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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 portions of this terrane (El Oro Metamorphic
Complex) which comprises exotic blocks of eclogite-blueschist-amphibolite known as the Raspas
Complex (Duque and Feininger (1974; Figure 1). Arculus et al. (1999) demonstrated that the basalts and
gabbros have N-MORB and oceanic plateau affinities while the pelitic schists represent crust-derived

sediments.
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MAJOR, TRACE ELEMENT AND ISOTOPIC CHEMISTRY

On the basis of major, trace element and isotopic geochemistry, two groups of meta-igneous
rocks can be recognized. The first, composed of eclogite, garnet-amphibolite and one meta-gabbro
cxhibits E-MORB affinities; the second group, comprising greenschist- and amphibolite-facies basalts and
gabbros is similar to N-MORB.

The relatively high MgO (7 to 8%) and TiO, (1.5 to 2.2 %) contents of the eclogites and N-
MORB 1ype basalts indicate that they do not represent strongly fractionated melts. The gabbros differ
from the basalts by lower TiO, (0.4 to 0.8 %) and higher Al,O3 (~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 Al,O4 (< 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) [(La/Yb)p

= 1.15: (La/Sm)p = 1.0] while the other basalts are depleted in LREE [0.55 < (La/Sm),, = 0.9] (Figure 2).

The gabbros differ from the basalts by lower REE abundances (~ 10 times the chondritic abundances),
lower (La/Yb)n ratios (0.55 to 0.6; with the exception of 97CE19), and Eu positive anomalies (Figure 2).

The Nd-to-Lnp, spectrum of the harzburgites are within the general range expected of refractory ultramafic

lithologies (Figure 2). However, two features may reflect a more complex origin: i) enrichments of La, Ce
and Pr relative to MREE; ii) a positive Eu anomaly (Eu/Eu*=1.76). Both features might result from
original veining by melt-related material.

The REEp abundances of the pelitic schists (Figure 3) resemble those of bulk continental crust.

All these rocks are LREE enriched relative to HREE [4.27 < (La/Yb)p < 5.82]. There is no indication tn

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-ultramafic
lithologies are informative (Figure 2). For greenschist-facies rocks. with the exception of Rb and Ba (on
one sample of metagabbro) and Pb (in both meta-basalts and gabbros), overall abundances are reiatively
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 OIB abundances. Conversely,
abundances of Rb. Ba, and Sr are significantly depleted compared with fluid-immobile LILE. Garnet
amphibolite 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. While Ba is below detection limit (5 ppb) and
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may have been lost from the serpentinite, there are no apparent losses of Rb, Th, U, and Sr. An absence of

Ba loss distinguishes the preserved harzburgite differs from the serpentinized samples.

ISOTOPE RESULTS

The isotope compositions of Sr, Nd and Pb were determined on samples trom same data set, including
whole-rocks and separate minerals. All the 1sotopic 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 sedimentary rocks.

The metabasalts clearly show a N-MORB affinity with éNd values ranging between +10 and +11 and
(87Sr/8Sr)i ranges from 0.70306 o 0.70310 (Figure 4). The two gabbroic samples are different. One
sample (Cel3) has a depleted signature similar to the metabasalts (eNd=+10, (}7Sr/8Sr)i = 0.70396) and
probably originated from a N-MORB type reservoir. The second one (Cel9) presents a significantly
different signature with a higher (87Sr/%Sr)i ratio (0.70507) and a lower Nd composition (eENd=+7)
suggesting a more enriched origin similar to E-MORB or OIB. The distinction between the two gabbroic
samples agrees quite well with the conclusions previously proposed on the basis of REE and trace element
distributions. The composition of sample Cel9 falls in the same domain as the garnet amphibolite and the
eclogite whole-rocks in Fig 4 .

The Sr and Nd isotopic compositions of the garnet amphibolite and the eclogite are more enriched and
are located on an intermediate position between N-MORB and OIB (Figure 4). The slightly clevated
(87Sr/86Sr)i ratios of these rocks suggests seawater alteration. For the eclogite sample, we also determined
the isotopic compositions on separated clinopyroxene (omphacite) and amphibole (barroisite). The slightly
elevated (¥7Sr/8Sr)i ratios (0.70649) determined for the whole-rock compared to the mineral separates
(0.70307 and 0.70391 for clinopyroxene and amphibole, respectively) clearly suggest a limited impact of
this late low temperature hydrothermal event.

