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ABSTRACT

This paper presents a geological map and cross-section of the Falcén Basin based both on
published and unpublished work and on new data collected in the northern and southern
basin margins. The geological map covers an area of 4600 km? at 1:100,000 scale. The cross-
section is oriented NNW-SSE, traversing perpendicular to the main structures. In general, the
structure of the study area results from the inversion of a graben (Oligocene-early Miocene
back-arc basin), that started in the middle Miocene due to the convergence between the
Caribbean and South American plates. The map, the cross-section and the observations
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made in the field have been used to generate a tectonostratigraphic reconstruction of the
Falcon Basin. The Oligocene-early Miocene sedimentary succession mapped and described is
relevant to the hydrocarbon exploration in the Caribbean and in the Gulf of Venezuela,
where new hydrocarbon resources have recently been discovered (i.e. Perla gas field).

1. Introduction

The Falcon Basin extends over most of Falcon State,
the northern states of Lara and the Yaracuy and eastern
part of Zulia in northwestern Venezuela (Figure 1),
covering about 26,000 km”. The most active geologic
investigation of the Falcon Basin took place between
1912 and 1980 related to petroleum exploration of
the region. During this period, 200 exploratory wells
were drilled and more than 12,000 km of seismic
lines were acquired (Boesi & Goddard, 1991). Early
geological exploration focused on the coastal plain of
northwestern Venezuela and proximal offshore areas,
whereas the interior of Falcon State remains poorly
studied (Figure 1). The compilation works by Gonzalez
de Juana (1938), Macellari (1995), Muessig (1984a),
Porras (2000), Senn (1935) and Zambrano, Vasquez,
Duval, Latraille, and Coffinieres (1971) integrated the
geological knowledge that resulted from this explora-
tion period. Another important contribution concern-
ing the stratigraphy of the Falcén Basin is that
published by Wheeler (1963), which was built on the
exploration campaigns carried out by geologists from
Creole Petroleum Corporation over 10 years. These
reports include the first geological cartography of Fal-
con State in a series of 1:100,000 and 1:50,000 scale
unpublished maps. All subsequent geological mapping
of this region has been based upon the Creole Pet-
roleum Corporation geological cartography. The

biostratigraphic framework of the Falcén Basin was
produced by Diaz de Gamero (1977, 1989), based on
planktonic foraminifera.

The geological map of the Falcén Basin presented
herein aims to contribute to the understanding of the
sedimentary and structural evolution of the basin,
which experienced a main phase of subsidence in the
Aquitanian-Burdigalian (23-16 Ma) followed by an
episode of tectonic inversion in the Langhian-Messi-
nian (16-5 Ma) associated with oblique convergence
of the Caribbean and South American plates. This con-
tribution is the result of 4 years field work in the Falcén
Basin, with new data collected on the northern and
southern basin margins, and the revision of previously
unpublished and published works. We present a new
1:100,000 scale geological map of the basin, with
accompanying structural models. The map, which is
partly built on previous geological maps of the area
(e.g. Rohr et al., 1962; Rohr, Cross, & Natera, 1964),
documents new structural features (formerly unidenti-
fied faults and folds), and improves the cartographic
accuracy of the lithostratigraphic units mapped.
Further new contributions include age revisions of
the lithostratigraphic units exposed in the northern
and southern Falcon Basin based on larger foramini-
fera occurrences, lithostratigraphic correlations and a
tectonostratigraphic reconstruction of the basin. This
geological synthesis provides updated and novel basic
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Figure 1. Political map of northwestern Venezuela indicating the approximate situation of the Falcén Basin (dot line), the limits of
Venezuela states, the seismic lines and the exploration wells drilled since 1912. Note that the Maracaibo and the coastal Falcén
region, including the offshore areas, have been extensively explored, whereas the interior Falcon state remains poorly studied.

information for further insights into the different fac-
tors controlling the evolution of the southern Carib-
bean basins during Cenozoic times.

