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ABSTRACT

During the Mesozoic evolution of the southernmost Andes, back-
arc basin formation in an extensional setting was followed by
foreland basin development in a compressional setting. A stratigraphic
record of this tectonic transition is described from Jurassic and Cre-
taceous rock units exposed in the Patagonian fold-thrust belt at 51°S
fatitude. Initiation of an extensional deep-marine trough in Late Juras-
sic time is documented by interstratified rhyolites and marine mud-
stones in the Tobifera Formation. Development of the Early
Cretaceous Rocas Verdes back-arc basin is recorded by Zapata For-
mation submarine-slope deposits, which draped the west-facing, pas-
sively subsiding cratonic margin of the basin. The onset of Andean
compressional orogenesis and creation of the Magallanes foreland
basin is marked by the influx of coarse-grained sandstone turbidites of
the Albian-Cenomanian Punta Barrosa Formation. During Late Cre-
taceous time, the foreland basin configuration consisted of a narrow
foredeep trough bounded by a gently sloping foreland ramp on the
craton to the east. This geometry reflects greater flexural subsidence
of the stretched and thermally weakened passive back-arc basin mar-
gin beneath the load of the obducted Rocas Verdes basin floor.
Changes in depositional regime and sediment dispersal patterns in the
latest Cretaceous, together with an eastward shift in the Magallanes
basin depocenter, record cratonward migration of deformation in the
Patagonian fold-thrust belt. Loading of the thicker, cratonic litho-
sphere caused subsidence of the foreland ramp to form a wide flexural
basin.

INTRODUCTION

The positions and geometries of sedimentary basins in southernmost
South America changed markedly during the Mesozoic-Cenozoic Andean
orogenic cycle. These changes reflect evolving regimes of extension and
compression within the overriding plate above the convergent Pacific mar-
gin. In the latest Jurassic and Early Cretaceous, coarse clastic sedimenta-
tion was localized within a quasi-oceanic back-arc basin that opened near
the Pacific margin, called the “Rocas Verdes basin” by Dalziel and others
(1974a). The clastic infill and ophiolitic floor of this basin are exposed in
the main Cordillera of the southernmost Andes (Fig. 1). During mid-
Cretaceous to Neogene Andean compressional orogenesis, coarse clastic
sedimentation shifted progressively toward the craton 4s a retroarc fore-
land basin developed (Katz, 1964, 1973; Dott and others, 1982; Winslow,
1982; Biddle and others, 1986). The deposits of this depocenter, called the
“Magallanes basin” in Chile and the “Austral basin” in Argentina, are
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exposed in the fold-thrust belt of the Andes and occupy much of the
subsurface of South America to the north and east (Fig. 1).

Jurassic to lower Upper Cretaceous rock units exposed in the south-
ern Andes preserve a stratigraphic record of the change from volcanism
and sedimentation in an extensional setting to compressional deformation
and foreland basin development. I report here the results of the first
detailed outcrop investigation of a critical part of this stratigraphic record
in southern Chile at latitude 51°S. In this area, extensive exposures of
Jurassic and Cretaceous strata occur adjacent to the Sarmiento ophiolite
complex, which is the largest remnant of back-arc basin floor exposed in
the southern Andes (Fig. 1). Stratigraphic and sedimentologic data from
these units provide a more detailed picture of changing basin architectures
associated with back-arc basin formation, its subsequent closure and ob-
duction, and development of the Magallanes foreland basin. Equivalent
sequences in the subsurface east of the Andes, which are the primary
reservoir and source rocks for hydrocarbons in the Magallanes basin,
document a linked but significantly different basin history (Gonzalez,
1965; Natland and others, 1974; Biddle and others, 1986). The contrasting
tectonostratigraphic evolution recorded by these sequences reflects the
influence of prior geologic events on the dynamic behavior of the South
American lithosphere during basin development.

Tectonic Framework

The Mesozoic-Cenozoic orogenic cycle in the southernmost Andes
began in the Middle to Late Jurassic with a phase of extension character-
ized by diffuse crustal stretching and widespread silicic volcanism (Bruhn
and others, 1978; Gust and others, 1985). This volcanism is inferred to
record crustal anatexis during the initial stages of Gondwana breakup
(Bruhn and others, 1978; Gust and others, 1985; Dalziel and others, 1987,
Kay and others, 1989). The Jurassic silicic volcanic rocks have generally
been considered to be “basement” to the Mesozoic-Cenozoic sedimentary
depocenters but, as discussed below, extrusion of the volcanics was inti-
mately linked to the early stages of basin development. Subvolcanic crys-
talline rocks instead constitute mechanical basement, and consist of
Gondwanide accretionary assemblages near the Pacific margin and arc and
cratonic material farther east (Forsythe, 1982; Dalziel and others, 1987;
Ramos, 1988). In the latest Jurassic and Early Cretaceous, the Rocas
Verdes back-arc basin opened near the Pacific margin of southern South
America, detaching the continental margin arc from South America (Dal-
ziel and others, 1974a; Suarez, 1979; Dalziel, 1981). The back-arc basin
filled with uppermost Jurassic and Lower Cretaceous volcaniclastic turbid-



BACK-ARC TO FORELAND BASIN DEVELOPMENT, SOUTHERN ANDES 99

ites derived mainly from the arc to the west (Suarez and Pettigrew, 1976;
Winn, 1978).

The change from extension to compression occurred in the mid-
Cretaceous, when arc/craton convergence resulted in partial obduction of
the ophiolitic basin floor onto the craton margin (Dalziel and others,
1974a; Bruhn and Dalziel, 1977; Dott and others, 1982; Dalziel, 1986;
Dalziel and Brown, 1989). Ongoing compression produced a retroarc
fold-thrust belt along the eastern margin of the Cordillera from the Late
Cretaceous into the Neogene (Gonzalez, 1965; Katz, 1962, 1973; Wins-
low, 1982; Wilson, 1983). As defined here, the Magallanes foreland basin
was initiated with the onset of compression in the mid-Cretaceous and
evolved with the fold-thrust belt into the Neogene.
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Geologic Setting of the Study Area

