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INTRODUCTION

Along the western boundary of the Eastern Cordillera of north-central Ecuador. a major fault

system marks the suture of the Amotape-Chaucha Terrane (Litherland et al., 1994), and extends

northwards into Colombia. Dextral transcurrent motion associated with clockwise rotation (Mourier et al.,

1988), which was concurrent or subsequent to subduction-accretion of the Amotape-Chaucha Terrane, has

resulted in the exhumation en bloc of previously subducted POri ions of this ierrane (El Oro Metarnorphic

Complex) which comprises exotic blocks of eclogite-blueschist-arnpbibolite known as the Raspas

Complex (Duque and Feininger (1974; Figure 1). Arculus et al. (1999) demonstrated that the basalts and

gabhros have N-MORB and oceanic plateau affinities while the petitie schists represenl crust-derived

sediment s.
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On the basis of major, trace element and isotopie geochemistry, two groups of meta-igneous

rocks can be recognized. The first, composed of ec/ogite , garnet-amphibolite and one meta-gabbro

cxhibits E-MORB affinities ; the second group, comprising greenschist- and amphibolite -facies basaJts and

gabbros is sirnilar to N-MORB.

The relatively high MgO (7 to 8%) and Ti02 (1.5 to 2.2 %) contents of the ec/ogites and N

MORB type basalts indicate (hat they do not represent strongly fractionated melts. The gabbros differ

From (he basalts by lower Ti02 (0.4 to 0.8 %) and higher AI20] (-17 %) contents, suggesting that they

contain cumulus plagioclase . In contrast, the high MgO (10.36 %) and Cr (542 ppm) of the garnet

amphibolite indicate that the protolith of this rock was a clinopyroxene cumulate gabbro . The harzburgites

are characterized by high MgO (- 37 %) and Cr (2280 to 2614 ppm) correlated with very low AI20] « 3

% ). The major- and trace-element chemistry of the pelitic schists is very homogeneous . Variations in Zr

content are interpreted as reflecting the presence of detrital zircon.

The rare earth element (REE) pattern of the eclogite is clearly distinct From the other basalts of

the Raspas Complex in that it is enriched in light REE (LREE) relative to heavy REE (HREE) [ILa/Ybj-,

= 1.15; (La/Smj-, = 1.0] while the other basalts are depleted in LREE [0.55 < (La/Srnj-, = 0.9] (Figure 2).

The gabbros differ from the basalts by lower REE abundances (- 10 times the chondritic abundances),

lower (LalYb)n ratios (0.55 to 0.6; with the exception of 97CE 19), and Eu positive anomalies (Figure 2).

The Nd-to-Ln-, spectrum of the harzburgites are within the general range expected of refractory ultrarnafic

lithologies (Figure 2). However, two features may refleci a more complex origin: i) enrichments of La, Ce

and PI' relative to MREE; ii) a positive Eu anomaly (EulEu*=1.76) . Both features might result from

original veining by melt-related material.

The REEn abundances of the pelitic schists (Figure 3) resemb\e those of bulk continental crust.

Allthese rocks are LREE enriched relative to HREE [4.27 < (La/Ybj-, < 5.82]. There is no indication in

these high-grade pelitic rocks of bulk or differential selective loss of REE. Noteworthy in this respect is

absence of selective loss of the light REE compared with medium to heavy REE.

The N-MORB-normalised, extended trace element abundances of the varied mafic-ultrarnafic

lithologies are informative (Figure 2). For greenschist-facies rocks. with the exception of Rb and Ba (on

one samp\e of metagabbro) and Pb (in both rneta-basalts and gabbros), overall abundances are relatively

unfractionated, Likewise, smooth relative enrichments in certain LILE of the eclogite (Th, U, Nb, Ta, and

Pb) are consistent with faithful preservation of original E-MORB or OIS abundances, Conversely,

abundances of Rb. Ba. and Sr are significantly depleted compared with fluid-irnrnobile LILE. Gamet

arnphiboliie differs From the eclogite in that it shows significant depletion in Nb and Ta and compared to

the gabbros, and is enriched in Th and U. However, this rock shows Like the greenschist-facies samples

and the harzburgites, this rock is relatively enriched in Pb. Whilc Ba is below detection limit (5 ppb) and
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may have been lest from the serpentinite. there are no apparent losses of Rb, Th, U, and Sr. An absence of

Ba loss distinguishes the preserved harzburgite di l'fers l'rom the serpentinized samples.

ISOTOPE RESUL TS

The isotope compositions of Sr, Nd and Pb were determined on samples l'rom same data set, including

whole-rocks and separate mineraIs. Ali the isotopie compositions have been corrected for "in situ" decay

using an age of 150 Ma for the basic and ultrabasic rocks and 123 Ma for the sedirnentary rocks.

The metabasalts clearly show a N-MORB affin ity with ENd values ranging between + 10 and + 11 and

(87Sr/86Sr)i ranges from 0.70306 to 0.70310 (Figure 4). The two gabbroic sarnples are different. One

sample (Ce13) has a depleted signature similar to the metabasalts (ENd=+ IO, (87Sr/86Sr)i = 0.70396) and

probably originated l'rom a N-MORB type reservoir. The second one (Ce 19) presents a significantly

different signature with a higher (87Sr/86Sr)i ratio (0.70507) and a lower Nd composition (ENd=+7)

suggesting a more enriched origin similar to E-MORB or OIB. The distinction bctwccn the two gabbroic

samples agrees quite weil with the conclusions previously proposed on the basis of REE and trace element

distributions. The composition of sarnple Ce 19 l'ail s in the sarne domain as the gamet arnphibolite and the

eclogite whole-rocks in Fig 4 .

