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Abstract: The Late Cretaceous — Early Paleogene succession exposed in the type area of the
Roca Formation (General Roca, Rio Negro Province), has been sampled in detail. Analyses of the
calcareous nannofossil assemblages indicate the Late Maastrichtian — Early Danian interval
(CC26-NP4 zones; MARTINI 1971), which is the first proved evidence of the Late Maastrichtian in
the mentioned type area. Moreover, the “Rocanense” invertebrate fauna has been placed in a high
resolution biostratigraphic scheme based on the nannofossil zones, and three assemblages have

been recognized.
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1. Introduction

The marine sediments of the Maastrichtian — Danian
interval cover a wide area of Patagonia and yield
well documented assemblages of planktic and
benthic foraminifera, ostracods, palynomorphs and
calcareous nannofossils, which are useful tools in
dating these marine sedimentary horizons, providing
information of the faunal transition and recovery
after the terminal Cretaceous mass extinction event.
After decades of being almost ignored, and because
of the world aroused interest in the Cretaceous/
Paleogene (K/Pg) boundary, the attention of many
paleontologists was directed towards the Patagonian
biota of this interval (BERTELS 1980 and biblio-
graphy therein; CONCHEYRO 1995; NaRNeEz &
CoNCHEYRO 1997, among others). However, the
different criteria in defining units (bio-/chrono-
stratigraphic vs. lithostratigraphic criteria), the still
incomplete chronostratigraphic data, and the fact that
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many studies focused on partial sections dated with-
out detailed sampling, resulted in different views
about age and units identity. These factors, along
with the partial knowledge of accurate stratigraphic
location of some invertebrate groups, have led to
confuse the biochron of some species, as it happened
in the type area of the Roca Formation, where some
biostratigraphic conclusions dealing with decapods,
oysters, echinoderms were built upon on partial data
(FELDMANN et al. 1995; FELDMANN & SCHWEITZER
2006 and bibliography therein; Casabpio 1998;
PArRMA & Casabpio 2005).

The aim of this paper is to re-evaluate the age of
the Jagiiel and Roca formations in the type area of
the latter unit considering the calcareous nannofossil
content for the first time. The biostratigraphic and
chronostratigraphic results will be compared with
those obtained by BERTELS (1970a, 1973), who
carried out the pioneer studies in this area based on
foraminifera and ostracods. It will also be attempted
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to provide the detailed geographic location and
chronostratigraphic placement of the “Rocanense”
faunas recently collected, as well as that of the
material recovered previously by S. RotH, W.
ScHILLER and A. RoMmERo. This contribution seeks
to improve the knowledge on the age of the Maas-
trichtian — Danian rocks in the study area, providing
new information which could be helpful in future
biostratigraphic and biotic interpretations.

2. The Maastrichtian — Danian sedimen-
tites in the Neuquén Embayment:
A summary

Geographic distribution. — Marine sedi-
mentary rocks deposited during Maastrichtian —
Danian times are extensively distributed in Pata-

gonia varying lithostratigrahic nomenclature in the
different basins: Arroyo Barbudo and Pedro Luro
formations (Colorado Basin), Lefipdn and Sala-
manca formations (San Jorge Basin) and Cerro
Cazador, Cerro Dorotea, Policarpo and Rio Claro
formations (Austral Basin). In the Neuquén Embay-
ment of the Neuquén Basin, sediments from this
interval are known as Jagiiel, Huantraicd, Roca, and
Saldefio formations, and the uppermost part of the
Loncoche Formation. After being discovered in the
surroundings of the city of General Roca (Rio Negro
Province) by RHODE (in DORING 1882), subsequent
authors, such as BODENBENDER (1892), GERTH (1913,
1925), WINDHAUSEN (1914), WICHMANN (1924) and
WEAVER (1927, 1931), among others, expanded the
area where Maastrichtian and Danian sediments
were found, to the western and northern sectors of
the Neuquén Embayment. Outcrops are recognized
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in at least seven regions: 1 - Matuasto section; 2 -
Lago Pellegrini — General Roca (Northern Rio Negro
Province), 3 - Southwestern La Pampa Province;
4 - Sierras de Auca Mahuida and Huantraicé (North-
eastern Neuquén Province); 5 - Lui Malal section;
6 - Malargiie-Bardas Blancas; and 7 - Western Cor-
dillera (Mendoza Province) (Fig. 1).

Sequence stratigraphy analyses involving these
sediments were carried out by Uriana (1975),
Uriana & DeLrapé  (1981), LEGARRETA &
GuLisaNno (1989), LEGARRETA et al. (1989) and
BARRIO (1990), who included them in the upper part
of the Malargiie Group, stating that these deposits
would represent the final Atlantic transgressive-
regressive phase of the sea that flooded the Eastern
sector of the Neuquén Basin during Late Cretaceous
— Paleogene times. The regressive phase is repre-
sented by the Roca Formation WEAVER 1927, which
comprises marls and bioclastic limestones with
abundant skeletal fragments, and by the Jagiiel
Formation (BERTELS 1969a), Huantraic6 Formation
(BERTELS 1969a) and the uppermost part of the
Loncoche Formation (GROEBER 1946), which con-
sists of marls, mudstones, claystones and siltstones.
The Roca Formation is recognized in all of the
mentioned regions, whereas the Jagiiel Formation is
known in the Rio Negro and La Pampa Provinces
and in the Auca Mahuida area. The Huantraic6
Formation and the marine section of the Lonconche
Formation are restricted to the south of Malargiie
(BERTELS 1969 a; BARRIO 1990; PARRAS et al. 1998).

Lithology. — The Roca and Jagiiel formations
show lithological variations depending on their
palaeogeographic locations in the basin, during the
Maastrichtian — Danian interval. In the case of the
Jagiiel Formation, variations are mostly restricted to
characteristics of the carbonate deposition, which
changes from mudstones and bioclastic limestone
beds in the Auca Mahuida and Huantraic6 areas, to
an intercalation of marls and coquinas towards the
Eastern sector of the embayment. In turn, variations
in the Roca Formation are stronger than those
recorded in the Jagiiel Formation, and are related
to thickness and facies changes. The thickness of
carbonate deposits varies from 25 m in the eastern-
most sections to 150 m in the Huantraic6 area. In the
surroundings of General Roca- Lago Pellegrini the
outcrops are dominated by intercalations of cal-
careous sandstones, mudstones and limestones
yielding abundant skeletal fragments with scarce
matrix. Westwards, in the Huantraic6 and Auca

Mahuida regions, bioclastic sedimentation is repre-
sented by bioruditic limestones, packstones and
grainstones, interbedded with sandy calcarenites and
calcareous mudstones (BARrRIO 1990). Calcareous
mudstones have lenticular geometry and represent
tidal channels (LANES, pers. comm.) or bioherm
bodies (LEANZA et al. 1985).

A ge. — BERTELS (1964, 1968a, b, 1969a, b, 1970a,
b, 1972, 1973, 1974, 1975a, b, 1980) provided the
first detailed descriptions of numerous sections
widespread in the Neuquén Embayment. Based on
their microfaunal assemblages (foraminifera and
ostracods) the Jaguel and the Huantraicé formations
were distinguished from the Roca Formation. While
this latter unit was placed in the Danian, the Jagiiel
and the Huantraicé formations were considered to be
of Early? — Middle Maastrichtian age.

