AMEGHINIANA (Rev. Asoc. Paleontol. Argent.) - 46 (2): 437-442. Buenos Aires, 30-07-2009

ISSN 0002-7014

NOTA PALEONTOLOGICA

Recognition and implications of globigerinathekids
(Eocene planktic foraminifera) in coal-bearing successions

of the forearc of south-central Chile (37°45"-41°50°S)

Kenneth L. FINGER! and Alfonso ENCINAS2

Introduction

Tertiary coal-bearing deposits occur at different
localities along the forearc of south-central Chile
(e.g., Briiggen, 1950; Sernageomin, 1998). The most
important and well-studied successions are those
that crop out on the Arauco peninsula (~37°S). The
presence of marine intercalations containing fora-
minifera and molluscs has permitted these strata to
be placed within the late Paleocene-Eocene interval
(Tavera, 1942; Martinez-Pardo et al., 1997).

South of the Arauco peninsula, between Angol
and Ancud (figure 1), coal-bearing successions ex-
tend farther inland from the coastline, to the Coastal
Cordillera and the Intermediate Depression. The
stratigraphy and age of these strata are not well un-
derstood because their outcrops are scarce and no
marine fossils have been reported from them. Most
workers consider these successions as Oligo-
Miocene, which is younger than those of the Arauco
area (e.g., Cisternas ef al., 1990; Sernageomin, 1998;
Torres et al., 2000). However, our foraminiferal study
of wells drilled in these successions recognizes the
presence of Globigerinatheka, a planktic foraminiferal
genus indicative of the Eocene. The presence of
foraminifera in coal-bearing strata of this area had
not been reported previously. In this note, we pre-
sent and discuss our findings regarding the age of
these deposits.

Geologic setting

The study area is located between Angol and
Ancud (37°45’-41°50’S) in the forearc of south-central
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Chile (figure 1). At these latitudes, Paleozoic meta-
morphic rocks and minor Mesozoic plutonic rocks
compose the basement that is overlain by Cenozoic
sedimentary and volcanic strata. The paucity of good
outcrops in the area has resulted in a complicated
Tertiary stratigraphy due to the naming of several
formations that appear to be geographically limited
and difficult to correlate (e.g., Briiggen, 1950; Garcia,
1968; Sernageomin, 1998). Cisternas and Frutos
(1994) simplified the local stratigraphy by defining
three genetic units: 1) a lower coal-bearing unit as-
signed to the Eocene or to the Oligo-Miocene (see be-
low) and deposited in alluvial and estuarine envi-
ronments (Le Roux and Elgueta, 2000); 2) a middle
volcanic and volcanoclastic unit that was referred to
as the Coastal Volcanic Belt (Vergara and Munizaga,
1974) and radiometrically dated as late early
Oligocene to early Miocene (Cisternas and Frutos,
1994 and references therein; Sernageomin, 1998;
Antinao et al., 2000); and 3) an upper marine fossilif-
erous unit interpreted as middle to late Miocene
(Martinez-Pardo and Pino, 1979; Marchant, 1990;
Osorio and Elgueta, 1990) and deposited at bathyal
depths (Encinas et al., 2007).

Findings

We examined foraminifera from seven wells
drilled by ENAP (The National Petroleum Chilean
Company) in the study area (figure 1) that encoun-
tered two contrasting units characterized by very
different foraminiferal faunas. The upper unit con-
sists of interbedded siltstone and fine sandstone
bearing rich and well-preserved foraminiferal as-
semblages typical of the regional Neogene and in-
dicative of lower-bathyal (>2000 m) deposition
(Encinas et al., 2007). In contrast, the lower unit has
coal intercalations and yielded foraminifera pre-
served as reddish brown, crystalline molds devoid of
any original calcite shell (figures 2.1-2.7). The most
abundant forms resemble Globigerinatheka, a planktic
genus restricted to the late early to late Eocene
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Figure 1. Map of the study area showing localities cited in the text,
which includes ENAP wells that yielded the molds ascribed to
Globigerinatheka (open circles), the Rio Blanco 1 well (square), and
the most important outcrops of the coal-bearing successions (tri-
angles) / mapa del drea de estudio en el que se muestran las localidades
citadas en el texto. Se incluyen los pozos de la ENAP en que se encon-
traron los moldes de foraminiferos asignados al género Globi-
gerinatheka (circulos), el pozo Rio Blanco #1 (cuadrado) y los aflo-
ramientos mds importantes de las sucesiones carboniferas (triangulos).

