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CRETACEOUS FORAMINIFERA OF ARGENTINA: BIOGEOGRAPHIC TENDENCES

ALWINE BERTELS*

ABSTRACT During Cretaceous time, the Gondwana supercontinent palacogeography suffered
progressive changes which mainly controlled the benthonic Foraminifera distribution. In Argentina, the
principal Cretaceous sedimentary basins are: Neuquén and Mendoza (plus Colorado in Maastrichtian time)
and Magallanes. Neuquén and Mendoza basins. deposits are of Neocomian and Maastrichtian age.
Neocomian. The assemblage shows biogeographic fluctuations; particularly in Berriasian, the low diversity
is the reflect of the lack of stability of the western Argentina margin; from late Valanginian to Barremian the
association is composed of wide distributed and/or cosmopolitan taxa. Maastrichtian. At the end of the
Cretaceous in the Neuquén and Mendoza (plus Colorado) basins endemic taxa increase accompained by
Northern hemisphere, bipolar distributed, species evolving into the Neuquén, Mendoza and Colorado
Subprovince. Magallanes Basin. It is located at the southwestern extreme of South America. The
provincial features changed in respomse to Cretaceous geologic, ecologic, and oceanographic history.
Oxfordian-Barremian. Assemblages are composed of wide distributed and/or cosmopolitan, malagachian,
and endemic taxa; gradually decreased endemism provides the basis for the inference of the Magallanes
Subprovince in the Oxfordian-Hauterivian which evolved into a lower rank unit — Endemic Center — in the
Barremian, Aptian-Albian. Specific diversity is low; a Province rank is attributed to the interval. Albian-Late
Turonian. The income of australian taxa and the presence of endemics provide the basis for the Magallanes
Province recognition. Coniacian-Campanian. Australian taxa increase whereas endemics decline; the
Magallanes Province persisted untill this time. Maastrichtian. Widespread species of almost bipolar
distribution characterizes the interval, accompanied by Austral Realm taxa; the provincial rank which
persisted since Aptian times turned to the Magallanes Subprovince. Biogeographic comparison made
between the Neuquén and Mendoza (plus Colorado in Maastrichtian time) and the Magallanes Basin
benthonic Foraminifera shows sharp differences and strong provincial features; this fact is probably related
to physical barriers (such as ridges and hights), ecological factors and plate tectonics.

RESUMO FORAMINIFEROS CRETACEOS DA ARGENTINA: TENDENCIAS BIOGEOGRA-
FICAS. Durante o Cretdceo, o supercontinente Gondwana experimentou sucessivas mudangas que
controlaram a distribuicio dos foraminfferos bent6nicos. As principais bacias sedimentares cretdcicas
argentinas sio as de Neuquén e Mendoza (incluindo a de Colorado no Maastrichtiano) e de Magallanes.
Bacias de Neuquén e Mendoza: Os dep6sitos marinhos sfo de idade neocomiana e maastrichtiana. Neoco-
miano: A associagio evidencia flutuagdes biogeogréficas; particularmente durante o Berriasiano a baixa di-
versidade reflete a instabilidade da margem ocidental argentina; a partir do Valanginiano até o Barremiano
0s conjuntos microfaunisticos estio compostos por taxa de ampla distribuigéio e/ou cosmopolitas. Maastri-
chtiano: Ao final do Cretdceo, a bacia de Neuquén e Mendoza (incluindo a de Colorado) evidencia um au-
mento dé espécies endémicas acompanhadas por outras do hemisfério norte de distribuigéo bipolar, evoluin-
do na Subprovincia de Neuquén, Mendoza e Colorado. Bacia de Magallanes: Localizada no extremo su-
doeste da América do Sul. As caracterfsticas provinciais se modificaram em resposta a historia geoldgica,
ecolGgica e oceanogrifica. Oxfordiano-Barremiano: As associagGes estio integradas por espécies de ampla
distribuico geogréfica efou cosmopolitas, da Repiiblica Malgasch (ex-Madagdscar) e endémicas; uma dimi-
nuigio gradual do endemismo fornece a base para a inferéncia da existéncia da Subprovincia de Magallanes
em tempos oxfordianos-hauterivianos que evoluiram até uma entidade de amplitude menor — Centro Endeé-
mico — durante o Barremiano. Aptiano-Albiano: A diversidade é baixa; a amplitude da provincia € atribuida
ao referido intervalo, Albiano-Neo-Turoniano: A presenga de taxa australianos e endémicos dd suporte para o
reconhecimento da Provincia de Magallanes. Coniaciano-Campaniano: Os taxa australianos aumentam en-
quanto os endémicos diminuem; a Provincia de Magallanes persistiu até este intervalo de tempo. Maastrich-
tiano: Espécies de ampla distribuigio, quase bipolar, caracterizam o intervalo acompanhadas por faxa de
domfnio austral; a amplitude provincial que persistiu desde o Albiano se transformou na Subprovincia de
Magallanes. A comparagio biogeogréfica entre os foraminiferos benténicos das bacias de Neuquén e Men-
doza (incluindo a de Colorado durante o Maastrichtiano) e a de Magallanes mostra grandes diferengas e mar-
cantes caracteristicas provinciais; este fato estd provavelmente relacionado a barreiras fisicas (tais como
dorsais e altos), fatores ecolégicos e tecténica de placas.

The existence on the earth surface of
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The purpose of this paper is to determine the Argentina

biogeographic units based on several living organic groups is a
fact clearly recognized in present times; the biotic
differentiation is observed on terrestrial environments as well
as in the marine ones. The causes which originate the faunal
segregation are multiple and their interrelations complex,
being the most important: a. ecological factors, such as
temperature, salinity, pH, oxigen, substrate, food
disponibility, nutrients, calcium carbonate, and microelements;
b. physical, in particular land barriers and ocean deeps which
impede the free dispertion- of organisms and cause their
isolation; ¢. geodinamical, such as sea floor spreading and
continental drift, and d. oceanographic, in particular deep
water masses and surficial currents. They are responsible — in
a large extend — for the outling of bioentities and their
fluctuations.
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Cretaceous marine patterns of biogeographic units based on
benthonic Foraminifera species.

