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RESUMEN

Se estudia un sector del margen Norte de la Cuenca del Ebro (Fig. 1),
cuyo relleno moldsico Oligoceno superior-Mioceno inferior (Formacién Un-
castillo) corresponde mayoritariamente a un extenso sistema fluvial: el siste-
ma de Luna, que drenaba la Unidad de Garvarnie y que emergfa en la cuen-
ca al Oeste de las Sierras Exteriores Aragonesas. Este sistema colectaba pe-
quefios abanicos aluviales o marginales adosados a las Sierras Exteriores. Al
Este, fuera del ambito estudiado, el sistema fluvial de Huesca también cons-
tituia un importante colector.

En la Formacién Uncastillo se diferencian tres unidades tectosedimenta-
rias (Figs. 2, 3 y 4), cuya evolucién estuvo controlada por la tectdnica que
afectaba a las dreas fuente. El estudio de las diferentes litofacies reconocidas,
de sus relaciones laterales y de su distribucién areal a lo largo del tiempo
(Fig. 35) permite establecer modelos sedimentarios para los abanicos margi-
nales y para el sistema fluvial de Luna (Fig. 6).

El sistema de Luna estaba formado por la coalescencia de dos abanicos
fluviales (Figs. 6 y 7). Aunque la red fluvial fue esencialmente radial, ésta es-
tuvo controlada por los pliegues sinsedimentarios de Uncastillo y Fuencalde-
ras, dentro de la Cuenca del Ebro. Estos pliegues dieron lugar a importantes
variaciones de potencia de las unidades, as{ como a la creacién de suaves
abanicos de capas en el interior de la cuenca. El progresivo levantamiento de
estas estructuras canalizé parte de 1a descarga paralelamente al margen de la
cuenca (Figs. 6 y 7). Otra parte importante de la descarga flufa hacia el cen-
tro de la cuenca desde las terminaciones periclinales de aguéllos. La sedi-
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mentacién en los surcos sinclinales situados al Norte de los anticlinales com-
pensd el levantamiento de éstos, suavizando la pendiente v originando asf re-
llanos morfolégicos dentre de la pendiente general del abanico, En estas dre-
as de baja pendiente se desarrollaron cursos arenosos de alta sinuosidad en
sectores proximales del sistema, a tan sélo 5,5 ki del margen actual de la
cuenca.

Palabras clave: Sedimentacién fluvial, Tectdnica sinsedimentarta, Forma-
cién Uncastillo, Nedgeno, Cuenca del Ebro.

ABSTRACT

This contribution deals with a part of the northern margin of the Ebro
Basin (Fig. 1). The Upper Oligocene-Lower Miocene molassic infilling in
that part (Uncastillo Formation) mainly corresponds to an extensive fluvial
system: the L.una system, which drained the Gavarnie unit area and emerged
in the basin to the west of the Sierras Exteriores Aragonesas. Small, margi-
nal alluvial fans originated along the Sierras combined in the Luna fluvial
system, as well as in the eastern Huesca fluvial system, outside the study
area.

Three tectosedimentary units (T.5.U.) were differentiated in the Uncasti-
Ho Formation (Figs. 2, 3 and 4), the evolution of which was controlled by tec-
tonies affecting the drainage basins. The study of the different lithofacies,
their lateral relationships and their arecal distribution through time (Fig. 5)
fed to establish sedimentary models for the marginal fans and Luna fluvial
system (Fig. 6).

The Luna system resulted from coalescence of two fluvial fans (Figs. 6
and 7). Despite the fluvial network appears mainly as radial, it was contro-
lled by the syndepositional development of the Fuencalderas and Uncastillo
anticlines, within the Ebro Basin. Syndepositional folding is shown by im-
portant thickness variations in T.5.U.,, as well as by the formation of wedge
systems within the basin. Progressive uplift of these structures channeled
part of the discharge parallel to the basin margin (Figs. 6 and 7), while anot-
her portion flowed basinward from the periclinal ends, Vertical accretion in
the synclinal areas north of the anticlines compensated the anticlinal uplift,
making the slope more gentle and originating bench terraces within the ge-
neral fan slope. In these areas of gentle slope meandering sandy rivers deve-
loped in proximal sectors of the system, 5.5 km far from the margin at pre-
sent. 0 e e