2. The mapping area

The Falcon Basin also referred as the ‘Falcon Anticli-
norium’ is an inverted graben represented by WSW-
ENE trending fold and thrust belt (see cross-section
A-A’ on the Main Map) (Baquero et al., 2009). The
basin is bounded in the north by the Paraguana
horst (Figure 2) and in the south by the deformed
belt of the Mérida-Lara Andes (Bocond Fault Sys-
tem). The western limb of the basin is the Daba-
juro-Guajira high (Macellari, 1995). The preserved
limits of the basin are marked by the cartographic
expression of a late Eocene to early Oligocene
regional unconformity (Figure 2) (Boesi & Goddard,
1991). The sedimentary record of the Falcon Basin
comprises Oligocene to early Miocene strata with
alkaline basaltic intrusions of early Miocene age
emplaced along the central basin axis (Muessig,
1984a, 1984b). The sedimentation is progressively
younger towards the basin margins (Figure 2), dis-
playing an onlapping character.

The development and evolution of the Falcon Basin
is a result of polyphasic tectonics along the conver-
gence zone between the Caribbean and South Ameri-
can plates (Figure 3). These tectonic events are
reflected in the thicknesses and facies evolution of the
sedimentary succession cropping out in the mapping

area. Three major tectonic-induced Transgressive—
Regressive sequences bounded by regional unconfor-
mities were identified (Figure 4), which coincide with
the depositional cycles established by Macellari
(1995) in the southwestern Caribbean basins of Vene-
zuela and Colombia.

2.1. Sequence 1

Sequence 1 is composed of a Lutetian to Bartonian
(48-38 Ma) siliciclastic succession interpreted by Esca-
lona and Mann (2011) as deposited into a forearc sag
basin, prior to the formation of the Falcon Basin
(Figure 3(A)). Sequence 1 strata are considered the
substrate of the Falcén Basin. This sequence uncon-
formably overlies the Paleocene to middle Eocene
flysch succession of the Matatere Formation in the
southern part of the Falcon Basin. These flysch strata
were deposited in a foreland basin, formed during the
initial convergence between the South American pas-
sive margin and the Caribbean volcanic arc (Escalona
& Mann, 2011).

2.2, Sequence 2

Sequence 2 deposits unconformably overlie Sequence
1, which was uplifted and eroded during the Priabo-
nian-early Rupelian (38-31 Ma) inversion stage
(Figure 3(B)) (Escalona & Mann, 2011). Sequence 2
is composed of a late Rupelian to Burdigalian
(31-16 Ma) series of continental to deep marine strata
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Figure 2. Simplified geological map of northwestern Venezuela with the major chronostratigraphic units indicated (modified from
Hackley, Urbani, Karlsen, & Garrity, 2005). Note that the Falcdn Basin is filled by Oligocene-Miocene materials bounded by two major
regional unconformities. The dot-lined square indicates the study area. The inset map at the lower right corner shows the location

of the study area in northwestern South America.

filling the Falcén Basin, associated with a back-arc rift-
ing behind a northeast-southwest trending subduction
zone involving the South American and Caribbean
plates (Figure 3(C)) (Audemard, 1993, 1995; Escalona
& Mann, 2011; Mann, 1999; Porras, 2000).

2.3. Sequence 3

Sequence 3 comprises a Langhian to Messinian
(165 Ma) siliciclastic and carbonate succession depos-
ited into a foredeep setting as a consequence of tectonic
inversion of the Falcon Basin (Figure 3(D)). During
this compressional episode, the reactivation of pre-
existent normal faults caused the formation of an
east—west trending fold belt and the generation of a
foreland basin to the north (see cross-section A-A’)
(Baquero et al., 2009; Boesi & Goddard, 1991; Escalona
& Mann, 2011; Gorney et al.,, 2007; Macellari, 1995).
The tectonic inversion of the basin implied the subaer-
ial exposure of the Oligocene-early Miocene sedimen-
tary units.

3. Methods

A digital geological map covering 4600 km? of the Fal-
c6n Basin was generated using Esri ArcMap. This map
resulted from the compilation and interpretation of
global positioning system (GPS) data from field geosta-
tions, geological field mapping, ancient Creole Pet-
roleum Corporation geological maps (Rohr et al,
1962, 1964) and Landsat seven satellite imagery. The
topographic shaded relief was generated from the Shut-
tle Radar Topography Mission 90 m digital elevation
model, originally provided by the NASA, and available
online through the CGIAR Consortium for Spatial
Information. Physical data such as roads, rivers and
urban areas were redrafted from satellite images and
1:100,000 scale topographic maps published by Direc-
cion de Cartogratia Nacional de Venezuela (1969).
The World Geodetic System 1984 (WGS 1984) was
used as a reference system and geodetic datum for
the map projection which is UTM Zone 19N. Geologic
data collected during field mapping were positioned
using a Trimble Nomad GPS receiver. The use of the
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Figure 3. Left: Kinematic model proposed by Escalona and Mann (2011) for the obliquely convergent Caribbean-South America
margin and the evolution of the different depocenters. Right: Paleogeographic evolution of the Caribbean-South America margin
during the Cenozoic based on Pindell et al. (2005). The study area is designated by a star. The different tectonic sequences
described in this work were situated in the different depocenters: TS1: Tectonic Sequence 1; TS2: Tectonic Sequence 2; TS3: Tectonic
Sequence 3. Thick arrows on the corners indicate the inferred relative motion of the Caribbean Plate. The present-day coastline of
northwestern Venezuela and the relative position of the Maracaibo Lake, the Paraguand and the Guajira peninsulas in each tectonic
stage are also indicated.




