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Abstract

The Upper Oligocene–Miocene deposits of the foreland Austral Basin of Tierra del Fuego represent the youngest foredeep fill, devel-
oped in front of the adjacent fold and thrust belt. They consist of superbly exposed, sub-horizontal clastic successions of more than 600 m
of sedimentary thickness. The study of 11 sections by means of facies analysis and sequence stratigraphic criteria enabled the identifica-
tion of five depositional sequences (SI–SV), bounded by unconformities (dI-dV) involving hiatuses of different magnitudes. The basal
sequence (SI) includes two members: A, mudstone dominated, deposited by cohesive flows; and B, glauconite-rich, sandstone dominated,
deposited by episodic turbidity currents. The remaining sequences (SII–SV) are composed of complex arrangements of fine conglomer-
ates, coarse- to fine-grained sandstones, and mudstones that were deposited mainly by hyperpycnal flows. The basal unconformities of
the SI to SIV involve minor hiatuses, while that of the SV is a major order unconformity. Two types of clinofom geometries are recog-
nized in the foredeep sequences. Type a clinoforms present a wedge shaped geometry and characterize the foredeep infill during the com-
pressional tectonic regime. Regarding this clinoform type, SI is situated closer to the orogen and shows variations in the bedding dip with
development of internal unconformities. SII to SIV are situated towards the foreland and are characterized by subhorizontal conform-
able beds of large lateral extension. Type b clinoforms, with sigmoidal geometry, show a clear northeast progradation related to a pro-
gressive foredeep fill under tectonic quiescence. This clinoform type characterizes the deposits in SV. The recognition of hyperpycnites
and different types of clinoform geometries in these sequences incorporates new concepts in reservoir prospects, which are critical for the
evaluation of the petroleum system in the Austral Basin.
� 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

Foreland basin systems are interpreted to have four
main depocenters: wedge-top, foredeep, forebulge, and
back-bulge depozones (DeCelles and Giles, 1996). The
major thickness and the most complete stratigraphic record
in a typical foreland basin are essentially preserved in the
foredeep depocenter, located close to the uplifted orogen.
The youngest foredeep of a foreland basin, usually filled
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with overall subhorizontal deposits coeval with the cessa-
tion of the related compressional tectonic regime, has a
high preservation potential and, thus, can be regarded as
an excellent geological laboratory for stratigraphic analysis
of depositional sequences.

The mainly subhorizontal, Upper Oligocene–Miocene
deposits of the Austral Basin in Tierra del Fuego, preserved
immediately in front of the fold and thrust belt (Robbiano,
1989; Yrigoyen, 1989; Galeazzi, 1996, 1998; Robbiano
et al., 1996; Olivero and Malumián, 1999; Malumián and
Olivero, 2006), are displayed in excellent outcrops for tens
of kilometers along the Atlantic coast of the island, and
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represent mostly the infill of the youngest foredeep. The
understanding of sedimentary facies and processes, spe-
cially during the final infill stages, of foreland basins is
important for the development of sedimentary models,
which are also relevant for hydrocarbon exploration, since
they are critical for the evaluation of the spatial distribu-
tion, geometry, and hydraulic connectivity of the sand
bodies. In foreland basins, the absence of an extended
shelf, in addition to steep slopes related to uplifted areas
within the orogen, favors the acceleration of hyperpycnal
flows (Mutti et al., 1996). These flows develop during
extraordinary fluvial discharges, and generate very com-
plex sedimentary deposits. Recent research in the Upper
Oligocene of the Austral Basin of Tierra del Fuego puts
a special emphasis on hyperpycnal flow processes to
explain the record of this complex sedimentary facies
arrangement (Ponce et al., 2004, 2007).

Previous subsurface studies in the Argentine shelf,
including seismic lines and drills, recognized 12 deposi-
tional sequences within the Late Eocene–Pliocene deposits
of the Austral and Malvinas basins. These deposits totalize
a sedimentary thickness of 4000 m in the foredeep, and thin
dramatically towards the foreland to 500 m (Galeazzi,
1998). Nevertheless, the paleoenvironmental evolution
and regional correlations of these deposits with time-equiv-
alent strata in nearby outcrops are almost unknown.
Hence, the main objectives of this paper are to document
and discuss the results of detailed stratigraphic analysis
of the Upper Oligocene–Miocene exposures located along
the Atlantic coast. The results include the recognition of
five stratigraphic sequences, the definition of two principal
types of sedimentary fill geometries, the characterization of
their principal architectural elements, and the interpreta-
tion of their paleoenvironmental settings and associated
sedimentary processes, with the identification and charac-
terization of three main hyperpycnite types. In addition,
the importance of the recognized hyperpycnites for hydro-
carbon exploration in the basin is briefly discussed.

2. Geological framework

The geological evolution of the Austral Basin comprises
three main successive tectonic phases: rift, sag, and fore-
land stages that evolved between Jurassic and Neogene
times. The initial rift phase is characterized by an extended
bimodal volcanism, represented by the Upper Jurassic
Lemaire (Tobı́fera) Formation, which rests unconformably
on Paleozoic-Lower Jurassic rocks (Kranck, 1932; Olivero
and Martinioni, 2001). Protracted extension generated the
Rocas Verdes Marginal Basin, which was partially floored
with ophiolites (Dalziel et al., 1974; Caminos et al., 1981;
Ramos et al., 1986). This basin, located between a Pacific
volcanic arc to the south and the cratonic margin of South
America to the north, was filled with Early Cretaceous
basinal, deep-marine turbidites of the Yahgan Formation
and slope mudstones of the Beauvoir Formation (Olivero
and Martinioni, 2001; Olivero and Malumián, 2008; and
references therein). The latest Early Cretaceous sag phase
was associated with crustal cooling, strong thermal subsi-
dence, and concomitant maximum marine expansion
within the basin (Biddle et al., 1986; Robbiano et al.,
1996; Galeazzi, 1998).

Beginning in the early Late Cretaceous, a compressional
tectonic regime caused the closure and tectonic inversion of
the Rocas Verdes Marginal Basin (see Olivero and Martini-
oni, 1996, 2001). By the late Campanian (Olivero et al.,
2003), the continuation of this compressional regime
resulted in the uplift of the Fuegian Andes and the subse-
quent generation of the foreland Austral and Malvinas
basins (Biddle et al., 1986) (Fig. 1a). The northern propa-
gation of the compressional deformation originated a series
of asymmetric clastic successions of Late Cretaceous-
Danian; Late Paleocene-Early Eocene; late Mid Eocene-
Late Eocene, and Oligocene–Early Miocene ages, which
are characterized by thicker successions towards the oro-
gen, and a thinner stratigraphic record with internal trun-
cations towards the foreland (Olivero and Malumián,
2002, 2008). Since the Early Miocene, marine sedimenta-
tion is represented by undeformed successions developed
after cessation of the compressive deformation.