During the last decades the knowledge on these
sedimentary deposits has been enhanced (see
CaMACHO 1992 for a synthesis), many other sections
were studied in the Neuquén Embayment, and new
chronostratigraphic information has been provided
by calcareous nannofossils. The pioneer analyses
based on this group were carried out by MALUMIAN
(1969) and MALUMIAN et al (1984) who placed the
Jagiiel Formation from General Roca and Allen’s
well in the Middle Maastrichtian. ANGEL0OZz1 (1987)
gave a Danian age to the Jagiiel and Roca formations
exposed in Lomas Blancas (Auca Mahuida region).
A Late Maastrichtian age was first proposed by
A. ConcHEYRO for the Cretaceous marine deposits
in Bajada del Jagiiel and Opaso sections (Auca
Mahuida region) and Cerros Bayos (Casapio &
CONCHEYRO 1992; CoNCHEYRO 1995; DEL Rio et
al. 2004, 2007). CONCHEYRO & VILLA (1996) de-
monstrated that the Jagiiel Formation exposed in the
Lui Malal section is part of the Late Maastrichtian —
Danian interval. Integrated studies based on fora-
minifera, calcareous nannofossils and palynomorphs
corroborated a Late Maastrichtian - Danian age for
all the sections mentioned above (CONCHEYRO &
NANEZ 1994; NARNEZ & CONCHEYRO 1997; PAPU et
al. 1999).

More recently, the accuracy obtained near the
K/Pg in the Neuquén Basin has been improved,
varying the precision of sampling intervals between
one meter to two centimetres, depending on rock
features and location of sections in the basin. Ex-
amples of this are the Matuasto and Bajada del
Jagiiel sections, where the K/Pg interval has been
accurately identified on the base of foraminifera and
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Fig. 2. Panoramic view of exposures of the Jagiiel and Roca formations to the north of General Roca.

calcareous nannofossils (CONCHEYRO et al. 2002;
Scasso et al. 2005; KELLER et al. 2007).

In reference to the age of the Roca Formation,
BErRTELS (1969), CoNCHEYRO & ViLLA (1996),
NaNEz & CoNcHEYRO (1997) and KELLER et al
(2007) gave a Danian age to exposures of this unit in
the Bajada del Jagiiel, Huantraic6 and Lui Malal
localities. Casapio & CONCHEYRO (1992), and DEL
Rio et al. (2004, 2007) placed the Roca Formation of
Cerros Bayos (Southwestern La Pampa Province) in
the Danian. The Saldefio Formation, correlated with
the Roca and Pircala formations, was placed in the
Late Maastrichtian by Tunik et al. (2004), and
KIESSLING et al (2006) assigned this unit exposed in
Huantraic6 to the Early — Late Maastrichtian.

3. The Jagiiel and Roca formations
in the study area: General Roca
(Rio Negro Province)

Previous works. —The sedimentary sequence
exposed in the yellow cliffs that run in west-east
direction, and to the north of General Roca (region 2
in Fig. 1), consists of the lacustrine Allen Formation
at the bottom, the marine Jagiiel and Roca for-
mations in the middle, and the lacustrine Carrizo
Formation at the top (Fig. 2).

The first recognition of the fossiliferous beds of
the Roca Formation was made by G. ROHDE (men-
tioned in DORING 1882), but it was RoTH (1899) who
published preliminary data providing a very simple

stratigraphic regional scheme for this sequence.
WINDHAUSEN (1914) was the pioneer author in
describing these sediments, and ScCHILLER (1922)
sampled a section along the Zanjén Roca, from the
city of General Roca northwards to the “Horno de
Cal continuo” (Permanent lime kiln). He proposed
the lime kiln as the “classic area” and considered the
cliffs westwards from the lime kiln, as the “model
area” of these beds (Fig. 3).

WEBER (1964) described two sections close to the
“classic area” of SCHILLER (1922), naming them as
NCW (Cuchillas Noroeste de Roca) and NR (Roca
Norte), and BERTELS (1964, 1970) included material
from a third locality (RS = Rio Seco). Probably in
accordance with the region proposed by SCHILLER
(1922) as the “classic” area, BERTELs (1969a,
1970a), chose the NR section as the type locality of
the Roca Formation (HC in Fig. 3).

According to BERTELs (1970a), the NR type sec-
tion consists of 14 m of basal marls that are overlain
by 22 m of intercalated marls and fossiliferous lime-
stones that show a gradual upward increase in thick-
ness and culminate in a hard massive limestone
devoid of fossils. In the RS and NWC sections, she
recognized the Roca and Jagiiel formations, and dis-
tinguished them under biostratigraphic criteria only.
Based on the foraminifera and ostracod content, the
complete type section of the Roca Formation was
placed in the Danian, and the Jagiiel Formation in the
Middle Maastrichtian or in the Lower? — Middle
Maastrichtian (BERTELS 1964, 1970a, 1972, 1973,
1975a). BERTELS (1970a) argued that the absence
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Fig. 3. Topographic map showing measured sections placed to the north of the city of General Roca (region 2 in Fig. 1).
ZR = Zanjén Roca; PS = Picada Sismica; HC = Horno de Cal (Type section of the Roca Formation = NR section of
BERTELS, 1969a); CH = Cantera Cholino; TP = Cerro Tres Picos. (NCW and RS correspond to localities described

by WEBER (1964) and BERTELS (1970a).

of Late Maastrichtian rocks in the area, and in
the whole of the Neuquen Basin, was due to a bio-
stratigraphic hiatus.

Later, ULiaANA & DELLAPE (1981) proposed a
lithostratigraphic criterion to separate the Jagiiel and
Roca formations. In this way, they included the basal
greenish calcareous muddy strata of the type section
of the Roca Formation (as defined by BERTELS
1969a; 1970a) in the upper part of the Jagiiel For-
mation, and used the first occurrence of a fossili-
ferous limestone to delimit the base of the Roca
Formation.

The Roca Formation contains a diverse and
abundant fauna of invertebrates, mainly dominated
by mollusks, followed by decapods, echinoderms,
bryozoans and corals. Fossils were first studied by

BURCKHARDT (1901) and OPPENHEIM (in BOHM
1903) who described and illustrated 11 species of
mollusks and two species of echinoderms. Know-
ledge of this fauna was substantially increased by
IHERING (1902, 1903, 1904, 1907) with the de-
scription of other 28 taxa, 24 of which were new
species. IHERING (1907) differentiated it from the
youngest Tertiary Patagonian assemblages including
it in the “Rocanense Stage”. Since then, this assem-
blage has been always referred to as “Rocanense
fauna” in geological literature. With the exception
of the description of a reduced number of species
from the type area, that involve to carditids (Fossa-
Mancint 1938), oysters (Casapio 1998), nautiloids
(Casapio et al. 1999), mytilids (GrIFFIN et al. 2008)
and pectinoideans (DEL Rio et al. 2008) the “Roca-
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Fig. 5. Maastrichtian beds of the Jagiiel Formation exposed at the base of Cerro Tres Picos.

nense” fauna has remained almost unknown since
IHERING’s times.

