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ABSTRACT

Foreland basin development in the Andes
of central Colombia has been suggested to
have started in the Late Cretaceous through
tectonic loading of the Central Cordillera.
Eastward migration of the Cenozoic orogenic
front has also been inferred from the foreland
basin record west of the Eastern Cordillera.
However, farther east, limited data provided
by foreland basin strata and the adjacent
Eastern Cordillera complicate any correla-
tion among mountain building, exhumation,
and foreland basin sedimentation. In this
study, we present new data from the Medina
Basin in the eastern foothills of the Eastern
Cordillera of Colombia. We report sedimen-
tological data and palynological ages that
link an eastward-thinning early Oligocene to
early Miocene syntectonic wedge containing
rapid facies changes with an episode of fast
tectonic subsidence starting at ca. 31 Ma. This
record may represent the first evidence of
topographic loading generated by slip along
the principal basement-bounding thrusts in
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the Eastern Cordillera to the southwest of the
basin. Zircon fission-track ages and paleo-
current analysis reveal the location of these
thrust loads and illustrate a time lag between
the sedimentary signal of topographic load-
ing and the timing of exhumation (ca. 18 Ma).
This lag may reflect the period between the
onset of range uplift and significant removal
of overburden. Vitrinite reflectance data doc-
ument northward along-strike propagation of
the deformation front and folding of the Oli-
gocene syntectonic wedge. This deformation
was coupled with a nonuniform incorpora-
tion of the basin into the wedge-top depozone.
Thus, our data set constitutes unique evidence
for the early growth and propagation of the
deformation front in the Eastern Cordillera,
which may also improve our understanding
of spatiotemporal patterns of foreland evolu-
tion in other mountain belts.

Keywords: Andes, Columbia, Cenozoic, in-
version tectonics, foreland basin, fold-and-
thrust belts.

INTRODUCTION

The stratigraphic record of a foreland basin
yields an important archive of the tectonic and

climatic evolution of a mountain belt. A close
link among shortening, thrust loading, and the
flexural response of continental lithosphere, as
well as associated changes in topography, is
ultimately reflected in the creation of accom-
modation space for large volumes of sediments
(Beaumont, 1981; Jordan, 1981; Flemings and
Jordan, 1989; DeCelles and Giles, 1996). As
a result, spatiotemporal variations in the mag-
nitude of these parameters can be inferred
from trends in the three-dimensional evolu-
tion of sedimentary facies and the geometry
(i.e., wavelength) of foreland basins (Flemings
and Jordan, 1990). For example, observations
from many mountain belts and deduced con-
ceptual models of orogenic evolution illus-
trate that migration of thrust loading and the
development of characteristic facies belts are
directed toward the foreland (e.g., Sinclair,
1997; DeCelles et al., 1998; Ramos et al.,
2002; DeCelles, 2004; Horton, 2005). How-
ever, changes in the sense of propagation of the
foreland basin depozones may follow changes
in the distribution of thrust loading, where out-
of-sequence faulting (e.g., DeCelles and Giles,
1996) and deceleration and thickening of the
thrust wedge (e.g., Sinclair et al., 1991) pro-
mote orogenward migration of the foreland
basin depozones. Alternatively, episodic defor-
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mation along a stationary deformation front,
reflected in alternating stages of thrust loading
and either quiescence or erosional unloading,
may account for spatial shifts of the foreland
basin depositional environments (Flemings and
Jordan, 1990; Catuneanu et al., 1997, 1998).
A long-term stagnation of the foreland basin
system may also result from lateral variations
in flexural rigidity of the flexed plate (Wasch-
busch and Royden, 1992). Alternatively, its
internal structure may be fundamentally influ-
enced by inherited basement inhomogeneities,
along which deformation is preferentially
accommodated during subsequent orogenic
processes (e.g., Hilley et al., 2005). Testing
such models in natural settings is thus impor-
tant and requires a multidisciplinary approach
that allows identification of trends in sedimen-
tary facies and subsidence rates in the basin,
and of the location of thrust loads through time
(e.g., Jordan, 1995).

