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RESUMEN: Sc proponc una nucva cronologia dc las formacioncs jurlisicas tlc l a  costa del Sur del Pcni, 
basada sobre argumcntos palcontolbgicos y gcocronoMgicos, y SC prcscnhn obscrvaciones mincralogicas y 
geoquimicas. 

KEY WORDS : Lias, Dogger, low grade mctamorphism, calc-alkalinc, active continental margin-type 
setting, Southcm Pcru. 

INTRODUCTION 

Jurassic volcano-scdirncnl3ry rtxks have bccn rccognizcd in various places of thc coastal rcgion OP 
Southcrn Pcru (figurc IA). Thcy l w c  bccn gcncrally ossignctl lo Ihrcc main formations. A thick scqucncc 
(>3000 m) of volcanic brcccins with intercalalcd rhyolitic [O antlcsitic flows arc corrclalcd with thc 
Chocolatc Fm dclincd in the Arequipa arca (Jnbn Lu: ol., 1963; Olchauski, 1980). In this arca, an early 
Sinemurian fauna  is prcscnt at the top of the Formation (Vargas, 1970, Vicente, 1981). The Chocolatc Fm is 
unconformably ovcrlnin by thc  Bajocian to Oxl'ortlian marine scrics of Guancros Fm in the southcrnmosl part 
of the coastal rcgion (Jabn S: al.,  1963). Finally, in  the northcrn scgmcnt of thc arca dcscribcd hcrc,  Aalcnian 
to Tithonian marine scdimcnLs associatctl with volcanic matcrial have bccn rcgroupcd into the Rio Grande 
Fm (Ruegg, 1956,1961; Olchauski, 1980). 

New stratigraphieal, pnlcontological, a n d  gcochronological data from ncar Nazca, Chola, 110 and 
Tacna (figurc 1A) havc lctl to a ncccssary partial o r  complet rcdcfinilion of the jurassic formations cxposcd 
in thc coastal arca of Southcrn Pcru. Morcovcr, the prcscncc of a low-grade  non-dcformational 
metamorphism in a l 1  thcsc thrcc formations has bccn put in  cvidcncc. ILS charactcristics and thcir 
conscqucnccs on the primauy chcmistry o f  thc volcnnic rocks arc also tliscusscd. 

THE JURASSIC FORMATIONS OF THE COASTAL AREA OF SOUTHERN PERU 

Ncar 110 (l'igurc 1 B-A), a scqucncc ol' conglomcratcs, volcnnic brcccias and dacitic to andcsitic 
flows that  uncoml'ormably  ovcrlnin the prccanlbrian bascmcnt ;uc intruclcd  by gabbro and  tlioritc rocks (iatcd 
at 190 Ma and 150 Ma (Mc Bricic, 1977; Slinchcz, 1983; Mukasa, 198G; Clark Sc al . ,  1990) ml by 
granodioritcs with a K/Ar, hornblcnclc, agc ol' 205 k 11 M n  cropping out ncar Punta dc Bombbn. This 
scquencc probably rcprcscnts the lowcr part ol' thc Chocolatc Fm a n d  may bc corrclatcd with Lhc lowcr part 
of the La Negra Fm OC Northcrn Chilc (Muiios "r al., 1988). Ncar La Yarada (figure 1B-B), volcanic brcccias 
with intcrcalated ignimbritic llows ol'thc Chocolatc Fm. arc unconformably ovcrlrtin by shalcs, sandstoncs 
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with rare limcstonc intcrcalntions of thc Guancros Fm. Leplos~~hincrilfae, Spirocerns  p. (LI Yarada) and 
Lilloelia cf. Sleinmani S p a f h  (110) indicatc that thc basc of thc Gunncros Fm.  is oldcr (uppcr Bajcxian to thc 
uppcr Bnthonian) than prcviously postulatcd (Callovian). In thc Chala arcn, a thick scqucncc of basaltic to 
ignimbritic flows and ciucitic brcccias with intcrcalatcd rcd bcds (figure 1B-C)  was  prcviously assigncd to thc 
Chah Fm and corrclatcd with thc Chocolatc Fm (Olchauski, 1980). Ncvcrthclcss, an p-4Ar agc of 177 Ma 
obtaincd on a basaltic llow from the basc of the l'ormation indicatc that thc Chnla Fm should bc corrclatcd 
with thc Guancros Fm and thc Rio Grandc Fm (figure IB-D) whcrc occurrcncc of thc Anlcninn Bredya 
manflasensis asscmblagc zonc has bccn rcporkd (Ropcrch 6k Carlicr,  1992). Various gcncrations of 
andesitic stocks, silis and dikes crosscut al1 t l~c Jurassic forrnalions of thc coastal range. An M A r  agc 
detcrmination pcrformcd on dikcs  liom thc 110 and Chah arcas (Ropcrch & Carlicr, 1992) indicatcs 
magmatic activity contcmporancous with lhe Mitldlc Jurassic scdimcntdon. A similm agc from an andcsitic 
flow of the Rio Grandc arca has bcen rcportcd (Aguirrc & Ofllcr, 1985; Aguirrc, 1988). Nevcrlhclcss, a K/Ar 
on hornblcnde of 91.3 k 9.2 Ma from a dikc ol' Chala arca indicatcs that somc of thcse subvolcanic intrusions 
can represcnt the feeding channcls of youngcr volcanic scrics as thc Albian Matalaque Fm or Palcogcne 
Toquepala Fm. 