These lesser deformed to undeformed marine sediments
are mostly included within the Cabo Domingo Group
(Malumián, 1999), which has been deposited mainly after
the Cenozoic peak of tectonic compression (42.5 Ma; cf.
Galeazzi 1998). This group reaches a minimum thickness
of 1000 m of marine units, which grade northwestward
from marine to marginal-marine, and to continental suc-
cessions (uppermost Eocene–Mid Miocene; Malumián
and Olivero, 2006). To the northern part of the Austral
Basin, the Upper Oligocene–Mid Miocene deep marine
strata of the Cabo Domingo Group correlate with shelf
deposits of the marine ‘‘Patagonian” units (Monte León
and Centinela Formations), and with the overlying conti-
nental deposits of the Santa Cruz Formation (see Mal-
umián and Nañez, 1996; Malumián, 1999; Malumián and
Olivero 2006). The youngest Austral Basin foredeep shows
thicker packages and a more complete stratigraphic record
nearby the orogen, whereas a less complete stratigraphic
record, with onlap relationships, is recorded toward the
foreland. This morphology reflects the typical geometry
of a foreland basin fill, affected by flexural tectonics (cf.
Allen and Allen, 1995).

3. Study area and methodology

The study area involves a southeast–northwest transect
along the Atlantic coast of Tierra del Fuego, between
the localities of Punta Gruesa and Cabo Viamonte
(Fig. 1a). The excellent exposures of the Upper Oligo-
cene–Miocene are restricted to the sea cliffs and the
wave-cut platform, and reach a minimum thickness of
about 600 m (Fig. 1b).

Eleven stratigraphic sections (scale 1:200) involving six
localities (Fig. 1a) were measured using a Jacob’s staff



Fig. 1. (a) Simplified geologic map of Tierra del Fuego showing the study area and localities along the Atlantic coast. (b) Idealized scheme illustrating the
five recognized sequences summarizing their depositional environment, the body and trace fossil contents; and the prevailing tectonic regime.
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and located geographically by GPS reference points. Sedi-
mentary facies definition was based on careful analysis and
description of sedimentary features, such as lithology, sed-
imentary structures, bed geometry, paleocurrent indicators
(e.g. climbing ripples, ripples, and flute casts), and body
and trace fossil occurrences. In selected outcrops with
important lateral continuity, the geometry and lateral (hor-
izontal and vertical) facies relationships were controlled in
the field by walking along specific marker beds, and
through photographic analysis. Correlation of sections at
different scales was performed using conventional strati-
graphic techniques, physical tracing, analysis of facies asso-
ciations, and sequence stratigraphic concepts. The age of
the sequences is mainly based on biostratigraphy of plank-
tonic forams and calcareous nannoplankton (Malumián
and Olivero, 2006). Some available seismic lines were also
analyzed to investigate the geometry and internal arrange-
ments in the subsurface of adjacent areas.

4. Architectural elements

Three main architectural elements were identified in the
Upper Oligocene–Mid Miocene Austral Basin deposits of
the Atlantic coast of Tierra del Fuego: hyperpycnal lobe
complexes, hyperpycnal channel complexes, and associated
hyperpycnal levee complexes.
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4.1. Hyperpycnal lobe complexes

Bodies with a great lateral extension (usually wider than
4000 m), thicknesses of up to 4 m, and subtle inter-fingered
pinch-out relationships, are interpreted as hyperpycnal
lobe complexes (Fig. 2a). The individual bodies have sharp,
slightly erosive, lower contacts, and display locally a tabu-
lar geometry. Internally the hyperpycnal lobes show a
coarsening–fining grain-size arrangement with a transi-
tional passage and some recurrence of sedimentary struc-
tures that reflect the velocity fluctuations in the flow
(Fig. 2a). Mulder et al. (2003) described and assigned this
kind of arrangements to hyperpycnal successions generated
during a complete acceleration and deceleration cycle
under hyperpycnal flow conditions.

4.2. Hyperpycnal channel complexes

Channel shaped geometries are recognized as complex
sedimentary bodies, reaching several hundreds of meters
in width and a few tens of meters in thickness. Two differ-
ent types of hyperpycnal channels have been recognized,
based on the width-depth geometric relationships and the
internal arrangement of sedimentary structures: (a) aggra-
dational hyperpycnal channel complexes, and (b) hyper-
pycnal channel complexes with lateral accretion.

(a) The aggradational hyperpycnal channel complexes
constitute a characteristic architectural element in
the depositional base-of-slope break in major hyper-
Fig. 2. Main architectural elements recognized in the Upper Oligocene–Mid M
Hyperpycnal lobe complex showing a section with the idealized internal hyper
waxing and waning stages. (b and c) Hyperpycnal channel complexes with the
channel complexes. (c) Hyperpycnal channel complexes with lateral accretion.
pycnal lobe complexes. They are usually not wider
than 500 m and deeper than 40 m (Fig. 2b). Their
general arrangement is fining and thinning upwards,
but some of the observed packages include a basal,
up to 10 m thick portion with a coarsening–thicken-
ing upwards arrangement followed by the fining
and thinning trend. Internally the deposits show a
gradual passage and repetition of sedimentary struc-
tures that reveal the flow velocity fluctuations. The
main channel axis basal fill is constituted by sandy
conglomerates and gravelly sandstones (with clasts’
major axes oriented perpendicular to the flow direc-
tion), massive sandstones, and sandstones with climb-
ing dunes, parallel lamination and climbing ripples,
and multiple cut and fill structures, generated during
the initial depositional stage. Large (up to 1 m in
diameter) intraformational boulders, blocks slided
from the channel walls, and slump deposits were also
observed. The channel axis upper fill of this kind of
hyperpycnal channels is completely aggradational
and constituted by onlaping tabular, graded layers
of Ta–e Bouma facies, produced during the final depo-
sitional stage (Fig. 2b).

(b) The hyperpycnal channel complexes with lateral
accretion present sharp erosive lower contacts, a
width of up to 100 m, and a thickness that rarely
exceeds 5 m of lateral accretion bedsets (Fig. 2c).
Individually, sigmoidal beds have less than 50 cm in
major thickness with inclined surfaces oriented per-
pendicular to the flow direction. The main sedimen-
iocene foredeep succession of the Austral Basin of Tierra del Fuego. (a)
pycnite arrangement that records a complete sedimentation cycle with its
ir associated hyperpycnal levee complexes. (b) Aggradational hyperpycnal
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tary facies observed in these complexes are massive
sandstones, and parallel laminated and climbing rip-
pled sandstones.

4.3. Hyperpycnal channel levee-complexes

The hyperpycnal channels are associated with levee
complexes that have a minimum observed lateral extension
of a few hundreds of meters in one direction away from the
channel (Fig. 2b and c). The complexes have also wedge-
shaped geometries with their major thickness nearby the
channel that thins towards the distal positions. These
deposits are constituted by graded layers dominated by
Tb–e Bouma facies. The hyperpycnal levee complexes dis-
play isolated slump deposits and bioturbation occurs
towards the top of the Td–e facies. These deposits can be
amalgamated with tabular beds of the aggradational fill
of the final depositional stage of the aggradational hyper-
pycnal channels (Fig. 2b). The levee complexes associated
to the hyperpycnal channels with lateral accretion have a
minimum lateral extension of 40 m with facies arrange-
ments similar to those of the aggradational hyperpycnal
channels (Fig. 2c).