JOURNAL OF MAPS (&) 495

y i i i i 2
s &S N— Lithostratigraphic Units Falcon ,
NG AT RS . & Lara
SIS F$ ® @ &
O AN NS & N nappes
LS/ G/« PO &P NS S &
Paraguanad  Coro A .
[ A
5 : Codore %
7 = c -
: s . g
s @ Caujarao s
ga s |\2 - %
12| |= £ :
14 HE = Cantaure \ Socorro E
Qlc _
Oo|®
16 |5= Querales “ £
A. Clara Qo,b{oz
2 g Pedregoso -
| = S Guarabal o $ <
& s
"0 % [s1]
c 3 - :
i 1) ? Castill 8
i ; ) astillo 2
” 8 ; : Casupal w
§
o u
& £8
" & H/ Basaltic
: . intrusions
o
38|
=
]
41|
=i
.8
3
=

-
Forearc sag

Eocene

48

Ypresian

56 (—

59
62

Convergence foreland

Paleocene
Danian__ | Sel.[Than.|

66

Late

100

Passive margin
Caribbean terranes

145

Late
Rift
Sl

ndean synorogeni

c c
© =
e
[0)
€ €
(]
<32
eI
24
o

Conglomerates [EES Shales and carbonates (TR Oiistolith \, Subsidence
istoliths
Sandstones E==7 Shales and sandstones &2 ] Uplift
Carbonates E== shales EFH Igneous and

metamorphic rocks

Figure 4. Jurassic to Pliocene lithostratigraphy of the Falcdn Basin depicting the major tectonic-induced depositional sequences,

the main tectonic events and the tectonic regime.

Esri ArcPad application enabled the collection of point
data (waypoints containing geologic information), lin-
ear data (geologic contacts, fold-hinge lines, faults and
tracks) and polygon data (outcropping geologic units)
into a geographic information system (GIS). The
location of geologic contacts was based on visual
interpretation of geomorphological features identified
in the satellite images combined with the GIS geodata-
base generated in the field. Structural features such as
faults and folds were identified by the analysis of geo-
logic-plane orientations and permitted the establish-
ment of structural domains. The topographic and
historic geologic maps used were previously digitalized
and georeferenced using Global Mapper.

A digital cross-section (A-A’) was created by the
projection at depth of surface geological data (see the
Main Map). The cross-section was constructed using
the kink method (Coates, 1945), orthogonally traver-
sing the main tectonic structures. The A-A’ cross-sec-
tion was restored at the top of the syn-rift deposits of
Sequence 2 (early Miocene) using Canvas software.
The contractional structures of the Lara Nappes were
generated prior to the Oligocene-early Miocene exten-
sional episode and are therefore not restored (see
restored section A-A’). The A-A’ restored section was
generated by the use of the simple shear algorithm.
The compaction effects have not been considered for
restoration.
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4. Mapping units

The lithostratigraphic units cropping out in the map-
ping area include igneous, metamorphic and sedimen-
tary rocks spanning from the Early Cretaceous to the
early Pliocene. These lithostratigraphic units are rep-
resented in Figure 4 and described below.

4.1. Lara Nappes

In the southern part of the mapping area a series of
intensively deformed igneous and metamorphic rocks
of Early to Late Cretaceous age crop out (Figure 4),
which constitute the Lara nappes (Bellizzia, 1986;
Bushman, 1959; Stephan, 1982; Von Der Osten,
1967). These rocks include ophiolites of the proto-
Caribbean oceanic crust and low grade metamorphic
rocks of marine affinity, including slates, phyllites
and metasandstones (Stephan, 1982). The Lara
nappes overthrusted onto the South American auto-
chthonous terranes during Paleocene-late Eocene
times (Baquero et al., 2009; Escalona & Mann, 2011).

