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Abstract

This study presents both qualitative and quantitative data regarding marine mollusk (gastropods and bivalves) shell bioerosion
and encrustation based on death assemblages obtained from a recent supratidal environment in Playa Norte, Veracruz State. The
objectives of this study were to assess the nature of bioerosion and encrustation processes and to investigate the role of these
taphonomic features contributing to the deterioration of natural shell accumulations within a tropical siliciclastic tidal environ-
ment. The assemblage comprises 31 species: 13 gastropods and 18 bivalves. The bioerosion and encrustation degrees were low to
moderate for both types. The most abundant traces were predatory gastropod structures (Qichnus paraboloides and O. simplex),
whereas sponge borings (Entobia isp.), polychaete dwellings (Caulostrepsis taeniola), and echinoid raspings (Gnatichnus isp.)
were less frequent. The encrusting organisms include polychaete serpulids, bryozoans, and rare foraminifers (Homotrema
rubrum). Because of the low bioerosion and encrustation degrees occurring in this area, accumulation is expected to predominate
over biotic destruction. As deposition conditions (richly fossiliferous carbonate sandstone beds) were similar to those prevailing
in the Tuxpan Formation during the Miocene (Langhian), it is suggested that this study provides an equivalent reference to
interpret mollusk fossil assemblages located in this site.
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Introduction

Bioerosion is a term referring to the deterioration of hard sub-
strates caused by biological processes. It entails complex bio-
geochemical interactions that modify carbonate skeletons and
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rocky surfaces (Santos and Mayoral 2008), usually derived
from a search for food or shelter. Bioerosion may adopt the
shape of borings, etchings, nestlings, scrapings, raspings, or
gnawings (Bromley 1981). It is an important process occur-
ring in both modern and ancient marine environments, and it
has a significant meaning for ecology and marine sedimenta-
tion, including the evolution of hard-substrate communities
(Gibert et al. 2007). The results of these biological activities
are important for paleoecological reconstructions because
each era had its own characteristic communities and reflect
an environmental or biogeographic difference (Vinn and
Wilson 2010).

Several studies have been performed in order to detect
bioerosion in shallow temperate to tropical carbonate environ-
ments. However, siliciclastic settings are frequently
overlooked (Lescinsky et al. 2002), even when they represent
around 40% percent of the global coastline beaches (Bird
2000) and are mostly distributed along Mexican coasts (Lara
2008). Bioerosional studies conducted on invertebrates
have been focused mainly on corals (Walker et al. 1998);
nevertheless, if mollusk bioerosion rate is similar to that ob-
served in corals, those shells possessing only a few
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millimeters of thickness would be destroyed in 1-2 years
(Edinger 2001). The shells occurring in fossil records display
a differential erosion rate when compared to that of coral and
mollusks (Lescinsky et al. 2002).

Shell encrusters on living or dead organisms are the main
component of both modern and fossil settings (Brett et al.
2012). Space is a limiting factor for encrusters; in soft bot-
toms, shells are the most important biogenic substrate avail-
able for encrusting (Nebelsick et al. 1997).

Encrusters are mainly studied because of their destructive
effects, although they have received less attention from the
taphonomic perspective as a tool intended to define and char-
acterize environments (Brett et al. 2011). Marine encrusters
are highly sensitive to environmental parameters, such as light
intensity, sedimentation rates, and substrate type (Lescinsky
et al. 2002).

Encrustation provides information about the encruster or-
ganisms themselves: biogenic substrates, and the general con-
ditions prevailing within the community or those of the sur-
rounding environment (Nebelsick et al. 1997). Hard-shelled or
exoskeleton-bearing encruster organisms are taphonomically
relevant because of their potential to be preserved in a fossil
record. In intertidal and shallow sublittoral environments,
bioeroder diversity is usually high, and it occurs additionally
to encrustation (Santos and Mayoral 2008).

Actualistic taphonomy is the study of patterns and process-
es (death, decay, and burial) in contemporary settings intended
to provide a reference to interpret the data preserved as a fossil
record (Kowalewski and Labarbera 2004). Death assemblages
are common in many modern depositional settings and some
of them are shell-rich accumulations of marine mollusks that
offer a wide diversity of research opportunities for the
actualistic taphonomy field (Simoes 2010).