Key words: Fluvial sedimentation, Syndepositional tectonics, Uncastillo
Formation, Neogene, Ebro Basin, Spain,
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INTRODUCTION

The Uncastillo Formation (Soler and Puigdefibregas, 1970) comprises
alluvial and fluvial sediments deposited in the northern-central part of the
Ebro Basin during the LLate Oligocene-Early Miocene. During this period, the
principal configuration of the Sierras Exteriores Aragonesas took place and
the Ebro Basin started its last stage of evolution as the southern foreland ba-
sin of the Pyrenean Ranges, while the older molassic Jaca Basin became an
arca of erosion.

The Uncastillo Formation or the equivalent Sarifiena Formation {(Quiran-
tes, 1978) mostly corresponds to deposition in two large (>2x10° km? each)
terminal fluvial systems (Fig. 1): the Huesca and Luna fluvial systems (Hirst,
1983; Nichols, 1984; Hirst and Nichols, 1986). Both were distributary sys-
tems with quasi-radial paleocurrent patterns. Sediment source areas were an-
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Fig. 1.-—General location map with indication of the two large fluvial systems defined by Hirst
and Nichols (1986}. 1: Miocene. 2: Oligocene. 3: Paleocene-Eocene. 4: Mesozoic. 5: Paleozoic.
Fig. 1.—Situacién generad del Area de estudio, con indicacién de los dos grandes sistemas fluvia-
les definidos por Hirst y Nichols (1986). 1: Mioceno. 2: Oligoceno, 3: Paleocenc-Eocena. 4: Me-
sozoico. 3: Paleozoico.



280 Concha Arenas and Gonzalo Pardo

cient Pyrenean Eocene-Oligocene basins (Jaca Basin for the L.una system),
the Sierras Interiores and Axial Zone of the Pyrenees. The apices of these flu-
vial systems were placed in structural lows: the western end of the Sierras Ex-
teriores for the Luna system and the area between Mediano and Boltafna an-
ticlines for the Huesca system {Hirst and Nichols, op. ¢it.). Both fluvial sys-
tems enclosed several small (generally < 15 km?) alluvial or marginal fans
directly fed from the Sierras Exteriores. At present, their proximal, conglo-
meratic facies are exposed as tower hodies called mallos.

Recent studies on these fluvial systems have analysed geometry aspects of
sand bodies and their environmental controls (Hirst, 1983; Nichols, 1984;
Hirst and Nichols, 1986; Friend, Hirst and Nichols, 1986; Nichols, 1987a
and 198%Y; Friend, 1989). Some authors have also studied the relationships
between sedimentation and tectonics: Nichols (1987b) pointed out that syn-
depositional folding affected the marginal fan sediments {Agiiero fan), but he
considered that the Luna system was not affected by syndepositional defor-
mation and estimated that basin margin deformation o the west of the Sie-
rras Exteriores and folding within the basin («Luesia anticline») were post-
Early Miocene structures (Nichols, 1987a and 1989). Nevertheless, Arenas
(1993} underlined the syntectonic character of the Luna system (Uncastillo
and Fuencalderas folds, Figs. 2 and 3). In that sense, Teixell and Garcia-San-
segundo {1995) have proposed the existence of a basal, buriced thrust under
the Sierras Exteriores that caused the formation of detached folds within the
Ebro Basin. These authors postulate that folding diminishes toward the top
of the Uncastillo Formation. Finally, a detailed study of tectonics along the
Sierras Exteriores Aragonesas has been carried out by Millin (1996)

The present contribution deals with the stratigraphy, sedimentology and
paleogeography of the Luna system (Fig. 1) and is focussed on the influence
of syndepositional lectonics on the proposed facies models.

To obtain the results of this contribution, exhaustive field work was done.
Field work included 28 stratigraphic sections in the Uncastillo Formation, co-
rrelation of these sections throughout the study area and sedimentological
analysis of specific deposits. Aerial photographs (at scales 1:33,000 and
1:18,000) were essential for correlation, cartography of lithofacies and stra-
tratigraphic units and identification of structural features (such as cumulati-
ve wedge systems within the basin).

