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INTRODUCTION

The Central Andes, with an elbow shape, forrns rhc widcst and highest segment of the Andean

range. DeFm and uplift of this segment are mainly controllcd by Neogene shorrcning, broadly documented

in the Sierrra s Subandinas, Cordillera Oriental and Altiplano (references in Baby ct al., 1997). In the

Cordill era Occidental, northernmost Chile (Arica latitude), recent studies have shown that the Neogene

shortening is mainly represented by a system of thc Mioccne west-vergent structures, locally associated

with syntectoruc sediments (Mufioz and Charrier, 1996; Garcia ct al., 1996; Riquclme, 1998). In the Belén

region this system forrns a narrow thick-skinn ed fold and thrust belt (Gard a et al., f996 ). To the west of

the Belén Be!t, lesser deFm structures (folds and flexures) represcnt an external and late activation of the

compressive system. The major structure of this less deformed region is the gentle Oxaya Anticlin e

(O.A.), which produce s an important physiographical step l'rom 2000 to 3600 m (Fig. 1). In this paper, we

describe in deta il the surface geometr y, kinematic s and chronology of the O.A., and propose a di fferent

interpretation to that of other workers (Mufioz and Charri er, 1996; Uhlig et al., 1996).
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THE DEFORMED UNITS

In the O.A. region , an extensive Oligo-Miocene coyer of volcanic and sedirnentary deposits

overlics a substratum of more deforrned Mesozoic rocks. The substratum, exposed only in the Lluta,

Cardoncs and Azapa valley s, IS esse nua ly formed oy folded Jurassic-Lower Cretaceous sedimentary series

(Livilcar Fm; Mu üoz et al., 1988), which are intruded by the Lare Cretaceous-Paleocene "Lluta

Intru sives" (Salas el al., 1966; Mufioz and Charrier. 1996).

The Olig o-Miocene cove r has been grouped in the Azapa, Oxaya, El Diable . Zapahuira and

Huaylas Fms (Sa las et al., 1966; Vogel and Vila. 1980; Garcia, 1996; Parraguez, 1998). The Azapa Fm,

which consists of fluvial grave ls, includes a rhick lower mernber (·400 rn). lim ited to the east by the

Ausipar Fault (Fig. 1) and a thin upper mernber (O-SO rn) that overlie s, to the west, the lower rnernber and

to the east the Mesozoic substratum. The Oxaya Fm, which co nformably ove rlies the Azapa Fm and

locally (to east ) the substratum, is the most extensive unit in the region and is entire ly involved in the

OA.. Il is Iorm ed by large ignimbri te shee ts, interbedded with minor sediments. These shec ts l'orm a

bread -1000 rn thick ignimbritic plateau of strongly competent rocks. Several K-Ar radiosotopic

determinations in the Oxaya Fm. indicate an age range from 2S to 19 Ma (Gar cia et al.. [his symposi um).

In the eastern Pam pa Oxaya (Fig. 1), they are overlain by fresh black basalti c-nndesite of the Zapahuir a

Fm, that yielded K-Ar ages of IS to 12 Ma (Garda. 1996; Garda, in prep.). The Oxaya and Zapahuira

Fms are covered by the fluvial depo sits of the Lower Mernber of the Huaylas Fm (Ga rda , 1996). The

lowermost sandstones oft his member and both the Oxaya and Zapahuira Frus are tiltcd to the East due to

folding of the O.A.. They are onlaped by gravels. which upward rapidly becorne hor izont al, detï ning a

smooih progresive unconformit y (Fig. 1). In the lower rnost Huaylas Fm, Bargo and Reguero (1989) and

Salinas et al. ( 199 1) reponed the presence of Earl)' Huayqueri an (9-8 Ma ) rnamm al rests. The upper

Huaylas Fm co ntains a thin rgnunbrite daied (K-Ar on biotite ) in 8.7± 1.0 Ma. 1'0 the west o f the O.A., the

Oxaya Fm is co nfor rnably ove rlain by the lower sandstones and uppe r gravels of the El Diable Fm (Fig.