Taphonomic studies of modern ecosystems are used in the
paleontology field in order to better understand fossil ecosys-
tems (Behrensmeyer and Miller 2012), thus offering a refer-
ence to interpret fossilization processes as well as the nature of
the fossil records. These are very useful for the conservational
paleobiology field. Additionally, they are examples of how
taphonomy may contribute to conservation and ecology stud-
ies (Behrensmeyer and Miller 2012). Moreover, it is a valu-
able tool that may be used to predict the potential future con-
sequences derived from environmental changes (Anderson
et al. 1998).

The identification of the agents that caused the deterioration
of recent skeletal carbonate accumulations is important in or-
der to identify a possible bias in the fossil record due to a high
biodiversity during the Phanerozoic, especially in tropical en-
vironments (Best 2008). Mollusk shell accumulations are com-
mon within intertidal environments along the Gulf of Mexico,
and they provide an opportunity for taphonomic research.

The objectives of this study were to assess the nature of
bioerosion and encrustation as well as to describe and
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investigate the role of these taphonomic features contributing
to the deterioration that natural accumulations of marine mol-
lusk shells (bivalves and gastropods) undergo in a tropical
siliciclastic tidal environment prevailing on Mexican beaches
(Playa Norte, Veracruz State).

Past studies about the taphonomy in the Gulf of Mexico are
related to the Shelf and Slope Experimental Taphonomy
Initiative (SSETI) that was performed by Powell et al. (2011)
over 13 years. Experiments of the SSETI project have been
conducted not only on carbonates but also on siliciclastic en-
vironments on the Texas-Louisiana-Florida continental shelf
and slope located 6-20 km from the coast (Powell et al.
2011); Regan’s study (2017) additionally included the coast
of Alabama. Among these studies, one emphasizes the differ-
ence in the quality of preservation among siliciclastic and car-
bonate settings (Best and Kidwell 2000). Nevertheless, until
now, there has been not one taphonomic study performed on
the Mexican coast of the Gulf of Mexico, and this study is the
first attempt.

Most of the studies about the Mexican part of the Gulf of
Mexico have examined factors such as provenance: prove-
nance and geochemistry; petrography and geochemistry of
the sand (Armstrong-Altrin 2009; Armstrong-Altrin et al.
2012; Armstrong et al. 2015; Okazaki et al. 2001; Kasper-
Zubillaga and Dickinson 2001; Carranza-Edwards et al.
2001); mineralogy, geochemistry, and radiocarbon ages of
deep sea sediments (Armstrong-Altrin and Machain-Castillo
2016; Ramos-Vazquez et al. 2017); geochemistry and geo-
chronology of detrital zircons (Tapia-Fernandez et al. 2017);
and heavy metal concentrations of the estuary sediments
(Rosales-Hoz et al. 2015; Botello et al. 2015).

Study area

The study area is located in the western part of the Gulf of
Mexico, Veracruz State. The coast is classified as transgres-
sive. The Gulf of Mexico geology is diverse, and the outcrops
along the western part are composed of Quaternary alluvium
and soils, Cenozoic volcanic rocks, Cenozoic and Mesozoic
sedimentary rocks, and Paleozoic and Precambrian metamor-
phic rocks comprising schists and gneisses (Armstrong-Altrin
et al. 2012). The climate is tropical to temperate with rainfall
and temperature dependent on elevation (Tamayo 1991).

Barra de Cazones comprises five main beaches: Playa Sur,
Playa Azul, Playa Boquitas, Playa Chaparrales, and Playa
Norte INAFED 2012). The subtidal accumulations of bivalve
and gastropod shells (commonly termed “conchales”) are
well-known in Playa Norte and Playa Sur.

Playa Norte beach (20° 44’ 24” N and 97° 11’ 50” W) is the
locality selected to conduct this study because it is a virgin
beach with no permanent artificial structures and does not
show the anthropic disturbances that tourism causes in the
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other beaches of the same area. Playa Norte beach is located at
the opposite side of the Cazones River base level (Fig. 1). This
coast is positioned within a passive continental margin con-
taining abundant sedimentary rocks and consists of primary
volcanic and secondary coasts formed by marine deposition
(Armstrong-Altrin 2009). Miocene calcareous sandstones of
the Tuxpan Formation dominate the sedimentary rocks in this
place. The sedimentary geology of this area has been de-
scribed in detail by Butterlin (1958) and also by Cabrera and
Lugo (1984).

