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ARTICLE INFO ABSTRACT

Keywords: Carboniferous-Permian successions in the Amotape Mountains (NW Peru) are poorly dated due to the pre-
Foraminifers dominant siliciclastic intervals and the scarcity of fossils. The biostratigraphy of the formations is thus poorly
Biostratigraphy constrained and, in general, limited to major systems or subsystems. The Cerro Prieto Formation was assigned to
fda;:rlz)lx:;l the Pennsylvanian or middle Pennsylvanian, but at the Caseta de la Antena section, the lower half of the for-
Atokan mation contains carbonate horizons where diverse foraminiferal assemblages are recorded. Foraminifers allow to
Peru assign the base of the formation to the basal Bashkirian Stage, Morrowan Substage or Globivalvulina-Millerella

Zone. This biostratigraphy can be extrapolated to the base of the Tarma Formation in central and south Peru,
where this part of the latter formation remains undated. The upper limestone levels at Caseta de la Antena are
assigned to the late Bashkirian, Atokan Substage or Eoschubertella-Pseudostaffella Zone. The upper half of the
Cerro Prieto Formation, only composed of siliciclastics, might correspond to the uppermost late Bashkirian/
lowermost Moscovian, or the mid-upper Atokan, due to fusulinids recorded at the top of the Tarma Formation.
Foraminiferal assemblages are rather similar to those recorded from the lower part of the Copacabana Formation
in Bolivia, although some differences occur, and apparently rather different from those in south Peru, a fact
which suggests a slight biogeographic differentiation between the Amotape Mountains and the Central Andean

Belt possibly related to its distinct geological setting.

1. Introduction

Exposures of Upper Paleozoic rocks are located in the Amotape
Mountains, in northwest Peru (Fig. 1), included within the Amotape-
Tahuin Range, in the Huancabamba Andes. The succession in this re-
gion is rather different and separated from the main Paleozoic outcrops
of the rest of the country, which are grouped into the Central Andean
Basin. The stratigraphy of the region was described by Martinez (1970),
who defined four formations for the Late Paleozoic sedimentary Amo-
tape Group: Cerro Negro (Devonian), Chaleco de Pano (Mississippian),
Cerro Prieto (Pennsylvanian) and Palaus (Permian) formations.
Carboniferous biostratigraphy of Peru was mostly based on brachiopods,
bivalves and plants, as well as rare goniatites and foraminifers (e.g.,
Rocha-Campos, 1985). This study is focused on the Cerro Prieto For-
mation (Fig. 1), composed of shales and siltstones with rare limestones
and conglomerates in the lower part of the unit (Palacios, 1994).

The Cerro Prieto Formation has been correlated with the Tarma

* Corresponding author.

Formation (previously considered as a group) in central and south Peru
(e.g., Dunbar and Newell, 1946; Rocha-Campos, 1985; Palacios, 1994)
(Fig. 2). The biostratigraphy of the Tarma Formation in the Andean Belt
is mostly based on the record of Fusulinella peruana Meyer (1914),
attributed by Dunbar and Newell (1946) to the Moscovian/Desmoi-
nesian, later reinterpreted as Atokan by Newell et al. (1953). This Ato-
kan age, is the biostratigraphic age assumed for the Tarma Formation in
more recent studies (Megard et al., 1996). It must be highlighted that, as
Newell et al. (1953) clarified, this fusulinid was recorded from the top of
the formation.

Direct biostratigraphic evidences in the Cerro Prieto Formation, as
mentioned above, are scarce and of low precision. The occurrence of the
goniatites Paralegoceras peruvianum Berry (1928) was interpreted as
“Atokan or slightly older age” by Newell et al. (1953). Crinoids recorded
in the middle part of the formation suggest a “middle Pennsylvanian
age” (Giron et al., 2014). Brachiopods and bivalves described in the
region suggest a “Pennsylvanian age” (Newell et al., 1953; Palacios,
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1994; Neves et al., 2014). On the other hand, Sanchez et al. (2006)
proposed a Viséan age on the basis of palynomorphs for their Unit II,
which was interpreted as possible equivalent to the Cerro Prieto For-
mation. However, owing the age of the rocks, it most probably corre-
sponds to the underlying Chaleco de Pano Formation.

