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ABSTRACT

The Cenozoic stratigraphic sequence in the foothills of the Eastern
Cordillera of Colombia is mostly fluvial in nature and very thick
(�8000 m), but it contains very few mollusk-bearing horizons. Re-
cent fieldwork discovered a well-preserved molluscan assemblage
that occurs near the top of the Carbonera Formation (lower Miocene)
in the central foothills of the Eastern Cordillera. This level, named
the Huesser horizon, is laterally extensive and can be followed for
tens of kilometers. The horizon is 10 m thick and was divided into
eight levels, five of them highly fossiliferous. Most of the levels are
dominated by the freshwater gastropod Sheppardiconcha, with lower
abundances of the bivalves Anodondites and Mytilopsis. The top level
is dominated by specimens from the bivalve family Arcidae. The tax-
onomic composition of the assemblage is similar to that of the Mag-
dalena and Amazonas Basins during the early-to-middle Miocene.
Paleoecologic, taphonomic, and palynological analyses indicate that
the Huesser accumulated in a freshwater lake system, capped by a
marine incursion. The development of a large lake and the subse-
quent marine event could be related to increasing subsidence coin-
cident with eustatic sea-level rise that has been identified for the basin
during the early Miocene.

INTRODUCTION

Miocene marine faunas from the Neotropics are abundant, well pre-
served, and relatively well studied in the Caribbean and Central American
regions (Woodring, 1959, 1973; Best and Kidwell, 2000). Well-preserved
Miocene freshwater molluscan faunal assemblages from the Amazon have
also been studied (Pilsbry, 1911; Ortmann, 1921; Pilsbry and Olsson,
1935; Parodiz, 1969; Nuttall, 1990; Wesselingh, 2006). During the Mio-
cene, the South American region underwent many orogenic changes. In
western South America, the uplift of the Andean range caused many
geomorphologic changes and climatic variations, particularly the uplift of
the Eastern Cordillera, which affected the drainages of the Amazon and
Orinoco Rivers (Hoorn, 1994; Hoorn et al., 1995).

The Cenozoic sequence of the Eastern Cordillera of Colombia is dom-
inated by continental sediments. More than 8000 m of sandstone and
mudstone siliciclastic sediments, interspersed with thin layers of marginal
marine sediments, were accumulated in the Barco, Cuervos, Mirador, Car-
bonera, Léon, and Guayabo formations (Cooper et al., 1995; Bayona et
al., 2008). The fossil record of mollusks in these formations is very rare
or exhibits poor preservation throughout the whole sequence. In 2005,
during a field expedition to the Eastern Cordillera, we discovered a well-
defined horizon with a rich concentration of mollusks in the upper Car-
bonera Formation. This horizon, which we have named Huesser after a
family of local farmers, is unique and can be traced along tens of kilo-
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meters along the eastern border of the Eastern Cordillera (Fig. 1). In this
paper, we describe the taxonomic composition and taphonomy of this
horizon in order to interpret how such a unique mollusk layer was de-
posited and preserved.

METHODS

The Huesser horizon occurs at the top of the Carbonera Formation C2
unit, 12 m below the contact between Carbonera units C2 and C1 (Fig.
2). These units are informal lithostratigraphic subdivisions of the for-
mation (Bayona et al., 2008). Three sites were sampled from the eastern
side of the Eastern Cordillera of Colombia near the town of Medina,
Cundinamarca: (1) Retumbadora Ravine (4� 26� 16.14� N, 73� 16�
39.78�E), (2) Gazaunta River (4� 25� 11.57� N, 73� 18� 32.9� E), and
(3) Bellavista Ravine (4� 26� 0.31� N, 73� 17� 5.96� E).

The Huesser horizon is �10 m thick and divided into eight levels
according to its fossil content and lithological composition (Fig. 3). The
beds containing the molluscan fauna are described in terms of lithological
changes, disposition of the fossils, orientation, and packing. Fourteen
horizon-level samples (about 5 kg per sample) were taken at outcrops
along small creek cuts to ensure analysis of unweathered material. Sample
blocks were removed for full description of the fossil assemblage. The
samples were sieved using a 1 mm mesh. All material was dried, and
fossils were separated, cleaned, and identified. Mollusk identifications
were made following Ortmann (1921), Pilsbry and Olsson (1935), Moore
(1969), Parodiz (1969), Abbott (1974), Nuttall (1990), and Wesselingh
(2006). Images of the specimens were taken using a Epson 2480 scanner
and a Zeiss EVO 40XVP scanning electron microscope. Eight additional
lithological samples from levels 1–2 and 4–8 were prepared for palyno-
logical analysis using standard techniques (Traverse, 2007).