Material and methods

Five bulk sand samples of approximately 5 kg were collected
during the dry season (April) along the supratidal area,
encompassing an overall 2 km area northward. The number
of samples correlates with the number of shelly clusters
formed naturally (berms) on the Playa Norte beach. Shell re-
mains were located approximately 1.5 m from the shoreline on
a beach.

Each one of the five bulk samples was collected following
the technique suggested by Anderson et al. (1998). Samples
were washed with sea water and sieved at the sampling site by
using 4-mm screens. The use of bioclasts above 4 mm is
recommended for taphonomic studies of molluscan remains
as smaller fractions display significantly lower damage than
larger fractions.

Shells were stored in plastic bags and washed with tap
water at the laboratory. Then, the samples were mixed to make
one and taxonomic identification of mollusks was carried out.
Beaked valves and shells displaying spires were selected to
perform the taphonomic analysis in order to avoid double
counting of a single individual.

All shells were first examined under the microscope at a
x10 magnification to identify the presence or absence of
encrusting and/or bioerosion features. When detectable, visu-
ally based percentages of encruster surface area of coverage as
well as bioeroder traces were estimated. When possible, the
types of bioerosive traces and encrusting organisms were
identified at both ichnogenus and ichnospecies levels and they
were allocated to higher ichnotaxonomic levels.
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Fig. 1 Simplified geology map of the study area showing Playa Norte (map modified from carta Geologica, Direccion General de Geografia del territoria

Nacional, scale 1:1,000,000) (modified after Armstrong-Altrin 2015)
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Bioerosion and encrustation were studied for each bioclast
and they were scored based on the following taphonomic
scale: poor=grade 0 (absent), fair=grade 1 (>50%) and
good = grade 2 (<50%) (Table 1). The taphonomic attribute
frequencies were analyzed by using non-binomial 95% confi-
dence intervals.

Because of the small number of bivalve specimens
displaying encrustation and bioerosion, the inner/outer valve
estimation was not analyzed separately. Gastropod and bi-
valve shells were individually considered for the taphonomic
analysis. Bioerosion and encrustation frequencies for bivalve
mollusks were calculated by dividing by two the number of
disarticulated valves in order to correct for the frequency of
bivalved organisms (Kowalewski 2002).

Results
Taxonomic composition

A total of 1930 shells were analyzed from all samples: 1791
corresponded to disarticulated valves from bivalves and 139
to gastropod shells (on-line resource). Resulting in 32 species
identified, 19 from these are bivalves and 13 are gastropods.
Gastropod shells were assigned to Astyris lunata,
Costoanachis avara, Crepidula plana, Conus mus, Diodora
cayenensis, Elachisina floridana, Epitonium albidum,
Heliacus bisulcatus, Impages salleana, Olivella sp., Olivella
minuta, Neritina virginea, and Stramonita haemastoma
Afloridana. Bivalves were represented by Anadara transversa,
Anadara sp., Anomia simplex, Argopecten gibbus,
Brachidontes exustus, Caryocorbula dietziana,
Caryocorbula contracta, Chione cancellata, Crassinella
lunulata, Cyclinella tenuis, Diplodonta punctata, Donax
variabilis, Isognomon bicolor, Ischadium recurvum,
Lirophora obliterata, Lunarca ovalis, Mytilopsis
leucophaeata, Timoclea grus, and Tucetona pectinata.

Table1 Taphonomic attributes and scoring systems used to assess shell
bioerosion and encrusting in the mollusk assemblages
Taphonomic attribute Damage state [llustration
Bioerosion Grade 0 = absent
Grade 1 =<50% Fig. 2a—d, h-i
of the shell area
Grade 2 =>50% Fig. 2e-g
of the shell area
Encrustation Grade 0 = absent
Grade 1 =<50% Fig. 3a, d—e, g-i
of the shell area
Grade 2=>50% Fig. 3b—c,

of the shell area
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Taphonomic features

The bioerosion analysis showed the prevalence of shells un-
affected by this processes (78 % of the total), and a few of them
showed intense bioerosion (Table 3, Fig. 2a).

