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ABSTRACT

Bioerosion is a common process in lithified substrates. Nevertheless, organic shelly substrates can be used by dwelling organisms
as temporary hard substrates. This study introduces an example from the Miocene of Patagonia (Rio Negro Formation), cropping out at
sea cliffs. The Rio Negro Formation includes three members, the middle member being a shallow marine level that represents a com-
plete transgressive - regressive cycle. The upper portion of the trangressive interval commonly includes pavements of oysters (Ostrea
patagonica), which show many bioerosive structures. The traces have been assigned to the ichnogenera Gastrochaenolites and Entobia.
Maeandropolydora isp. appears in a smaller proportion. The assemblage belongs to the Entobia Ichnofacies.
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RESUMEN

La bioerosion es un proceso comun en substratos litificados. Sin embargo, las conchas pueden ser también utilizadas por los orga-
nismos como substratos duros temporales. Este estudio presenta un ejemplo del Mioceno de Patagonia (Formacion Rio Negro) que aflo-
ra en acantilados marinos. La Formacion Rio Negro incluye tres miembros, de los cuales el miembro intermedio es un nivel marino so-
mero que representa un ciclo transgresivo-regresivo completo. La porcién superior del intervalo transgresivo incluye frecuentemente
pavimentos de ostras (Ostrea patagonica), que muestran muchas estructuras bioerosivas. Las trazas han sido asignadas a los icnogéne-
ros Gastrochaenolites y Entobia. Maeandropolydora isp. aparece en menor proporcion. La asociacion corresponde a la Icnofacies de
Entobia.
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INTRODUCTION

Bioerosion is widely considered as an important pro-
cess affecting hard substrates, such as rock and wood.
Many studies during recent years focused on inorganic
hard substrates (Bromley, 1992, 1994; Martinell and
Domeénech, 1995; Gibert et al., 1998) resulting in a subs-
tantial improvement. Nevertheless, skeletal remains can
act as hard substrates of small dimensions, where bioero-
sive activity can be very important (Martinell, 1989). The
effect of bioerosive processes on shelly substrates has re-
ceived attention from several authors (Martinell and
Doménech, 1981; Martinell, 1982; Bromley and D"Ales-
sandro, 1983, 1984; Bromley and Martinell, 1991). This
contribution provides some ancient examples of bioero-
sion processes affecting large bivalves from the Miocene.

The Argentinian coastal zone located at the Northeast
of Patagonia is a flat and arid steppe, where the only geo-
logical exposures are the well-developed sea cliffs (up to
65 meters high) (Fig. 1).

A shallow marine level can be recognized near the ba-
se of the cliffs. It has a thickness of about 10 m and a la-
teral continuity of up to 50 km. This level was deposited
in a partially confined shallow basin, affected by wave re-
working processes. Bioclasts are locally abundant, inclu-
ding large specimens of Ostrea patagonica D'ORBIGNY.
These bivalves appear isolated or forming pavements, on
which endolithic bioerosive structures were observed.
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Figure 1. Location map of the studied sections.
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GEOLOGICAL SETTING

The coastal outcrops under study were assigned to
the Rio Negro Formation (Andreis, 1965), and interpre-
ted as a mainly fluvial unit (Fig. 2). Recent studies by Za-
vala and Freije (2000) proposed a new origin and strati-
graphic schema for the succession. These authors
recognized, within the Rio Negro Formation, the existen-
ce of three uncorformity-bounded subunits or allomem-
bers (hereafter abbreviated as "Members").

The lower member crops out with a missing base and
it is composed of sandstones and mudstones deposited in
a mainly aeolian paleoenvironment.

The middle member unconformably overlies the lo-
wer member near the base of the cliffs and consists of
marine deposits.

The upper member consists of fine to medium grai-
ned sandstones and mudstones and sharply overlies the
middle member. It was deposited in an aeolian deposi-
tional environment similar to that of the lower member.

The marine level (middle member) is constituted by
dark-grey mudstones and bioclastic sandstones recording
a complete marine transgressive-regressive cycle deposi-
ted in a shallow and partially confined sea, with some
evidences of wave reworking processes.

According to its position in the sequence and to Po-
tasium-Argon dating of equivalent marine deposits (9.41
My , Zinsmeister et al., 1981), the middle member was
assigned to the Tortonian (Late Miocene). These marine
deposits constitute a single depositional sequence, where
a transgresssive and a highstand systems tracts were re-
cognized (Fig. 3). In the uppermost portion of the se-
quence, a forced regression was recognized, probably re-
lated to a relative, rapid fall of sea level (Zavala and
Freije, 2000).

MATERIAL

The material on which the present work is based co-
mes from three localities: El Espigon, Playa Bonita and
La Loberia (Figs. 1, 3).

