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RESUMEN. Paleogeogra/ia dinámica de la cuenca jurásica anilina: diseño de la transgresión y localización de los principales 
estrechos a iruvés del arco magináiico. La evolución paleogeográfica de la cuenca de retroarco andina jurásica es examinada a escala 
global en los Andes Centrales. En este trabajo, se llama la atención sobre la continuidad y la persistencia del arco volcánico activo. 
Evidencias sedimentológicas, tanto directas como indirectas pemiiten localizar el borde occidental (insular) de la cuenca opuesto at 
borde oriental (cratónico). Un énfasis especial es puesto en los depósitos volcaniclásticos y estructuras sinsedimen tari as asociadas 
con este borde insular. Se concluye que la actividad del arco magmático ha contribuido considerablemente en el suministro de 
sedimentos a la cuenca. La extensión y continuidad del arco permite ubicar los estrechos que conectaban con el Paleopacifíco. Una 
verificación sistemática de la edad de las transgresiones acoplada con un análisis de facies secuencia! provee una perspectiva 
dinámica del proceso transgresivo. Los sectores con una ingrcsión temprana permitieron distinguir dos golfos principales del pasaje 
a través del arco, en los cuales el mar avanzó longitudinalmente al mismo tiempo tanto hacia el norte como al sur, en un surco 
profundo de retroarco: el primero a la latitud de Taltal (25°S). y el segundo a la latitud de Curepto (35°S). Ambos se iniciaron en el 
Triásico y se extendieron durante el Hettangiano. La evolución como cuencas separadas (Tarapacá and Aconcagua-Neuquén) 
finalizó con la fusión en e! Pliensbaquiano medio dando lugar a una cuenca continua y alongada desde el Chubut hasta el norte de 
Perú. La remarcable continuidad y lo angosto de la cuenca andina no deja dudas de su control tectónico. Esto configura su ambiente 
geotcctónico como una típica cuenca de retroarco adyacente a un arco magmático muy activo y explica la extrema movilidad de su 
margen insular caracterizado por una enomie oia volcaniclástica con flujos de detritos y turbiditas asociadas. 

Palabras clave: Cuenca andina. Jurásico, Arco volcánico. Paleogeografía. Margen insular. Retroarco. 

ABSTRACT. The paleogeographic evolution of the Jurassic Andean retroarc basin is exaniined at a global scale for ihe Central 
Andes, lii this paper, it is eallcd for the striking continuity and lasting of the active volcanic are. Both direct and indirect 
sedimenlologic c\idences allow to lócate the western border (insular) of the basin and opposite it with the eastem border (cratonic). 
Lmphasis is placed on the volcaniclastic deposits and synsedimentary structures associated with this insular border. l l ís concluded 
that ihe are magmatic activity bas contributed considerably in sediment supply to the basin. Extent and continuity of the are 
iniplies to lócate the straits connectíng with the Paleopacific. Systematic check of the time of transgressions coupled with 
sequenliaJ facies analysis provides a dynamic outlook of [he transgressive process. Sectors wrth early transgression aííow to 
distinguish two main gulfs of passage through the are from which waters have progressed lengthwise at the same time northward and 
southward in a narrow retroarc furrow : ihe first at latitude of Taltal (25°S), the second at latitude of Curepto (35°S). Both initiated 
in the upper IViassic and extended during the Hettangian. The evolution as sepárate basins (Tarapacá and Aconcagua-Neuquén) 
cnded by fusión in iniddie Pliensbachian giving rise lo a continuous elongated basin from Chubut to northem Perú. The remarkable 
coiitiiuiií}' and narrowiiesí; of ihe Andem Basin leaves no doubt about its teclouic control. This síems to i(s geotectonic setting as 
a typical retroarc basin adjacent to a very active magmatic are and explains the extreme mobility of its insular margin characterized 
by a huge voleanoclastic apron with associated debris flows and turbidiles. 

Kej words: Andean basin. Jurassic. Volcanic are. Paleogeography, Insular margin. Retroarc. 

Introduction 

Cri t ica l analyses o f recent paleogeographic maps o f the 
N e u q u é n Basin marine Jurassic (Riccardi 1983, Rosenfeld 
1983, Gulisano 1992, Legarreta and Liliana 1996) show large 
differences between the known eastem (cratonic) and wes
tern (insular) margins. Whilst the eastem margin is rather wel l 
delineated through time, the western margin remains uncertain 

and variable according to different authors. Maps usually 
show a basin open to íhe west where communicatton wi th the 
Pacific Ocean is barely interrupted Jocally by the Jurassic 
volcanism o f the Chilean Coastal Cordillera (see Riccardi 1983, 
fig. 12), But, fo l lowing ideas anticipated by Chotin (1976) and 
la id out by D i g r e g o r i o el a!. ( 1984 ) , the basin is g iven a 
retroarc position. The oniy map depicting a western border o f 
the basin was published by Riccardi and Gulisano (1990, their 
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fíg. 2) , based on the present-day d i s t r i b u t i o n o f mar ine 
Jurassic (Araucanian Synthem), it has no paleogeographic 
¡inphcations. 

In our opinión, all these schemes diminish the importance o f 
the volcanic are that during the Jurassic l imited the basin on 
the west. However , the concept o f a Mar ianas- type arc-
backarc system characterising the active western margin o f 
the South American continent, has been widely accepted due 
to the studies o f C o i r a et al. ( 1 9 8 2 ) , D a v i d s o n ( 1 9 8 4 ) , 
Mpodozis (1984), and Mpodozis and Ramos (1990). The first 
paleogeographic sketch map cons ide r ing a w e l l d e f í n e d 
magmatic arc-retroarc basin pair Ís that o f Hallam et al. (1986) 
but his was for the Tithonian. In fact, the only maps picturing 
genuine c o n t i n u i t y o f the v o l c a n i c are a l o n g the ent i re 
Andean margin dur ing the Jurassic are those o f Zambrano 
(1987. his flg. 2), Urien c/íí / . (1995. their fig. 5) and Pindell and 
Tabbut (1995, their f ig . I and 2) . A t regional level must be 
mentioned the facies assemblage map presented by Prinz 
(1986, his f ig.2) for the Bajocian by latitude 21 °-25 ' 'S o f the 
chi lean Nor te Grande. There is aiso the i n d e f í n i t e repre-
sentation by Legarreta and Uliana (1996, their f ig . 9c) in their 
paleogeographic reconstruct ion for Pl iensbachian-Lower 
Toarcian o f pyroclastic and volcanics west o f N e u q u é n Basin 
at the frontier wi th Chile by latitudes 38°-39°S . 

'fhis is due to three main reasons: 
1) Accessibi l i ty: The succession showing the relationship 

between the Chi lean vo lcan ic and the Argen t inean sedi-
mentary series south o f 33''S, is located along the Principal 
Cord i l l e ra frontier, i.e., in the highest á r e a w i t h the most 
difficult access. 

2) Tectonic: A s a result o f the detachment o f the Andean 
series o f the external fo ld and thrust beit at the level o f the 
Oxfordran gypsum (Vicente 1972: Cristal l ini 1996), the pre-
Oxford ian Jurassic is underrepresented towards the west. 
Exceptions are some Ca l lov ian -Oxfo rd ian tectonic sheets 
found at the base o f soine gypsiferous diapirs (González 1963, 
Thiele 1980,Vicente, 1972, Ramos 1985 a, b, Godoy 1993, Ra
mos c'/£//., 1993, Alva rez 1996 a, b, c, Alvarez e/a/. 1996, 
Pangare et al. 1996, Buhier et al. 1996) or related to some 
basement highs on w h i c h the Jurassic has been preserved 
(e.g. Cordillera del Viento, Portezuelo Ancho) . Furthermore, 
w i t h i n the Andean belt, the Argen t ine -Ch i l ean boundary 
región ¡s characterised by the Chilean volcanic succession 
overthrusting towards the east the Argentinean sedimentary 
succession. Due to this " M a j o r Andean overthrust ing" ( V i 
cente 1970. 1972, 1993 and 1998) most o f the western ha l fo f the 
retroarc Andean Basin is tectonically overprinted. 

3) St ra t igraphy: O n the C o r d i l l e r a n Chi lean slope, the 
Andean successions are unconformably covered, towards the 
west and up to the coast, by the t h i c k Upper Cretaceous 
(Viñita Fonnation), Tertiary (Abanico Formation) and Miocene 
(Farellones Formation) volcanogenic successions that form 
the so called "Andean syncl inorium". 

In spite o f these l imitat ions, the boundary región south o f 
33''S seeins to be a key á r e a to solve problems o f paleo
geographic and tectonic relationships between the Chilean 
and Argentinean successions. Further north, the obl iqui ty o f 
the Jurassic paleogeography (NNW-SSE) wi th respect to the 
present day morphostructural direct ions (N-S) , places the 
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transitional zone w i t h i n the Chilean slope, where, due to the 
basement fo lds , the Jurassic is exposed i n several belts, 
offer ing addit ional solutions to those found in the southern 
región. 

The aim o f this paper is to analyse the facies at the boun
dary be tween A r g e n t i n a and C h i l e , t o g e t h e r w i t h the 
l ong i tud ina l changes in age o f transgressions and regre-
ssions. Recognition o f the relative continuity o f the Jurassic 
volcanic are, locat ion o f some major straits through it and 
typif icat ion o f the transgressive and regressive patterns w i l l 
improve our knowledge o f the Andean Basin dynamic. 

The starting point o f this study is our detailed unpublished 
analysis o f the H i g h Cord i l l e ra o f San Juan and Mendoza 
between latitudes 31 °30" and 3 3 ° 0 0 ' S (F ig . 1, 2 and 3a, b), 
where importan! east-west facies changes are evident (Fig. 4) 
wi th in a relatively complex tectonics. This has made us aware 
o f the limitations of the lithostratigraphic nomenclature ofthe 
N e u q u é n Basin and the preference o f using instead ages and 
facies sequences (Vicente 1975). That is why in the fol lowing 
we w i l l speak quite exclusively o f facies and ages and w i l l 
m e n t i o n fo rmat ions j u s t for I n f o r m a t i o n . A s 1 t h i n k , the 
complexi ty o f regional stratigraphic nomenclature does not 
c o n t r i b u t e to c l a r i f y the t o p i c and of ten has a ch rono-
stratigraphic overtone that may be harmful for the charac-
te r iza t ion o f d iachronous events. So that, we refer those 
interested by more details on Üthostrat igraphy to the Riccardi 
and Damborenea (1993)'s Jurassic Stratigraphic Lex icón o f 
Argentine and also the updated Legarreta and Liliana (1999)'s 
Chronostratigraphic Jurassic Charts for the M a i n Cordillera 
and N e u q u é n Basin. 

In the process we w i l l proceed systematically, starting from 
the studied á rea , w h i c h benefits f rom detailed microfacles 
analysis, and then extending progressively the discussion to 
adjacent á r ea s . Informat ion on these á r e a s is not only from 
bibliography, but also from personal observations, especially 
wi th regard to sedimentological features. 