5. Depositional sequences

The recognized five depositional sequences (SI–SV),
bounded by basal unconformities (dI-dV), are shown in a
schematic vertical section (Fig. 1b). The stratigraphic
approach for the definition of the depositional sequences
and their geometries is based on the correlation of detailed
sections, and their sedimentary facies and facies associa-
tions. Malumián and Olivero (2006) established the bio-
stratigraphic framework; and their stratigraphic
nomenclature is followed herein partially. The bounding
unconformities that mark the lower contacts of the five
depositional sequences are a response to tectonic and/or
eustatic causes. The magnitude of the hiatuses between
the depositional sequences is variable depending on the
geographic position within the basin, thus the same uncon-
formity usually involves a major time gap closer to the oro-
gen and a minor time gap towards the foreland. Each
depositional sequence is regionally extended, has its top
truncated, and presents onlap above its erosional lower
contact.

5.1. SI: Desdémona Formation (Upper Oligocene–Lower

Miocene)

Sequence I, comprising the Desdémona Formation
(Malumián and Olivero, 2006), is superbly exposed in the
coastal cliffs, north of Punta Gruesa, nearby the shipwreck
‘‘Desdémona” (Fig. 1a). This Formation is a 200 m-thick
succession of pebbly mudstone and sandstone beds, subdi-
vided into two informal members (A and B) separated by a
tectonic unconformity (d; Fig. 1b). Beds strike roughly
east–west and show marked dip variations with a maxi-
mum N dip of 18� at the base, and a minimum N dip of
3� at the top. This sequence is distinctively characterized
by abundant sandstone-dominated clastic dykes of differ-
ent grain-sizes and thicknesses, usually cutting across the
whole unit. Concerning the genesis of the clastic dykes,
Schmitt (1991) invokes hydraulic fracturing that occurred
after the fold-and-thrust belt development, whereas Ghigli-
one (2002) suggests a synsedimentary origin with two dia-
chronic phases of emplacement.

Member A is 186 m thick and rests unconformably over
folded Upper Oligocene deposits (Puesto Herminita Beds;
Malumián and Olivero, 2006). It is composed of tuffaceous
pebbly mudstones with subordinated conglomerates and
glauconitic sandstones. Pebbly mudstones include allochth-
onous clasts (slates and phyllites), often projected over the
bed top (Fig. 3a), or segregated at the base of thin sandy
layers as matrix- and/or clast-supported conglomeratic
horizons. Beds are up to 1 m thick and have slightly erosive
lower contacts. The sedimentary succession also includes
several horizons with slump deposits. Large coal fragments
(Fig. 3b), carbonized plant fragments; and body fossils,
such as partially dissolved gastropods and bivalve frag-
ments, solitary corals, and echinoids are also present. Some
horizons bear dense bioturbation of Chondrites isp., Thal-

assinoides isp., and Zoophycos isp. (Fig. 3c).
Member B is 14 m thick and rests unconformably on

Member A. It consists of coarsening and thickening
upwards arrangements of tabular glauconitic fine-grained
sandstones with intercalation of laminated mudstones
(Fig. 3d). Beds are gently folded, including two synclines
and one anticline, with limb inclinations of ca. 3–5�, and
fold axes roughly oriented east–west. Strata are up to
50 cm thick, and have sharp to faintly erosive lower con-
tacts and tabular geometry. Sandstone beds are dominated
by parallel lamination with subordinated climbing ripples.
In the parallel laminated sandstone, parting lineation struc-
tures indicate north–south directed paleocurrents (Fig. 3e
and f). Some sandstone beds contain high concentration
of Ophiomorpha isp. burrows. The lamination in the mud-
stones is commonly blurred by dense biogenic mottling.

5.1.1. Interpretation

The allochthonous lithic clasts, plant remains, and fossil
invertebrates in single beds, associated with slumps, suggest
that the deposits of Member A were largely produced by
cohesive flows – debris flows – generated in a rather unsta-
ble depositional slope. Even though the succession is dom-
inated by debris flow deposits, the intercalation of thin
(<15 cm) beds of matrix- and/or clast-supported conglom-
erates suggests a flow dilution, from cohesive flows to high
density turbidity currents, which generates hyperconcen-
trated and residual deposits (cf. Mutti, 1992). The deposits
of Member B characterized by the glauconitic sandstones
are interpreted as a prograding system of distal turbidite
lobes. The benthic foraminifera of this unit, studied by
Malumián and Olivero (2006), indicate a deep-water set-



Fig. 3. General features of the Desdémona Formation. Member A. (a) Cohesive flow deposits with isolated, floating clasts (arrows). (b) Rounded coal
clast floating in mudstone. (c) Zoophycos isp. (Z) in mudstone, upper bedding view. Member B. (d) Tabular sandstone lobes of SI covered unconformably
(dII) by SII. (e, f) Parallel laminated sandstone facies (Sl). (e) Vertical view. (f) Bedding plane view with parting lineation.
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ting, and evidences of corrosion are common, which results
in a high proportion of agglutinate foraminifera, suggest-
ing deposition at or near the lysocline. Partial or complete
dissolution of invertebrate shells in SI is consistent with
their interpretation.

5.2. SII: Lower Cabo Ladrillero Beds (Lower Miocene)

A representative section (about 55 m thick) of these beds
is exposed nearby Cabo San Pablo, at the sea cliffs opposite
to the wrecked ship Desdémona, from where they extend
along the coast to the Rı́o Ladrillero mouth, south of Cabo
Ladrillero (Fig. 1a). Numerous sandstone sills and dykes of
different grain sizes are injected in this unit. The Lower
Cabo Ladrillero Beds are bounded by unconformities at
base and top. They rest over the gently folded Desdémona
Formation, and are covered by the overlaying Upper Cabo
Ladrillero Beds (Fig. 1b), or by the younger Cabo San
Pablo Beds.

The Lower Cabo Ladrillero Beds comprise mudstone
and very fine-grained sandstone beds, arranged in usually
fining and thinning upward sedimentary cycles up to
13 m thick, with some internal coarsening–fining upward
intervals. Individual sandstone beds are 15–25 cm thick,
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and have slightly erosive and sharp bases, with lenticular
and tabular geometries. Internally, they mainly display
parallel lamination with subordinate climbing ripples.
Mudstone is usually laminated. Lateral accretion structures
and onlap surfaces that terminate against the basal uncon-
formity (dII) characterize the lower portion of this
sequence (Fig. 4; see Fig. 2c). These lateral accretion bed-
sets migrate southwards, perpendicular to the east–west
oriented Desdémona Formation synclines that act as chan-
nel axes. Slump deposits occur in the upper mudstone levels
of this unit (Fig. 1b). Paleocurrent indicators from ripple
lamination suggest a source area in the west. Biogenic
structures comprise Chondrites isp., Diplocraterion isp.,
Zoophycos isp., among other unidentifiable trace fossils.