The aims for this study are the analysis of the foraminifers yielded in
limestones in the lower half of the Cerro Prieto Formation, in order to
determine precisely its biostratigraphy and correlation with other coeval
units in the Central Andes. In addition, its possible palaeogeographic
relationships are analysed to discuss its likely origin as a para-
autochthonous terrane (Bellido et al., 2009). Foraminifers were stud-
ied at the “Caseta de la Antena” section, 500 m east of the Antenna’s

Caseta de
la Antena

181°04’'W
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House and 2 km south of “Cerro del Muerto” (Fig. 1; geographic co-
ordinates at the base 4°39'48.5"S/81°03'39.9"W).

2. Stratigraphical and sedimentological context

Newell et al. (1953) estimated the Cerro Prieto Formation to be 1300
m thick at the type section in Palaus Hill (19 km north of the studied
section), as selected by Martinez (1970), whereas this latter author
estimated c¢. 1600 m maximum thickness. However, its thickness has
been reduced considerably, down to 160 m (Giron et al., 2014) or 250 m
(Garcia et al., 2014, 2015) at Quebrada Pazul (17 km north of the

studied section).

Brazil
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Fig. 1. Geological map and location of the Caseta de la Antena section in the north of Peru (encased box)
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The formation at Quebrada Pazul is much thinner (only 250 m thick),
and contains common limestones, calcareous sandstones and conglom-
erates in the lower 50 m of the succession (Garcia et al., 2014, 2015).
Common regressive sequences also occur, and environments change
from talus to shallow platform. The carbonate deposits were recognized
in the talus facies.

At the Caseta de la Antena section, there is a notable presence of
limestone beds in the lower 110 m, and rare sandstones, whereas the
upper part is mostly composed of shales, with very sparse thin sandstone
beds (Fig. 3). Compared to other sections, it is noteworthy for the
abundance of limestones (mostly coarse-grained encrinites), the poverty
in sandstones, and the absence of typical coarsening-upward sequences.
Slumped beds are recognized in the lower part, and compared to Que-
brada Pazul, they seem to be emplaced in the talus. There are numerous
faults and folds in the region, and it cannot be discarded that there is a
thicker succession composed of shales, although it could not be proved
biostratigraphically.

3. Geological setting

The Huancabamba Andes are located across southern Ecuador and
northern Peru, being considered as the connection between the Central
and Northern Andes. Pre-Mesozoic rocks outcrop mostly in the
Amotape-Tahuin Range, Paita and Illescas massifs. The Amotape-Tahuin
Range contains Precambrian-Early Paleozoic series, usually overlain
unconformably by Devonian to Permian rocks, which evolved from
marine to continental environments (Palacios, 1994). In the Mesozoic
coastal rocks, a post-Permian to pre-Albian hiatus was recognized
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(Mourier et al., 1988).

Two volcanic arcs trended NNE were interpreted for the Huanca-
bamba Andes during the Mesozoic, of which one arc that developed
during the Jurassic, separated the Olmos Massif (inland) from the
Amotape-Tahuin Range (Mourier et al., 1988). Palaecomagnetic data on
the pre-Mesozoic massifs suggest a clockwise rotation (~25°) and a
northward transport (=17° in latitude) of the Amotape-Tahuin Range
with respect to South America, with the region being considered as a
terrane accreted to the Gondwana margin during the early Cretaceous
(Mourier et al., 1988).

The study of granitoids in the Amotape-Tahuin Range allowed Bel-
lido et al. (2008, 2009) to propose the evolution of the region in four
phases: (i) a cortical thickening during the Devonian-Carboniferous; (ii)
a thinner crust and rifting during the Permian and Triassic, which
implied the separation of the Amotape-Tahuin Range from the Gond-
wana margin; (iii) followed by a northern displacement parallel to the
continental margin during the Jurassic; and (iv), a final phase of ac-
cretion and deformation of the Amotape-Tahuin Range and also of other
terranes located further to the north. Thus, for those authors, the
Amotape-Tahuin Range was interpreted as a para-autochthonous
terrane. The model implies the filling of the basin in a
continental-margin forearc setting. This model contrasts with that pro-
posed by Jaillard et al. (2000), where the region developed under a
back-arc setting.

4. Foraminiferal assemblages

Foraminifers are commonly found within coarse-grained crinoidal
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Fig. 3. Foraminiferal distribution in the Caseta de la Antena section of the Cerro Prieto Formation. Mos = Moscovian.

facies, and thus, assemblages are considered transported and frag-
mented. The suprageneric classifications published by Vachard et al.
(2010), Vachard (2016) and Vachard and Le Coze (in press) are followed
herein.