Figure 1 depictes the main morphostructural units o f the 
western part o f the Cordi l le ra and the á r e a s covered by the 
various paleogeographic maps included in this paper. Limits 
o f the geographic regions o f Argent ine , Chi le and Perú are 
also drawn. It is wor th ment ioning that the main áreas o f the 
Principal Cordillera are usually named after a city or after one 
o f their drainage systems. 

Concerning the paleogeographic maps, they are in strati
graphic order despite the fact that reasoning and extra-
polation from the study á rea lead often to mention them in a 
different order insofar as generalization proceeds from the 
wel l -known to the least-known. As for the various scales used 
in the maps, they reflect the different degrees o f knowledge 
and generalization for the specified stages. 

Permanence and continuity of the andean volcanicarc 

Indirect evidence: the High Cordillera of San Juan and 
Mendoza 

In this región (31 ° 3 0 ' - 3 3 ° S ) , it is possible to sepára te (Fig. 
4), eastem successions (Espinacito, Los Erizos, and Los Sa-
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Figure 1: Locality map showing main Andean morpho
structural units of interest and áreas covered by paleo
geographic maps included in this paper. Distinctive Main Cor
dillera (= Principal or Western Cordillera) is hachured; CR^ 
Coast Range; CV= Central Valley; Limits of Provinces 
(=Departments or Regions) of Argentine, Chile and Perú are 
also indicated. 
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Figure 2: Distribution of marine Jurassic 
outcrops of the Andean Basin belween latitudes 
30° and 36°S and localion ofthe study área of 
the High Cordillera of San Juan and Mendoza as 
well as the complementatry áreas of Los Pingos 
and Nacientes del Teño. 
A special pattem is used for the complementary 
volcanic and volcanogenic outcrops ofthe Coast 
Range which include moreover Upper Triassic 
series. 
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Figurtf 3: a) Marine Jurassic ouicrops in the High Cordillera of San Juan and Mendoza; b) Main Jurassic coast Unes on the eastem (cratonic) border 
ol'thc Andean Basin between latitudes 31°25' and 33°S. 
] : Pliensbachian : 2: Lower Toarcian : 3: Upper Toarcian : 4: Aalenian ; 5: Bajocian ; 6: Callovian ; 7: Lower Oxfordian ; 8: Upper Oxfordian ; 
Continuous line: transgressive : Dashed line: regressive.Note that spacing of coast Unes indicates a gentler slope in the Nortb than in the South. 
Moreovcr. Oxfordian coast lines in Puente del Inca área are transgressive with respect to Bajocian ones. 

pos types) that i nd í ca t e the basin's eastern border, f rom a 
western belt o f outcrops (Ahna Negra type) wi th deeper facies 
characterised by eariy transgression and late regression. This 
belt o f deeper facies is tentat ively considered as represen-
ta t ive o f the basin axis , in spite o f uncer ta in t ies on the 
ampli tude o f over thrus t ing invo lved in the Major Andean 
Overthrust (Vicente 1993 and 1998) and on the overprinted 
proport ion o f the basin. A lva r ez (1997) recorded also lon
gitudinal facies changes for the Los Patillos Formation. 

Figures 3a, b and 4 summarise the principal results on this 
á rea and the resulting paleogeographic probiems. Bes ídes the 
clear nar rowing o f the basin towards the north, the defmed 
facies belts establish clearly the eastern border, but does not 
i n d í c a t e the wes tern m a r g i n . T h i s leaves the i m p o r t a n ! 
ques t ion o f the r e l a t i o n s h i p s w i t h the r emo te Jurassic 
volcanics o f the Chilean coast (Thomas 1958, Vicente 1976) 
(Fig.2). 

However, some indirect evidence o f the existence o f an ac-
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Figure 4; Marine Jurassic type-scries of the High Cordillera of San Juan and Mendoza: E-W facies variations on the cratonic border. 
I : Conglomerates and coarse sandstones (litharenites); 3: Fine sandstones M/ith calcareous cement {bioclastic sublitharenites); 4: Cross-bcdded sandstones ; 5: Bioclastic sandstones ; 6: Sandy 
calcarenites (spariíes); 7: Bioclasíic calcareniícs (biosparuditcs, biosparites); 8: Oohthic and pisolithic calcarenitcs (oosparites, oncosparites); 9: Nodular calcilutites (pelmicrites and 
fossiliferous micritcs); 10: Dolomitcs (dolosparites); 11: Calcilutites (micrites); 12: Lutites and siltites ; 13: Gypsum and anhydrite; BA: includes Bajocian and Bathonian stages. S 
Note significance of facies iransverse changes which impose to difterentiatc 5 typc-scries in less than 15 km, and the limitations of lithostratigraphic nomenclature. In fact, only the type-serie ^• 
V bas some analogy with the classical Neuquén succession. ^ 

!5 
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tive volcanic are immediately to the west o f the área indicates 
the western border o f the basin. Thus, the thick Kimmeridgian 
continental conglomerates ( R í o Damas Format ion) , w h i c h 
overlie the western marine series (Río de los Teatinos, Arroyo 
Cencerro, A r r o y o de los Gemelos, etc.), attest to the e ros ión 
o f a very important andesitic volcanic are and topographic 
high located more to the west. Fur thermore , this are was 
located on a pre-Andean basement, as indicated by some 
typical late Late Paleozoic p¡nk hololeucocratic granite clasts 
collected in the detritus (Mpodozis et al. 1976). 

Direct evidences 

O n the contrary, d i rect evidences o f an act ive Jurassic 
volcanic are are present in the neighbourhood o f Los Pingos 
( 3 r S ) and Nacientes del Teño (35°S) i.e. on both sides o f our 
study área (Fig. 2). 

Nacientes del Teño área: A t the latitude o f the Cordillera de 
Curicó (35°S) there are two major facies belts (Davidson 1971, 
Davidson and Vicente 1973, Davidson 1988). 

The eastern facies are deve loped on the A r g e n t i n e a n 
slope, where the R í o A tue l á r e a is the most representative 
(Groebere/úf/. 1952, Volkheimer 1970, Riccardi etal. 1988 and 
1991). The classical succession has a l i thology similar to our 
A l m a Negra type. It shows a Late Triassic - Early Jurassic 
transgression, a l ower de t r i t i c sequence ( C u y o Group ^ 
L o w e r - M i d d l e Jurassic) and an upper carbonatic sequence 
( L a Manga Format ion = Oxford ian) . The detri t ic material , 
mostly coarse at the base (conglomerates) and f in ing to the 
top (fine sandstones, siltstones and pelites), has its exclusive 
source in the e r o s i ó n o f the eastern fo re l and basement 
(Pe rmo-Tr i a s s i c v o l c a n i c s and D e v o n i a n g r a y w a c k e s ) 
(Volklieimer 1970). 

The \yestern facies are represented on the Chilean slope o f 
the internat ional boundary, where they crop out due to a 
basement high in the headwaters (Nacientes) o f the Río Teño, 
fhe Nacientes del T e ñ o Format ion ( K l o h n 1960) is very 

different f rom the previous succession (F ig . 5). It is charac
terised below by an Aalenian late transgression (Davidson 
and Vicente 1973), and by facies w h i c h , in the Bajocian , 
consist o f a voleanoclastic set o f breccias, andesitic gray
wackes and greenish tuffaceous microconglomerates w i t h 
pyroclastic turbidites, slumps and olithostrome levéis wi th 50 
cm large exot ic b locks o f andesites (Dav idson 1971 , his 
photograph 5) . The voleanoclastic material o f this western 
facies, as w e l l as i ts g r a n u l o m e t r i c g rad ien t , decrease 
easlwards, indicating an impoi lant western volcanic activity. 
Direct ion o f slumps also shows steep slope to the east, /. e., 
toward the basin axis (Davidson 1988). A l l this, together wi th 
late transgression, indicates that the Nacientes del Teño fa
cies belong to the relatively unstable basinal western margin, 
and represent the transition to an emergent á r ea - abundant 
plant remains — wi th active volcanism. 

Los Pingos área: To the north (F ig . 2) , at the latitude o f 
Cordillera de Ovalle (3 1°S), the basin's western inargin was 
w e l l defined d u r i n g the Aa len i an ( M p o d o z i s et al. 1973, 
Mpodozis 1974, Rivano 1975 and 1980). A t that time, the rather 

narrow basin (12 - 15 k m ) was almost completely fdled by 
flows o f porphyritic andesites, partiy submarine (p i l low lavas) 
and by a coarse volcaniclastic set o f breccias, conglomerates 
and flows coming from the Northwest (Rivano 1975, Rivano 
and Mpodozis 1976) (Fig. 6) . These deposits are clear diffe
rent f r o m those c o m i n g f r o m the east, w h i c h cons i s t , 
exclusively, o f pre-Andean granitoids and rhyolites. 

Trace of the Jurassic Andesitic Volcanic Are 

The fact that on both sides o f our study á r e a the western 
marg in o f the Andean basin shows t h i c k andesit ic vo lca -
niclastics coming from the west supports the existence o f a 
Jurassic andesitic volcanic are as wes tern f r inge o f the 
Andean basin. The problem is to know the extent o f such are 
along the Central Andes (18°S - 43°S) . 

Norlh 

The flrst markers as indirect evidences occur at the latitude 
o f C o r d i l l e r a de Vallenar, where H i l i e b r a n d t ( 1 9 7 3 ) and 
H i l l e b r a n d t and Westermann ( 1 9 8 5 ) descr ibed Ba joc ian 
po rphyr i t e s , andes i t ic breccias and tu f f s in the wes tern 
succession (Quebrada La Totora or C h a n c h o q u í n , 2 8 ° 4 5 S). 
A long the Río del Carmen, Nasi eí al. (1990) described in Que
brada El Verraco (29°05 'S) and Quebrada Guachacán (29°22 'S ) 
an andesitic volcanic sequence (Verraco Strata) Intercalated 
by some f o s s i l i f e r o u s l i m e s t o n e s w h i c h y i e l d e d an 
Ammonoidea indet., what suggests a Liassic volcanic activity 
in the r e g i ó n . A t the lati tude o f Precordi l le ra o f C o p i a p ó , 
Toarcian-Bajocian andesitic conglomerates in the Quebrada 
A m o l a n a s ( 2 8 ° S ) (Jensen and Vicen te 1976) , as w e l l as 
volcanic sandstones and sandy calcarenites w i t h abundant 
volcanics in the Callovian o f Quebrada Paipotito (27°S) (Cis
terna and Vicente 1976), have been recorded. Immediately to 
the west are Bajocian flows o f porphyric andesitic breccias ¡n 
the sedimentary volcanics o f Sierra de Fraga (Davidson et al. 
1976). 