Minor groups such as decapods and echinoids
also received little attention. After first mentioned by
Boum (1901), decapods were studied by FELDMANN
etal. (1995) and later revised by SCHWEITZER (2005),
SCHWEITZER et al. (2000, 2004), and KARASAWA &
ScHWEITZER (2004) (see FELDMANN & SCHWEITZER
2006 for the listed bibliography). Echinoids were
revised by PARMA & Casabpio (2005) who included
the description of two species recorded in the type
area.

4. Material and methods

Most of the exposures in the area have been highly
eroded or partially destroyed by mining activity,
which resulted in the mixing of fossils from different
stratigraphic horizons. However, some very good
exposures are located along gullies such as the
Zanjon Roca or along the creek that runs from the
Cantera Cholino (Cholino’s Quarry) down to the
base of the Cerro Tres Picos. The type section of the
Roca Formation as defined by BERTELS (1969a,
1970a) was recognized, sampled, and named HC

(Horno de Cal, 38°56°’S—67°35’W). Moreover, four
new complementary sections named Cantera Cholino
(38°53’S—67° 40°W), Cerro Tres Picos (38° 54°S —
67° 40°W), Picada Sismica and Zanjon Roca (38°
55°S — 67° 32°W) (CH, TP, PS and ZR acronyms
respectively in Fig. 3) were measured at 1:100 scale,
where samples for microfossil studies were collected,
in some cases, every 10 cm interval (Fig. 4).
Calcareous nannofossils were analyzed through
simple smear-slides (EDWARDS 1963; BowN & YOUNG
1998) and standard light-microscope techniques using
a Leica DMLP at 1000 X magnification. Samples
were semi-quantitatively logged and slides were
observed for at least 30 min, in most cases much
longer, covering at least two transverse transects
along the major axis of the slide. Abundance and pre-
servation categories are given in the range charts
(Tables 1-5) where species presence is indicated with
an “X”. Samples for SEM observations were pre-
pared using ultrasonic and successive decantation
methods, centrifugation, and concentration in a
cellulose nitrate filter. Estimation of preservation is
based on the scheme of RoTH & THIERSTEIN (1972)
as follows: P = poor, severe dissolution, fragmen-
tation, and/or overgrowth have occurred; most pri-
mary features have been destroyed and many speci-
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Fig. 6 — Intercalation of marlstones and shell-beds with Thalassinoides horizons in the uppermost section of the Roca

Formation at Cantera Cholino

mens cannot be identified at the specific level; M =
moderate, dissolution and/or overgrowth are evident;
a significant proportion (up to 25 %) of the speci-
mens cannot be identified to species level with ab-
solute certainty; G = good, little dissolution and/or
overgrowth is seen; diagnostic characteristics are pre-
served and all specimens can be identified. E = ex-
cellent, no dissolution and/or overgrowth is observed;
all specimens can be identified. Taxa considered
herein are listed in Appendix where they are arranged
alphabetically by generic epithets.

The mollusk fauna considered in this study in-
cludes the earliest collections made in the area by S.
RoTH between 1895 and 1896 and A. ROMERO, who
sent his collection to the Museo Argentino de
Ciencias Naturales B. Rivapavia (MACN) in 1903.
Only a small number of specimens (mainly holo-
types) described by H. v. IHERING between 1902 and
1907 were incorporated into the collections of the
MACN, while the rest of the material was lost until
recently identified by the curators of the Paleo-
invertebrate Division. Moreover, it is considered the

Fig. 7. 1 — Panoramic view of the Maastrichtian nannoflora, 2-4 — Eiffellithus turriseiffelii (DEFLANDRE) REINHARDT,
BAFC-NP 3047, 2. distal view partially overgrowth, 3. lateral view, 5-6 — Eiffellithus gorkae VEKSHINA, BAFC-NP 3047,
5. distal view, 6. proximal view, 7 — Eliffellithus parallelus PERCH-NIELSEN, BAFC-NP 3047, distal view. 8 — Predis-
cosphaera stoveri (PERCH-NIELSEN) SHAFIK & STRADNER, BAFC-NP 3047, proximal views, 9 — Manivitella pemmatoidea
(DEFLANDRE) THIERSTEIN, BAFC-NP 3047, distal view, 10 — Prediscosphaera spinosa (BRAMLETTE & MARTINI)
GARTNER, BAFC-NP 3047, distal view, 11 — Ahmuellerella octoradiata (GARTNER) REINHARDT, BAFC-NP 3047, distal
view, 12 — Watznaueria barnesiae (BLack) PERCH-NIELSEN, BAFC-NP 3047, distal view, 13-15 — Arkhangelskiella
cymbiformis VEKSHINA, BAFC-NP 3047, 13. distal view, 14. proximal view, 15. distal view. The white bar indicates
2um.
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Fig.7 (Legend see p. 136)
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Fig. 8 (Legend see p. 139)
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material recently collected by the authors, which
includes the already known taxas, and new species of
echinoids (holasteroids and spatangoids), bivalves
(malletids, nuculanids and pterioids) and gastropods
of the Families Epitoniidae, Trochidae, Tudiclidae,
Pseudolividae, Fasciolaridae, Ficidae and Tudiclidae.

5. Stratigraphic sections

In the present analyses the lithostratigraphic scheme
proposed by ULriaNA & DEeLLAPE (1981) when
describing the lithology of sections is followed
(Fig. 4). Both the Jagiiel and the Roca formations
were recognized, comprising a sedimentary se-
quence that dips less than 1° to the east. The Jagiiel
Formation is composed of a 25 m thick homo-
genous succession of laminated greenish to yel-
lowish marls, interbedded with numerous thin
gypsum layers and crossed by veins of secondary
gypsum (Fig. 5). Fossils are restricted to scarcely
spread, minute and unidentified molds of micro-
mollusks and contain an abundant, rich and ex-
ceptionally well preserved nannofossil assemblage.
The contact with the underlying Allen Formation is
difficult to distinguish in the field because of the
strong lithological similarity between both units. The
base of the Jagiiel Formation can only be recognized
by the occurrence of the first marine microfossil
assemblage. The Roca Formation consists of
a basal carbonate section and of an upper section
characterized by deposition of thick gypsum beds.
The carbonate sector is 25-28 m thick and is com-
posed of intercalated greenish marls, fossiliferous
limestones and abundant thin gypsum layers. Marls
are almost indistinguishable from those of the under-
lying Jagiiel Formation, and usually yield rare
minute molds of unidentified mollusks. The fre-
quency of limestones intercalations shows a gradual
upward increase. The lowermost coquinas are very
thin (not more than 10 cm thick), massive, lenticular
bodies, with planar or erosive lower contacts, that
usually cannot be traced laterally for more than a few

meters. In many cases these basal coquinas cannot
be recognized because they have been eroded and
fossils from different stratigraphic intervals are inter-
mixed. Nonetheless, they are very well exposed in
our studied sections. An exceptional thick basal
limestone is that exposed in Zanjén Roca section
(sample 28 in Fig. 4) where a hard, 2.5 m thick
amalgamated, lenticular and highly fossiliferous bed
constitutes the base of the Roca Formation. The
uppermost limestone of this carbonate section cor-
responds to 2m thick, amalgamated, tabular co-
quinas. Together with the overlying dolomite bed,
this limestone constitutes a pronounced topographic
step placed around 400 m above sea level which can
be observed in the area for over 50 km. This last
coquina exhibits highly erosive internal surfaces and
beds with Thalassinoides that in some cases stretch
laterally for up 5 km (Fig. 6).