5.2.1. Interpretation

The main features of the sedimentary cycles – granulo-
metric trend, slightly erosive lower contacts, development
of lateral accretion structures, and deposition of tabular
beds (lobe deposits) with marked onlap relationships –
enable to assign them to a turbidite channel system
(Fig. 4). The erosive incisions and the lateral accretion
structures represent the by-pass and by-pass-plus-deposi-
tion stages respectively, whereas the lobe deposits reflect
deposition in response to flow deceleration (Zavala et al.,
2006; Ponce et al., 2007). It is suggested that they were gen-
erated by sustained (hyperpycnal) gravity flows in a deep
marine environment, associated with sinsedimentary defor-
mation (slumping) in the depositional slope domain. This
interpretation agrees with that inferred by Malumián and
Olivero (2006) based on the paleoecology of the
foraminifera.

5.3. SIII: Upper Cabo Ladrillero Beds (Lower Miocene)

This sequence, with a thickness of 100 m in a composite
section, crops out between the mouth of Rı́o Ladrillero and
Fig. 4. Lateral accretion structures at the base of SII, and clastic dykes (white a
of SII against Member B, SI. Flow direction is to the East.
Roca Champion (Fig. 1a). Clastic dykes are also injected in
this unit. Its base and top are marked by unconformities,
being underlain by the lower Cabo Ladrillero Beds and
covered by the Cabo San Pablo Beds. This succession has
a general fining and thinning upward organization, com-
prising mainly fine-grained sandstones, and less frequently,
laminated mudstones with local evidences of gravitational
slumping and debris flow deposits (Fig. 1b). Internally SIII

consists of 2–10 m thick, coarsening–thickening to fining–
thinning sedimentary cycles. Individual beds, up to 1.5 m
thick, have mainly tabular or lenticular (channel-shaped)
geometries and sharp to erosive lower contacts (Fig. 5a
and b; see Fig. 2b). Sandstone beds show several internal
erosion surfaces, and are characterized by regular transi-
tions between massive, parallel laminated, and climbing
ripple cross-laminated intervals (Fig. 5c; see idealized sec-
tion in Fig. 2a). The massive sandstone dominated pack-
ages show mainly tabular geometries and have minor
intercalations of layers with convolute lamination. Inter-
nally, these beds have abundant phytodetritus, dominated
by well preserved Nothofagus leaves (Fig. 5d) and various
plant fragments. Plant material and tuffaceous chips are
typically preserved towards the top of the beds. Mud-
stone-clay chips, rip-up clasts, and allochthonous clasts
are segregated at the basal portions of the layers
(Fig. 5c). Paleocurrent measurements in flute casts – at
the base of sandstone packages – and climbing ripples,
indicate an eastward sediment dispersal. Among the trace
fossils, Chondrites isp., Zoophycos isp, Scolicia isp., Tass-

elia isp., and Phymatoderma granulata (Fig. 5e), are
restricted almost exclusively to the mudstone facies. Diploc-

raterion isp. is recorded in sandstones towards the marginal
areas of aggradational channels (see Fig. 2b).

5.3.1. Interpretation

The thick massive sandstone beds, up to 1.50 m thick,
are interpreted as deposited by sustained gravity flows
rrows). Black arrows in the sketch indicate the basal, southward onlapping



Fig. 5. Main architectural elements, facies and ichnologic content of the Upper Cabo Ladrillero Beds (es = erosion surface). (a) Hyperpycnal
aggradational channel and levee systems with indication of the channel fill onlap relationships (white arrows). (b) Hyperpycnal lobe and aggradational
channel deposits at Cabo Ladrillero. (c) Composite hyperpycnite bed with a schematic section to illustrate the complex internal arrangement. Thin and
fine-grained laminated deposits, produced during the initial waxing stage of the flow, show interstitial fluid escape structures (fes) indicative of rapid
sedimentation, and pass transitionally into thicker massive sandstone facies (Sm; lower white arrow). Erosion surfaces (es) implying by-pass of sediments
occur through an increase in the acceleration of the hyperpycnal flow. Following massive sandstone (Sm) with abundant clay chips and mudstone
intraclasts, succeeded by partially deformed parallel laminated sandstone (Sl), reflect the waning stage of the hyperpycnal flow (upper white arrow). These
sandstones are capped by laminated mudstone (Pl) with bioturbation, indicative of a pause in the flow sedimentation. (d) Massive sandstone facies (Sm)
including chaotically distributed Nothofagus leaves (white arrows). (e) Concretion within the mudstone facies with a plan view of Phymatoderma granulata

(Ph).
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(cf. Kneller, 1995). The high abundance of phytodetritus
(Fig. 5d) and rounded plant fragments in these beds
indicate a clear fluvio-derived input (e.g. Mulder and Alex-
ander, 2001; Johnson et al., 2001). The coarsening–thicken-
ing to fining–thinning upward packages, the marked lateral
and vertical facies variations, and the multiple internal ero-
sion surfaces (Fig. 5c) are all evidences of flow velocity fluc-
tuations, and represent intrinsic features of hyperpycnal
flows (cf. Zavala et al., 2006). The slumps and the cohesive
flow deposits intercalated within the hyperpycnal channel
complexes suggest a small scale gulley development in the
depositional slope (sensu Nemec, 1990).
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Based on sedimentologic evidence, the Upper Cabo
Ladrillero Beds are interpreted as a hyperpycnal lobe sys-
tem (Fig. 2a), with minor aggradational channel complexes
(Fig. 5a and b; see Fig. 2b), deposited in the transition zone
between the depositional slope and the basin plain.

5.4. SIV: Cabo San Pablo Beds (Lower Miocene)

With a thickness of about 120 m in a composite section,
the Sequence IV has excellent outcrops between Cabo San
Pablo and Cabo Santa Inés (Fig. 1a). At Roca Champion,
it rests unconformably over the Upper Cabo Ladrillero Beds
(Fig. 1b), and at Cabo San Pablo (Fig. 6a), which is situated
ca. 20 km southwestward, this sequence rests directly over
the Lower Cabo Ladrillero Beds, cutting off a minimum of
50 m of sedimentary thickness (Fig. 1). The contact between
Cabo San Pablo Beds and the overlaying Cabo Viamonte
Beds is also unconformable (Fig. 1b).