The Cenozoic Andes constitute one of the
best suited settings to closely examine these
issues. The Andes orogen is the type example
of a retroarc foreland basin (e.g., Jordan, 1995;
Ramos et al., 2002). Along different sectors of
the southern and central Andes of Argentina and
Bolivia, the onset of mountain building during
contractional deformation has been widely docu-
mented using the architectural characteristics of
depositional foreland sequences and provenance
data (e.g., Damanti, 1993; Jordan et al., 1993;
Coutand et al., 2001; Horton et al., 2001; Davila
and Astini, 2003; Echavarria et al., 2003; Uba
et al., 2006). A long-term pattern of cratonward
migration of the orogenic wedge leading to the
formation of fold-and thrust belts (e.g., Coutand
et al., 2001; Ramos et al., 2002; Echavarria et
al.,, 2003) has been explained as the result of
deformation acting on a relatively mechanically
homogeneous crust, largely controlled by criti-
cal Coulomb wedge mechanics (e.g., Horton,
1999; Hilley et al., 2004). However, a nonsys-
tematic pattern of lateral orogenic growth or the
absence of typical wedge geometries may occur
in those settings, where favorably oriented base-
ment anisotropies in front of an orogenic wedge
may absorb shortening. This is apparently the
case in the Santa Barbara system and the north-
ern Sierras Pampeanas of NW Argentina, where
deformation tends to be accommodated along
basement inhomogeneities inherited from pre-
vious tectonic events (e.g., Allmendinger et al.,
1983; Ramos et al., 2002; Hilley et al., 2005;
Mortimer et al., 2007).

In contrast to these morphotectonic provinces
of the southern central Andes, in the northern
Andes of Colombia, a detailed documentation
of foreland basin evolution has thus far only
been accomplished in the more internal sectors

Geological Society of America Bulletin, May/June 2009

le) Zircon fission-track sample
o Vitrinite reflectance sample

0 40 80 km
I

Llanos Basin

CARIBBEAN

A/(qﬂ_v
PLATE < s

Stratigraphic Locations
La India syncline
Southern Middle Magdalena valley
Girardot fold belt
Usme syncline
Medina Basin

clelelcle]

Figure 1. A 90 m STRM (Shuttle Radar Topography Mission) digital elevation
model (DEM) showing that the major thrusts delimit topographic breaks in the
Eastern Cordillera of Colombia. The black lines mark the boundary of the Flo-
resta (F) and Quetame (Q) basement highs and the Macarena Range (M). The
white line shows the extent of the High Plain of Bogota (B). Locations of vitrinite
reflectance and zircon fission-track samples in the area of the Quetame massif
are indicated. Stratigraphic locations referred to in the text are shown with num-
bers 1-5. Inset shows the geodynamic setting of the Western (WC), Central (CC),
and Eastern (EC) Cordilleras, and the Romeral Suture (RS) within the northern
Andes. The black frame denotes area covered by Figures 3 and 7. Box in inset

indicates the location of the main map.

of the orogen (Fig. 1), such as the Central Cor-
dillera and the Magdalena Valley Basin (Cooper
et al., 1995; Gémez et al., 2003, 2005; Montes
etal., 2005; Ramon and Rosero, 2006). Uplift of
the Central Cordillera since the Late Cretaceous
and episodic deformation (Gémez et al., 2005)
have been inferred to account for the Paleogene
facies distribution and basin geometry in this
region. Also, an episode of orogenward pro-

gression of the foreland basin system has been
identified for the early stages of basin develop-
ment during the late Paleocene (Gémez et al.,
2005). Despite these recent improvements in
our understanding of foreland development in
this part of the Andes, details of the tectonic and
stratigraphic expressions of the advance of the
orogenic front farther to the east remain ambig-
uous and largely unidentified. Particularly due
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to a lack of timing constraints for deformation
in the eastern sectors of the Eastern Cordillera,
the spatiotemporal evolution of thrust systems,
the associated creation of topography, and the
chronology of denudation and sedimentation
are not very well known in this region. Along
both flanks of the Eastern Cordillera, the pres-
ence of basement inhomogeneities associated
with Mesozoic normal faults reactivated during
Cenozoic compressional tectonics (e.g., Mora et
al., 2006, 2008b) offers the possibility of assess-
ing their role in the localization of deformation
during orogenic evolution.

In this paper, we unravel the early history of
mountain building along the eastern border of the
Eastern Cordillera of Colombia through analy-
sis of the sedimentary record preserved in the
Medina Basin, along the eastern foothills of the
range between 4°20'N and 5°00'N latitude. We
integrate new detailed geologic mapping of an
~1500 km? area and structural interpretation of
~50 km of two-dimensional (2D) industry-style
seismic-reflection profiles with new sedimento-
logic and biostratigraphic information. We com-
bine these results with new thermal maturation
data based on vitrinite reflectance from the fore-
land basin sediments, and new zircon fission-
track (ZFT) ages from bedrock in the hinterland
to provide a detailed account of the evolution
of the northern Andean orogenic front in cen-
tral Colombia. This approach helps document
the effects of tectonic loading along individual
thrust sheets, illustrates along-strike propagation
of faulting, and documents the advance of the
orogenic front toward the foreland beginning in
early Oligocene time. Collectively, our new data
allow a more robust evaluation of the different
mechanisms influencing the development of the
Colombian foreland system through time.