(Premoli-Silva et al., 2006). Globigerinatheka is one of a
few closely related Eocene genera characterized by a
subspherical test with supplementary apertures (fig-
ures 2.8-2.13). Although earlier chambers and sup-
plementary apertures are barely discernable on the
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best of the specimens observed, we are confident that
most of these internal molds are Globigerinatheka for
the following reasons: (1) they have a subspherical
shape with a low trochospire and enveloping ulti-
mate chamber, (2) some of the better-preserved
specimens show small circular depressions along
their sutures that could be indicative of the supple-
mentary apertures, (3) most of these internal molds
are deeply incised to varying degrees along their
short axis, reflecting where the suture with supple-
mentary apertures separates the last two chambers in
Globigerinatheka, (4) they dominate most of the as-
semblages in the lower section, which is not unusual
within Eocene marine sequences, and (5) nothing re-
sembling this form occurs in the upper section, nor
was anything like it seen in the many Neogene as-
semblages we have examined from this region.

Foraminiferal molds illustrated in figures 2.3-2.7
are deposited in the University of California Mu-
seum of Paleontology (UCMP), Berkeley, USA. Well-
preserved specimens from other localities (figures
2.8-2.12) reside in Finger’s personal collection; they
were picked by him from sample residues provided
by the late H.M. Bolli, who also confirmed the iden-
tifications.

The presence of Globigerinatheka also was noted by
Marchant (1990) in her study of foraminifera from ex-
ploratory wells drilled by coal-mining companies in
the Catamuttn area (figure 1). Marchant (1990) may
have thought the Globigerinatheka specimens were re-
worked, as she interpreted the entire well section as
the middle Miocene Santo Domingo Formation.
Whereas she did not specify the unit or the borehole
depths from which any of the foraminifera were ob-
tained, another possibility is that the Neogene taxa
are from the Santo Domingo Formation and
Globigerinatheka is from the underlying coal-bearing
Estratos de Pupunahue Formation. Rather than re-
working the Globigerinatheka in the Neogene, it is
more likely that the Neogene specimens were dis-
placed by downhole caving. This was evident in the
lower sections we studied, as the Neogene compo-
nent was smaller, consisted primarily of robust spec-
imens, and was sporadic in both presence and abun-
dance.

Discussion

The age of the coal-bearing successions that crop
out in the forearc of south-central Chile between
Angol and Ancud has been debated for a long time.
Previous interpretations favored either an Eocene or
an Oligo-Miocene age for these deposits, but few are
based on reliable data. Our recognition of
Globigerinatheka in these strata is an important step
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Figure 2. Comparison of the foraminiferal molds with several Eocene globigerinathekids (scale bars = 300 um; 2.1 and 2.2 are photomi-
crographs, 2.3-2.13 are scanning electron micrographs [SEMs]): 2.1-2.7, Internal molds of planktic foraminifera from ENAP well-cutting
samples. 2.1, 2.2, Processed samples (picked residues) from the coal-bearing interval in Colegual #2 (note the relative abundance of sub-
spherical foraminiferal molds and the presence of coal fragments); 2.3-2.5, Specimens UCMP24093, UCMP24094, and UCMP24095 from
Colegual #2. 2.6, Specimen UCMP24096 from Cholchol #2; 2.7, Specimen UCMP24097 from Cholchol #1. 2.8-2.13, Well-preserved Eocene
specimens similar in gross morphology to the molds; picked from material provided by H. Bolli. 2.8, 2.9, Globigerinatheka subconglo-
bata (Shutskaya), sample loc. IT636, Italy; 2.10, Orbulinoides beckmanni (Saito), sample loc. HMB75, Barbados; 2.11, G. seminvoluta
Keijzer, sample loc. HK408, Trinidad; 2.12, G. mexicana kugleri Bolli, Loeblich and Tappan, sample loc HK408, Trinidad; 2.13, Bolli's
(1972, pl. 7) plate of 17 paratypes of G. subconglobata luterbacheri Bolli from the upper Eocene of Switzerland (all at same magnifica-
tion) / Comparacién de los moldes de foraminiferos con varios globigerinathekidos del Eoceno (barras de escala = 300 um; 2.1 y 2.2 son microfo-
tografias, 2.3-2.13 son fotos de microscropio electronico de barrido [SEM]): 2.1-2.7, moldes internos de foraminiferos plancténicos provenientes de
muestras de roca molida de pozos de ENAP. 2.1, 2.2, muestras procesadas (residuo tras lavado del sedimento) del intervalo carbonifero del pozo
Colegial #2 (nétense la relativa abundancia de moldes subesféricos de foraminiferos y la presencia de fragmentos de carbon); 2.3-2.5, especimenes
UCMP24093, UCMP24094 y UCMP24095del pozo Colegual #2. 2.6 espécimen UCMP24096 del pozo Cholchol #2. 2.7, espécimen UCMP24097
del pozo Cholchol #1. 2.8-2.13, foraminiferos Eocenos bien preservados similares, de manera general, a los moldes; extraidos de material proporciona-
do por H. Bolli. 2.8, 2.9, Globigerinatheka subconglobata (Shutskaya),muestra loc. IT636, Italia; 2.10, Orbulinoides beckmanni (Saito),
muestra loc. HMB75, Barbados; 2.11, G. seminvoluta Keijzer, muestra loc. HK408, Trinidad; 2.12, G. mexicana kugleri Bolli, Loeblich y Tappan,
muestra loc. HK408, Trinidad; 2.13, limina (tomada de Bolli, 1972, fig. 7) con fotos de 17 paratipos de G. subconglobata luterbacheri Bolli del
Eoceno superior de Suiza (todas las fotos con el mismo aumento).

