Asociacion Paleontoldgica Argentina. Publicacion Especial 9: Buenos Aires, 30-10-2003
IV Reunion Argentina de Icnologia y Il Reunion de Icnologia del Mercosur: 169-175.

ISSN 0328-347X

The significance of a densely bored surface at the top of
the Camacho Formation (Late Miocene) of Uruguay

Mariano VERDE!

Abstract. The presence of a bivalve boring assemblage is reported from the uppermost part of the
Camacho Formation (Late Miocene), at Barrancas de San Juan (Colonia Department, Uruguay). The trace
fossil assemblage, composed of several ichnospecies of Gastrochaenolites and showing a high density, al-
lowed to infer that this stratum suffered a certain degree of consolidation before colonization by the bor-
ers, and is interpreted as a hardground developed by dewatering of the seafloor. The great abundance of
specimens of this ichnogenus also helped to interpret this surface as an omission surface, suggesting a pe-
riod of diminished deposition or non deposition, at least in ecological time scale. Subsequently, at least
one erosive event is recorded by the truncation of the ichnofossils. The bivalve boring assemblage indi-
cates the development of a hardground under extremely shallow water conditions very close to the shore
line and, therefore, the presence of a rocky shore landscape. The trace fossil assemblage, together with oth-
er evidence from body fossils and sedimentary facies, suggests a general shallowing trend in the Camacho
Formation.

Resumen. EL SIGNIFICADO DE UNA SUPERFICIE DENSAMENTE PERFORADA EN EL TOPE DE LA FORMACION CAMACHO
(Mioceno TARDIO) DE URUGUAY. Se reporta la existencia de ua asociacion de perforaciones de bivalvos en
el tope de la Formacion Camacho (Mioceno Tardio), en la localidad de Barrancas de San Juan
(Departamento de Colonia, Uruguay). La asociacibn compuesta por varias icnoespecies de
Gastrochaenolites, muestra una alta densidad por unidad de area, permitiendo establecer que el estrato por-
tador de las perforaciones sufrié un cierto grado de consolidacién previo a la colonizacion por parte de los
bivalvos, y es interpretado como un hardground producto de la deshidratacion del sustrato. La presencia
de abundantes Gastrochaenolites permitié ademas reconocer que el nivel perforado por los bivalvos repre-
senta una superficie de omisién, lo que significa un periodo de no depositacion o escasa depositacion, al
menos en tiempo ecoldgico. Posteriormente se registra uno 0 méas eventos erosivos evidenciados por el
truncamiento de los icnofosiles. Esta asociacion de perforaciones de bivalvos, que se extiende unos once
kilémetros en la horizontal, es indicadora de hardgrounds desarrollados en ambientes de escasa profundi-
dad muy cercanos a la linea de costa y por ende un paisaje de paleorupicosta. Los icnofosiles en cuestion
junto a otras evidencias paleontolégicas y sedimentolégicas sugieren una tendencia general de somer-
izacién en toda la seccién de la Formaciéon Camacho.
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Introduction

The Camacho Formation represents a transgres-
sive event - known in the old literature (Teisseire,
1928; Roselli, 1939; Serra, 1943) as “Transgresion
Entrerriana” - well documented from the Miocene
outcrops of Uruguay and also recorded in parts of
eastern Argentina and southern Brazil. The Camacho
Formation mainly crops out in the southern coastal
region of Uruguay at Colonia and San José
Departments, and can be found in the subsurface
along the Uruguayan coast in Chuy well N° 364, lo-
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cated in the western region of the Pelotas Basin, close
to the Uruguay-Brazil border (de Medina, 1962;
Figueiras and Broggi, 1971, 1973; Sprechmann, 1978).

Typical lithologies of the Camacho Formation are
fine-to coarse-grained sandstone, mudstone, pack-
stone and siltstone, with some thin beds of claystone.
Caorsi and Gofii (1958) coined the name “Camacho
Sandstone”; the Formation rank was given by Goso
and Bossi (1966) subsequently.

