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In order to precisely establish the bio- and chronostratigraphic position of several levels of the Silurian—-Devonian suc-
cession of Bolivia, with respect to the International Time Scale, additional Silurian and Devonian localities belonging to
the Eastern Cordillera and the Interandean Zone areas have been recently revised and sampled, both for macrofossils and
palynomorphs. Specifically, the localities are Nufiumayani, and Muruhuta from the late Silurian—early Devonian time
interval. Correlations with other fossiliferous localities are discussed, namely Huacallani and Rumicorral. A new out-
crop yielding Middle Devonian tabulate corals at Pisacavifia is described; its faunal content is described, and compared
with the historical coral collection. As a result, it appears clearly that the Silurian-Devonian Bolivian fauna needs a thor-
ough revision, as well as the selection of stratigraphically significant macrofossils. Besides macrofossils, the analysis of
palynomorph assemblages is significant in establishment of both intra-Bolivian and international correlations before any
reliable biogeographic reconstruction is done. This paper records the first discovery of a plant of the genus
Protolepidodendron from the Devonian of Bolivia. An ostracod assemblage from Pisacaviia is described, illustrated,
and discussed for the first time; it suggests an Early Devonian or an Eifelian age. Newly described taxa include the coral
Parastriatopora boliviana sp. nov., and the chonetoidean brachiopods Sanjuanetes glemareci sp. nov., and Kentronetes
giae sp. nov. * Key words: Devonian, Bolivia, palaeontology, biostratigraphy, palacobiogeography.
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Figure 1. Schematic structural map of Bolivian Palaeozoic outcrops,
with the location of the main localities cited in the text (after Sempéré
1995). Abbreviation: Aoc — Western Altiplano; Aor — Eastern Altiplano;
Cor — Eastern Cordillera; IA — Interandean Zone; SA — Subandean Zone.

During the last twenty years, field work on the Siluro-
Devonian succession of Bolivia, and especially in the East-
ern Cordillera, either for sampling, mapping, or for detai-
led biostratigraphical studies and correlations, led to the
discovery of new fossils as well as that of new Silurian and
Devonian fossiliferous localities. Most of these localities
are located S of La Paz, mainly between La Paz and Sica
Sica, along the main road to Oruro, and belong to the East-
ern Cordillera unit (Janvier 1991, 2003; Racheboeuf 1992;
Racheboeuf & Isaacson 1994; Limachi er al. 1996; Tiella
et al. 1998; Toro & Garcia-Duarte 2002; Toro et al. 2003,
2004, 2006, 2008). Most of these studies were developed
within a Bolivian-French cooperation, in continuation of
several National Geographic, and IFEA (Institut Francais
d’Etudes Andines) grants. For the last five years, studies
are part both of the ‘Paleontologia y bioestratigrafia de las
unidades Paleozoicas’ program of the IIGEMA of the
UMSA, and from the Fondation de France project
‘Recherches sur la Paléontologie et les Paléo-environne-
ments des Pays Andins’.
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After the recognition of fossiliferous argillaceous
levels assigned to the lowermost part of the Belén For-
mation of Early Devonian age (Tiella et al. 1998), other
fossiliferous outcrops assigned to the Silurian Uncia
and Catavi formations have been recently recognized,
studied, and published (Toro et al. 2003, 2004, 2006,
2008). The last field sessions on the Siluro-Devonian
succession of the Eastern Cordillera resulting from Bo-
livian and French research workers were realized in
2005 and 2009. They have allowed us to discover a new
Devonian fossiliferous locality with corals near
Pisacavifa, in the lower member of the Belén Formation,
as well as new fossiliferous outcrops near Muruhuta, NE
of Chacoma.

This paper presents all these new results as well as their
biostratigraphical and biogeographical implications. It in-
cludes the revision and/or study of known taxa, the descrip-
tion of an ostracod assemblage as well as that of new spe-
cies, including tabulate corals and brachiopods. This paper
is a contribution to the knowledge of the Silurian—Devon-
ian succession of Bolivia, to the biostratigraphy, correla-
tions, paleobiogeography, and climatic impact on the ben-
thic faunas during the Silurian—Devonian time interval in
South America.

Note. — Except for palynomorphs (acritarchs and chitino-
zoans), all the type and figured specimens are deposited in
the collections of invertebrate of the Faculty of Geological
Sciences, La Paz University under No. FCGI (invertebra-
tes) or FCGV (vertebrates).

Geological setting
(Margarita Toro, David Mendoza,
Sylvie Crasquin & Patrick R. Racheboeuf)

The NuAumayani area
Figures 1, 2

The black lutites of the Uncia Formation which crop out
in the vicinity of Nufiumayani, about 20 km S of Apafia
(SE of La Paz) yield rich fossiliferous beds. Its faunal
content has been already published (Toro et al. 2003,
2006, 2008), and its biostratigraphic context discussed
(Toro & Garcia-Duarte 2002; Toro et al. 2004, 2006,
2008). Taxonomic identifications are revised herein and
biostratigraphic data are discussed. The main fossilife-
rous locality (S 16° 06" 201; W 67° 59° 608, altitude
4020 m) crops out sloping in an abandoned corner about
50 m E of the road from Apaiia to Santiago de Collana,
near the Nufiumayani village (Fig. 2). Fossils are irregu-
larly distributed within the very finely laminated black
shales. The first citation of the locality in the literature
was by Branisa (1969, p. 35) who mentionned the ‘Fauna
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de Strophochonetes’ in the Kirusilla and Pampa (now
Uncia) formations. Besides the chonetoidean brachio-
pod, the associated fauna listed in the literature includes
benthic faunal elements such as the tabulate coral
‘Pleurodictyum’, the gastropod ‘Loxonema’ sp., nekto-
benthic elements such as the trilobites Kettneraspis ara-
cana, and Andinacaste chojnacotensis, the tentaculitid
Tentaculites sp. (Toro et al. 2003), and hyoliths. Accor-
ding to the occurrence of the trilobite Andinacaste choj-
nacotensis, a Ludlovian—Pfidolian age was assigned
to the fossil-bearing beds yielding the ‘strophochonetid
fauna’ (Toro & Garcia-Duarte 2002, Toro et al.
2003), the trilobite species being considered to be a bio-
stratigraphical index (Suérez-Soruco in Limachi et al.
1996).

Additional sampling of the locality and the detailed re-
vision of faunal occurrences indicate that a chonetoidean
brachiopod, which is the most common fossil, is a new
representative of the genus Kentronetes. K. giae sp.
nov. (Racheboeuf, herein), is rather suggestive of an
Early Devonian age, according to its morphological char-
acters, although it has been found associated with
A. chojnacotensis in the same beds. Moreover, the Nu-
flumayani outcrop provided us with five specimens of the
tabulate coral Petridictyum sp. (= Pleurodictyum sensu
Toro & Garcia-Duarte 2002, Toro et al. 2004), a genus
which is known to range from the Lochkovian to
the Eifelian throughout the world. Two notable excep-
tions are: 1) the Silurian (Llandovery—Early Ludlow)
North American occurrence of Pleurodictyum ten-
nesseensis Amsden, 1949, tentatively assigned to
Petridictyum (Plusquellec 2007), and 2) ‘Petridictyum?
sp. nov. A’ Plusquellec, 2007, from the Pridoli of Victoria
(Australia).