I t is in the coastal á r e a o f the "Nor te Grande" where the 
most representative exposures are present. Conforming w i t h 
the oblique al ignment o f the Jurassic paleogeography w i t h 
respect to the present day morphostructural units, most o f the 
Coastal Cordillera north o f Taltal ( 25°24 'S ) is formed by a thick 
andesitic succession, attesting to the act ivi ty o f this are. This 
is the famous La Negra Formation ( G a r c í a 1967), very w e l l 
developed in the Antofagasta r eg ión ( 2 3 ° 4 5 ' S ) , where it is 
more than 10.000 m thick w i t h altemating flows o f andesites, 
mafic andesites, a l ka l í ne basalts and interbedded volcanic 
breccias, agglomerates and volcanic arenites. This impressive 
Lower-Late Jurassic formation shows intermedíate volcanism, 
e v o l v i n g f rom t h o l e i i t i c to ca lca lka l ine and a lka l ine and 
at test ing to an act ive subduc t ion zone ( M a r i n o v i c et al. 
1995). This are gives ful l support to the ñ a m e L a Negra Are 
(Cisternas and Vicente 1976, Jensen et al. 1976). Furthermore, 
considering that at the latitude o f Taltal the arc's borders are 
well established: immediatly SW o f Taltal, in Playa Los Bron
ces ( 7 0 ° 3 2 ' W ) , the ma in volcanic sequence lies on volea
noc las t i c sediments w h i c h y i e l d e d Arnioceras sp. and 
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Figure 5: Marine Jurassic outcrops and type-serie oCthe Nacientes del Teño área (adapted from Davidson. 1971). The secíion is representative or (he vveslem Nacimiento-Vergara sector. o 
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Coronicei-as sp, o f Lower Sinemurian age (Covacevich 1985), 
while the eastem border is at the meridian o f Sierra Candeieros 
(69"27'W), where Naranjo and Covacevich (1979) described 
t lows o f porphyr ic andesites w i t h p i l l o w structures i n the 
Bajocian-Callovian, we conclude that the are width is c ióse to 
100 km. 

South 

Important pyroclastic material , characterising the Early-
Middle Jurassic, exists in the Chacay Melehue área (70°35 'W, 
37*̂ 1 5'S). south o f Cordil lera del Viento (Zol lner and A m o s 
1973, Rosenfeld and Volkheimer 1980, Gulisano and Gutiérrez 
Pleinil ing 1995, S u á r e z and De La Cruz 1997). It consists o f 
true pyroclastic turbidites w i t h numerous slumps and levéis 
w i ih andesitic olistoliths (Rosenfeld and Volkheimer 1980). A 
few measureinents o f s lump folds indicate a slope to the 
south-east. In the Aalenian there are channelized bodies o f 
massive sandstone and microconglomerates , besides dish 
structures and the orientation o f the oblique bedding indicates 
a paleocurrent direction towards the south-east. A l l this, and 
the proximal facies confirm the proximit\  to the west o f the ac
tive volcanic are. Furthermore, immediately ío the west (Arro
yo M i c h i c ó and Chacay Melehue á rea) porphyrit ic volcanic 
f iows are in terbedded i n the L o w e r Jurassic succession 
(Zollner and Amos 1973, Gulisano and Gu t i é r r ez P le imi ing 
1995). 

A t the latitude o f R io A g r i o , near L o n c o p u é ( 7 0 ° 3 5 ' W , 
3 8 ° S ) , there are impor t an t pyroc las t i c f l o w s w i t h i n the 
Callovian, Including fluxoturbidites and olistostrome levéis 
with inibrication o f clasts indicating a western or northwestem 
origin (Rosenfeld and Volkheimer 1980). 

Chotin (1975) reported andesitic breccia f lows w i t h p i l low 
siiLictures, interbedded in Middle Jurassic strata, at the 39° S 
latitude, Immediately to the east o f Lago Aluminé , in the Cerro 
Mallín de los Caballos section (71' '45'S), and further north in 
LonqLiimay ( 3 8 ° 3 0 ' S ) , levéis o f andesitic conglomerates and 
tuffs . a t test ing to p r o x i m a t e contemporaneous vo lcan ic 
activity to the west. Suárez el al. (1988) reported for the Icalma 
r eg ión ( 3 8 ° 4 8 ' S Í , the existence o f a submarine vo lcan ic -
sedimentary c o m p l e x w i t h p i l l o w f lows and pyroc las t i c 
breccias alternating w i t h Pliensbachian-Toarcian fine bedded 
shales. Nexi is the A l u m i n é Formation (39° 15'S), a typically 
volcanic-sedimentary set o f rhyoli tes, andesites and dacitic 
tuffs w i t h Early Jurassic fossiliferous marine intercalations 
(Cuerda el al. 1981). To the south, the formation is correlated 
w ith the P i l t r iqu i t rón Format ion cropping out w i t h s imi lar 
features in the B o l s ó n r e g i ó n ( 4 2 ° S ) o f the nor them Pata-
gonian Cordillera (Lizuain 1980 and 1999). 

It is also important to stress the surpris íngly cióse lithologic 
similarities between the Futaleufú Group, described by Thiele 
et al. {1979) at the 49''S latitude o f the Patagonian Cordillera, 
and the La Negra Formation o f Northem Chile. The former is 
a 2000 m thick volcanic-sedimentarv' set. mainly o f andesitic 
and daci t ic f l o w s , breccias and tuf fs , w i t h an impor t an t 
fossiliferous marine in terca la t íon (Tres Monjas Formation). 
250-300 m th ick o f M i d d l e Jurassic shales, tuffs, volcanic 
arenites and a calcareous level wi th Ostrea. Furthermore, to 
the west, this level becomes volcanic , in some cases w i t h 
p i l low structures. 

On that basis, there are evident s imilar i t ies o f this group 
wi th the andesitic volcanics o f the Montes de Oca Fomia í ion 
described by G o n z á l e z Díaz (1979) more to the north in the 
Lago Nahue l H u a p i r e g i ó n ( 4 0 ° 3 0 ' - 41 ° S ) , p r e v i o u s l y 
described as Huemul Group by G o n z á l e z Bonor ino (1974, 
1979) and the Cerro El Fuerte Formation o f Greco (1975) in the 
Cerro Tronador geological map. These last two units, despite 
the fact that they are s trongly metamorphosized by Upper 
Cretaceous and M i o c e n e in t rus ives ( G o n z á l e z D í a z and 
Valvano 1979, Diez and Zubia 1981, González Díaz 1982), have 
usually two members, a lower one mainly volcanic wi th dacitic 
and andesi t ic f l o w s , and an upper one m a i n l y vo lcano-
s e d i m e n t a r y w i t h b l a c k sha le s , v o l c a n i c a r e n i t e s , 
conglomerates and tuffs, i.e. a succession quite similar to the 
Futaleufij Group. 

Finally, immediately to the south at the latitude o f lakes La 
Plata and Fontana (44°30 'S) , Ramos (1976) described the Lago 
L a Plata F o r m a t i o n res t ing, to the east, on mar ine Ear ly 
Jurassic ( M a l u m i á n and Ploszkiewicz 1976) and overlain by 
the marine T i thon ian o f A r r o y o Pedregoso (Tres Lagunas 
F o r m a t i o n ) (Ramos and Blasco 1978) . ! t is poss ible to 
conc lude that th is no r th Patagonian Jurassic vo l can i sm 
represents the M i d d l e and, ¡n part , the Uppe r Jurassic, 
result ing in Ha l l e r ' s et al. (1981) reference to a M i d d l e to 
Upper Jurassic Volcanic Association. 

These few examples indicate the ex tens ión and continuity 
to the south, at least up to 4 3 ° S la t i tude ( D i e z and Zub ia 
1981), o f the andesitic vo lcanic are bound ing the Andean 
basin to the west. I t should be mentioned that b e g í n n i n g at 
lat i tude 40*S there are daci t ic components , w h i c h w o u l d 
indicate an axial evolut ion o f this volcanism to more acidic 
t\'pes (Haller and Lapido 1980). 

This volcanism largely surpasses the Cordillera región and 
characterizes large áreas o f extra-Andean Chubut from Sierras 
o f Tecka and Tepuel (Haller et al. 1981) to Pampa de Agnia 
( N u l l o 1983). In the last á r e a , t w o major volcanic sets are 
usually recognized: a Lower Jurassic inferior one (Puntudo 
Al to and El C ó r d o b a Formations) and a Middle Jurassic upper 
one (Lonco Trapial Formation) , separated by Upper Lower 
Jurassic marine deposits (Osta Arena Fonnation). Especially 
wor th men t ion ing are, in the eastern r e g i ó n , the numerous 
marine intercalations o f volcanic arenites w i t h bivalves in the 
upper part o f E l C ó r d o b a Fo rma t ion ( N u l l o 1983). They 
represent important lateral facies changes, attesting to the 
gradual drowning o f an active andesitic are w i t h a relatively 
complex archipelago paleogeography. T h i s expla ins the 
mult ipl ici ty of the local stratigraphic nomenclature. 

These studies indicate a Patagonian Jurassic are about 200 
k m wide , representing the proiongat ion to the south o f the 
Andean are and c o r r o b ó r a l e s the o b l i q u i t y o f the Jurassic 
paleogeography w i t h respect to the present day geography. 

Volcanic zonatlon and the double-arc 

Our study arca and its paleogeographic organization during 
the Jurassic ( 3 3 ° S ) , show the importance o f compar ing the 
andesi t ic v o l c a n i s m o f the wes tern basin borde r at this 
latitude w i t h the rhyodacitic volcanism o f the Chilean coast 
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(Vicente 1976). Although contemporaneous, they are spatially 
separated. Thus we have proposed a long t ime ago (Vicente 
1976) to d is t inguish t w o belts w i t h i n the M i d d l e Jurassic 
Andean Are (Fig. 7): 

1) A Western belt, character ized by a d o m i n a n t l y acid 
volcanism wi th keratophyres, defining a "rhyodacitic volcanic 
are" o f calc-alkaline type wi th tholeiitic tendency; 

2) A n Eastern belt, characterized by a ma in ly andesitic, 
t y p i c a l l y i n t e r m e d í a t e v o l c a n i s m , d e f m i n g an "'andesitic 
volcanic are" o f calc-alkaline type wi th alkaline tendency. 

This differentiation o f the magmatic backbone in a double 
are, agrees w i t h the classical obse rva t ion o f increas ing 
alkalines towards the foreland, characterizing the insular ares 
(Kuno 1959, Sugimura 1968, Hatherton and Dickinson 1969). 
This zonation o f the volcanic are completes the structural 
scheme o f the Andean ma rg in for the L o w e r and M i d d l e 
Jurassic. We n o w appreciate the importance o f the interme-
d i a t e m a g m a t i c b a c k b o n e s e p a r a t i n g the w e s t e r n 
successions, w i t h features o f subs id ing and v o l c a n i z e d 
pla t form, transit ional to the sedimentary succession o f the 
open-Paciflc domain (El M e l ó n sector), as a forearc basin. It 
should be stressed that the structural scheme shown by the 
Aconcagua transect ( 3 2 ° 4 0 ' S ) is the most completely known. 
Due to the slight ob l iqu i ty o f the Jurassic paleogeography 
relative to the present day topography, the northern compo
nents o f the western rhyodacites extend offshore, so that the 
andesi t ic are remains o n l y in the coastal cha in , w h i l s t 
southwards the Pliocene-Qualemary deposits o f the Chilean 
long i tud ina l va l l ey and the C o r d i l l e r a n Upper Cenozoic 
volcanics cover most o f its supposed e x t e n s i ó n . Never 
theless, the presence o f acidic facies in the Nor th Patagonian 
Cord i l l e ra south o f 4 0 ° S may be interpreted as the con t i -
nuation o f the rhyodacitic western are, whilst the andesitic are 
inainly characterizes the Chubut Precordillera. 