La Luna Formation (Figure 4) is represented by
fault-bounded successions of mudstones to fine-
grained packstones interbedded within black-shales
cropping out in the southern part of the mapping
area. The carbonate levels are rich in radiolarians,
planktonic foraminifera, pyrite and organic matter,
indicating a pelagic marine environment with recur-
rent anoxic/dysoxic conditions. The La Luna Fm. was
deposited during the Cenomanian to Campanian
(100-72 Ma) (De Romero & Galea-Alvarez, 1995; Lid-
dle, 1946; Renz, 1959; Sutton, 1946) over the continen-
tal shelf and the north-trending seaway in the passive
margin of South America, and overthrusted during
the emplacement of the Lara Nappes.

The thrusted and folded Matatere Formation crops
out extensively in the southern part of the mapping
area unconformably overlying the Cretaceous
igneous-metamorphic rocks. This unit is composed of
a late Paleocene to early Eocene flysch succession of
shales with abundant intraformational breccias and
extraformational boulder beds containing meta-
morphic rocks, granite and Cretaceous limestones (La
Luna and Cogollo formations) (Figure 4) (Von Der
Osten & Zozaya, 1957). The turbidite succession of
the Matatere Fm. registered an important regression
with the development of a carbonate platform domi-
nated by Lithothamnium and larger foraminifera, fol-
lowed by transgressive conglomeratic sandstones
containing pebbles recycled from the previous platform
carbonates (James, 2005).

The Capadare Formation is part of Sequence 3
(Figure 4), and corresponds to a syn-orogenic suc-
cession deposited during the tectonic inversion of
the Falcon Basin. It constitutes foredeep strata
characterized by an alternation of coralline algal

limestones, shales and minor sandstones cropping
out at the front of the south-verging flank of the
inverted Falcon Basin (see cross-section A-A’).
This inverted graben was the source area of silici-
clastic sediments and some reworked skeletal frag-
ments. The carbonates also contain Amphistegina,
Miosorites, Annulosorites, echinoids, fragments of
gastropods and bivalves, and scattered rhodoliths.
The age of this unit was established by Wheeler
(1959) as middle Miocene based on planktonic for-
aminifera assemblages.

4.2. Southern Falcon Basin

The Jarillal Formation corresponds to the Sequence 1
deposits outcropping in the southern mapping area
(Figure 4), and constitutes the Falcon Basin substrate.
The lower limit of the Jarillal Fm. is an angular uncon-
formity topping the Matatere flysch strata. This unit is
dominated by a succession of dark gray basin-shales
with minor carbonate levels. Locally, shales are rich
in glauconite, pyrite and gypsum. The fauna described
by Wheeler (1963) in the type section include plank-
tonic and microbenthic foraminifera of Eocene age.
Based on the analysis of palynomorph assemblages,
Hunter (1974) and Pitelli and Molina (1989) estab-
lished the age of the Jarillal Fm. as middle to late
Eocene.

The Castillo and Casupal formations constitute
the deposits of Sequence 2 at the southern margin of
the Falcon Basin (Figure 4), which locally onlap the
Eocene Jarillal Fm., the Paleocene-Eocene Matatere
Fm. and the igneous-metamorphic complex. This con-
tact corresponds to a regional angular unconformity,
which can be mapped along the southern Falcén and
northern Lara states. Towards the north, the Castillo
and Casupal formations interfinger with the Churu-
guara and Agua Clara marine shales (Figure 4). The
Castillo and Casupal formations are mapped as a
unique cartographic unit due their facies similarities
and time equivalence. This cartographic unit is com-
posed of sandstones, conglomerates, shales, lignites
and limestones deposited in near-shoreline transitional
environments, including continental to shallow-marine
zones. These facies are rich in gastropods, bivalves, lar-
ger foraminifera, microbenthic foraminifera and coral-
line algae. Based on larger foraminifera associations,
Wheeler (1963) attributed the Castillo and Casupal for-
mations to the late Oligocene-early Miocene. However,
the presence of Miosorites americanus and Annulosor-
ites spiralis near the base of the Casupal Fm. in the
mapping area restricts the age of this unit to the early
Miocene (Albert-Villanueva, 2016; see also Banerjee,
Yemane, & Johnson, 2000; BouDagher-Fadel, 2008;
Butterlin, 1981; Hottinger, 2001; Seiglie, 1982; Seiglie,
Grove, & Rivera, 1977; Serra-Kiel, Ferrandez-Canadell,
Garcia-Senz, & Hernaiz Huerta, 2007).