TECTONIC SETTING AND
GEOLOGICAL BACKGROUND

The Colombian Andes consist of three prin-
cipal, northeast-southwest—oriented geologic
provinces (Fig. 1): (1) an allochthonous sector
of accreted oceanic paleo-Pacific crust west
of the Romeral suture, which constitutes the
Western Cordillera and the Baudo Range; (2) a
central zone, defined by Proterozoic continental
basement covered by upper Paleozoic platfor-
mal sequences, rift-related Mesozoic sediments,
and Cenozoic marine and nonmarine sedimen-
tary rocks, which underwent significant Ceno-
zoic shortening and now constitutes the Central
and Eastern Cordilleras and the intermontane
Magdalena Valley Basin; and (3) the Guyana
Shield province to the east, where crystalline
Proterozoic basement, lower to upper Paleozoic,
Mesozoic (post-Cenomanian), and Cenozoic
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strata occur below a veneer of Quaternary sedi-
ments (e.g., Cooper et al., 1995).

East of the Central Cordillera, a foreland
basin system has evolved in response to shorten-
ing and uplift of this range since the Late Creta-
ceous (Cooper et al., 1995; Gémez et al., 2003).
Oblique accretion of oceanic rocks in the West-
ern Cordillera (McCourt et al., 1984) has been
suggested as the driving mechanism for the Late
Cretaceous initiation of uplift, loading, and fore-
land basin development (Cooper et al., 1995). In
contrast, the Eastern Cordillera is a north-north-
east—oriented bivergent inversion orogen related
to Cenozoic reactivation of Cretaceous rift struc-
tures during E-W-oriented compression (Col-
letta et al., 1990; Cooper et al., 1995; Mora et
al., 2006). The Eastern Cordillera constitutes the
eastern limit of the Colombian Andes, abutting
the virtually undeformed lowlands of the Llanos
Basin (Fig. 1). Tectonic inversion has compart-
mentalized a once-contiguous foreland prov-
ince, including areas east of the Central Cordil-
lera, the present-day intermontane Magdalena
Valley Basin, and the Llanos Basin to the east.
The principal phase of tectonic inversion in the
Eastern Cordillera is thought to have started in
the Miocene (Van der Hammen, 1958; Cooper
et al., 1995) and has been attributed to the colli-
sion of the Baud6-Panama arc with the western
active margin of South America (Duque-Caro,
1990). The appearance of post-middle Miocene
alluvial sediments in the Llanos Basin has been
linked to the onset of uplift and exhumation in
the Eastern Cordillera (Van der Hammen, 1958;
Dengo and Covey, 1993; Cooper et al., 1995).
Direct indicators of Cenozoic deformation in the
Eastern Cordillera are known from the western
and, to a lesser extent, central and northeastern
parts of the mountain range. To the west, in the
middle Magdalena Valley Basin (La India syn-
cline, number 1 in Fig. 1), middle Eocene strata
rest unconformably over folded early Paleocene
units associated with west-verging thrust sheets.
This constrains an episode of late Paleocene to
early Oligocene deformation (Restrepo-Pace et
al., 2004). Approximately 120 km to the south
(number 2 in Fig. 1), middle Eocene to Oligo-
cene nonmarine growth strata associated with
west-verging, thrust-related folding (Gémez et
al., 2003) document initial deformation of the
Eastern Cordillera. Farther to the south (number
3 in Fig. 1), the local unconformable relation-
ship between upper Cretaceous and Oligocene-
Miocene deposits in the Girardot fold belt (e.g.,
Raasveldt, 1956; Montes et al., 2005) has been
interpreted to reflect pre-Oligocene to Miocene
erosion as a response to folding along the west-
ern flank of the Eastern Cordillera (Gomez et
al., 2003; Montes et al., 2005). In the axial part
of the Eastern Cordillera, the structural con-

figuration of an upper Cretaceous to Oligocene
sedimentary sequence from the eastern flank of
the Usme syncline (Julivert, 1963; number 4
in Fig. 1) has been interpreted as growth strata
related to folding and the resultant creation
of subdued topography (Goémez et al., 2005).
Finally, along the northeastern margin of the
Eastern Cordillera, subsurface data have been
used to infer late Eocene to late Oligocene thin-
skinned deformation (Corredor, 2003; Martinez,
2006). However, the surficial sedimentological
and structural expression of this inferred defor-
mation episode remains ambiguous. Further-
more, the exact timing of initial deformation
and spatiotemporal variations along strike is still
poorly resolved.