The study area lies in the western fold-thrust belt of the Patagonian
Andes at latitude 51°S, within the Ultima Esperanza District of Magal-
lanes Province, Chile (Fig. 1). Upright to steeply inclined folds at the
surface are developed above a subsurface thrust system (Wilson, 1983).
An east-dipping thrust zone along the western limit of the fold-thrust belt
represents the roof thrust of an antiformal duplex that marks the Cordillera/
Precordillera boundary (Wilson, 1983). A regionally developed cleavage

is present in all of the rock units and, in the Jurassic and Lower Cretaceous
rocks, is associated with very low-grade recrystallization.
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Figure 1. Simplified geologic map of the southern Andes (modified from Dalziel, 1981). Structure contours on top of Jurassic volcanic
rocks in kilometers (from Biddle and others, 1986). Hachured pattern: edge of Patagonian ice cap. CD: Cordillera Darwin; SI: Staten Island.
Inset shows position of Figure 1 in southernmost South America; boxes show locations of Ultima Esperanza District and Figure 2.
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The Mesozoic stratigraphy of the Ultima Esperanza region was first
outlined during early scientific expeditions to South America (for example,
Nordenskjold, 1899; Hauthal, 1907; Wilckens, 1907; Quensel, 1911;
Halle, 1913). Regional studies carried out by ENAP, the Chilean national
petroleum company, defined the étratigraphic units shown in Figures 2 and
3 (Cecioni, 1956, 1957; Cortes, 1964; Katz, 1963; Natland and others,
1974; ENAP, 1978). Sedimentologic studies have been carried out on
Upper Cretaceous rocks in the area (Scott, 1966; Smith, 1977; Winn and
Dott, 1979; Dott and others, 1982; Macellari and others, 1989), but the
lower part of the section, which includes the Tobifera, Zapata, and Punta
Barrosa Formations (Fig. 3), was examined in detail for the first time in
this study. Mapping at 1:50,000 scale was completed for a 400-km? area
extending eastward from the Patagonian ice cap (Fig. 4). Reconnaissance
mapping at 1:100,000 scale in adjacent areas (Fig. 2) was used to modify
the 1:250,000 geologic map of the Precordillera region by Cortes (1964).

TOBIFERA FORMATION

The oldest rocks in the Ultima Esperanza Precordillera are part of a
Jurassic silicic volcanic unit present throughout southern South America,
referred to here as the Tobifera Formation. Tobifera volcanic rocks crop
out in local structural inliers and along the eastern margin of the Patago-
nian ice cap (Figs. 2 and 4). The Tobifera Formation rests with angular
unconformity on Gondwanide basement rocks in the Cordillera 20 km to
the west of the study area (Forsythe and Allen, 1980; Allen, 1982). The
exact thickness of the formation in Ultima Esperanza is unknown because
of structural repetition and cover by ice to the west, but it is a minimum of
1 km (Katz, 1963).

Ammonites, belemnites, and inoceramids in mudstones within the
upper Tobifera Formation indicate a Late Jurassic (Kimmeridgian-
Tithonian) age (Fuenzalida and Covacevich, 1988). Near the Sarmiento

ophiolite to the west, Late Jurassic radiolarians are present ~200 m above
the base of the formation (Allen, 1982), suggesting that the entire forma-
tion may be of Late Jurassic age in the Ultima Esperanza region. Isotopic
dates from equivalent silicic volcanics in southern Argentina, however,
range from 168-150 Ma (Nullo and others, 1978; Riccardi and Rolleri,
1980; Gust and others, 1985; Biddle and others, 1986), indicating a Mid-
dle to Late Jurassic time range for silicic volcanism in southern South
America as a whole (Riccardi, 1983; Gust and others, 1985).

Lithology

Mudstones. Black, pyritic, siliceous mudstone horizons from a few
centimeters to tens of meters thick are abundant throughout the sequence
(Figs. 5 and 6). The mudstones have an even, laterally persistent horizontal
lamination. An open-marine origin is clearly indicated by the macrofossil
assemblage and the presence of recrystallized radiolarian tests.

Submarine Ash-Fall Tuffs. Tuffs containing abundant devitrified
glass shards are locally up to 15 m thick. The tuffs are well sorted, and
have even, horizontal bedding and delicate horizontal laminae. These fea-
tures indicate that vitric ash-fall material was deposited by slow settling
into a quiet marine environment.

Tuff Turbidites. Abundant discrete, laterally continuous, tuff turbid-
ite beds from 2 cm to 1 m thick are intercalated with mudstone. They
contain rhyolitic lithic debris and quartz and feldspar fragments in a
phyllosilicate-rich matrix that most likely represents recrystallized vitric
material. Individual beds show T, . Bouma sequences, and they have
sharp bases, load casts, flame structures, and abundant mudstone rip-up
clasts (Fig. 5). These sedimentary structures indicate deposition of rhyolitic
pyroclastic debris from relatively low-density turbidity currents.

At Cerro Zapata (Fig. 4), the tuff turbidites are amalgamated into
composite beds as much as 9 m thick that are lenticular and have chan-
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neled bases (Fig. 6). Individual layers within the composite beds are sepa-
rated by internal scours or by thin, discontinuous mudstone horizons. The
thick accumulations of tuff turbidites suggest proximity to source vents.

Rhyolitic Lithic Debris-Flow Deposits. Massive, very poorly sorted
lithic debris flows up to 3 m thick are intercalated with the finer-grained
rocks (Figs. 5 and 6). The deposits contain angular, nonvesicular rhyolite
blocks and less abundant, subrounded, tabular or folded mudstone clasts
supported in a fine-grained tuffaceous matrix (Fig. 5). Beds are tabular,
with sharp, planar bases (Fig. 5) or occupy broad, shallow channels.
Individual beds show coarse-tail grading of rhyolite and mudstone clasts,
and reverse grading is present at the base of some beds. Clasts locally
project above the tops of beds (Fig. 6). The characteristics of these beds
indicate that they formed by en masse deposition from debris flows in
which a relatively dense, viscous, fine-grained matrix was capable of sup-
porting coarser clasts during transport (Middleton and Hampton, 1973,
1976; Nardin and others, 1979).

Subaqueous Pyroclastic-Flow Deposits. Tabular, laterally exten-
sive pyroclastic flows up to 5 m thick contain abundant pumice lapilli
supported in a tuffaceous matrix, but lack other rhyolitic lithic debris.
Coarse-tail normal grading is well developed, and beds typically grade
upward into well-laminated tuff. Pumice fragments retain long-tube vesic-
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Figure 3. Stratigraphic column in the Ultima Esperanza
Precordillera. Patterns indicate relative abundance of mudstone and
shale (black), sandstone (stipple), conglomerate (circles), rhyolitic vol-
caniclastic rocks (stipple with dash) and intrusive rhyolite porphyry
(v). In part modified from Katz (1963), Cortes (1964), and Smith
(1977).
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ular texture with no evidence of welding. Both pumice and tabular mud-
stone rip-ups are oriented subparallel to bedding. The presence of both
mudstone and pyroclastic material indicates that tephra derived from erup-
tion columns mixed with water during downslope transport, resulting in
turbulent flow. The bedding-parallel clast orientation suggests that a period
of laminar flow occurred prior to deposition. The absence of welding and
other indicators of high heat content suggest that any original heat con-
tained within the flows was lost during downslope transport.