The Cabo San Pablo Beds define an overall, subtle fining
and thinning upward sequence with a complex arrangement
of coarsening–thickening to fining–thinning sedimentary
cycles, up to 15 m thick. They consist of fine-grained con-
glomerates, with slate and phyllite clasts, and bioclasts
(bivalve and gastropod fragments, and solitary corals); fine-
to coarse-grained sandstones; and laminated and/or
slumped mudstones. The beds reach up to 6 m in thickness;
have tabular and lenticular geometries, sharp erosive lower
contacts, and lateral accretion structures (Fig. 6a and b;
see Fig. 2). Conglomerates are matrix and/or clast supported
and the major axes of elongated clasts often have a preferred
orientation (NW–SE; n > 300). Sandstones are mainly mas-
sive, with multiple internal erosion surfaces, and grade up to
trough cross bedded, parallel laminated and climbing ripple
cross-laminated intervals (Fig. 6e and f). Mudstones are
mainly laminated, containing abundant phytodetritus. The
thicker massive sandstone intervals commonly have coars-
ening–fining upward trends, deformation structures associ-
ated to interstitial fluid escape (e.g. convolute lamination
and dish structures), multiple internal erosion surfaces; van-
ishing veneers of very small oriented pebbles, randomly dis-
tributed leaves – Nothofagus dominated –, and tuffaceous
and coal fragments. The conglomerates often include
bivalve and gastropod fragments with marked dissolution,
and solitary corals. The paleocurrent measurements indicate
a direction of dispersion towards the northeast in the basal
portion of SIV, and two orthogonal directions (northwest
and southeast) are recorded up section.

Biogenic structures in fine-grained sandstone beds are
related to suspension feeding – e.g. Diplocraterion isp.,
Tasselia isp. – and in laminated mudstones rich in phytode-
tritus to deposit feeding organisms – e.g. Scolicia isp. –
(Carmona et al., 2006). Graphoglyptids – e.g. Paleodictyon

minimum – occur at the sole of the sandstone beds (Fig. 6f).

5.4.1. Interpretation
The thick massive sandstone intervals and their transi-

tion into parallel laminated and climbing rippled sand-
stones are interpreted as deposited by sustained gravity
flows, with fluctuating flow velocities (Fig. 6c–e; see Mul-
der et al., 2003; Zavala et al., 2006; Ponce et al., 2007).
The current-oriented very fine pebbles in the massive sand-
stone beds indicate bedload transport on an inclined sur-
face, as described for delta slopes by Nemec (1990).
Additionally, the presence of lateral accretion structures –
reflecting point bar migration in a meandering system –
and the overall channel and lobe arrangement (Figs. 6a
and b, and 7; see also Fig. 2) suggest deposition in a deep
marine, small-scale, channelized turbidite system (cf. Elli-
ott, 2000; Gardner et al., 2003), generated by hyperpycnal
flows in the lower depositional slope. This interpretation
agrees with the presence of graphoglyptids in the analyzed
beds (See Fig. 7).

5.5. SV: Cabo Viamonte Beds (uppermost Lower–Mid

Miocene)

The Sequence V, with a minimum thickness of 90 m, is
well exposed along the Atlantic coast from Roca Cham-
pion to Cabo Viamonte (Fig. 1a). A major unconformity
(dV) separates SV from the underlying Cabo San Pablo
Beds (Fig. 1b). The upper limit has not been observed in
the area, except for the surface separating these beds from
undifferentiated Quaternary sediments.

The Cabo Viamonte Beds are subhorizontal and exhibit
a poorly defined, general fining and thinning upward trend.
They consist of clast or matrix supported conglomerates,
coarse- to fine-grained sandstones, and laminated mud-
stones, complexly arranged in coarsening–thickening to fin-
ing–thinning sedimentary cycles which reach
approximately 20 m of maximum thickness (Fig. 8). The
sandstone beds, up to 10 m thick, have sharp and erosive
lower contacts and mainly lenticular (Fig. 8a; see Fig. 2b)
and tabular geometries. Lateral accretion structures are rel-
atively common in small scale lenticular sandstone beds
(Fig. 8b; see Fig. 2c). Internally, these deposits show tran-
sitions between conglomerates (clast diameter <7 cm) and
sandstones, which are commonly massive or develop climb-
ing dunes, parallel lamination, climbing ripple cross-lami-
nation, and/or asymmetric ripple cross-lamination
(Fig. 8c and d).

The basal section of SV is very well exposed at Cabo
Santa Inés and consists of 15 m of matrix supported brec-
cias with intraformational boulders of laminated mud-
stone, some of them projected out of the top of the bed
(Fig. 8e and f). This basal portion is followed by con-
glomerate and dominant sandstone facies. Conglomerates
are clast and matrix supported and conform the base of
aggradational channel shaped geometries (Fig. 2b). Peb-
bles in the conglomerates and associated sandstone facies
have their major axes oriented mainly perpendicular to
the flow direction. A distinctive feature in conglomeratic
deposits is the abundance of basalt clasts, and reworked
carbonate concretions containing exceptionally well pre-
served fossils (e.g. decapod crustaceans, gastropods, and
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bivalves). Sandstones show multiple internal erosion sur-
faces and pebble veneers without a marked rheological
boundary (Fig. 8c). At the base of SV, paleocurrents
are directed to the northeast but this direction changes
up section, where east and southeast directed vectors
become dominant.



Fig. 7. Correlation scheme of detailed sections to show the channel and lobe geometries and stratigraphic relationships of the hyperpycnal aggradational
channel complexes at Cabo San Pablo.
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Most of the biogenic structures, produced by deposit
feeder – e.g. Scolicia isp., Phymatoderma granulata – or sus-
pension feeder – e.g. Diplocraterion isp., Tasselia isp. –
organisms, are recorded in laminated mudstones and fine-
grained sandstones. Graphoglyptids are recorded as posi-
tive hyporelief at the sole of the sandstone beds.
5.5.1. Interpretation

The breccia intervals with chaotically dispersed, meter
scale intraclasts (Fig. 8e and f) are interpreted as debris
flow deposits developed in an unstable depositional slope.
The clast- and matrix-supported conglomerates are, respec-
tively, interpreted as residual and hyperconcentrated con-
glomerate facies, segregated at the base of channels.
These conglomerates are considered to result from the dilu-
tion of a cohesive flow that evolved into gravelly-high den-
sity turbidity currents (cf. Mutti, 1992). The sandstone
dominated intervals with multiple reactivation surfaces,
and lateral and vertical transitions of sedimentary struc-
tures (Fig. 8c and d) were produced by hyperpycnal flows.
In this context, the intervening pebble veneers with their
major clast axis oriented normally to the flow direction
suggest bedload transport. The uppermost sections of deb-
ris flow, hyperconcentrated and/or residual deposits have
been reworked by hyperpycnal flows. Pauses between
hyperpycnal flow events can be inferred from thoroughly
burrowed mudstone intervals (cf. Ponce et al., 2007). The
vertical stacking of onlaping tabular, graded layers con-
fined within the upper channel fill represents the lobe depo-
sition of the waning stage in the large aggradational
channels – being the largest, those recorded within SV –
(Fig. 8a; see Fig. 2b). The lateral accretion structures cor-
Fig. 6. Main architectural elements, facies and ichnologic content of the Cab
(small-scale channel systems; white lines) arranged unconformable on top of
channels with lateral accretion showing an ‘‘oblique” aggradational componen
hyperpycnal channel and levee complexes. The channels are usually filled up w
upward trend. (d) Levee systems with climbing rippled sandstone (Scr; coin
surfaces (black dotted lines) and vertical variations among the massive (Sm)
generated by flows with velocity fluctuations. (f) Bottom view of Paleodictyon