toward resolving the dispute. In the following, we re-
view previous data interpretations as well as plausi-
ble explanations for the discrepancy.

Studies in favor of an Eocene age

Troncoso and Barrera (1979) studied paly-
nomorphs from coal-bearing strata of the Cheu-
quemo Formation intersected by the ENAP Rio

Blanco 1 well (figure 1). Based on comparisons with
pollen recorded from Mesozoic and Cenozoic succes-
sions in Argentina and Chile, they ascribed an
Eocene age to the well samples analyzed. In the
Temuco area farther north (figure 1), Rubio (1990) as-
signed the coal-bearing Temuco Formation to the
Eocene-late Oligocene interval based on the age that
Troncoso and Barrera (1979) proposed for correlative
deposits and because the Temuco Formation is un-
conformably subjacent to the late Oligocene to early
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Miocene Pilmahue Formation. An Eocene-early
Oligocene age also is ascribed by Antinao et al. (2000)
to the coal-bearing strata of the Caleta Chonos
Formation in northern Chiloé (42°S) (figure 1). This
unit is intruded by subvolcanic rocks of the late
Oligocene-early Miocene volcanic complex of Ancud
(Antinao et al., 2000).

Studies in favor of an Oligo-Miocene age

Fenner and Sylvester (1936) dated the coal-bear-
ing succession of Millahuillin (figure 1) as Oligocene
based on the presence of the marine bivalve Panopea
panis Ihering. However, Briiggen (1950) considered
their identification of the fossil erroneous and instead
assigned it to the freshwater genus Anodonta. On the
basis of lithology and coal rank, he suggested that
there probably were two coal-bearing successions -
one more indurated and correlated with the
Paleogene coal-bearing strata of the Arauco peninsu-
la and the other less indurated and correlated with
the Miocene Navidad Formation (Briiggen, 1950).
However, we believe that age assignments based on
lithological induration and coal rank are unreliable.
Bituminous coal of the Arauco peninsula (Wenzel,
1982) could be contemporaneous with, but may have
formed under a higher sedimentary load, than sub-
bituminous coal (Alfaro et al., 2000) in our study area,
or the latter could correspond to an upper and there-
fore less-loaded interval of a continuous succession
that spanned the entire Eocene.

Palma-Heldt and Alfaro (1982) studied paly-
nomorphs from samples collected from different
coal mines of the Valdivia area (figure 1) and con-
cluded an wuncertain Eocene-Miocene age.
Subsequently, Cisternas et al. (1990) proposed an
early Miocene age for the coal-bearing successions of
the same area. According to these authors, pollen as-
sociations from the Paleogene of the Arauco penin-
sula are characteristic of a subtropical climate
whereas those from the Valdivia area indicate a
cold-temperate climate and are therefore younger.
However, we consider that this age determination is
not reliable because associations indicative of similar
cold-temperate conditions have been found in mid-
dle to late Eocene successions of Argentina (Barreda
and Palazzesi, 2007). Torres et al. (2000) studied pa-
lynomorphs from the coal-bearing successions of
Caleta Parga (figure 1) that indicated an uncertain
Eocene-Miocene age; however, they suggested an
Oligocene-Miocene age for these strata because of
the Araucaria-Nothofagus-Podocarpus association that
Leppe et al. (1997) considered to be no older than
Oligocene in Chile. We question this age assignment
because the floral association also occurs in middle
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to late Eocene successions of Argentina (Barreda and
Palazzesi, 2007).

U-Pb analysis of zircons extracted from an ash-
layer intercalated between two coal-beds at the
Catamutdn mine (figure 1) yielded an age of 23.5 +
0.5 Ma, which approximates the Oligocene/Miocene
boundary (Sernageomin, 1998).