Representative of the class Miliolata (e.g., calcivertellids; Fig. 4.1-4.3)
are rather scarce, and although they mostly occur in the lower part of the
section (below sample 8; Fig. 3), its distribution does not seem bio-
stratigraphically significant. It is noteworthy for the absence of the genus
Hemigordius, which in North America has been proposed as the only
distinct element to subdivide the Morrowan Substage (Groves, 1984).

The class Fusulinata shows representatives of the subclasses Afusu-
linana and Fusulinana. The Asufulinana are mostly composed of Arch-
aediscus (Fig. 4.6), Asteroarchaediscus (Fig. 4.5), Eosigmoilina (Fig. 4.4),
Tubispirodiscus (Fig. 4.7) and Neoarchaediscus, included in the super-
family Archaediscoidea; as well as Monotaxinoides (Fig. 4.8-4.9) and
Turrispiroides (Fig. 4.10) of the superfamily Lasiodiscoidea. The Arch-
aediscoidea are rather sparse, whereas Monotaxinoides is relatively
common in the lower part of the section (below bed 5; Fig. 3), although
usually, the specimens are silicified (Fig. 4.8). On the other hand, Inso-
lentitheca is the only genus representative of the superfamily Cal-
igelloidea (Fig. 4.13).

The Fusulinana are more widely represented by the orders Endo-
thyrida and Fusulinida. Within the former order, specimens of Endo-
thyra, Tetrataxis and Climacammina (Fig. 4.16) are common (Fig. 3), as
well as Globivalvulina and Biseriella species (Fig. 4.18-4.22). Other
genera are rare, such as Bradyina (Fig. 4.15), Planoendothyra (Fig. 4.11),
Semiendothyra, Endothyranella (Fig. 4.12), Deckerella (Fig. 4.17) and
Palaeotextularia, and the poor orientation of the species, usually, prevent
their identification at species level. It is noteworthy for the occurrence of
questionable specimens attributed to Omphalotis? sp. and Endothyr-
anopsis? sp. (Fig. 4.14). Both genera usually become extinct below the
mid-Carboniferous boundary, although rare exceptions have been pub-
lished (e.g., Mamet and Isaacson, 1997; Cozar et al., 2014, 2018).

Fusulinida are mostly represented by genera of the superfamily
Ozawainelloidea, which are the dominant forms in the foraminiferal

assemblages from sample 6a upwards (Fig. 3), mostly of the genus
Eostaffella (Fig. 5.1-5.8). The genus Plectostaffella (Fig. 5.14-5.16) is
sparsely distributed, whereas Millerella (Fig. 5.19-5.21) occurs in sam-
ple 6a, and its ancestral forms ‘Millerella’ (i.e. Zellerinella auct.;
Fig. 5.17-5.18) occurs from older levels (Fig. 3), but rarely. A ques-
tionable specimen assigned to Varistaffella (Fig. 5.22) is recorded from
the upper part of the limestones (Fig. 3), interpreted to be a derived
genus from evolved Plectostaffella (Kulagina and Sinitsyna, 2003). On
the other hand, representatives of the genus Eostaffellina (Fig. 5.9-5.13)
only occur in the lower part of the section (below sample 7b; Fig. 3).
Pseudonovella (Fig. 5.23) and Pseudoacutella (Fig. 5.24) are rare, but are
distributed through the section.

The superfamily Fusulinoidea is represented by the genera Semi-
staffella (Fig. 6.1-6.2) (considered by many authors as a subgenus of
Pseudostaffella, as originally defined by Reitlinger, 1961) and Pseudos-
taffella which are recorded from samples 8 (a slumped horizon) and 9a,
and common in sample 10b (Fig. 3). Specimens of Pseudostaffella are
poorly oriented and fragmented, and in sample 10b the genus seems to
be rather diversified and five species might be present (Fig. 6.3-6.5,
6.10-6.11).

The superfamily Schubertelloidea occurs with rare specimens of the
ancestral forms Eoschubertella and Schubertina (Fig. 6.6-6.9) in the
upper limestones (Fig. 2).

The superfamily Staffelloidea is only represented by a questionable
specimen of Reitlingerina (Fig. 6.12).