Marine macrofossils are locally abundant and include

bivalves as Chlamys tehuelchus, Podoesmus papyraceus,
Ostrea patagonica, Chionopsis sp. and Dinocardium sp.,
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Figure 2. Stratigraphic section of the study area.
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echinoidis as Monophoraster darwini, cirripedes as Ba-

FACIES LITHOLOGY UNITS AGE lamus, and corals as Oculina singleyi.
FLUVIAL Patogenens:  Pleistocene
I | The highly bioturbated mudstones of lower shorefa-
ce-offshore settings yielded abundant valves of Ostrea
patagonica whith many bioerosive structures.
early
g Upper o  Pliocene Oysters are epifaunal bivalves that possess a strongly ine-
% Member S quivalve shell. They live at the intertidal-subtidal zone, ce-
g pos mented to the substrate to withstand the high energy of this en-
E h vironment and their irregular shape is often a function of this.
go As a dead epifauna, vital activity reflection of the or-
] ganisms is showed in those that bear important areal ex-
E Middle % late tensions and coated zones (Mayoral, 1991). In this way,
% » Member 2  pMiocene oysters can constitute organic, hard substrates, ideal to re-
= g. gister the activity of boring organisms in search of dwe-
== 5 lling. Because bioerosion is a self-destructive process, the
a ;5 < Lower sculpture it produces can only be preserved to the geolo-
u e Member gic record if it is buried under sediment (Bromley, 1994).

Apart from these bioerosive structures on oyster
shells, another mechanism of taphonomic alteration is al-
so common: the encrustation caused by epilithic orga-
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Figure 3. Correlation of measured sections and sequence stratigraphy of the Middle Member of the Rio Negro Formation. TST: Trans-
gressive System Tract; HST: Highstand System Tract; mfs: maximum flooding surface; FR: Forced Regression. * Levels considered
in this work.
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nisms such as barnacles and corals. Oculina singleyi
VAUGHAN is a colonial coral that encrusts on the valves
of Ostrea patagonica (Plate 11, fig. 7). This coral is com-
posed of cylindrical corallites with strong ribs and circu-
lar, deep calices up to 3 mm of diameter, irregularly dis-
tributed on the external surface of oysters .

The material used in this study is deposited at the De-

partment of Geology, Universidad Nacional del Sur under
(PI-UNS).

TRACE FOSSIL DESCRIPTION

Ichnogenus Gastrochaenolites LEYMERIE, 1842

Gastrochaenolites torpedo KELLY and BROMLEY, 1984

Plate 1, figs. 1-8; Plate II, figs. 1-2

Description: Club-shaped, slightly elongate borings

with circular cross-section. The borings are distributed
in all available valve surface both in external and inter-
nal zones but mainly in the external surface (Plate I, figs.
1-5).

Usually, the borings appear where the shell is thic-

ker (Plate I, fig. 6). Some borings are produced appro-
ximately normal to the surface, while others are parallel
to the surface of the valve or located in the edge (Plate

L

fig. 7).

The internal surface of the borings may be smooth or

may show a sculpture consisting on concentric lines or ru-
gae (Plate I, fig. 8; Plate II, fig. 1).

Sediment filled borings or internal molds of the holes

are commonly preserved, revealing the three-dimensional
morphology of the structure (Plate I, fig. 2).

Dimensions: Sizes varying between 10 and 35 mm in

length; S and 12 mm of width.

Miocene Bioerosion on Shells

Remarks: These borings are assigned to boring bival-
ves with a behavior based on the search of refuge or dwe-
lling (domichnia), and they are attributed to the ichnoge-
nus Gastrochaenolites LEYMERIE, 1842.

Ichnospecies of Gastrochaenolites are generally sha-
llow-water trace fossils, and where individuals are crow-
ded and dominate the assemblage, only a few meters of
water may be inferred (Bromley, 1994).

According to the boring morphology given by Kelly
and Bromley (1984) -oval apertural form, neck region
markedly compressed, circular cross-section, base of bo-
ring acutely parabolic- the studied material could corres-

pond to the ichnospecies Gastrochaenolites torpedo
KELLY and BROMLEY, 1984.

Bromley and D’Alessandro (1987) stated that Gas-
trochaenolites torpedo corresponds precisely to the work
of Lithophaga lithophaga, one of the most abundant and
best known mytilid borers, largely confined to calcareous
substrates. These type of borings are made by bivalves of
Family Mytilidae which, by means of an acid organic se-
cretion, bore holes to dwell inside.

In the study area, modern borings similar to Gastro-
chaenolites are known in the Atlantic coast and they are
produced by Lithophaga 'patagonica (D'ORBIGNY,
1846). However, it is not possible to attribute the studied
Gastrochaenolites to the same species because they do
not contain fossil shells of their producers.

Occurrence: Very abundant at La Loberia and Playa Bonita.

Ichnogenus Entobia BRONN, 1837
Plate II, figs. 3-7

Description: Camerate entobian composed of net-
works of chambers arranged parallel to the external oys-
ter shell. Apertures of distinct sizes differing within the

Plate I
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. Ostrea patagonica with borings of Gastrochaenolites torpedo on the external surface. From EI Espigén. PI-UNS 3020.
. Intensely bored external surface of an oyster. From La Loberia. PI- UNS 3024.