METAMORPHISM 

The rcgionnl low-gratlc rnct;vnorphism t h t  nffccts d l  thc volcanogcnic formations is mnrkcd  by 
the lack ol'deformation. In thc basaltic to rhyolitic I'lows and basaltic to andcsitic subvolcanic intrusions, this 
metamorphism is charactcrizcd (1) by rcplnccmcnt of primnry olivinc,  plagioclasc, hornblcndc, 
titanomagncGtc and  groundmass, and (2) by sccondary amygdulc rilling. Thc mclamorphic asscmblagcs 
consis& of vnrious associations of the following rnincrals : chIoritc/smcctitc, cclndonitc, albitc, i(-fcldspar, 
K-rich zcolitc '?, scricik, albitc, qua ru ,  calcitc, cpidotc, hcmatitc, timitc a n d  rarc pumpcllyitc, prchnitc, 
analcitc and actinolitc. Thcsc asscmblaycs suggcst sub-grccnschist I'acics conditions, i. e. zcolitc to prchnitc- 
pumpellyitc facics (T = 150-275' C, P < 3 kbars). 

In the othcr hand, thc rcplaccmcnt of primary plagioclasc by albitc, K-fcldspar and K-rich zcolite 
?, the sccondary filling of amygdulcs by calcitc, q u a r k ,  chloritc/smcctitc and celadonitc documcntc the 
relativcly high mobility of Na, K, Ca, Si, Fc and Mg tluring thc mclamorphism. 

GEOCHEMISTRY 

The Na, K and Si mobility prccludcs thcir usc to charactcrize thc primary chcmistry of thc flows 
and subvolcanic intrusions. Particularly, in somc rocks, thc vcry  high K g  content (up to 7.1 wt%) associatcd 
with abnormally high  Ba (2520 ppm) and Rb (250 ppm) contents rcsulls from a sccondnry cnrichmcnt. 

Thc jurassic llows and subvolcanic intrusions show high LILE and LREE conlcnts  and 
characteristically low contcnt of Ti and othcr HFSE of volcanic rocks associatcd with convergcnt plate 
margins (figures 2 and 3). 

FIGURE 2 : Chondritc-normalizcd rare carth elcmcnt diagram (A) and MORB-normalizcd elcmcnt 
abundance diagram (B) of southcrn pcruvim volcanic rocks showing LREE cnrichmcnt and typical Ti, Nb, 
Zr negative anornalics of volcanic rocks associalcd with convcrgcnt plate margins. 
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FIGURE 3 : Ti - Zr - Y nnd Y - La - Nb Plots of southcrn pcruvian volcanic rocks. A is ficld of low-K 
tholciite; B, sccan floor basalt; C, calc-alkali  basah; D, within plate basalt; 1, orogenic domains; 2, late to 
post srogenic intracontincntal  dolnains and 3, anorogcnic domnins. 
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