5. Biostratigraphy

Most species in the lower part of the section (samples 1 to 5) are
typically recorded from the upper Chesterian, although most of them
also extend into the Morrowan. However, nearly from the base of the
section (at sample 2b), Plectostaffella bogdanovkensis Reitlinger (1980),
Pseudonovella marshalli Vachard et al. (2013) and Globivalvulina bulloides
(Brady, 1876) are recorded. It is noteworthy that Globivalvulina in the
Panthalassa Ocean is restricted to the Pennsylvanian and Permian (e.g.,
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Fig. 4. Selected Archaediscoida, Lasiodiscoida, Caligelloidea, Endothyroidea Bradyinoidea, Palaeotextularioidea and Globivalvulinoidea. Scale bar = 500 ym, except
for Figs. 13-17 = 1 mm. 1 Trepeilopsis sp. (=Volvotextularia auct.), transverse section, sample 7a. 2 Calcivertella sp., transverse section, sample 6a. 3 Hedraites? sp.,
transverse section, sample 6b. 4 Eosigmoilina sp., oblique sagittal section, sample 2b. 5 Asteroarchaediscus cf. rugosus Rauser-Chernousova (1948b), juvenile axial
section, sample 9a. 6 Archaediscus sp. (with marked final whorls at angulatus stage), axial section, sample 4a. 7 Tubispirodiscus altiluminis (Brenckle, 1973), axial
section, sample 6b. 8-9 Monotaxinoides transitorius Brazhnikova and Yartseva (1956), near-axial sections, samples 3b and 11b. 10 Turrispiroides multivolutus
(Reitlinger, 1949), sagittal section, sample 1a. 11 Planoendothyra aljutovica (Reitlinger, 1950), near-equatorial section, sample 2b. 12 Endothyranella cf. stormi
(Cushman and Waters, 1928), oblique section of the uncoiled part of the test, sample 4a. 13 Insolentitheca horrida (Brazhnikova in Brazhnikova et al., 1967),
transverse section, sample 2b. 14 Indet Endothyridae, near-equatorial section, (cf. Endothyranopsis? sp. or Semiendothyra? sp.), sample 11b. 15 Bradyina cf. cri-
brostomata Rauser-Chernousova and Reitlinger in Rauser-Chernousova and Fursenko, 1937), oblique section, sample 2b. 16 Climacammina sp., transverse section,
sample 12a. 17 Deckerella laheei Cushman and Waters (1928), transverse section, sample 12a. 18 Globivalvulina granulosa Reitlinger (1950), near-sagittal section,
sample 11b. 19 Globivalvulina moderata Reitlinger (1949), tangential-axial section, sample 7a. 20-21 Globivalvulina bulloides (Brady, 1876), near-sagittal sections,

sample 2b. 22 Biseriella parva (Chernysheva, 1948), tangential-axial section, s sample 4a.

Brenckle et al., 1997, 2019; Pinard and Mamet, 1998). The genus in the
Western Paleotethys first occurs from the latest Serpukhovian (e.g.,
Reitlinger et al., 1996; Cozar and Somerville, 2012), and the genus oc-
curs a few metres below the Serpukhovian-Bashkirian boundary in the
Arctic Realm, in the Franklin Corridor in Alaska (Harris et al., 1997;
Baesemann et al., 1998). The occurrence of Plectostaffella bogdanovkensis
is also rarely documented from the latest Serpukhovian (Reitlinger et al.,
1996), but its stratigraphic range is usually restricted to the Pennsyl-
vanian (e.g., Kulagina and Sinitsyna, 2003). On the other hand, Pseu-
donovella was described by Vachard et al. (2013) from the late
Bashkirian and questionably from the Morrowan of Idaho (in Groves,
1984).

These three taxa allow us to assign the lower levels of the section to
the early Bashkirian or Morrowan, which, correspond to the Millerella

Zone in the classical American biozonation (Thompson, 1945). The
absence of typical Millerella specimens from the base of the zone is not
unusual (e.g., Brenckle et al., 1997, 2019; Groves, 1983, 1984), a fact
which led Brenckle et al. (2019) to rename the interval as the Globi-
valvulina-Millerella Zone (Fig. 3).