The Churuguara Formation is included in Sequence
2 and crops out in the southern part of the Falcon Basin
along a south-verging fold and thrust belt. This unit
unconformably overlies the Eocene Jarillal Fm. (Figure
4), locally onlapping a subaerial unconformity charac-
terized by well-developed paleosoils or indurated
highly bioturbated surfaces of ravinement. Towards
the south, the Churuguara Fm. interfingers with the
siliciclastic strata of Castillo and Casupal formations,
whereas in the north it is bounded by a thrust fault
(see cross-section A-A’). The Churuguara Fm. contains
two carbonate banks with larger foraminifera, coralline
algae and corals separated by siliciclastic marine depos-
its. The siliciclastic deposits make up a succession of
basin-shales and turbidites with glaucony-sand beds
rich in planktonic foraminifera. The platform-carbon-
ate banks thin and pass southwards and eastwards into
the pelagic shales and turbidite succession, whereas in
the west they interfinger with shallow-marine siliciclas-
tics. The isolated carbonate banks were developed upon
submarine fault-bounded paleohighs striking parallel
to the southern basin margin, whereas the turbidite
succession was deposited to the south, into an east—
west marginal depocenter. The carbonate banks of
the Churuguara Fm. are capped by subaerial unconfor-
mities (sensu Catuneanu, 2006). The Churuguara Fm.
is characterized by an early Miocene larger foramini-
fera association including Lepidocyclina favosa/undosa,
Lepidocyclina canellei, Heterostegina antillea, Operculi-
noides panamensis, Miogypsina gunteri, M. cushmani,
M. americanus and A. spiralis (Albert-Villanueva,
2016; see also Banerjee et al., 2000; BouDagher-Fadel,
2008; Butterlin, 1981; Cole, 1961; Hottinger, 2001; Sei-
glie, 1982; Seiglie et al., 1977; Serra-Kiel et al., 2007).

4.3. Central Falcon Basin

Mafic to intermediate igneous bodies crop out along the
central axis of the Falcon Basin. These bodies intrude
the Oligocene sedimentary succession (Figure 4) as
shallow-level sills and volcanic plugs or occur as extru-
sive flows. Based on potassium-argon isotopic analyses
and stratigraphic constrains, Muessig (1984a) estab-
lished the age of the volcanic activity between 28 and
23 Ma (late Oligocene). Later on, McMahon (2007)
ascribed the emplacement of this volcanic rocks
between 23 and 15 Ma (early-middle Miocene) based
on argon-argon isotopic analyses.

El Paraiso Formation represents the first sedimen-
tary record in the central part of the Falcon Basin
and is included in Sequence 2 (Figure 4). In the central
mapping area, this formation crops out in the core of a
series of northeast-southwest trending anticlines (see
cross-section A-A’). This unit unconformably overlies
the Eocene Jarillal Fm. and is made up by a succession
of shales, quartz sandstones and minor conglomerates
associated with an eastward and northward prograding
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delta system (Macellari, 1995; Rey et al., 2009). Based
on planktonic foraminifera assemblages, Diaz de
Gamero (1977) attributed the El Paraiso Fm. to the
late Rupelian-early Chattian (31-25 Ma).

The sedimentation of the Pecaya Formation is the
result of a major marine transgression into the central
Falcén Basin caused by a rapid subsidence episode
(Albert-Villanueva, 2016). This formation is part of
Sequence 2 (Figure 4) and crops out extensively
along the central axis of the Falcén Basin. To the
north, this unit interfingers with the flysch succession
of the Pedregoso Fm., whereas to the south it is
bounded by a thrust fault (see cross-section A-A’).
The lower boundary is conformable and gradational
with the underlying El Paraiso Fm. (Figure 4). The
Pecaya Fm. is represented by a thick succession of
black-shales interbedded with sandstone and carbonate
levels toward the basin margins (Macellari, 1995). The
black-shales are rich in planktonic foraminifera, calcar-
eous nanoplankton and organic matter indicating a
pelagic marine environment with recurrent episodes
of anoxia (Diaz de Gamero, 1977). Diaz de Gamero
(1977) ascribed the Pecaya Fm. to the late Oligocene-
early Miocene based on planktonic foraminifera
associations.

