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Well-documented outcrops from three foreland basins provide a 48 m.y. deep-marine record of the 
progressively more advanced  and complex Cenozoic plate collision of the African plate with European 
and Adriatic slabs. The Iberian microplate docked northward with the formation of the early Eocene, 
Ainsa-Jaca sub-basins in the northern Pyrenees, Spain. Sedimentary  architecture is characterized by 
mudstone-dominated successions with debrite channels and mass transport deposits.

Late Eocene west-verging Alpine contraction led to structural inversion and development of north-south 
oriented structures that diminish eastward and help segment the Grès d'Annot-Peira-Cava sub-basins in 
southeast France. The amalgamated sandstones of the Annot change upward from sheets to channels.

In the northern Apennines of Italy, the north-south trending Miocene Marnoso Arenacea sub-basins were 
bracketed by an east-verging, subaqueous fold and thrust belt and west-directed subduction of the Adriatic
microplate. Non-amalgamated sandstone sheets can be correlated across the basin.

Though part of a common foreland basin system, local and external tectonics best explain the conspicuous 
differences in deepmarine sedimentary architecture among these three basins. Furthermore, this comparison 
suggests that tectonic morphological parameters, which detect secondary tectonic contributions from outside 
the foreland basin system, correlate best to these changes in sedimentary architecture.

ABSTRACT

Early Eocene AINSA  and JACA  BASINS - Spanish Pyrenees

Cross-section of the Ainsa basin across the Buil syncline and Boltana anticline 
(from Fernandez  et al., 2004). Red box indicates the area in the above photograph.

General stratigraphy of theAinsabasin. Numbers 1-4 indicate the four
unconformity boundunits in the basin (modified from Fernandez et al., 2004).

Schematic longitudinal; section of the Early to Middle Eocene turbiditic
trough. a) deltaic system; b) channels; c) lobes; d) lobe- fringes;
e) basin plain; f) shelf limestones(fromLabaume and Seguret,1985).

Geological map of theAinsabasin. The heavy red line
indicates the location of the cross-section to the left

(modified from Fernandezet al., 2004).

Early to Middle Eocene depositional systems in the south- central Pyrenean
foreland basin.  Arrows indicate sediment provenance and transport direction

(modified from Pickering and Bayliss, 2009).

Late Eocene to Oligocene GRES d’ANNO T- French Maritime Alps Miocene MARNOSO- ARENACEA - Northern Apennines, Italy

Longitudinal correlation of thickest basin plain turbidites below the Contessa megabed 
(from Mutti et. al., 2002 and references therein).

Schematic longitudinal section of Marnoso-Arenacea basin plain. No precise indentification of key 
layers is shown except for the Contessa megabed (from Ricci Lucchi and Valmori, 1980). Blue box
corresponds to the blue outline in the stratigraphic correlation figure.

Turbidite facies association distribution in a foredeep basin. This model roughly illustrates general aspects common to all three basins; however, major 
differences exist between the basins as described in this study. The stars represent the approximate location in the foreland basin system of each of 
the basins that are part of this study; Red-Gres d’Annot basin, Yellow-Ainsa-Jaca basin, Blue-Marnoso-Arenacea basin (modified from Mutti et al., 2002).
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PLATE TECTONIC SETTING

Satellite image of Southern Europe displaying the approximate extent of the three study 
areas.  Yellow box = Ainsa-Jaca basin; Red box = Gres d’Annot basin; 
Blue box = Marnoso Arenacea basin and correspond to the box colors below.  
Photo courtesy of NASA.

REGIONAL MAP

Tectonic map of southern Europe and the Middle East, showing tectonic structures of the Pyrenees, 
Alps and Apennines, etc.  Yellow box=Ainsa-Jaca basin; Red box=Gres d’Annot basin and 
Blue box=Marnoso Arenacea basin.
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Geological map of the South Pyrenean forelandbasin with the location of
theAinsaandJacabasins (fromCallot et al. , 2009).

The Boltana Anticline in the 
Ainsa Basin, Spanish Pyrenees

Geometry, Rock Types, Sedimentary System 

SCALE, GEOMETRY, ROCK TYPES, SEDIMENTARY SYSTEM, STRUCTURE/TECTONICS, AGE

Schematic paleogeography of the Gres d’ Annot system in Early Oligocene times. Red line approximately denotes the 
regional correlation figure below (modified from Joseph and Lomas, 2004). 

Regional correlation panel of the Gres d’ Annot. Deposits generally thin and young toward the NW. From 
Joseph and Lomas, 2000.

GEOMETRY, ROCK TYPES

Photo showing onlap architecture, a hallmark of the 
Annot turbidite system (from Joseph and Lomas, 2004).

GEOMETRY

Paleogeographical evolution of the main Gres d’Annot 
sub-basins with age of onset of  filling (from Joseph 
and Lomas, 2004).

STRUCTURE/TECTONICS

Regional correlation panel of the Gres d’Annot.  Deposits generally thin and young to 
the northwest (modified from Joseph and Lomas, 2004).
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Photo depicting the Marnoso-Arenacea Formation.

deep-marine sedimentation: 
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Stratigraphic column of the Ainsa Basin fill 
(modified from Cronin et al., 2004)
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STATEMENT OF PROBLEM
This research project will investigate the following questions in order to create a predictive dataset for: 

How are rates and magnitudes of depocenter shifts related to structurally controlled topography? 
How do structural controls on topography affect sedimentary architecture in deep-water systems?

Are differences between deep-water basins related to different spatial positions within the foreland, or different tectonic phases 
within the evolution of a foreland basin system? 

Lithostratigraphy of the Gres 
d’ Annot showing the upward 
change from sheets to channels 
(from Joseph and Lomas, 2004). 

ROCK TYPES

Sand-rich system showing an upward change 
from sheets to channels

Up to ~600 m. thick

~38-30 ma

50 km x 10 km
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~18-7 ma

Continuous sandstone sheets 
filling extent of basin intercalated 
with fine-grained units.

Up to ~1000m. thick

50 km x 190 km

Simplified stratgraphic column for the 
Marnoso-Arenacea Formation.  Note 
the Contessa megabed (from 
Mutti et al., 2002). Red box corresponds
to the red outline in the stratigraphic 
correlation figure.

Scale, Rock Types, Sedimentary System

~50 - 45 Ma 

Ainsa: up to ~1500m thick
     50 km x 20 km

Jaca: up to ~2200m thick
     150 km x 20 20 km

Mudstone dominated with 
debrite channels & MTD.
Primarily channels in Ainsa
and lobe complexes in Jaca.

C C’

Location map for Marnosa-Arenacea formation outcrop area. Thrust faults subdivide 
the outcrop area into a number of structural domains as indicated on the inset map 
(from Talling et. al., 2007).
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