The trilobite fauna includes Kazachstania cf. K.
gerardoi and Kettneraspis? aracana which both support
a Lochkovian age (see below). The fauna undoubtedly
lies below the Scaphiocoelia boliviensis assemblage
which is late Lochkovian—Pragian age in Bolivia, as in-
dicated by Racheboeuf et al. (1993a, b), and Toro et al.
(2004, fig. 2). However the Scaphiocoelia fauna is typi-
cally an environmental marker (mainly bathymetric)
and its age weakly varies in a N-S gradient from Bolivia
to northern Argentina (Ullum area, northern Precor-
dillera; Racheboeuf, unpublished). In the Presto-El Peral
section of the Interandean Zone (E of Sucre), the
Scaphiocoelia fauna is well developed in the uppermost
part of the Santa Rosa Formation, in levels which have
been assigned a late Lochkovian—earliest Pragian age
(Racheboeuf er al. 1993a, b), while in the northern Ar-
gentine Precordillera a Pragian age appears likely
(Racheboeuf, unpublished). Besides the faunal elements
listed above, palynological data are suggestive of an
Early Devonian age (see below).
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Figure 2. The southeastern region of La Paz Department and the loca-
tion of the Nufiumayani and Quebrada Huacallani fossiliferous localities.

The road to Muruhuta
Figures 1, 3

Along the road from Patacamaya to Muruhuta, via Chacoma,
Early Devonian sandstones crop out and they are particularly
well exposed for 2 km after the crossroad with the road to Es-
tancia Muru Chapi. The section along the road exposes two
interbedded argillaceous intervals which yielded an abundant,
tectonically distorted, and low diversity fauna. The first out-
crop, named ‘Muruhuta 1” (S 17°07° 132, W 67°50" 955, alti-
tude 3970 m) yields a chonetoidean brachiopod species (San-
Juanetes glemareci sp. nov.) and rare, poorly preserved
bivalves. About 300 m farther on, the outcrop ‘Muruhuta 2’
(S 17°077 009, W 67°50" 944, altitude 3961 m) yields the bi-
valve Nuculites sp., and brachiopods including Iridistrophia
sp., Australocoelia sp., and Sanjuanetes glemareci sp. nov.

These two levels are undoubtedly part of the Muruhuta
Shale Member, below the Caracato Quartz Arenite Mem-
ber in the lowermost part of the Belén Formation (Tiella ez
al. 1998). The occurrence of a species assigned to the genus
Sanjuanetes is suggestive of a late Silurian (Pfidolian) age
(see below).
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Figure 3. Location of the two Muruhuta localities N-NE of Chiar
Umani.

The Quebrada Huacallani locality
Figure 2

Situated S of La Paz and W of Nufiumayani, this fossilife-
rous locality of the Uncia Formation was recently sampled
and studied by Toro et al. (2003, 2006, 2008). Coordinates
are S 16° 35’ 02?7 — W 68° 04’ 30?; for the location map see
also Toro et al. (2006, 2008). The trilobite and bivalve fau-
nas led the author to assign a Wenlockian age to the sampled
beds. Although the locality was not studied in the context of
the field work program described herein, it is included in this
paper for comparison with other localities (mainly Nufiuma-
yani and Muruhuta) for biostratigraphy and correlation pur-
poses. Besides bivalves, the section provided us with Sanju-
anetes sp. cf. S. glemareci sp. nov., which is close to the
chonetidean species from Muruhuta, and trilobites close to
those from Nufiumayani. Palynomorphs (acritarchs and chi-
tinozoans) are mostly suggestive of a Pfidolian age.

The Pisacavina area
Figures 1, 4, 5

The locality name Pisacavifia is famous for a long time since
it was synonymous with the unique known occurrence

272

of Bolivian Devonian corals within the Bélen Formation.
Pisacavifia is located about 22.5 km E of Calamarca which
is about 60 km S of La Paz, along the La Paz — Oruro main
road (Fig. 1). The historical fossiliferous locality which
yielded corals (Fig. 4-1; S 16°54” 166 — W 68°03" 767, al-
titude 4556 m) disappeared with the excavation of the area
for the football field at the end of the 1980s. A second out-
crop exposing corals was visited for the first time in 2005
(Fig. 4-2; S 16°54" 412 — W 68°03" 248, altitude 4515 m).
The corresponding lithologic succession in the Pisacavifia
area, including the two fossiliferous localities mentioned
herein is tentatively reconstructed (Fig. 5).

Although no more coral fragments can be collected at
the ‘historical’ locality, the silts croping out along the SW
margin of the football field yield abundant fossiliferous
concretions. A relatively large (15 cm in diameter), de-
calcified and weathered nodules collected in situ provided
us with the ostracod fauna described below. A small sili-
ceous nodule from the same level yielded a nicely pre-
served mandible of a phyllocarid crustacean. The fauna
collected from the outcrop along the margin of the football
field includes the conularid Paraconularia ulrichana
(Clarke, 1913), fragments of a very large hyolithid shell,
tentaculitids, ‘auloporid-like’ tabulate corals fragments,
brachiopods [Metaplasia pseudoumbonata (Kozlowski,
1923), Aseptonetes isaacsoni Racheboeuf & Branisa,
1985, Longispina riglosi Racheboeuf & Isaacson, 1994,
Chonostrophia sp. cf. C. truyolsae, Pustulatia sp. cf.
P. curupira (Rathbun, 1874)], gastropods (Palaeozygo-
pleura sp., pleurotomariids), and isolated crinoid ossicles.
Among the arthropods are trilobite fragments and an iso-
lated phyllocarid mandible most probably belonging to
Dithyrocaris sp. Vertebrate remains are represented by the
chondrichtyan Pucapampella cf. P. rodrigae Janvier &
Suérez-Riglos, 1986.

About 120 m southward, and about 25-30 m higher in
the succession, there is a trilobite bearing bed of nodules
that include phyllocarids, vertebrates, and the first and
unique fragment of the plant Protolepidodendron, the first
collected from South America. Phyllocarid crustaceans are
represented by a carapace fragment of a probable new
taxon, while vertebrate fossils are assigned to Pucapam-
pella ct. P. rodrigae Janvier & Suarez-Riglos, 1986 (chon-
drichtyan), Zamponiopteron triangularis Janvier &
Suéarez-Riglos, 1986 and Z. spinifera Janvier & Suarez-
Riglos, 1986 (gnathostomes incertae sedis, probable
chondrichtyans).

The second Pisacaviiia fossiliferous locality was visited
during the 2005 period because of inhabitants of Pisacaviiia
who directed our attention to it. The outcrop lies about
1.0 km ENE of the football field and E of the Pisacavifia
village (coordinates: S 16°54" 412 — W 68°03” 248). A car-
bonate lens about 3 m wide and 0.50 m thick is exposed
along a slope within the siltstones of the Belén Formation
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Figure 4. Location of the two Pisacavifia coral-bearing localities E of Calamarca: 1 — ‘historical’ locality; 2 — locality visited in 2005.

(see Fig. 5). Corals are not preserved in situ, and fragments
lie on bedding planes, associated with abundant and poorly
preserved crinoid fragments. Limestones are weakly
dolomitized. No faunal components but crinoid remains
were found associated with the corals.

The fauna collected from the ‘historical’ locality at
Pisacavifia, mainly brachiopods and vertebrates, show very
close affinities with that collected in the Chiar Umani —
Cha Chacoma area about 8 km NE of Patacamaya
(Racheboeuf & Issacson 1994, Fig. 1). A Middle Devonian
age (Eifelian) appears likely for the outcrops of Pisacaviiia,
according to palynomorphs (see below).