Penecontemporaneous Hypabyssal Intrusions. Rhyolite and basalt
bodies cut the Tobifera section but do not extend into overlying units (Fig.
4). Intrusive rhyolite occurs as coherent bodies or as peperite breccias. The
extensive peperite breccias consist of a chaotic mixture of rhyolite frag-
ments and mudstone that formed when rhyolitic magma intruded wet,
unconsolidated sediments (Hanson and Wilson, 1986). An intrusive origin
for the pillow basalt is indicated by truncation and disruption of bedding in
adjacent host rocks, and by the presence of irregular basalt tongues and
mudstone xenoliths along the margins.

Depositional Setting

The abundant horizons of black, finely laminated, pyrite-rich carbo-
naceous mudstone containing marine fossils establish a marine setting for
the Tobifera Formation. The mudstones record prolonged periods of hem-
ipelagic sedimentation in a quiet, anaerobic to disaerobic environment
punctuated by sporadic influx of rhyolitic debris. Preservation of turbidites
and delicate horizontal lamination in the finer-grained rocks, together with
the total lack of wave-generated structures, indicate deposition in moder-
ately deep-marine waters below storm-wave base. The presence of inocer-
amids within the mudstones is consistent with such a setting, as these
organisms are believed to have inhabited sublittoral to upper bathyal
depths in the Mesozoic (Thiede and Dinkelman, 1977).

Random intercalation of mass-flow and pyroclastic-fall deposits with
the marine mudstones documents submarine deposition of the volcaniclas-
tic rocks. The abundance of primary rhyolitic pyroclastic debris requires
explosive vesiculation of magma and thus argues for either subaerial or
shallow-marine source vents. The absence of accretionary lapilli, however,
which are present elsewhere in the Tobifera Formation (Hanson and
Wilson, 1990), may indicate that eruption columns did not enter the
atmosphere, and that source vents in the Ultima Esperanza region were
entirely submarine. Accumulations of coarse-grained, amalgamated, and
channelized tuff turbidites, are interpreted to represent submarine aprons
formed around volcanic centers. Emplacement of rhyolitic hypabyssal
intrusions into unlithified sediments to form extensive peperites documents
ongoing magmatic activity during deposition of the sequence. The Tobif-
era inlier to the southeast of Lago Pingo is onlapped by the highest levels of
the overlying Zapata Formation (Fig. 4), indicating that substantial topo-
graphic relief was present within the depositional basin.

These new data, together with data from the adjacent Cordillera
where Allen (1982) reported black marine mudstones and radiolarian
chert near the base of the Tobifera Formation, show that most or all of the
sequence in the Ultima Esperanza region was deposited under relatively
deep marine conditions upon an erosional surface cut into underlying
basement. The Late Jurassic silicic volcanism in Ultima Esperanza was
thus associated with development of a deep-marine volcanic trough that
preceded opening of the latest Jurassic-Early Cretaceous back-arc basin in
the same area. The overlap between mafic and silicic volcanism in the
study area, as well as in the lowermost part of the Sarmiento ophiolite
complex just to the west (Bruhn and others, 1978; de Wit and Stern, 1981,
Allen, 1982), indicates that formation of the ensimatic back-arc basin floor
coincided with the waning phases of Tobifera volcanism.
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Figure 5. Rhyolitic lithic debris-flow deposit in the Tobifera
Formation at Cerro Zapata. Contains light-colored rhyolite clasts and
dark-colored mudstone clasts; folded mudstone clast marked by
arrow. Hammer handle rests on tuff turbidite with load casts and
flame structures. Horizontally bedded, black, marine mudstone makes
up base of exposed section.

ZAPATA FORMATION

A Lower Cretaceous unit consisting predominantly of dark mud-
stones abruptly succeeds the Tobifera Formation in the Ultima Esperanza
District. This unit was designated the “Erezcano Formation” by Cecioni
(1956) but was renamed the “Zapata Formation” by Katz (1963). The
lower contact of the Zapata Formation is defined in this study as the top of
the highest volcaniclastic unit within the Tobifera Formation. The upper
contact is at the base of the first thick sandstone of the overlying Punta
Barrosa Formation. These contacts enclose a distinctive, readily mappable,
fine-grained sedimentary package within the Mesozoic succession. Inocer-

Figure 6. Measured section
of part of the Tobifera Forma-
tion at Cerro Zapata (Fig. 4).
Note thick intervals of amal-
gamated tuff turbidites and spo-
radic intercalation of marine
mudstone and rhyolitic debris-
flow deposits. Peperite breccia
and rhyolite porphyry intrude
the volcaniclastic section.

Lithology

tuff turbidites

lithic debris-flow
deposits

black mudstones and
tuff turbidites

black mudstones

peperite breccia

sy rhyolite porphyry

5m

amus imprints, belemnites, and ammonites occur throughout the Zapata
Formation and indicate a late Tithonian to Albian-Aptian age (Katz,
1963; Cortes, 1964).

The Zapata Formation at the type locality near Cerro Zapata is a
minimum of 630 m thick and consists of 5 mappable members, informally
designated “A” through “E” (Figs. 4 and 7). Member A is in depositional
contact with the underlying Tobifera Formation, but a thrust fault juxta-
poses the base of member B against member A. Above the thrust,
members B through E form an unbroken section affected only by open
folding.

Sedimentology

The Zapata Formation consists of dark mudstones rhythmically in-
terbedded with thin siltstones and very fine-grained sandstones. Bedding is
laterally continuous over distances of several kilometers. Except in
member C, mudstones in the formation are dark gray to black and contain
abundant disseminated pyrite. Black mudstone in member A is identical to
mudstone in the underlying Tobifera Formation and shows thin, continu-
ous, undisturbed horizontal lamination. Mudstones throughout the rest of
the formation are burrow-mottled, and original lamination has been large-
ly disrupted. Member C forms a prominent interval of white-weathering,
intensely bioturbated, highly calcareous mudstone (Fig. 7). Member E is
distinguished by a whitish color on weathered surfaces, but is noncalcare-
ous. The trace fossil Zoophycos is characteristic of the Zapata Formation
above member A. Carbonate concretions are present in all members,
reaching up to 2 m in long diameter and 1 m in thickness. Gray, finely
laminated calcareous shales from S to 25 cm thick occur in member D
(Fig. D).

