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ABSTRACT

This is a field-based work that describes the stratigraphy and sedimentology of the Andatza Conglomerate
Formation. Based on facies analysis three facies associations of a coarse-grained turbidite system and the related
slope have been identified: (1) an inner fan of a turbidite system (or canyon) and (2) a low- and (3) a high-gradient
muddy slope respectively. The spatial distribution of the facies associations and the palaeocurrent analysis allow to
interpret a depositional model for the Andatza Conglomerates consisting of an L-shaped, coarse-grained turbidite
system, whose morphology was structurally controlled by synsedimentary basement-involved normal faults. The
coarse-grained character of the turbidite system indicates the proximity of the source area, with the presence of a
narrow shelf that fed the turbidite canyon from the north.

Keywords: coarse-grained turbidite system; Basque-Cantabrian basin; westernmost Pyrenees; Albian.
RESUMEN

En este trabajo se describe la estratigrafia y sedimentologia de la Formaciéon Conglomerados de Andatza.
Mediante el analisis de facies se han interpretado tres asociaciones de facies principales correspondientes a un
sistema turbiditico (de grano grueso) y al talud: un sistema turbiditico interno (o cafion), un talud fangoso de alto
gradiente y otro de bajo gradiente. La distribucion cartografica de las asociaciones de facies junto con el analisis de
paleocorrientes describen un modelo sedimentario de sistema turbiditico de grano grueso en forma de “L” para los
Conglomerados de Andatza, cuya morfologia fue controlada por fallas normales sinsedimentarias de basamento.
El caracter grosero del tamafo de grano de este sistema turbiditico indica la proximidad del area fuente de los
conglomerados, que alimentaria el cafién turbiditico desde el norte a través de una estrecha plataforma marina.

Palabras clave: sistema turbiditico conglomeratico; cuenca Vasco-Cantabrica; Pirineos occidentales; Albiense.
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Introduction

Aptian—Albian basin-margin coarse-grained sedi-
mentary rocks in the Basque-Cantabrian rift basin
have usually been interpreted as fan-delta deposits
laid down in coastal environments (Andatza Fm;
Garcia-Mondéjar, 1982; Monte Grande Fm; Robles
et al., 1988a,b; Oiartzun Fm; Fernandez-Carrasco
et al., 1990a,b), indicating the erosion of an emerged
basement adjacent to the coast line. However,
Agirrezabala & Garcia-Mondéjar (1994) evidenced
that deep-marine coarse-grained sedimentation
occurred in the Albian of the Basque-Cantabrian
basin (BCB), and suggested the presence of a nar-
row shelf between the emerged source area and the
deep-marine basin. In this work a new sedimento-
logical interpretation for the Andatza Conglomerate
Formation (Bodego et al., 2015) is proposed, dif-
fering from that of Garcia-Mondéjar (1982), who
suggested a fluvial to fan-delta environment for the
Andatza conglomerates and located the type series
in the vicinity of the Oiartzun locality. However,
that succession is nowadays considered to belong to
the Oiartzun Formation (Fernandez-Carrasco et al.,
1990b).

The accurate interpretation of basin margin depo-
sitional environments is crucial to understand the tec-
tonosedimentary evolution of rifted margins. In this
field-based study, new data based on mapping, strati-
graphic correlation and sedimentological analysis is
presented, that enable a new depositional model to
be proposed for the Andatza Conglomerates during
the late Albian—lower Cenomanian of the northeast-
ern BCB margin, to the northwest of the Palaeozoic
Bortziriak (Cinco Villas) Massif.

Geological setting and stratigraphy

The Andatza coarse-grained turbidite system
crops out in the northeastern margin of the BCB,
westernmost Pyrenees. The study area is located in
the northwest of the Bortziriak Massif, which is the
westernmost Pyrenean Palaecozoic massif (Fig.1a).
Basin development was intimately linked to the rela-
tive motion of the Iberian and Eurasian plates during
the Cretaceous, which was governed by the opening
of the North Atlantic Ocean and in turn resulted in
the opening of the Bay of Biscay under extensional
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to transtensional tectonics (e.g. Choukroune &
Mattauer, 1978; Montadert et al., 1979; Garcia-
Mondéjar et al., 1996; Roca et al., 2011).