The Rumicorral area
Figure 1

Although it belongs to the Kirusilla Formation of the Inte-
randean Zone, this locality is included in this work both for
biostratigraphy and correlation with the Eastern Cordillera
Uncia Formation. Situated at 22.7 km E of the gas station
of Aiquile, along the old road from Cochabamba to Santa
Cruz (S 18° 117 612; W 65° 03" 215, altitude 2143 m), the
Rumicorral locality is mainly famous as the type locality
of the xiphosurid Legrandella lombardi Eldredge, 1974.
However, some hundred meters N of this type locality, fos-
siliferous levels of the Kirusilla Formation provided us
with abundant and diversified faunal elements. The north-
ern part of the outcrop (closest to the southern side of the
road) exposes dark grey shales and silts with rare small sili-
ceous nodules yielding lingulate and orthid brachiopods,

trilobites, phyllocarids and
vertebrate rests bearing level

ostracodes, phyllocarids and
‘__ brachiopods bearing level

‘historical’ coral locality
"™ football field

Formation

] Pisacavifia village

v

BELEN

100 m

-— ‘2005 new coral locality

Figure 5. A — schematic reconstruction of the Devonian lithostrati-
graphic succession of the Belén Formation in the surroundings of the
Pisacavifa village, with the relative position of the historical (1) and
newly discovered (2) coral outcrops within the succesion. * B — the coral
level visited in 2005.
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bivalves, gastropods, phyllocarids, and rare vertebrate fos-
sils. To the south, the siliceous nodules are replaced by car-
bonated nodules, possibly corresponding to mud pebbles
which have agglutinated fossils etc., and/or channel infil-
lings (?). The fauna includes chitinous tubes (Sphenothal-
lus), conularids, tentaculitids, gastropods, bivalves, nauti-
loid cephalopods, diverse brachiopods, poorly preserved
ostracods, phyllocarids, and odontopleurid trilobites. Paly-
nological data (acritarchs and chitinozoans) indicate a
Lochkovian age.

Palynological data
(Alain Le Hérissé & Florentin Paris)
Figures 6, 7

In each of the fossiliferous localities studied herein, sam-
ples were collected for palynological analyses in order to
establish the ages suggested by the benthic faunal elements
within the Late Silurian—Early Devonian succession. How-
ever, the organic matter is most often weathered in field
samples on the Altiplano, and palynological data remain
uncertain, waiting for further analyses, and for SEM stu-
dies. Acritarchs and chitinozoans are illustrated on Figs 6
and 7, respectively. Palynological analyses of two other
fossiliferous localities, namely Rumicorral and Huacallani,
have also been made in order to discuss correlations.

NufAumayani

Acritarchs are abundant and diverse but poorly preserved.
Most of the specimens are flattened, partly carbonized and
corroded. Identified species include Arkonia nova, frag-
ments of Deflandrastum sp., Cymbosphaeridium carinio-
sum, Elektoriskos spp., Eupoikilofusa striatifera, Geron
amabilis, Leiofusa banderillae, L. fusiformis, Multiplicis-

phaeridium polydactylus, Polyplanifer simplex, Pterosper-
mopsis spp., abundant specimens of the form-group
Onondagaella-Triangulina, with Onondagaella assym-
metrica (large forms), Triangulina cylindrica, Ozotobra-
chion palidodigitatus, O. sp., and simple sphaeromorphs
and veryhachids. The species Arkonia nova is relatively
well represented in the material. This taxon is sometimes
referred in the literature as a triangular variant of Neovery-
hachium carminae, e.g. in Spain near the Siluro-Devonian
transition (Cramer & Rodriguez 1977), or as ?Striatotheca
scabrata in an acritarch flora of late Silurian—early Devon-
ian age, in the Netherlands (Van Der Meer & Wicander
1992). The total range of the species is from the Lud-
low—Pridoli transitional beds up to the Siluro-Devonian
boundary. On the basis of the stratigraphic distribution of
the most significant acritarch species, e.g. Arkonia nova
(introducued by Le Hérissé 2002), Deflandrastum spp.,
and the Ozotobrachion represented, but also to the absence
of definitive Devonian species, a probable Pfidolian age is
suggested. However, Triangulina cylindrica, Geron ama-
bilis, and Polyplanifer simplex are not restricted to the late
Silurian but continue in the Lochkovian. For example, Po-
lyplanifer simplex described by Pothe de Baldis (1975) in
the Ludlow of Argentina, also extends into the Lochkovian
of the Boomerang area (Le Hérissé, unpublished data) and
in the Solimdes Basin of northwestern Brazil (Rubinstein
et al. 2008).

The chitinozoa assemblage is fairly diversified, includ-
ing Cingulochitina ervensis (Fig. 71), small specimens of
Ancyrochitina close to A. asterigis, another one similar to
Ancyrochitina floris (Fig. 7L) from the Pfidoli of Libya,
and some desmochitinids which could be possibly assigned
either to Eisenackitina bohemica (Lochkovian), or to Eise-
nackitina granulata (Late Ludlow). Moreover, a Ptero-
chitina with a wide carina could be possibly assigned to
P. perivelata (late Silurian) (Fig. 7M), rather than to
P. megavelata from the early Lochkovian.

Figure 6. Acritarchs. The illustrated specimens of acritarchs are stored in the collections of the Laboratory of Paleontology, University of Brest
(France) under the repository numbers LPB 13061 to 13066. The England Finder coordinates are given in parentheses. ® A — Estiastra sp. 1. Pisacavifia, a
small form of 29 um in diameter, with eight conical processes, 6 um in length, slide LPB 13061 (028.2). B, C — Estiastra exasperata (Deunff, 1955) nov.
comb. Pisacavifia; B — specimen with a total diameter of 60 pum, length of processes 25 um, slide LPB (6) (Q34.2), C — a specimen with a total diameter of
67 um, processes 17 pm in length, slide LPB 13062 (L27.1). « C — Estiastra exasperata (Deunff, 1955) nov. comb. Pisacavifia, total diameter 60 um,
length of processes 25 pm, slide LPB 13061 (Q34.2). « D — Estiastra sp. 2. Pisacavifia, a form with five processes, conical, with spinose ornamentation.
Total diameter 48 pum, process length 20 um, slide LPB 13062. « E — Leiofusa bernesgae Cramer, 1964. Rumicorral, central body 30 x 12 pm, length of
processes 40 um, slide LPB 13064 (J29). ¢ F — Neoveryhachium carminae (Cramer) Cramer, 1970. Rumicorral, central body 22 x 15 um, length processes
8 um, slide LPB 13063 (N28.1). « G — Fimbriaglomerella divisa Loeblich & Drugg, 1968. Rumicorral, total diameter 50 um, slide LPB 13063 (P22).
* H — Quadraditum fantasticum Cramer, 1964. Rumicorral, total dimensions 45 x 22 pum, flange 22 pum of width, slide LPB 13064 (D26.2). ¢ I — ?Domasia
sp. Rumicorral, central body 22 x 9 um, length of processes 22 pum, slide LPB 13064 (K 19.3). ¢ J — Triangulina cylindrica (Jardiné, Combaz, Magloire,
Peniguel & Vachey, 1972) comb. nov. Nufiumayani, central body 33 um, length of processes 22 um, slide LPB 13065 (S 44.2). K — Arkonia nova Le
Hérissé, 2002., central body 33 um, Lp 5-6 um, slide LPB 13065 (O 38). ¢ L — Cymbosphaeridium cariniosum (Cramer) Jardiné, Combaz, Magloire,
Peniguel & Vachey, 1972. Nufiumayani, central body 35 um, Lp 5-6 um, slide LPB 13066 (O 24). « M — Geron amabilis Cramer, 1969. Nufiumayani,
central body 17 um, Lp 6 um, slide LPB 13065 (D 28.1). ¢ N — Polyplanifer simplex Pothe de Baldis, 1975. Nufiumayani, central body 17 um, Lp 6 um,
slide LPB 13065 ( E 25). « O — Ozotobrachion palidodigitatus (Cramer) Playford, 1977. Nufiumayani, central body 22 pm, length of processes 35 um,
slide LPB 13065 (R25.4).
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Muruhuta

The two outcrops named Muruhuta 1 and Muruhuta 2 pro-
vided us with poorly preserved chitinozoans and a low di-
versity acritarch assemblage. The acritarch assemblage in-
cludes Cymbosphaeridium cariniosum, Onondagaella
assymmetrica, Triangulina alargada, and simple forms of
Multiplicisphaeridium and Veryhachium. Such forms are
suggestive of a late Silurian age taking into account the ab-
sence of typical Early Devonian forms.