Three parameters were evaluated in order to determine taphonomic patterns
for 680 specimens: corrasion (combined effects of abrasion, bioerosion, and
pre- and postburial dissolution), fragmentation, and deformation (Brett and
Baird, 1986). Taphonomic parameters and the taphonomic index were scored
and plotted in a ternary diagram using a rank-quantitative scale (Kowalewski
et al., 1995): 0 � good or only slightly affected; 1 � moderately affected;
and 2 � poor or highly affected condition. Fragmentation was classified into
three categories based on the percentage of specimens preserved: good (0)
� �80%; fair (1) � 50%–80%; and poor (2) � �50%. We developed a
taphonomic index (TI), which was calculated for each level. The TI sum-
marizes the results from the taphonomic parameters (corrasion, fragmentation,
and deformation) and is composed of three values (TI0, TI1, TI2), with each
value defined as TIi � ni/fN for i � 0, 1, 2; ni � the total number of
specimens scored as grade i when the three parameters (corrasion, fragmen-
tation, and deformation) are summed; N � the total number of specimens
in the stratigraphic level; and f � the number of parameters (3).

Packing and orientation of fossils were recorded from four 50 	 50
cm quadrants taken from horizon levels 1 and 7. A rose diagram based
upon the orientation of 240 fossil gastropods was used to estimate paleo-
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FIGURE 1—Regional map of northwestern South America. A) Distribution of spe-
cies found in the Miocene Huesser assemblage, as related to the Pebas Formation
fauna (see text). MB � Magdalena Basin. LLB � Llanos Basin. AB � Amazonas
Basin. B) Geologic map detail showing collecting sites in the eastern foothills of
the Eastern Cordillera: 1 � Retumbadora Ravine, 2 � Gazaunta River, 3 � Bel-
lavista Ravine.

current direction (Boucot et al., 1958). The orientation was measured
using a protractor. Taphofacies were defined based on taphonomic index
value, packing, and disposition. Specimens are deposited in the paleon-
tological collections of the Paleontological Museum of the Colombian
Geological Survey (known as INGEOMINAS), in Bogotá.

RESULTS

Levels 1, 2, 6, and 7 are highly fossiliferous (Fig. 3) and dominated
by the gastropod Sheppardiconcha (Pachychilidae)—which constitutes as
much as 87% of the collected specimens—and the articulated bivalves
Anodontites (Mycetopodidae) and Mytilopsis (Dreissenidae). In contrast,
level 5 contained only a few specimens of Sheppardiconcha (Fig. 3) and
level 8 contained only specimens from the family Arcidae (Table 1).
Ichnofossils were observed at the top of level 4 (Fig. 3).

Palynological samples from levels 1–7 are characterized by an abun-
dance of freshwater algae (Botryococcus sp. and Pediastrum sp.) and
amorphous organic matter (Fig. 3) and by the presence of palynomorphs
from coastal tropical forests, including ferns (Verrucatosporites usmensis,
Magnastriatites grandiosus), legumes (Rhoipites guianensis), Bombaca-
ceae (Retistephanoporites crassiannulatus), Euphorbiaceae (Retitrescol-
pites? irregularis), Sapotaceae (Tetracolporopollenites transversalis), As-
teraceae (Echitricolporites maristellae), Malpighiaceae (Perisyncolpites
pokornyi), and Polygalaceae (Psilastephanocolporites fissilis), among
others (Table 2). The sample from level 8 displays a pollen and spore
flora similar to the samples from levels 1–7 but with both a reduction in
the amount of amorphous organic matter and freshwater algae and the
presence of dinoflagellate cysts (Achomosphaera sp.), acritarchs (Leios-
phaeridia sp.), and foraminifer linings (Fig. 3, Table 2), all considered
marine indicators.

Taphonomic differences between mollusk species (Fig. 4) and four ta-
phofacies were revealed by quantitative taphonomy and biofabric analysis
(Table 1, Fig. 5). Mytilopsis and arcids experienced stronger corrasion
than Anodontites and Sheppardiconcha, but gastropods were more af-
fected than bivalves by deformation and fragmentation (Figs. 6, 7); for
most fragmented bivalve specimens, preservation was �50% (Table 1).

Taphofacies I (levels 1 and 7) is characterized by cracked, corroded,
and incompletely deformed specimens embedded in a muddy matrix, with
a medium-to-low packing density, becoming denser toward the top of the
level. The multimodal pattern of the azimuthal orientation measurements
is shown in Figure 3. Fossils exhibit variable (mixed) patterns of defor-
mation, corrasion, and fragmentation (Figs. 7A–K), but corrasion was
more important in level 7 than level 1 (Fig. 5). Sheppardiconcha was
more abundant than Mytilopsis and Anodontites. Sheppardiconcha spec-
imens are heavy, tall- and medium-sized gastropods (�50 mm long),
ornamented with axial ribs and spiral streaks (Figs. 4C–D); they are char-
acterized by a smooth, oblique aperture and the presence of an anal chan-
nel. Mytilopsis specimens are compressed bivalves with acuminate beaks
and fine, concentric lines over the dorsal surface (Figs. 4E–F); they are
differentiated by the presence of a hinge without teeth and a septum.
Anodontites was less conspicuous in this taphofacies.