Most authors (Kauffman 1973) use the generic or
subgeneric  taxonomic level for paleobiogeographic
inferences. Analysing Foraminifera, species are more reliable
for the obtention of objective quantitative results in the
definition of biogeographic units and their evolution, since
genera and subgenera are mostly wide distributed
geographically and tend to show a great tendence toward
cosmopolitism.

In Argentina, such its occurs in other areas, biogeographic
tendences show a changing picture along the Cretaceous, as a
result of the natural history of the region.

In early Cretaceous (Berriasian-Albian) times, the
distribution of marine and continental areas was markedly
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different than in the Recent (Fig. 1). In the southern
hemisphere, South America, Africa, Antarctica, Australia,
Madagascar and India stand physically united or more
proximal forming the Gondwana supercontinent which
occupied latitudinal positions different than those of today.

The Tethys sea covered geographic areas approximately
equivalent to the present Mediterranean and Caribbean
united, although of larger dimentions; to the west and east it
was communicated with the remainder marine water masses.
Southernwards a southern proto Atlantic ocean and an
incipient southwestern Indic Ocean invaded freely African
and South American meridional areas; in the Southern
hemisphaere these incipient oceans constituted the geographic
dispersal way of several biologic groups, among others, the
benthonic Foraminifera.

In late Cretaceous (Cenomanian-Maastrichtian) time (Fig.
2), beside other significant palacogeographic modifications,
the interval is essentially characterized by continuous A tlantic
spreading, segregation of the Gondwana supercontinent and
the consequent free communication between the North and
South Atlantic oceans, changes in paleocirculation pattern and
new migratory ways, among other important effects,

METHODS In order to analyze Argentina foraminiferal
assemblages, their palacobiogeographic features and the

“evolution during the Cretaceous, the available taxonomic
information is listed and the assemblages compared with those
of other regions. '
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Taxonomic determinations made by several authors are
used in their original sense; no attempt is made for taxonomic
modifications. With the finality to incorporate the largest
number of species as possible, the following criteria have been
adopted: a. species which are classified only at the generic
level are ignored; b. those taxa introduced in the literature as
cf. or aff. are interpreted to belong to the taxonomic unit with
which they are compared of show affinities; e. species
classified with a question mark (?) are asigned to the taxon; d.
subspecies are considered as species.

For the obtention of quantitative results, the criteria
proposed by Simpson (1943), Johnson (1971) and Kauffman
(1973) are used.

Simpson Coefficient is given by the formula (Simpson
1943):

SC === 100 (1)
NI

Johnson (1972) Provincial Index equation is:

C

Pl = —=
2E,

@

SC = Simpson Coefficient
PI = Provincial Index
= Number of common species to both compared areas
N, = Total number of species of the smaller population
= Number of endemic taxa in the drea under
consideration

Figure | — Distribution of land and sea areas in the Early
Cretaceous (Berriasian-Barremian) (in part after Tedford,
1974). In Argentina the Neuquén and Mendoza basin
benthonic foraminiferal assemblage is of wide geographic
distribution; the Megallanes assemblage is representive of a
Subprovince (Oxfordian-Hauterivian) and an Endemic Center
(Barremian).
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Figure 2 — Distribution of land and sea in the Late Cretaceous
(Maastrichtian) (in part after Tedford, 1974). In Argentina the
Neuquén and Mendoza (+ Colorado) basins ussemblage, of
bipolar distribution and endemics, denote a Subprovince; in the
Magallanes basin the homonymous Subprovince is recognized.
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Kauffman (op. cit.) proposed the differentiation of
Cretaceous biogeographic units having into account the
degree of endemism in a given area; these are: a. Endemic
Center, with 5-10% of endemic genera; b. Subprovince
10-15%; c. Province 25-50%; d. Region 50-75% and Realm
> 75% of endemic genera.

Using Simpson Coefficient, values higher than 60 indicate
cosmopolitism and minor endemism. Applying Johnson
Provincial Index values minor than 1 satisfy provincial
conditions; higher values coincide with cosmopolitan
situations.

In several figures, the Argentina recorded taxa are listed
according to their stratigraphic range and basin occurrence; in
these lists, asterisk (*) indicate the geographic occurrence of
the species as follows:

* Afromalgachian species

** Australian species
*** Endemic species

Taxa classified at the specific level with no asterisk are of
wide geographic distribution.

The outlining of paleobiogeographic units are calculated
quantitatively having into account the total endemic taxa in
regional space and time.

CRETACEOUS MARINE SEDIMENTARY BASINS OF
ARGENTINA Late Malm or Araucanian tectonic
movements modified substantially the distribution of erosive
‘areas and depositional centers; the previous behaviour of the
southernmost extreme of South America had a cratonic or
quasi cratonic character (Urien er al. 1981).

The basins in which early Cretaceous marine sedimentation
is registered are: a. Neuquén and Mendoza, and b.
Magallanes.

During late Cretaceous time, sea level changes allowed the
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ingressions in the areas: a. Sierras Subandinas-Cordillera
Oriental; b. Neuquén and Mendoza and Colorado basins,
which were united at the end of the Cretaceous; and c.
Magallanes basin.

Sierras Subandinas - Cordillera Oriental Late
Cretaceous deposits are of marginal nature; foraminiferal
microfaunas are extremely poor.

The only Foraminifera cited belong to the genera
Discorbis, Valvulineria, Lingulogavelinella, Oritostella, and
Bilingulogavelinella of Senonian age (Méndez & Viviers
1973) and Miliolinella of Maastrichtian age (Kielbowicz &
Angelozzi 1984).