3

respond to small scale channel migration that represents
the by-pass and by-pass-plus-deposition generated by pul-
sating hyperpycnal discharges (Fig. 8b; see Fig. 2c). These
evidences suggest that the Cabo Viamonte Beds originated
in an unstable upper to middle depositional slope.
6. Discussion

6.1. Geometry of the sequences

The foredeep deposits of the Austral Basin in Tierra del
Fuego record two different fill geometries, named here as
‘‘type a” and ‘‘type b” clinoforms. The terms clinoform –
geometry – and clinothem – rock body – are used herein
in the sense of Johannessen and Steel (2005). These clino-
form geometries are traceable in the field between Punta
Gruesa and Cabo Viamonte along the Atlantic coast
(Fig. 9). Equivalent features can be observed in the seismic
lines of the Austral Basin in Biddle et al. (1986; see their
Fig. 5) and have been also interpreted in the adjacent
Malvinas Basin by Galeazzi (1998).

Type a clinoforms have lateral extensions of thousands
of meters and bound clinothems that can exceed hundreds
of meters in thickness. These clinothems show major
thicknesses close to the orogenic front and an abrupt thin-
ning with onlap relationships towards the foreland
(Fig. 9a). Type a clinoforms involve clinothems displaying
internal architectural differences that characterize an oro-
genic and a foreland domain. Close to the orogen (Fig. 9a
and b) it is common to observe wider variations in the
bedding dip and development of internal unconformities
like those seen in SI, which is located just north of the
o San Pablo Beds. (a) Panoramic view of a hyperpycnal channel complex
Lower Cabo Ladrillero Beds (SII). (b) View of small-scale hyperpycnal
t that denotes the channel migration (white arrow). (c) Closer view of the

ith thick massive sandstones (Sm) arranged in an overall coarsening–fining
diameter = 2 cm). (e) Hyperpycnites with multiple internal reactivation
and parallel laminated (Sl) sandstone facies which characterize deposits
minimum (P) cast at the base of a massive sandstone bed.
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frontal thrust exposed in Punta Gruesa (see Malumián
and Olivero, 2006; Ponce et al., 2007). In contrast,
towards the foreland (Fig. 9a and c), bedding tends to
be conformable, with gentle dip and large lateral exten-
sion, which is characteristic of SII–SIV. Some surfaces
with bedding dip changes can be interpreted as minor
depositional-slope breaks (Fig. 9a and b). These wedge-
shaped clinothems (type a clinoforms) are the typical fill



Fig. 9. (a) General south–north schematic cross section of the Austral Basin to represent the two recognized clinoform types, and to characterize the
geometry and variability of the sequences, depending on their relative position within the basin. Two particular situations are drawn in detail to illustrate
the arrangements (b) nearby the orogen and (c) towards the foreland.

48 J.J. Ponce et al. / Journal of South American Earth Sciences 26 (2008) 36–54
in foredeep basins affected by flexural tectonics (Allen and
Allen, 1995).

Type b clinoforms show a marked sigmoidal geometry,
lateral extensions of several kilometers, and clinothem
thicknesses that can exceed hundred meters (Fig. 9a and
c). Internally the clinothem has complex architectural
arrangements (e.g. multiple discontinuity surfaces and
recurrent lateral and vertical facies replacements) gener-
ated during hyperpycnal discharges. The type b clino-
forms characterize the deposits of SV (Fig. 9a and c),
and represent a progradational architectural style devel-
oped during tectonic quiescence within the basin. Compa-
rable clinoform systems, generated by hyperpycnal flows,
characterize the Eocene foredeep deposits of the Spitzber-
gen Central Basin (Johannessen and Steel, 2005; Petter
and Steel, 2006).
Fig. 8. Main architectural elements and sedimentary facies of the Cabo Viam
hyperpycnal aggradational channel complexes (white dotted lines); onlap relatio
small hyperpycnal channels with lateral accretion. (c) Alternating, graded cong
complex internal arrangements and sinsedimentary deformation. (d) Details of
a hyperpycnal flow deposit; succession of structures in sandstone facies produc
lamination -Scr-, slightly deformed in the lower part; massive -Sm-; and parallel
section of the sequence, in turn reworked by hyperpycnal flows on its upper p
clasts.

3

The identification and characterization of these clino-
forms allow explaining the sediment distribution observed
within the five sequences. In the type a clinoform systems,
the cohesive deposits and ‘‘classical turbidites” (cf. Mutti,
1992) mainly occupy positions closer to the orogen (present
in SI), while the hyperpycnites (dominant in SII–SIV) tend
to be distributed widespread in the entire basin. The mor-
phology of these clinoforms deposited under tectonically
active conditions favored the development of widely
extended and mainly tabular hyperpycnal sandstone
bodies. In the type b clinoform systems, the hyperpycnites
constitute the dominant deposits and the shaping of the
clinoforms was controlled by the development of hyperpyc-
nal flows. Depending on the steepness of the slope of the
type b clinoforms observed in SV, two kinds of clinothems
can be identified. Mudstone-dominated clinothems with
onte Beds (es = erosion surface). (a) Panoramic view of the large scale,
nships produced during the lobe deposition (white arrows). (b) Detail of a

lomerate (Cg) and massive sandstone (Sm) hyperpycnal flow deposits with
the vertical variations and transitions without a rheological contrast within
ed under sustained and fluctuating flow conditions (climbing ripple cross-
lamination -Sl-). (e) Close view of the debris flow deposits (df) at the lower
ortion. (f) Close-up of the chaotic debris flow deposits with boulder size
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thin, subordinate sandstones restricted to slope break zones
accumulate in gentle slopes. Sandstone-dominated clino-
thems, up to 25 m thick, are generated in steeper slopes,
characterized by important incision surfaces along the
(depositional) slope and great lateral continuity.

6.2. Internal arrangements of the hyperpycnites

The complex facies arrangements of upper Oligocene–
Miocene hyperpycnites of the Atlantic coast of Tierra del
Fuego differ markedly from those described for the ‘‘classi-
cal turbidites” (Mutti et al., 1999, and references therein).
These hyperpycnites consist of compound layers, with
inverse–normal grading, multiple internal erosion surfaces,
and transitional passage and recurrence of sedimentary
structures (e.g. parallel lamination, climbing dunes, and
climbing ripple- and ripple-cross stratification) that suggest
velocity fluctuations of the hyperpycnal flow during
deposition.