Taphofacies II (levels 2 and 6) is characterized by a high packing
density of strongly corroded, undeformed, and unfragmented specimens
(ranging from 9 mm to 109 mm long), cemented with a sandy matrix,
and showing a concordant disposition (sensu Kidwell et al., 1986). De-
formation was more important in level 6 than level 2 (Fig. 5). Molds of
whole specimens of Sheppardiconcha (Figs. 6C–F) which retain the orig-
inal morphology, and molds of the thin-shelled bivalve Anodontites are
large, subelliptical, and strong (Figs. 4A–B). Anodontites specimens have
a rugose surface, folded borders, and eroded and poorly pronounced
beaks (Figs. 4A–B). The hinge plate is robust and without teeth.

Taphofacies III (level 5) contains highly deformed, cracked, and cor-
roded specimens of Sheppardiconcha forming a thin, concordant, lentic-
ular, densely packed fossiliferous layer. Specimens range between 8.3 mm
and 23.7 mm long (Fig. 3).

Taphofacies IV (level 8) is characterized by small (7–15 mm long),
moderately inflated molds of arcids (Figs. 4G–H, 6J–L) embedded in a
muddy matrix, preserving the original sculpture of the shells for both the
left and right valves (unarticulated; see Figs. 4G–H). Undeformed and
unfragmented shells are filled with sediment and are ornamented by ribs
that are interrupted with fine concentric lines.
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FIGURE 2—Stratigraphic position of the Huesser horizon in the Cenozoic sequence of the Eastern Cordillera and photographs of localities; She � Sheppardiconcha; Ano
� Anodontites; Myt � Mytilopsis; ages and lithostratigraphy after Bayona et al. (2008).

DISCUSSION

Molluscan Paleoecology

Habitat preferences of the taxa in the Huesser horizon, dominance of
Sheppardiconcha, and low diversity of the assemblage (Martens, 1997;
Dillon, 2000) indicate freshwater and marginal marine environments.
Sheppardiconcha and Anodontites are found abundantly in benthic com-
munities of fluviolacustrine environments (Dillon, 2000; Wesselingh,
2006), and Mytilopsis in marginal or transitional environments (Gray and
Marelli, 1985; Nuttall, 1990; Wesselingh, 2006) with very low salinity.
Arcids are reported in marine environments (Marko and Jackson, 2001),
and their occurrence at the top of the section (level 8) is probably asso-
ciated with an increase in salinity that signaled the displacement of the

underlying freshwater Sheppardiconcha-dominated assemblage (levels
1–2, 5–7).

Freshwater and marginal marine environments are also suggested
by the palynological assemblages. Levels 1–7 are characterized by
abundant freshwater algae, amorphous organic matter, and a suite of
plants characteristic of coastal plains (Table 2). All of these charac-
teristics suggest a freshwater ecosystem, probably a lake (Lorente,
1986). Level 8 is clearly differentiated by the occurrence of marine
palynomorphs (dinoflagellate, foraminifer linings, and acritarchs) and
low levels of amorphous organic matter, which suggest a change to
more marine conditions.

Differences in the distribution of the molluscan taxa are subtle (Fig.
1). Sheppardiconcha once had a Neotropical distribution from Central
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FIGURE 3—Composite column of the Huesser horizon showing distribution of fossil taxa, lithologic changes, variations in species abundances, packing, size sorting,
taphofacies, and the azimuthal orientation of gastropods. Arc � Arcidae; AMO � Amorphous organic matter; MP � abundance of marine palynomorphs; FA � abundance
of freshwater algae. Sample localities: RET � Retumbadora Ravine; GAZ � Gazaunta River; BELL � Bellavista Ravine (see Fig. 1); see Figure 2 for key to lithology
symbols.

America (Neogene) to northwest South America (Oligocene–late Mio-
cene), but it is now restricted to Central America (Wesselingh, 2006).
Anodontites and Mytilopsis are common in northeastern and central South
America from the Paleogene to the present (Pilsbry and Olsson, 1935;
Parodiz, 1969; Nuttall, 1990). Mytilopsis has had a wide distribution in
the Neotropics, today being a common genus in the Caribbean region
and along the Pacific coast from Ecuador to Panamá (Wolff, 1969; Wes-
selingh, 2006). Arcids have been reported from the Neotropical Atlantic
and Pacific coasts from the Paleogene until today (Abbott, 1974).