In this area, the basement is composed of
Palaeozoic (Culm facies) and Triassic (Buntsandstein
and Keuper facies) rocks (Campos, 1979). The
Palacozoic rocks are intruded by the Permian Aia
granite pluton (Campos, 1979; Pesquera & Pons,
1990; Denelé¢ et al., 2012). Jurassic micritic carbon-
ates and marlstones overlie Triassic rocks (Robles
et al., 2004) and are themselves overlain by Lower
Cretaceous serpulid-bearing micritic to calcarenitic
limestones and marlstones (“Serpulid limestones”,
Soler y José, 1972). The main extensional phase
occurred during the Aptian—Albian and coincided
with a generalized transgression (Haq, 1988) leading
to the sedimentation of shallow-marine carbonate-
platform and basinal limestones and marlstones and
estuarine and shelf sandstones and mudstones dur-
ing the early Aptian to early Albian. During the late
Albian, increasing subsidence led to the deposition
of deep-marine sandstones, mudstones, conglomer-
ates and breccias in the deepest basinal areas adja-
cent to the massif, whereas coetaneous braid-plain
delta to shallow-marine conglomerates, sandstones,
mudstones and limestones were deposited at the mar-
gins of the Palaeozoic massif (Rat, 1959; Bodego
et al., 2015). Finally, Upper Cretaceous hemipelagic
marlstones and limestones overlie the described sed-
imentary succession.

Early Cretaceous tectonics resulted in the devel-
opment of a number of local depocentres and exten-
sional sub-basins (e.g. Garcia-Mond¢jar et al.,
1996), one of which is the Lasarte sub-basin (LSB,
Fig. la; Bodego & Agirrezabala, 2013). This trian-
gular-shaped sub-basin is bordered by three main
basement-involved synsedimentary normal faults:
the E-W-trending Errekalde fault to the north, the
N—S-trending Zarate fault to the west and the NE—
SW-trending Urnieta fault to the southeast (Fig. 1a).
The LSB shows a thick (up to 3000 m) Mesozoic
succession (Bodego & Agirrezabala, 2013; Bodego
etal.,2015).

The Andatza coarse-grained tubidite system
comprises the Andatza Conglomerate Formation
(Garcia-Mondé¢jar, 1982) and the upper part of the
underlying Oztaran Formation, of latest Albian to early
Cenomanian age (Figs. 1b,2) (Bodego et al., 2015).
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Fig. 1.—Geological setting of the Andatza turbidite system. A. Schematic geological map of the Bortziriak-Cinco Villas Palaeozoic
massif showing the location of the study area and the Lasarte sub-basin. B. Geological map of the study area, with indication of the
Andatza and Oztaran formations comprised in the Andatza turbidite system. C. Geological cross-section I-I' is shown in C and the
interpreted stratigraphic cross section in figure 3b. A-A’ corresponds to the interpreted stratigraphic cross section in figure 3a. The trend

of this section reflects the apparent trace of the submarine slopes.

In general, there is no good physical continuity
amongst exposures, which are mostly restricted to
the northwestern half of the LSB. Coarse-grained
rocks (Andatza Fm) crop out in the hanging syn-
cline of the Andatza and Irisasi mountains, whereas
the finest-grained units (Oztaran Fm) are restricted
to a narrow band, 100-300 m wide, extending from
the north of Andatza-Irisasi Mtns to the Andazarrate
locality (Fig. 1b). This system unconformably over-
lies undisturbed bedded mudstones of the Oztaran
Fm (Ul) and is also unconformably underlain
by alternating marls and limestones of the Upper
Cretaceous Calcareous Flysch (U2, Figs. 1¢,2 and3)
(Feuillée, 1967; Mathey, 1987).

