UPLIFT AND ACTIVE DEFORMATION OF THE PASTAZA ALLUVIAL FAN
(SUBANDEAN ZONE OF ECUADOR)

Séverine BES DE BERC (1),(2), Patrice BABY. (2), Jean-Claude SOULA (2), SOURIS M. (3)
and Jaime ROSERO (4)

(1) IFEA (Institut Frangais d’Etudes Andines), Whymper 442 y Corufia, AP 17 12 857 - Quito, Ecuador
(sevebdb@interactive.net.ec)

(2) IRD/LMTG - UPS, 38, rue des 36 Ponts — 31400 Toulouse (baby@cict.fr ; jcsoula@cict.fr)

(3) IRD, Quality House Convent, 38 Convent Rd, Silom, Bangrak, Bangkok 10500 (souris@ird.fr)

(4) PerezCompanc — Suiza 209 y Eloy Alfaro — Quito, Ecuador (jrosero@pecom.com.ec)

KEYWORDS : Ecuador, Subandean zone, Fluvial Terrace, Volcanic Terrace, Quaternary, Aluvial Fan, Lahar

INTRODUCTION

The Pastaza megafan constitutes the largest humid tropical fan in the world (Résanen et al., 1992). The
apex of this megafan is situated between the Ecuadorian Subandean domes of Cutuci and Napo at the outlet of
the Rio Pastaza (Fig.1), whose catchment is situated in the Interandean depression. Actually, the Rio Pastaza
runs across the Cordillera Oriental before debouching into the megafan. It drains the flanks of the Ecuadorian
stratovolcanoes Cotopaxi, Sangay, Tungurahua, Altar, Chimborazo and Carihuairazo, and continues to receive
massive amounts of volcanoclastic debris (Hall, 1977).

The Pastaza megafan is made up of Miocene to Pleistocene deposits (Chambira Fm.), including the late
Pleistocene Mera Formation (Tschopp, 1953) mainly composed of catastrophic volcanoclastic (andesitic) debris

flows from the Tungurahua volcano, interfering with pure fluvial sedimentation.

The Eastern Cordillera constitutes a relatively narrow thrust and fold belt, which overrides the
Subandean Zone (Baby et al., 1999) along the Abitagua batholite thrust (Fig. 2 and 3), still active to day as
revealed by the Baeza seismic event (Ms = 6.9, 1987). Both the Eastern Cordillera and Pastaza megafan are
incised by the Pastaza River and principal tributaries, which indicates general uplift in the orogen. The present
paper is aimed at comparing incision and incision rates in the megafan and the Eastern Cordillera in order to
distinguish overall and local incision and analyze their causes by means of a study of the construction of the

fluvial terraces.
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THE UPPER PASTAZA VALLEY

In most of the Upper Pastaza valley (Fig.3), large-volume catastrophic deposits and lava flows
interferes with the normal pure fluvial deposits. These deposits form a series of aggradations terraces and lava
(flows) deeply incised by the present-day Pastaza River, which have been used as geomorphic and age markers
for incision rate measurements.

The most spectacular example is provided by an andesitic lava-flow, the "Juive Chico Pre-historic" flow
produced by the Tungurahua volcano, which filled the Pastaza valley over at least 30 km. It sealed a fluvial
pebbles level and provides actually an excellent geomorphic surface. Dating of the basis and top of this lava flow
has given ages of 1470 +/- 85 y.BP and 2215 +/- 90 y.BP (Hall et al., 1999). Differential GPS measuréments
show that the height of the lava above the present-day stream bed varies between 65 m along the 30 km elongate
lava flow. Incision rate thus appear as ranging here from 4.74 to 7.14 cm/year.

The importance of incision is also spectacularly shown in the small Santa Ines — Rio Negro piggy-back
basin formed on the rear of the Abitagua thrust sheet, where are preserved rather thick and wide terraces (Fig.3).
There, charcoal from the best-preserved fluvial terrace, S4m above present-day river level, gives a "*C age of |

ky BP, which indicates an incision rate of 5.4 cm/year.

THE PASTAZA MEGAFAN

Morphoscopic studies show that the upper surface of the Pastaza fan constitutes, at least in the whole
upper part of the fan, a well characterized geomorphic marker which can be used as a reference surface because
of the écarcity of post-depositional tectonic structures. This surface is incised by the antecedent Pastaza River
and main tributaries, which now shifted toward the southeast.