Despite these problems and limitations, inte-
grated regional reconstructions and geodynamic
modeling have attempted to constrain the onset
of mountain building in the Eastern Cordillera.
Despite evidence for a pre-middle Miocene
onset of thrust loading, the inferred timing and
locus of thrusting differ significantly among
these models. For instance, at ~4.5°N latitude,
tectonic loading in the present-day axial sec-
tor of the mountain range has been inferred to
have started in the Late Cretaceous (Bayona et
al., 2006; Ojeda et al., 2006). Conversely, Sarm-
iento-Rojas (2001) suggested initial loading
during the late Paleocene in the eastern foothills
region. Here, a minor contribution of remaining
thermal subsidence inherited from Mesozoic
rifting was also suggested for the late Paleocene
by this author. Finally, Gémez et al. (2005) mod-
eled loading along the axial Eastern Cordillera
as having started in the late Eocene—early Oligo-
cene. These temporal disparities in the initiation
of loading along the Eastern Cordillera call for
a direct assessment of the tectono-sedimentary
evolution of the range and the adjacent basins,
involving the integration of the uplift history of
the hinterland with an analysis of the response
of the basin with respect to crustal thickening
and exhumation.

The record of foreland basin evolution is
preserved in the Late Cretaceous to Holocene
deposits east of the Central Cordillera. These
strata consist of an up to 7-km-thick succession
evolving from estuarine and coastal-plain to
proximal fluvial deposits (Gémez et al., 2003).
Cenozoic uplift of the Eastern Cordillera caused
either erosional removal or nondeposition in
this part of the succession. Consequently, an
incomplete record of foreland basin sedimen-
tation is preserved in the internal sectors of the
mountain range and is exposed mainly along
syncline inliers. In the area surrounding the
High Plain of Bogotd, for example, upper Mio-
cene alluvial deposits (Tilatd and Marichuela
Formations; Helmens and Van der Hammen,
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1994) rest unconformably on middle Eocene to
lower Oligocene nonmarine sediments (Usme
and Regadera Formations; Hoorn et al., 1987;
Kammer, 2003; Gémez et al., 2005; Fig. 2). In
contrast, a complete record of Cenozoic sedi-
mentation is exposed in elongated basins along
fold-and-thrust belts on either side of the Eastern
Cordillera (e.g., Cooper et al., 1995). Along the
eastern margin of the range at 4.5-5°N latitude,
the Medina Basin is particularly well suited for
determining the initial stages of orogenesis in
this part of the Andes (Fig. 1). First, it is located
within the present-day wedge-top depozone of
the foreland basin system between the deeply
exhumed basement high of the Quetame massif
to the west and the presently deforming moun-
tain front demarcated by the Guaicaramo thrust

A

to the east. Second, ~5 km of shallow-marine
and nonmarine syntectonic sediments (Fig. 2)
are well exposed and preserved within the fold-
and-thrust belt and thus offer an unrestricted
view of Cenozoic orogenic processes.

METHODS

The apparent discrepancies in the early
spatiotemporal localization of the leading
edge of deformation in the Eastern Cordillera
led us to employ a multidisciplinary approach
aimed at linking the uplift and exhumation
in the Quetame massif with the creation of
accommodation space and the depositional his-
tory in the adjacent Medina Basin. In order to
identify variations in thickness and lithology
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within laterally equivalent lithostratigraphic
units across the Medina Basin, we mapped an
area of ~1500 m? at a scale of 1:10,000. Field
observations were integrated with the interpreta-
tion of two-dimensional industry-style seismic-
reflection profiles to better document the lateral
continuity and geometry of sedimentary units.
We analyzed stratigraphic sections and facies
along three sections to document lithofacies
variations at different positions within the basin.
Approximately 180 measurements of paleocur-
rent indicators (e.g., DeCelles et al., 1983) were
carried out to reveal patterns of sediment disper-
sal. To better constrain the depositional history,
we provide a new palynological biozonation
based on analysis of 125 samples. We identified
169 palynomorph species and counted a total of
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Figure 2. (A) Generalized stratigraphy of the eastern margin of the Eastern Cordillera and the Llanos Basin showing the spatiotemporal
distribution of Cretaceous rift-related and Cenozoic foreland basin sedimentary units. (B) The Upper Eocene-Miocene stratigraphy of
the Medina Basin consists of an ~4.5-km-thick, first-order, coarsening-upward succession. Locations of samples for vitrinite reflectance