Eosigmoilina is usually restricted to the upper Chesterian or late
Serpukhovian in Panthalassa (Lane and Brenckle, 2005), but in the
Mid-Carboniferous GSSP at Arrow Canyon, the genus is recorded just
above the boundary (Brenckle et al., 2019). This occurrence suggests
that the base of the Cerro Prieto Formation coincides or nearly coincides
with the base of the Baskhirian or base of the Morrowan Substage.

Other markers of the zone are recorded slightly higher up in the
section, from samples 6 and 7, where Millerella marblensis Thompson
(1942), Millerella extensa Marshall (1969) and Millerella pressa
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Fig. 5. Selected Ozawainelloidea. Scale bar = 500 pm. 1 Eostaffella ampla (Thompson, 1944), axial section, sample 6a. 2 Eostaffella kashirica Rauser-Chernousova in
Rauser-Chernousova et al. (1951), axial section, sample 6a. 3 Eostaffella mutabilis (Rauser-Chernousova in Rauser-Chernousova et al., 1951), near-axial section,
sample 6b. 4 Eostaffella aff. mutabilis (Rauser-Chernousova in Rauser-Chernousova et al., 1951), axial section, sample 11b. 5 Eostaffella korobcheevi
Rauser-Chernousova in Rauser-Chernousova et al. (1951), axial section, samples 7b. 6 Eostaffella acutiformis Kireeva in Rauser-Chernousova et al. (1951), near-axial
section, samples 6a. 7 Eostaffella paraprisca Durkina (1959), axial section, sample 2b. 8 Eostaffella postmosquensis Kireeva in Rauser-Chernousova et al. (1951), axial
section, samples 6b. 9 Eostaffellina protvae (Rauser-Chernousova, 1948a), axial section, sample 6b. 10 Eostaffellina paraprotvae (Rauser-Chernousova, 1948a),
near-axial section, sample 6b. 11 Eostaffellina cf. monstruosa (Reitlinger in Reitlinger and Melnikova, 1977), tangential section, sample 1la. 12 Eostaffellina? sp.,
near-axial section, samples 6a. 13 Eostaffellina paraprotvae grandis Manukalova-Grebenyuk et al., (1969), oblique section, sample 6a. 14 Plectostaffella bogdanovkensis
Reitlinger (1980), oblique section, samples 3a and 7a. 15 Plectostaffella? sp. (cf. P. varvariensis (Brazhnikova and Potievskaya, 1948)), near-axial section, samples 7b.
16 Plectostaffella jakhensis (Reitlinger, 1971), near-axial section, sample 7b. 17 “Millerella” tortula Zeller (1953), axial section, sample 6b. 18 “Millerella” designata
Zeller (1953), axial section, sample 6b. 19 Millerella extensa Marshall (1969), axial section, sample 6b. 20 Millerella pressa Thompson (1944), near-axial section,
sample 10b. 21 Millerella marblensis Thompson (1942), near-axial section, sample 7b. 22 Varistaffella? sp., axial section, sample 10b. 23 Pseudonovella marshalli

Vachard et al. (2013), near-axial section, sample 6a. 24 Pseudoacutella grozdilovae (Maslo and Vachard, 1997), near-axial section, sample 7b.

Thompson (1944) are first recorded.

The base of the Atokan is defined at sample 8, where the more
evolved fusulinids first occur, such as Semistaffella, Eoschubertella,
Pseudostaffella and Varistaffella. It is highlighted by the first occurrence
of Deckerella laheei Cushman and Waters (1928), considered also as a
marker for the Zone 21 (Atokan) of Pinard and Mamet (1998). These
species and genera are recorded in the Paleotethys from intermediate
positions within the early Bashkirian (e.g., Groves et al., 1999), although
in the American Realm, they represent the lower subdivision of the
Atokan (Groves, 1986).

Nevertheless, the upper 100 m of the section contain exclusively
shales and siltstones, that could not be dated, and therefore, its upper
stratigraphic range is unknown, and it could range up to the Moscovian
(see Discussion Section).

6. Discussion

The three subdivisions of the Atokan are marked by the first occur-
rence of Eoschubertella-Pseudostaffella, Profusulinella, and finally Fusuli-
nella (Wilde, 1990), of which, only the first two taxa are recorded in the
Cerro Prieto Formation.