The Sr and Nd isotopie compositions of the gamet arnphibolite and the eclogite are more enriched and

are located on an intermediate position between N-MORB and OIS (Figure 4). The slightly clevated

(87Sr/86Sr)i ratios of these rocks suggcsts seawater alteration. For the eclogite sample, we also determin ed

the isotopie compositions on separated clinopyroxene (omphacite) and amphibole (barroisite). The slightly

elevated (87Sr/86S r)i ratios (0.70649) determined for the whole-rock cornparcd to the minerai separat es

(0.70307 and 0.70391 for clinopyroxene and amphibole, respectively) clearly suggest a limited impact of

this lare low temperature hydrothermal event.

The two ultrabasic samples yield eNd ratios in agreement with an origin l'rom a depleted reservoir . The

serpentinite (Ce 14) yields a more elevated (87Sr/86S r) ratio (0.70407) than the fresh one which has a lower

(87Sr/86Sr)i ratio (0.70378).

The pelitic schists exhibit the most radiogenic Sr isotopie compositions (87Sr/86Sr) i > 0.7 15) with ENd

values ranging between -6 and ..8. These isotopie compositions c learly suggest a continental crustal

affinity: the source couId have been old detrital sediments with ages ranging l'rom 0.6 to 1.0 Ga.

Pb isotopie compositions are reported in the 207 Pb(W4Pb vs 206Pbj204 Pb and 208 Pb/204Pb vs

206Pbj204Pb diagram s (Figure 5). The distribution of the analytical points def ines three distinct groups of

samples. The first, constituted by the rnetabasalts, one rnetagabbro (Ce 13) and one harzburgit e (Ce 15), has

very low ratios corresponding to an origin l'rom a depleted or N-MORB type reservoir. The second group

of samples has more radiogenic (206Pbj204Pb)i and (208Pbj204Pb)i ratios that overlap the OIS or E-MORB

domains. This group includes eclogite, harzburgite , the second metagabbro (Ce 19) and the gamet
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amphibolite. These rocks probubly come l'rom a more cnrichcd source thun the mctubasalrs and the

gabbros Ce 13. Moreover, they show pcrvusive hydrothcrmal alteration . The mctagabbro Ce 19 hus an

elevated e07 Ph/2().!Ph)i ratio comparcd to the eclogitc and harzburgitc wholc-rocks . This cun he explained

hy a contribution either of smull quantitics of a scdirncruary componcnt (pelagie") or of old continental

crust . The third group of samples, composcd of the three petitie schists , displays a range of Ph ratios that

clearly reflect their origin l'rom old crust The clcar distinction betwcen the present data set and the

Hispaniola sarnples supports different origins and prccludcs, for the Raspas Cornplex roch. a similar

hotspot contribution. Comparcd to the 123 Ma Ecuadorian samples, the tïrst Raspas group is less cnriched

but the second one is sirnilar. which could be interpreted as involvement of the sarne components (Figure

5: Lapierre et al.. 1(99).

CONCLUSION

The major-, trace-element and Nd, Sr, Ph isotopie compositions of metamorphosed igneous and

sedimeruary components of the Raspas Complex define three groups of samples. The meta-basalts, one

gabbro (Ce 18) and the harzburgites have depleted characteristics corresponding to a N-MORB type

reservoir. The eclogite, another gabbro (Ce 19) and the garnet amphibolite present strong affinities with a

more enriched source similar to that of OIB or E-MORB. Finally, the pelitic schists clearly come l'rom old

continental crust probably of Proterozoic or Archaean age (> 0.6 Ga). Pervasive hydrotherrnal alteration is

clearly seen in the oceanic plateau rocks. The distinct origins for these rocks from a restricted area of the

El Oro district supports the hypothesis of an accretionary prism including an exotic block of eclogite

blueschist-arnphibolite.



466 Fourth ISAC, Goettingen (Germany), 04 - 06/10/1999

REFERENCES

Arculus, R. 1., Lapierre H, and Jaillard E., 1999, A geochernical window into subduction-accretion

proccsscs: the Raspas Metamorphic Cornplex, Ecuador, Geology, in press.

Duque, P., and Feininger, T., 1974, Eclogit as y esquistos azules de la Provincia de El Oro, Ecuador ,

Memorias Siniposio sobre ofio litas. Universidad Nacional Medellfn, Co lombia, 35-38 , abstr.

Lapierre. H., Bosch, D.. Dupuis, V., Polv é, M., Maury, R.C., Hernandcz . J., Monié, P., Yeghiche yan, O.,

Jaillard . E., Mercier de Lépinay, B., Marnberti, M., Desmet, A., Keller, F. and Sénebier, F., 1999,

Multiple plume eve nts in (he genesis of (he peri Caribbean Cretaceous oceanic plateau province, 1.

Geo pliys ical Research. in press.

Liiherland. M., Aspden , lA.. and Jernielita , R. A. , 1994, The metamorphic belts of Ecuador, British

Gco logical Survey , Overseas Menioir No. ll .

Mouricr, T., Laj, c.. M égard, F., Roperch, P.. Mitouard, P., and Farfan-M edrano, A., 1988, An accreted

continental terrane in northwestern Peru.. Ear/II Plan et, Sei. Lett.. 88, 182-192.

Sun. S-S.. and McOon ougb. W. F., 1989, Chemical and isotopie systernatics of oceanic basalts:

implications for mantle composition and processes, in Saunders, A.D., and Norry , M.J., eds.,

Magrnatism in Ocean Basins: Geol. Soc. London, Spec. Publ. 42, 313-345.