A minimum thickness of 550 m can be estimated
for the Andatza Fm in the Andatza hanging-syncline,

since its upper part is missing because of the present-
day erosion level (Figs. 1c and 3). To the northeast,
the thickness decreases to 400 m, and to the north,
northwest, and southwest the succession thins dra-
matically to 50—75 m (Fig. 3).

Facies analysis

The facies analysis has resulted in five deep-water
facies, mainly conglomerates, conglomeratic sand-
stones, sandstones and mudstones. Facies have been
described and interpreted following the classifica-
tions of Pickering et al. (1986) and Mutti & Ricci
Lucchi (1972, 1975), with indication to Lowe (1982)
and Mutti (1992), in order to attribute each facies to
one or more processes or mechanisms of deposition.
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Fig. 2.—SW-NE chronostratigraphic chart of the Lasarte sub-basin (study area) with indication of the formations of the Andatza turbidite

system and adjacent slopes (after Bodego et al., 2015).
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Fig. 3.—Interpreted stratigraphic cross sections showing the inferred lithostratigraphic architecture of the Andatza turbidite system.
Note the dramatic lateral thickness and facies changes. A. SW-NE section across the Zarate fault. B. NW-SE section across the

Errekalde fault. Intersection point indicated in A.

Facies 1: conglomerates

Conglomerates are polymictic, composed of
poorly-sorted, well- to poorly-rounded pebbles
to cobbles, up to 7 cm (average 2 cm) in diame-
ter, with medium- to coarse-grained sandy matrix
(Figs. 4a,b). Matrix content is variable (matrix- to
clast-supported conglomerates) and pebbles and

cobbles are composed of palacozoic hydrothermal
quartz, quartzite and shales, and also granule con-
glomerates, sandstones and mudstones (intraclasts).
The conglomerate beds are 0.5—2 m thick and show
erosive bases (Figs. 5 and 6) with scarce flute and
groove casts. Some beds thin laterally and amalga-
mation is common, which difficult the recognition
of the stratification. Most beds are disorganized,
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Fig. 4 —Field photographs of the coarsest facies. A. Photograph of the conglomerates of the inner fan facies association. B. Detail of
a conglomerate bed showing the size and angular character of a granule-conglomerate clast embedded in a coarse-grained matrix.
C. Outcrop example of disorganized sandy conglomerate infill of a gully of the high-gradient slope facies association. D. Disorganized
matrix-supported conglomerate to pebbly sandstone. Hollows are clast moulds due to weathering. E. Detail of a cavity left by a
weathered clast. A remnant of it is still present, showing a granule conglomerate. Note the bedding of the clast, perpendicular to the
conglomerate bedding. F. Example of trough cross-bedded sandstones. G. Sandstone—mudstone alternations.

although some show normal and/or inverse grading, This facies is similar to the Al.l1 and A2
and/or planar lamination and clast imbrications. facies of Pickering er al. (1986), A, facies of
They also contain plant remains. Mutti and Ricci Lucchi (1972, 1975), R,; and S,
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Sandstone
Conglomerate

Fig. 5.—Photo and interpretated sketch of the conglomerate and sandstone infill of a channel. Note the bedding geometry.

of Lowe (1982) and F2-3 of Mutti (1992). The
disorganized beds are interpreted as the result
of rapid sedimentation from high-density flows,
including density-modified debris flows (see also
Lowe, 1982), through frictional and/or cohesive
freezing. Beds showing internal organization are
attributed to sedimentation from high-density
flows, which would occur under different ways
revealed by the variable internal organization of
beds (Lowe, 1982).

Inverse grading of the lower part of beds and
imbrications would reflect the formation of trac-
tion carpets in the base of the flow, followed its
sedimentation through frictional freezing as fric-
tional resistance to motion due to grain interlocking
exceeded the shear imparted from the overriding
flow. Graded beds in turn would be the result of

the rapid deposition from highly concentrated tur-
bidity currents.