The described carbonate deposits are super-
imposed by up to 25 m thick whitish and grayish
gypsum beds that constitute the top of the Roca
Formation and cause the second and the uppermost
topographic step of the cliffs.

6. Analysis of the calcareous nannofossils

The recovered nannoflora is one of the best pre-
served in Argentina and comprises two different
associations of Maastrichtian and Danian ages as
will be described below with special focus on some
relevant taxa (Figs. 7-9; Tables 1-5).

Maastrichtian association. — The main
representative species of the Maastrichtian asso-
ciation are Cribrosphaerella daniae PERCH-NIELSEN,
Cribrosphaerella ehrenbergii (ARKHANGELSKY) DE-
FLANDRE in PIVETEAU, Micula decussata VEKSHINA,
Micula concava (STRADNER in MARTINI & STRADNER)
VERBEEK, Lithraphidites quadratus BRAMLETTE &
MARTINI, Nephrolithus frequens GORKA, Kampt-
nerius magnificus DEFLANDRE, Arkhangelskiella

Fig. 8. 1 — Kamptnerius magnificus DEFLANDRE, BAFC-NP 3047, proximal view, 2 — Rhagodiscus angustus (STRADNER)
REINHARDT, BAFC-NP 30474, distal view, 3 — Acuturris scotus (Risarti) WIND & WISE in WISE & WIND, AFC-NP
3047, lateral view, 4 — Panoramic view of the Danian nannoflora, 5 — Braarudosphaera bigelowi (GRAN & BRAARUD)
DEerFLANDRE, BAFC-NP 3075, distal view, 6 — Markalius inversus (DEFLANDRE) BRAMLETTE & MARTINI, BAFC-NP
3075, proximal view, 7 — Hornibrookina edwardsii PERCH-NIELSEN, BAFC-NP 3075, proximal view, 8-11 — Cruci-
placolithus primus PERCH-NIELSEN, BAFC-NP 3075, 12 — Lanthernithus duocavus Locker, BAFC-NP 3075, distal
view, 13-15 — Toweius africanus (PERCH-NIELSEN) PERCH-NIELSEN, BAFC-NP 3003. 13. coccosphaere, 14. distal view,

15. proximal view. The white bar indicates 2 ym.



140 C.J. del Rio et al.

Fig.9.1-3 — Placozygus sigmoides BRAMLETTE & SuLLIVAN, BAFC-NP 3003, 1. distal view, 2. proximal view, 3. lateral
view, 4-5 — Neochiastozygus primitivus PERCH-NIELSEN, BAFC-NP 3003, distal views, 6 — Neochiastozygus modestus
PERCH-NIELSEN, BAFC-NP 3003, proximal view, 7 — Hornibrookina teurensis EDWARDs, BAFC-NP 3003, distal view,
8-9 — Neochiastozygus modestus PERCH-NIELSEN, BAFC-NP 3003, distal views. The white bar indicates 2 ym.

cymbiformis VEKSHINA, Ahmuellerella octoradiata
(GOrKA) REINHARDT, Gartnerago segmentatum
(STOVER) THIERSTEIN, Prediscosphaera stoveri
(PERCH-NIELSEN) SHAFIK & STRADNER, Eiffellithus
turriseiffelii (DEFLANDRE in DEFLANDRE & FERT)
REINHARDT, and Eiffelithus gorkae REINHARDT.
These taxa constitute part of a well diversified,
frequent to abundant nannoflora with a moderate to
good species preservation, without major over-
growth effects.

Micula decussata, Arkhangelskiella cymbiformis
and Eiffellithus turriseiffelii predominate as the most
frequent species in every Maastrichtian samples
probably due to their high resistance to dissolution
(THIERSTEIN 1980) or to palacoecological require-
ments (LADNER & WISE 1999; THIBAULT & GARDIN
2000).

The presence of Nephrolithus frequens and
Cribrosphaerella daniae confirms a Late Maas-
trichtian age for the interval, particularly CC26 Zone
(PERCH-NIELSEN 1985a), in agreement with the
age established for the Jagiiel Formation in other
localities of the Neuquén Embayment (CONCHEYRO
1995,2001; CONCHEYRO & NAREZ 1994; CONCHEYRO
& VILLA 1996; NANEZ & CONCHEYRO 1997; PAapu
et al. 1999).

Neprolithus frequens is a taxon from cool waters
with a geographic distribution that ranges from high
to medium latitudes being considered an important
marker for high latitudes (WIND & WISE 1976; WIND
1979). It displays a diachronous biochron in the
Maastrichtian and, along with Cribrosphaerella
daniae, has been used to indicate the Late Maas-
trichtian in absence of other Maastrichtian markers.
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With the exception of M. decussata, the remain-
ing Maastrichtian species are also known as cool
water taxa (THIBAULT & GARDIN 2006), and their
persistence through all Maastrichtian samples reflect
cool conditions or a considerable input of austral
species to the Neuquén Basin, as was pointed out by
CONCHEYRO & VILLA (1996) and later mentioned by
Casabio et al (2004).

The cosmopolitan taxon Micula decussata is
dominant in all Maastrichtian samples and many dis-
cussions have been built upon its high abundance,
which could be due to differential preservation or to
any particular paleoecological requirement (LADNER
& WISE 1999; OVECHKINA & ALEKSSEV 2005), as it
was also suggested by KELLER et al. (2007) in Bar-
ranca del Jagiiel. Its high abundance could suggest
low productivity and high-stress conditions close
to the K/Pg boundary (THIBAULT & GARDIN 2006).
This situation has been clearly observed throughout
the Neuquén Basin and has also been detected in
the type area of the Roca Formation, where it is com-
monly recorded in all samples placed immediately
below the K/Pg boundary.

Danian association. — Its richness and
abundance are low; the preservation varies from
poor, with commonly fragmented specimens near the
K/Pg boundary, to moderate and good upwards in
the section. Among the most abundant and common
fossils are Biantholithus sparsus BRAMLETTE &
MARTINI, Thoracosphaera operculata BRAMLETTE
& MARTINI, Thoracosphaera saxea STRADNER,
Micrantholithus pinguis BRAMLETTE & SULLIVAN,
Micrantholithus vesper DEFLANDRE in DEFLANDRE
& FERT, Braarudosphaera bigelowi (GRAN &
BrAARUD) DEFLANDRE, Markalius  inversus
(DEFLANDRE in DEFLANDRE & FERT) BRAMLETTE &
MARTINI, Markalius apertus PERCH-NIELSEN,
Cyclagelosphaera  reinhardtii  (PERCH-NIELSEN)
ROMEIN, Chiastozygus ultimus PERCH-NIELSEN, and
Neochiastozygus primitivus PERCH-NIELSEN. Fol-
lowing PERCH-NIELSEN et al. (1982) and BURNETT
(1998) among others, the Danian association is con-
stituted by four different categories of nannofossils
which are identified as “Cretaceous species”, “Creta-
ceous survivor species”, “incoming Paleogene
species”, and “reworked species”.