STRATIGRAPHIC AND TECTONIC FRAMEWORK

The Uncastillo Formation lies unconformably on Mesozoic and older
Tertiary formations that constituie the Sierras Exteriores Aragonesas, but to
the west of Fuencalderas (Figs. 2 and 3) it forms a large cumulative wedge
system with the undelying Campodarbe strata (progressive unconformity of
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Fig. 2.-—Geological map of the study area. S.F.: San Felices. A-A”"and B-B" geclogical cross-sec-
tions of Fig. 3. Vertebrate localities: LG: La Galocha, SJ: San Juan.

Fig. 2.—Mapa geoldgico del 4rea estudiada. S.F.: San Felices. A-A”y B-B'seftalan las trazas de
los cortes geoldgicos de la Fig. 3. Yacimientos de vertebrados: LG: La Galocha, 8J: San Juan.
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Fig. 3.—Geological cross-sections (Location in Fig. 2). C: Campodarbe Formation. Lithofacics: 1: Luesia-type conglomerates and sandsto-
ne and Luesia-type conglomerates. 2: Mallo-type conglomerates and sandstones and malio-type conglomerates. 3: Sandstones and mudsto-
nes. 4: Mudstones and sandstones. 5: Sedimentary break: Unconformity and correlative conformity. 6: Megasequence boundary.

Fig. 3.—Cortes geoldgicos (véase su localizacién en la Fig. 2. C: Formacién Campodarbe. Litofacies: 1: Conglomerados v areniscas y con-
glomerados tipo Luesia. 2: Conglomerados y areniscas y conglomerados tipo mallo. 3: Areniscas y lutitas. 4: Lutitas y areniscas. 3: Ruptu-
ra sedimentaria: discordancia y conformidad correlativa. 6: Limite de megasecuencia.
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Biel-Gallipienzo, after Soler and Puigdefabregas, 1970). In this area, the
Campodarbe and Uncastillo successions have an apparent conformity rela-
tionship and the boundary between both is given by a sharp granulometric
change (passage from sandstones and mudstones to conglomerates), while
paleocurrent directions change from E-W to N-S (Puigdefabregas, 1975).

In the Uncastillo Formation, Arenas (1993) and Arenas and Pardo
(1994a) characterized three allostratigraphic or tectosedimentary units
(T.S.U.} with a cyclic tendency (Figs. 2, 3 and 4; See also Fig. 2 of Arenas and
Pardo, 1994a, for more stratigraphic information). All of them have a lower
fining-upward megasequence, which records a retrogradational stage of the
marginal and fluvial fans, followed by an upper coarsening-upward megase-
quence, which corresponds to a progradational stage of the fans. Unit U3 is
more complex, as its upper part consists of two megasequences (U32, coarse-
ning, and U3%, fining-coarsening) separated by a relative granulometric ma-
ximum, which was used for correlation throughout the study arca and
between this and southward lacustrine areas of the basin {Arenas, 1993).
Boundaries between units U1, U2 and U3 are sedimentary breaks recognized
as changes from coarsening to fining-upward in the sequential tendency. To
the west of Fuencalderas these boundaries are conformities within cumulati-
ve wedge systems located along the basin margin and along the Fuencalderas
and Uncastillo folds within the basin. The latter are located 5 to 8 km south
of the basin margin (Figs. 2 and 3). To the east of Fuencalderas, boundaries
between units are syntectonic intraformational unconformities within the
marginal alluvial fan deposits {Fig. 3B).

Dating of units U1, U2 and U3 (Arenas, 1993) is based on vertebrate lo-
calities {San Juan and L.a Galocha, from Alvarez Sierra et al., 1990) found in
megasequences U3'+U3? (Fig. 2), on reinterpretation of magnetostratigra-
phic data from Hogan (1993) and on correlation of those units with other
well-dated areas of the Ebro Basin (Arenas, 1993). The dating proposed is:
U1: Upper Oligocene (up to Agenian, MN1}; U2: Agenian (MN1-MN2); U3:
Agenian (MN2 or Zone Y) to Lower Aragonian {Lower Miocene, MIN4). Al-
though the top of unit U3 is not represented in the studied alluvial series, it is
known in the lacustrine sequences located southward, where the equivalent
unit N1 is entirely represented.