The molluscan remains obtained from Playa Norte
supratidal area contain a common and poor ichnofauna
(Tables 2 and 3). The morphological analysis of different
structures preserved from bioerosion has enabled the identifi-
cation of four ichnotaxa that belong to three ethological clas-
sifications: domichnia (Entobia and Caulostrepsis),
praedichnia (Oichnus), and pascichnia (Gratichnus).

No evidence of occupation by fouling organisms (such as
barnacles and vermetids) was observed. The dominant
bioerosion structures were linked to the shell-boring per-
formed by non-predatory organisms.

Ichnogenus Entobia Bronn 1837 represents a boring per-
formed on carbonate substrates comprised from a single
chamber to gallery networks connected to the surface by mul-
tiple openings (Fig. 2a). Entobia’s morphology (gallery diam-
eter, chamber development, cameration) is modified along the
ontogeny. Its descriptive morphology has been well studied by
Bromley and D’Alessandro (1984) and also by Blissett and
Pickerill (2007). The traces of this type are produced by
clionid sponges (Fig. 2f-g).

Ichnogenus Caulostrepsis Clarke 1908 is a pouch-shaped
or U-shaped boring that displays a vane connecting the limbs
ofthe U-bent gallery (Fig. 2b) (Gibert et al. 2007). These types
of traces are assigned to polychaete annelids from several
families but particularly to Spionidae (Bromley and
D’Alessandro 1984) (Fig. 2g—h), particularly to the
Polydora Bosc, 1802 genus, although other polychaetes may
also generate this type of traces.

Ichnogenus Oichnus Bromley 1981 is a circular- or
subcircular-shaped hole commonly perpendicular or
subperpendicular to the substrate’s surface. This hole may
pass through the substrate (Fig. 2a—d) (Blissett and Pickerill
2007). O. simplex (Fig. 2a-b) and O. paraboloides (Fig. 2c—d)
are interpreted as gastropod predators: Muricidae and
Naticidae, respectively (Bromley 1981).

Ichnogenus Gnatichnus Bromley, 1975 are star-shaped
traces of regular echinoids that represent rasping activity
(pascichnia) (Fig. 2i) (Spagnuolo et al. 2013).

In order of abundance, the evidence of bioerosion included:
Oichnus in 162 valves and 17 gastropod shells (9.7%),
Caulostrepsis in 93 valves and 15 gastropod shells (5.6%),
Entobia in 52 valves and 4 gastropod shells (2.9%), and
Gnatichnus in two valves (0.10%) (Fig. 2i).

Some specimens have trace associations, such as
Caulostrepsis-Oichnus in 54 valves and 9 gastropod shells
(3.26%), Entobia-Oichnus in 17 valves (0.88%), Entobia-
Caulostrepsis in 8 valves and 2 gastropods (0.52%), and
Entobia- Caulostrepsis-Oichnus in 3 valves (0.16%) (Fig. 2e).
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Fig. 2 Bioerosive traces
identified on bivalves and
gastropods a, d Oichnus simplex
in a Donax variabilis outer side of
a valve, near the umbonal area,
grade 1 bioerosion; b Epitonium
albidum gastropod showing grade
1 bioerosion; ¢—d Qichnus
paraboloides in ¢ Impages
salleana gastropod shell, grade 1
bioerosion; d Lunarca ovalis
outer side of a valve, grade 1
bioerosion; e Ichnogenera
association Entobia-
Caulostrepsis-Oichnus on the
bivalve Lunarca ovalis, outer side
of a valve showing an almost fully
bioeroded surface, grade 2
bioerosion; f Entobia isp, on
Lunarca ovalis valves inner side
showing a fully bioeroded
surface, grade 2 bioerosion, g—h
Caulostrepsis taeniola in g
Anadara transversa bivalve,
outer side of valve, grade 2
bioerosion; h body whorl of
gastropod Olivela isp, grade 1
bioerosion. i Gratichnus isp in
Donax variabilis inner side of a
valve grade 1 bioerosion

A lower encrustation incidence (5%) was identified on bi-
valve and gastropod shells, whereas almost every shell was
pristine (86.32%) (Tables 2 and 3). Serpulid polychaetes are
dominant among all encrusters (Fig. 3e—i). Encrusting bryo-
zoans are also present, and they show very high sites coverage
on individual shells, although they are less numerous (Fig. 3a—
¢). Encrusting foraminifera Homotrema rubrum was also pres-
ent but with low frequency (Fig. 3d).