The Fusulinella Zone is correlated with the basal Moscovian, whereas
the Profusulinella Zone is usually considered as the uppermost Bashkir-
ian. The precise correlation of the base of the Atokan (Eoschubertella-
Pseudostaffella Zone) with the international stages is still controversial,
and some possibilities have been proposed (see details in Groves et al.,
1999). Currently, the base of the Atokan is used as nearly coincident
with the base of the late Bashkirian (e.g., Davydov et al., 2012; Aretz
et al., 2020; Lucas, 2021; Lucas et al., 2022).

The Tarma Formation of the Central Andean basin is usually corre-
lated with the Cerro Prieto Formation (e.g., Newell et al., 1953). The
recognition of a precise age for the lower levels of the Cerro Prieto
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Fig. 6. Selected Staffelloidea, Schubertelloidea, and Fusulinoidea. Scale bar = 500 pm. 1-2 Semistaffella variabilis (Reitlinger, 1961), oblique sections, samples 8 and
9a. 3 Pseudostaffella cf. antiqua (Dutkevich, 1934), near-equatorial section, sample 10a. 4 Pseudostaffella cf. compressa (Rauser-Chernousova, 1938), oblique section,
sample 9a. 5 Pseudostaffella aff. atokensis (Thompson, 1935), oblique section, sample 10a. 6-7 Schubertina sp., oblique sections, samples 9a and 10a. 8-9 Eoschu-
bertella cf. texana Thompson (1947), oblique sections, samples 10a and 10b. 10 Pseudostaffella praegorskyi Rauser-Chernousova (1949), near-axial section, sample
10a. 11 Pseudostaffella grandis Schlykova in Grozdilova and Lebedeva (1950), near-axial section, sample 10a. 12 Reitlingerina? sp., axial section, sample 10a.

Formation allows us to propose a Morrowan Substage or early Bash-
kirian for the base of the Tarma Formation (Fig. 2). Conversely, the
occurrence of Fusulinella in the upper beds of the Tarma Formation
suggests that the upper part of the Cerro Prieto Formation, composed
exclusively of shales and siltstones, might represent the Profusulinella
and Fusulinella zones, and thus, reaching the basal levels of the Mos-
covian at its top (Fig. 3). Thus, the Permian age attributed to the Palaus
Formation by its higher stratigraphic position has been never proved
(Fig. 2), and it could be only late Pennsylvanian, or late
Pennsylvanian-Permian, assuming a continuous succession, as described
by Palacios (1994).

In the Central Andean basin of Bolivia, Grader et al. (2003, 2008)
demonstrated that the Copacabana Formation is early Bashkirian at its
base, interfingered with the predominantly siliciclastic Yaurichambi
Formation (Fig. 2). In particular, the lower levels of the Copacabana
Formation were assigned to the Millerella Zone (Mamet, 1996; Mamet
and Isaacson, 1997). The former authors interpreted a similar lateral
facies change for central and south Peru, with the Copacabana Forma-
tion interfingered with the Tarma Formation (considered as a forma-
tion), and the Tarma Formation extending through the Pennsylvanian,
and the Copacabana Formation extended from the Bashkirian to the
Early Permian. Certainly, this biostratigraphy has never been proved in
Peru, and the younger contrasted age for the Tarma Formation is lower
Moscovian.

As it is assumed for the Cerro Prieto Formation in the Amotape
Mountains, the younger age is possibly the same as for the Tarma For-
mation. Above the Cerro Prieto Formation, the overlying Palaus For-
mation was interpreted to be Early Permian in age based on its
stratigraphic position (Palacios, 1994), but the fauna is poorly preserved
and it was never dated. Some authors, such as Rocha-Campos (1985),

interpreted an unconformity between the Cerro Prieto and Palaus for-
mations, which could justify a Permian age for the Palaus Formation.
However, Palacios (1994), regarded it as a continuous succession, and
thus, the Palaus Formation should be considered as late Pennsylvanian,
whereas its attribution to the Early Permian is uncertain.

Foraminiferal assemblages described by Mamet and Isaacson (1997)
from the base of the Copacabana Formation in Bolivia are, overall,
rather similar to those recorded from the Cerro Prieto Formation.
However, several marked differences are observed.

- Palaeotextulariidae and Lasiodiscidae are scarce in Bolivia, and
relatively common in the Amotape Mountains, including some
genera lacking in Bolivia.

- Bradyina is recorded in Bolivia in younger levels.

- Plectostaffella and Semistaffella are not recorded in Bolivia.

- Primitive ‘Millerella’® are common in Bolivia, and rather scarce in
Peru.

