le sinuosità. La conflgurazione tettonica délie cordigliere 
dipende da movimenti verticali lungo faglie normali di distensione, che possono in seguito 
flettersi verso zone contigue abbassate, dando luogo anche a dei ricoprimenti, ma non da 
pressioni esterne orientate. Lo stile risultante è in tutto simile a quello dei cunei composti dei 
Migliorini. Il sollevamento di queste strutture induce délie pressioni nelle zone limitrofe più basse, 
dove si sviluppa una classica tettonica a pieghe. 
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S i . — The mission of Gemini 5 (NASA) was 
photographing large areas of the earth's surface. 
Many of thèse photographs were published by 
the popular press. The présent note on the geology 
of the Bolivian Andes is based upon one of thèse 
photographs (fig. 1). Because of my extensive 
field work in this part of Bolivia, I was able to 
recognize in this photograph some important 
known and also some previously unknown géo­
logie features. I realized that some of thèse 
features could help me improve my knowledge 
of the overall geology and of the basic tectonics 
of the Bolivian Andes. Through USIS, Paris, Nasa 
provided me with original photographs. I thank 
both NASA and USIS for their courtesy. I think 
that the study of this kind of photographs will 
be useful not only in providing more objective 
knowledge of the geology of the earth, but also 
to enable us to understand the future photographs 
of planets. I hâve written this note in order to 
prove thèse assumptions, and also to continue 
to collaborate with the friends I hâve in Bolivia. 

§ 2. — Figure 1 shows the principal géomor­
phologie units of the northern and central Bolivian 
Andes. Thèse are, from left to right : the Western 
Cordillera, the Altiplano or Puna, and the Eastern 
Cordilleras. In the Altiplano Lake Titikaka, Lake 
Poopo, the Sait Lakes or Salares, and the Huaylla­
marca Range are shown. Between the Eastern 
Cordilleras, the Cordillera Real and the Cordillera 
of Quimsa Cruz can easily be recognized by their 
snowy peaks. The picture does not include the 
Sub Andean Zone or foot-hills zone which divides 
the Andes from the Eastern Plains (Llanos Orien­
tales). The unit of the Western Cordillera, chiefly 
constituted by Cenozoic voloanics, corresponds to 
•a defined geological one, but the other géomor­
phologie units do not coincide with the main 
geological and geotectonic units of the Bolivian 
Andes. 

§ 3. — The existence of some geotectonic units 
was indicated previously (L. RADELLI, 1964) on 
a stratigraphical and tectonic style basis only. A 
study of the NASA photograph of the Bolivian 
Andes confirms the attempted conclusions. This 
study, associated with field knowledge, enables us 
to give more exact détails on the extension, geolo­
gical history, and évolution of each part of the 
Bolivian Andes. 

The picture shows two still unknown tectonic 
features (fig. 2 and 3). The first of thèse is a line 
which crosses the country with a nearly NE-SW 
trend North of Lake Poopo, that I call Poopo 
Line. The following pages of this report will 
demonstrate that this line corresponds to a dip 
screen between two différent géologie blocks. The 
second unknown feature is a NW-SE fault (Acha­
cachi Fault) which is recognizable from Lake 
Titikaka to the valley between the Illimani and 
the Mururata peaks of Cordillera Real. This fault 
seems to prolong the Ichilo Fault Zone suggested 
and discussedby E. ROD (1960), which would cross 
the country first with a E-W trend, North of both 
the towns of Cochabamba and Santa Cruz and 
which would hâve produced, on the East, the 
NW-SE Chiquitos Graben. The nature of both 
Poopo Line and Ichilo Line will be discussed later. 

The Sub Andean Zone is divided from the 
Andes by a fault zone, as indicated in the geolo­
gical map of Bolivia by F. AHLFELD (1960). 

The western boundary of the Cordillera Real 
is an important fault (Palca Fault), which is 
demonstrated by a number of reverse strata and 
overthrusts. The NASA photograph indicates that 
this fault continues on the South along the western 
border of the Cordillera of Quimsa Cruz. 

The eastern boundary of the Cordillera Real is 
a recognizable fault zone only East of Ancohuma-
Illampu Massif, where the overthrusts of Cande-
laria and Yani were discovered by myself. Else-
where the crystalline rocks of the Cordillera Real 
disappear gradually under the sedimentary beds 
of the Yungas région. The line drawn in the pho­
tograph (fig. 2) on the East of both Real and 
Quimsa Cruz Cordilleras indicates the approximate 
boundary between the metamorphic rocks of thèse 
Cordilleras and the sedimentary rocks of Yungas. 

A very important fault has been followed by 
both geological and geophysical work in the Alti­
plano. That is the Coniri Fault, which is believed 
to continue both North- and South-wards (Peru, 
Argentina). In the northern part of Bolivia, 
approaching of the Lake Titikaka région, two 
other faults, which quickly take a NW-SE trend, 
branch out from the Coniri Fault. They are indi­
cated hère by géomorphologie features, which are 
recognizable also in the NASA photograph. 

West of the Coniri Fault, is the Chacarilla Fault. 
This is a low angle reverse fault, which moved 
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Fig. 1. — NASA view o£ central and northern Bolivia (for scale see fig. 2). 

{Photo USIS) 

beds from West to East (P. LJUNGGREN and 
H. MEYER, 1964). Along it numerous gypsiferous 
diapiric dômes hâve been formed. This fault is 
also recognizable on the NASA photograph, because 
it lifts, on the East, the Huayllamarca Range. On 
the western border of this Range, there is another 

reverse fault, the Chiriquina Fault, which moved 
beds from East to West. 

Thèse intersecting faults divide the country into 
a patch-work pattern, each part of which is indi­
cated in figure 3 by a letter (A, B...) and in this 
text as block A ( = Ai + A2), B, C... Letter a 



241 

Fig. 2. — Tectonic boundaries and main faults of northern central Bolivian Andes 
(for their names and précise location see fig. 3). 

{Photo USIS) 

indicates the Huayllamarca Range of block A 
(Ai + A2), and letter h another minor part of 
block A, which bas an independent history. 

In the following pages I will demonstrate that 
each block differs from the other ones in geolo­

gical constitution and history, and that mutual 
movements of thèse blocks can be recognized. 

§ 4. _ In blocks B (C?), D, and F the Silurian 
(Gothlandlan) begins with the Zapla Formation. 
That consists of a fine groundmass of massive 