Due to the scaese micropaleontological material it is not
possible to realize an quantitative faunal analysis.

Neuquén and Mendoza  Basins (Figs. 3a-c,
4a-b) Marine sedimentation is registered since the
Jurassic. During early Cretaceous (Berriasian-Barremian), a
succession of lithostratigraphic units were deposited; the
nature of this deposits is preponderantely marine and
probably — in a large part — of restricted environment.

During the ?Albian-?Campanian interval marine
sedimentation was interrupted; only in the Maastrichtian a
new high sea level stand is registered.

The late Cretaceous Intersenonian tectonic movements
produced a change in the regional slope; with this event the
first neatly atlantic ingression took place in the basin. During
Maastrichtian time, the Neuquén and Mendoza and Colorado
basins stand united. Marine and in some cases polihaline
deposits were preceeded by a marked subsidence, particularly
in areas of the present day Colorado and Negro rivers
courses, accompanied by a sedimentation of continental
aquatic environment, probably lagoons, marhes etc.
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® Marginulinopsis picunleufuensis Musacchio, 1980 i ® | @ | Trochammina depressa Lozo, 1944
® Nodosaria sp. L] Nodosaria sp. aff. N. fc i (Berthelin) /T Khan, 1950
® Astacolus sp. (] Astacolus sp. aff. A. calliopsis (Reuss), 1863
® Nodosaria bettenstaedti Musacchio, 1980 R ® | ® | Astacolus schloenbachi Reuss, 1863
® Astacolus sp. 1 L] Dentalina linearis Roemer, 1841
L] Astacolus sp. 2 ® Lagena sulcata (Walker and Jacob), 1798
® Marginulina sp. @ | ® | Lenticulina collignoni Espitalié and Sigal, 1963
L] Pseudonodosaria sp. ® | ® | Vaginulina gaultina (Berthelin), 1880
L] Lingulina sp. ° Linguli dosaria (Reuss), 1863
° Frondicularia sp. ® Eoguttulina anglica Cush and Ozawa, 1930
e ° Lenticulina nodosa (Reuss), 1863 L] Pyrulina cylindroides (Roemer), 1838
® Lenticulina sp. L] Tristix lus (Reuss), 1863
e |e ® | Citharina cristellarioides (Reuss), 1863 e A lus sp. cf. Lenticuli banjabensis Espitalié and Sigal, 1963
® Astacolus calliopsis (Reuss), 1863 ® | ® | Lenticulina sp. cf. L. subtilis Wisniowsky, 1890
L] Astacolus incurvatus (Reuss), 1863 L] Palmula sp.
® Astacolus sp. 1 ° Planularia sp. ¢f. P, madagascariensis Espitalié and Sigal, 1963  *
e Astacolus sp. 2 ® | ® | Saracenaria tsaramandrosoensis Espitalié and Sigal, 1963 £l
® Marginuli is pic (fuensis tenuistriata Simeoni, 1985 * * * e Polymorphina sp.
® Vaginulina sp. L] Guttulina sp. 1
L] Dentalina terquemi d'Orbigny, 1840 L] Tristix sp.
® ?Dentalina ex. gr. communis d’Orbigny, 1826 ] Conorboides? sp.
° Lingulina simplicissima (ten Dam), 1946 ] Hergotella sp. 1 forma A
] Frondicularia sp. 1 L] Hergotella sp. 2 forma B
L] Hergotella sp. L] Frondicularia sp.
° Trocholina sp. ct. T. aptiensis Jovcheva, 1962 L] Vaginulina sp. cf. V. riedelli Bartenstein and Brand, 1952
e | @ | Citharina orthonota (Reuss), 1863 ® Vaginulinopsis sp. 2
® Marginulina pyramidalis (Koch), 1851 L Epistomina sp. cf. E. ornata Roemer, 1841
® | ® | Planularia crepidularis (Roemer), 1842 L] Glomospira sp.
® | e | Vaginulina arguta (Reuss), 1860 ® Ammodiscus cretaceous Reuss, 1845
® Patellina suberetacea Cushman and Alexander, 1930 ® Haplophragmium sp.
° Reophax sp. aff. R. neominutissima Bartenstein, 1952 ® Spiroplectammina sp.
® A baculi 7 Cush and Alexander, 1930 ® Marssonella sp.

Figure 3a — Stratigraphic distribution of Early Cretaceous
(Berriasian—Barremian) benthonic Foraminifera in the
Neuquén and Mendoza basin

Figure 3b — Stratigraphic distribution of Early Cretaceous’
(Berriasian-Barremian) benthonic Foraminifera in the
Neuguén and Mendoza basin (cont.)
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Valanginian—
Hauterivian—
AGE

Berriasian
~Early Haut.
—Barremian

SPECIES

Cyclogyra sp.

Wellmanella? sp.

Miliarunina sp.

Dentalina sp. ¢f. D. communis " Orblgny 1826
Maeginulina sp. 1

Marginulina sp. 2

Spirofrondicularia frondicularioides (Chapman), 1984
Lingulina sp.

Globulina sp.

Pyrulinoides? sp.

Glandulopleurostomella? sp.

Pseudopolymorphina sp. ¢f. P. roanokoensis Tappan, 1943

...-...I.....Hauterivian

Epistomina sp.
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Neuquén, Mendoza and Colorado is recognized.
PALAEOBIOGEOGRAPHIC TENDENCES IN THE
NEUQUEN AND MENDOZA (PLUS COLORADO IN THE
MAASTRICHTIAN) BASINS During early Cretaceous
time, the South American and African continents stand united
or very close; climates were more uniform and latitudinal
thermal gradients lesser than today; in marine areas the
paleotemperature belts were much broader and gradational
than in recent times. The marine current designs probably
followed and approximately circumcontinental model. This
hypothesis is supported by the fact of the practically
cosmopolitan or wide distributed biota, although large Realms
are differentiated: the Tethyan owing to the participation in
the associations of large Foraminifera which — in analogy with
the actual representatives — principally require warm water
for their existence, the Boreal and the Austral.