General implicaiions 

The Andean basin shows strong asymmetry between the 
western ( insu la r ) m a r g i n . unstable and w i t h steep slope 
(s lumps, o l i s thos t romes , pyroc las t ic tu rb id i tes ) , and the 
eastern (cratonic) margin, relatively stable and w i t h a weak 
slope (Fig. 8). 

Existence o f an active apparently continuous volcanic are 
that acted as a barrier to the Pacific Ocean c o n í r a d i c í s í h e 
requirement for oceanic connections o f the Andean basin. 
We w i l l therefore analyze global basin evolut ion along the 
Central Andes in order to spot the potential seaways through 
the are. 

Evolution of the andean basin during the lower 
jurassic: the transgressive process 

Lat ilude of study área (3 rSO'- 33°S) 

In the H i g h C o r d i l l e r a o f San Juan and M e n d o z a the 
transgression starts very l i ke ly i n the Early Pliensbachian 
(Fig . 4) . The A l t o Mondaca and A r r o y o Ventisquero Mesa 
sections, belonging to the outcrops o f the westernmost belt 

( A l m a Negra type) , y i e lded Arietlceras sp. (Margar i ta tus 
Zone) . A s the fossiliferous level is 80 m above the section 
base, the t ransgress ion m a y have begun i n the ear l ies t 
Pliensbachian. In the Río de Los Patos type section Volkeímer 
eí al. ( 1 9 7 7 ) m e n t i o n e d Protogrammoceras ex g/-. 
normanianum 48 m above the base documenting there aga ín 
the Upper Pliensbachian. Therefore, Sinemurian levéis appear 
to be missing at this latitude. 

North 

High Cordillera of Ovalle and Elqui región (3¡° -
29°30'S): The transgression is dated here as Pliensbachian 
and perhaps Late Sinemurian as attested by the f o l l o w i n g 
reference points: 

- Los Pingos ( 3 0 ° 5 4 ' S , 7 0 ° 3 2 ' W ) , southeast o f O v a l l e . 
M p o d o z i s ( 1 9 7 4 ) and R i v a n o ( 1 9 7 5 ) recorded a p o o r l y 
preserved ammonite w h í c h Hillebrandt (2002) dated as Late 
Sinemurian. 

- Rio Mostazal ( 3 0 ° 4 5 ' S , 7 0 ° 3 4 W ) , southeast o f Oval le . 
Mpodozis (1974; c f Mpodozis and Cornejo, 1988) recorded 
Trigonia (Frenguelliela) tapial Lambert , a species dated as 
mainly Pliensbachian by Pérez and Reyes (1977). Accord ing 
to Hillebrandt (2002) the transgression is dated in the whole 
área as Late Sinemurian. 

- Quebradas Matahuaico and Tres Cruces ( 3 0 ° 0 5 ' S , 
7 0 ° 3 6 ' W ) , east o f Vicuña . Hil lebrandt (2002) recorded Late 
Sinemurian-Pliensbachian ammonites. 

- Portezuelo de ¡a Punilla ( 2 9 ° 4 r S , 7 0 ° 1 2 ' W ) and Los 
Cuaríitos ( 2 9 ° 3 8 ' S , 70''11 ' W ) . The transgression in the whole 
área is dated as Late Sinemurian by Hillebrandt (2002). 

High Cordillera of Vallenar área (29V8 - 28y5 'Sj: In the 
Rio Transito r eg ión o f the H i g h Cord i l le ra o f Vallenar, the 
transgression is clearly Late Sinemurian (Hi l lebrandt 1971, 
1972, 1973 and 2002)) (Raricostatum Zone) along the central 
belt o f outcrops (70° 18 'W) from Quebrada La Papa to Quebra
da Pinto (Fig. 11). Furthermore, the westernmost (Cerro Tatul, 
Quebrada Las Pircas, Vega Redonda and L a Plata) and 
e a s t e r n m o s t ( R í o P l a t a , C e r r o P i c u d o ) b e l t s have 
Pliensbachian transgressions (Hi l l ebrand t 1973). Thus, the 
belt characterised by a Late Sinemurian transgression ís at 
most 15 k m wide at this latitude (Jensen et al. 1976), which , 
í ak ing in ío account the tectonic s h o r í e n i n g o f 4 0 % assessed 
by Reutter (1974), indicates that the narrow "neo -S inemur í an 
channel" had at most a width o f 25 k m but narrowed rapidly to 
the south (Fig. 10). A l though Sinemurian it is st i l l present at 
30° - 3 1 ° S (Quebrada Matahua ico and M i n a Los Pingos) 
(Hillebrandt 2002). 

Southern área of the Copiapó Precordillera (28°20' -
27°50'S): This r e g i ó n s t i l l shows a Late Sinemurian trans
gression. Basicaliy the Raricostatum Zone is represented by 
Paltechioceras c f oosteri (Dumort ier ) (Hil lebrandt 2002) in 
Hacienda Manflas, but Hil lebrandt (1970) also indicated the 
presence o f some fragments o f Oxynoticeras sp. as repre
senting the Oxynotum Zone. A s these levéis are about 100 m 
above the base o f the succession (Jensen 1976), it is possible 
to assume that the lower sandstones and calcarenites wi thout 
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Figure 8: Intrinsic dissymmetrj' ofthe Retroarc Andean Basin and facies framework. 
Note difference between the insular border, steepiy and subsiding (active) and the cratonic border, fairly stable with slight bottom subsidence 
(passive). Not to seale. 

aminonites could be Lower Sinemurian (Jensen and Vicente 
1976). More to the South, ¡n the head o f Río Manflas the Salto 
del Toro profi ie (28' '20 'S) yielded an Epideroceras o f Late 
Sinemurian (Hillebrandt and Schmidt-Effing 1981). 

Northern área ofthe Copiapó Precordillera (27° 30' -
26°20'S): T h e S i n e m u r i a n is r epresen ted here by an 
assemblage w i t h Arnioceras cf. A. rejectum F u c í n i . and 
Asteroceras cf. C. confusum Spath (Sowerby), characterising 
the Obtusum Zone, found by Hillebrandt (1973 and 2002) in 
the Yerbas Buenas section ( 2 7 ° I 8 ' S - 6 9 ° 3 7 ' W ) , south o f Ce
rro La Ternera. Also present is the Raricostatum Zone, w i t h 
Orthechioceras angiisliuinbilicatum Hillebrandt and O. c f O. 
incagiiasiense Hillebrandt (Hillebrandt 1973 and 2002). A t t h i s 
latitude the presence o f Upper Sinemurian becomes perma-
nent: thus the Oxynotum and Raricostatum Zones have been 
recorded in Vega Redonda ( 2 7 ° 0 9 ' S , 6 9 ° 3 9 ' W ) east o f La 
Puerta (Cisternas and Vicente 1976), the Raricostatum Zone 
with Orthechioceras c f O. incagiiasiense Hillebrandt in Que
brada P a l p ó t e (Hi l lebrandt 2002) and in the middle part o f 
Quebrada Asientos (Montandon área , 2 6 ° 2 3 'S, 6 9 ° 2 5 ' W ) at 
the Chañaral latitude (Pérez 1978 and 1982). 

It is now possible to define the t w o margins o f the late 
Sinemurian marine channel (Jensen etal. 1976). Three sections 
are specially important in this respect (Fig. 11): 

- The Juntas del Rio Cop iapó área (28°S) , where the western 
belts o f Tranque Lautaro and Manflas wi th a Late Sinemurian 
transgression differ from the eastem belt o f Iglesia Colorada 
wi th a Pliensbachian transgression (Jensen 1976; Jensen and 
Vicente 1976). 

- The San A n d r é s - Q u e b r a d a Paipote á r ea ( 2 7 ° S ) , where, 
compared wi th the San Andrés -Vega Redonda-Quebrada Yer
bas Buenas belt, the La G u a r d i a - R í o Figueroa-Vega La Junta 
eastern belt has a Pliensbachian transgression (Hi l lebrandt 
1973; Jensen 1976; Davidson el al. 1978), as in the La Puerta-
Quebrada Paipotito westem belt (Cistemas and Vicente 1976), 
w h i l s t farther west . Sierra de Fraga was reached by this 
transgression only in the upper part o f the Lower Bajocian 
( D a v i d s o n el al. 1976, S e p ú l v e d a and N a r a n j o , 1982, 
Hillebrandt 2000). 

- T h e Q u e b r a d a A s i e n t o á r e a ( 2 6 ° 2 3 ' S ) , w h e r e the 
Sinemurian Montandon belt (Pérez 1978) opposes the eastem 
Pedernales belt (Hillebrandt 1970) and the westem R í o La Sal 
(Hillebrandt 1 9 7 3 ) - C h a ñ a r a l A l t o ( O v i e d o 1977) b e l t w i t h a 
Pliensbachian transgression. 

In summary , the Late S in emu r i an bel t o f the C o p i a p ó 
Precordillera was at most 20 k m wide (Jensen et al. 1976) and 
even was less than 10 k m in wid th at the Quebrada Asientos 
l a t i t u d e , due t o t e c t o n i c causes ( G a r c í a 1 9 6 7 ) . T h u s , 
estimating a tectonic shortening in the order o f 2 5 % (Jensen 
1976) the basin would have had an original wid th o f about 25 
k m 

Cordillera Domeyko área (25°36' - 24°30'S): Surveys 
carried out in Cordillera Domeyko show that at the Quebrada 
Incaguasi latitude ( 2 5 ° 3 6 ' S , 6 9 ° 1 5 ' W ) (Hillebrandt 1970 and 
2002) , the transgression can be dated as Late S inemur ian 
( R a r i c o s t a t u m Z o n e ) o n the b a s í s o f Plesechioceras 
domeykoense and Orthechioceras incaguasiensis Hillebrandt 
spp. However , the presence o f some Phylloceras sp. and 
Lytoceras sp . w o u l d i n d í c a t e deepe r d e p o s i t i o n a l 
envi ronments ( F i g . 11) than those found i n the C o p i a p ó 
Precordillera, where "leiostracans" are absent, whilst bivalves, 
gastropods and brachiopods d o m í n a t e . 