On the apex of the alluvial fan (near Méra), where the Pastaza River emerges onto the lowlands
(Oriente basin), a thick unit of andesitic breccias with chaotic internal structure typical of debris avalanche
deposits (lahar) forms a broad terrace (Mera Fm.; Tschopp, 1953). It constitutes the remnant mounds of a
massive avalanche related to a sector collapse that followed the Tungurahua I constructional period (Hall et al.,
1999).

At the top of this Mera lahar terrace (Figs. 1 and 3), an organic soil recognized under braided-stream
deposits, gives a 1C age of 17 920 +/- 70 y.BP. These fluvial sediments are now located 80 m above the present-

day Pastaza stream, which indicates an incision rate of at least 0.44 cm/years.

DISCUSSION AND CONCLUSIONS

The incision measurements in the Pastaza megafan indicate values ten times lower than in the Upper

Pastaza. Since no tectonic event has deformed significantly the fan surface from late Pleistocene to present-day
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and no base level comparable with the measured incision was recorded during this period, the incision measured
in the fan is likely to represent the overall orogen uplift.

The much higher incision rated measured in the Upper Pastaza valley indicates the occurrence of local
events. The high incision rate, measured in the Santa Ines — Rio Negro back limb basin, can be attributed to the
uplift due to the Abitagua thrust, which limits the Cordillera Oriental from the Subandean zone (Figs. 2 and 3).
The modern activity of this fault is attested by the strong seismicity of the Subandean region (see Baby et al., this
issue). This strong incision indicates that active headward erosion was associated with thrusting. Although
somewhat higher, the values of incision rates measured in the Upper Pastaza valley are actually comparable with
those obtained in the outer Himalayan thrust and folds (Avouac, 1991; Van Der Woerd et al., 2001). These high

incision rates are thus likely to have a result of local tectonics accompanying overall orogenic uplift.

ACKNOWLEDGEMENTS : Research supported by INSU grant 99PNSES9, IRD and IFEA (Tectonique,

érosion et sédimentation dans le bassin de I’Amazone : du Mio-Pliocéne a I’ Actuel).

REFERENCES

Avouac J.P. 1991 - Application des méthodes de morphologie quantitative a la néotectonique. Modéle
cinématique des déformations actives en Asie centrale - Thése de Doctorat Paris VII.

Baby P., Rivadeneira M., Christophoul F., Barragan R. 1999 - Style and timing of deformation in the Oriente
Basin of Ecuador, 4nd International Symposium on Andean Geodynamics (ISAG'99), Univ. Géttingen
(Germany), Extended Abstracts Volume, 68-72.

Hall M.L. 1977. El Volcanismo en El Ecuador. — Instituto Panamericano Geogrdfico Historico, Qu1to 120 p.
Hall M.L., Robin C., Beate B., Mothes P., Monzier M. 1999. Tungurahua Volcano, Ecuador : structure, eruptive
history and hazards — J. Vo]canol. Geothenn. Res. 91, 1-21.

Baby P., Legrand D, Bes de Berc S., Bondoux F., Rivadeneira M.2002. The 1999-2000 seismic experiment of
the swarm of Macas (Ecuador) in relation with a SUBANDEAN unexpected wrench fault system - Isag 2002,
this issue.

Résdnen M., Neller R., Salo J. and Jungner H. 1992. Recent and ancient fluvial deposition systems in the
Amazonian foreland basin, Peru. — Geol. Mag. 129 (3), pp. 293-306

Tschopp H. 1953. Oil Explorations in the Oriente of Ecuador. — A.A.P.G. Bulletin, v. 37, pp. 2303-2347.

Van Der Woerd J., Xiwei Xu, Haibing Li, Tapponnier P., Meyer B.,.Ryerson F. J., Meriaux A.-S, Zhiqin Xu.
2001. Rapid active thrusting along the northwestern range front of the Tanghe Nan Shan (western Gansu, China)
— J. Geophys. Res., 106, 30,475-30,504.

87



Abitagua Batholite

TUROURRNUA

QUATERNARY
VO LCAN R E
JURASSE ORANITE
FSRf meTAmoRPHIC

[ |*=ooEna- voloceNe

[l © R ETACICO-PALEOOEND 5 Km
JYRREDO

FALEOZO RO

BABAN ENTD

Fig. 1: Detailed topography (from Savane processing of 1: 50000 topographic maps) of the Pastaza alluvial
megafan and its relationships with the Ecuadorian Eastern Cordillera and Subandean zone. Fig. 2: Structural
cross-section across the Eastern Cordillera and the Pastaza megafan (location on fig. 1). Fig. 3: 3D detailed
topography (from Savane processing of 1 : 50000 topographic maps) of the Upper Pastaza and Pastaza megafan.
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