- Hemigordius and Seminovella have not been recorded in the Amotape
Mountains.

Despite some similarities, the similarity indices are very low (Jaccard
index for the genera = 0.46; Simpson index = 0.75).

On the other hand, Wood et al. (2002) studied the Copacabana
Formation in south Peru, recording poorer assemblages for the lower
interval of the formation, attributed by those authors to the “Morro-
wan-Atokan”. The entire assemblage recorded from four sections only
contain 17 genera, which seem sparsely distributed. Only the Rio Ura-
bamba section seems to have some similarity with the Cerro Prieto
Formation, with common Eostaffella, Millerella, Globivalvulina and
Biseriella, but it contains also Hemigordius. The same interval in other
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sections, in addition, contain Syzrania (considered by those authors as
the oldest record of the genus; usually Desmoinesian or younger) and
Eoschubertella (Atokan), and thus, the Morrowan part can be considered
as poorly characterized, and with few similarities with the data from
Amotape Mountains. Similarity indices with the Amotape Mountains is
also very low (Jaccard index = 0.27; Simpson index = 0.67).

These differences might be primarily attributed to the poor preser-
vation and/or scarce foraminiferal assemblages, or alternatively, they
might be the result (at least in part) of a slight biogeographic differen-
tiation: the para-autochthonous terrane origin of the Amotape Moun-
tains late Paleozoic basin (Bellido et al., 2009) implies an original
continental-margin forearc setting, as opposed to the continental inte-
rior backarc transtensional setting of the main Central Andean
Peru-Bolivia basin (Jaillard et al., 2000). It needs to be highlighted
though that even between south Peru and Bolivia, the foraminiferal
assemblages show low similarities (Jaccard index = 0.35; Simpson
index = 0.67), which assuming that they belong to the same Copacabana
Formation in nearby parts of the same basin, suggest that the main
problem might be the poor preservation stage or low sampling effort in
those basins. This would imply that foraminiferal assemblages are still
rather incomplete, and further investigation should be done to under-
stand the palaeobiogeographic relationship of the basins. If the second
hypothesis is correct, a forearc setting instead of a backarc setting, the
low similarity indices might justify those differences in term of palae-
obiogeography, but as a secondary result, that the above assumed cor-
relations between formations of different basins and countries should be
revised carefully. The assumed biostratigraphy for the tops and bases of
some formations (taking into account their comparable stratigraphic
positions, and the absence of reliable biostratigraphy data) are ques-
tionable and need further sampling work to determine bio-
stratigraphically the precise base and top of each formation in each
region (Fig. 2).

7. Conclusions

Diverse foraminiferal assemblages from the lower half of the Cerro
Prieto Formation in the Amotape Mountains in the northwest of Peru
contain a similar fauna to that described for the southern part of the
basin in Bolivia. These foraminifers can be used for biostratigraphy
using the biozonation from Panthalassa (American Realm), and allow us
to distinguish the Morrowan and lower subdivision of the Atokan sub-
stages. These substages are identified by means of the Globivalvulina-
Millerella Zone and the Eoschubertella-Pseudostaffella Zone defined by
American authors in the USA.

Compared with the international stages, the succession contains
most of the Bashkirian Stage, and assuming stratigraphical correlations
with Central Andean basins in central and south Peru, and its lateral
equivalent formation (Tarma Fm), the complete stratigraphic range for
the Cerro Prieto Formation might be Bashkirian up to the lower levels of
the Moscovian. This stratigraphic range reduces significantly the pre-
viously assumed ‘Pennsylvanian’ age, originally attributed to the Cerro
Prieto Formation, and suggests that the overlying Palaus Formation is in
part Pennsylvanian, and not exclusively Permian.

Although, overall, assemblages are similar to those recorded in
Bolivia and south Peru’s Copacabana Formation, nevertheless, signifi-
cant diversity and abundance differences seem to confirm that the
Amotape Mountains, apart from a limited database, can be interpreted
as a slightly different palaeobiogeographic setting, which could be
justified if they were located in a continental-margin forearc setting, as
opposed to the continental interior backarc transtensional setting of the
main Central Andean Peru-Bolivia basin. However, the nascent knowl-
edge on the biostratigraphy of those basins in South America does not
permit considering the foraminiferal data (as well as those from other
fossil groups) as sufficiently reliable enough as to allow precise tectonic
and palaeogeographic models to be proposed for the region.
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