During those time intervals, tectonic activity affected the drainage basin of
the Luna system, the Sierras Exteriores and the Ebro Basin. Sequential ten-
dencies of T.S.U. were controlled by topography variations in the sediment
source area {Gavarnie unit); according to Nichols {1987a), these variations
could be due to out-of-sequence thrusting. The marginal fan deposits show
syndepositional folding and syntectonic intraformational unconformities re-
lated to tectonic uplift in the Sierras Fxteriores (Nichols, 1987h). The for-
mation of all these marginal fans was not simultaneous, but evolved from east
to west, and was related to the setting of successive thrust sheets that compo-
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Fig. 4 —Chronostratigraphic scheme showing lithafacies changes and stratigraphic relationships
of the Uncastillo Formation from west to east, parallel to the basin margin, Vertical axijs is not
at real time-scale, but arbitrarily referred to thickness in the Luesia area (Puig Moné and Bandn
region), where Ul + U2 + U3 = 1600 m thick (minimum). L: Local zones and MN: Mein zo-
nes. Zones and ages from Calvo et gl. (1993). 1: Stratigraphic lacuna. 2: Sandstones and muds-
tones (Campodarbe Formation). 3: Luesiatype conglomerates + sandstones. 4: Mallo-type con-
glomerates + sandstones. 5: Sandstones and mudstones. 6: Mudstones and sandstones. 7: Sedi-
mentary break: Unconformity and correlative conformity. 8: Megasequence bhoundary.

Fig. 4 —Esquema cronoestratigrafico Este-Oeste mostrando los cambios de litofacies ¥ Ias rela-
ciones estratigraficas de la Formacién Uncastillo paralelamente al margen de la cuenca. La esca-
la vertical no es una escala de tiempo, sino referida a la potencia en el drea de luesia {sector de
Bafidn y Puig Moné), en donde U1 + U2 + U3= 1600 m de potencia como minimo. L: Zonas
locales, MN: zonas Mein. Zonas y edades tomadas de Calvo et al. (1993). 1: Laguna estratigrd-
fica. 2: Areniscas y lutitas (Formacién Campodarhe). 3: Conglomerados tipo Luesia + areniscas.
4: Conglomerados tipo mallo £ areniscas. 5: Areniscas y lutitas, 6: Lutitas y areniscas. 7: Ruptu-
ra sedimentaria: discordancia y conformidad correlativa. 8: Limite de megasecuencia.

se the complex south-Pyrencan thrust front (Arenas, 1993; Arenas and Par-
do, 1994h; Millin, 1996) (See Fig. 7 below). Within the basin, the Fuencal-
deras and Uncastillo folds are syndepositional structures that were active at
least during U2 and U3 sedimentation (Fig. 3). Unit U3 crops out extensively
throughout the study area; the sedimentological analysis of its deposits allows
folding influence on fluvial system development to be evaluated.

Apart from the three units mentioned, there are some localized outcrops
of the Uncastillo Formation placed directly on the Sierras Exteriores. Dating
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is not known yet. These are Pefia del Sol conglomerates {(mainly derived from
the Jaca Basin) and monogenetic breccias (formed from the Sierras Exterio-
res) {Fig. 2). Both lie unconformably on megasequence U3® strata and then
constitute younger allostratigraphic units, but the cronostratigraphic rela-
tionships between Pefia del Sol conglomerates and breccias are unknown.

ALLUVIAL AND FLUVIAL FACIES MODELS

In the study area, the Uncastillo Formation is composed of several litho-
facies (mappable facies associations defined by their lithology, texture, depo-
sit geometry and sedimentary structures). Each one represents the sedimen-
tation in a specific sector of an alluvial or fluvial environment. The following
lithofacies have been distinguished:

* Conglomerate lithofacies (>85% conglomerates and <15% sandsto-
nes+mudstones). According to the texture and internal organization two ty-
pes are distinguished:

— Mallo-type conglomerates (MC): they constitute localized, reddish, to-
wer-shaped bodies (mallos) 200 to 400 m high and 0.5 to 4-5 km? in outcrop
area, composed of thick tabular bodies, commonly with crude stratification.
Those have clast-supported texiures with dominant angular to poorly roun-
ded, mainly calcareous clasts,

— Fluvial, Luesia-type conglomerates (ILC): they form large, brown and
gray masses, up {o 7 km long and tens of km wide in outcrop surface. Very
well rounded clasts, mainly of Campodarbe sandstones and minor limestones
and black chert, constituie clast-supported, lenticular and tabular deposits.