Th i s suggests that the transgression began there ear l í e r . 
Thus, 30 k m to the nor th , on the western flank o f Sierra de 
Vaquillas Altas (25' '20'S, 6 9 ° 1 4 ' W ) , the Hettangian is repre
sented (Naranjo and Covacevich 1979, Chong and Hillebrandt 
1985, H i l l e b r a n d t 1990 and 2000a ) by the presence o f 
Psiloceratinae and Schiotheimiinae and the Lower Sinemurian 
by Ar i e t í t i dae . Furthermore, 25 k m to the nor th at 2 5 ° 0 7 ' S 
latitude begins the Sierra de Varas reg ión , the classic á r ea o f 
the Hettangian since the studies o f Chong (1973, 1976 and 

1977) , Hillebrandt (1973 and 2000), Quinzio (1987) and Aixlil l et 
al. (1998) . L o c a l í t i e s such as Quebrada Punta del Viento 
(25°07 'S , 69=15'W), Quebrada Las Muías (25°07 'S , 69='10'W), 
Aguada Vizcachas ( 2 5 ° 0 2 ' S , 6 9 ° 1 3 ' W ) ) , Quebrada Bonita 
( 2 4 ° 5 9 ' S , 69' '12W), Aguada El Minero (24' '53'S, 6 9 ° 1 2 ' W ) ) 
and Aguada de Varas ( 2 4 ° 4 9 ' S , 6 9 ° 1 0 ' W ) yielded ammonites 
o f the Bayoensis , Reissi and Canadensis Andean Zones, 
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Figure 9: Distribution and 
paleogeography of marine Upper Triassic 
(Hoñm) deposits on Ihe ivesíem margin 
of Gondwana between latitudes 3° and 
37°S. 
Note the difference between terrigenous 
deposits of the Chilean Margin and 
carbonate deposits o f the precursor 
Peruvian Trough fed by the Olmos Gulf 
The proposed connection between Puno 
and the Solivian subandean zone is based 
on the discovery o f Monoíis aff. 
subcircularis in the Vitiacua Formation 
(YPFB-GEOBOL, 1978). 
At Abancay the base of Pucará Group is 
not exposed (Maroeeo, 1975) but all 
evidence suggests that the Upper Triassic 
must be represented, just as in Puno where 
the lowermost Sinemurian levéis of 
Laguniilas Group are inquestionabiy deep 
(Vicente, 1981). 



Dynamic paleogeography of tlie Jurassic Andean Basin., 235 

Figure 10: Taltal Gulf as evidenced by Upper Triassic and Hettangian coast lines. 



236 J. C. Fícente 

UPPER 
S I N E M U R I A N 

LA SERENA 

Figure I I : Upper Sinemurian 
paleogeographic outline of the 
Andean Basin between latitudes 25° 
and 30°S. 
Note northward widening and 
deepening of íhe basin, southward 
Glove-finger ending and probable 
existence of a communicating 
straith at Taltal latitude. 
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representing according to Hi l lebrandt (2002) , the Liasicus 
Zone and part o f Angulata Zone. 

A t th is l a t i tude , the w i d t h o f p a l e o n t o l o g i c a l l y dated 
Hettangian outcrops Ís more than 30 k m , without considering 
tectonic shortening that in this part o f the Precordi l lera is 
estimated to be 50% (Chong 1973 and 1976). 

Thus, three major facies belts are recognised (F ig . 10): a 
westem shaly one, centred in Sierra Argomedo ( 6 9 ° 2 0 ' W ) ; a 
central sandy one, at the western slope o f Sierra de Varas 
( 6 9 ° 1 0 ' W ) ; and an eastem one, at the eastem foot o f Cordillera 
Domeyko (69 ' '06 'W) where conglomerates and sandstones in 
association w i t h coral facies are dominant ( C h o n g 1973; 
Hi l lebrandt 1973). This arrangement indicates a wesward 
increase in depth, whi l s t the coral facies marks the eastern 
basin margin. 

The studies o f Chong and Hillebrandt (1985), Groschke and 
Hil lebrandt (1985) and Hi l lebrandt (1990 and 2000) show 
clearly that in this á r ea the transgression began ¡n fact in the 
Late Triassic. They pointed to an outstanding series o f Upper 
Triassic fossiliferous outcrops along the Cordillera Domeyko 
between 26° and 2 3 ° 3 0 ' S , i . e., for a distance o f about 300 km 
with a width o f about 20 km at the latitude o f Sierra Argomedo 
(24°45 'S ) . The marine Triassic is mostly in carbonated facies, 
h i g h i y l i t to ra ! , w i t h abundant c o r á i s (Thecosmilia sp.) , 
b r a c h i o p o d s {Zugmayerella sp. , C/avigera sp. and 
"Spiriferina" sp. , b i v a l v e s {Minetrigonia pascoensis 
(S t e inmann) , Myophorigonia paucicostata ( J awor sk i ) , 
Peri/gonia lissoni (Steinmann), Cassianella sp., Septocardia 
peruviana ( C o x ) , Palaeocardila peruviana ( C o x ) , 
Sciijhaeuüia americana (Cox), Liostraea sp., Giyphaea sp.) 
and gastropods {Ciiartronella spp.). Deeper, fmely laminated 
sandy facies. f o l l o w above transit ionally to the Hettangian. 
W i t h i n this succession, N o r i a n and Rhaetian l e v é i s were 
recognised by the presence, respectively, oíArcestes and 
Clioristoceras. O n the contrary, to the north-west, from Sierra 
Min i l l a s in the south to Cerros de Cuevitas in the north, the 
marine Hettangian rests on continental Triassic. 

Daquedano área (23°40' - 23°S): T h e last k n o w n 
Hettangian belt lies 130 k m to the N W , in the Baquedano área. 
The outcrops o f Cerros de Cuevi tas ( 2 8 ° 3 8 ' S ) south o f 
Baquedano (Ferrar is and D i Biase 1978, D i Biase 1985, 
Hil lebrandt 2000a), w i t h Psiloceras sp., Kammerkarites c f 
diploptyclioides G u e x Discamphiceras cf. reissi and 
Laqueoceras sp. at the base, as w e l l as those o f Sierra de 
Rencoret (23° 20' S) to the north (Tobar 1966, Hillebrandt 2000) 
w i t h Psiloceras c f minillaensis H i l l e b r a n d t , are c lear ly 
uppermost Lower to M i d d l e Hettangian. These outcrops lie 
farther westly than those o f Sierra de Varas. This locat ion, 
together w i t h the Late Sinemurian early transgression, 60 k m 
to the east, in the Cerritos Bayos área ( 6 9 ° 1 0 ' W ) (Baeza 1976 
and 1979. Hi l l ebrand t 2002) , impHes a remarkable nor th
westem def lexión o f the Hettangian coast and a retreat to the 
west o f nearly 75 km (Fig. 10). However, is worth mentioning 
the presence o f Hettangian w i t h Psiloceras sp. in the Cerros 
de San Lorenzo ( 2 2 ° 2 6 " S , 69°02" W ) west o f Calama (Elger 
1998, Hillebrandt 2002) and some outcrops along the westem 
slope o f Sierra Moreno as Quebrada Chug Chug ( 2 2 ° 0 6 ' S , 
6 9 ° 0 7 ' W ) and Quebrada Sama ( 2 1 ° 2 3 ' S , 6 9 ' ' 5 9 ' W ) w i t h 

Hettangian ammoni tes (H i l l eb rand t 2000) , w h i l s t west o f 
Q u i l l a g u a there are l e v é i s w i t h La te H e t t a n g i a n - E a r l y 
Sinemurian ammonites (Maksaev and Marinovic 1981). These 
recent discoveries so c o r r o b ó r a t e the prev ious record by 
Niemeyer et al. (1985) o f Psiloceras sp. at the base o f Quebra
das Cuchita-Cortaderas section (21°2 rS ) , in the central-west 
á rea o f their Cerro Yocas G e o l ó g i c a ! map. That suggests the 
nor thward cont inua t ion o f a nar row Het tangian fu r row at 
least up to this latitude (Fig. 10). 

Northernmost Chile and southern Perú (20°23 — 
15°50 'Sj: Fur ther to the n o r t h , the few k n o w n outcrops 
indíca te a transgression in the Sinemurian. Where the fo l lo 
w i n g fossils were recorded: Arietites sp. ín the Longacho 
Fonnation (20°23 S, 69°21 ' W ) north o f Pica (Galli 1957, Gallí 
and Dingman 1962) and Arietites and Arnioceras at the base 
o f a corre la t ive f o r m a t i o n ín Quebrada A r o m a ( 1 9 ° 3 2 ' S , 
6 9 ° 1 8 ' W ) n e a r C h i s m i z a ( G a r c í a 1967). 

Finally, in southem Perú , Arnioceras and Asteroceras are 
present at the base o f the Pelado Formation in the Palca á r ea 
(17°48 'S , 6 9 ° 5 4 ' W ) northeast o f Tacna (Wi l son and G a r c í a 
1962, Salinas 1986), and Arnioceras sp., Vermiceras sp., 
Metophioceras ? sp. and Crucilobiceras ? sp. occur in the 
calcareous lower unit o f the Lagunii las Group cropping out 
west o f Puno (Portugal 1974, Vicente 1981). These deposits 
even have been recognized as far as Curahuasi ( 1 3 ° 3 6 ' ' S, 
7 2 ° 3 8 ' W ) at the N E o f Abancay , and have y i e lded some 
Asteroceras sp. o f the Upper Sinemurian (Lígarda et al. 1991). 

Taltal Hettangian Gulf: Thus, it is evident that a Hettangian 
strait or an entrance g u l f should be placed between 2 3 ° and 
2 6 ° 1 0 ' S latitude (Fíg. 10). In thís connection, the existence o f 
marine Hettangian in the Coastal Cordillera, precisely between 
Paposo (25°01 'S) and Chañaral (26° 15'S) (Cecioni 1960, Ortiz 
et al. 1960, Zeil 1960, García 1967, Mercado 1980, Naranjo and 
Puig , 1984) is s í g n i f i c a n t , í. e. the classic Pan de A z ú c a r 
Formation (Ortiz et al. 1960, Naranjo 1978a), wel l exposed in 
Sierra Minil las (26°10'S), Quebrada Pan de Azúcar , Quebrada 
Cachina, Posada de los Hida lgos and Quebrada Ci funcho 
(23*35'S), wh ích rests unconformably on continental Triassic 
and Paleozoic basement. T h í s f o r m a t i o n has y i e l d e d an 
abundant fauna (Covacevich in Naranjo 1978b) o f the Lower 
to M i d d l e Het tangian (P r imocos t a tum to Reissi Zones = 
Planorbis to Liasicus Zones) and o f S c h l o t h e i m í i d a e ( Z e i l 
1960, Covacevich in Naranjo 1978b, Hillebrandt 2000) of the 
Middle to Upper Hettangian (Peruvianus to lower Canadensis 
Zones ^ upper Liasicus to Angulata Zone). In the equ íva len t 
Paposo Beds (Arabaz 1971, Ferraris 1978, Quinzio 1987) o f 
northem Taltal, Chong (1973) has demonstrated the important 
lithologic analogies wi th the so called "westem" facies o f Sie
rra Argomedo. 