The two samples provided us with poorly preserved
chitinozoan specimens among which representatives of
Angochitina sp. (several forms), Ancyrochitina cf. desmea
(Fig. 7A), Conochitina sp., Linochitina sp., Fungochitina
sp., ?Urnochitina sp. aff. U. urna (Fig. 7E) and a possible
representaive of the genus Margachitina. The occurrence
of U. urna and Conochitina would indicate a Late Silur-
ian, ?Ludlovian or Pridolian age.

Pisacavina

Four samples were collected from the Pisacavifia section.
Samples from the new coral-bearing locality provided us
with no palynomorphs: there were only graphite and heavy
minerals. Samples from the ‘historical’ locality revealed
very dark and corroded organic elements composed of mi-
ospores, acritarchs and chitinozoa.

Examination of several slides provided us with only
few diagnostic elements and few specimens of acritarchs,
that would provide precise determinations. The presence of
the small genus Estiastra allows correlation with similar
assemblages and levels of the Middle Devonian (close to
the Eifelian—Givetian boundary) or at the youngest Emsian
to Eifelian (Pothe de Baldis 1978, from Uruguay, and Le
Hérissé, unpublished data from Bolivia).

Chitinozoa are represented by the lagenochitinid
Ancyrochitina sp. (belonging to the A. biconstricta

group but smaller in size), associated with velate spo-
res which begin within the late Emsian and become
abundant from the Middle Devonian. The assemblage is
most probably indicative of a Middle Devonian (Eife-
lian) age.

Rumicorral

Acritarchs include Cymbosphaeridium cariniosum,
C. sp., ?Domasia sp., Duvernaysphaera oa, Eupoikilo-
fusa striatifera, Fimbriaglomerella divisa, Hapsido-
palla sp., Leiofusa bernesgae (abundant), L. cylindrica,
Neoveryhachium carminae, Polyplanifer simplex, Qu-
adraditum fantasticum, and abundant Veryhachium spp.
The relative abundance of leiofusids, and especially that
of Leiofusa bernesgae, is characteristic of the Zudanezi-
ano stage (Early Devonian) of the ‘Cordillerano Cyclo’
as defined by Suérez-Soruco & Lobo-Boneta (1983).
Moreover, Fimbriaglomerella divisa, Duvernaysphaera
oa, and ?Domasia sp. have been also found elsewhere
in Bolivia in the Lochkovian. The two species Duvernay-
sphaera oa and Fimbriaglomerella divisa were first de-
scribed from the Lochkovian of the Haragan Formation,
Oklahoma, North America (Loeblich & Wicander 1976,
Wicander 1986). Associated with ?Domasia sp., they are
also diagnostic species of Lochkovian assemblages in ot-
her localities in Bolivia (Le Hérissé, unpublished data).

The chitinozoan assemblage includes Cingulochitina
gr. serrata (Fig. 7D), Linochitina sp., and Ancyrochitina
asterigis (Fig. 7F). Eisenackitina sp. aff. bohemica
(Fig. 7C), and E. gr. bohemica (Fig. 7TH) and suggest
Lochkovian age. Rare representatives of Pterochitina may
possibly be assigned to P. megavelata (Fig. 7G), which is
mainly early Lochkovian. Rare specimens of Urochitina
loboi Volkheimer et al., 1986 (Fig. 7], K), a Lochkovian
species, occur too. As a conclusion, both chitinozoan and
acritarchs indicate a Lochkovian age.

Figure 7. Chitinozoans. The illustrated chitinozoans are stored in the collections of the Institute of Geology, University of Rennes (France) under the re-
pository numbers IGR 72525 to 72540. The England Finder coordinates is given in parentheses. The scale bar equals 100 microns. ® A — Ancyrochitina cf.
A. desmea Eisenack, 1964. Muruhuta section, loc. 2, IGR 72530 (M44/3). ¢ B — ?Urnochitina sp. Muruhuta section, loc. 2, IGR 72530 (O47/1). Eroded in-
dividuals also recalling some Siluro-Devonian Eisenackitina forms. ¢ C — Eisenackitina sp. aff. E. bohemica (Eisenack, 1934). Rumicorral, IGR 72525
(G46). The ornamentation is deeply eroded, preventing a firm assignment to E. bohemica. * D — Cingulochitina gr. serrata (Taugourdeau & de
Jekhowsky, 1960). Rumicorral, IGR 72525 (G50/1). This form recalls individuals of C. plusquelleci Paris 1981 of Lochkovian age. * E — ?Urnochitina sp.
aff. U. urna (Eisenack, 1934). Muruhuta section, loc. 1, IGR 72529 (N43/4). Poorly preserved vesicle. * F — Ancyrochitina asterigis Paris 1981.
Rumicorral, IGR 72525 (H42). ¢ G — Pterochitina megavelata Boumendjel, 2002. Rumicorral, IGR 72525 (R53/4). The carina of this specimen is partly
folded at its distal end. « H — Eisenackitina gr. bohemica (Eisenack, 1934). Rumicorral, IGR 72525 (G46). Specimen with a deeply eroded surface no lon-
ger showing the typical ornamentation of the species. * I — Cingulochitina ervensis (Paris in Babin et al., 1979). Nufiumayani, IGR 72540 (G47).
« J, K= Urochitina loboi Volkheimer, Melendi & Salas, 1986. Rumicorral, IGR 72525 (T42/2 and M44/3). « L — Ancyrochitina cf. A. floris Jaglin, 1986.
Nuﬁumayani, IGR 72540 (L/42/2). * M — Pterochitina perivelata (Eisenack, 1937). Nuﬁumayani, IGR 72540 (R48). * N, O — Angochitina sp. aff. A.
comosa Taugourdeau & de Jekhowsky, 1960. Huacallani, IGR 72537 (P41/1 and P43/4). « P — Margachitina catenaria? Obut, 1973. Huacallani, IGR
72537 (P40/4). Apical view showing remains of a possible peduncle. ® Q — ?Ramochitina sp. Huacallani, IGR 72537 (P43/1). Deeply eroded surface dis-
playing some scars of apparently large processes more or less arranged in rows, and suggesting an assignment to Ramochitina.
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Huacallani

A unique sample from this locality situated W of Nufiuma-
yani, which provided us with a unique ventral valve of San-
Jjuanetes cf. S. glemareci sp. nov., was analyzed for palyno-
logy purpose. The palynological residue contained various
marine and continental palynomorphs, including acri-
tarchs, prasinophycean phycomata, chitinozoa and mios-
pores. Acritarchs and prasinophytes from the recovered as-
semblage are of poor diversity. Among the most diagnostic
species are Fimbriaglomerella aulerca, Hapsidopalla san-
nemannii, TMultiplicisphaeridium escobaides, Oppilatala
cf. O. arborea, indicating an early Devonian age, Lochkov-
ian to Pragian (Le Hérissé ef al. 2000). Among miospores,
numerous representatives of the genus Dictyotriletes are ob-
served. In the Laurani section of Bolivia (Tarabuco area),
McGregor (1984) described within the Santa Rosa Forma-
tion of Lochkovian to Pragian age a palynoflora that inclu-
des specimens of Dictyotriletes emsiensis. They are now in-
cluded in the Dictyotriletes emsiensis Morphon, which is
tentatively correlated with the N through E miospore biozo-
nes of W Europe, Lochkovian to early Pragian in age (Ru-
binstein et al. 2005, Steemans et al. 2008).