analyses are indicated.
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16,379 grains (Tables DR1-DR4"). All samples
were collected from unoxidized, organic mud-
stone beds along stratigraphic profiles 1, 2, and
3 (18, 71, and 36 samples, respectively; Fig. 4).
Sample preparation followed standard proce-
dures (Traverse, 1988), further detailed in the
GSA Data Repository (see footnote 1).

Our new stratigraphic results were combined
with published data in order to investigate the
mechanisms and patterns of subsidence in the
basin. We performed one-dimensional back-
stripping following the procedure described by
Allen and Allen (2005), aimed at estimating the
changing depth of the basin floor through time.
Regional changes in accommodation patterns
were assessed by comparing our results from
the Medina Basin with published data from
the Magdalena Valley (Gémez et al., 2005),
~170 km to the west (Fig. 1).

Spatial comparison of the degree of sediment
burial across the Medina Basin was conducted
through vitrinite reflectance (VR) analysis (e.g.,
Guidish et al., 1985). Vitrinite reflectance val-
ues (Ro) have been shown to correlate with
the maximum temperature reached by organic
matter—bearing sediments during heating,
allowing for burial assessment in basin analysis
(e.g., Tissot et al., 1987). We sampled sediments
rich in organic matter and coal beds at different
stratigraphic levels within the Cenozoic sedi-
mentary units of the Medina Basin and analyzed
26 samples following standard procedures (e.g.,
Barker and Pawlewicz, 1993, and references
therein). Ro values were converted to maximum
paleotemperatures using the kinetic model of
Burnham and Sweeney (1989) for heating rates
of 0.5 and 50 °C/m.y. These values represent
maximum temperatures attained during burial
and, when evaluated for lateral equivalent units
across the basin, allow for spatial comparison of
the degree of burial within the basin.

In order to obtain information on the initial
exhumation of the Eastern Cordillera in response
to Cenozoic Andean uplift, we performed bed-
rock thermochronology using the high-tempera-
ture zircon fission-track (ZFT) system, targeting
upper structural levels within lower Cretaceous,
synrift shallow-marine rocks from the Quetame
massif area. Fission-track thermochronology
is based on the accumulation of linear damage
zones (i.e., fission tracks) in the crystal lattice of
uranium-bearing minerals caused by the sponta-

'GSA Data Repository Item 2008215, analytical
methods and detailed reports for palynological, zir-
con fission-track, geohistory, and vitrinite reflectance
analysis; and outcrop pictures of typical lithofacies.,
is available at www.geosociety.org/pubs/ft2008.htm.
Requests may also be sent to editing @ geosociety.org.
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neous fission decay of 2*U (Wagner and van den
Haute, 1992). Fission tracks are unstable and are
progressively erased with time and temperature
(e.g., Green et al., 1986), and, therefore, they
are useful for extracting the thermal history of
the rocks containing the analyzed mineral. The
range of temperatures at which fission tracks are
partially stable constitutes the partial annealing
zone (PAZ; e.g., Tagami and O’Sullivan, 2005).
The zircon PAZ corresponds to a tempera-
ture range of 250 + 40 °C (e.g., Tagami et al.,
1998). Here, we present five ZFT ages obtained
from the western flank of the Quetame massif
(Fig. 1). Mineral separation and analytical pro-
cedures followed conventional methods (e.g.,
Bernet and Garver, 2005) and are summarized
in Table DRS5 (see footnote 1).

STRUCTURAL SETTING AND
STRATIGRAPHY OF THE EASTERN
FOOTHILLS REGION

The Medina Basin is an integral part of the
modern wedge-top depozone (DeCelles and
Giles, 1996) of the northern Andean foreland
basin system. The sedimentary succession
of the eastern flank of the Eastern Cordillera
encompasses up to 12 km of Mesozoic rift-
related and Cenozoic foreland basin deposits
that taper eastward onto the pre-Mesozoic
basement of the Guyana Shield (Fig. 2). In
the following sections, we provide a general
background on the structural configuration of
the eastern foothills area and the Mesozoic and
Cenozoic stratigraphy.