Thin, laterally continuous beds of quartzose siltstone to very fine-
grained sandstone are typically 0.5-3 cm thick, rarely reach 15 cm, and
have sharp bases against underlying mudstone. Individual beds typically
show T,_. Bouma sequences, indicating deposition from waning, low-
density, turbidity currents. The upper surfaces of the siltstones are diffuse
and disturbed by bioturbation. Intercalation of these beds with thoroughly
bioturbated mudstone intervals records repeated influx of fine-grained
turbidites, punctuating periods of slow sedimentation accompanied by
intense burrowing.

Member D contains two distinctive types of sandstone turbidite that
are not present in the rest of the formation. Tabular and laterally continu-
ous, medium- to coarse-grained micaceous sandstones to 10 cm in thick-
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Figure 7. Measured section of the Zapata Formation at the type
locality southeast of Cerro Zapata (Fig. 4). Letters designate informal
members A through E. Note presence of translational slide sheets and
lenticular bodies of medium- to coarse-grained quartzose sandstone
turbidites in member D.

ness are T, turbidites with normal distribution grading and a pronounced
bedding-parallel fabric defined by abundant, coarse-grained detrital bio-
tite. Medium-grained quartzose sandstones occur as T, . turbidites that
make up composite beds up to 1.5 m thick. Some of the composite beds
are highly lenticular (Fig. 8) and contain silicic detritus up to granule
grade, representing the coarsest material in the Zapata Formation. They
are interpreted to represent the infill of shallow channels that were incised
into the underlying fine-grained deposits. Mudstones and siltstones adja-
cent to the channels show soft-sediment deformation (Fig. 8), presumably
related to channel formation and subsequent loading.

The medium-sand to granule-grade components of the Zapata sand-
stones consist predominantly of embayed, bipyramidal quartz and plagio-
clase. Minor amounts of silicic volcanic rock fragments and polycrystalline
quartz are also present. This composition shows that the sands were

calcareous mudstone, siltstone,

T. J. WILSON

mainly derived from silicic volcanic rocks of the Tobifera Formation. The
coarse-grained detrital biotite may also have been derived from the Tobif-
era volcanics or, alternatively, from pre-Jurassic crystalline basement
rocks.

Translational Slide Sheets

The middle section of member D (Fig. 7) contains abundant discrete
horizons of disturbed and contorted bedding, here termed “translational
slide sheets” following Cook (1979). The translational slide sheets are 0.5
to 5 m thick, with a minimum areal extent of 2 km2, and have planar
bounding surfaces parallel to bedding. They typically have semi-coherent
internal layering, and isolated, tight to isoclinal fold closures occur within a
disharmonically distorted matrix of mudstone and siltstone. Less intensely
disrupted coherent slide sheets with folded but unbroken bedding also are
present. Folds within these sheets have a westward vergence and facing
direction (Fig. 9), suggesting a westward paleoslope.

The translational slide sheets record repeated gravitational failure on
a submarine slope. The hinge lines of soft-sediment folds in all sheets
define a north-northwest—south-southeast cluster, with some dispersion
within the planes of the sheets (Fig. 10). A southwest paleoslope direction
was estimated from the hinge line data using the mean axis method of
Woodcock (1979). This analysis assumes the movement direction of a
given slide to be perpendicular to the mean hinge line of slump folds
within it. Fold closures in the Zapata slide sheets are rootless, which
precludes use of fold asymmetry data to constrain the paleoslope direction.

Depositional Setting

The Zapata Formation represents a thick sequence of predominantly
fine-grained marine sediments deposited directly after the cessation of
Tobifera silicic volcanism. Sedimentary structures throughout the forma-
tion indicate deposition below storm wave base. Prolonged accumulation
of hemipelagic muds was episodically interrupted by the influx of low-
density turbidity currents carrying silt- and sand-sized siliceous detritus.

The characteristics of the Zapata Formation are diagnostic of accu-
mulation in a submarine slope environment. The abundance of
organic-rich, intensely bioturbated hemipelagic deposits, the rhythmic in-
tercalation of thin and laterally continuous fine-grained turbidites, and the
occurrence of translational slide sheets are all features characteristic of
modern and ancient submarine slope deposits (Cook, 1979; Pickering,
1982a; Cook and others, 1982). Coarse-grained, lenticular channel infills
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Figure 8. Cross section of lenticular, composite, quartzose sand-
stone turbidite bed in member D of the Zapata Formation at the type
locality. Note channeling, mudstone rip-ups in beds, and soft-sediment
disruption of adjacent fine-grained material. Individual, sandstone
turbidite occurs beneath the channel fill.
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Figure 9. Coherent slide sheet in the Zapata Formation west of
Cerro Ferrier, showing westward asymmetry and facing direction
(right in photo). Brunton compass for scale (arrowed).

probably represent small-scale examples of the gully systems that dissect
modern continental slopes (Cook and others, 1982); channels of similar
scale have been described from other ancient slope sequences (Cook and
Taylor, 1977; Dott and Bird, 1979). Zoophycos occurs in both shallow-
and deep-water environments (Bradley, 1973) but is especially common in
bathyal settings (Seilacher, 1967; Ekdale and others, 1984); its abundance
within the Zapata Formation is thus consistent with a moderately deep
marine setting on a slope. The abundance of pyrite and siderite concretions
and the presence of laminated calcareous shales are features common to,
although not necessarily indicative of, other ancient slope sequences (Cook
and Taylor, 1977; Cook and others, 1982).

Slump-fold orientations in the translational slide sheets indicate that
the Early Cretaceous Zapata slope faced west. Equivalent rocks near the
Sarmiento ophiolite to the west, also designated the Zapata Formation,
consist largely of andesitic volcaniclastic turbidites that constitute the
Lower Cretaceous sedimentary infill of the Rocas Verdes back-arc basin
(Allen, 1982). These relationships indicate that the Zapata slope sequence
developed on the passive eastern flank of the back-arc basin. This paleo-
geography is strongly supported by the fact that the paleoslope direction
inferred from slump-fold hinge lines in the Zapata Formation is perpen-
dicular to the axis of the back-arc basin as inferred from the attitudes of
sheeted dikes in the Sarmiento ophiolite (Fig. 10).