* Sandstone and conglomerate lithofacies (SC){40-80% sandstones, 2(-
60% conglomerates and up to 30% mudstones). Based upon the conglomera-
tes, two types are differentiated:

— Sandstone and mallo-type conglomerate lithofacies {SMC), organized
as metre to decametre, fiat hase, tabular sequences. Theses can be either co-
arsening or fining-upward, or cyclic coarsening-fining-upward in tendendy.

— Sandstone and Luesia-type conglomerate Iithofacies (SL.C), organized
as metre to decametre, gently channeled base, tabular sequences. These are
mainly fining-upward in tendency.

* Sandstone and mudstone lithofacies (SM)(40-80% sandstones and 20-
60% mudstoncs).

* Mudstone and sandstone lithofacies (MS) (60-90% mudstones and 10-
40% sandstones; locally, up to 10% limestones).

SM and MS lithofacies occupy a large part of the study area, Both have si-
milar sandstone deposits:

Sheets made of lenticular bodies
— Sheet and lenticular deposits composed of lateral accretion bodies
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— Isolated lenticular or ribbon deposits

--- Sheets formed of laminar hodies

All of them can be simple or multistorey and can occur in both SM and
MS lithofacies, being the main difference between both the thickness and fre-
quency of occurrence of such deposits.

* Mudstone lithofacics (M){>80% mudstones and low percentages of
sandstones, limestones and locally gypsum). Sandsiones mainly constitute
thin shect bodies.

Lateral relationships (Figs. 3 and 4) and areal distributions of these litho-
facies through time will allow to characterize the facies models for the studied
successions. Figure 5 shows two examples of lithofacies distribution: Fig. A
represents a retrogradation stage and Fig. 5B a progradation stage of the flu-
vial and marginal fans, These relationships show the existence of two main
lithofacies associations (Fig. 6A and B):

1) MC — SMC — (SM) - MS — M, referable to marginal, alluvial fan sys-
tems (SM is an occasional term)

2) LC —» SLC - SM — MS — M, referable to the Luna fluvial system

These two systems coexisted during units U1, U2 and U3, but their enti-
re development is recognized only in unit U3. For the older U1l and U2, li-
thofacies distributicns are exposed only parallel to the basin margin, but are
coherent with the areal relationships observed for unit U3. The main charac-
teristics of the two models proposed are:

1) The first association represents short and small alluvial fans (Fig. 6A)
in which three sectors existed:

= Proximal sector: Most deposits of this sector (lithofacies MC) originated
from unconfined flows (sheet floods), which in some cases gave rise to lobe
coarsening-up sequences. Lithofacies MC may alse fill paleovalleys wherc
massive deposits produced by high energy confined flows are present; there,

Fig. 5.—Lithofacies distribution for the base (A} and top (B) of megasequence U3? (Agenian
(Y2}-Ramblian (Z)). Lithofacies: 1: Luesia-type conglomerates. 2: Mallo-type conglomerates. 3:
Sandstones and Luesia-type conglomerates. 4: Sandstones and mallo-type conglomerates; 6:
Sandstones and mudstones, 6; Mudstones and sandstones. 7: Mudstones. 8: Sandstones, muds-
tones and limestones, 9; Mudstones and gypsum. F: Fuencalderas.

Fig. b.—Mapas de distribucién de litofacies para la base (A) y el techo (B} de la megasecuencia
U3 (Ageniense (Y2)-Rambliense (Z)), L.itofacies; 1: Conglomerados tipo Luesia. 2: Conglome-
rados tipo mallo. 3; Areniscas y conglomerados tipo Luesia. 4: Areniscas y conglomerados tipo
mallo. 5: Areniscas y Jutitas. 6: Lutitas ¥ areniscas. 7: Lutitas. 8: Arentscas, lutitas y calizas. 9:
Lutitas ¥ yesos. F: Fuencalderas.
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turbulent mass flow processes could also exist. Locally, talus monogenetic
breccias are found.