Chitinozoans are abundant and fairly well preserved.
The chitinozoan assemblage includes five species, but none
of them is really significant from a biostratigraphical point
of view. The most common form is Angochitina sp. aff. A.
comosa which is close both to Angochitina strigosa and A.
filosa from the Lochkovian of Algeria (Boumendjel 1987).
A. sp. aff. A. comosa also strongly resembles A. echinata
from the Tarabuco Formation (Rio Pillaya section) of Boli-
via (Grahn 2002). The genus Margachitina is represented by
M. sp. aff. M. catenaria catenaria. Similar specimens are
known from the Early Lochkovian of Algeria (Boumendjel
1987), and Margachitina catenaria tenuipes was reported
from the Santa Rosa Formation (Sobo Sobo section) of
Bolivia (Grahn 2002). Besides representatives of the genera
above mentioned, the chitinozoan assemblage includes
specimens assigned to the genus Cingulochitina, and which
resemble C. ervensis (Pridolian—Lochkovian of Europe),
and Ancyrochitina sp. aff. A. cornigera; similar specimens
are known from the Lochkovian of Poland (Wrona 1980).

On the basis of the chitinozoan assemblage alone a
Lochkovian age appears likely despite the lack of the index
species (Eisenackitina bohemica). Late Pfidolian age can-
not be excluded although the Pridolian index species
(Urnochitina urna) was not found.

Systematic palaeobotany
(Jean Broutin)

According to the literature, this is the first occurrence of a
plant macrorest in the Lower/Middle Devonian of Bolivia,
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and the first record of the genus Protolepidodendron from
South America.

Family Protolepidodendraceae Kriusel & Weyland, 1949

Genus Protolepidodendron (Krejéi, 1879)
Potonié & Bernard, 1904

Type species. — Protolepidodendron scharianum (Krej¢i) Po-
tonié & Bernard, 1904, Lower Devonian, China (Yunnan).

Geographic distribution. — Early Devonian of Yunnan
(China); Middle Devonian of Europe, North America, and
Australia (Boureau 1967, pp. 455-457). Boureau (ibid.,
p- 458), cited also a species (unfigured) from the Middle
Devonian of San Juan (N. Argentina): Protolepidodendron
eximium Frenguelli, 1954 initially described as ‘Drepano-
phycus frenguelli (Frenguelli) Menendez 1965’. This Boliv-
ian occurrence is the first established record of the genus
from South America.

Protolepidodendron sp.? aff. Protolepidodendron
scharianum (Krejci, 1879) Potonié & Bernard, 1904
Figure 8A-C

Material and locality. — A unique fragment (FCGI 3571,
Fig. 8), part and counterpart, from the locality Pisacavifia,
collected in a trench, about 100 m SE of the football field
(S 16° 547 090; W 68° 00 804); Belén Formation, pro-
bable Eifelian.

Description. — Small stalk fragment which is 24 mm long
for a width of 7 mm at the base. Its width reaches 12 mm at
the level of the dichotomy which gives rise to two ramifica-
tions which are respectively 5 mm and 7 mm wide (Fig. 8).
The stalk is densely covered with ovoid leaf cushions
which are 1.2 mm to 1.5 mm long for a maximum width of
1 mm, and helicoidally arranged. The best preserved leaf
cushions exhibit a circular vascular scar in more or less
central position.

A single base of a leaf, linear and very narrow (about
0.35 mm wide), could be observed on the right side of the
stalk (indicated by an arrow on Fig. 8C). The leaf is un-
doubtedly incomplete and it is impossible to say if it was
dichotomous or not, and even more, at what distance from
its insertion was the eventual dichotomy.

Discussion. — About the genus Protolepidodendron, the
main problem is as follows: the very low number of species
assigned to this genus are defined upon the length of the
leaves, as well as by the location of their dichotomy. The
unique available Bolivian specimen shows no more than
the base of one leaf (Fig. 8C, arrow) which makes inappli-
cable the taxonomic character exposed above.
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Figure 8. Protolepidodendron sp.? aff. P. scharianum. * A, B — general view of the stalk fragment (FCGI 3571) under two different lights showing leaf
cushions and vascular scars. * C — enlarged view showing the unique preserved base of leaf (F).

However, Lejal-Nicol (1972, pp. 54, 55) figured a spec-
imen from the Devonian of Libya (transitional Prag-
ian—Emsian beds, Murzuk Basin). The arrangment, size,
and density of leaf cushions of which strickingly resemble
those observed on the Bolivian specimen. Lejal-Nicol de-
scribed a new species, namely Protolepidodendron helleri
Lejal, 1972, based upon the lack of leaves and vascular
scars [“...I’absence de feuille et de cicatricules vasculaires”
(sic!)]. Seeing the preservation of the specimen (pl. 9,
fig. 2), we cannot exclude that such absences are the conse-
quence of the poor preservation of the specimen.

The unique stalk fragment from Bolivia (24 mm long
for 12 mm of maximum width, just below the dichotomy)
exhibits an ornament very similar to that of the specimen
from Libya (arrangement, size and density of leaf cush-
ions); such characters are very close to that observed in
Protolepidodendron scharianum.

Systematic palaeozoology

Tabulate corals (pleurodictyforms)
(Yves Plusquellec)

The Pleurodictyum-like corals are less common in South
America, than in other areas of the Gondwana like N Af-
rica, Ibero-Armorican Domain, and SE Australia, among
others. They were generally assigned to Pleurodictyum but
the occurrence of that genus is not yet definitely establis-
hed in South America (‘Pleurodictyum? n. sp.” in the Late
Emsian of Bolivia; Plusquellec 2007, p. 43). The only spe-
cies belonging to the genus Petridictyum, and discussed by

Salfeld (1911) as Pleurodictyon (sic) petrii? cannot be sup-
ported (see below).

Class Anthozoa Ehrenberg, 1834

Subclass Tabulata Milne-Edwards & Haime, 1850
Superfamily Favositoidea Dana, 1846

Family Micheliniidae Waagen & Wentzell, 1886

Genus Petridictyum Schindewolf, 1954

Type species.— Pleurodictyum petrii Maurer, 1874, from
Giessen area, Giessen nappe, Rhenish Moutains (Ger-
many), Emsian.

Petridictyum sp.
Figure 9A-C

2002 Pleurodictyum. — Toro & Garcia-Duarte, fig. 2.
2004 Pleurodictyum. — Toro et al., fig. 2.

Material. — 4 poorly preserved, partly silicified specimens,
two of them from old collections (FCGI 2765 and FCGI
2855), the others collected by Crasquin & Racheboeuf in
2009 (FCGI 3569 and FCGI 3570).

Locality and stratigraphy. — Nufiumayani area, SE La Paz
(Bolivia), Uncia Formation, likely Lochkovian.

Description. — The following description is mainly based

on specimen FCGI 2765 which is the ‘best” preserved.
The specimen FCGI 2765 is partly broken in its right
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Figure 9. Petridictyum sp., camera lucida drawings. * A — mainly distal
side of the corallum; on bottom right, a small area of the natural cast of the
proximal side is exposed; apical area on bottom of the figure as usual
(see Plusquellec 2007, fig. 2B), FCGI 2765. « B — distal side, dotted area
as preserved part of the skeleton, FCGI 3569. « C — more or less axial sec-
tion in the corallum, likely ‘N-S’ section with apical area on the right,
FCGI 3570.

280

latero-apical part and exposes a small area of the natural
cast of its proximal side showing prints of some broad ra-
dial smooth furrows following the path of the septal rid-
ges (Fig. 9A). Owing to the preservation, the concentric
growth ridges of the so-called ‘epitheca’ are not here vi-
sible. An axial section of the corallum, taken in a speci-
men embedded in black shale, shows an irregular and
roughtly convex proximal side (Fig. 9C) while its calici-
nal (= distal) side is obviously convex. The distal side of
the corallum shows a central corallite (protocorallite)
surrounded by a corona of 6 (7? in specimen FCGI 2855)
metacorallites. The calicinal bottom of the protocorallite
bears a spiny convex structure formed from the proximal
parts of at least 3 major septal ridges. The calicinal bot-
tom of the metacorallites, and especially their peripheral
margin, exhibit 4-5 septal ridges separated by narrow
interseptal furrows. They are probably major ridges,
but the minor one are not clearly identified. The mural
pores are only seen on the sections. The growth form
of the corallum belongs to the petrioid type and the pro-
totriad to the contiguous type (see Plusquellec 2007,
pp. 27, 28).