South o f Sierra de M i n i l l a , at about 2 6 ° 0 9 ' S latitude, wi th in 
the Pan de A z ú c a r Formation, there are strong facies changes 
to the east, so that at the crossing point o f the Pan-American 
H í g h w a y and the road to Pan de A z ú c a r are developed littoral 
facies w i t h the dominance o f b iva lves and c o r á i s . These 
deposits pass gradually to the east ín to red sandstones and 3 
k m further, the volcanics o f La Negra Formation rest dírectly 
on the Paleozoic (Naranjo 1978a, his Prof i l e B - B ' ) . The 
succession exhibits a remarkable increase in thickness to the 



238 J. C. Vicente 

Figure 12: General Early Pliensbachian 
paleogeographic outline of the Andean Basin 
between latitudes 3° and 40°S. 
Note the striking continuity of the basin over 
more than 3500 km, its situation as marginal 
retroarc basin with a westem insular border and 
the three communicating straits with the Proto-
Pacífic. 
Reconstruction doesnot include tectonic 
shortening. I f considered at the latitude of Perú 
the width of the Basin should be twiee as wide, 
and the coast line should be located more to the 
west. 
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north between Quebrada Pan de A z ú c a r and the Posada Los 
Hidalgos área, i . e. over 40 k m from < 2 0 0 m to a > 800 m shaly 
facies (Naranjo 1978b). 

T h e r e f o r e , a l l e v i d e n c e loca tes the en t rance o f the 
"Hettangian g u l f at the lati tude o f Taltal ( 2 5 ° 2 0 ' S ) , i . e., 
precisely opposite to the Vaquillas Altas and Sierra de Varas 
regions (Fig. 10). 

From our point o f view, this is the first área where the paleo-
PacifJc waters penetrated on the continental margin before 
they advanced longi tudinai ly to the north and south to form 
the retroarc basin. We propose to ñ a m e this forerunner g u l f 
as "Taltal Hettangian G u l f . However . note that this Inter-
pretation varié drastically from the one claimed by Hillebrandt 
(2000) according to which "'during the Hettangian the Jurassic 
sea transgressed f rom the present-day Precordil lera Ín the 
East to the present-day Coastal C o r d i l l e r a i n the W e s f 
without care o f the or ig in o f sea waters. 

This Hettangian g u l f Ís actually an ex tens ión o f the ini t ial 
neo-Triassic g u l f (F ig . 10), indicated by the marine Triassic 
outcrops o f Cordillera Domeyko (Chong and Hillebrandt 1985, 
M p o d o z i s and C o r n e j o 1997)) and Cen t ra l Depress ion 
(Marinovic and Covacevich 1994, Marinovic etal. 1995). Yet 
lacking known Triassic marine deposits on the coastal á r ea 
(Naranjo and Puig 1985, S u á r e z and Bel l 1992), makes less 
evident the placement o f an eventual marine strait. The mainly 
anastomosing fluvial character o f the thick Cifuncho Forma
t ion south o f Taltal , under ly ing the marine Hettangian, the 
unimodal paleocurrent direction po in t ing to the SE ( S u á r e z 
and Bell 1994) and the presence o f fíner and more sedimentary 
facies to the north (Suárez et al. 1982), indicates that the g u l f 
entrance was located farther north. Now, north o f Paposo, the 
basal pan o f ihe Cerro Yumbes section (Qu inz io 1987) is 
incompleie. although Marinovic et al. (1995) and Hillebrandt 
(2000) recorded Hettangian ammonites, p lacíng this área as a 
potential candidate, Hettangian deep facies w i t h ammonites 
and radiolarians rest on probably submarine synsedimentary 
volcanics. wh ich in no way represent the succession trans
gressive basal part. Therefore, it w o u l d be possible to fínd 
mar ine Tr iass ic in th is á r e a . Never the less , i t should be 
realised that th ís reconstruction depends the exact v a l u é o f 
the sinistral longi tudinal displacement o f the coastal b lock 
w i t h respect to the C o r d i l l e r a , related to a c t i v i t y o f the 
Atacama fault zone during the Early Cretaceous (Scheuber et 
al. 1995). Moreover. Forsythe er al. (1987) recorded paleo-
magnetic data wh ich suggested a 30° clockwise rotation for 
the coastal b lock . In that case the paleocurrents may have 
flowed in fact from the West (Suárez and Bell 1994). 

The l o c a l i z a t i o n o f a s t rai t about l a t i tude o f Ta l t a l is 
imposed by the dis tr ibut ion o f Hettangian outcrops and the 
transgressive pattern jus t showed. It ís in agreement w i t h the 
suggested al térnate paleogeographic ínterpretat ion o f Suá rez 
and Bell (1992, their f ig . 2) wh ich separates, in Late Triassic 
time between latitudes 24°S and 29°S , a northem marine basin 
(Profeta Basin) f rom a southern one (San Fé l ix Basin) by a 
N N W - t r e n d i n g continental ridge w i t h volcanic act ivi ty and 
intra-arc rifted continental basins (Cifuncho and La Ternera). 
This ridge gives evidence for an incipieni volcanic are from 
that time l inked to the b e g í n n i n g Pacific subduction. In that 
geodynamic setting, it is clear that the San Félix Basin belongs 

to the forearc whi le the Profeta Basin, as part o f our Tarapacá 
Basin, represents the retroarc. That setting ís we l l exampled 
about latitude o f Vallenar (28°45 'S ) where the thick clastic San 
Fé l ix Format ion o f A l t o del Carmen in 6 9 ° 3 0 ' W longitude 
records an alluvial fan and shallow marine fan-delta complex 
developed in a fault-controled e x t e n s í o n a l setting, adjacent 
eastwards to a volcanically and tectonically active continental 
are (Bel l and Suárez: 1994). Though relatively narrow at this 
latitude, that are u n q u e s t í o n a b l y res ta íned the Late Triassic 
transgression from the Pacific to the west s í n c e more to the 
east, ín the Río T r á n s i t o á r e a ( 7 0 ° 18' W ) , the transgression 
from north in the retroarc began only in the Late Sinemurian 
( F i g . 11) . O th e r wi se , the py roc l a s t i c breccias and tuf fs 
interbedded in the lower member o f the San Fél ix Formation 
record much the Lad ino-Camían Spilite-Keratophyre complex 
o f P í ch idangu i Formation o f Los Vi los r eg ión ( 3 2 ° S ) ín the 
Coast Range o f the Norte Chico (Vicente 1976) which charac
terizes the Western Belt o f the A r e . Th i s tho le i i t i c b imodal 
suite expresses an extensional geotectonic setting o f the belt 
(Mora t a eí al. 2000) . Moreover , the San F é l i x Fo rma t ion 
grades w e s t w a r d s to the C a n t o d e l A g u a F o r m a t i o n 
(Moscoso and Covacev ich 1982, Moscoso e í a/. 1982), a 
turb id í t ic complex o f the Coast Range w h i c h carries out the 
transition to the accretionary wedge o f the t ime. 

We cannot conclude, however, that this g u l f was the only 
sea w a y to the A n d e a n Bas in . M o r e to the no r th , at the 
latitude o f Pe rú , the transgression advanced f rom north to 
south (Mégard 1973 and 1978). It began during the Norian ín 
central Perú and at first formed a narrow channel. centred on 
the Central and Eastem Cordilleras, connecting to the north, 
at about 5"̂  S, w i t h the open sea and ending ín a narrow bay 
in Tarija, Bol ivia (Fig. 9). Dur ing the Early Jurassic, this basin 
was e x t e n d e d p r o g r e s s i v e l y t o w a r d s the SW, so tha t , 
b e g í n n i n g in the Sinemurian , a connect ion seems to have 
exís ted w i t h the Chilean Norte Grande Basin, via Puno and 
Palca (Vicente 1981). 

Souih 

Neuquén región (34°5(}' - 40°08'S): T h e age o f t h e 
transgression to the south o f the á r ea here studied, i.e. at the 
latitude o f the A c o n c a g u a - N e u q u é n Basin between 33° and 
40°S remains to be analysed. W h i l e we have shown i n the 
previous section that the main transgression advances f rom 
the Taltal Hettangian g u l f towards the south (Jensen e! al. 
1976) [26°20 'S latitude in the Late Hettangian, 27°30 'S latitude 
at the end o f the early Sinemurian, 31 °S latitude at the end o f 
the late Sinemurian and the study á r e a (32°S) in the middle 
Pliensbachian and to assess a transgressive speed o f about 9 
cm/year { = 730 k m ín 8 M y ) ] , thís informat íon is not useful to 
analyse the evolut ion at the latitude o f N e u q u é n . 

The age o f the t ransgression i n N e u q u é n has been the 
subject o f unt imely generalisations that were later revised. 
Thus, Groeber(1924) mentioned marine Triassic in N e u q u é n , 
based on the presence o f "Myophoria neuquensis " Groeber, 
w h i c h subsequently was f o u n d ín C h u b u t together w i t h 
Lower Jurassic taxa ( L e v y 1966). Regarding the supposed 
existence o f Upper Sinemurian (Behrendsen 1891, Burckhardt 
1902, Jaworsky 1925, Groeber a/. 1952, Stipanicic 1969, 
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Stipanicic and Rodrigo 1970) at the classic locaiities o f R í o 
Atue l . Sierra Chaca í Co and Piedra Pintada, it was based in 
the record of "Oxynoüceras spp." and especially o f " O . " 
behrendseni J a w o r s k i ( 1 9 2 5 ) a n d " O . " leplodiscus 
Behrendsen (1891). Subsequently, some o f those ammonites, 
usually not fígured, were assigned (fJillebrandt 1970, Riccardi, 
in Damborenea eí at. 1975) to the Early Pliensbachian genus 
Radsíockiceras Buckman . Final ly , Hi l l ebrand t (1981) has 
shown that many o f them belong to Fanninoceras, a genus 
original ly described from the Upper Pliensbachian o f Nor th 
America. Jaworski's species, including "O. lepíodiscus " was 
placed by Leanza and Blasco (1991) m Austfomorphifes 
Leanza and Blasco, i.e. A. behrend.seni, and the species was 
dated as late Early Pliensbachian (Hillebrandt 1987). 

To date presence o f Hettangian, Sinemurian and lowermost 
Pliensbachian has on ly been proved in the R í o A t u e l á r e a 
(34°50 'S ) . Jaworski (1925) and Stipanicic and Bonetti (1970) 
recorded Early Sinemurian Arietí t idae, and Hillebrandt (1973, 
1981, 1987 and 1989) Late Sinemurian in material coming from 
the Puesto Araya Formation (Volkheimer 1970). In the same 
área, immediately to the west, Riccardi eí al. (1988 and 1991) 
showed that the transgression is st i l l younger. Thus the A r r o 
yo Alumbre-Arroyo M a l o section yielded the first Argentine 
Hettangian ammonite fauna in turbidi t ic facies, overlain by 
fossiliferous lower Sinemurian. Furthermore, the lower part o f 
the same section yielded an Upper Triassic fauna, including 
Rhaetian ammonites (Riccardi eí al. 1997; Riccardi and Iglesia 
1999). Thus, at this latitude the marine transgression began ín 
the Rhaet ian-Het tangian and advanced eastwards on the 
fluviatile (Rosenfeld and Volkheimer 1980) conglomerates o f 
the El Freno Formation. 

Farther south, Sinemurian has not been recorded and the 
oldest marine Jurassic, represented at different locai i t ies , 
yielded late Early to Late Pliensbachian ammonites (Riccardi 
1983). Thus ¡n Sierra de Chacal Co (39''16'S, 70°15 'W) , south 
of Zapala, the transgression would begin only in the late Early 
Pliensbachian (Hillebrandt 1973), dated by Ausírotnorphiíes 
behrendseni (Jaw.) and some fragments o f Polymorphitinae 
Just above the basal conglomérate (Volkheimer 1973). Similarly 
in Piedra Pintada (40''08'S, 70°16 'W) , near the southem end o f 
N e u q u é n , the Pliensbachian transgression is supported by 
the presence o f Fanninoceras spp. at the base o f the succe
ssion (Damborenea e/a/. 1975). 