The change from active Tobifera silicic volcanism to deposition of the
Zapata mudstones is interpreted to reflect the mature development of the
back-arc basin in the Early Cretaceous. The contact between the two
formations records the abrupt quiescence of rhyolitic vents within the
submarine Tobifera trough, which ceased to act as local sediment sources.
The volcanic trough evolved into a passively subsiding, westward-facing
slope that was draped by the Zapata deposits. In the Early Cretaceous,
Tobifera silicic volcanic rocks were exposed in the Deseado massif (Fig.
1), and limited exposures of both Tobifera volcanics and crystalline base-
ment rocks were present in isolated fault-block uplifts to the northeast of
Ultima Esperanza (Riggi, 1969, 1977; Cecioni and Charrier, 1974; Biddle
and others, 1986). Siliceous sandstones within the Zapata Formation thus
are inferred to reflect northeast to southwest transport from these source
areas onto the west-facing slope.
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PUNTA BARROSA FORMATION

The Zapata Formation is conformably overlain by the sand-rich
Punta Barrosa Formation. The contact is marked by the abrupt appear-
ance of medium-grained turbidite sandstones that range from 30-100 cm
in thickness. The Punta Barrosa Formation grades upward into the shale-
dominated Cerro Toro Formation. The contact between the two forma-
tions was mapped in this study at the top of the highest thick-bedded
sandstone interval. Mapping presented in Figures 2 and 4 differs from
earlier regional mapping (Katz, 1963; Cortes, 1964; ENAP, 1978), in
which only prominent thick-bedded sandstones in western Ultima Esper-
anza were assigned to the Punta Barrosa Formation. These prominent
sandstone intervals are herein considered to be local lenses within the
Punta Barrosa Formation. A complete section of the Punta Barrosa For-
mation exposed on Cerro Ferrier (Fig. 4) is estimated to be 1,000 m thick.
A very sparse ammonite assemblage within the Punta Barrosa Formation
indicates a late Albian to Cenomanian age (Cortes, 1964).

Sedimentology

Bed Organization. The Punta Barrosa Formation shows an overall
upward increase in grain size and bed thickness. The formation consists of
a lower, more shale-rich section and an upper, coarser-grained, sand-rich
section containing granule and pebble conglomerates. In the lower section,
medium- to coarse-grained sandstone turbidites form individual, tabular,
laterally extensive beds from 20 to 150 cm thick within shale-rich se-
quences (Fig. 11). In contrast, in the upper, sand-rich part of the sequence,
thick sandstone beds are segregated into packets from 2 to 40 m thick

Mean ® N=53
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Figure 10. Plot of slump fold hinge lines (solid circles) from
translational slide sheets in the Zapata Formation. The inferred paleo-
slope direction is perpendicular to the mean hinge line azimuth. The
dashed line shows the trend of the back-arc basin axis inferred from
the orientation of sheeted dikes in the Sarmiento ophiolite complex
(solid squares = poles to dikes; data from Allen, 1983). Lower-
hemisphere equal-area projection.
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Figure 11. Measured section of
the basal 400 m of the Punta Barrosa
Formation on the west flank of Cerro
Ferrier (Fig. 4). Sandstone turbidites
are 40 to 150 cm thick (not shown to
scale). Note the upward increase in
abundance of thick turbidite sand-
stones and their arrangement into

— packets separated by thin shale inter-
vals near the top of the section.
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enclosed within sequences of interbedded shale and thin, finer-grained
sandstones (Figs. 11 and 12). Vertical trends in bed thickness within
packets are either absent or, less commonly, define thickening-upward
sequences.

The thicker sandstone packets consist of tabular, composite sandstone
beds up to 9 m thick, separated by thin shaly interbeds (Fig. 12). The
composite beds contain very coarse-grained sandstone and granule to fine
pebble conglomerate in amalgamated layers from 0.5 to 2 m thick sepa-
rated by shallow scours; distinct channels between beds are rare. The
thickness of the packets as a whole, and of the individual composite beds
within them, decreases gradually both across and along depositional strike,
indicating an overall lenticular geometry. A particularly well-exposed
packet was traced for 10 km before it pinched out into finer-grained rocks;
it showed a gradual decrease in thickness over this distance (Fig. 4).
Abundant channeling was observed in only one packet near the top of the
section, which contains a 10-m-deep channel filled with composite beds
characterized by abundant internal channeling and local development of
basal rip-up conglomerates.

Sedimentary Structures. The thick sandstones within packages are
typically massive T, turbidites with normal distribution grading. Less
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commonly, the sandstones are massive, lack grading, and contain diffuse
horizontal laminae, dish structures, and dispersed shale rip-ups. Very
coarse-grained sandstones and granule or pebble conglomerate beds show
inverse grading at their bases followed upward by normal coarse-tail or
distribution grading. The Punta Barrosa sandstones are inferred to have
been deposited by rapid suspension sedimentation from high-energy, high-
density turbidity currents (Corbett, 1972; Hiscott and Middleton, 1979;
Lowe, 1982).

Outside of the packets, individual, thick, medium-grained sandstones
are either T, . turbidites or, less commonly, T, . turbidites that were
deposited from waning turbulent flows (Walker, 1976). Thin, fine-grained
sandstones and siltstones intercalated with shales are typically ripple-form
and cross-laminated throughout (T, turbidites), and represent deposition
from traction in relatively dilute, low-velocity turbulent flows (Walker,
1976).

Paleocurrents. Groove and flute casts in Punta Barrosa sandstones
document north-northwest to south-southeast paleoflow (Fig. 13). Sedi-
ment dispersal was thus parallel to the long axis of the Punta Barrosa
depositional basin.

Depositional Setting

An important change in depositional regime is marked by the contact
between the Zapata and Punta Barrosa Formations. This boundary records
the sudden influx of large volumes of sand transported into the area by
turbidity currents. Petrographic studies reported by Dott and others (1982)
have shown that the primary source area for the Punta Barrosa sands was a
calc-alkalic magmatic-arc terrane, as indicated by the abundance of
intermediate-composition volcanic rock fragments. Thus, in the mid-
Cretaceous, a major reversal occurred from the eastern source area that
supplied silicic volcanic detritus to the Zapata slope, to a western source
along the Pacific margin of the continent. This reversal in sediment supply
marks rapid construction of the magmatic arc and initial orogenic defor-
mation and uplift in the Main Cordillera of the Andes (Dalziel and others,
1974b; Dott and others, 1982).