Taxa from the Huesser assemblage, except arcids, have been reported
in the Pebas fauna of western Amazonia (Nuttall, 1990; Vermeij and
Wesselingh, 2002; Wesselingh, 2006). They are closely related to the
molluscan associations from Iquitos and Pebas in the Amazonas Basin
(Nutall, 1990; see Fig. 1) and La Cira, in the middle Magdalena Valley,
central Colombia (Pilsbry and Olsson, 1935). This taxonomic affinity
suggests a biogeographic connection between the Llanos, Amazonas, and
Magdalena Valley basins (Fig. 1), an idea that was proposed by Wesse-
lingh (2006). This connection does not exist today owing to the uplift of
the Andes (Albert et al., 2006; Lovejoy et al., 2006).

Fidelity

Differences in preservation among taxa, suggested by taphonomic anal-
ysis (Fig. 5), would have been caused mainly by differential responses
of taxa to deformation and corrasion due to differences in shape, size,
width, and chemical composition of the shells (Brett and Baird, 1986).
Even though the fidelity of the fossil assemblages of the Huesser horizon

could have been affected by differential preservation of taxa, the com-
position of the assemblages, affinity of species, and the structure of com-
munity, which is characteristic of freshwater molluscan communities,
suggest that the original community is well represented by the fossil
assemblage.

Sedimentary Processes

Diagenetic processes are an important factor in the formation of the
Huesser horizon. Deformation and fragmentation would have resulted
from compaction of sediments under lithostatic forces (Martello et al.,
2007), and most corrasion was caused by postburial dissolution or pre-
cipitation. Differential effects of deformation, fragmentation, and corra-
sion, however, are due to conditions that originated during the accumu-
lation of assemblages. Consequently, differences in taphonomy suggest
that the molluscan assemblages underwent different sedimentary pro-
cesses.

Deformation is common in assemblages in which fossils are incom-
pletely filled (Hanley and Flores, 1987), as well as in fossils that are
buried rapidly (Henderson and McNamara, 1985; Kidwell, 1986). There-
fore, much of the deformation in level 5 (taphofacies III) would have
been produced by rapid burial. In contrast, infilled specimens are common
during reworking (Brett and Baird, 1986). Infilled gastropods, better ce-
mented, are characteristic of levels 2 and 6 (taphofacies II). Therefore,
levels 2 and 6 could have been the product of reworking, admixing, or
exhumation (Seilacher, 1971; Krajewski, 1984; Hanley and Flores, 1987).
Furthermore, most of the specimens lost some morphological features
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TABLE 1—Huesser horizon fossil counts and taphonomic data. Calculation of the taphonomic index (TI) is explained in the text.

Level Taxon

Size of
specimens

(mm)

Number
of

specimens

Deformation (%)

0 1 2

Corrasion (%)

0 1 2

Fragmentation (%)

0 1 2

8 Arcidae 7.0–15 6 6 (100) 0 0 0 0 6 (100) 6 (100) 0 0
7 Total by level 3.0–82 255 62 (24.3) 66 (25.9) 127 (49.8) 40 (15.7) 84 (32.9) 131 (51.4) 85 (33.3) 83 (32.5) 87 (34.1)

Sheppardiconcha 4.0–47 232 (90.9) 44 (19) 62 (26.7) 126 (54.3) 39 (16.8) 82 (35.3) 111 (47.8) 67 (28.9) 79 (34.1) 86 (37.1)
Anodontites 26.7–82 5 (1.9) 2 (40) 3 (60) 0 1 (20) 2 (40) 2 (40) 5 (71.4) 0 0
Mytilopsis 3.0–11.6 18 (7.05) 16 (88.9) 1 (5.56) 1 (5.56) 0 0 18 (100) 13 (72.2) 4 (22.2) 1 (5.56)

6 Total by level 9.0–109 38 5 (13.2) 9 (23.7) 15 (39.5) 3 (7.89) 4 (10.5) 31 (81.6) 14 (36.8) 6 (15.8) 9 (23.7)
Sheppardiconcha 9.0–35.5 29 (76.3) 5 (17.2) 9 (31) 15 (51.7) 2 (6.9) 2 (6.9) 25 (86.2) 14 (48.3) 6 (20.7) 9 (31)
Anodontites 11.7–109 7 (18.4) 5 (71.4) 2 (28.6) 0 1 (14.3) 2 (28.6) 4 (57.1) 5 (71.4) 1 (14.3) 1 (14.3)
Mytilopsis 11.6–14.5 2 (5.3) 2 (100) 0 0 0 0 2 (100) 2 (100) 0 0

5 Sheppardiconcha 8.3–23.7 10 0 0 10 (100) 9 (90) 1 (10) 0 2 (20) 3 (30) 5 (50)
2 Total by level 10.7–44 109 90 (82.6) 14 (12.8) 5 (4.59) 1 3 (2.75) 105 (96.3) 68 (62.4) 23 (21.1) 18 (16.5)