The Agua Clara Formation is included in Sequence
2 and crops out in the central and southern parts of the
mapping area. In the central-map area, the Agua Clara
Fm. conformably overlies the Pecaya Fm. (Figure 4).
However, these two formations are represented as a
unique cartographic unit due to their facies similarities.
In the south, the Agua Clara Fm. conformably overlies
the Churuguara strata (Figure 4), cropping out in the
core of northeast-southwest trending synclines (see
cross-section A-A’). This unit interfingers and overlies
the Pedregoso turbidites towards the north and the
Castillo and Casupal siliciclastic deposits towards the
south (Figure 4). The Agua Clara Fm. is made up of
a monotonous succession of dark gray shales rich in
organic matter and planktonic foraminifera with inter-
bedded sandstones and skeletal limestones towards the
basin margins. The limestones are rich in mollusks and
larger foraminifera. Based on the analysis of planktonic
foraminifera assemblages, Diaz de Gamero (1977,
1989) established the age of the Agua Clara Fm. within
the late Aquitanian-middle Burdigalian (21-18 Ma).

The Pedregoso Formation makes part of Sequence 2
(Figure 4), and crops out along a narrow belt south-
wards of the San Luis Range. This unit conformably
overlies the Pecaya shales. The northern boundary of
the formation is a reverse fault, whereas to the south,
it interfingers with the Pecaya and Agua Clara black-
shales (see cross-section A-A’). The Pedregoso Fm. is
a turbidite succession composed of organic-rich pelagic
shales with rhythmically interbedded allodapic lime-
stones and rarely sandstones (Montero-Serrano et al.,
2010). The limestones comprise carbonate brecchias
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and packstones to rudstones with a wide variety of
reworked allochthonous skeletal grains including larger
foraminifera, coralline algae, coral fragments, echi-
noids and mollusks. Decametric to hectometric olistos-
tromes of platform-carbonate rocks are also present.
Based on planktonic foraminifera associations, Diaz
de Gamero (1977) established the age of the Pedregoso
Fm. as early Miocene.

4.4. Northern Falcon Basin

The San Luis Formation is included within Sequence 2
and gives rise to the northern part of the Falcon Basin
(Figure 4). In the mapping area, the lower limit of this
formation does not crop out. To the north, this unit
occurs interfingered with deltaic deposits of the Patie-
citos and Guarabal formations and to the south is
bounded by a reverse fault (see cross-section A-A’).
The San Luis Fm. includes platform carbonates with
coralline algae, larger foraminifera, rhodoliths and cor-
als. The San Luis Fm. is characterized by an early Mio-
cene larger foraminifera association including L.
favosa/undosa, L. canellei, H. antillea, O. panamensis,
Miogypsina mexicana, M. gunteri, M. globulina,
M. panamensis, M. americanus and A. spiralis
(Albert-Villanueva, 2016; see also Banerjee et al.,
2000; BouDagher-Fadel, 2008; Butterlin, 1981; Cole,
1961; Hottinger, 2001; Seiglie, 1982; Seiglie et al,
1977; Serra-Kiel et al., 2007).

The Patiecitos Formation marks the transgressive
part of Sequence 2 and constitutes the northernmost
deposits of the Falcon Basin (Figure 4). This for-
mation crops out along northeast-southwest trending
and north-verging fault-related folds. To the north it
is bounded by a thrust fault and to the south interfin-
gers with the San Luis platform carbonates (see
cross-section A-A’). The base of this formation has
not been recognized in the mapping area. This unit
is represented by an alternation of shales, limestones,
sandstones, conglomerates and lignites deposited in a
northward retrograding delta system, including
supralittoral to sublittoral depositional zones. The
carbonate facies are rich in corals, bivalves, gastro-
pods, echinoids, green algae, larger foraminifera, cor-
alline algae fragments and scattered rhodoliths.
These skeletal components are also present in the
siliciclastic facies. Corals appear interbedded within
prodelta and delta front siliciclastic strata as patch
mounts, as isolated colonies in life position
embedded into a lutitic to sandy matrix, and as rub-
ble. The presence of H. antillea, M. mexicana,
M. gunteri, M. globulina, M. panamensis, M. ameri-
canus and A. spiralis indicate an early Miocene age
(Albert-Villanueva, 2016; see also Banerjee et al.,
2000; BouDagher-Fadel, 2008; Butterlin, 1981; Cole,
1961; Hottinger, 2001; Seiglie, 1982; Seiglie et al.,
1977; Serra-Kiel et al., 2007).