= Middle sector: Lithofacies SMC and SM form this sector. SMC mostly
corresponds to lobe sequences and minor fluvial braided system deposits.
Channel and bar braided systems, locally low sinuosity channels and sheet
flows are recorded by lithofacies SM, which also displays overbank sedi-
ments.

= Distal sector: Lithofacies MS is dominant upstream while M extensively
occurs downstream. Extense flood plains with sheet flows and rare sand rib-
bons originated in this sector.

Alluvial fans with this association were up to 15 km long, as in the case of
Aniés fan (NE Ayerbe), although shorter dimensions were cornmon (o km)
because middle and distal sectors usually combined in larger fluvial systems
{(second association). Proximal sectors were up to 3 km long and about 1-2
to 4 km wide. These sharply graded into middle sectors, which also had re-
duced areas across. Large surfaces of these fans were occupied by flood plains
of distal sectors. These features indicate low transport efficiency for these
alluvial fans. They had small drainage basins in the Sierras Exteriores; Ni-
chols (1984, 1987hb and 1989) obtained surfaces of about 5 km? for Riglos
fan and 20 km? for Lin4s fan drainage basins. These fans lie unconformably
along the Sierras Exteriores and their evolution was associated with thrust
sheet movements. Overturned anticlines within the basin that affect some of
these fans (Agiiero, Murillo and Riglos fans; see Fig. 3B) may have conditio-
ned the limited extension of conglomeratic proximatl sectors, as the crests of
These folds were then active during alluvial fan deposition and perhaps were
related to buried thrust sheets, These features are not represented in Figs. 2
and 6A due to their small size.

2) The second association represents the large fluvial system of Luna (Fig.
6B}, with four sectors:

= Proximal sector: Lithofacies 1.C is characteristic, with disorganized or
massive facies (flash flood deposits) at very proximal areas, but with domi-
nant channel and bar deposits, which represent shallow braided gravel sys-
tems. The presence of two distinet lithosomes in the lithofactes 1L.C (Figs. 4
and 5) indicate that the Luna system resulted from coalescence of two diffe-
rent fluvial fans.

Fig. 6.—Sedimentary facies models: A: Marginal fan association. B: Fluvial fan association
(Luna system).

Fig. 6.—Modelos de facies: A: Asociacién de abanicos marginales. B: Asociacién de abanicos flu-
viales {sistema de Luna).
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= Proximal-middle sector: The existing lithofacies are SL.C and SM. Con-
glomeratic and sandy channels and bar braided systems, in places with two
distinct topographic levels, were predominat. However, north of Fuencalde-
ras and Uncastillo anticlines, and in the second case close to proximal con-
glomerates, sandy meandering deposits are present. The syndepositional
folds within the basin represent the boundary of this sector.

= Middle-distal sector: Typically, this is represented by lithofacies SM,
with development of low and high sinuosity rivers, ephemeral or with limited
latcral migration. Sinuosity changes through space and time indicate chan-
ging slopes and/or important discharge variations. Flood plain deposits be-
come thicker and spread downstream grading into lithofacies MS,

= Distal sector {lithofacies MS and M): Sheet flow sand deposits (splay
deposits} and rare, low or high sinuosity, shallow channels are found within
wide mud flood plains, which downstream are almost entirely formed of
mudstones with thin lacustrine, sulphate or carbonate intercalations.

The fluvial systems with such sectors were 40 to 60 km long, with radial
paleocurrent patterns (Nichols, 1987a; Jupp et al., 1987). All the sectors are
well represented and lithofacies changes are gradual. Proximal sectors are
characterized by braided systems, while proximal-middle and middle-distal
sectors show a great varicty of fluvial styles. These features refer to alluvial
systems with dominant fluvial processes or «<high transport efficiency fans» af-
ter Colombo (1989) or «fluvial fans» after Diaz Molina ef al. (1985), Draina-
ge area surface (including the Jaca Basin, Sierras Interiores and part of the
Axial Zone) in the Gavarnie unit is not possible to be determined exactly, but
it was extremely larger than those of the marginal fans.