Sheppardiconcha 10.7–44 108 (99.1) 89 (82.4) 14 (13) 5 (4.63) 0 3 (2.78) 105 (97.2) 68 (63) 23 (21.3) 17 (15.7)
Anodontite 28.3 1 (0.9) 1 (100) 0 0 1 (100) 0 0 0 0 1 (100)

1 Total by level 3.0–63 262 60 (22.9) 78 (29.8) 124 (47.3) 114 (43.5) 76 (29) 72 (27.5) 72 (27.5) 103 (39.3) 87 (33.2)
Sheppardiconcha 3.0–41 226 (86.3) 39 (17.3) 71 (31.4) 116 (51.3) 112 (49.6) 74 (32.7) 40 (17.7) 47 (20.8) 94 (41.6) 85 (37.6)
Anodontites 7.6–63 5 (1.9) 4 (80) 0 1 (20) 2 (40) 2 (40) 1 (20) 0 3 (60) 2 (40)
Mytilopsis 5.0–16 31 (11.8) 17 (54.8) 7 (22.6) 7 (22.6) 0 0 31 (100) 25 (80.6) 6 (19.4) 0
Total 680 230 (33.8) 169 (24.9) 281 (41.3) 167 (24.6) 168 (24.7) 345 (50.7) 254 (37.4) 219 (32.2) 207 (30.4)
Sheppardiconcha 3.0–47 605 (88.9) 177 (29.3) 156 (25.8) 272 (45) 162 (26.8) 162 (26.8) 281 (46.4) 198 (32.7) 205 (33.9) 202 (33.4)
Anodontites 7.6–109 18 (2.7) 12 (66.7) 5 (27.8) 1 (5.56) 5 (27.8) 6 (33.3) 7 (38.9) 10 (55.6) 4 (22.2) 4 (22.2)
Mytilopsis 3.0–16 51 (7.5) 35 (68.6) 8 (15.7) 8 (15.7) 0 0 51 (100) 40 (78.4) 10 (19.6) 1 (1.96)
Arcidae 7.0–15 6 (0.9) 6 (100) 0 0 0 0 6 (100) 6 (100) 0

0

Level Taphofacies

Packing

Low Medium High Disposition Bivalves Gastropods

TAPHONOMIC INDEX

TI0 TI1 TI2
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TABLE 2—Huesser horizon palynomorph biostratigraphic range chart. RET � Retumbadora Ravine; GAZ � Gazaunta River; BELL � Bellavista Ravine.

Sample

Level

Amorphous organic matter (%)

RET-1

1

90

GAZ-39

1

70

RET-5

2

50

RET-8

4

70

RET-12

5

55

RET-17

6

90

BELL-44

7

70

BELL-45

8

20

Species
Achomosphaera sp. (dinoflagellate) 0 0 0 0 0 0 0 1
Foram lining 0 0 0 0 0 0 0 1
Leiosphaeridia sp. (acritarch) 0 0 0 0 0 0 0 39
Botryococcus sp. (freshwater alga) 16 46 28 3 5 13 0 4
Pediastrum sp. (freshwater alga) 1 5 6 0 0 0 0 0
Cricotriporites sp. 1 0 0 0 0 0 0 0
Cicatricosisporites dorogensis (reworked) 1 1 0 0 0 0 0 0
Echiperiporites akanthos 1 0 0 0 0 0 0 0
Echipollenites sp. 0 0 0 0 0 0 1 0
Echitriletes sp. 0 0 0 1 0 1 0 0
Echitricolporites maristellae 0 0 0 0 0 0 0 1
Faveotriletes ornatus 0 0 1 0 0 0 0 0
Fungi 4 3 0 1 0 0 0 0
Laevigatosporites tibuensis 6 5 5 4 0 4 1 19
Laevigatosporites sp. 0 0 0 0 0 0 2 0
Laevigatosporites sp.1 0 0 0 0 0 0 0 1
Magnastriatites grandiosus 1 0 4 3 0 3 1 0
Mauritiidites franciscoi var. franciscoi 2 0 7 4 0 3 1 46
Mauritiidites franciscoi var. minutus 0 0 0 2 0 0 1 0
Monoporopollenites annulatus 0 0 1 0 1 0 0 0
Nijssenosporites sp. 0 0 0 0 0 1 0 0
Onagraceae type 0 0 0 0 0 0 0 2
Perisyncolpites pokorny 0 5 1 0 0 0 0 13
Psilatriletes sp. 4 1 4 1 0 8 0 1
Psilabrevitricolporites triangularis 0 0 0 0 0 0 0 3
Psilastephanocolporites fissilis 0 1 0 0 0 0 0 1
Psilamonocolpites sp. 0 0 0 1 0 0 0 0
Psilamonocolpites medius 0 0 1 0 0 0 0 1
Pollenites 5 0 10 3 1 4 6 12
Pollen porate 0 0 1 0 0 0 0 0
Polypodiisporites sp. 1 6 16 34 12 12 25 13 69
Psilabrevitricolporites sp. 0 0 1 0 0 0 0 0
Retitricolpites simplex 1 0 1 0 0 4 0 18
Retitrescolpites? irregularis 0 0 0 0 0 0 0 19
Reticolporites aff. poriconspectus 0 0 1 1 0 0 0 0
Retistephanoporites crassiannulatus 0 0 0 0 0 0 0 4
Retitricolporites aff. santaisabelensis 0 0 0 0 0 1 0 9
Retitricolpites sp. 0 0 1 0 0 0 0 0
Rhoipites sp. 0 0 1 1 1 2 0 0
Rhoipites guianensis 0 2 0 0 0 0 0 0
Tetracolporopollenites transversalis 0 0 0 0 1 1 0 1
Verrucatotriletes aff. etayoi 0 0 1 0 0 1 0 0
Verrucatosporites usmensis 0 6 12 4 1 13 3 4
Verrutriletes viruelensis 0 0 2 0 0 0 0 0
Verrutriletes sp. 0 0 0 1 0 0 0 0
Striatopolis sp. 0 0 0 3 0 0 0 0