Measurements. — Diameter of corallum taken in the plane
of symmetry (‘N-S’ diameter) and normal to this plane
(‘E-W’ diameter), respectively 11.5 x 11.2 mm (FCGI
2765), 9.6 x 9.5 mm. (FCGI 3569); height of corallum ca
3 mm (FCGI 3570); diameter of protocorallite in ‘N-S” and
‘E-W’, respectively 5.4 x 3.6 mm (FCGI 2765), 5.6 x
4.0 mm (FCGI 3569); radial diameter of metacorallites ma-
inly between 3 and 4 mm.

Discussion. — The specimens from Nufiumayani show the
main morphological features of the genus Petridictyum and
are accordingly assigned to it. The radial furrows shown by
the proximal side of the corallum are very unusual in Petri-
dictyum but they are already known in P. lonsdalii
(Rh. Richter, 1855) (Plusquellec et al., unpublished data).
The Petridictyum representative described here is a small
species with broad septal ridges and narrow interseptal fur-
rows, but its detailed features are insufficiently preserved
to try an accurate comparison with the previously descri-
bed species. However, none of them seems close to it, either
by their size or by their septal apparatus.

The occurrence of the genus Petridictyum in the Uncia
Formation cannot supply decisive data to the question of its
chronostratigraphic assignement, for the genus seems re-
corded from the Early Silurian to the Early Eifelian.

The oldest form, provisionally assigned to Petridictyum,
P. tennesseensis (Amsden, 1949), Middle Llandovery to
Early Ludlow of western Tennessee (USA), requires further
material to establish if certain characters are consistently
maintained (see Plusquellec 2007, fig. 24C; for example,
what is the significance of the blind structure in the skeleton
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below the calicinal bottom of the protocorallite in Paratype
YPM 200747). During the Silurian, we also refer to
Petridictyum? sp. nov. A (Plusquellec 2007, p. 49, pl. 2, fig.
10) from the Pfidoli of Victoria, Australia, which shows ad-
ditional metacorallites on the apical side of the first corona
and a corallum with a sligtly concave to convex basis (‘N-S’
corallum diameter about 15 to 16 mm).

A Lochkovian form, from Victoria too, seems to be a
true Petridictyum; it is a rather large species (‘N-S’
corallum diameter: 19.5 mm) with a strongly convex proxi-
mal side and corallites with very numerous septal ridges
(Plusquellec 2007, p. 50, pl. 2, fig. 6).

With the late Lochkovian or early Pragian occurrence
of P. lenticulare (Hall, 1874), the genus is well known
in the Appalachian Basin, USA. It is a large species
(‘N-S’ corallum diameter about 20 mm), with corallites
bearing numerous septal ridges. More or less about the
same time, P. casanovai Plusquellec & Soto, 2007 occurs
in the Catalonian Coastal Ranges and in Ossa Morena,
Spain. This species is small (‘N-S’ corallum diameter
about 4.5 to 6.2 mm) and its septal ridges are broader than
the interseptal furrows. The genus is apparently missing
during the main part of the Pragian, and becomes common
from the early Emsian onwards.

This summary, dealing with the stratigraphic distribu-
tion of the genus Petridictyum and the generic assignment
of the Silurian representatives (Petridictyum or Petri-
dictyum-like corals) allows some comments:

1. The genus Petridictyum is very scarce and even ques-
tionable by Silurian times; this is not in favour of a Silurian
age for the Uncia Formation.

2. Whatever will be the chronostratigraphic assignment
of the Uncia Formation, it is the first time that an indisput-
able representative of the genus Petridictyum is recorded
from South America.

3. The six specimens described by Salfeld in Hauthal
(1911) as Pleurodictyon (sic) petrii? from the Early Devonian
of Chacaltaya cannot be assigned to Petridictyum. Preserved
in the collection of the Geologisch-Paldontologischen Insti-
tuts der Georg-August-Universitidt, Gottingen, Germany,
they share some features with Petridictyum (generally
complete corona of metacorallites arround the proto-
corallite, small number of corallites — 9 to 12, lack of inter-
stitial corallites, Hicetes absent) but: i) the proximal side of
the corallum is not clearly convex as usual in Petridictyum,
ii) the first corona of metacorallites is always asymmetrical,
the corallites of the apical area being much more developed
than those of the adapical one, and iii) the corallites of a sec-
ond corona are already present in the apical area even when
the growth of the first one is not finished (see a typical speci-
men of the species in Plusquellec 2007, pl. 2, fig. 5 = Salfeld
1911, pl. 2, fig. 5). A satisfactory generic assignment for the
specimens described in the paper by Salfeld is still needed at
the present time, and it is likely a new species.

Tabulate corals (branching forms)
(Yves Plusquellec, Francis Tourneur &
Esperanza Fernandez-Martinez)

Prior to the recent publication of a short synthesis by Fer-
nandez-Martinez et al. (2007) concerning the present state
of knowledge about the tabulate corals of Argentina and Bo-
livia, Tourneur (1992) recognized the occurrence of Paras-
triatopora in Bolivia in the Icla Formation at Yaco (Suban-
dean Zone), and in the Belén Formation at Pisacavifia.

According to Branisa (1965), two genera were col-
lected in Pisacavifa: Striatopora cf. S. missouriensis Meek
& Worthen, 1868 (Branisa, pl. 48, figs 2-13) = Para-
striatopora Sokolov, 1949, and Striatopora sp. (Branisa,
pl. 48, fig. 14) = Thamnoptychia Hall, 1876 (Tourneur et
al. 2000, p. 723). However, as the stratigraphic and geo-
graphic data pertaining to the specimens collected by
Branisa are not reliable, the first part of this paper will only
consider the material collected by Janvier & Gagnier in the
‘historical’ coral locality (1986), and that collected by
Janvier & Racheboeuf in the new 2005’ coral locality
(Figs 1, 4, 5). A short description and some figures of
Branisa’s specimens are given at the end of this chapter.

A large part of the Branisa’s collection from Bolivia,
including figured specimens, is housed in the National Mu-
seum of Natural History, Smithsonian Institution, Wash-
ington D.C. We were permitted to borrow 11 specimens as-
signed by Branisa to Striatopora cf. S. missouriensis, most
of them belonging to Parastriatopora boliviana sp. nov.
One of the figured specimens is described here as P. sp. 1
cf. P. boliviana sp. nov., while three branches of
Parastriatopora sp. have not been included in this study.
According to Branisa (1965, pl. 48) all these specimens are
from the locality Pisacavifia (‘Pisakavifia’, sic).

Class Anthozoa Ehrenberg, 1834

Subclass Tabulata Milne-Edwards & Haime, 1850
Superfamily Pachyporoidea Gerth, 1921

Family Parastriatoporidae Sokolov, 1949

Genus Parastriatopora Sokolov, 1949

Type species. — Parastriatopora rhizoides Sokolov, 1949,
from Podkamennaya Tunguska River, Siberian Platform,
Llandovery.

Parastriatopora boliviana sp. nov.
Figures 10-22

1965 Striatopora cf. S. missouriensis Meek & Worthen,
1868. — Branisa, pl. 48, figs 2-5, 7-13.

1992 Parastriatopora gigantea (Knod, 1908). — Tourneur,
p- 47, unnumbered figure.
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Figure 10. Parastriatopora boliviana sp. nov. Morphology of branches
and calices. * A—C — external views of some branchs showing ‘morphology
1’;x 1.5; A—specimen FCGI 3511, B —specimen USNM Psk 4. B (= Branisa
1965, pl. 48, figs 2, 3), C — specimen USNM Psk 4. 5126. « D-G — exterior
views of calices; D — major calice showing 8 well exposed interseptal
punctiform-like furrows; see also Fig. 23D (same specimen as C); x 4.5.
* E —major calice with 8 ridges and furrows (holotype, specimen FCGI 3501,
see also Fig. 13C); x 4. « F, G — calices with 12 septal ridges; F — specimen
FCGI 3509 (=Fig. 13B); x 4.+ G —specimen FCGI 3511 (=Fig. 13A); x4.3.