The Neuquén and Mendoza basins early Cretaceous
(Berriasian-Barremian) microfauna is composed by wide

® | Astacolus sp. cf. A. calliopsis (Reuss), 1863 y
® | Planularia madagascariensis Espitalié and Sigal, 1963 2 geog.rap.hlc distributed E.‘JD?OSt s CosmopOhtan faxi; . Wo
=7 — - ‘ provincial features can be distinguished.
® | Lenticulina ambanjabensis Espitalié and Sigal, 1963 . A 3 = S 3
o e During late Cretaceous time, the latitudinal distribution of
o s):. microfaunas lost their accentuated cosmopolitan, or wide
o | Cibora: distributed features, such as occurred earlier. The
o [ Frionsdonram. paleogeography is modified: South America is separated from
o [Astacolus sp. Africa approximately 50-75% with respect to the present
o [ Lenticulina sp. (Berggren & Phillips 1971). As a consequence of continental
o [Tristix sp. migration, changes in the marine circulation pattern were
® | Marginulina sp.
® | Epistomina sp. -«
® | Pyrulina sp. ‘-o-’ 1
® | Eoguttulina sp. o= Z
@ | Conorboides sp. i g nu‘ E
; & =T
i 5 I e |-
Figure 3c — Stratigraphic distribution of Early Creraceous z=| 3 5
. : ; e 3 BRI R
(Berriasian-Barremian) benthonic  Foraminifera in  the o< | & | §
Neuquén and Mendoza basin (cont.) - E 21 8
/ -
! x<| <
BERRIASIAN-BARREMIAN Assemblages  from  the cA H SPECIES

interval were studied by Musacchio (1979, 1980) and Simeoni
(1985). Figures 3a-c list the recorded taxa; figure 5
synthetizes the obtained values, such as number. of taxa,
endemics, wide distributed or peculiar from the Austral
Realm. Results concerning the Provincial Index (Johnson
'1971), Simpson Coefficient (Simpson 1943), and the percent
of endemic taxa (Kauffman 1973) of the basin are tabulated
and plotted in figures 6, 7, and 8, respectively.

The Berriasian is characterized by low diversity, with
atypical provincial values probably do to tectonic features, in
particular the lack of stability of the basin which influenced
the environmental conditions.

The late Valanginian-Barremian interval is characterized
by the participation in the community of species of wide
geographic, almost cosmopolitan distribution. Most taxa are
widely recorded, being important to mention northern Europe
(Reuss 1863, Chapman 1891-1898) and Trinidad (Bartenstein
et al. 1957, 1966, Bartenstein & Bolli 1973, 1977). Only one
endemic species is registered; two were previously recorded
from Madagascar by Espitalié & Sigal (1963).

MAASTRICHTIAN (Figs. 4a-b; 5, 6, 7 and 8) The
deposits are widely distributed in the basin; their faunal
‘content was studied by Bertels (1972, 1980) and Kielbowicz
(1980). A large part of the assemblage was described
originally from northern Europe (Reuss 1850, Brotzen 1936)
and the Gulf and atlantic coast of the United States (Jennings
1936, Carsey 1926, Olsson 1960). Only one is assimilable to
the Australian faunas and (10) are endemic.

Besides the endemic taxa, the principal featurc of the
association is the bipolar distribution; the latitudinal dispersal
lost their cosmopolitan or wide distributed character such it
was evident in early Cretaceous times, The Subprovince of

Spiroplectammina laevis (Roemer), 1840

Gaudryina boltovskoyi Bertels, 1964 R
Tritaxia pyramidata Reuss, 1863

Dorothia bulleta (Carsey), 1926

Nodosaria marcki (Reuss), 1846

Nodosaria sp. aff. N. torsicostata ten Dam, 1944

L Lagena acuticostata Reuss, 1863

Lagena amphora paucicosta Franke, 1928

Lagena hexagona (Williamsor), 1848

[ Lagena atilai Bertels, 1964 S
® | Lenticuling navarroensis (Plummer), 1926

® | Globulina inaequalis Reuss, 1850

Guttulina lactea (Walker and Jacob), 1784
Guttulina problema d’Orbigny, 1826

Ramulina globulifera Brady, 1879

L Buliminella pseudeolegantissima Bertels, 1972
Buliminella sp. aff. B. pulchra (Terquem), 1882
Neobulimina argentinensis Bertels, 1972
Neobulimina aspera (Cushman and Parker), 1940
L] Neobulimina canadensis Cushman and Wickenden, 1928
Pyramidina rugosa (Brotzen), 1945

Pyramidina prolixa (Cushman and Parker), 1935
Pyramidina paleocenica (Brotzen), 1948

L] Bolivina decurrens (Ehrenberg), 1854

® Bolivina incrassata Reuss, 1851

* %k %k

Bolivina sp.

® Tappanina? sp.

L Hiltermannella kochi (Bertels), 1970 * ko
Praeglobobulimina jaguelensis Bertels, 1972 I

Pseudouvigerina sp. aff. P. cimbrica (Troelsen), 1937
e Cassidella tegulata (Reuss), 1845

Coriphostoma plaita (Carsey), 1926

Stilostomella spinosa (Hofker), 1956

Figure 4a - Maastrichtian Foraminifera of the Neuguén and
Mendoza and Colorado basins
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Sipholagena faveolata (Reuss), 1863

Nodosaria obscura Reuss, 1845

Rectoglandulina sp. cf. Glandulina laevigata (d’Orbigny), 1826

Dentalina sp. ¢f. D. inornata d'Orbigny, 1826

Lenticulina gryi Brotzen, 1948

Planularia sp.