Table 2 Absolute and relative frequency of taphonomic attributes
(bioerosion and encrustation) in bivalves and gastropods

Bivalves Gastropods

n; fi 95% C1  n; fi 95% C1
Bioerosion
Grade 0 699 078 +1.18 92 0.66 +1.17
Grade 1 173 0.19 43 0.31
Grade 2 23.5 0.02 4 0.03
Encrustation
Grade 0 777 087 *1.10 112 081 +1.10
Grade 1 106.5  0.12 20 0.14
Grade 2 12 0.01 7 0.05

[IA’,,#’

No significant differences were observed regarding the
encrusting and bioerosion frequencies when gastropods and
bivalves were compared. Encrustation was identified as
“poor” in both gastropods and bivalves, whereas bioerosion
was “poor-fair” in gastropods and “poor” in bivalves, al-
though the results are not significantly different (p <0.05).

Discussion

Because of the nature of the encrusters and bioeroders, we
consider that bioerosion and the encrustation have occurred
in subaquiatic conditions, and then the shells were transported
to the supratidal beach where they were deposited and accu-
mulated. Particularly, clionid sponge colonization occurs in
shallow, exposed sites (Bromley 1970); they are common
but are less active in deeper euphotic settings (Brett et al.
2011). Data obtained from Playa Norte mollusk shells will
be discussed in the following sections.

Bioerosion

Entobia was the most common and pervasive bioerosional
trace. Regarding bioeroding sponges, it has been suggested

@ Springer
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Table 3 Encrusting organism and
bioerosional traces identified on

bivalve and gastropod shells
grouped by major taxon

Taxonomic group Taxon name Illustration
Bioerosional traces
Porifera: Clionidae Entobia isp Fig. 2e—f
Annelida: Polychaeta Caulostrepis taeniola Fig. 2g-h
Mollusca: Gastropoda Oichnus simplex Fig. 2a-b
O. paraboloides Fig. 2¢d
Echinodermata: Echinoidea Gnatichnus isp Fig. 2i
Encrusting organisms
Protista: Sarcodina: Foraminiferida Homotrema rubrum Fig. 3d
Annelida: Polychaeta Serpulids Fig. 3e—i
Bryozoa: Ctenostome and cheilostome Bryozoan Fig. 3a—c

Fig. 3 Encrusting organisms a—d Bryozoan encrusting bivalves and
gastropods, a Non-identified bivalve, inner side of a valve showing an
almost circular bryozoan colony, taphonomic grade 1; b detail showing
the bryozoan colony; c) Stramonita haemastoma floridana gastropod
showing an external surface encrusted by bryozoans, taphonomic grade
2; d Non-identified fragment of a bivalve, showing an almost circular
colony on the outer side, taphonomic grade 2; e Homotrema rubrum
foraminifer on the outer side of a valve of Caryocorbula dietziana, taph-
onomic grade 1; f~k Serpulid polychacte encrusting bivalves and

@ Springer

gastropods, f Diplodonta punctata outer side of a valve with an almost
complete covered surface, taphonomic grade 2; g Lirophora obliterata
outer side of valves showing serpulid tube-worms, taphonomic grade 1; h
outer side of Crepidula plana gastropod showing serpulid tube-worms,
taphonomic grade 1; j Non-identified gastropod, fragment of the body
whorl showing a U-shape serpulid tube-worm in the inner, taphonomic
grade 1; k Lunarca ovalis inner side of a valve showing a serpulid tube-
worm. Scale bar 2.5 mm
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that they are more frequently linked to either eutrophication or
nutrient levels but not to environmental parameters (Holmes
et al. 2009). The recycling of shells as hard substrata is
reflected by the association of traces, such as the four
bioerosion types registered in Playa Norte: Caulostrepsis-
Oichnus, Entobia-Oichnus, Entobia-Caulostrepsis, and
Entobia-Caulostrepsis-Oichnus.