This unit is well known by its rich and abundant
fossiliferous content which includes marine micro-
fossils, invertebrates and invertebrate trace fossils, as
well as marine and terrestrial vertebrates. On the
other hand, despite the abundance and diversity of
invertebrate trace fossils in this unit, they were sel-
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Figure 1. Map showing the location of the outcrops with the
Gastrochaenolites ispp. assemblage. From north to south: Cafiada
La Negra, Barrancas de San Pedro, North of Arroyo El Cafio
mouth. Single arrows point to local occurrences, dotted line marks
continuous occurrences / Mapa con la ubicacion de las localidades que
presentan la asociacion de Gastrochaenolites ispp. De norte a sur:
Cafada La Negra, Barrancas de San Pedro, Norte de Arroyo El Cafio. Las
flechas indican presencias puntuales, la linea punteada indica presencia
continua.

dom reported in the literature (Martinez, 1994,
Sprechmann et al., 1994, 1998; Verde and Pifieiro,
1994; Verde, 2000, 2002). Among these few references
about ichnofossils in the Camacho Formation, soft
substrate trace fossils (burrows) are the most fre-
guently reported, and are known to occur at several
levels of the unit; on the contrary hard substrate
traces (borings) were thought to be confined only to
the oyster banks located in Colonia and San José
Department (Sprechmann et al., 1998).

The purpose of this contribution is to document
the presence of a hardground situated on the top of
the Camacho Formation that was formerly regarded
as belonging to soft substrate facies. This hardground
occurs in three localities (figure 1); it was revealed by
its ichnofossils, and is interpreted here as an omis-
sion surface.

The trace fossil assemblage

The stratigraphic log of the Camacho Formation
at Barrancas de San Juan (Presidential Park,

A.P.A. Publicacion Especial 9, 2003

M. Verde

Anchorena Ranch, Colonia Department) (figure 1)be-
gins with a section composed mainly of mudstone,
packstone, and sandstone; locally interbedded with
siltstone. This section is approximately four meters

Figure 2. Stratigraphic section of the Camacho Fm. in the studied
area. The arrow indicates the level with the Gastrochaenolites as-
semblage./ Seccion estratigrafica de la Fm. Camacho en el area estudi-
ada. La flecha sefiala el nivel con la asociacién de Gastrochaenolites.
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thick, and is capped in some places by a very friable
fine-grained sandstone. At other localities - e.g.
Caflada La Negra - the friable fine-grained sandstone
is lacking, and the section mentioned above is
capped by a coarse-grained sandstone that is also
present at other outcrops of the Camacho Formation
(Martinez, 1994; Verde and Perea, 1992) (figure 2).

The hardground trace fossil assemblage was found
in the mudstone under the coarse sand, in the upper-
most part of the Camacho Formation. This mudstone
was treated with HCI (10%) to test its carbonate con-
tent, and did not react at all. The borings cross cut oc-
casional clay intraclasts, and are filled with the coarse
sand. Thus, the kind of preservation of the traces is of
the bed-junction type.
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The trace fossil assemblage at Cafiada La Negra is
impressive, as this planar surface is almost complete-
ly bored by the bivalves (figure 3). All the borings
were referred to Gastrochaenolites Leymerie, 1842,
and five ichnospecies were recorded: G. lapidicus, G.
ornatus, G. torpedo, G. turbinatus, and G. isp. (proba-
bly a new form). The bored surface is areally exten-
sive and can be traced horizontally for at least sever-
al hundred meters in this locality.

In addition to the morphologic diversity of bor-
ings, a wide range of size was recorded, being 3 mm
to 40 mm approximately in maximum diameter and
up to 80 mm long in many complete specimens (fig-
ure 4). Several specimens bear well-preserved con-
centric bioglyphs in their bases (G. ornatus), that

Figure 3. Hardground with Gastrochaenolites ispp. at Cafiada La Negra. A: Top of the Camacho Formation (the arrow points the omis-
sion surface), the hammer on the right is 28 cm. B: Plain view of the surface with crowded Gastrochaenolites, lens cap is 5,5 cm in diam-
eter. C: Vertical section of the level with borings, the brush is 20 cm long./ Hardground con Gastrochaenolites ispp. en Cafiada La Negra.
A: Tope de la Formacion Camacho (la flecha sefiala la superficie de omision), el martillo de la derecha mide 28 cm. de longitud. B: Vista en planta de
la superficie con numerosos Gastrochenolites, el cubre lente mide 5,5 cm. de didmetro. C: Corte vertical del nivel con perforaciones, el pincel mide

20 c¢m de longitud.
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Figure 4. Complete specimen of Gastrochaenolites lapidicus (artifi-
cial paraffin cast). Scale bar is 1 cm / Ejemplar completo de
Gastrochaenolites lapidicus (molde artificial de parafina). La escala
representa 1 cm.

match well the morphology of some recent pholadid
bivalve borings, which were made by mechanical
means. Truncation of the neck region of the borings
is common, and in some points, only the basal part of
Gastrochaenolites is preserved; this fact allowed to in-
fer the amount of erosion subsequent to the period of
boring. No shells have been found inside the borings,
even in the complete ones.