Citharina sp.

Glandulina acuminata Costa, 1800

Fissurina carinata Reuss, 1863

Fissurina sp.

Globulina gibba (d’Orbigny), 1826

Globilina inaequalis Reuss, 1850

Glottulina problema var. arcuata Cushman, 1944

Guttulina lactea var. elongata Haynes, 1958

Ramulina sp.

Turrispirillina sp. cf. T. subconica Tappan, 1943

Nonionella sp. c¢f. N. austinana Cushman, 1932

F igure' 4b — Maastrichtian foraminifera of the Neuquén and
Mendoza Colorado basins (cont.)

.introduced in the world’s ocean as well as more pronounced
latitudinal thermal gradients — than in early Cretaceous —
which also modified the distribution of benthonic
Foraminifera. These facts incided in the biotic differentiation
at late Cretaceous times, a fact which became much more
accentuated during the Cenozoic owing to the paulatine
climatic deterioration.

The Boreal; Tethyan, and Austral Realm are recognized; in
late Cretaceous times, in the Tethyan Realm, the Caribbean
and the Mediterranean regions are distinguished in spite of
their own large Foraminifera.

In Argentina, toward the end of the Cretaceous the
Neuquén Mendoza and Colorado Subprovince is outlined by
means of the participation in the largest part of the
assemblages of endemic and bipolar distributed taxa.

Magallanes Basins (Figs. 9a-d, 10a-c, 11, 12, 13 and
14) It is located in the austral extreme of South America;
it was an eugeosincline of SW-NE trend with a sedimentary
thickness of about 6,650 m accumulated during Mesozoic time
(Urien et al. 1981).

The sedimentary cycle is intimately related to the
Araucanian (Oxfordian) diastrophic movements; the deposits
are post-orogenic and in many cases they show “flyschoid”
features (Urien et al. op. cit.).

The stratigraphy and microfaunas are principally known
from the Argentina-Chile Andes and’ from extraandean
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L] L "“Discorbis’ correcta Carsey, 1926 Maastrichtian 66 1 10 u 3 185 | 68| 6727 | 1mas | 20
° Valvulineria? sp. —Barremian 2 2 & 1 12 > 6 9230 0 833
° ® [ Eponides lunata Brotzen, 1949 Huhsnies
® ® Cibicides reinholdi ten Dam, 1944 Early Hauterivian | 55 n = 2 0 2 L s i 633
° Nonionella eretacea Cushman, 1931 Barly Hauterivian |, 5 1 1 7 35 35 87.50 | 12.50 12.50
° Nonionella? sp. i) i -
[] Pullenia sp. Berriasian 12 9 2 2 1 025 | 025 | 3333 | 6666 | 66.66
L] L Alabamina kaaschieteri Bertels, 1964 b
L ® Anomalinoides pinguis (Jennings), 1946
° Anomalinoides sp. : Figure 5 — Quantitative results obtained from the benthonic
. & | Cavtinelidogmachiot Bettels; 1964 el Foraminifera analysis of the Neuquén and Mendoza
® Gavelinella jagusliana Bertels, 1980 il (Berriasian-Barremian) and  Neuquén, Mendonza and
® Gavelinella neuquense Bertels, 1980 - ] Colorado (maastr'ichtian) basins
Ammobaculites sp. cf. A. implanus Crespin, 1963 ik ‘
Lagena hystrix Reuss, 1863
Lagena sp. boreholes; they were investigated by Malumian (1968), Sigal

.et al. (1970), Malumian et al. (1971), Flores et al. (1974),

Natland et al. (1974) Caiién & Ernst (1974), Malumian &
Masiuk (1975, 1977), Kielbowicz et al. (1983), and Malumian
& Niiiez (1983).

The chronostratigraphic correlation of the sedimentary
succession is in genmeral very broad, being difficult to
conciliate the several authors criterion. The used discernment
is explained in Bertels (1986). The analyzed intervals are
shown in figures 9a-d and 10a-c; the results in figures 11, 12,
13 and 14. . '

OXFORDIAN-BARREMIAN The main character is the
presence of wide distributed and the participation of
malgachian taxa, although northern hemisphere species
surpass widely in number the Madagascar ones. In the Austral
Realm the Malgachian Region is recognized; having into
account the obtained values, but in particular the percentage
of endemic taxa, the Magallanes Subprovince can be
recognized for the Oxfordian-Hauterivian, whereas the
decreasing of endemics indicate a lower rank unit — Endemic
Center — for the Barremian.

APTIAN-ALBIAN The specific diversity is low; only 15
taxa are cited; nevertheless, the obtained values allow to
infere, provincial features for the interval. The absence of
African and Australian species is remarkable; in the incipient
South Atlantic, Scheibnerova (1978) noted Australian
influences, whereas Sliter (1974) postulated for the regional
faunas provincial features, low temperatures, and restricted
oceanic interchange.

ALBIAN-LATE TURONIAN The slow income of
Australian species as well as the increase of edemic taxa is
registered; the resting assemblage is composed by wide
distributed species. Having into account all obtained
quantitative results in the Austral Realm and the Malgachian
Region the Magallanes Province is neatly differenciated (Fig.
12, 13 and 14).

CONIACIAN-CAMPANIAN When compared with
Albian-Late Turonian assemblages an increase of Australian
taxa, proportional to'the total community, as well as a
diminution - of endemic taxa, is registered. The obtained
quantitative values (Figs. 12, 13 and 14), but particularly the
percentage of endemics, reflect a similar trend than since
Aptian times. :
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Figure 7 — Simpson Coefficient plotted values for the Neugquén and Mendoza (Berriasian-Barremian ) and Neuquén, Mendoza and

Colorado (Maastrichtian) basins

MAASTRICHTIAN All obtained quantitative data indicate
cosmopolitan features for the time; nevertheless the bipolar
distribution of the assemblages is remarkable, such it occurred
since the beggining of the Late Cretaceous; only two taxa are
endemic and 12 are restricted to the Austral Realm. The
bipolar distribution contributes for the recognizon of the
Magallanes Subprovince.