Although bioerosion and encrusting are activities contrib-
uting to the deterioration of shell remains, they are considered
mutually exclusive as encrustation may inhibit bioerosion
(Walker et al. 1998). Nevertheless, in this case, encrustation
inhibition may be attributed to bioerosion as the former was
classified as poor. Additionally, it is possible that low
encrusting and bioerosion levels occurred because shells are
frequently found on high intertidal zones, thus the subaereal
exposure protects them from biological damage (Kowalewski
et al. 1995). The obtained values were lower than those ex-
pected from tropical areas, despite the fact that bioerosion is
the main cause of dissolution in marine carbonate environ-
ments (Best 2008). This study corroborates that bioerosion is
relatively limited in siliciclastic environments, as previously
suggested by Kidwell et al. (2005) and Best (2008).

Dead shell accumulations from siliciclastic environments
display occasional encrustation and microboring, such as
bioerosion, when compared to assemblages from carbonate
settings. In these, higher encrustation levels are observed as
well as macroscopic bioerosion (Best 2008). Based on the low
bioerosion degree (Table 2), bioaccumulation is the dominant
pattern regarding the mollusk setting in this study. However,
this does not ensure the preservation of these remains as part
of the fossil record, and other taphonomic and sedimentologic
features must be considered (mainly mechanical fragmenta-
tion and chemical dissolution).

The low bioerosion observed on some traces may be
caused by the hydrodynamic settings, just as waves and par-
ticles transport, and by the sedimentation rates in those cases
where bioerosion occurred.

Encrusting

The low encrusting density for mollusks may be the conse-
quence of a relatively short exposure period of the remains
before burial occurs (Brett et al. 2011), low nutrient levels
(Lescinsky et al. 2002), constant shell motion that inhibits
the encruster setting, or either by quickly wearing off
encrusters and a decreased biological activity in siliciclastic
environments as consequence of their high turbidity (Parsons-
Hubbard 2005). In carbonate sites, low values range from near
zero were reported in stressed environments and highest
values at shallow upper euphotic zone (Brett et al. 2011).

We suggest that low skeletal coverage values shown in
Playa Norte are mainly a consequence of the remains’ expo-
sure period (a short-time result in less encrusting), followed by

frequent exhumations. They may be also a consequence of a
constant shell motion. Both explanations are dependent on the
sedimentation rate.

The relatively low encrusting activity on the shell remains
cannot be attributed to the low nutrient levels prevailing in the
seawater, because of the proximity with the Cazones River
base level. Nutrients and suspended particulates are abundant
and the river brings lots of organic matter to this site. Neither
can be explained based on a large number of soft-body organ-
isms living in the community (Vinn and Wilson 2010), such as
algae films, because only one shell showed grazing
bioerosional evidence. A low encrusting rate caused by a
quick encruster wear-off is also discarded based on the mark-
ings identified under the microscope, as they possibly repre-
sent serpulid and bryozoan colonies—although there were no
skeletons present, the marks of them remain on the shells—
thus they were considered as encrustings.

Generally, encrusters are not selective for inner or outer
shell surface, although more bryozoans were observed in inner
shells, whereas more serpulids occurred on the outer side. It
has been suggested that bryozoans prefer cryptic surfaces due
to predation pressure created by grazers on the upper surface
(Vinn and Wilson 2010).

Our results do not show spatial competition between
encrusters, i.e., none of them showed outgrowth evidences
regarding the other. Low bioerosion rates are considered a
particular feature of quiet, mud-influenced intertidal environ-
ments (Stearley and Ekdale 1989). However, in this case, an
environment possessing suitable aeration conditions and clear
water prevailed.