At another locality, north of Arroyo El Cafio mouth
(Colonia Department), 11.5 km southeast from
Barrancas de San Juan, a well preserved similar as-
semblage of Gastrochaenolites ispp. was found at the
top of the Camacho Formation, although it was not
possible to trace laterally due to the vegetation cover
and landslides in the cliff. A third locality was studied,
Barrancas de San Pedro, located between Barrancas de
San Juan and Arroyo El Cafio mouth, 7.5 km southeast
from Barrancas de San Juan. In this outcrop some
Gastrochaenolites were found at the top of the Camacho
Formation, but the remains are scarce and poorly pre-
served, perhaps due to the coarse-grained sediments
of the overlying materials (a conglomerate with
coarse-grained sandy matrix). Nevertheless, the bored
surfaces at north of Arroyo ElI Cafio mouth and
Barrancas de San Pedro can be correlated with thore
present at Cafiada La Negra.

The lack of Entobia in this hardground is notewor-
thy, taking into account that sponge borings are very
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common in other hard substrates of the Camacho
Formation (e.g. oyster banks, Sprechmann et al., 1998;
Verde, 2002) and that they are also abundant in many
Cenozoic hardgrounds worldwide (Bromley, 1994).
The absence of sponge borings in this hardground is
discussed below.

Discussion and conclusions

The stratigraphic position and mode of preserva-
tion of the trace fossil association of G. lapidicus, G. or-
natus, G. torpedo, G. turbinatus and G. isp. in a distinct
horizon showing a high density indicates the devel-
opment of an omission surface and a hardgound at
the top of the Camacho Formation. The absence of
Entobia can be explained by the virtual lack of car-
bonate in this level, the high siliciclastic content of
the rock, and the fact that boring sponges can only
colonize calcareous substrate. Thus, the origin of this
hardground can be interpreted as a consequence of
seafloor dewatering, rather than cementation, taking
into account the lack of carbonate in the rock. This
boring assemblage can be identified as an “omission
suite” of Bromley (1975) due to its bed-junction kind
of preservation. From an ecological point of view,
this assemblage can be assigned to the IG-V ichnogu-
ild for hard substrates (Bromley and Asgaard, 1993),
which is composed of medium to deep tier domiciles
of suspension-feeding bivalves.

Both the analysis of this trace fossil assemblage
and its kind of preservation lead to an understand-
ing of the environmental conditions and processes
leading to its formation. Such processes are depicted
in figure 5 and described herein as follows. First, fol-
lowing the deposition of the sediments recorded by
the trace fossil bearing strata, the substrate suffered
some degree of consolidation by dewatering, before
the establishment of the boring bivalve community
on this surface. The lithification event may have tak-
en place underwater (Garrison et al., 1969) or under
sporadic events of subaerial exposure, due to the pa-
leobathymetric condition of these deposits (inter-
preted as very shallow), although no evidence of ex-
humation was found. Then a considerable lapse of
time - at least in ecological scale - had to occur with-
out either significant erosion or copious sedimenta-
tion to allow the trace makers to establish them-
selves and reach their adult size. It is noteworthy
that endolithic communities, composed mainly of
suspension-feeding organisms, are sensitive to silt-
ing and small quantities of sediment can kill them
(Bromley, 1994). Subsequently, at least one erosive
event took place locally, which removed approxi-
mately the uppermost 6-7 cm of the bioeroded sur-
face; this was estimated by taking into account the
maximum length of complete specimens in nonerod-
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Figure 5. Scheme of the processes involved in the formation of the hardground, the omission surface and the bivalve boring assem-
blage./ Representacion esquematica de los procesos involucrados en la formacion del hardground, la superficie de omisién y la asociacion de perfora-

ciones de bivalvos.

ed areas (see the diference between horizontal ar-
rows in figure 5). This erosive episode can be recog-
nized from abundant truncated borings. This event
is not thought to be contemporaneous with the colo-
nization of the bivalves as the borings infill - coarse-
grained sand - can be easily distinguished from the

matrix bored by the molluscs. After or even during
the erosive event, the borings were filled by a coarse-
grained beach sand.

