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PLANKTONIC FORAMINIFERA FROM THE NAVIDAD
FORMATION, CHILE: THEIR GEOLOGIC AGE AND
PALEOCEANOGRAPHIC IMPLICATIONS

MASAKO IBARAKI
Geoscience Institute, Faculty of Science, Shizuoka University, Shizuoka, 422 Japan

ABSTRACT—A planktonic foraminiferal fauna consisting of 23 species is obtained from the Punta Perro and Matanzas sections of the
Navidad Formation, central Chile. The Punta Perro section is, in its most part, assignable to Zones N.16-17 of Late Miocene age.
Considering the occurrence of a tropical aspect of molluscan faunas from both the Punta Perro and Matanzas sections, most of the
Navidad Formation is regarded as possibly being of Late Miocene age. The planktonic foraminiferal assemblage of the Punta Perro section
is considered to be dominated by taxa inhabiting the surface water mass, and warm water elements occupy nearly half of the total
assemblage, suggesting a much warmer condition than that exists in the studied area at the present. This warm climatic condition may be
equated with the warm episode in the latest Miocene time recognized in Japan as well as in the Northeast Pacific.
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INTRODUCTION

A marine Neogene sequence that extends along the
Pacific coast, developed in the Navidad area southwest of
Santiago in central Chile, is well known as the fossil-
iferous Navidad Formation originally designated by
Darwin (1846) (Figs. 1, 2). Many paleontological studies
of this formation have been made including molluscs
(Philippi, 1887; Tavera, 1979; Frassinetti and Covacevich,
1981a, b, 1982; Covacevich and Frassinetti, 1986), forami-
nifera (Martinez and Osorio, 1964), nannoplankton
(Martinez and Valenzuela, 1979), and fossil plants
(Cecioni, 1978).
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Fig. 1. Index map of the study area and sample localities.
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Fig. 2. Geologic map of the Navidad area. (Simplified from the
Mapa geologico de Chile, 1980)
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The geologic age of the Navidad Formation has been
considered to be Early Miocene (Tavera, 1979) or early
Middle Miocene (Covacevich and Frassinetti, 1986)
based on molluscs, and Middle Miocene based on cal-
careous nannoplankton and foraminifera (Martinez and
Valenzuela, 1979).

In the course of bio- and chronostratigraphic studies
of marine Neogene sequences on the Pacific coast of
South America since 1985 (Tsuchi er al., 1988), examina-
tions of planktonic foraminifera from the Navidad
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Formation were made by the present author on sections
exposed along the coast of Punta Perro and Matanzas in
the vicinity of Navidad in 1988. In this article, planktonic
foraminiferal assemblages of these sections and geologic
ages assigned to them are presented. An attempt is also
made to delineate some paleoceanographic implications
of these assemblages.

GEOLOGIC SETTING AND SAMPLE HORIZONS

The Navidad area is a coastal hilly land located 130
km southwest of Santiago. The Punta Perro section is
established along a sea cliff 5 km north of Navidad near
the mouth of the Rio Rapel. The Navidad Formation is
well exposed on the cliff and also on the tidal flat. The
section, over 36 m thick, dipping gently northeastwards,
consists mainly of sandstone with a layer of conglom-
erate in the basal part and some intercalations of silt-
stone in the upper part (Fig. 3). In the water off the tidal
flat which exposes the conglomerate, a granitic basement
can be observed. Although we were unable to examine
the stratigraphic relationship between the basement rock
and the sedimentary sequence above during our 1988
field survey, Tavera (1979) indicated that the Navidad
Formation overlaps the basement at this locality and
that the Punta Perro section represents the middle part
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Fig. 3. Columnar sections of the Navidad Formation in Punta Perro

and Matanzas areas.

of the Navidad Formation. The basal conglomerate is
poorly sorted and comprises mainly granitic boulders in
the lower part. However, gravels become smaller in size
in the upper part and contain a silty matrix. In this
section, four samples were collected: Sample Ch8812-2
from the siltstone matrix in the basal conglomerate,
Ch8812-1 from a silty intercalation in the lower sand-
stone, and Ch8812-3 and -4 from a siltstone bed in the
upper part of this section. Planktonic foraminifera occur
commonly in Samples 8812-3 and 8812-4.

The Matanzas area is located 3 km west of Navidad. A
sedimentary sequence is well exposed on a sea cliff and
on the tidal flat. The Matanzas section, about 100 m
thick, dips gently northward and consists mainly of
sandstone and siltstone beds. An acidic tuff layer is
intercalated in the lower part. According to Tavera
(1979), the Matanzas section corresponds stratigraphical-
ly to the lower-middle part of the Navidad Formation.
Four samples were collected from the Matanzas section:
Sample Ch8813-3 and -4 from the basal part exposed on
the tidal flat, and Ch8813-1 and -2 from a siltstone bed in
the upper part of the section. These samples from the
Matanzas section yield rare and poorly preserved plank-
tonic foraminifera.

TREATMENT OF SAMPLES

Eight samples in total were collected from the Punta
Perro and Matanzas sections. Of these, planktonic
foraminifera were found in Samples 8812-1, 8812-3, and
8812-4 from the Punta Perro section, and Samples 8813-
2 and 8813-3 from the Matanzas section (Fig. 3).

After each sample was dried, rock weighing about 100
g was crushed and processed by means of the Glauber’s
salt rock-maceration method: Maceration was achieved
more efficiently when the process was carried out in a
freezer. After a sample was washed through a 200-mesh
screen, all the planktonic foraminiferal specimens were
picked up from washed residues.

PLANKTONIC FORAMINIFERA AND GEOLOGIC
AGE REVEALED BY THE FAUNA

Table 1 lists 23 planktonic foraminiferal species, re-
covered from the Punta Perro and Matanzas sections of
the Navidad Formation.

The Punta Perro section yielded 23 species, among
which Globigerina decoraperta, G. falconensis, G. woodi,
and Neogloboquadrina acostaensis occur commonly. Of
the 23 species recovered, Globigerina nepenthes, G.
apertura, Globigerinoides elongatus, Globoquadrina
dehiscens, G. venezuelana, Globorotalia juanai and
Neogloboquadrina acostaensis would be important for
age determination: Neogloboquadrina acostaensis first
appears at the base of the planktonic foraminiferal Zone
N.16 and Globoquadrina dehiscens and G. venezuelana
disappear at the top of Zones N.17 and N.19, respectively.
Globigerina nepenthes ranges from Zones N.14 through
N.19, and Globorotalia juanai from Zones N.16 through
N.18 (Blow, 1969; Bolli and Premoli Silva, 1973; Berggren
et al., 1983).