Figure 12, Tabular form of thick, subvertical, composite sand-
stone beds that make up a packet in the upper part of the Punta
Barrosa Formation east of Lago Grey (Fig. 4). Top to right. Daypack
(circled) rests on fine-grained material that separates the two promi-
nent beds. Internal contacts between layers within the composite beds
visible as subtle color changes. Sandstone packet containing the same
beds is visible on prominent hillside in the background (arrows).
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Figure 13. Summary map of paleocurrent trends within the clas-
tic section of the Ultima Esperanza Precordillera. Note consistent
southward paleoflow in the Late Cretaceous units and the change to
mainly eastward paleoflow in the latest Cretaceous and younger units.
Rose diagram shows new data from the Punta Barrosa Formation,
including 61 groove and 8 flute orientations. Paleoflow directions
from flute orientations shown by arrows with single tails; from cross-
bedding shown by arrows with double tails. Solid head: mean of 2 to
95 readings; open head: single readings. Data compiled from Cortes
(1964), Scott (1966), Smith (1977), Wilson (1983), and Arbe and
Hechem (1984). Random dash: Tobifera Fm; horizontal lines: Zapata
Fm; stipple: Punta Barrosa Fm; Kuct: Cerro Toro Fm; Kutp: Tres
Pasos Fm; Kud: Dorotea Fm; Trb: Rio Bandurrias Fm (see Fig. 3).
U.E.: Seno Ultima Esperanza; P.N.: Puerto Natales; L.A.: Lago Ar-
gentino; dot-dash line: border between Chile and Argentina.

The thickness of the Punta Barrosa Formation decreases eastward
from 1,000 to 800 m in outcrop. Punta Barrosa sandstones are absent in
the Toro 1-B well drilled 50 km (nonpalinspastic) east of Cerro Ferrier
(Fig. 2), indicating an eastward pinch-out of the unit (Katz, 1963; Cortes,
1964). The Punta Barrosa sandstones can be traced for only 90 km along
strike to the south before they pinch out into a fine-grained sequence
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(Katz, 1963; Cortes, 1964). The formation thus represents a narrow, elon-
gate, sand-rich unit that pinches out both to the east and south. Together
with the uniform axial paleoflow direction (Fig. 13), this indicates that the
Punta Barrosa depositional system was confined in a narrow trough that
developed on the site of the Early Cretaceous Zapata slope. The Punta
Barrosa Formation shows many similarities to ancient, sand-rich,
submarine-fan deposits (Mutti and Ricci Lucchi, 1972; Link and Nilsen,
1980; Hiscott, 1980; Howell and Normark, 1982; Shanmugam and Moila,
1988), although the elongate, tongue-shaped geometry of this depositional
system suggests that no morphologic “fan” was developed (compare with
Pickering, 1982b; Hiscott and others, 1986). The overall coarsening- and
thickening-upward trend within the Punta Barrosa Formation records the
progradation of this fan-like, sand-rich depositional system southward
along the axis of the constricted trough.

DEPOSITIONAL SETTING OF
CENOMANIAN-TERTIARY UNITS

The Punta Barrosa Formation represents the lowest part of a thick
succession of sand-rich clastic rocks of Late Cretaceous and Tertiary age in
Ultima Esperanza (Fig. 3). The Cenomanian-Campanian Cerro Toro
Formation, which overlies the Punta Barrosa Formation, consists of hemi-
pelagic shales and sandstone turbidite deposits that enclose the spectacular
Lago Sofia conglomerates (Zeil, 1958; Katz, 1963; Cortes, 1964; Scott,
1966) and has been interpreted as levee, levee-flank, and channel-fill facies
deposited in the inner part of a submarine-fan system (Winn and Dott,
1979). The lower and middle parts of the overlying, sand-rich Santonian-
Maastrichtian Tres Pasos Formation have been interpreted as mid-fan
deposits (Smith, 1977; Dott and others, 1982). The Punta Barrosa through
middle Tres Pasos units constitute a conformable sequence ~3,000 m
thick laid down within a fan-like depositional system characterized by
consistent north-to-south paleoflow directions (Fig. 13). The accumulation
of this sequence indicates that a stationary, deep-water, trough-like depo-
center existed in Ultima Esperanza from Cenomanian to Maastrichtian
times.

Beginning in the Maastrichtian, deep-water deposits were succeeded
by shallow-marine sediments, and sediment dispersal shifted from the
longitudinal system to a more diverse pattern dominated by eastward
transport off rising highlands (Fig. 13; Smith, 1977; Dott and others,
1982). Shallow-marine, deltaic, and fluvial environments persisted
throughout deposition of the succeeding Maastrichtian-Neogene units
(Katz, 1963; Dott and others, 1982; Macellari and others, 1989).

REGIONAL STRATIGRAPHIC RELATIONSHIPS
Middle to Late Jurassic

The linear outcrop belt of the Tobifera Formation in the southern
Andes represents one element of the Middle to Late Jurassic rhyolitic
volcanic field that extended across southern South America (Gust and
others, 1985; Kay and others, 1989). The recognition of marine mudstone
intercalations near the top of the Tobifera Formation in these Andean
exposures led several workers to suggest that subsidence and marine incur-
sion began in the region during the waning phases of Tobifera volcanism
(Feruglio, 1949; Katz, 1963; Dalziel and others, 1974b; Bruhn and others,
1978; Winslow, 1980; Charrier and Covacevich, 1980). More recent work
has demonstrated a marine depositional environment for most or all of the
unit in Ultima Esperanza (Allen, 1982; this study), southernmost Patago-
nia and Tierra del Fuego (Fuenzalida, 1984; Johnson, 1987; Fuenzalida
and Covacevich, 1988; Hanson, 1987) and Staten Island (Hanson, 1989).
In all of these areas, several kilometers of rhyolitic material accumulated in
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Figure 14. Generalized deposi-
tional settings for four stages of
basin evolution in southernmost
South America. A. Subaerial exten-
sion-related rhyolitic volcanism
passes westward into deep-marine
volcano-tectonic trough. B. Rocas
Verdes back-arc basin (RVB; vol-
caniclastic material stippled; ex-
posed ophiolitic rocks in black)
passing cratonward to bathyal sub-
marine slope province and shallow-
marine platform. C. Deformation
and uplift in Andean protocordil-
lera (barbed line); Punta Barrosa
clastics (stipple) deposited in nar-
row foredeep trough, with shaly
foreland ramp to east. D. Defor-
mation and uplift in fold-thrust
belt (barbed line); basin shifts east-
ward. Sources: Riccardi and Rolleri
(1980); Russo and others (1980);
Aguirre and Ramos (1981); Nulio
and others (1981); Malumian and
others (1983); Biddle and others
(1986); Riccardi (1987, 1988).
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marine environments below storm wave base, indicating that a deep-
marine volcano-tectonic basin developed for ~1,000 km along the Juras-
sic continental margin (Hanson and Wilson, 1990). Tobifera-equivalent
units to the east of the Andes consist of subaerial silicic volcanic and
volcaniclastic rocks, and marine conditions were first established there in
the Early Cretaceous after volcanism had ceased (Riggi, 1969, 1977; Nat-
land and others, 1974; Riccardi, 1983; Gust and others, 1985; Biddle and
others, 1986). The association of this volcanism with regional extension
and normal faulting is well documented from seismic and well data (for
example, Gust and others, 1985). .