Holotype. — Specimen FCGI 3501 (2 small branch frag-
ments, 4 thin sections).

Etymology. — Name derived from geographic name Boli-
via.
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Figure 11. Parastriatopora boliviana sp. nov. Schematic outline of the
corallites on the branch surface (global view) showing ‘morphology 1’
in A (FCGI 3509, see also Fig. 13B) and ‘morphology 2’ in B (FCGI
3506); see text. Black triangle for septal ridges; open triangle for ‘miss-
ing’ septal ridge.

Type locality. — Pisacavifia, football field (‘historical’ coral
locality). Belén Formation, lower Member, Late Upper
Emsian or Early Eifelian.

Material. — The material consists of 12 short branch frag-
ments, 22 thin sections and 3 acetate peels. Although the
number of specimens is rather limited, and their external
preservation sometimes disappointing (specimens embed-
ded in resin or corroded, occasionally even unidentifiable
when only thin sections are available), some branches (or
some area of the branches) are sufficiently well preserved
to enable an interesting study of corallum variability, here
interpreted as intra-specific. We propose in the descripti-
ons to identify different morphologies (based on variations
in calicinal aspects) and morphotypes (based on variations
in internal characteristics). Specimens from the ‘historical’
coral locality are numbered FCGI 3500-3505, while those
from the new 2005’ coral locality are numbered FCGI
3506-3511. Some plaster casts and acetate peels have been
housed in the Université de Bretagne Occidentale paleon-
tological collections, in Brest (LPB 15265-15274).

Diagnosis. — Species of Parastriatopora with branch dia-
meter mainly between 16 and 27 mm (mean 20.7 mm). Ca-
lices conical in shape with concave bottom and delimited
by a narrow crest generally bearing granules: 8 septal rid-
ges of various widths, with well marked interseptal furrows
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Table 1. Parastriatopora boliviana sp. nov. Quantitative (in mm) and
qualitative data mainly corresponding to branch structure. Db (maximum
branch diameter) and Daz (axial zone diameter) measured on the same
transverse section. Calice morphology type 1 (with ‘major’ corallites) and
type 2 (without ‘major’ corallites), see text ‘External features and calice
morphology’. Septal ridges, 8 or 12, see text ‘External features and calice
morphology’; Periph. rim morphotype I (with tabulae) and II (without
tabulae), see text ‘Internal features, peripheral rim’. N: number of mea-
surements, X: mean.

VRCGE morph. ridges | sm | P | Dw | Dub
3500 I 28.5 12.5 0.44
g 3501 1 8 I 16.5 7 0.42
:ﬁ 3502 2 8(MH | I 25 8.5 0.34
E B503 2 I 20.5 9 0.44
-§ 3504 2 I 19 7 0.37
E B505 I 16 7.5 0.47
’ N 6 6 6
X 20.9 8.6 0.41
3506 2 8M | I(M | 21 7.5 0.36
g B507 1 12(7) | I 19.5 7.5 0.38
s B508 I 27 12 0.44
§ B509 1 12 I 18 9 0.50
A“:’ 3510 1 (12(M | I(M | 185 9 0.49
g B511 1 12 e | 185 9.5 0.51
N 6 6 6
X 204 9.1 0.45
Morphological and structural categories
N| 1 5 5 5
X 18.2 8.4 0.46
N2 | e ] s | 4
gl XL 24 ] 80 | 038
;; N 3 3 3
5 X 8 20.8 7.67 0.37
A N N R s | 4
El X 12 18.6 875 | 047
5 N || 16 |« 6 | 6
Sl x| ] les | 85 | 045
= N 11 6 6 5
X 21.8 9.0 0.41
IAll categories
N 12 12 11
X 207 | 88 | 043
R 16.0-28.5| 7.0-12.5 10.34-0.51

at the periphery of the calicinal bottom, giving rise to a bi-
lateral symmetry formation; or up to 12 septal ridges alter-
nating with narrow interseptal furrows with sometimes
punctiform depressions on the calicinal floor, without ob-
vious bilateral symmetry. Over half the branches show
‘major’ calices surrounded by a corona of 8 to 10 ‘minor’

w
|

Diameter of calices
F-
1

I T I [ I 1
Cal4 Cal5 Calé Cal7 Cal8  CalMaj

Number of sides

Figure 12. Parastriatopora boliviana sp. nov. Box and whisker dis-
plays showing the diameter of the calices (y-axis) measured on the exter-
nal part of the branches (dimensions in mm). They have been arranged
into groups depending on the number of calice sides, from four-sided
(Cal4) to eight or more-sided (Cal8); the final group (CalMaj) represents
calices with 8 or more sides, which play a polar role in ‘major’ calices. See
text for explanations.

ones, other branches without this setting. Adult (7-sided or
more) corallites on the branch surface (= calice diameter)
mainly between 5.0 and 6.0 mm; ‘major’ corallites up to
6.7 mm. Axial zone between 7—12.5 mm, rate axial zone
diameter/branch diameter rate of between 0.36 and 0.51,
with an average of 0.43. Axial zone with thin-walled coral-
lites; angle pores, wall pores and pore plates present, spines
lacking. Mean diameter of 8—11-sided corallites in the
axial zone 2.80 mm, while corallites on the periphery of the
axial zone usually above 3 mm. Lateral budding, often with
a three-sided cella. Peripheral rim with generally few thic-
kened or massive tabulae.

Description. — External features and calice mor-
phology: The branches are cylindrical with a diameter of
16-21 mm in general, but up to 28.5 mm has been recorded
(Table 1). The calices are polygonal in outline and separa-
ted by a narrow crest (Fig. 10). Two main morphological
types can be distinguished:

Morphology 1: branches with some large calices/coral-
lites surrounded by a corona of 8§ to 10 small ones

283



Bulletin of Geosciences * Vol. 87, 2, 2012

Table 2. Parastriatopora boliviana sp. nov. Diameter of corallites on
the surface of branches or calices (in mm) depending on the number of
corallite sides; the ‘major’ are always 8-sided or more. Note that in the
category ‘8—11" the ‘major’ corallites are included.

Table 3. Parastriatopora boliviana sp. nov. Diameter of corallites (in
mm) in the axial zone depending on the number of corallite sides. Per:
corallites in the periphery of the area, i.e. at the boundary with the periph-
eral rim (the number of sides generally cannot be given but is about 8).

No. wall sides 4 5 6 7 8-11  ‘major’ No. wall sides 4 5 6 7 8-11 Per
‘Historical” coral loc. ‘Historical® coral loc.

N 3 8 15 14 5 3 N 12 6 18 14 8 39
X330 412 506 5S8 550 550 X 145 170 209 23 279 300
Range 2.8-4.1 3.0-4.8 3.5-65 4264 45-65 5.0-6.0 Range 1.2-19 1.2-2.7 1.7-2.8 1.8-35 2442 1846
2005’ new coral loc. 2005’ new coral loc.