PALAEOBIOGEOGRAPHIC TENDENCES IN THE
MAGALLANES BASIN The specific diversity, expressed
in their simplest form (number of taxa), is always low,
particularly when compared with the Boreal and Tethyan
Realms benthonic Foraminifera assemblages. In the
Magallanes Basin this fact is the result of several factors
being the most important the evolutionary immaturity of the
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Figure 8 — Percentage of endemic taxa of the Neuquén and Mendoza (Berriasian-Barremian) and Neuquén, Mendoza and

Colorado (Maastrichtian) basins (total austral species)

area, lack of tectonic stability, sedimentary conditions,
existence of geographic barriers, preservation and in some
geologic times the prevailing anoxic conditions in the proto
South Atlantic.

During the Neocomian, the Magallanes Basin benthonic
Foraminifera assemblage is peculiarized by the marked
participation of afromalgachian elements (¢f. Espitalié & Sigal
1963, McLachlan et al. 1976); nevertheless the malgachian
participation, beside the endemics, the association has a
remarkable contribution of wide distributed,
almost cosmopolitan, taxa. The more uniform world marine

ecologic conditions and lesser latitudinal thermal gradients,

allowed the dispersal of benthonic Foraminifera over wide
marine areas and their life in all Realms.

In spite of the endemic taxa the Magallanes Subprovince is
recognized for the Oxfordian-Hauterivian interval, whereas
the decreasing of peculiar species in Barremian times provides
quantitative data for the recognition of an Endemic Center.

The Aptian-Late Turonian interval, having into account all
the obtained values, is characterized by a marked
provincialism and small contribution of Australian taxa in
Albian-Late Turonian times. Obviating the low diversity, the
biogeographic feature is the result of the endemic species
percentage; in the interval, the existence of the Magallanes
Province is recognized, considering principally Kayffman
(1973) proposed ranks.

At Turonian times, the North and South Atlantic
intercommunication was deffinitively established and the free
dispertion of organisms was feasible throughout this
migratory way.

The microfauna of the ‘Coniacian-Campanian is
characterized by the participation. of some Australian
elements and the presence of Foraminifera of essentially
bipolar distribution. Johnson Provincial Index and Simpson
Coefficient indicate values near the boundary of
provincial-endemic  situations, whereas the percent of
endemics reflect provincial rank; thus the Magallanes
Province persisted since Aptian time.

In Maastrichtian time, endemic species percentage reduce
slowly as well as the participation of Australian elements; this
fact is directly related to the increment of preferentely bipolar

.distributed taxa; although the quantitative results indicate

cosmopolitan situation, the bipolar features of the benthonic
Foraminifera indicate the existence of the Magallanes
Subprovince. In the basin it is remarkable the decline in rank
in the Late Cretaceous.

At the end of the Cretaceous, the palacogeographic
features in the South Atlantic differed markedly from those
of Early Cretaceous times; sea floor spreading and continental
drift influenced greatly in the South Atlantic natural history.
This fact brought progressive changes in the circulation
pattern which probably lead to the decrease of water
temperatures and a more prominent marine climatic zonation,
which restricted the geographic distribution of benthonic
Foraminifera to some climatic belts, giving rise to bipolar
distributions such is the case in the basin.

COMPARISON BETWEEN THE ASSOCIATIONS OF
THE NEUQUEN AND MENDOZA (+ COLORADO)
AND MAGALLANES BASINS Early Cretaceous
(Berriasian-Barremian) assemblage which colonized the
Neuquén and Mendoza and Magallanes basins allow to infere
several differences between both microfaunistic communities
for same chronostratigraphic intervals.

For the considered time, (42) valid species are known from
the Neuquén and Mendoza basins whereas (47) valid taxa
were recorded from the Magallanes Basin; the minor
association is that of the Neuquén and Mendoza basin.

Common species to both basins, mentioned untill the
present, are only nine: Planularia madagascariensis Espitalié
& Sigal, Lenticulina (L.) nodosa nodosa (Reuss), Saracenaria
tsaramandrosoensis Espitalié & Sigal, Lenticulina sp. cf. L.
subtilis (Wisniowski), Lenticulina crepidularis (Roemer),
Eoguttulina sp. cf. E. anglica Cushman & Ozawa, Nodosaria
fontannesi (Berthelin), Dentalina linearis (Roemer), and
Lingulina nodosaria Reuss.
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. Marssonella metaeformis Espitalié and Sigal, 1963 . ® Lenticulina sp. aff. L. Espitalié and Sigal, 1963 *
L Lenticulina sp. aff. L. di Espitalié and Sigal, 1963 *. ° Lenticulina smuensteri (Roemer), 1839

L] L] Planularia madagascariensis Espitali€ and Sigal, 1963 o ° L] L] Lenticulina (L.) nodosa nodosa (Reuss), 1863

[ Vaginuling instabilis var. micra Subbotina and Datta, 1960 ° Lenticulina (L.) nodosa malurniani Aubert and B in, 1976

. Reinholdella sp. cf. R. quadrilocula Subbotina and Datta, 1960 L] Lenticwlina (L.) nodosa s.1. (Reuss), 1863

[ Haplophragmoides sp. ﬂf H. ) leri Lloyd, 1959 L] Lenticulina sp. nov? R
L] Anmrcrbacm‘ues sp. of. A, cobbani Loeblich and Tappan, 1950 L] Lenticulina pulchella (Reuss), 1863