Exíra-Andean Chubiií región (42°30' - 44°30 'Sj: A t this 
latitude, Piatnitzky (1936) and FerugHo (1949) recorded marine 
Ju ras s i c o n the bas i s o f t h e s u p p o s e d p r e s e n c e o f 
Oxynoiiceras sp.. dated as Sinemurian, and o f other ammonite 
material compared wi th Pliensbachian-Aalenian species, most 
o f w h i c h were o r i g i n a l l y descr ibed f r o m N e u q u é n and 
Mendoza, although in Chubut they were found in the same 
levéis . A study o f some o f these locaiities, especially Cerro 
Negro, by Musacchio and Riccardi (1971), produced only 
Toarcian Dac ty l i oce ra t í dae (Bifrons to Variabilis Zones, cf. 
H i l l e b r a n d t 1987. p . 118) and H a r p o c e r a t i d a e , w h i l s t 
Sinemurian, Pliensbachian and Aalenian ammonites were not 
recorded (Westermann and Riccardi 1972). The record o f some 
Fanninoceras in Sierra de Lonco Trapial o f the Pampa de 
Agnia área (Blasco et al. 1979, Nu l lo 1983) suggested that, as 

for N e u q u é n and M e n d o z a , th is type o f ammoni tes was 
previously misídent í f ied as Oxynoticeras spp. and, therefore, 
the transgression began i n the late Pliensbachian. The fmds 
o f some Fanrjinoceras spp. (de t . R i c c a r d i , d u r i n g the 
Patagonian Field Tr ip o f IGCP 322, October 1996) ín associa
t ion w i t h the bipolar bivalve Kolymonectes (det. Damborenea 
and M a n c e ñ i d o ) confirms this conc lus ión . 

But these data refer to the eastermost Lower Jurassic belt, 
wh ich appears to have a th ínner succession than the westem 
belt of Sierra de Tecka, Sierra Tepuel and N u e v a Lubecka 
(Lesta and Ferello 1972), and the latter belt could have had an 
earlier transgression. The record o f "Oxynoticeras" by Suero 
(1947) from the lower levéis o f Tepuel and Tecka, may have 
been o f Fanninoceras, considering similar mis ident i f íca t ions 
i n N e u q u é n , so that at least a P l i ensbach ian age o f the 
transgression ís possible. Existence o f even older strata has 
been recorded by Massaferro (2001) in Cerro Cuche, west o f 
Tecka. In contrast, at the latitude o f Nueva Lubecka (44°31 'S, 
7 0 ° 2 5 ' W ) the record o f Hildoceras and Harpoceras indicates 
Toarcian (Wahnish, 1942). 

M a l u m i á n and P l o s z k í e w í c z (1976) recorded from 40 k m 
further west (vÜlage o f Apeleg, near the locality o f Loncopán ; 
44' '40'S, 7 0 ° 4 7 ' W ) marine Toarcian, w i t h Peronoceras aff. 
subarmatum ( Y . & B . ) , P. vorílcellum ( S i m p s o n ) and 
Caíacoeloceras sp. (Blasco eí al. 1980). This is the western
most known outcrop, and al lows us to infer that at this t ime 
the basin was 120 k m in wid th . However, to the east, 342 m o f 
marine Lower Jurassic, transgressive on Permo-Triassic have 
been dri l led ín a borehole at the latitude o f Laguna Palacios 
( 4 4 ° 4 7 ' S , 6 9 ° 1 9 ' W ) (Ferello and Lesta 1973). The sequence, 
considered (see Uliana and Legarreta 1999) equivalent to the 
Mulangu íñeu Formation o f Ferrarotti, farther north (44°30 'S) , 
consists o f pyr i t ic black shales, r ich in organic matter, w i t h 
several sandy and tuffaceous levéis , y í e l d í n g ''Peden aff. P. 
(Variamussium) coloradoensis Weaver" (=? Kolymonecíes 
weaveri Damborenea, Pliensbachian, c f Damborenea 1998 
and 2002) , a mic ro f lo ra w i t h abundant ClassopoUis and a 
microplanc ton o f Pleurozonaria and Michrysteridlum, an 
associa t ion that V o l k h e i m e r c o n s í d e r s t y p i c a l l y L o w e r 
Jurassic. Between this locality and the northernmost outcrops 
o f Chubut (42°30 'S) there are more than 250 k m , indicating the 
true size o f the basin (Lesta and Ferello 1972). The euxinic fa
cies o f this borehole, suggests ís evident that the basin exten
ded southwards in the Santa Cruz P r o v í n c e (see Ul iana and 
Legarreta, 1999, their fíg. 20), to end as a flnger at the 48°S 
latitude (Lesta and Ferello 1972). A t thís latitude, ín the Roca 
B lanca á r e a , the L o w e r Jurassic consists o f con t inen ta l 
alluvial plain facies wi th plants and Esíheria sp. (Herbst 1965 
and 1968). In summary, the L o w e r Jurassic basin o f extra-
Andean Chubut was at least 600 k m (42°30 'S - 48" S) long and 
characterised by late Early Pliensbachian to Early Toarcian 
trEinsgression (Fíg . 14). 

Taking in account that the northernmost outcrops, i.e. R ío 
Lepa (42°38 'S) , are less than 250 km apart from those o f Piedra 
Pintada ( 4 0 ° 1 7 ' S ) , it is diff icul t to avoid acceptance o f a late 
Early Jurassic connection between the N e u q u é n and Chubut 
basins (Lesta and Ferello 1972, cf. L i zua in 1999). Though 
alternatively, a connection w i t h the Pací f ic at the R í o Negro 
latitude has been suggested by Riccardi (1983), all evidence 
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indicates that the transgression, beg ínn ing in the Hettangian 
at the lati tude o f A l t o A t u e l , advanced towards the south 
fol lowing a narrow furrow, reaching N e u q u é n (40°l 7'S) in the 
late Early Pliensbachian (Fig. 13), and extra-Andean Chubut in 
the Late Pliensbachian. before ending at 46° - 47°S (Fig. 14). 

In the Toarcian. the existence o f a unique N e u q u é n - C h u b u t 
basin is evident (Fig. 14). Only a northem origin o f the Chubut 
transgression seems possible, cons ide r ing that the basin 
margins are re la t ively w e l l k n o w n : the eastern margin by 
eastward developing conglomeradic and pyroclastic cont i 
nental facies (Cabeza de Cristiano or Olte Formation) (Herbst 
1968. Musacchio and Riccardi 1971, Musacchio 1981). Farther 
east. in the middle course o f the Chubut river, Lower Jurassic 
conglomerates and Middle Jurassic volcanics rest directly on 
Precambrian-Paleozoic rocks (Lesta and Ferello 1972; Giacosa 
and M á r q u e z 1999); the western margin was located ín the 
Patagonian Cordillera where the Middle to Upper Jurassic El 
Quemado volcanic Complex (Feruglio 1938, Hoffstetter a/. 
1957. Féraud el a!. 1999) or Ibañez Formation (Níemeyer 1975, 
Skarmeta 1978) rests on the metamorphic basement o f General 
Carrera and Cochrane lakes (44°30 ' - 4 7 ° 1 5 ' S ) . The southem 
margin. at 48° latitude, rests on the already mentioned conti
nental facies o f Roca Blanca. A t the latitude o f Malvinas, the 
results o f t h e D S D P 330 borehole ( 5 r S , 4 7 ° 3 6 ' W ) , Leg 36 
(Barker el al. 1974). especially o f clay mineralogy as we l l as 
organic and mineral geochemistry, exelude the open íng o f the 
South At l an t i c and, therefore, any transgression f rom the 
Indic Ocean (Maitlot 1983). 

In this context are qui te impor tan t the L o w e r Jurassic 
deposits found between Esquel and Nahuel Huap i (43° -
41°S): the Lepa Formation (Rollen 1969) south o f Leleque (c. 
4 2 ° 3 0 ' S ) . the E p u y é n - C h o l i l a Formation (Mi ró 1967) í n t h e 
Epuyen á rea (42° 15'S). the Pil t r iquitrón Formation ín the El 
B o l s ó n r e g i ó n ( 4 2 ° S ; see G o n z á l e z B o n o r i n o 1974), the 
Millaqueo Fonnation. south ofNahuel Huapi (41°S; Gonzá lez 
B o n o r i n o 1974; cf. L i z u a i n 1999) and to the nor th the 
stromatolite limestones o f Vi l l a la Angostura (40°45 'S ; Dalla 
Salda et al. 1978). The Early Jurassic age o f the volcanic-
sed imen ta ry success ion o f the P i l t r i q u i t r ó n r i d g e was 
coní l rmed by Lizuain (1980; see Manceñ ido and Damborenea 
1984) w i t h the r e c o r d o f E a r l y Ju ras s i c - p r o b a b l y 
Pliensbachian - bivalves and brachiopods. Similarly, Gonzá lez 
Bonorino (1981) recorded ''Myophorella cf. .sígnala Agassiz." 
in rocks coinpared wí th the Pi l t r iqui t rón Formation, north o f 
Sierra Chata in the Rio Villegas área. 

The Curepío Heítangian Gulf: Even i f a progress ive 
transgression f rom the A l t o A t u e l ( 3 4 ° 5 0 ' S ) towards the 
south d i d occur (Rosen fe ld and V o l k h e i m e r 1980) , the 
Rhaetian-Hettangian age o f the marine transgression at this 
latitude differs from the middle Pliensbachian transgression o f 
the Mercedario área (32°08 'S) as well as from the Norte Chico 
general transgressive scheme, also southwards, imp ly ing an 
initial independence o f both basins. Thus one has to look for 
an oceanic connection at the Atue l latitude. This wou ld have 
been slightly north o f Nacientes del Teño (35''10'S), because 
this reg ión has a late Aalenian transgression indicat ing the 
wes te rn m a r g i n o f t h e N e u q u é n Ba s in at th i s l a t i t u d e 
(Davidson 1971, Davidson and Vicente 1973). 