The presence of clasts of shales and Carboniferous
quartz suggests the weathering and erosion of
Palacozoic massifs. Clasts of granule conglomer-
ates, sandstones and mudstones are similar to the
facies of this facies association, which indicates that
they are intraclasts.

Facies 2: disorganized conglomeratic sandstone

Subfacies 2a: poorly-rounded clast-bearing

These consist of poorly-sorted sandstones
with a homogeneous distribution of pebbles and
cobbles up to 15 cm (average 2—5 c¢m) in diam-
eter. The beds are up to 2 m thick, with erosional
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Fig. 6.—A and B. Stratigraphic columns showing the characteristic organization of the inner part of the turbidite system facies
associations. C. Rose diagram showing the palaeocurrent distribution. Data have been taken from imbrications, flute and groove casts

and trough cross-bedding.

bases, in some cases with a relief of up to few cen-
timetres, and occasionally contain thinner (a few
centimetres thick) beds interlayered made up of
medium- to coarse-grained sand. Composition of
clasts is similar to that of the conglomerate facies
(mainly Palaeozoic) and they also contain fossil
plant remains.

They correspond to facies A1.4 of Pickering et al.
(1986), A2 of Mutti & Ricci Lucchi (1972, 1975),
S3 of Lowe (1982) and F5 of Mutti (1992). They
are interpreted as deposited by en masse sedimenta-
tion from high-density turbidity currents due to the
increased intergranular friction as the flows deceler-
ate (Mutti, 1992).
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Subfacies 2b: subangular clast-bearing

These consist of coarse- to very-coarse sandstones
with subangular clasts (up to 25 cm) of Palaeozoic
quartz, quartzites and shales, and intraclasts of gran-
ule-bearing sandstones and mudstones (Figs. 4c,d,e).
The beds are up to several metres thick with no inter-
nal organization and they fill erosional conduits,
which are at least up to 40 m deep and 250 m wide.
Onlap against scar margins is visible.

They correspond to facies Al.4 of Pickering
et al. (1986) and S; of Lowe (1982) and F5 of Mutti
(1992). They are the result of rapid en masse sedi-
mentation of a pebble-sand mixture due to increased
intergranular friction as high-concentration flows
decelerate (Lowe, 1982). It is interpreted as products
of high-density turbidity currents and/or cohesion-
less (sandy) debris-flows that flowed through the
channels and/or gullies.

Facies 3: sandstones

These are characterized by well-sorted sand-
stone beds, medium- to coarse-grained, with scarce
pebbles usually at the base. The beds are tabular,
up to 2 m thick, and show planar to concave-up
bottoms (Figs. 5 and 6a,b). They display variable
structures: some beds are massive, whereas oth-
ers display normal and inverse grading. Finally,
some others are cross-bedded, forming sets 10—15
cm thick of either high- or low-angle and planar
or trough cross-bedding (Figs. 4f,g). Fossil casts
(bivalves/ammonites?) have been recognized.
Cross-stratification analysis indicates palaeocur-
rents towards the southeast (Fig. 6¢).

Sandstones of this facies are comparable to facies
B, of Mutti & Ricci Lucchi (1972, 1975), facies B
of Pickering et al. (1986), and facies F5-6 of Mutti
(1992). Normal to inverse grading of sandstone
beds are interpreted as the result of more of less
rapid “freezing” of a high-density turbidity cur-
rent (Mutti, 1992). The cross-stratified sandstone
beds are considered as the product of a hydraulic
jump that transforms a supercritical high-density
turbidity current into a subcritical, low-density tur-
bidity current. The flow expansion permits coarsest
grain population to settle through the flow and be
tracted and organized in bed forms along the bot-
tom (Mutti, 1992).

A. Bodego, L.M. Agirrezabala

Facies 4: alternating sandstones and mudstones

This facies is organized in beds between 3 and
20 cm in thickness. The average sandstone to mud-
stone ratio is about 2:1. Sandstone beds are tabular,
made of medium to coarse sand and structureless.
Mudstones beds are 2—5 c¢m in thickness, occasion-
ally silty and they show pervasive bioturbation fea-
tures (Fig. 6a).