owing to abrasion and corrosion, as evidenced by strong corrasion. Re-
working in taphofacies II is also evidenced by packing and concordant
disposition of specimens.

Random orientation of fossils in assemblages from level 1 and 7 (ta-
phofacies I) indicate that specimens preserved the attitude of shells at the
time of death under a low-energy regime (Menard and Boucot, 1951;
Allen, 1984, 1990; Brenchley and Newall, 1970; LaBarbera, 1977; Wil-
liams and Richards, 1984; Brett and Baird, 1986).

Postburial dissolution affected all levels but is better observed in level
8 (taphofacies IV), where molds preserved the original sculpture of the
shells. When sediments are rich in organic matter or have low pH, post-
burial dissolution of fossils is enhanced (Seilacher et al., 1985; Brett and
Baird, 1986), producing corroded and thinned shells (Aller, 1982).

The overall taphonomy of the Huesser shows slight changes in sed-
imentation through time: levels 1 and 7 (taphofacies I) could have

formed during a low-energy regimen. Levels 2 and 6 (taphofacies II)
would have formed by reworking and a concomitant long residence time
caused by shallowing. Level 5 (taphofacies III) corresponds to an epi-
sodic event, and level 8 (taphofacies IV) to a drastic change in envi-
ronment, as noted above. Sedimentary processes controlling levels 3
and 4 are difficult to establish. Level 4 is characterized by a massive,
muddy sandstone—with scattered reddish mottling, a pollen flora in-
dicative of a coastal plain (Lorente, 1986)—and ichnofossils; this level
may represent episodes of subaerial exposure in a coastal plain envi-
ronment. Ichnofossils present in the level could not be identified to
confirm this hypothesis, however.

The Huesser horizon may have accumulated in three events, or para-
sequences. The first parasequence includes levels 1–5, the second, levels
6–7, and the base of a third parasequence is evident in level 8. The first
parasequence includes a general trend toward more fluvial conditions,
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FIGURE 4—Huesser horizon molluscan species. A–B) Anodontites. C–D) Sheppardiconcha. E–F) Mytilopsis (scanning electron migrograph). G–H) Molds of arcids (scanning
electron migrograph).
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FIGURE 5—Taphogram illustrating differences in taphonomic patterns (packing,
deformation, corrasion, fragmentation) among levels 1–7 and among taxa (see Fig.
3 for stratigraphic position of the levels). Differences are reflected by discrete values
(� 0, 1, 2, based on percentage of shells affected by taphonomic processes), with
0 � low; 2 � highly affected. Taphonomic index (TI), packing, and disposition
define the taphofacies I, II, III, and IV (see text for further details). She � Shep-
pardiconcha; Ano � Anodontites; Myt � Mytilopsis; Arc � Arcidae.

with the development of lakes in levels 1–2 and the subsequent devel-
opment of a coastal plain in levels 3–5 (Fig. 3). The second parasequence
starts with a deepening of the water depth in the deposit and development
of a lake at the base of level 6. The third parasequence begins with a
marine incursion at the base of level 8. The general stacking pattern of
the parasequences indicates a transgressive trend from level 1 to level 8
(Fig. 3).

Changes in sedimentary processes would have been controlled by
water-level fluctuations of the lake and the slope of the basin, both of
which are known to play a major role in controlling deposition in lake
environments (Cohen, 1989).