The área o f the High Cordillera between 34°45 'S and 33°S, 
i.e. the headwaters o f the Diamante, M a i p o , Tunuyan and 
Tupungato rivers, is precisely the most t ec ton ízed part o f the 
Principal Cordil lera, where the Jurassic outcrops are almost 
absent. T h í s is ev ident in the g e o l o g í c a l maps San J o s é 
(33°30 ' - 34°S), Cerro Tupungato (33° - 3 3 ° 3 0 ' S ) and Volcán 
Ma ipo (34° - 35°S) o f the Argentinean slope (Polanski 1964 
and 1972, Sruoga eí al. 2000), where the r o o f sheets (Upper 
Jurassic - Lower Cretaceous) are detached at the top o f the 
Oxfordian gypsum (Aubouin eí al. 1973) and do not show the 
autochthonous base o f their succession (except for some 
Callovian at the base o f diapirs). I f these resulted from a major 
eastward over thrus t o f the t h i c k K i m m e r i d g i a n vo lcan ic 
succession (Río Damas Fonnation) o f the Chilean slope ( V i 
cente 1970 and 1972)thereis little hope o f f inding any record 
o f the Pacific marine ingress íon at these latitudes. A l though 
on the Chilean and Argen t ín i an High Cordil lera at 3 3 ° 4 5 ' S -
34°S a 450 m thick succession o f (?) Early - M i d d l e Jurassic 
pelites has been reported (Alvarez e/úf/. 1995, 1997 and 1999), 
the o n l y fossi ls thus far r ecorded were Late B a t h o n i a n 
ammonites, found cióse to the top (400 m) . 

Important upper Triassic - L o w e r Jurassic (Het tangian-
S í n e m u r i a n ) marine deposits are present, however , i n the 
coastal área o f Chile, at 34°46 ' - 3 5 ° I 6 ' S . The classic outcrops 
in the south at Rio Mataquito, Curepto-Galleco ( M u ñ o z Cristi 
1960 and 1973, Thiele 1965, Escobar 1980) and, in the north at 
Hua lañe and Vichuquén-Ti l icura (Corva lán and D á v i l a 1964, 
C o r v a l á n 1976) occur a long a belt more than 60 k m long 
reaching eastwards to 7 r 4 6 ' W , 40 km ínland (Corvalán 1982). 
Furthermore, consider ing that the upper Triassic (Nor i an -
Rhaetian) is more than 800 m thick in the Curepto área (Esco
bar 1980) and thins rapidly eastward, to only 300 m ín the 
Hua lañe área (Corva lán 1976), whi le changing from shales to 
sandstones and conglomerates, one could conclude that the 
Late Triassic g u l f d id not pass H u a l a ñ e (Fig. 9). 

O n the o ther hand , the presence o f f í n e l y l a m i n a t e d 
Hettangian shale facies bear íng a thin-shelled bivalve benthic 
fauna w h i c h is interbedded w í t h graywackes w í t h graded 
bedding and s lump l e v é i s ( C e c í o n í 1970, Escobar 1980) 
i n d i c a t i n g r e l a t i v e l y deep sed imen ta ry c o n d i t i o n s w í t h 
turbiditic successions, requí res a more eastem position o f the 
coast. This impl íes the existence at the latitude o f Curepto o f 
an i m p o r t a n t H e t t a n g i a n g u l f , s t r o n g l y s u b s í d e n t and 
t e c ton i ca l l y unstable, t h r o u g h w h i c h the sea penetrated 
widely towards the east up to the A l t o Atuel headwaters (Fig. 
I 3 a ) . A t the b e g í n n i n g o f the ear ly P l i en sb ach i an , the 
transgression began to spread l o n g i t u d i n a i l y towards the 
north and south. We propose to ñ a m e th í s t r a n s g r e s s í o n a l 
g u l f the "Curepto Hettangian G u l f . It should be recalled that 
265 k m north, in the La Ligua área (36°26 'S ) the transgression 
passed the 71 ° 13' W only in the Sinemurian. 

Conclusión 

The westem border o f the Andean Retroarc Basin o f Cen
tral Andes thus appears to be dominant ly control led dur ing 
the Jurassic by the tectonic and magmatic activity o f the are. 
Importance o f voleanoclastic and volcanic input ín sediments 
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Figure 13: Main stages of the Jurassic 
transgression from Curepto Hettangian 
Gulf through the Neuquén Basin. 
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Figure 14: Paleogeographic outline ofthe Neuquen-Chubut Basin during Lower Toarcian. Notice connexion with the Pacific via the Curepto Strait, 
paleogeographic continuity between Neuquén and Chubut basins, and austral glove-finger ending at 48°S. 



244 J. C. Vicente 

o f this insular border leaves no doubt about the real i ty and 
magnitude o f this activity. The observed characteristics such 
as thick volcanic series fo rming the are indicate that ma in 
volcanic activity was above sea level. Whereas notable along-
strike con t inu i ty and w i d t h o f the are proves that, at first 
sight, it represented a wide barrier to the direct ingression o f 
waters f rom the open Pacific. In such a way that the Andean 
Retroarc Basin can be looked as a typical barred basin. 

In that framework, evidence o f longitudinal changes in age 
o f transgressions, when checked i n the most axial part o f the 
basin, allows the localisation o f two major straits through the 
are: the first in northem Chile at latimde o f Taltal (25°15 'S ) and 
the second in central Chile at latitude o f Curepto f35°S). From 
which Pacific waters entered and floodcd gradually the rifted 
re t roarc and p rogressed l e n g t h w i s e at the same t i m e 
nor thward and southward as a narrow furrow. Bo th straits 
i n i t i a t e d i n the upper Tr iass ic and extended d u r i n g the 
Hettangian. A t the beginning, the jus t created T a r a p a c á and 
A c o n c a g u a - N e u q u é n basins were i so la ted , and became 
connected in the m i d d l e Pl iensbachian g i v i n g b i r t h to a 
continuous elongated retroarc basin f rom central Chubut to 
northem Perú . Meanwhi le , the in i t ia l zone separating both 
basins as Nor t e C h i c o Is thmus is l ooked as a zone w i t h 
posi t íve tendency where transgression was belated. 

On the scale o f the whole Andean margin, two more straits 
must be mentioned by which Pacific waters have penetrated 
and t looded the future Andean Basin. In nor them Perú was 
the "Olmos Late Triassic G u l f (6°S) and i n Co lombia the 
" I b a g u é Late Triassic G u l f (Gcyer 1973 and 1979), w h i c h 
p r o d u c e d the N o r i a n m a r i n e depos i t s o f the P a y a n d é 
Formation in the To l ima basin. Thus, we may assume that 
from the beginning o f the late Early Pliensbachian all basins 
were connected and that form then an important continuous 
furrow extended for more than 4.400 k m , wi th a width o f about 
25 ío 50 k m , except for N e u q u é n where it was more than 200 
k m wide at 38''S (F ig . 12). I t should be recognised that this 
remarkable continuity and narrowness o f the Andean basin 
leaves li t t le doubt about its tectonic control. 

Significant in this context are the turbiditic and olistostrome 
levéis recorded in the Triassic - Sinemurian o f the Atue l área 
(Riccardi et al. 1988) and Upper Pliensbachian o f the Cordille
ra del V i e n t o and Sierra de Chacay Co (Rosen fe ld and 
Volkheimer 1980). These authors relate these deposits to 
s y n s e d i m e n t a r y f a u l t s a c t i v e d u r i n g N e u q u é n b a s i n 
subsidence. A c t i v e subsidence w o u l d also e x p l a i n the 
existence o f early Toarcian, deep-turbidi t ic deposits (Los 
MoUes Format ion) over a great part o f southem N e u q u é n . 
Sometimes these deposits are remarkably thick such as in the 
Barda Colorada Este borehole, 30 k m south o f Plaza Huincul , 
where they were penetrated for more than 2500 m with typical 
deep-turbiditic facies (Hinterwimmer and Jauregui 1984). 

A similar situation, i n v o l v i n g marked subsidence can be 
observed at the latitude o f the Tarapacá basin in the Domeyko 
Cordillera where, beginning wi th the Pliensbachian, there are 
fine laminated micritic facies wi th radiolarians, reminiscent o f 
abyssal-plain deposits. These facies become enr iched i n 
turbiditic sandstones passing into a tme psamo-pelitic flysch 
wi th olistoliths and slumps (Vicente et al. 1985). Another área 
w i t h strong subsidence is located at the la t i tude o f Cerro 

Longacho (20"23'S), north o f Pica, where Sinemurian facies 
consist o f fine pyroclastic turbidites w i t h abundant siliceous 
spicules and radiolarians. 

The A r e q u i p a basin also is marked by extensive ear ly 
subsidence, as ind ica ted by S inemur ian ca lc i lu t i tes w i t h 
slumps and the turbidi tes w i t h encrinites o f t h e Laguni i las 
Formation in the Pimo área (Vicente, 1981). Furthermore, near 
Arequipa, at the basin's insular margin, tme synsedimentary 
faults and intraformational unconformities related to b lock 
faulting have been recorded (Vicente et al. 1982). 

T h e p re - t r ansg re s s ive c o n t i n e n t a l depos i t s r e m a i n , 
nevertheless, the best evidence for the extensive tectonism 
p r e d a t í n g basin fonnat ion. It ís indicated by the h igh iy irre
gular geometry and abmpt thickness changes o f the so-called 
" P r e c u y a n " c y c l e i n N e u q u é n and sou the rn M e n d o z a 
(Gulisano 1981, Gulisano a/. 1984, Digregorio ^ / ív / . 1984, 
Uiíana et al. \, Gulisano and Gutiérrez Pleiming 1995 ( fig. 7 
and 8) . Th i s " c y c l e " consists o f Rhaet ian-Lower Jurassic 
al luvial , fluviatile and lacustrine deposits w i t h high volcanic 
and pyroc las t i c content i n the E l Freno ( S t i p a n i c i c and 
Bonetti 1970, Volkheimer 1970) and Remoredo (Stipanicic and 
Mingramm ín Groeber et al. 1952, Stipanicic 1966) formations 
ín southem Mendoza, Chacaico (Parker 1965), Sañ icó (Gal l i 
1953, Stipanicic 1967), Piedra del Agu i l a (Ferello 1947) and 
o ther á r e a s i n w e s t e r n N e u q u é n , These sequences are 
interpreted as the initiaJ fjllings o f topographic highs and Jows 
due to rotated blocks, located wi th in the low, cratonic margin 
w í t h an extensive r é g i m e n o f associated vo lcan i sm. T h í s 
s i t u a t i o n is e v i d e n t at the l a t i t u d e o f Bardas B lancas 
(Gul i sano 1981) where a graded transgression has been 
reported and ín southem N e u q u é n (Gulisano et al. 1984 where 
these stmctures occur at the base o f t h e transgression. 

Even i f an analysis o f the synsedimentary f rac tur ing is 
required, it is clear that fracturing controlled the configuration 
o f the N e u q u é n basin margins ( M o m b r u and Uliana 1978). 
Thus it comes as no surprise that there ís some coincidence 
(Rosenfeld and Volkheimer 1980) between some inferred faults 
and major structural l í n e a m e n t s such as those o f A ñ e l o and 
Rio Limay (Ramos 1978, 1998), which give the basin its trian
gular shape. 

A l l lines o f evidence are, therefore, ín agreement that a 
s o m e w h a t subs ident A n d e a n B a s i n á r e a o r i g i n a t e d by 
ex t ens ión , behind an active volcanic are, and was related to 
subduct ion o f the p r o t o - P a c i f í c at the Gondwana western 
margin (Uliana et al. 1989). This geotectonic setting exeludes 
any intracontinental riñ and leads to accepting the idea o f an 
" a b o r t e d - m a r g í n a l " retroarc basin whose basement remained 
síalíc (Vicente 1984; Digregorio etal. 1984, etc.). 
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