The Guarabal Formation is comprised in the
regressive part of Sequence 2, conformably overlying
the Patiecitos and the San Luis formations (Figure 4).
To the north it is bounded by a thrust fault and to
the south interfingers with the San Luis Fm. (see
cross-section A-A’). The Guarabal Fm. is made up
by an alternation of sandstones, conglomerates,
shales and minor limestones with corals, bivalves,
gastropods, echinoids, green algae, larger foramini-
fera, coralline algae and scattered rhodoliths. This
unit constitutes a southward prograding delta system
deposited during the last phase of basin-filling. The
presence of H. antillea, L. canellei and A. spiralis
indicates an early Miocene age (Albert-Villanueva,
2016; see also Banerjee et al., 2000; BouDagher-
Fadel, 2008; Butterlin, 1981; Cole, 1961; Hottinger,
2001; Seiglie, 1982; Seiglie et al., 1977; Serra-Kiel
et al., 2007).

4.5. Coro plain

The Querales, Socorro and Caujarao formations are
included within Sequence 3 (Figure 4) and were depos-
ited in a foreland basin adjacent to the northern Falcén
Basin. In the northern mapping area, these units
include a growth-strata succession associated with
two major thrust faults and their related folds (see
cross-section A-A’). These formations are represented
by an alternation of shales, sandstones and limestones
with abundant bivalves, gastropods and benthic fora-
minifera, which were deposited in a fluvio-deltaic to
deltaic-marine environment. Diaz de Gamero (1988)
established the age of the Querales Fm. as Langhian
(16-14 Ma) based on planktonic foraminifera assem-
blages. The Socorro Fm. was ascribed to the late Lan-
ghian-early Tortonian (15-10 Ma) based on
planktonic foraminifera and palynomorph findings
(Diaz de Gamero, 1989; Lorente, 1986). The Caujaro
Fm. was dated by Wozniak and Wozniak (1987) as
Tortonian-early Messinian (12—-6 Ma) based on plank-
tonic foraminifera associations.

The Codore Formation occupies the upper part of
Sequence 3 and crops out along a narrow belt in
the northern mapping area. This unit conformably
overlies the Caujarao Fm. (Figure 4) and is part of
the growth-strata succession exposed in the Coro
Plain (see cross-section A-A’). This formation contains
a shallow-marine succession sandwiched between two
continental units. The continental successions are
made of fluvial deposits dominated by floodplain
clays and minor channel sandstones. The marine suc-
cession is represented by estuarine to neritic shales
rich in microbenthic foraminifera deposited during a
marine transgression (Smith, Collins, Jaramillo, &
Quiroz, 2010). The age of the Codore Fm. was estab-
lished by Lorente (1986) as late Miocene-Pliocene
based on the study of palynomorphs.



4.6. Whole map

The Quaternary deposits are composed of fluvial,
alluvial and colluvial siliciclastic strata. Westward
of Coro, some syntectonic activity related to north-
west-southeast strike-slip fractures is affecting the
Quaternary deposits (Audemard, Romero, Rendon,
& Cano, 2005).

5. Conclusions

The interpretation of the geological map presented
herein permitted a pre-folding reconstruction of the
Falcon Basin which allowed us to trace its geological
history. During the Oligocene-early Miocene, east—
west back-arc rifting occurred as a result of the tec-
tonic collapse of the Caribbean forearc terranes and
the Falcén Basin started to open towards the east.
The central graben was dominated by pelagic
black-shales and turbidite sedimentation. The mar-
ginal semigrabens registered mixed carbonate-silici-
clastic sedimentation with the development of
platform carbonates containing coralline algae and
larger foraminifera. The northern margin carbonate
platforms interfinger with deltaic deposits character-
ized by the development of coral patches and coral
carpets in delta front to prodelta environments.
From the middle Miocene on, the tectonic inversion
of the Falcon Basin started and the depocentres
migrated towards the north with the formation of a
foreland basin.

Software

The geological map was constructed using Esri ArcPad,
Esri ArcGIS, Micro Station and Global Mapper. The
final map design was produced using Corel Draw.
The A-A’ cross-section and the restored section were
generated using Canvas.
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