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INTRODUCTION

The Chocolate Formation is exposed in southern Peru between the cities ofNazca and Tacna, mostly in

the Pacifie slopes of the Cordillera Occidental and alon g the coast. Thi s lithostratigraphic unit wa s initi ally

described near Arequipa by Jenk s ( 1948 ; "V olc ànicos Chocolate"), who assi gned a Jurass ic age to it. It cons ists

of a succession of volcan ic rock s, sandstones, and con glomerates . Ne ar the top of the unit , a Sinemurian

ammonite was found in a fossiliferous limestone intercalation . In Tacna a s imilar un it was mapped as "Junerata

Formation" by Wilson & Gard a (1962) and Iater equ ated with the Chocolate Formation (Monge & Cerv antes,

2000). Recent studies have suggested that the base o f this unit might be as old as Late Carboniferous (Pino et a l.,

2004; Sempere et al., 2004) . Because the Chocolate volcanism is likely to have been active in the middle

Perm ian , it partl y represents a coas ta l equ ivalent of the Mitu volcanism known in the Eas tern Cordillera.

Fig. 1. Stratigraphie chart STRA TIGRAPHIC RELATIONSHIPS
REGION DE

REGION DE TACNAAREQUIPA
Jenks Whon Monge y

Pino et al.,
1948 y Garcia Cervanles Presente

1962 2000 2004 Estudlo

Fm.
Form acl6n Fm. Formacl6n Formac l6n

Chocolate
Jun erata Chocolate Pelado Pelado

r- r-t-

r-
F

r- Formaci6n

-r- Chocolale

r- Fonnaci6n
Junerata

r-
I

-r-

I
Grupo,

i T;lrma.ç~bina

r- Grupo Grupo
1

1 Ambo Ambo
_L- I-----? 7 -

1
Grupo Formacl6n Grupo

Cabanillas Machanl Cabanillas

" '-- L BA SA-e-'Ôl: .A '

ln the Rio Sihuas , Murco, La Joya and Punta

de Bombon, the Chocolate Formation overlies the

Precambrian basement or Paleozoic strata, and

conformably underlies the Upper Liassic-Lower

Dogger carbonates of the Soco sani Formation. N orth

and northeast of Tacna, the Choco late Formation

conformably underlies the Liassic Pelado Formation

and conformably overlies sandstones and mudstones

that have yielded fossils typi cal of the Mississippian

Ambo Group (Pino et al. , 2004; Sempere et al. , 2004) ,

and others possibly indic at ive of a Pennsyl vanian and/or Permian age . Along the coas t (Pocoma, Punta de

Bombon, Puerto Viejo), the Chocolate Formation conformably overlies clasti c s tra ta of probable Late Paleozoi c

age. These relationships sugg est that the base of the Chocolate Formation is likel y to be Late Paleozoic in age ,

and possibly Middle Permian (Fig. 1).
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LITHOLOGIES AND GEOCHEMISTRY

Chocolate Formation. In general, its base includes grey

lava flows (basalts and basaltic andesites) as weil as

rhyolitic pyroclastites (Fig. A). Northeast of Tacna,

pillow-Iavas occur in the middle and upper parts of the

formation. Thick ignimbrites (welded; with fiamme) are

also observed. A number of hyaloclastites occur in the

upper part of the unit, close to the overlying Liassic

carbonates. The volcanic rocks mostly accumulated in a

submarine environment (interbedded chert, pillow

lavas).

Alternating pyroclastic flows, lavas and

associated subvolcanic rocks are characteristic of the

In several areas, petrographie and geochemical

data indicate that the Chocolate rocks were produced in

an arc setting by a calco-alcaline magmatism (Fig. B).

REE data show a low fractionation of their light

elements, with LaNNbN ;::; 1-6 in the Arequipa region,

and > 13-17 in the Tacna region (Figs. C y D). Many

Eu/Eu" ratios are low to very low, indicating some

fractionation of plagioclase (Fig. E).

757065

MgO

+Arequipa

1 0 Punta de Bomb6n

1

+La Jaya

~ Tacna (Pachia/Palca)

55 60
s.o,

FeO'

5045

B

OLULL.l--'--L.L..l....L.LL.LL.LJLL.l--'--L.L..l....L.LLULL.l..L.J.--'--L.L..l....L.J....L.LJL..L..L...I

35 40

Alk

/

14

12

dO
,.-
+
08
œ
z

Rock/Chondrites REEs-Sun and McD 89

Sun/MeDan. 1989-PM

Pachia (LalYb)N 3-17
Eu/Eu" 0.6 ·1.2

Pa/ca (La/Yb)N 6-17
Eu/Eu' 0.1 -1.0 _

La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Arequipa (LaIYIl)N 1· 6
Eu/Eu' 0.6 -1.1

Rock/Primitive Manlle

1-

10

100

1000 CO,....----------------------:::J

CONCLUSIONS AND INTERPRETATIONS

The Chocolate Formation was produced in an

arc setting. Il mostly consists of calco-alcal ine basalts

and andesites, but also includes some dacites and

rhyolites. Occurrences of interbedded cherts and of

pillow-Iavas indicate that this thick arc succession at

least in part accumulated below sea level.

Given the calco-alcaline arc context, the

apparent variation in LaNNbN ratio between Arequipa

(1-6) and Tacna (6-17) suggests that magmatic

processes and/or the composition of the crust were not

uniform along the arc. Magmas were apparently less

differentiated in the Arequipa region than in the Tacna

region. Both types suggest that little garnet was present

in the initial source, which is compatible with the idea

that the crust was at that time relatively thin, albeit

ca Rb Ba Th U Nb K La Ce Pb Pr Sr P Nd Zr Sm Eu TI Dy Y Yb Lu
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irregular in thickness. This matches Pino et al.'s (2004) Interpretation according to which accumulation of the

Chocolate/Junerata Formation in the Tacna region was triggered and controlled by a long process of a

lithospheric thinning.
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Because it is likely that the Chocolate magmatism

developed starting in the Late Paleozoic, the idea that it

was produced by lithospheric thinning in the coastal region

of southern Peru matches the conclusion that lithospheric

thinning developed along the Eastern Cordillera of

southern Peru during the mid-Permian - Triassic (Sempere

et al., 2002). Sedimentary effects of lithospheric thinning

are weil recorded in the post-rift successions of coastal

southernmost Peru (Pino et al., 2004), as weil as the

Western and Eastern cordilleras (Sempere et al., 2002). A main difference, however, is that lithospheric thinning

in the coastal regions developed in the vicinity of a subduction arc, leaving open the possibility that back-arc

extension led to the formation of a marginal basin.
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