This facies is difficult to adscribe: its ungraded
character makes it comparable to facies B.1.2 of
Pickering et al. (1986), to facies C, and E, of Mutti &
Ricci Lucchi (1972, 1975) and to facies F8 of Mutti
(1992). It probably reflects sedimentation from rel-
atively dense flows of a more distal character than
the facies of the previous group. Sandstone beds are
attributed to en masse sedimentation from a turbidity
current (Mutti, 1992).

Facies 5: mudstones

Subfacies 5a: debrite-bearing

These consist of massive dark mudstones
with alternating thin (up to few centimetres)
sandstone and siltstone beds. Debrite and slump
beds up to 10 cm have also been identified. These
are characterized by a brecciated texture with intra-
clasts of mudstones embedded in a sandy-muddy
matrix.

Mudstones are similar to facies E of Pickering
et al. (1986) and facies G of Mutti & Ricci Lucchi
(1972, 1975). Slumps and debrite beds are similar to
facies F, of Pickering et al. (1986) and facies F of
Mutti & Ricei Lucchi (1972, 1975). This mudstone
facies is interpreted as deposited from suspended
fine-grained material in a very low energy environ-
ment (facies E/G). Sandstones and siltstones are
attributed to diluted turbidity currents, and debrite/
slump deposits to submarine landslides, with impor-
tant internal deformation.

Subfacies 5b: sandstone-bearing

These are massive mudstones or mudstones alter-
nating with very-fine grained siltstone to sandstone
laminae. Ocasionally sandstone beds up to 15 cm
thick have been observed. The bases of the sand-
stone beds are either planar or erosive.
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It corresponds to facies E of Pickering et al. (1986)
and facies G of Mutti & Ricci Lucchi (1972, 1975).
Sanstone beds are similar to those of facies D1-3 of
Mutti & Ricei Lucchi (1972, 1975) and facies C2.3
and C2.4 of Pickering et al. (1986). They are inter-
preted to record a setting with mud background sedi-
mentation, into which dilute turbidity currents flow
and deposit episodically.

Facies associations and environments

The facies identified in the Andatza and upper-
most Oztaran formations have been grouped into
three facies associations corresponding to a turbi-
dite system and associated slope environments, by
means of facies spatial distribution and interpreta-
tion of vertical and lateral facies variability. Alpine
structural complications and poor exposure have
prevented a complete establishment of mutual rela-
tionships between the different facies.

Facies association 1: Inner fan of a turbidite
system

This facies association is found in the Andatza
Fm. Its outcrops are limited to the Andatza-Irisasi
hanging syncline (Figs. 1b,c), where four facies have
been distinguished: conglomerates (facies 1), poorly-
rounded clast-bearing disorganized conglomeratic
sandstones (subfacies 2a), sandstones (facies 3) and
alternating sandstone and mudstones (facies 4).

Overall, the abundance of conglomerate facies
in this association suggests the predominance of
high-density high-momentum flows that transported
gravel-sized sediments. Conglomerate, conglomer-
atic sandstone, sandstone and alternating sandstone
and mudstone facies are organized in fining- and
thinning-upward sequences up to 20 m thick (aver-
age 5—15 m; Fig. 6a). These sequences rest on ero-
sional, channel-like surfaces up to 1 m deep (Fig. 5)
and are interpreted as the infill of erosional major
channels, located in the main feeder (canyon) of a
coarse-grained turbidite system.