1). The grave is contain black andesire c lasts of both lithology and age identical to the Zapahuira Fm. In

the Moquella region (70 km south to the O.A.) . the sarne El Diable gravels are co nforma bly covercd by a

lava flow dated in 8A±0.6 Ma (mea n age o f two K-Ar determinations; Naranj o and Paskofl', 19R5; Muûoz

and Sepûlveda, 1992).These data rrnplie than depos ition of the El Diablo Fm ended bctwecn - 12and -RA

Ma. Ail the described units are loca lly cove red, to the cast and west of the Oxaya Anti clinc, hy the

Huaylas Ignirnbrire , an extensive pyroclasuc tlow dated in 4A±0.3 Ma (mean age of six K-Ar

determination s; Naranj o and Paskoff, 1985: Gardeweg et al., this symposium)

THE OXA y A ANTICLINE

The O.A. is a gentle and west-vergent assy metric fold, weil expo sed in the western part of the

Pampa Oxaya , and rnainly forrned by ignimhrites of the Oxaya Fm (Fig. 1). Along strikc (N30W) it ca n

followed for - SO km. The structure srnooihly plunges to the south, wherea s 10 the north it cvolvcs to :l



Fourtli /SAG. Goettingen (Gennonv). ()./-()61/01/999 25 1

N20W trend ing monoclinal l1 exure (Fig. 1). The gre.ue r amplitude of the O.A. is obscrvcd in the

proximity of the Azapa valley (sec tion of Fig. 1). whcrc the structure cause s a change ln altitude 01 - 1600

m. Exrrapolating eustwnrd the regional slopc ( 1-2°W) of the top of the OX ~ I Y ~l Fm in the Cent ral

Depression. ail 00-1200 111 vertical offset is obuuncd for the hingc region (Fig. I). in tills regio n, the

assyrnerry of the fold is beuer ohscrvcd: the western limb clips 12-1~o . the eastern hmh dipx 7 -Xo. The

anticline is also ussociuicd with a very open trornul syncline (Fig. 1). ln the lungc zone 0 1' the O.A..

buckling and strong competence of the rocks of the Oxayu FI11 hus causcd norma l faulung and grabens.

wich are locally tï lled hy the Huayius Ignimbritc.

The O.A. wus produccd hy the propagation and rcacuv ation of an ancrent thrust. This structure.

the Ausipar Fuult (Salas et al.. 1966: Murioz and Charr ier. 1996: Parragucz. 1998). only exposes its trace

in the Lluta valley. The Ausipar Fault cli ps 4Q-55°E in the 11 001' of the valley where it Juxtaposes the

substratum wirh the lower Azapa Fm. Highcr up it evolvcs to a subhorizontal thrus t thar propagates into

the upper Azupa and lower Oxaya Fms and de forms the upper Oxaya Fm (Fig. 1). The existence of the

lower Azapa Fm westward of the Ausipar Fault , and its absence la the east (ove r the substratum), indica te

a major period of complexe faulting prior ta the generation of the O.A.. This periad is constrained

betwcen the deposition of the lower and upper rnernbers of the Azapa Fm, during the Oligocene.

AGE OF FOLDING

We hcre consider the ages of the non-folded and folded units ln the flanks of the O.A.. On the

eastern lirnb, the tilted lowerrnost Huaylas Fm (9-8 Ma) is unconforrnably covered by horizontal gravels,

which have intercalated a 8.7± 1.0 Ma ignimbrite . If we consider the analitycal error of this age , then its

minimum age can be regarded as 7.7 Ma. Therefore , the age interval for folding in this area is between 9

and 7.7 Ma. On the western limb of the frontal syncline, the El Diable and Oxaya FOlS dip very geruly to

the west. The minimum age of the El Diablo Fm implies thal folding occurred after - 12-8.4 Ma. In

addition, the Huaylas Ignimbrite (-4.4 Ma) overlies the El Diablo Fm with strong erosion unconforrni ty

(Fig. 1) and also covers the anticline. Thus, the geometrie relauonships in the western SIde of the O.A.

indicate that folding took place after - i 2-8.4 Ma and much earlier than 4.4 Ma. This last interval of age is

wider than that the one obtained at the eastern border of the anncline, but 15 very consistent, and contra ints

also the folding to the Laie Miocene (-9-7.7 Ma).

CONCLUSIONS

The O.A. forrned in the Late Miocene (-9-7.7 Ma). lt was generated by the propagation and

reacti vation of the Ausipar Fault in a compresionaJ environment. The O.A. representes an externa l and

late acti vation, under conditions of lesser strain, of the Miocene west-vergent co mpress ive system of the

northernm ost Chilean Andes (Arica latitude ).
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