The two ultrabasic samples yield éNd ratios in agreement with an origin from a depleted reservoir. The
serpentinite (Ce14) yields a more elevated (87Sr/80Sr) ratio (0.70407) than the fresh one which has a lower
(87Sr/881)i ratio (0.70378).

The pelitic schists exhibit the most radiogenic Sr isotopic compositions (87Sr/8Sr)i > 0.715) with éNd
values ranging between -6 and -8. These isotopic compositions clearly suggest a continental crustal
affinity: the source could have been old detrital sediments with ages ranging from 0.6 to 1.0 Ga.

Pb isotopic compositions are reported in the 297Pb/209Ph vs 200Pb/204Pb and 208Ph/204Ph vs
206pp/204Ph diagrams (Figure 5). The distribution of the analytical points defines three distinct groups of
samples. The first, constituted by the metabasalts, one metagabbro (Cel3) and one harzburgite (Cel5), has
very low ratios corresponding to an origin from a depleted or N-MORB type reservoir. The second group
of samples has more radiogenic (*%Pb/2%Pb)i and (208Pb/2%4Pb)i ratios that overlap the OIB or E-MORB

domains. This group includes eclogite, harzburgite, the second metagabbro (Cel9) and the garnet
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amphibolite. These rocks probably come from a more cnriched source than the mectabasalts and the
gabbros Cel3. Morcover, they show pervasive hydrothermal alteration. The metagabbro Cel9 has an
elevated (PO7Pb/"™Pb)i ratio compared 1o the eclogitc and harzburgite wholc-rocks. This can be explained
by a contribution either of small quantitics of a sedimentary component (pelagic?) or of old continental
crust. The third group of samples, composed of the three pelitic schists, displays a range of Pb ratios that
clearly reflect their origin from old crust. The clear distinction between the present data sct and the
Hispaniola samples supports different origins and precludes, for the Raspas Complex rocks, a similar
hotspot contribution. Compared to the 123 Ma Ecuadorian samples, the first Raspas group is less enriched
but the second one is similar. which could be interpreted as involvement of the same components (Figure

5: Lapierre et al.. 1999).

CONCLUSION

The major-. trace-element and Nd, Sr, Pb isotopic compositions of metamorphosed igneous and
sedimentary components of the Raspas Complex define three groups of samples. The meta-basalts, one
gabbro (Cel8) and the harzburgites have depleted characteristics corresponding to a N-MORB type
reservoir. The eclogite, another gabbro (Cel9) and the garnet amphibolite present strong affinijties with a
more enriched source similar to that of OIB or E-MORB. Finally, the pelitic schists clearly come from old
continental crust probably of Proterozoic or Archaean age (> 0.6 Ga). Pervasive hydrothermal 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-amphibolite.



466 Fourth ISAG, Goettingen (Germany), 04 — 06/10/1999

REFERENCES

Arculus, R. J., Lapierre H, and Jaillard E., 1999, A geochemical window into subduction-accretion
processes: the Raspas Metamorphic Complex, Ecuador, Geology, in press.

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

Memorias Simposio sobre ofiolitas. Universidad Nacional Medellin, Colombia, 35-38, abstr.

Lapierre, H., Bosch, D., Dupuis, V., Polvé, M., Maury, R.C., Hernandez, J., Monié, P., Yeghicheyan, D.,
Jaillard, E., Mercier de Lépinay, B., Mamberti, M., Desmet, A., Keller, F. and Sénebier, F., 1999,
Multiple plume events in the genesis of the peri Caribbean Cretaceous oceanic plateau province, J.
Geophysical Research, in press.

Litherland, M., Aspden, J.A., and Jemielita, R. A., 1994, The metamorphic belts of Ecuador, British

Geological Survey, Overseas Memoir No.11.
Mourier, T., Laj, C.. Mégard, F., Roperch, P., Mitouard, P., and Farfan-Medrano, A., 1988, An accreted
continental terrane in northwestern Peru., Earth Planer. Sci. Letr.. 88, 182-192.

Sun. S-S.. and McDonough, W. F., 1989, Chemical and isotopic systematics of oceanic basalts:

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

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