The dense Gastrochaenolites association found on
this surface can be compared with other examples in-
terpreted as indicative of extremely shallow water
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conditions, with high energy and very close to the
shoreline (Lewy, 1985; Bromley, 1994; Mikula$ and
Pek, 1995; Domenech et al., 2001).

An overall shallowing upward trend can be rec-
ognized for the Camacho Formation on the basis of
several lines of evidence. From the base upwards,
and along a large part of the section, subtidal trace
fossil assemblages (mainly Ophiomorpha and
Thalassinoides) are found, as well as abundant distal
tempestites. At the top, oyster banks typical of the in-
tertidal zone are recorded. In addition, at some local-
ities the Camacho Formation is capped by a sand-
stone deposited in coastal dune fields (Martinez,
1994). The Gastrochaenolites association analyzed here
is consistent with this general shallowing trend seen
in the Camacho Formation. The fact that the bored
surface is not a local phenomenon, but can be traced
horizontally along several hundred meters - at
Caflada La Negra -, and at least 11,5 km - taking into
account the correlation proposed for three localities
studied - (figure 1), strengthens the conclusions
reached here.

From a paleogeographic point of view, the ichno-
logical assemblage analyzed is important, since it
records the development of an ancient rocky shore
or paleorupicost (Johnson, 1988) composed of con-
solidated mudstones - that can be compared with
other examples, e.g. Domeénech et al., 2001, for the
Miocene of Spain - during the latest regressive phase
of the “Entrerriense” Sea that deposited the
Camacho Formation. This rocky shore landscape
probably had an extension of at least 11,5 km, as
documented by the three outcrops examined in this
work.

This study highlights the importance of trace
fossils and shows that more attention must be fo-
cused on the ichnology of this unit in order to rec-
ognize the presence of hardgrounds in strata for-
merly thought to encompass exclusively soft sub-
strates, and to understand the processes that formed
them. It is also noticeable the value of trace fossils in
the Camacho Formation as indicators of a certain
kind of ancient landscape that was unknown for
this unit.

Acknowledgements

| gratefully acknowledge Sergio Martinez and Alejandra
Rojas, who assisted me during field work. Special thanks to
Richard G. Bromley and Mark A. Wilson, who reviewed the man-
uscript, made useful suggestions and critical comments that im-
proved the final version. | also thank Duncan Mcllroy, who read
the manuscript and made valuable suggestions, and the authori-
ties of the Presidential Park (Anchorena Ranch) where the field
work was done, for their hospitality. This paper is part of the post-
graduate studies of the author, partially financed by the PEDECI-
BA Program.

A.P.A. Publicacion Especial 9, 2003

M. Verde

Bibliography

Bromley, R.G. 1975. Trace fossils at omission surfaces. In R. W.
Frey (ed.), The study of trace fossils, Springer Verlag: 399-428.

Bromley, R.G. 1994. The palaeoecology of bioerosion. In S. K.
Donovan (ed.), The palaeobiology of trace fossils, Wiley,
Chichester: 134-154.

Bromley, R.G. and Asgaard, U. 1993. Endolithic community re-
placement on a Pliocene rocky coast. Ichnos, 2: 93-116.

Caorsi, J.H. and Gofii, J.C. 1958. Geologia Uruguaya. Boletin del
Instituto Geoldgico del Uruguay, 37: 1-73.

Domenech, R., de Gibert, J.M. and Martinell, J. 2001. Ichnological
features of a marine transgression: Middle Miocene rocky
shores of Tarragona, Spain. Geobios, 34(1): 99-107.

Figueiras, A. and Broggi, J. 1971. Estado actual de nuestros
conocimientos sobre los moluscos fosiles del Uruguay. IlI.
Comunicaciones de la Sociedad Malacoldgica del Uruguay, 3 (21):
131-154.

Figueiras, A. and Broggi, J. 1973. Estado actual de nuestros
conocimientos sobre los moluscos fosiles del Uruguay il
(cont.), Comunicaciones de la Sociedad Malacoldgica del Uruguay,
3 (23-24): 203-240.

Garrison, R.E., Luternauer, J.L., Grill, E.V., Macdonald, R.D. and
Murray, J. 1969. Early diagenetic cementation of recent sands,
Fraser River Delta, British Columbia. Sedimentology, 12: 27-46.