PALEOGEOGRAPHY AND TECTONIC CONTROLS
ON SEDIMENTARY FEATURES

As indicated above, the Luna system resulted from coalescence of two dif-
ferent fluvial fans: the Uncastillo fan, to the west, and the Luesia fan, to the
east (Figs. 4, 6B and 7), the apices of which were located to the northwest of
Selva and north of Puig Moné points. Luesia fan apex remained at the same
place through time, but Uncastillo fan apex moved eastward, and at the time
of sedimentation of units U2 and U3! + U32 il was placed to the north of
Cruz point. For megascquence U3® there is not sedimentary record of con-
glomerates of the Uncastillo fan. This may be due to later erosion, but it is
not probable as geomorphological features of the arca do not reflect it. Are-
nas (1993) suggested that during megasequence U3 deposition, the drainage
basin of the Uncastillo fan was captured by the main flow of the Luesia fan:
the lLuna system consisted then of a single apex (Fig. 7). At that time, a new
rejuvenation phase of the source area topography, caused by increasing tec-
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tonic activity, gave rise to progradation of proximal sectors of the fluvial sys-
tem. However, the capture event cannot be attributed to any particular struc-
ture of the Gavarnie unit.

Figure 5A shows for megasequence U3 the coexistence of two fluvial con-
glomerate bodies with three discrete mallo-type conglomerate outcrops
(Agiiero, Murillo and Riglos marginal fans). Downstream, fluvial conglome-
rate lithofacies are Iringed by sandstone and mudstone lithofacies, the out-
crops of which show an elongated shape or flattening against the margin.
Thus, proximal-middle and middle-distal sectors tended to elongate parallel
to the basin margin. This fact determined that the marginal or short fans
combined in the larger Luna fluvial system in areas near the basin margin.

This particular distribution could have been present during the whole
Uncastillo Formation deposition, but its presence can only be reported for
units U2 and U3 (Fig. 7): That distribution proves that a part of the Luna
system discharge was driven parallel or quasi-parallel to the adjacent mar-
gin, as shown by the WNW-ESE oriented, thick sandy channels that are
found near the basin margin (e.g., Biel and Agiiero-Murillo arcas). Such
well-developed longitudinally-flowing rivers suggest that a part of the basin
margin was underfilled. That part corresponded to the region adjacent to
the Sierras Exteriones structural high. Locally-increased subsidence, caused
by thrust sheet stacking, could lead to such situation, but syndepositional
folding within the Ebro basin, at least from unit U2 sedimentation, is a more
simple explanation (Figs. 6 and 7): the uplift of the Uncastillo and Fuencal-
deras anticlines led to channel part of the fluvial discharge along the syncli-
nal subsident zones. Then, deep, mostly low sinuosity channcls flowed axial-
oriented enlarging the middle sectors of the Luna system parallel to the ba-
sin margin.

Some other sedimentary features of the Luna system can also be attribu-
ted to the development of syndepositional folds in the Ebro Basin:

1) The limited basinward development of the conglomerate and sandsto-
ne and conglomerate lithofacies (up to 6-7 km), in contrast to the whole
length of the system (about 40 to 60 km long). More extended proximal sec-
tors should be expected from a fluvial system that transported clasts up to 75
c¢m in diametre.

2) The sharp transition in proximal sectors from braided gravel deposits
to amalgamated, lateral accretion sandstones deposits of about 5 m thick,
This is common to the north of the anticlines, where lateral accretion sands-
tone deposits are found 5.5 km south of the basin margin, as in the case north
of Luesia village (Arenas, 1993).

These features were directly related to the local change in the general
alluvial fan slope caused by the anticline development. Nevertheless, the Un-
castillo and Fuencalderas anticlines did not constitute a restrictive barrier, as
the Luna system net is essentially radial. Within this situation, two principal
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structural re-entrants existed in relation to the anticlines: the unfolded areas
located i) between the two anticline-syncline pairs, south of Biel village, and
ii} east of the Fuencalderas folds, north of Ayerbe. An important portion of
the Luna system discharge emerged across the former structural low, feeding
an active sector of the systern that flowed southward. Trunk channels could
reach areas far from the proximal sectors, and at maximum progradation
phases that part of the fluvial system (middle-distal sector) extended to re-
gions as far as south of Luna village, as evidenced by the extension of litho-
facies SM (elongation of SM lithofacies outcrops toward the southeast of the
Luna system, Fig. 5B). In the second structural re-entrant, north of Ayerbe,
emergent channels became unconfined due to a local lowering in the fan slo-
pe. The expanded flows originated an area dominated by sheet sand deposits.
Such is the case of Concilio-Ayerbe region {Arenas, 1993). In contrast, in the
area of Uncastillo village (Fig. 5B), alluvial fan progradation phases did not
cause an enlargement of middle-distal sectors toward the south, as no struc-
tural re-entrants existed there.