Age

The Huesser horizon can be placed within the Verrutricolporites ro-
tundiporus palynological zone of Germeraad et al. (1968), palynological
zone 27 of Muller et al. (1987), or palynological zone 34 of Jaramillo
and Rueda (2004), based on the co-occurrence of Echitricolpites maris-
tellae, Magnastriatites grandiosus, Perisyncolpites pokornyi, Retitricol-
pites simplex, R. irregularis, R. santaisabelensis, and Psilastephanocol-
porites fissilis (Table 2). These northern South American palynological
zones have been calibrated, using planktonic foraminifera and nanoplank-
ton, as early Miocene (Germeraad et al., 1968; Lorente, 1986; Muller et
al., 1987).

The time span that the Huesser horizon represents is difficult to assess,
owing to the occurrence of unfossiliferous and fossiliferous levels with
different taphonomic patterns. The time-averaging patterns identified in
shallow-marine assemblages suggest that shell beds could represent time
spans of about 102–103 years (Flessa et al., 1993; Kowalewski et al.,
1998; Olszewski, 1999). According to Kowalewski et al. (1998), this
estimation could be valid for many mollusk-dominated beds. There are
six fossiliferous levels in the Huesser horizon (1–2, 5–8). Levels 3–4 lack
fossils, and estimating their duration could be more problematic, but they
could represent less time condensation than the shell beds. Here we as-
sume that their duration was similar to that of a shell bed. Thus, taking
into account the whole horizon, and assuming 102–103 years per level,

we propose that the Huesser took from 800 years to 8000 years to ac-
cumulate.

A different approach to determining the duration of the Huesser hori-
zon is to calculate sedimentation rates. The entire lower Miocene (7.06
myr) in the Medina region in the Llanos Basin is represented by 2600 m
(Carbonera Formation C6–C1; see Fig. 2). Assuming a constant rate of
accumulation (37 	 10
5 m per year), the 10 m of the Huesser could
represent �27 kyr. On the basis of these two estimates combined, the
Huesser could have accumulated over 800–27,000 years. This estimate
is just a first-order approximation, but it is important to make, given the
possible paleoecological and evolutionary implications of a large lake.

Genesis of the Huesser Horizon

The faunal and palynological assemblages and their taphonomy suggest
that the Huesser horizon developed in a freshwater system. The lateral
homogeneity of the layers and their large lateral extension (the horizon
can be traced laterally for �35 km, although the aerial extent is unknown;
see Mora and Parra, 2004) suggest that this body of water was a large
freshwater lake, similar to those described in other deposits in South
America (e.g., Räsänen et al., 1995; Vonhof et al., 1998; Wesselingh et
al., 2002). This interpretation is bolstered by the laterally extensive mol-
lusk layers, which are common in lacustrine sequences (Reineck and
Singh, 1980; Owen et al., 1982; Johnson, 1984; Olsen, 1985; Cohen,
1989; Talbot and Allen, 1996).

The Pebas fauna, related to the Huesser horizon assemblages, has been
interpreted as having accumulated in an extensive lake, thousands of ki-
lometers wide, called the Pebas Megalake, although these middle Mio-
cene deposits are younger than the Huesser (Vonhof et al., 1998; Wes-
selingh et al., 2002; Wesselingh, 2006). A possible correlative of the
Pebas Megalake could be the middle Miocene Léon Formation, which is
stratigraphically 1000 m above the Huesser horizon (Fig. 2). The Pebas
fauna has been interpreted as originating in northern South America and
later expanding to Amazonia via the Llanos Basin (Wesselingh, 2006).

The presence of arcids at the top of the Huesser sequence represents
a brief marine incursion into the Llanos Basin during the early Miocene.
This southward marine incursion would have occurred from the Carib-
bean, as has been suggested by Guzman and Fischer (2006), via Lake
Maracaibo (Fig. 8). If the Andes of Mérida were already uplifted at that
time (De Toni and Kellogg, 1993; Villamil, 1999), communication be-
tween the Llanos and Maracaibo basins would have been closed. The
timing of the uplift is highly controversial, however, and could have oc-
curred during the middle Miocene (Hoorn et al., 1995).

The presence of marine elements in the Huesser might be evidence
that the connection between Lake Maracaibo and the Llanos Basin was
active during the early Miocene and thus that the Mérida Andes were not
yet uplifted during that time (Hoorn et al., 1995). A second alternative
is a marine flooding through the Venezuelan Llanos (Barinas-Apure Ba-
sin), where the Guardulio Member (Guafita Formation, Oligocene–
Miocene), which was deposited in fluviodeltaic environments, shows ev-
idence of more marine conditions toward the top of the sequence (Ortega
et al., 1987; Léxico Estratigráfico de Venezuela, 1996; Pindell et al.,
1998). This formation is overlain by the fluvially dominated Parangula
Formation (Léxico Estratigráfico de Venezuela, 1996). A more precise
dating of the marine flooding at the top of the Guardulio Member is
needed to prove a connection with the Huesser horizon.