Among the “Cretaceous species” there must be
mentioned: Nephrolithus frequens, Micula decus-
sata, Arkhangelskiella cymbiformis, Cribrosphaerel-
la daniae, Eiffellithus turriseiffelii, Watznaueria
barnesiae (BLACK) PERCH-NIELSEN, Watznaueria

ovata BUKRY, and Cyclagelosphaera margerelii
NOEL which remain as rare taxa in almost all Danian
samples, and show a general trend of decreasing
abundance.

The “Cretaceous survivor species” such as
Placozygus sigmoides (BRAMLETTE & SULLIVAN)
RoOMEIN, Micrantholithus pinguis BRAMLETTE &
SuLLIVAN, Micrantholithus vesper, Braarudosphaera
bigelowi, Thoracosphaera operculata and Thora-
cosphaera saxea have a bloom at the base of the
Danian allowing them to be considered in the
literature as one of the earliest Danian associations
(BURNETT 1998; MaI et al. 1994; KELLER et al.
2007). Braarudosphaera bigelowi has been con-
sidered as an opportunistic species (KonNoO et al.
2007) and its presence in the study area constituting
real chalks confirms that hypothesis. Moreover, its
physical association in the chalks with M. pinguis
and M. vesper led us to the conclusion that these
pentalithids should have had the same behaviour.
Thoracosphaerids and pentalithids blooms are men-
tioned in the literature for the Early Danian and the
species Thoracosphaera saxea, T. operculata (both
consistently present in the complete Danian
sequence in the studied area) along with Micranto-
lithus pinguis, Micrantholithus vesper, and Braaru-
dosphaera bigelowi confirm the K/Pg transition in
many regions (JIANG & GARTNER 1986; PERCH-
NIELSEN 1985b; PospicHAL & WISE 1990; ROMEIN
et al. 1996; GArRDIN 2002), being all of them charac-
teristic inhabitants of shallow waters.

The “Incoming Paleogene species” are charac-
terized by the common presence of Biantholithus
sparsus BRAMLETTE & MARTINI, Hornibrookina
edwardsii PERCH-NIELSEN, Hornibrookina teuriensis
EbpwaRrDS, Cruciplacolithus primus PERCH-NIELSEN,
Cruciplacolithus  tenuis (STRADNER) Hay &
MoOHLER, and Chiasmolithus danicus (BROTZEN)
Hay & MOHLER, a clear Danian marker (PERCH-
NIELSEN 1985b; VaroL 1998). Hornibrookina
edwardsii is common to abundant in many samples
and it has been mentioned as a basal Danian species
and Hornibrookina teuriensis, a taxon larger than H.
edwardsii is usually well preserved, being a frequent
to abundant species in the uppermost part of the
measured sections. Small specimens of Crucipla-
colithus primus have been identified in most Danian
samples throughout the studied area and its first
common occurrence confirms the base of the Danian.
However, MaI et al. (2003) mentioned its first occur-
rence just in the Late Maastrichtian, where it is
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Fig. 10. 1-2 — Pycnodonte burckhardti ITHERING MACN -Pi 5219; 3-4 — Gryphaostrea callophylla (IHERING), holotype,
MACN-Pi 138; 5-6 — “Venericardia” iheringii var. burckhardtii THERING, holotype, MACN-Pi 356 I; 7-8 — Pseudo-
tylostoma romeroi THERING, holotype, MACN-Pi 693a; 9-10 — “Rostellaria” rothi THERING, holotype, MACN-Pi 759;
11-12 — Arca ameghinorum (IHERING), holotype, MACN-Pi 340. All specimens in natural size.
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Fig. 11. 1-2 — Strutiochenopus patagonensis (IHERING), holotype, MACN-Pi 759 (x1.5); 3 — Turritella burckhardti
THERING, holotype, MACN-Pi 5218 (x1); 4 — Neilo sp. MACN-Pi 5223 (x2) (= Malletia ornata SOWERBY, in IHERING
1907); 5-6 — “Leda” cf. “Leda” perdita FERUGLIO, MACN-Pi 5220 (x2); 7-8 — “Phacoides” rocana THERING, holotype,
MACN-Pi 5217 (x1); 9 — “Dosinia” burckhardti IHERING, holotype, MACN-Pi 415 (x1); 10-11, 13 — “Tellina” bur-
meisteri IHERING, 10-11: holotype, MACN-Pi 5216 (x1); 13: MLP 5527 (x1); 12 — Plicatula sp., MACN-Pi 5222 (x2);
14-15 — Cubistostrea ameghinoi (IHERING), holotype, MACN-Pi 167 (x1); 16, 19 — “Chlamys” salamanca (IHERING),
MACN-Pi 5212 (x2); 17 — Leionucula dynastes (IHERING), holotype, MACN-Pi 5215 (x1); 18 — Gregariella amara
GRIFFIN et al., MACN-Pi 5221 (x2); 20 — Arca ameghinorum (IHERING), MACN - Pi 5213 (x1).
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CALCAREOUS NANNOFOSSILS ZONES
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Pectiniidae indet.
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Gryphaostrea callophyla

|Trochidae indet.
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Pseudolividae indet.

Hemiaster sp.

Holasteroida indet.

Plesiaster sp.

Linthia? joannisboehmi

Linthia sp.

icidae indet.

Epitoniidae indet.

Fasciolariidae indet.

Ficiidae indet.

{Tudiclidae indet.

Turritella burckhardti

[Crans

Leionucula dynastes

Neilo sp.

"Phacoides” rocana

"Dosinia" burckhardti

Arca ameghinorum

Cubistostrea ameghinoi

ulaniidae indet.

jum bayoense

D
~arnvarn

Limidae indet.

Plicatula sp.

Fig. 12. Biostratigraphic distribution
of the Danian “Rocanense” inverte-

Struthiochenopus patagonensis

Pseudotylostoma romeroi

brates in the type area of the Roca
Formation related to calcareous

Scaphandridae indetp.

"Rostellaria” rothi

nannofossil zones.

Hercoglossa romeroi

normally overlooked due to its small size. In the
basal Danian, where its first common occurrence is
recorded, the taxa show an increment in size and can
be easily recognized.

Biantholithus sparsus 1is another interesting
nannofossil with 7-9 simple calcitic triangular to
rounded elements (Mar et al. 1994). Although some-
times considered as a “Cretaceous survivor species”,
occurring in Maastrichtian assemblages (VAN HECK

& Prins 1987; Mar et al. 2003), it has extensively
been used to indicate the base of the Danian (BRAM-
LETTE & MARTINI 1964; PERCH-NIELSEN 1979;
PERCH-NIELSEN 1985b; VAN HEcKk & PriNs 1987;
PospicHAL & WISE 1990; VaroL 1998). The ac-
ceptance in the present study of the first occurrence
(FO) of B. sparsus as “incoming Paleogene species”
and as Early Danian marker is in accordance with
observations carried out in the Austral Ocean by
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PospicHAL & WISE (1990), as well as with those
studies made by A. CONCHEYRO in other regions of
the Neuquén Embayment (CONCHEYRO 1995; CoN-
CHEYRO et al. 2002).