Hyperpycnal flows are generated during extraordinary
fluvial discharges and constitute an important mechanism
of basinward sediment transfer (Mulder and Syvitski,
1995). In foreland basins, like the Austral Basin, the areas
close to the orogen lack a well-developed shelf and they can
be characterized by very steep slopes, which favor the
acceleration of hyperpycnal flows. Due to the inherent fluc-
tuations of the flow velocity during fluvial discharges, the
resulting deposits comprise sandstone bodies with variable
geometries and complex internal arrangements.
Fig. 10. Idealized scheme of the three main types of hyperpycnites reco
Based on the internal organization of the deposits, three
main types of hyperpycnites – A, B, and C – are recognized
for the Oligocene–Miocene foreland basin fill in Tierra del
Fuego. Each of these hyperpycnite types has been idealized
as a complete inverse to normal-graded cycle that reflects
the waxing and waning flow conditions during extraordi-
nary fluvial discharges (Fig. 10). Type A hyperpycnites,
constituted by fine-grained sandstones and mudstones,
with tabular geometry, wide lateral extension and thick-
nesses up to 1.50 m, show internal arrangements that are
similar to the ‘‘typical hyperpycnites” defined by Mulder
et al. (2003). Type B hyperpycnites are constituted by peb-
bly sandstones, sandstones, and mudstones, with variable
tabular to lenticular geometries and thicknesses of more
than 6 meters. The coarsest layers of type B hyperpycnites
display multiple erosion surfaces and marked horizontal
and vertical variations of sedimentary structures. Vanish-
ing veneers of oriented and imbricated pebbles suggest bed-
load transport. Finally, type C hyperpycnites are
constituted by sandstone and mudstone, with variable
geometries and thicknesses (2–15 m). Frequently, type C
hyperpycnites include isolated sandstone bodies deposited
at the base-of-slope of type b clinoforms, which preserve
sedimentary structures that resemble antidunes. Type A
hyperpycnites are excellently exposed in the Upper Cabo
Ladrillero Beds (SIII), type B hyperpycnites are frequently
found in the Cabo San Pablo Beds (SIV), and type C
hyperpycnites are mainly recognized in Cabo Viamonte
Beds (SV).
gnized within the Upper Oligocene–Miocene of the Austral Basin.



Fig. 11. (a) Scheme showing the bidimensional geometry of the Upper Oligocene–Miocene sequences and the relationship with the tectonic regime (rectangles indicate position of pictures below, not to
scale). (b) Slump structures in Member A of the Desdémona Formation (SI). (c) Panoramic view of the unconformable contact between the slightly folded Desdémona Formation, Member B (SI), and
the Lower Cabo Ladrillero Beds (SII), with a general subhorizontal stratigraphic arrangement and a lateral development of a major channel. (d) Close view of the lateral accretion structures developed
on the dII unconformity in the southern limb of the Desdémona Formation syncline. (e–g) Panoramic views of the unconformable contacts between the upper four sequences. Note that the general dip
(2–3�NE) of these successions represents depositional slope positions within clinoform systems.
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6.3. Tectono-sedimentary evolution

Two principal tectono-sedimentary stages are recog-
nized in the evolution of the Upper Oligocene–Miocene
Austral Basin along the Atlantic coast of Tierra del Fuego,
SI–SIV and SV (Figs. 1, 9 and 11).

The first stage involves deposition of the Desdémona
Formation (SI, Late Oligocene–Early Miocene) during
the last phase of the compressive tectonic regime and
the development of type a clinoforms in a position close
to the orogen (Fig. 9a and b). This sequence (SI) was
unconformably (dI) deposited on the frontal limb of a
growing anticline (Puesto Herminita Beds), which led to
the formation of a growth structure that involved slump-
ing, and ended with the formation of gentle folds
(Fig. 11a and b). The syntectonic character of this succes-
sion is evidenced by the progressive decrease in the bed-
ding dip to the northwest, from 18� to 3� from base to
top, and by the development of an intraformational
unconformity (d; Figs. 1a and 11a) that separates the
two members. The growth of the anticlinal structure con-
trolled, at a local scale, the sediment dispersal pattern,
which is oriented towards the north–northwest in the Des-
démona Formation. This first tectono-sedimentary stage
continues with the accumulation of SII–SIV that repre-
sent positions towards the foreland within type a clino-
forms (Fig. 9a and c). These sequences were deposited
away from the orogenic area, thus having a more subtle
imprint of the Early Miocene compressional regime
(Fig. 11a and c–f). They exhibit a change of sediment dis-
persal from an initial northward to a more eastward
direction. Although some authors include the herein
described Lower Cabo Ladrillero Beds (SII) within the
last tectonically affected units (Ghiglione et al., 2002),
their overall non-deformed, subhorizontal bedding, and
their marked onlap relationships suggest tectonic quies-
cence in this position closer to the foreland, instead of
an orogenic involvement. In addition, the presence of
southwards migrating lateral accretion structures at the
base of SII (Figs. 4 and 11d) and the record of an east-
ward direction of sediment dispersal support this interpre-
tation. These paleocurrent indicators, almost orthogonal
to those determined in the Desdémona Formation, are
attributable to gravity flow reorientation controlled by
previous structures, such as the open synclines of the
Member B of this formation (Fig. 11a and c). In the
Upper Cabo Ladrillero Beds (SIII) – at the Rı́o Ladrillero
outlet – and in the Cabo San Pablo Beds (SIV) – at Roca
Champion – the basal strata show a persistent dip of 2–3�
to the northeast, which is interpreted to represent slope
positions within the clinoform system (Fig. 11a, e, and
f). The paleocurrent indicators at the base of these
sequences point to the northeast, i.e. parallel to the main
dip direction of the depositional slope; up-section, how-
ever, the flow direction is reoriented to the east and south-
east. The detailed explanation for these systematic
changes in paleocurrents is not clear, but the reported
change in paleocurrent direction seems to be a common
feature in foreland basins, with paleocurrent vectors ori-
ented either in longitudinal or axial directions.

The second tectono-sedimentary stage, involving the
Cabo Viamonte Beds (SV) deposited during the uppermost
Lower-Mid Miocene, represents sedimentation during tec-
tonic quiescence with the development of type b clinoforms
in the basin (Figs. 9a and c, and Fig. 11a). Within the
clinothem, the SV shows the same paleocurrent dispersion
as SIII and SIV. According to the physical expression seen
in outcrops – and interpreted for the subsurface, – the
basal unconformity of the Cabo Viamonte Beds (dV; Figs
11g and 9b) is interpreted as a major order unconformity
recorded in the Upper Oligocene–Mid Miocene succession
along the Atlantic coast that may respond to a dramatic
sea level drop recognized at 21 Ma in the global eustatic
curve (Haq et al., 1987). The input of fresh basaltic clasts
recorded in SV marks also a compositional break between
this and the underlying units. This interpretation concurs
with the foraminiferal gap that results from the absence
in the Cabo Viamonte Beds of Catapsydrax dissimilis (last
appearance datum at 17.3 Ma) and the absence in the
Cabo San Pablo Beds of Globorrotalia incognita (first
appearance datum at 21.6 Ma) (Malumián and Olivero,
2006).