Facies association 2: High-gradient muddy slope

Two facies types have been identified in this asso-
ciation: subangular clast-bearing disorganized con-
glomeratic sandstones (facies 2b) and debrite bearing

Estudios Geoldgicos, 73(1), enero-junio 2017, e062

mudstones (subfacies 5a). These deposits crop out in
a NE-SW-trending narrow band between Aia and
Andazarrate localities, to the west and southwest of
the inner fan of the turbidite system (major turbidite
channel) outcrops (Fig. 3a). Stratigraphically, this
facies association forms the lower part of the system,
overlying the U1 disconformity surface, which cuts
the mudstones of the Oztaran Fm. The disorganized
conglomeratic sandstones always appear on top of
the U1 disconformity surface and mudstones rest on
top of them, as well as on top of the Ul surface.

The vertical transition from the disorganized con-
glomeratic sandstones to mudstones indicates an ini-
tial phase of erosion of gullies followed by their infill
by high-density flows, followed by a later phase dur-
ing which cessation of strong sediment input resulted
in the deposition of mudstones (Fig. 3a).

The presence of deeply erosive gullies infilled
with the conglomeratic sandstones is interpreted as
the proximal record of very energetic flows, suggest-
ing the presence of pronounced submarine slopes.
Thin sandstone layers would record the entrance of
small-volume and dilute turbidity currents whereas
slumps and debrites indicate gravitational collapse
processes in a high-gradient submarine slope. This
is also supported by the abrupt thickness change
when comparing the inner fan and this facies asso-
ciation, indicating that these facies deposited on a
high-gradient transitional area (slope environment)
between an uplifted block and a highly subsiding
block, where the coarsest grains were deposited.

Facies association 3: Low-gradient muddy slope

These deposits crop out in the northernmost part of
the study area, laterally to the major channel deposits
(facies association 1). A southward gradual transition
into inner fan facies has been inferred (Fig. 3b).

It is mainly composed of sandstone-bearing mud-
stone facies (subfacies 5b) and scarce conglomerate
beds (facies 1). This indicates the predominance of
a low-energy muddy submarine environment, only
disturbed by occasional dilute turbidite currents that
resulted in sandstone and siltstone deposition. The
rapid lateral change from the inner fan to this environ-
ment invokes the presence of a slope that prevented
the deposition of coarse-grained sediments. However,
the thickness change is not as abrupt as in the case
of facies association 2, and therefore, a less steep
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submarine slope environment is interpreted for this
facies association. Moreover, the presence of scarce
conglomerate beds embedded in mudstones indicates
that some gravitational flows were not confined to the
inner fan and resedimented material on the slope.

Depositional model

The described facies associations and their dis-
tribution suggest the deposition in an inner part of
a coarse-grained turbidite system and the adjacent
muddy slopes (Fig. 7) (Normark, 1970; Mutti &
Ricci-Lucchi, 1972, 1975; Walker, 1978). Due to
lack of exposures, the middle and outer parts of the
system could not be identified. The inner part of
coarse-grained turbidite systems are characterized
by major channels nested within the main erosional
conduits (canyons) and filled with coarse to very
coarse sediment. In the Andatza system, individual
channels cannot be mapped, but the width of the
channel complex (in the sense of Abreu et al., 2003)
or main canyon, composed of several individual

High-gradient muddy
slope

Zarate fault

A. Bodego, L.M. Agirrezabala

channels, is estimated to be about 2.5 km based on
the elaborated map. According to the thicknesses of
single channel fills, maximum channel depth is esti-
mated to be around 20 m.

The inner fan facies association changes later-
ally to the northwest and northeast into mudstones.
This change occurs in a few decametres and indi-
cates that the canyon was bound by muddy slopes
both to the northwest and northeast. The lateral
facies changes coincide with abrupt changes in the
thickness of the studied units: the thickness of the
inner part of the turbidite system is up to 550 m,
whereas the muddy slopes show variable thicknesses
between 75—400 m. To the northeast of the canyon
these lateral changes in facies and thickness occur
in a northwest-southeast direction and therefore, this
direction is considered to be the westward continua-
tion of the deduced trend of the Errekalde fault. This
indicates the presence of a palaeohigh in that direc-
tion, where the finest sediments were deposited. The
scarcity of coarse-grained resedimented deposits and
the presence of sandy and silty turbidites suggest a

Low-gradient maddy
s slope

e

Errekalde fault

Fig. 7.—3D conceptual model of the Andatza coarse-grained turbidite system, with indication of the interpreted facies associations.
Light-colored areas are interpretative since no outcrops of these areas exist.
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low-gradient slope where occasional turbidity cur-
rents interrupted the overall low-energy conditions.