“Reworked species” such as Micrantholithus
hoschulzii (REINHARDT) THIERSTEIN, Micrantho-
lithus obtusus STRADNER, Nannoconus circularis
DERES & ACHERITEGUY, Nannoconus steinmanni
KAMPTNER, and Zeugrhabdotus embergerii (NOEL)
PERCH-NIELSEN, have also been observed in the
typical assemblages that characterize the Vaca
Muerta and Agrio formations (Tithonian to Valan-
ginian-Upper Hauterivian in age) (BowN & CoON-
CHEYRO 2004). Their presence in the studied sections
indicates important reworking. This situation had
been previously recognized in the southern area of
Mendoza Province (CONCHEYRO & VILLA 1996) and
it could be explained either by variations in the
regional subsidence or eustatic oscillations, which
would have favoured the erosion of older sediments
from the western flank, as the result of the latest
Maastrichtian-earliest Danian Laramide tectonic
phase (onset of the Andean Orogeny), or as the
combination of both factors.

7. Biostratigraphy

The Maastrichtian association is assigned to the
CC26 Zone due to the presence of Nephrolithus
frequens and Cribrosphaerella daniae (PERCH-
NIELSEN 1985a; BURNETT 1998; PospicHAL & WISE
1990; CoNcHEYRO 1995), being the first confirmed
record of the Late Maastrichtian in the type area and
type section of the Roca Formation. The blooms of
Placozygus sigmoides, Thoracosphera operculata,
T. saxea, Biantholithus sparsus and pentalithids sug-
gest the presence of the Early Danian NP1 Zone
(MARTINI 1971) (OKADA & BUKRY 1980; GARDIN
2002). The permanent presence of some “Cretaceous
survivor species” indicates a most refined biostrati-
graphic event. According to VAROL (1998), the NP1
in the North Sea can be subdivided into two zones
and three subzones (NNTpla - NNTplb - NNTp2),
using the successive FO of Biantholithus sparsus,
Cyclagelosphaera alta, Placozygus sigmoides and
Cruciplacolithus primus, respectively. The recogni-
tion of these bioevents in the study area led us to
allocate the nannoflora in the lowest Danian.
Although an association assigned to the NP2
Zone is recognized in the sequence, no markers such
as the FO of Cruciplacolithus intermedius vAN HECK

& Prins and of Coccolithus pelagicus (WALLICH)
ScHILLER have been detected. For this reason, the
boundary between NP1 and NP2 cannot be accur-
ately defined by their lithological continuity.

The NP3 Zone is determined by the FO of Chias-
molithus danicus and Neochiastozygus modestus,
the presences of Hornibrookina edwardsii and
Hornibrookina teuriensis, and the bloom of Toweius
africanus (PERCH-NIELSEN) PERCH-NIELSEN which
displays excellent preserved coccospheres.

The NP4 Zone is recognized by the FO of
Neochiastozygus perfectus PERCH-NIELSEN, only
found in the Cantera Cholino section. This species
has been used as a zonal marker by VAN HECck &
PriNs (1987).

8. The Danian “Rocanense” invertebrate
assemblages

With the exception of the oysters Gryphaostrea
callophylla (IHERING), Cubistostrea ameghinoi
(IHERING) and Pycnodonte (Phygraea) burckhardti
(IHERING), that have been mentioned in other sectors
of the basin (Casapio 1998; pEL Rio et al. 2007),
references to the “Rocanense” assemblage are usual-
ly restricted to the type area of the Roca Formation.
This fauna is mainly represented by oysters, cardi-
tids, veneroids and the gastropods “Rostellaria” rothi
(IHERING) and “Turritella” burckhardti (IHERING)
(Table 6; Figs. 10-11). Because most of the species
named by IHERING (1903, 1907) were defined on
internal or composite molds of articulated speci-
mens, it is not possible to make any revision at the
generic level, but the material is easily recognized at
the species level. Just in a few cases, minor modi-
fications to IHERING’s generic assignments must be
introduced. IHERING (1907) placed molds of mal-
letids into Malletia ornata SOWERBY, an Oligocene-
Miocene species of Patagonia actually belonging to
the genus Neilo. New findings of material that have
parts of the shell preserved have allowed to distin-
guish it from N. ornata, since the “Rocanense” shells
have a much thinner and densely spaced commargin-
al ridges than N. ornata, which probably places it in
a different species (Fig. 11.4). Also, preserved inter-
nal characters such as adductor and pallial blood
vessel scars of specimens of Tellina burmeisteri
IHERING indicate that this species corresponds to
some lucinoidean genus (Figs. 11.10-11, 11.13). The
hinge of a poorly preserved mold of a right valve of
Venericardia ameghinorum IHERING from Cantera
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Cholino confirms that this taxa belongs to Arca
(Fig. 11.20).

The only biostratigraphic study dealing with this
fauna corresponds to that provided by Rossi DE
GARGIA & LEvY (1984) who, based on a compiled
section, probably from the type area, proposed four
roughly defined “zones”. From base to top, these
“zones” are: Gryphaostrea callophylla Zone, Cubis-
tostrea ameghinoi Zone, Venericardia sp. Zone and
Odontogryphaea Zone.

In this study, three Danian assemblages asso-
ciated with the nannofossil zones are locally distin-
guished (Fig. 12). The oldest assemblage is asso-
ciated with the NP1-NP2 zones recorded at the base
of Cerro Tres Picos and Zanjén Roca sections. At
Cerro Tres Picos (samples 10’ and 11’) the assem-
blage is yielded in the extremely thin lenticular basal
calcareous bodies, and is represented by a poorly
diversified fauna constituted by Gryphaostrea callo-
phylla, Pycnodonte burckhardti, “Chlamys” sala-
manca (IHERING) and “Venericardia iheringi var.
burckhardti” THERING, associated to bryozoans and
scarse corals. At Zanjén Roca, this assemblage is
contained in the thick multi-event shell bed (sample
28) present at the base of the Roca Formation where,
apart from the mentioned taxa, Delectopecten
neuquensis DEL Rio et al., new pectinids, trochids
and Calyptraea cf. pileolus have been recorded.

The second association is contained in the NP3
Zone and is represented in the Cerro Tres Picos
(sample 23), Picada Sismica (samples 7 and 10),
Horno de Cal (samples 7, 10 and 13) and Zanjon
Roca (sample 29) sections.It is recognized by the first
occurrences of Cubitostrea ameghinoi (IHERING),
Turritella burckhardti (IHERING), numerous gastro-
pods of the Families Fasciolariidae, Ficiidae, Tudi-
clidae and Pseudolividae, and soft-bottom dwellers
such as Leionucula dynastes (IHERING), Neilo sp.,
“Phacoides” rocana (IHERING), “Dosinia” burck-
hardti (IHERING), “Tellina” burmeisteri (IHERING),
Holasteroidea indet. Linthia sp., Hemiaster sp.,
Plesiaster sp., and Linthia? joannisboehmi (OPPEN-
HEIM in BOHM, 1903, MARTINEZ et al. 2011), among
the most abundant taxa. In strata belonging to sample
7 in the Picada Sismica section, this assemblage is
contained in uni-event shell-beds that laterally vary
from a concentration of Leionucula dynastes and
“Phacoides” rocana to accumulations of “Dosinia”
burckhardti and “Tellina” burmeisteri. In Cerro Tres
Picos (sample 23) this assemblage is replaced by a
well diversified soft-bottom dweller assemblage re-
presented by abundant still undetermined nuculanids.