The Middle to Late Jurassic paleogeography thus consisted of an
extensive, extension-related subaerial volcanic province that passed into a
deep-marine volcanic trough along the Pacific margin (Fig. 14a). South of
approximately 50°S latitude, there is little direct evidence for an active
continental margin magmatic arc at this time, and thus the inferred “back-
arc” setting of this trough remains in question (Hanson and Wilson, 1990).

Early Cretaceous

Lower Cretaceous black mudstones equivalent to the Zapata slope
sequence are exposed along the entire length of the southern Andean
Precordillera (Fig. 1). North of the study area between latitudes 45°S and
50°8S, these have been interpreted as a shallow-marine basin fill (Skarmeta,
1976), or a euxinic marine platform sequence (Nullo and others, 1981).
To the south, between latitudes 52°S and 54°S, Winslow (1980) inter-
preted them as a distal turbidite facies deposited along the cratonward edge
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of the back-arc basin. Published descriptions of the Lower Cretaceous
rocks to the south of Ultima Esperanza (Dalziel and others, 1974b; Nelson
and others, 1980; Winslow, 1980) indicate a close similarity to the Zapata
Formation as described herein. Recent observations of the Lower Creta-
ceous rocks in Tierra del Fuego and on Staten Island have confirmed that
these units show rock types, sedimentary structures, and trace fossils iden-
tical to the Zapata Formation in Ultima Esperanza (R. E. Hanson, 1989,
oral commun.). These Lower Cretaceous mudstones are the lateral equiva-
lents of the volcaniclastic turbidite infill of the back-arc basin that opened
between the magmatic arc and the craton, and they are interpreted here to
represent a regionally developed Early Cretaceous submarine slope that
faced westward into the back-arc basin (Fig. 14b).

In the subsurface to the east, the Lower Cretaceous sequence consists
of a southwestward-thickening wedge of marine mudstones, shaly lime-
stones, and minor glauconitic sandstones that was deposited under
anaerobic to disaerobic conditions (Biddle and others, 1986). Biddle and
others (1986) used subsurface data to infer east-to-west shelf, slope, and
basin-plain depositional settings for this sequence east of the Andes, but the
outcrop data from the Zapata Formation presented here indicate that the
bathyal part of the Early Cretaceous slope was well to the west of their
study area.

Regional stratigraphic data for the Early Cretaceous document a
transition in depositional environment from a marine shelf in the east to a
bathyal slope and a back-arc basin along the Pacific margin (Fig. 14b).
Spreading occurred within the precursor Jurassic volcanic basin to form
the Rocas Verdes back-arc basin, which filled with arc-derived deep-water
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Figure 15. Sequential evolution in basin geometry in
southernmost South America. See text for discussion. Ar-
rows indicate principal source areas for clastic material
deposited in foredeep. Random dash = crystalline base-
ment; v-pattern = Tobifera Formation; cross-pattern and
dense stipple = magmatic arc; heavy vertical line pattern =
ophiolite; coarse stipple = Lower Cretaceous arc-derived,
voleaniclastic rocks; black = Lower Cretaceous fine-
grained, clastic rocks; light stipple = coarse-grained, deep-
water, clastic deposits in foredeep; unpatterned = Upper
Cretaceous-Tertiary clastic deposits.
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submarine fan deposits. A starved, west-facing prism of euxinic, fine-
grained clastic material was draped on the subsiding cratonic margin of the
basin. The along-strike continuity of the back-arc basin slope province
precludes the existence of a physiographic remnant arc along the craton-
ward margin of the back-arc basin, as had been suggested by previous
workers (Dalziel and others, 1974a; de Wit, 1977; Bruhn and others,
1978; Dalziel, 1981). Regional subsidence occurred inboard of the back-
arc basin, and oxygen-poor marine waters transgressed eastward over the
Jurassic subaerial volcanic province (Cecioni and Charrier, 1974; Gust
and others, 1985; Biddle and others, 1986).

Mid-Cretaceous to Late Cretaceous

The paleogeographic setting changed markedly beginning in Albian-
Cenomanian time (Fig. 14c), with the onset of the Andean orogeny (Dal-
ziel, 1986). The initial pulse of deformation involved closure and inversion
of the Rocas Verdes back-arc basin, including partial obduction of its
ophiolitic floor (Dalziel, 1981; Dalziel and Brown, 1989). Concomitantly,
deposition of coarse clastic material shifted from the back-arc basin to an
clongate deep-water trough developed on the site of the Early Cretaceous
Zapata slope. This transformation of the Early Cretaceous back-arc
basin/slope/platform setting into a protocordillera/foredeep setting is
considered here to mark the inception of the Magallanes foreland basin.

Arc-derived Punta Barrosa sandstones represent the first influx of
coarse clastic material into the Magallanes basin. The northern limit of the
deep-marine trough is marked by coarse clastic littoral deposits at latitude
49°S (Riccardi and Rolleri, 1980; Nullo and others, 1981; Aguirre and
Ramos, 1981). At latitude 50°S, turbidite sandstones with southerly pa-
leocurrent directions (Vilela and Csaky, 1968; Arbe and Hechem, 1984)

appear to represent the northern limit of the Punta Barrosa depositional
system, which continues for about 90 km to the south (Cortes, 1964),
where equivalent sections consist of fine-grained submarine-fan deposits
(Winslow, 1980).