Utility in paleoenvironmental interpretation: Tuxpan
Formation

Because death assemblages represent the first step during fos-
sil assemblage formation, we suggest that our results represent
an important tool for biological and paleontological studies
aimed to understand ecological and taphonomic processes oc-
curring in any coastal setting, especially in Paleocene-
Neogene deposits along the Gulf of Mexico coast areas.

During the Oligocene, the Mexican coast of the Gulf of
Mexico was predominantly terrigenous. The Appalachian up-
lift that occurred during the Miocene produced a considerable
amount of sediments that were subsequently transported to the
south (Davis 2011) to be finally deposited in continental, ma-
rine, and transitional environments (Wicander and Monroe
2000). By association, this approach could be applied partic-
ularly to the rich fossiliferous sandstones beds from the
Tuxpan Formation (Miocene), in which depositional environ-
ment as well as the content of biogenic remains are similar in
the grain-size, environmental deposit, and faunistic
association.

@ Springer
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The Tuxpan Formation (Dumble 1911) consists of clay and
sandy clay, blue sandy shale, and calcarecous sandstone
(Hernandez et al. 2004). Strata are parallel and almost hori-
zontal with little alternation of foraminifera, ostracods, mol-
lusks, crustacean remains, echinoderms, and annelid burrows
(Skolithos isp.) (Vega et al. 1999). Based on its fossil content,
Barker and Blow assigned this unit to the Lower Miocene
(Burdigalian-Langhian). Shallow water transgression was
the underlying cause of the deposition of these sediments.
However, the subsequent regression caused its current posi-
tion on the Gulf of Mexico (PEMEX 2013). Based on its
lithology and fauna composition, it may be inferred that this
deposition occurs between 10 and 30 m depth in euryhaline,
tropical waters with a salinity range between 32 and 36%o psu
(Carrefio 1986; Perrilliat 1994; Vega et al. 1999).

The ichnofabric pattern of Tuxpan Formation suggests a
shallow marine environment. Skolithos are traces left by or-
ganisms in subtidal areas, usually in the sand, and they are
considered a typical ichnogenus of marine sandstones
(Bhattacharya and Bhattacharya 2007).

Lopez-Ramos identified the formation along the Gulf of
Mexico’s coast comprising more than 125 km from
Gutierrez Zamora to Cerro Azul, from south to north, having
a 15-km average width (ranging from 1 to 20 km in some
points) (Hernandez et al. 2004).

The outcrops are being constantly subjected to eolian and
hydric erosion, therefore they contribute to the sand accumu-
lation that has become one of the main causes for mollusks to
be rapidly buried. As a result, preservation is helpful to retain
the original shell colors.

So far, there are no studies focused on the taphonomy of
fossil remains, specifically on the Tuxpan Formation. The
similarity between the recent assemblage and the outcrops
from this formation identified in the same area are evident as
they display a specific fauna type and sand-sized sediments.
Moreover, the paleoecological interpretation during the
Langhian is comparable to the current conditions prevailing
in Playa Norte. Future studies will also include the study of
fragmentation, dissolution, abrasion, physical processes, as
well as the intrinsic factors of the mollusk in order to assess
their importance in defining shell assemblage deterioration or
preservation in this type of depositional settings to generate a
taphonomic pattern.

Conclusions

There are no significant differences between gastropod and
bivalves regarding bioerosion and encrustation; both
displayed in a low grade. Poor bioerosion and encrustation
scores may be originated by hydrodynamic conditions, includ-
ing constant shell motion and frequent exhumation processes.
Clionid sponges, spionid polychaetes, and gastropods are the

@ Springer

main bioeroders. The dominant bioerosion structures were
correlated to a boring activity performed by non-predatory
organisms. Encrustation is mainly caused by serpulids and
rarely by bryozoans and foraminifera. The analysis conducted
on bivalve and gastropod natural assemblage obtained from
Playa Norte, Gulf of Mexico, indicates that biological activity
in siliciclastic environments (bioerosion and encrusting) is not
important for the obliteration of biotic remains. Considering
the reduced evidence of biological activity, it was the case that
mollusk shells accumulation prevailed over biotic destruction.
The present study suggests that systematic study of encrusting
and bioerosion have potential to elucidate ancient coastal en-
vironments in conjunction with the study of other indicators,
and may permit more precise paleoreconstructions.
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