On the other hand, to the west and northwest of
the canyon, the lateral facies and thickness changes
allow interpreting these changes as the consequence
of the latest Albian—early Cenomanian activity of the
N-S-trending Zarate fault (Bodego & Agirrezabala,
2013) and the abundance of mudstones suggests
the presence of another submarine muddy slope.
However, the narrow and deep channels filled with
disorganized conglomeratic sandstones are inter-
preted as gully channels (Fig. 7), since they are too
small to be interpreted as canyons (e.g. Field et al.,
1999; Surpless et al., 2009). These gullies would
feed the turbidite system from other sources across
high-gradient slopes. They are situated in the lower
part of the system and erode the underlying mud-
stones of the Oztaran Fm (U1). Their stratigraphic
position and the fact that gully fills change upward
into mudstones indicate that the most erosive phase
of the turbidite system occurred at the instaura-
tion of the system (latest Albian). Gullies are usu-
ally straight and dip parallel to the topographic dip
(e.g. Mutti, 1977; Surlyk, 1987; Field et al., 1999;
Surpless et al., 2009). Thus, this indicates that the
slope environment had to be steep (Pickering et al.,
1989) and dipping to the east (Cronin et al., 2005).
Therefore, the basin would be bounded by two
almost perpendicular muddy slopes with a canyon
located along the intersection line and feeding a tur-
bidite system downdip canyon.

The interpretation of the Andatza Fm as a deep-
marine (turbidite) system differs from that of Garcia-
Mondéjar (1982), who interpreted these rocks as
fluvial deposits. The present interpretation as a
deep-marine system is in accordance with its strati-
graphic location between an underlying shallow-
marine interval (Rat, 1959; Campos, 1979; Bodego
et al., 2015) and the overlying hemipelagic deposits
(Feuillée, 1967; Mathey, 1987), in a broader sce-
nario of an Aptian—Albian transgression during a
main extensional phase.

Sediment dispersal pattern and tectonic control

The source area of the Andatza turbidite system
was most probably located to the north/northwest of
the LSB. This is based on the following facts: (1) the
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palacocurrent analysis shows mainly southeastward
palacoflows; (2) proximal facies (conglomerates) are
located in the northwestern corner of the LSB, lim-
ited by two submarine slopes; (3) the entry point is
located at the intersection of the Zarate and Errekalde
faults, whose synsedimentary activity is evidenced
by the abrupt facies and thickness changes during
the development of the turbidite system. The inter-
play between these faults created a highly subsident
block between them which funneled the northerly
sourced material. Canyon location at in the inter-
section of two basement fault families have been
described in the literature in the Pyrenees (e.g. the
Albian Mauvezin turbidite system; Souquet et al.,
1985) and elsewhere (e.g. Prior & Doyle, 1985).

The deduced geometry of the system shows that
the main canyon was confined between two almost
perpendicular slopes controlled by the location of
the footwalls of the Zarate and Errekalde faults.
This would result in a main transport direction to the
southeast drawing an “L”-type morphology for the
turbidite system in plan-view. Due to the present-day
erosion level, the middle and outer parts of the tur-
bidite system, which would have existed further to
the southeast of the study area, are not preserved.
These interpreted palacocurrent dispersal (L-shaped)
schemes are usually controlled by tectonic structures
in many basins (e.g. Californian Santa Cruz and
San Pedro basins, Gorsline, 1978; Alboran basin,
Cronin et al. 1995) and in the Albian of the BCB
(Agirrezabala & Garcia-Mondéjar, 1994). The struc-
turally controlled expansion of turbidity currents is
common in active and highly compartmentalized
basins (Burke, 1967; Bachman & Graham, 1985;
Agirrezabala & Garcia-Mondéjar, 1994).