. Detail of the umbonal area borings. From La Loberia. PI-UNS 3023.

. Internal surface of Ostrea patagonica. From La Loberia. PI-UNS 3025.

. Internal surface of an oyster. From Playa Bonita. PI-UNS 3022.
. Gastrochaenolites torpedo where the shell is thicker. From Playa Bonita. PI-UNS 3028.

. Gastrochaenolites torpedo in the ventral edge. From Playa Bonita. PI-UNS 3027.

. Internal surface of Gastrochaenolites torpedo showing a sculpture of concentric lines or rugae. From Playa Bonita. PI-UNS 3021.
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same sample; the larger are circular and variable in dia-
meter; the smaller spread among the larger ones. The
shape of the chambers varies from subrounded to su-
brectangular. Intercameral walls between neighbouring
chambers. Thus, fusion does not occur (Plate 11, fig. 3).

Dimensions: Aperture diameter ranging between 0.5
and 2.5 mm.

Remarks: Entobian forms are the work of endolithic
sponges. Similar borings are produced nowadays by several
species of Cliona (Bromley and D’Alessandro, 1989). On
the basis of their three dimensional configuration, many en-
tobian ichnospecies have been recognized, but in this case
identification has not been possible. Nevertheless, Entobia
geometrica BROMLEY and D"ALESSANDRO from the
Pliocene of the Gravina Formation (Bromley and D’Ales-
sandro, 1984) is closely similar to our material.

Occurrence: Numerous specimens at El Espigon,
Playa Bonita and La Loberia.

Ichnogenus Maeandropolydora VOIGT, 1965
Plate 11, figs. 6, 8

Description: Long, shallow and sinuous borings that
extend as U-shaped pouches. Pouches tend to run para-
llel with a tendency for a symmetrical mode of growth
of these (Plate II, fig. 8).

Dimensions: Lenght: 10-20 mm; diameter: 1-1.5 mm.

Remarks: These borings are produced by polychaete
annelids of various families (Bromley and D’Alessan-
dro, 1983). On the basis of their close similarity in
morphology and size, they may be tentatively assigned
to  Maeandropolydora barocca BROMLEY and
D’ALESSANDRO.

Occurrence: At La Loberia and Playa Bonita.

Miocene Bioerosion on Shells

CONCLUSIONS

The study of the borings recorded on valves of Ostrea
patagonica at the north-east of Patagonia suggests that
most of them were produced after death of the host in di-
sarticulated valves, both at their external and internal
surfaces. Although these valves are immerse in fine-
grained sediments, they could have constituted subaque-
ous shell pavements that could have been suitable to
host boring organisms. In the case study, bioerosion ac-
tivity was enhanced by very low depositional rates, as-
sociated to an overall transgressive tendency. Conse-
quently, fossil asemblages of valves of Ostrea
patagonica can locally constitute organic, hard substra-
tes where the ichnogenus Gastrochaenolites and others
can effectively develop. It must be noted that in the pre-
sent work, these temporary shelly substrates are consi-
dered in the same way to that of the truly lithified subs-
trates.

The trace fossil assemblage described herein is do-
minated by the ichnogenera Gastrochaenolites and En-
tobia, which often are accompanied by worm borings
such as Maeandropolydora. This assemblage belongs to
the Entobia Ichnofacies as defined by Bromley and As-
gaard (1993).

The presence of the Gasirochaenolites-Entobia as-
semblage is clearly observed. It is typical of Neogene
and with major or minor variations has been recorded
since to the Jurassic at least in rocky shores (Gibert et
al., 1998).

The level with bored oysters is related to a quick
transition between shoreface-offshore facies registered
within the transgressive systems tract (TST). Regional
data, supported by the correlation of several detailed
sections (Zavala and Freije, 2000), indicate that the wa-
ter depth never exceeded 15 meters, within a partially
confined basin. Consequently, the passage from shore-

Plate 11

Internal surface of a oyster shell fragment with borings of Gastrochaenolites torpedo. From La Loberia. PI-UNS 3019.
Oyster with three filled Gastrochaenolites torpedo. From Playa Bonita. PI-UNS 3026.

Gastrochaenolites-Entobia assemblage. From El Espigon. PI-UNS 3029.

Small and numerous Entobia borings. From La Loberia. PI-UNS 3030.

Gastrochaenolites, Entobia and Maeandropolydora. From La Loberia. PI-UNS 3032.
Gastrochaenolites, Entobia and encrustation by Oculina singleyi. From El Espigon. PI-UNS 3033.
Maendropolydora on external surface of oyster. From La Loberia. PI-UNS 3034,

1.
2.
3.
4,
5. Gastrochaenolites and Entobia. From La Loberia. PI-UNS 3031.
6.
7.
8.

Scale bar: 1 cm
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face — offshore conditions occurred at very shallow po-
sitions, and was related to the landward shift in facies
during the TST, without a substantial increase in the wa-
ter level.
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