Considering the aforementioned data, only three
of the age correlations warrant further consideration:
the Eocene age based on the pollen (Troncoso and
Barrera, 1979), the latest Oligocene-earliest Miocene
radiometric age (Sernageomin, 1998), and the late
early to late Eocene age based on Globigerinatheka in
the present study. Although recent work on pollen
constrains the age determined by Troncoso and
Barrera (1979) to the middle-late Eocene (Troncoso,
personal comm., 2007), it is based on a biostrati-
graphic framework for Cenozoic pollen of South
America that has not been firmly established.

Several explanations for the discrepancy between
the remaining two ages warrant consideration:

1. The radiometric age is erroneous. Unfortunately, the
Catamutdn mine, where the ash layer was sampled,
collapsed some years ago, precluding any possibility
of resampling its section to check the validity of this
data. Yet, we are reluctant to disregard this date be-
cause the method employed (U-Pb in zircons) is gen-
erally reliable. However, the stratigraphic relation-
ships of coal-bearing strata in the northern (Temuco)
and southern (Caleta Chonos) parts of the study area,
where they respectively underlie (Rubio, 1990) or are
intruded (Antinao ef al., 2000) by late Oligocene to
early Miocene volcanic rocks (see above), are argu-
ments against the latest Oligocene-earliest Miocene
age. It is also noteworthy that Marchant (1990) cites
the presence of Globigerinatheka in strata of the area
where the ash layer was sampled. In addition, no
Oligocene marine strata have been found in other
parts of the Chilean forearc (including the Arauco
peninsula) where Miocene marine deposits always
overlie Eocene or older rocks (e.g., Garcia, 1968;
Finger et al., 2007).

2. The Globigerinatheka specimens were reworked and
redeposited into a late Oligocene-early Miocene succes-
sion. Although reworking is a possibility that should
not be discounted, the stratigraphic relations of coal-
bearing strata with late Oligocene to early Miocene
volcanics (see above) is an argument against this hy-
pothesis.

3. The specimens are misidentified. The genera most
similar in form to Globigerinatheka are Porticulasphaera
and Orbulinoides. All three are in the same subfamily
that is restricted to the middle and late Eocene, which
renders their differentiation irrelevant to the crux of
this study. Nevertheless, the majority of specimens
appear more like some species of Globigerinatheka
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than any other. Subspherical genera in the Oligocene
and Miocene are quite different from those in the
Eocene, and their internal molds would reflect that.
Furthermore, we did not see any comparative taxa in
the hundreds of Neogene assemblages analyzed.

4. The studied successions are Eocene to latest Oligocene.
As cited above, this is refuted by the stratigraphic re-
lations of coal-bearing strata with late Oligocene to
early Miocene volcanic successions.

5. There are two coal-bearing successions, one Eocene and
the other late Oligocene-early Miocene. The latter suc-
cession would have been deposited during the initial
stage of development of a basin that formed in the
Oligo-Miocene and culminated with marine deposi-
tion of the Santo Domingo Formation, as proposed
by Elgueta et al. (2000) and Le Roux and Elgueta
(2000). However, the presence of two different coal-
bearing successions is not evident on seismic lines or
in borehole data generated by ENAP in the study
area (e.g., Garcia, 1968; Elgueta ef al., 2000). In addi-
tion, continuous sedimentation between the coal-
bearing and the marine successions is unlikely, as
Illies (1970) and Alfaro et al. (2000) cited the presence
of a discordant contact between them. Furthermore,
x-ray studies on clay minerals of the Pupunahue and
Santo Domingo formations in the Valdivia area sug-
gest that the coal-bearing successions were uplifted
and eroded prior to subsidence and marine deposi-
tion in the Miocene (Méndez, 1996). The extreme con-
trast in preservation of foraminifera between the
Miocene marine sequence and the coal-bearing suc-
cession also suggests the unconformity.

The above arguments favor an Eocene age for the
coal-bearing deposits of south-central Chile. Confir-
mation of an Eocene age for these strata necessitates
revision of the geological history interpreted for this
region. For example, Mufioz et al., (1997) and Le
Roux and Elgueta (2000) consider that deposition of
the coal-bearing and marine genetic units defined by
Cisternas and Frutos (1994) (see above) was tempo-
rally continuous during a late Oligocene to late
Miocene interval. However, an Eocene age for the
lower coal-bearing strata would imply a significant
hiatus between that section and the middle to upper
Miocene strata resulting from an intervening regres-
sion. Regardless of the above arguments, it remains
difficult to reject the latest Oligocene-earliest
Miocene radiometric age obtained by Sernageomin
(1998) and additional data is needed to resolve the
discrepancy between age indications.
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