The third and youngest association is contained in
the uppermost shell-beds of the Roca Formation that
underlies the dolomite bed. It is much more diverse
than the others and is well recorded in Cantera Cho-
lino (samples 5-17) where it is associated with the
NP4 Zone, in Horno de Cal (samples 15 and 17),
Picada Sismica (sample 12) and Zanjén Roca (sam-
ples 36-37). The taxa restricted to this assemblage
are Pseudotylostoma romeroi (IHERING), “Struthio-
chenopus” patagonensis (IHERING), “Rostellaria”
rothi (IHERING), Parvamussium bayoense DEL Rio et
al., Plicatula sp., Hercoglossa romeroi (IHERING),
and still undetermined species of the Limidae, Nucu-
lanidae and Scaphandridae. This assemblage is
usually contained in shell-supported multi-event
beds, with horizons almost exclusively represented
by Cubistostrea ameghinoi, Pycnodonte burckhardti,
“Rostellaria” rothi and “Turritella” burckhardti.
These beds frequently vary laterally to monospecific
uni — event concentrations of Cubistostrea ameghi-
noi to accumulations of Pycnodonte burckhardti and
“Rostellaria” rothi.

With the exception of the abundance of Gry-
phaostrea callophylla at the base of the sections and
of Pyconodonte burckhardti at the top (which is
same that Odontogryphaea burckhardti) no agree-
ment has been found with the “zones” proposed by
RossI DE GARGIA & LEvyY (1984).

9. Discussion and conclusions

The Jagiiel Formation (BERTELS 1969a) and the Roca
Formation (WEAVER 1927) were studied in the type
area of the Roca Formation in the surroundings of
General Roca. BERTELS (1970 a) stated the absence
of Late Maastrichtian sediments in the type area of
the Roca Formation and did not recognize deposits
older than the Danian at the base of the type section
of this unit. However, Nephrolithus frequens,
Cribrosphaerealla daniae, Arkhangelskiella cymbi-
formis, and Predicosphaera stover were recovered
from the 20 m thick marls (Jagiiel Formation) that
separate the base of the Roca Formation (as defined
by BERTELS 1969a) from the Allen Formation. This
finding documents the presence of Late Maas-
trichtian sediments (CC26 Zone) for the first time in
this area, proving that the biostratigraphic hiatus
proposed by BERTELS (1970a), which would have
extended from the Middle Maastrichtian to the
Danian, does not exist.

The sampling and dating of the studied sections
allowed the correlation proposed in Fig. 4 which has
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been based on the calcareous nannofossil zones
yielded in the marlstones, the uppermost bioclastic
accumulations and the overlying dolomite bed. The
Jagiiel Formation contains two calcareous nanno-
fossil assemblages: one of Late Maastrichtian age
(CC26 Zone) and another one of Danian age (NP1-
NP2 Zone). The sampling interval does not allow to
distinguish the K/Pg transition, but the presence of
both assemblages are clearly identified in Zanjon
Roca and Cerro Tres Picos, consequently allowing
the correlation of the basal sedimentites of the
section. The transition between the NP1 and NP2
zones is not recognized because of the absence of
Cruciplacolithus intermedius due to the poor diversi-
ty of the assemblage. In the Roca Formation three
Danian calcareous nannofossil assemblages are
distinguished. The oldest one belongs to the NP1-
NP2 zones and is contained in the 20-30 cm thick
marlstones that overlay the first coquinas of the unit.
Upwards, the NP3 Zone is identified and its transi-
tion with the NP1-NP2 Zone has been recognized in
Cerro Tres Picos and Zanjén Roca which led to the
correlation of the middle part of the study sections.
Finally, an assemblage assigned to the NP4 Zone has
been only identified in Cantera Cholino with the first
occurrence of Neochiastozygus perfectus. Bioclastic
beds contained in the NP4 Zone in Cantera Cholino
consist of accumulations of Cubistostrea ameghinoi,
Pycnodonte burckhardti, “Rostellaria” rothi and
Hercoglossa sp., associated with Thalassinoides
horizons. These fossiliferous concentrations are
recognized in the Horno de Cal, Picada Sisimica and
Zanjén Roca where the interbedded marlstones are
devoid of calcareous nannofossils. Along with the
overlying dolomite bed, these fossiliferous strata
make possible the correlation of the uppermost strata
of the fossiliferous sector of the Roca Formation, all
these horizons being probably correlated with the
NP4 Zone.

As a result of the correlation that was carried out
among sections, a detailed stratigraphic location of
the “Rocanense” fauna was obtained, placing it in
the NP1-NP4 zones and allowing the recognition of
three associations related to the nannofossils zones.
According to this biostratigraphic distribution, and
similar to what happen with other Danian sections
(i.e. Cerros Bayos, DEL Rio et al. 2007), in the type
area of the Roca Formation an upwards increase in
the number of recorded species is also observed
going from 10 species in the NP1-NP2 zones to 29
species in the NP4 Zone, showing a gradual recovery
during the Danian.
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Table 1. Cantera Cholino — Calcareous nannofossil range chart.
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Table 3. Cerro Tres Picos — Calcareous nannofossil range chart.
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Table 4. Horno de Cal (Type section of the Roca Formation) — Calcareous nannofossil range chart.
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Table 3. Cerro Tres Picos — Calcareous nannofossil range chart. Cont.

INCOMING PALEOGENE SPECIES
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Table 5. Zanjon Roca — Calcareous nannofossil range chart.
o CRETACEOQUS SPECIES
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Appendix Chiasmolithus danicus (BROTZEN 1959) HAY & MOHLER

Taxonomic list. A full list of all taxa cited in the range
charts. Most bibliographic references can be found in
PERCH-NIELSEN (1985a, b) and BowN (1998).