Structural Configuration

The Medina Basin separates the northern
termination of the Quetame massif, west of
the west-dipping reverse Servitd fault, from the
virtually undeformed Llanos plains east of the
Guaicaramo thrust (Fig. 1).

The Quetame massif is a basement high,
where pre-Devonian phyllitic basement and
upper Paleozoic shallow-marine strata are over-
lain by Cretaceous synrift and postrift depos-
its (Fig. 2). Contractile deformation in the
Quetame massif is thick-skinned and has been
mainly accommodated by reactivation of inher-
ited Mesozoic normal faults (e.g., Mora et al.,
2006). In this context, the Farallones anticline
is a broad hanging-wall fold associated with the
tectonic inversion along the Servitd and Len-
gupd-Tesalia fault systems (Fig. 3). At ~4°50'N
latitude, the Farallones anticline plunges north-
ward and displacement along the Tesalia fault
decreases. As a result, shortening in the forelimb
of the Farallones anticline is accommodated
only by folding.

Farther east, the Medina Basin constitutes the
hanging wall of a thin-skinned thrust sheet that
extends ~40 km east of the Tesalia fault. Here,
the Guavio anticline is a broad fault-bend fold
related to the Guaicaramo thrust. In the northern
part of the basin, west of the Guavio anticline,
the Nazareth syncline is a highly asymmetric,
east-verging fold that forms the westernmost
structure in the area; its western limb is over-
turned and constitutes the northern extent of the
western Medina syncline. The steepening of
the western limb of the Medina syncline occurs
where the surficial expression of deformation
in the western margin of the Quetame massif
changes. In the south, deformation at the surface
is mainly accommodated by the Servitd fault,
whereas in the north, deformation has resulted
in fault-propagation folding (Fig. 3).

Finally, southeast of the Guaicaramo thrust,
the Llanos Plain constitutes the modern fore-
deep. Here, deformation is very minor and
mainly results from the southward propagation
of the Yopal thrust and the associated hanging
wall, La Florida anticline, a structure corre-
sponding to a more frontal depocenter within
the en echelon segments of the eastern fold-
and-thrust belt.

Stratigraphy

The stratigraphy of the eastern flank of the
Colombian Eastern Cordillera is composed
of three principal subdivisions (Fig. 2): (1) a
Lower Cretaceous, shallow-marine sedimentary
sequence associated with rifting, up to 5 km
thick, is exposed in the internal, elevated areas
of the Eastern Cordillera (Mora et al., 20006).
These units unconformably overlie either local-
ized backarc Jurassic volcaniclastic sediments
(Mojica et al., 1996; Kammer and Sanchez,
2006), an upper Paleozoic shallow-marine
sequence, or pre-Devonian phyllites (Campbell
and Biirgl, 1965; Mora et al., 2006; Sarmiento-
Rojas et al., 2006). (2) Up to 3 km of Upper Cre-
taceous platformal deposits register the onset
of postrift thermal subsidence (Fabre, 1983;
Sarmiento-Rojas et al., 2006). (3) Maastrichtian
to Recent marginal marine to nonmarine fore-
land basin-related units reach a thickness of up
to ~7 km. These foreland basin units comprise
three sedimentary sequences bounded by two
major unconformities that merge into a single
composite unconformity toward the east (Fig. 2;
Cooper et al., 1995; Gémez et al., 2005).

EARLY SYNOROGENIC STRATA OF
THE MEDINA BASIN

We present a new stratigraphic framework
for the early Eocene to early Miocene foreland
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Figure 3. Geological map and cross section of the Medina Basin and the northern termination of the Quetame massif (location shown in
Fig. 1). (A) Map depicting main stratigraphic units and structures. Locations of three stratigraphic profiles and sampling sites for zircon
fission-track and vitrinite reflectance analyses are indicated. Abbreviations are as follows: AS—Rio Amarillo syncline; FA—Farallones
anticline; FIA—La Florida anticline; GA—Guavio anticline; GT—Guaicaramo thrust; LF—Lengupa fault; MS—Medina syncline; NS—
Nazareth syncline; SF—Servita fault; TF—Tesalia fault. (Continued on following page.)
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Figure 3 (continued). Geological map and cross section of the Medina Basin and the northern termination of the Quetame massif (location
shown in Fig. 1). (B) Balanced cross section along structural profile A-A’ (location indicated in A) based on detailed surface mapping and
interpretation of seismic-reflection profiles. An eastward-thinning sedimentary wedge made up of the Carbonera Formation is shown.
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