The origin of a large lake in the Huesser horizon might be explained
by a rapid increase in the tectonic subsidence rates in the foreland Llanos
Basin, which started at the same time that the upper Carbonera Formation
accumulated (early Miocene–earliest middle Miocene, �18–14 Ma) in
the Llanos Basin (Sarmiento, 2002; Bayona et al., 2008). This initial rapid
change in subsidence could have produced an extensive lake, as has been
shown in other foreland basins (Rogers, 1994; Uba et al., 2005). This
tectonically driven subsidence seems also to coincide with a first-order
event of sea-level rise (Haq et al., 1987), generating conditions that may
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FIGURE 6—Fossils illustrating corrasion. A–F) Specimens of taphofacies II. Strong corrasion in all specimens and deformation in Anodontites can be observed. Scale bar
below for both A and B. G–I) Cracked and corroded specimens of Mytilopsis in taphofacies I. J–L) Specimens of taphofacies IV. Molds of arcids with the original sculpture
exhibiting strong dissolution. Scale bar below for both J and K.
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FIGURE 7—Fragmentation and deformation in gastropods. A–D) Poor (2) � �50% of specimen is preserved. E–H) Fair (1) � 50%–80% preserved. I–M) Good (0) �
�80% preserved. A–K) Specimens of taphofacies I. L–M) Strong deformation in taphofacies III.



PALAIOS 209HUESSER HORIZON FROM THE MIOCENE OF COLOMBIA

FIGURE 8—Paleogeographic map during the early Miocene in northern South
America. Changes in configuration and two possible marine incursions are proposed
based on the paleogeographic reconstructions of Pindell et al. (1998) and Guzman
and Fischer (2006).

have favored extensive lacustrine-estuarine deposition in the Llanos Basin
during the early and middle Miocene (Bayona et al., 2008).
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RÄSÄNEN, M.E., LINNA, A.M., SANTOS, C.R., and NEGRI, F.R., 1995, Late Miocene
tidal deposits in the Amazonian foreland basin: Science, v. 269, p. 386–390.

REINECK, H.E., and SINGH, I.B., 1980, Depositional Sedimentary Environments:
Springer-Verlag, Berlin, p. 241–242.

ROGERS, R.R., 1994, Nature and origin of through-going discontinuities in nonmarine
foreland basin strata, Upper Cretaceous, Montana: Implications for sequence anal-
ysis: Geology, v. 22, p. 1119–1122.

SARMIENTO, L.F., 2002, Mesozoic rifting and Cenozoic basin inversion history of the
Eastern Cordillera, Colombian Andes: Inferences from tectonic models: Unpub-
lished Ph.D. dissertation, Vrije Universiteit, Amsterdam, 295 p.

SEILACHER, A., 1971, Preservational history of ceratite shells: Palaeontology, v. 14,
p. 16–21.

SEILACHER, A., REIF, W.E., and WESTPHAL, F., 1985, Sedimentological, ecological and
temporal patterns of fossil Lagerstätten: Philosophical Transactions of the Royal
Society of London, ser. B, v. 311, p. 5–23.

TALBOT, M.R., and ALLEN, P.A., 1996, Lakes, in Reading, H. G., ed., Sedimentary
Environments: Processes, Facies, and Stratigraphy: Blackwell Science, Cam-
bridge, UK, p. 104–106.

TRAVERSE, A., 2007, Paleopalynology: 2nd ed., Springer-Verlag, Dordrecht, Nether-
lands, 813 p.

UBA, C., HEUBECK, C., and HULKA, C., 2005, Facies analysis and basin architecture
of the Neogene Subandean synorogenic wedge, southern Bolivia: Sedimentary
Geology, v. 180, p. 91–123.

VERMEIJ, G.J., and WESSELINGH, F.P., 2002, Neogastropod mollusks from the Miocene
of Western Amazonia, with comments on marine to freshwater transitions in mol-
lusks: Journal of Paleontology, v. 76, p. 265–270.

VILLAMIL, T., 1999, Campanian–Miocene tectonostratigraphy, depocenter evolution
and basin development of Colombia and Western Venezuela: Palaeogeography,
Palaeoclimatology, Palaeoecology, v. 153, p. 239–275.

VONHOF, H.B., WESSELINGH, F.P., and GANSSEN, G.M., 1998, Reconstruction of the
Miocene Western Amazonian aquatic system using molluscan isotopic signatures:
Palaeogeography, Paleoclimatology, Paleoecology, v. 141, p. 85–93.

WESSELINGH, F.P., 2006, Molluscs from the Miocene Pebas Formation of Peruvian
and Colombian Amazonia: Scripta Geologica, v. 133, p. 19–290.
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