Ahmuellerella octoradiata (GORKA 1957) REINHARDT
1966

Acuturris scotus (RisaTTi, 1973) WIND & WISE in WISE &
WinD (1977)

Ahmuellerella regularis (GORKA 1957) REINHARDT &
GORKA 1967

Arkhangelskiella cymbiformis VEKSHINA, 1959
Arkhangelskiella maastrichtiana BURNETT 1997a
Biantholithus sparsus BRAMLETTE & MARTINI 1964
Biscutum constans (GorkA 1957) BLAcK in Brack &
BARNES (1959)

Biscutum melaniae (GORKA 1957) BURNETT 1997
Biscutum notaculum WIND & WISE in WISE & WIND 1977
Braarudosphaera bigelowii (GRAN & BRAARUD 1935)
DEFLANDRE 1947

1967

Chiastozygus garissoinii BUKRY 1969

Chiastozygus ultimus PERCH-NIELSEN 1981

Coccolithus pelagicus (WALLICH 1871) SCHILLER 1930
Cretarhabdus conicus BRAMLETTE & MARTINI (1964)
Cribrosphaerella daniae PERCH-NIELSEN (1973)
Cribrosphaerella ehrenbergii (ARKHANGELSKY 1912)
DEFLANDRE in PIVETEAU (1952)

Cruciplacolithus primus PERCH-NIELSEN 1977
Cruciplacolithus tenuis STRADNER 1961) HAY & MOHLER
in Hay et al. 1967

Cyclagelosphaera margerelii NOEL (1965)
Cyclagelosphaera reinhardtii (PERCH-NIELSEN
RoMEIN 1977

Eiffellithus gorkae REINHARDT 1965

Eiffellithus parallelus PERCH-NIELSEN 1973
Eiffellithus turriseiffelii (DEFLANDRE in DEFLANDRE &
FERT 1954) REINHARDT (1965)

Gartnerago segmentatum (STOVER 1966) THIERSTEIN
1974

1968)
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Table 5. Zanjoén Roca — Calcareous nannofossil range chart. Cont.
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Appendix Cont.

Hornibrookina edwardsii PERCH-NIELSEN 1977
Hornibrookina teuriensis EDWARDS 1973

Kamptnerius magnificus DEFLANDRE 1959

Lanthernithus duocavus LOCKER 1967

Lithraphidites carniolensis DEFLANDRE 1963
Lithraphidites quadratus BRAMLETTE & MARTINI 1964
Lucianorhabdus cayeuxii DEFLANDRE (1959)

Manivitella pemmatoidea (DEFLANDRE in MANIVIT 1965)
THIERSTEIN 1971

Markalius apertus PERCH-NIELSEN (1979b)

Markalius inversus (DEFLANDRE in DEFLANDRE & FERT
1954) BRAMLETTE & MARTINI 1964

Micrantholithus pinguis BRAMLETTE & SULLIVAN 1961
Micrantholithus vesper DEFLANDRE in DEFLANDRE &
FERT 1954

Microrhabdulus decoratus DEFLANDRE 1959

Micula concava (STRADNER in MARTINI & STRADNER
1960) VERBEEK 1976

Micula decussata VEKSINA (1959)

Micula murus (MARTINI 1961) Bukry 1973

Micula swastica STRADNER & STEINMETZ 1984
Nannoconus circularis DERES & ACHERITEGUY 1980
Neochiastozygus modestus PERCH-NIELSEN 1971
Neochiastozygus perfectus PERCH-NIELSEN 1971
Neochiastozygus primitivus PERCH-NIELSEN 1981
Neocrepidolithus cruciatus ( PERCH-NIELSEN 1979)
PERCH-NIELSEN 1981

Neocrepidolithus dirimosus ( PERCH-NIELSEN 1979)
PERCH-NIELSEN 1981

Nephrolithus frequens GORKA 1957

Nodosella elegans PERCH-NIELSEN 1981

Octolithus multiplus (PERCH-NIELSEN 1973) RoMEIN 1979
Placozygus sigmoides (BRAMLETTE & SULLIVAN 1961)
ROMEIN 1979

Prediscosphaera cretacea (ARKHANGELSKY 1912) GART-
NER 1968

Prediscosphaera spinosa (BRAMLETTE & MARTINI, 1964)
GARTNER, 1968

Prediscosphaera stoveri (PERCH-NIELSEN 1968) SHAFIK &
STRADNER 1971
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Table 6. Stratigraphic distribution of recorded “Rocanense” fauna in the studied sections of the Roca Formation in the
type area. (* taxa described by IHERING (1902, 1903, 1907) and recognized in the present analysis).

LITHOLOGICAL SECTIONS ZANJON ROCA

PICADA
SISMICA

HORNO CAL
(Type Section NR of
Bertels, 1969a)

CERRO
PICOS

TRES|  CANTERA CHOLINO

FOSSILIFEROUS BEDS 28|29 37| 7

12) 7 |10 131517 15|19|23) 5| 6 13| 1411517

* Leionucula dynastes Ihering X X

* Neilo sp. X X

Nuculanidae indet.

“Leda” cf. "L." perdita Feruglio X

* "Modiola "nonegrensis Ihering X

Gregariella amara Griffin et af, X

Limidae indet. X

Plicatula sp.

* Pycnodonte burckhardti (Bohm) X | X

* Gryphaostrea callophylla (Ihering) X

* Cubitostrea ameghinei (Ihering) X | X

“Chlamys" salamanca Ihering X

Pectinidae indet. X

Delectopecten neuquensis del Rio et al. X

Parvamussium bayoense del Rio et al.

* Arca ameghinorum (lhering) X

* "Venericardia” iherngii var burckhardti Ih. X

* "Phacoides” rocana lhering

>

* "Dosinia” burckhardti Ihering X

Ed A bl Bl ke

* “Tellina” burmeisteri Ihering

Trochidae indet. X

* "Struthiochenopus” patagonensis (Ihering)

* "Rostelaria" rothi Ihering X

Calyptraea cf. pifeolus d'Orbigny X

Epitoniidae indet

Naticidae indet.

>

* Turritelia burckhardti Ihering

>

* Pseudotylostoma romeroi |hering

Ficidae indet.

MM

>
>

Fasciolariidae indet,

bl kit

Tudiclidae indet.

Pseudolividae indet.

KX

Scaphandridae indet. X

Hercoglossa romeroi (lhering) X

H sp.

Linthia sp.

Linthia? jc ishoehmi

Holasteroida indet.

M M| X || x

Plesiaster sp.

crabs X | X

corals X

>

bryozoans X

Appendix Cont.

Retecapsa crenulata (BRAMLETTE & MARTINI 1964) GRUN
in GRUN & ALLEMANN 1975

Retecapsa surirella (DEFLANDRE & FERT 1954) GRON in
GRUN & ALLEMANN 1975

Rhagodiscus angustus (STRADNER 1963) REINHARDT 1971
Rhagodiscus reniformis PERCH-NIELSEN 1973
Rhagodiscus splendens (DEFLANDRE 1953) VERBEEK 1977
Staurolithites mielnicensis (GORKA 1957) PERCH-NIELSEN
(1968) sensu Crux in LorD (1982)

Thoracosphaera operculata BRAMLETTE & MARTINI 1964
Thoracosphaera saxea STRADNER 1961

Toweius africanus (PERCH-NIELSEN 1981) PERCH-NIELSEN
1984

Watznaueria barnesiae (BLACK 1959) PERCH-NIELSEN
1968

Watznaueria biporta BUKRY 1969

Watznaueria britannica (STRADNER 1963) REINHARDT
1964

Watznaueria fossacincta (BLack 1971) Bown in Bown &
CooPER 1989

Watznaueria ovata Bukry 1969

Zeugrhabdotus diplogrammus (DEFLANDRE in DEFLANDRE
& FERT 1954) BURNETT in GALE et al. 1996
Zeugrhabdotus embergeri (NOEL 1958) PERCH-NIELSEN
1984

Zygodiscus spiralis BRAMLETTE & MARTINI 1964