The facts that the base of the system is marked by
an erosive unconformity (U1) and the stratigraphic
position of the muddy-slope gullies is limited to
the base of the system, suggest that a tectonic pulse
caused the establishment of the system. This tec-
tonic pulse would also coincide with the sedimenta-
tion of the Lasarte megabreccia toe-of-slope system
(Bodego et al., 2008), during the latest Albian (dispar
zone). Both, Lasarte and Andatza systems developed
to the south of the Errekalde fault, indicating its syn-
sedimentary activity during that time. This tectonic
pulse observed in the LSB has also been identified
in other regions of the BCB (e.g. Garcia-Mondéjar
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etal., 1996) as well as in the central Pyrenean region
(e.g. Choukroune, 1976; Debroas, 1978; Razin,
1989; Souquet and Peybernes, 1991; Garcia-Senz,
2002). This suggests that the instauration of this
depositional system records a regional tectonic pulse
related to the Pyrenean-Bay of Biscay rift system.

Source of sediments

Clast composition analysis indicates that most of
the clasts resulted from the erosion of Palaeozoic—
Triassic rocks (shales, quartzite, hydrothermal quartz,
granule conglomerates and phyllites). Therefore,
during the late Albian to early Cenomanian, an emer-
gent Palaeozoic basement was being eroded to the
north of the study area. This landmass would cor-
respond to the Landes Massif (or “Biscay Hosch™;
Voort, 1963; Agirrezabala & Garcia-Mondéjar,
1994). Moreover, the size and shape of the gravels
suggest short transport distances and the proximity
of a source area supplying very coarse particles to
a narrow marine shelf. Deep-water coarse-grained
turbidite systems are rare in the geological record
(Stow et al., 1996) and are usually connected to
fan deltas or deltas through narrow siliciclastic
shelves (e.g. Nemec & Steel, 1988; Stow et al.,
1996). Coetaneous braid-plain deltas (Oiartzun Fm;
Fernandez-Carrasco et al., 1990b; Bodego et al.,
2015) have been described a few kilometres west-
ward from the study area, as part of the marginal
infill of the LSB. Thus, it is reasonable to think that
similar sedimentary systems fed the Andatza turbi-
dite system from the north. In the Albian of the BCB,
northerly sourced fan deltas (Monte Grande Fm.;
Robles et al., 1988a,b) and coarse-grained turbidite
systems (Ondarroa turbidite system; Agirrezabala &
Garcia-Mondéjar, 1994 ) have been described. The
occurrence of distinct Albian coarse-grained turbi-
dite systems along the northern margin of the BCB
indicates that this basin margin had to be a very nar-
row margin during the Albian, with relatively short
distances between the emerged source areas and the
deep-water basins. Moreover, the Andatza turbidite
system is similar in terms of processes and products
to the contemporaneous Mendibeltza turbidite sys-
tem of the Pyrenean realm (Souquet et al., 1985),
where a narrow southern basin-margin area that
fed the Pyrenean basin has been interpreted (Razin,
1989; Masini et al., 2014).

A. Bodego, L.M. Agirrezabala

Conclusions

The depositional environment for the Andatza Fm
has been reinterpreted based on facies analysis. It has
been concluded that these deposits are of a deep-water
character rather than fluvial to coastal. The deposi-
tional model of the system involves the sedimenta-
tion of coarse-grained (gravel) sediments by turbidite
currents in deep erosive channels (canyon) and depo-
sition of muds on adjacent slopes. Palacocurrent
analysis and facies distribution indicate the confined
character of the canyon and the L-shaped geometry
of the system due to the synsedimentary activity
of the Zarate and Errekalde faults during the latest
Albian—early Cenomanian. The deep-water system
was fed with northerly derived sediments indicating
the proximity of an emergent Palacozoic source area.
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