(] Ammobacudites sp. ¢f. A. humei Nauss, 1947 ° Lenticulina sp. A

L] Ammobaculites infravolgiensis Myatlyuk, 1939 ° Lingulina bettenstaedi (Zedler), 1961

° Ammobaculites sp. of. A. inlayi Loeblich and Tappan, 1950 ° Marssonella kwmni Zedler, 1961

. A ites sp. cf. A. spongiphilus Seibold and Seibold, 1960 L Marsrauef.!a subtrochus Bartenstein, 1962

. Lenticulina sp. ¢f. L. atheria Dain, 1960 ® . P: tosaria humilis (R ), 1841

e Astacolus sp. ¢f. A. agalmarus Locblich and Tappan, 1950 ® Ramuling aculeata Wright, 1866

. L] Saracenaria pravostavievi Fursenko and Polenova, 1960 (] ° ] Sacacenaria tsaramandroseensis Espitalié and Sigal, 1963 *
. L L Astacolus microdictyotos Espitalié and Sigal, 1963 * ° Tristix acutangudus (Reuss), 1863

L] Astacolus stillus (Terquem), 1866 L] Tristiv insignis (Reuss), 1863

L] L] L] ® Astacolus tricarinellus (Reuss), 1863 ° Vaginulina sp.

° . L] Lenticulina reyesi Caidn and Erst, 1974 g L Webbinella subhemisphaerica Franke, 1936

L e Polymaorphina martinezi Cafién and Ernst, 1974 *rE - Amunobaculites barrowensis (Tappan), 1960

L Hoeglundina porcellanea (Briickmann), 1904 ° Lenticulina besairiei Espitali¢ and Sigal, 1963 *
. Reinholdella fuezalidai Cafion and Ernst, 1974 e L] L] ° Spiroplectinara annectens (Parker ard Jones), 1863

° e Astacolus mutilatus Espitalié and Sigal, 1963 * L] ° L] Dorothia mordojovichi Canén and Ernst, 1974 s
L] Bullopora sp. L] Lenticulina biexvavata (Myatlyuk), 1939

L] Bullopora tuberculata (Sollas), 1877 L (] Gyroidina infrafgsa Finlay, 1949 [l
L L] Citharina sparsicostata (Reuss), 1863 L] Lenticulina sp. ¢f. L. ataktos l”,:(pltallé and Sigal, 1963 *
L Conorboides sp. . Fal: louda sp. aff. I'. malak  Espitalié and Sigal, 1963 *
L] Dentalina sp. L] Cytharina gr. flexuosa Bruckmann, 1904

L] Dentalina terquemi d’Orbigny, 1850 L} Epistomina alveata Espitalié and Sigal, 1963

® Frondicularia simplicissima ten Dam, 1946 L] Haplophragmium inconstans var, erectus Bartenstein and Brand, 1951

L] Frondicularia sp. L] astacolus sp. ¢f. A, embaensis (Fursenko and Polenova), 1960

L Haplophragmoides sp. ° Astacolus planulariformis (Kuznelsova), 1961

° Lagena ) i cylindracea B in and Brand, 1951 (] Marginulinopsis supera Kuznetsova, 1961

L Lenticuli banjal is Espitalié and Sigal, 1963 '] L] Epistorina sp. cf, caracolla (Roemer), 1841

Figure 9a — Stratigraphic distribution of Early Cretaceous
benthonic Foraminifera in the Magallanes Basin

Figure 9b — Stratigraphic distribution of Early Cretaceous
benthonic Foraminifera in the Magallanes Basin (cont.)
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. Rectoglandulina sp. . e Marginulinopsis sp.
° Astacolus explicatus Espitalié and Sigal, 1963 3 * ® Ceratobulimina? sp.
- . Astacolus gibber Espitalié and Sigal, 1963 * .® Tritaxia sp.
® Lenticulina sp. = L. subiilis (Wisniowski) var.3260 Espitali¢ and S:gal. ® | Lenticutina sp.
1963 I3 L Gavelinella belorussica (AKimets), 1966
o ) Lenticulina dineontos Espilalié and Sigal, 1963 i ® | Anomalina sp. nov, et
- Lenticulina sp. ¢f, L. hiermanni Beltenstaedt, 1952 o | Anomalinoides sp. -
L Lenticufing sp. cf. L. praegailtina Bartensicin, B edt and Bolli, L] Vaginulina kechi Roemer, 1841
1957 g - § L] Lenticulina gaultina (Berthelin), 1880
° Lenticulina ataktos Espitalié and Sigal, 1963 X ® | Palmula sp.cf. P. asiasica Fursenko, 1958
® L] Lenticulina crepidularis (Roemer), 1842 [ Spiroplectarming gutierrezi Candn and Ernst, 1974 **
. L4 Nodosaria obscura Reuss, 1845-46 ‘e Discorbis minima Vieaux, 1941 ¥
b= W (Y Saracenaria sp. # L] Cibicides sp. cf. C. djaffaensis Sigal, 1952
1 ° - e Sardcenaria mmpaz.ra Espitalié and blgnl 1963 <3 ° Pullenia natlandi Cafion and Ernest, 1974 [
£ Tristix sp. ¢
Eoguttulina sp. cf, .‘.’,‘, anglica Cushman and Ozawa, 1930
. Globulina inflata (Espitalié and Sigal), 1963 e
. Picudopolymorphia . Figure 9d - Stratzgmphzc distribution of Early Cretaceous
. Palmula sp. cf. P malakial (Espitalié and Slgni], 1963 3 b /
. Nodosaria fontannes (Berthelin), 1850 enthonic Foraminifera in the Magallanes Basin (cont )
L. Nodosaria lorneiana (d’Orbigny), 1840
L Nodosaria? sp.
® Dentalina nana Réuss, 1863
' e . Dentalina linearis (Roemer), 1841 t
* Dentalina sp.
L Lingudina nodesaria Reuss, 1863
L] Globulina prisca Reuss, 1863 £ . 3 : v ;
. Lenticulina It, 1952 Applying formulae which conduce to the numerical
. f.fﬂ:iiﬁfiﬂucf e ST T567 expression of provincialism such as the Provincial Index and
o Astacolus sp. Simpson Coefficient, the following results are obtained:
t e Marginulina robusta robusta (Rduss), 1863
i Marginulina ex, gr. M. bronni (Roemer), 1841 §