A southwestward-thickening wedge of mudstones deposited in an
aerobic to disaerobic, open-marine setting in the central and eastern Mag-
allanes basin (Biddle and others, 1986) correlates with the sandy Punta
Barrosa section. Seismic reflection patterns indicate a gently southwest-
sloping platform in this part of the basin, with sediment dispersal from
northeast to southwest (Biddle and others, 1986). Regional relationships
thus show that the Punta Barrosa depositional system and equivalent
deep-water clastic deposits to the south were confined within a narrow,
elongate moat that was topographically isolated from a sloping platform,
or foreland ramp, on the craton to the east. Both outcrop and subsurface
data indicate that this basin geometry persisted throughout most of the
Late Cretaceous, into the Maastrichtian.

Latest Cretaceous through Neogene

Shallow-marine, deltaic and fluvial sedimentation was initiated along
the western margin of the basin in the Maastrichtian, and continued there
into the Neogene (Macellari and others, 1989). Resedimented Early Cre-
taceous fossil fragments and palynomorphs (Gonzalez, 1965; Katz, 1973)
and changes in the sandstone petrofacies of the units (Manassero and
Macellari, 1987; Macellari and others, 1989) reflect structural uplift in the
westernmost fold-thrust belt during this interval. The shaly foreland ramp
that existed up to this time in the central and eastern basin subsided to
become the main basin depocenter (Fig. 14d; Katz, 1964, 1973; Natland
and others, 1974; Winstow, 1980, 1982; Biddle and others, 1986). Ac-
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cording to Biddle and others (1986), the first sedimentary units in this new,
more easterly depocenter with a possible Cordilleran source are of mid-
Maastrichtian to mid-Thanetian (Paleocene) age. A major regional ero-
sional unconformity separates these units from mid-Eocene and younger
sequences that represent major fan deltas that prograded eastward and
northeastward into the central and eastern parts of the foreland basin from
the uplifting Cordillera (Biddle and others, 1986).

IMPLICATIONS FOR BASIN EVOLUTION

Four distinct phases of basin development are manifested in the
Ultima Esperanza stratigraphic record, and regional stratigraphic relation-
ships show that they represent evolving basin geometries throughout South
Anmerica to the south of ~50°S latitude. The basin stages must, therefore,
be linked to changing tectonic regimes and structural patterns within the
southernmost part of the South American plate during Mesozoic and
Cenozoic time.

Basin formation in the Jurassic and Early Cretaceous occurred during
regional crustal extension. The initial development of a deep-marine
trough coincided with the inception of silicic Tobifera volcanism in Ultima
Esperanza (Fig. 15a) and along a 1,000-km-long sector of the Pacific
margin (Hanson and Wilson, 1990). Differential subsidence of the trough
with respect to the rest of the Jurassic silicic volcanic field suggests that
more extreme crustal thinning by normal faulting was localized along the
margin or, alternatively, that there was a more marked response to stretch-
ing along the margin because it is underlain by a thin basement of accreted
Gondwanide forearc material (Hanson and Wilson, 1990). The waning
phase of Tobifera volcanism is contemporaneous with the onset of the
mafic volcanism that generated the ophiolitic floor of the Rocas Verdes
back-arc basin. This indicates that extension and subsidence to form the
volcano-tectonic trough represents the initial stage of back-arc basin for-
mation. Rocas Verdes basin development in the Early Cretaceous is
marked by accumulation of a thick sequence of coarse, arc-derived ande-
sitic clastic material in the back-arc basin, construction of the west-facing
Zapata slope sequence on the subsiding basin margin, and marine onlap
over the craton to the east (Fig. 15b). Formation of a localized deep-
marine trough followed by regional subsidence produced an asymmetric
version of the “steers head” configuration typical of extensional basins,
which originates from early fault-controlled subsidence followed by re-
giona] subsidence due to cooling and contraction of the heated lithosphere
(Dewey, 1982; White and McKenzie, 1988). As noted by Biddle and
others (1986), the primary hydrocarbon source rocks and main reservoir
rocks were laid down during this thermal subsidence phase, before the
Magallanes foreland basin was topographically defined.

A fundamental change in basin geometry occurred in late Albian to
Cenomanian time when the site of coarse clastic deposition shifted from
the back-arc basin to a subsiding trough that developed on the site of the
Early Cretaceous back-arc basin slope. Throughout the Late Cretaceous,
arc- and cordillera-derived clastic material was funneled axially along this
deep-water trough, which was bounded by a gently sloping, sediment-
starved foreland ramp on the craton to the east (Fig. 15¢). Contempora-
neity of this phase of basin development with the onset of Andean
compressional deformation and obduction of the back-arc basin floor in
the mid-Cretaceous indicates that subsidence resulted from flexure of the
craton margin by thrust loading, delineating the Magallanes foreland basin
for the first time. The width and depth of a flexural basin formed in
response to a given thrust load depends on the flexural rigidity of the
lithosphere, with narrow, deep basins forming on lithosphere with a rela-
tively small effective elastic plate thickness (Quinlan and Beaumont,
1984). The segmentation of the Magallanes basin into an extensive fore-
land ramp on the craton and a narrow “moat” adjacent to the Andean
protocordillera therefore reflects a decrease in flexural rigidity from the
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Atlantic to the Pacific margins, caused by the thinning and thermal weak-
ening of the lithosphere along the passive cratonic margin of the back-arc
basin and by the presence of an initially thin accreted crust beneath the
margin. The persistence of this basin configuration for ca. 30 Ma suggests
that no significant cratonward migration of the thrust load occurred during
this interval. This inference is consistent with structural observations that
show that crustal thickening was localized along the cratonic margin of the
back-arc basin up to the Late Cretaceous in both the Cordillera Darwin
area (Bruhn and Dalziel, 1977; Nelson and others, 1980; Dalziel and
Brown, 1989) and Ultima Esperanza (Wilson, 1983).

Beginning in the latest Cretaceous, the basin geometry again altered
substantially. The western moat was filled to sea level, coarse clastic debris
was shed eastward off rising highlands, and the basin depocenter shifted
eastward and widened to encompass the former foreland ramp (Fig. 15d).
This change in basin configuration is interpreted here to mark the onset of
eastward-migrating thrusting in the Patagonian fold-thrust belt. The major
late Paleocene to mid-Eocene erosional unconformity throughout the cen-
tral and eastern Magallanes basin (Gonzalez, 1965; Biddle and others,
1986) may mark development of a flexural peripheral bulge related to this
thrust loading. Flexural subsidence in the eastern part of the basin begin-
ning ca. 50 Ma (mid-Eocene) is recorded in subsidence curves calculated
from well data by Biddle and others (1986), tracking continued craton-
ward migration of the thrust belt. This final period of basin evolution
reflects tectonic loading of the thicker lithosphere of the South American
craton.
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