Goso, H. and Bossi, J.C. 1966. Cenozoico. In J.C. Bossi (ed.),
Geologia del Uruguay, Departamento de Publicaciones,
Universidad de la Republica, Montevideo, Uruguay: 259-305.

Johnson, M.E. 1988. Hunting for ancient rocky shores. Journal of
Geological Education, 36: 147-154.

Lewy, Z. 1985. Paleoecological significance of Cretaceous bivalve
borings from Israel. Journal of Paleontology, 59 (3): 643-648.
Leymerie, M.A. 1842. Suite de mémoire sur le terrain crétacé du
départment de I’ Aube. Mémoires Société Géologique de France 5:

1-34.

Martinez, S. 1994. Bioestratigrafia (invertebrados) de la Formacién
Camacho (Mioceno, Uruguay). Tesis doctoral, Universidad de
Buenos Aires, 346 pp.

de Medina, N.P. 1962. Notas sobre moluscos de edad entrerriana,
procedentes de una perforacion en el Chuy (Dpto. de Rocha,
Uruguay). Revista del Museo Argentino de Ciencias Naturales
“Bernardino Rivadavia” (Zoologia), 8 (16): 201-212.

Mikuld$, R. and Pek, I. 1995. Tertiary borings in Devonian lime-
stone rockgrounds from Hranice (northern Moravia, Czech
Repubilc). Vestnik Ceského geologického Ustavu (Bulletin of the
Czech Geological Survey), 70 (1): 19-26.

Roselli, F.L. 1938 (1939). Apuntes de Geologia y Paleontologia
uruguayas. Boletin de la Sociedad amigos de las Ciencias Naturales
“Kraglievich-Fontana”, 1(2) :29-72.

Serra, N. 1943. Memoria explicativa del mapa geolégico del
Departamento de Colonia. Boletin del Instituto Geoldgico del
Uruguay, 30: 3-50.

Sprechmann, P. 1978. The paleoecology and palegeography of the
Uruguayan coastal area during the Neogene and Quaternary.
Zitteliana, 4: 3-72.

Sprechmann, P., Martinez, S. and Gaucher, C. 1994. Paleoecologia
y sedimentologia de la Formacion Camacho (Mioceno,
Uruguay). VI Congreso Argentino de Paleontologia y
Bioestratigrafia (Trelew, 1994), Resimenes: 70.

Sprechmann, P., Verde, M., Martinez, S. and Gaucher, C. 1998.
Paleoecologia y ambientes de sedimentacion en biostromos y
“patch reefs” de ostreidos, sus endolitos y epibiontes
(Formacién Camacho, Mioceno Medio-Superior; Uruguay). Il
Congreso Uruguayo de Geologia (Punta del Este, 1998), Actas: 205-
209.

Teisseire, A. 1928. Contribucion al estudio de la Geologia y
Paleontologia de la Republica Oriental del Uruguay, Region
de Colonia. Anales de la Universidad, 37 (122): 319-469.

Verde, M. 2000. Icnologia de la Formacion Camacho (Mioceno
Medio-Superior) de Uruguay. 2do. Encuentro de Jovenes



Late Miocene bivalve borings from Uruguay 175

Bidlogos “Elio Garcia-Austt”, PEDECIBA (Montevideo, 2000),
Restmenes: 39.

Verde, M. 2002. [Icnologia de la Formacion Camacho (Mioceno Tardio)
del Uruguay. Tesis de Maestria, Universidad de la Republica,
Montevideo, 124 pp. Unpublished].

Verde, M. and Perea, D. 1992. Mamiferos “Mesopotamienses”
(Xenarthra, Litopterna y Cetacea) (Mioceno Superior) de la
Bahia de Colonia, Uruguay. Actas de las |11 Jornadas de Zoologia
del Uruguay, Boletin de la Sociedad Zoolégica del Uruguay (2da
Epoca), 7 :31-32.

Verde, M. and Pifieiro, G. 1994. Endolitos en Ostrea patagonica de
la Formacion Camacho (Mioceno Medio-Superior) del
Uruguay. ler. Encuentro Nacional sobre Fauna Acuética
(Montevideo, 1994), Resimenes: 6.

Recibido: 5 de diciembre de 2001.
Aceptado: 25 de abril de 2002.

A.P.A. Publicacién Especial 9, 2003