Apart from these facts, on the crests of the syndepositional anticlines, and
particularly on the Uncastillo anticline, vertical accretion is recorded and
overbank deposits also formed there. Deep channel incision is not an extensi-
ve feature of particular zones of this fold. Thus, the existence of an antecedent
fluvial net canmot be argued to explain the fluvial growth basinward. More-
over, some lateral accrction bodies are found on the flexure areas of the Un-
castillo anticline (Arenas, 1993}, Uncastillo anticline uplift rate seems to have
been compensated by vertical accretion rate in the adjacent northern syncli-
nal region, which received the greatest part of the discharge of the Luna sys-
tem. Then, northern flanks of the anticlines acted as bench terraces within the
general fan slope. In contrast, southern anticline flanks had higher gradient
than the flat northern ones, and greater development of sandy bodies with lit-
tle lateral migration and moderate incision are common features. In other
words, general slope across the Uncastillo anticline area was basinward, with
very gentle slope in the northern flank and slightly higher slope in the sou-
thern flank (Fig. 6).

South of the anticlines, middle-distal sectors of the system possessed cha-
racteristics of a difluent net of mostly laterally stable channels, as considered
by Nichols {1989). Unconfined flow deposits are typical features of distal sec-
tors. Avulsion was a common autocyclic process in both sectors, and frequent
changes in fluvial architecture through time have been described. Base level

Fig. 7.— Paleogeographic reconstructions for units U1? (A) and U2? (B}, base of megasequence
1132 (C) and middle part of megasequence U3* {D).

Fig. 7.—Reconstrucciones paleogeograficas de las unidades Ui? (A) y U22 (B), base de la mega-
secuencia U3 (C) y parte central de la megasecuencia U3% (D).



294 Concha Arenas and Gonzale Pardo

changes in the adjacent central lacustrine systems were controlled by climatic
cycles (Arenas, 1993; Arenas and Pardo, in press), but their relationships
with the changing fluvial architecture is still under study.

Concerning the origin of the Uncastillo and Fuencalderas folds, recently
Teixell and Garcia-Sansegundo (1995) have proposed that the existence of a
buried thrust under the Sierras Exteriores affecting the Tertiary succession of
the Ebro Basin may have originated detached folds within the basin. Synde-
positional deformation in the studied serics in the present contribution sug-
gests that such folds were active at least during the deposition of units U2 and
U3 (at least, since Agenian, Late Oligocene times). Thus, this buried thrust
was active until the deposition of megasequence U3? (Ramblian, Early Mio-
cene), as U3® strata record a progressive attenuation of the deformation
through time.

CONCLUSIONS

In the study area, the Uncastillo Formation resulted mostly from deposi-
tion in the terminal, Luna fluvial system. Since its existence, its evolution fo-
Howed successive progradation-retrogradation stages controlled hy tecto-
nics in the drainage basin (Jaca Basin, Sierras Interiores and Axial Zone).
West of the Sierras Exteriores Aragoncsas, thrust sheets are not present and
syndepositional deformation along the basin margin (progressive unconfor-
mity of Bicl-Gallipienzo) does not explain such progradation-retrograda-
tions stages.

Progradational and retrogradational stages, and probably lacustrine base
level fluctuations too, may have caused fluvial architecture variations through
time. These variations were described by Nichols (1989) for middle sectors of
the fan. Nevertheless, fluvial nct distribution did not change essentially
through time, and its development was greatly controlled by Agenian-Ram-
blian syndepositional folding within the Ebro Basin. The most relevant con-
sequences were the deviation of a part of the discharge parallel to the basin
margin and the formation of high sinuosity rivers in proximal sectors of the
fluvial system.
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