6.4. Hyperpycnites and the Austral Basin petroleum system

The main hydrocarbon reservoirs of the Austral Basin
are the fluvio-deltaic sandstones of the Lower Cretaceous
Springhill Formation (Thomas, 1949; Biddle et al., 1986).
These sandstones cover and interfinger laterally the source
rock (Lower Cretaceous marine mudstones). Minor traps
with oil manifestations, affected by compressive and trans-
pressive faulting, have been identified in Miocene turbidite
lobe systems (Galeazzi, 1998). In a previous model for the
petroleum system of the Malvinas Basin (Galeazzi, 1998,
his Fig. 25), these smaller traps occupy essentially deep
marine settings within the basin. The herein documented
dominance of Upper Oligocene–Miocene hyperpycnite
deposits in the Austral Basin offer new insights into the
petroleum system based on a conceptually different deposi-
tional model (Fig. 12).

Classical turbidites are generated by episodic gravity
flows, after slump events or other gravitational collapses
in unstable depositional slopes. These flows are character-
ized by a rapid deceleration, because of the short-lived
sediment influx and the growing friction with the sea
floor. Their usually wide extended reservoirs are generally
formed by isolated sandstone bodies with a reduced thick-
ness (Fig. 12a and b). On the contrary, hyperpycnites
result from extraordinary and sustained fluvio-derived dis-
charges that, depending on the flow magnitude and endur-
ance, can generate interconnected sandstone deposits,
which may be tracked from deep marine to shallower envi-
ronments (Fig. 12a and c). The evolution of an individual
hyperpycnal flow involves a forestepping–backstepping



Fig. 12. (a) Idealized scheme of the Austral Basin petroleum system (not to scale, modified from Galeazzi, 1998). The main reservoir (Springhill Fm.)
receives the hydrocarbon directly from the source rock and enables its migration over long distances, whereas the remaining oil shows also derive from the
same source rock principally migrating along faults. The Oligocene–Miocene units display the already identified minor combined traps attributed to
turbidite lobe systems (Galeazzi, 1998). The herein interpreted hyperpycnite systems usually develop thicker and laterally more extended stratigraphic
traps than the latter. Complementary hydrocarbon migration could be provided by the clastic dykes that cut across the units. (b and c) Schemes to
represent the differences between petroleum traps (not to scale). (b) Turbidite lobe systems stratigraphic trap. Limited lateral and vertical extension, few
vertical interconnections, generally isolated bodies. (c) Hyperpycnite systems stratigraphic trap. Thick amalgamated sandstone packages with multiple
vertical interconnections, laterally wide extensions connecting shallow with deep marine deposits.
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cycle (cf. Zavala et al., 2006; Ponce et al., 2007) that has
direct effects on the hydraulic connectivity and the spatial
distribution of the sands within the system. Each hyper-
pycnal flow transfers large volumes of sediment, which
accumulate as thick and well sorted sandstone bodies,
constituting the main potential reservoirs within the
Upper Oligocene–Mid Miocene of the Austral Basin in
Tierra del Fuego. The successive stacking of hyperpycnite
events, characterized by the development of multiple ero-
sion surfaces, results in sandstone body amalgamations
and favors the vertical interconnection of the system
(Fig. 12c). The dense clastic dykes system, cutting across
the sequences, could alternatively act as subsidiary hydro-
carbon migration carriers (Fig. 12). The important mud-
stone dominated section that caps the sequences may
act as the regional seal within this stratigraphic trap
scheme.

Thus, the depositional model proposed for the Upper
Oligocene–Mid Miocene hyperpycnite-dominated strata,
opens new perspectives for the establishment of original
predictive guidelines for hydrocarbon exploration in the
Austral Basin.
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7. Conclusions

1. Five Upper Oligocene–Miocene depositional sequences
bounded by unconformities were identified and studied
in outcrops of the Austral Basin along the Atlantic coast
of Tierra del Fuego. These sequences, constituted by
three main architectural elements: hyperpycnal lobe
complexes, hyperpycnal channel complexes, and associ-
ated hyperpycnal levee complexes, are interpreted as
depositional slope clinoform systems in a mainly deep
marine environment.

2. The sequences record the youngest foredeep of the Aus-
tral Basin of Tierra del Fuego and involve two types of
clinoform geometries. Type a clinoforms show a
‘‘wedge” shaped geometry, and represent the foredeep
fill affected by tectonics during the orogenic evolution.
Type b clinoforms show a sigmoidal morphology and
represent the prograding architectural style of basin fill
during tectonic quiescence.

3. The Desdémona Formation (SI; Upper Oligocene–
Lower Miocene), developed as a type a clinoform system
nearby the orogen, records the youngest sedimentary
succession directly affected and deformed by the propa-
gation of tectonic compression along the Atlantic coast
of Tierra del Fuego. This unit is slightly folded and sep-
arated in two distinctive members by an intraformation-
al unconformity; Member A, mudstone dominated
debris flow deposits, and Member B, tabular, thickening
upward glauconitic sandstones deposited by episodic
turbidity currents.

4. The Lower Cabo Ladrillero (SII), Upper Cabo Ladrille-
ro (SIII), and Cabo San Pablo (SIV) beds (Lower Mio-
cene), developed as type a clinoforms – towards the
foreland domain, – reflect the progradation of non-
deformed clinoform systems. These units are dominated
by hyperpycnal flow deposits associated with minor deb-
ris flow and turbidite deposits.

5. The Cabo Viamonte Beds (SV; uppermost Lower–Mid
Miocene), developed as type b clinoforms, represent
the shelf progradation under tectonically quiescent sed-
imentation conditions. Depending on the steepness of
the slope of the clinoforms, this unit consists of sand-
stone-dominated hyperpycnites, with a steep slope, and
mudstone-dominated hyperpycnites, with a gentle
slope.

6. The recorded hyperpycnites are schematized as three ide-
alized types. Each hyperpycnite type completes an
inverse to normal graded cycle, related to the waxing
and waning flow conditions during extraordinary fluvial
discharges, and displays a great variability in geometries,
textures and sedimentary facies.

7. The ichnologic content of the three younger sequences
(SIII–SV) includes graphoglyptid ichnospecies that are
indicative of a deep marine paleoenvironment.

8. The development of sedimentary models that include the
hyperpycnites recognized by this study opens new per-
spectives to improve the Austral Basin petroleum sys-
tem, extending the exploration frontiers to the
Oligocene–Miocene sandstone bodies.

Acknowledgements

The authors are indebted to Norberto Malumián for the
constructive comments on earlier drafts of this paper and
to two anonymous reviewers whose comments helped to
improve the original manuscript. We appreciate the valu-
able comments and discussions in the field with Carlos
Zavala. Noelia Carmona, Marı́a López Cabrera, Patricio
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