Figure 9c - Stratigraphic distribution of Early Cretaceous
benthonic Foraminifera in the Magallanes Basin (cont.)

o PI=0.13 SC = 21.42

values which mchcate clearly the different behavnour and the
remarkable provincial situation of both basins. The obtained
data reflect some interesting aspects: :
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L] “Conorbina’’ sp. nov. b ® | Nonionella austinana Cushman, 1933
(] Cyclarmmina cancellata Brady, 1897 ® | Pseudonodosaria manifiesta (Reuss), 1851
e | @ | @ | e | Spiroplectammina gutierrezi Cafién and Emnst, 1974 ok ® | Pyramidina minima (Brotzen), 1936
L e | e Tritaxia porteri Caiién and Ernst, 1974 ® % & ® | Anomalinoides sp. cf. A. piripaua (Finlay), 1939 —
e | e | @ Dorothia mordojovichi Caiién and Ernst, 1974 b ® | Haplophragmoides? sp.
e | e e Astacolus skyringensis Todd and Knicker, 1952 N ® | Spiroplectammina? sp.
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Figure 10a - Stratigraphic distribution of Late Cretaceous Figure 10c — Stratigraphic distribution of Late Cretaceous
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Figure 10b — Stratigraphic distribution of Late Cretaceous faunal distribution, is rejected; evaluating each faunal
benthonic Foraminifera in the Magallanes basin (cont.) - assemblage separately, the taxa present in both basins have
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Figure 12 — Provincial Index plotted values for the Magallanes Basin.
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Figure 13 — Simpson Coefficient plotted values for the Magallanes Basin
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Figure 14 — Percentage of endemic taxa of the Magallanes Basin.

wide geographic distribution.

3. The Magallanes Basin microfauna show marked
afromalgachian contributions whereas these are small in
the Neuquén and Mendoza basins.

During the Maastrichtian, 55 valid species from the
Neuquén and Mendoza (plus Colerado) basin were recorded;
from the Magallanes Basin (42). Both have only three common
species: Dorothia bulleta (Carsey), Bolivina incrassata Reuss,
and Nonionella sp. cf. N. austinana Cushman.

The obtained provincial values are:

PI = 0.04 SC = 17.14

which indicate a high provincial degree and substancial
differences at the terminal Cretaceous. The feature induce to
assume the restricted of null communication between both
basins; in fact, the Rio Mayo-Rio Chico-Punta Déngenes
hight (Urien er @l 1980) was practically an unsurmountable
barrier for the benthonic Foraminifera imterchange, beside
other ecological factors, such as more marked thermal
gradients; these in Late Cretaceous times probably acquired
more importance, specially when compared with those of
early Cretaceous, which could impede a similar behavoir in
both basins,

CONCLUSIONS 1. Along the Cretaceous peried, the
Boreal, Tethyan, and Austral Realms are recognized; the
Tethnyan based mainly on the participation in the agsociations
of larger Foraminifera; the Austral based -on the marked
endemism of the assemblages of Madagdscar and Australia.
At the end of the Cretaceous in the Tethyan Realm the
Caribbean and Mediterranean regions become differenciated,
2. In Argentina, the Cretaceous biogeographic trends of
the Neuguén and Mendoza basins (pius Colorado in Maastri-

T 1 i T [

I ]
60 70 80 90 100

- chtian time) and the Magallanes Basin assemblages
show the following features: a. Neuquén and Mendoza (plus
Colorado in Maastrichtian time) basins; a.1. Early Cretaceous
(Berriasian-Barremian), Quantitative analysis demonstrate
absence of provincial features. The assemblages have a wide
geographic distribution being present species of the Boreal
and Tethyan Realms; a.2, Late Cretaceous (Maastrichtian). It
is characterized by the increase of endemic taxa and the
preferentialy bipolar distribution of the cofmmunity;
b. Magallanes Basin; b.I. Early Cretaceous (Néoconian). It
is peculiarized by the wide geographic distributed taxa and the
participation of malgachian species: b.2. Aptian-Campanian.
It is peculiarized by the relative large ammount of endemic
taxa and the paulatine increase of Australian elements since
Albian-Cenomanian  times; 5.3. Maastrichtian. It is
distinguished by the presence of bipolar distributed species,
the participation of Australian taxa, and the reduction of
endemic species; 3. Comparison based on quantitative
analysis between the assemblages present in the Neuquén and
Mendoza (plus Colorado in Late Maastrichtian times) and the
Magallanes basins reflect a marked provincial degree. It is
probable that during Early Cretaceous time a barrier, similar
to the present Chile ridge, impeded a free migration. At
Maastrichtian times, on the Atlantic margin, the Rio
Mayo-Rio Chico-Punta Diingenes hight could be responsible
for the restricted to null interchange between both basins,
beside some ecological factors such as somewhat stronger -
thermal gradients; 4. In Argentina, within the Austral Realm,
the following palacobiogeographic wnits are recognized:
a. Neuguén and Mendoza basins (plus Colorado in

" Maastrichtian time); a.l. Neocomian = Wide distributed or
cosmopolitan association; a.2. Maastrichtian = Subprovince;
b. Magaflanes Basin; b.I. Neocomian = Subprovince to
Endemic Center; b.2. Aptian-Campanian Province;
b.3. Maastrichtian = Subprovince. '
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