N 5 23 21 13 15 11 N 9 10 8 9 8 29
X 254 347 421 481 590 598 X 135 170 221 214 281 280
Range 22-3.0 2.8-4.6 32-52 3.5-60 4.7-6.7 5.3-6.7 Range 1.1-1.6 1.3-22 1.7-2.8 1.6-25 2.142 1.643
Calice morphology 1 Calice morphology 1

N 6 21 12 13 17 14 N 6 6 8 10 6 22
X 258 345 408 460 STI 596 X 132 155 210 205 292 262
Range 22-3.0 2.8-4.6 3.2-52 3.5-55 4.5-6.7 5.0-6.7 Range 1.2-14 13-1.8 1.6-28 1.6-25 2142 1.643
Calice morphology 2 Calice morphology 2

N 2 9 22 14 1 N 5 6 12 7 5 26
X355 400 488 ST 650 X 18 17 204 239 264 289
Range 3.04.1 3248 3.7-6.0 4.9-64 Range 1.3-1.8 1.2-2.7 1.7-2.7 1833 24-32 1845
8 septal ridges 8 septal ridges

N 2 8 12 9 5 3 N 6 3 9 6 2 23

X 3.45 3.69 4.52 5.45 5.50 5.50 X 1.43 1.83 2.09 2.20 2.50 2.80
Range 2841 3048 3561 4262 4565 50-60  Range  12-18 17-2.1 1624 1828 2426 1845
12 septal ridges 12 septal ridges

N 5 20 13 10 15 11 N 4 6 5 7 6 18
X 254 347 412 456 591 598 X 13 155 226 209 292 265
Range 22-3.0 2546 32-52 3.5-55 4.7-6.7 53-6.7 Range 1.3-14 13-19 1.7-28 1.6-25 2142 1643
Peripheral rim morphotype I Peripheral rim morphotype I

N 2 15 15 9 11 9 N 15 8 12 14 7 29
X 290 353 419 506 567 588 X 136 179 212 224 294 301
Range 2.8-3.0 2546 3552 42-60 4.5-6.6 5.0-6.6 Range 1.1-1.9 13-22 1.6-28 1828 2442 1743
Peripheral rim morphotype 11 Peripheral rim morphotype II

N 6 16 21 18 9 7 N 6 8 14 9 9 39
X 280 374 479 529 591 607 X LS 161 213 228 269 28
Range 22-4.1 2.6-48 3.2-65 3.5-64 4.7-6.7 5.5-6.7 Range 1.2-1.8 1.2-2.7 1.7-25 1.6-33 2.1-32 1.6-4.6
All categories All categories

N 8 31 36 27 20 16 N 21 16 26 23 16 68
X 282 362 45 521 580 59 X 141 170 213 225 280 292
Range 22-4.1 2548 3.2-65 3.5-64 4.5-6.7 5.0-6.7 Range 1.1-1.9 1.2-2.7 1.6-2.8 1.6-33 2142 1.64.6

(Fig. 11A). On the corallum surface, the ‘major’ coral-
lite/calice diameter varies between 5.0 and 6.7 mm, while
that of the ‘minor’ corallites mainly varies between 3.5 and
4.5 mm (Table 2).

Morphology 2: branches with calices of various sizes,
but without the particular pattern described in case 1
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(Fig. 11B). The corallite/calice diameter generally varies
between 3.5 and 6.5 mm (Table 2). It should be noted that
in the specimens with calices belonging to ‘morphology 2’,
the diameter of the 6—7-sided corallites reaches the same
diameter as that of the 7-8-sided corallites found on
‘morphology 1’ branches, and that 8-sided corallites are
very rare (see Table 2).
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Figure 13. Parastriatopora boliviana sp. nov. Morphology and septal ridge pattern (same caption as Fig. 10), apical view and corresponding ‘optical’
axial section. ¢ A — calice showing 12 septal ridges (FCGI 3511) and 2 shorter interseptal furrows (open square). * B — calice showing 11 septal ridges and
a broad concave area probably equivalent to the ‘missing’ twelfth ridge (FCGI 3509). ¢ C — calice with 8 well marked interseptal furrows and 8 smooth

septal ridges (FCGI 3501).

In all specimens (i.e. with or without ‘major’ coral-
lites), the youngest corallites are generally four-sided,
while three-sided ones are very rare and sometimes not
even observed. This is probably linked to a kind of lateral
budding beginning with a three-sided cella, a structure
which is well exposed in the axial part of the transverse
sections (see below and Fig. 20B). Calice dimensions of
the studied fragments are shown in Fig. 12 and Table 2.

The calices — mainly conical or with a gently curved con-
cave bottom — are generally badly preserved and only a few
calices have well exposed septal ridges. Owing to the number
of septal ridges, two kinds of calices can be distinguished:

Calices with 12 septal ridges: in the few well preser-
ved large calices studied, 12 broad and smooth septal rid-
ges, which do not extend to the axial part and are roughly of
the same width and length, alternate with narrow intersep-
tal furrows. In their pericalicinal part, these interseptal fur-
rows are more marked, but do not become true punctiform
depressions (Figs 10F, 13A). In specimen FCGI 3511
(Figs 10G, 13A), two of the interseptal ridges are shorter
than the others, giving rise to a crypto-bilateral sym-
metry (see also Fig. 23A and the corresponding text). In
some calices of another specimen, only 11 septal ridges
are developed and the site of the ‘missing’ one is occupied
by a broad concave area (Figs 11A, 13B).

Calices with 8 septal ridges: this setting is only
clearly exposed in the holotype FCGI 3501 (Figs 10E,
13C), but is found with more frequency in the specimens
collected by Branisa (see below). Eight septal ridges of va-
rious widths — with broader ridges situated on the right and
left sides of the corallite than those on the upper and lower
part —have been well identified due to the presence of eight
interseptal punctiform-like furrows strongly carved into
the periphery of the calicinal bottom. The furrow/ridge pat-
tern shows a bilateral symmetry.

25,0
M historical loc.
[ 2005 loc o
O Branisa coll.
20,04 2 sanjuanina @]
QO gigantea o OO o
% 15,0+ @D 8 o)
O
3 Rtere)
Q
1027 > Yo
o
z ol 'm
- & B ﬂtﬁ
20
A
0,07

T T T T T T
0.0 10,0 20,0 30,0 40,0 50,0

Branch diameter (Db)

Figure 14. Parastriatopora boliviana sp. nov. Comparison of the axial
zone diameter vs. branch diameter in the three Parastriatopora bolivia-
na collections (historical coral locality, new 2005’ coral locality and
Branisa collection), P. sanjuanina and P. gigantea. The chart clearly
shows that these diameters are not diagnostic at species level but does re-
veal their increasing size from P. sanjuanina to P. gigantea (dimensions
in mm).

Internal features: In transverse and longitudinal secti-
ons the branches show a rather well delimited thin walled
axial zone surrounded by a strongly thickened peripheral
rim (= peripheral zone). The structure of the peripheral rim
enables two groups to be distinguished: one with tabulae
(morphotype 1), and the other without and described as
massive (morphotype II). These categories do not concur
with those based on calicinal morphology. Nevertheless,
branches with ‘major’ corallites seem to be preferentially
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Figure 15. Parastriatopora boliviana sp. nov. Thin sections in a speci-
men (FCGI 3501) belonging to morphotype I. * A — transverse section,
showing the closing progress of a three-sided cella (C3) and the axial knob
on the proximal side of a peripheral rim tabula (black triangle) (thin sec-
tion BOL II B). * B — part of another transverse section in the same speci-
men, showing more numerous tabulae than in the previous one and an
angle pore (Py); wall pores (P,) are exposed outside of the figured area
(thin section BOL II C). « C—longitudinal section, lateral budding on the
dorsal side of a corallite indicated by black arrow (thin section BOL II D).

linked to a tabulated rim. For one or two specimens, such
as FCGI 3506 and FCGI 3510, assignment to either mor-
photype I or morphotype II is uncertain. The axial zone
diameter mainly varies between 7-9 mm (only one speci-
men with compact rim reaches 12.5 mm) and the external
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diameter of the peripheral rim mainly varies between
16-21 mm (but 16.5-27 mm for specimens with tabulate
rim, and 19-28.5 mm for specimens with compact rim).
A global mean of 0.43 for the Daz/Db ratio (axial zone dia-
meter/branch diameter) indicates a moderately developed
axial zone (Table 1 and Fig. 14).

The size, structure and other characteristics of the axial
zone are similar for the two forms differentiated here ac-
cording to the presence/absence of peripheral zone tabulae.
Thus, the following description concerns the specimens as
a whole. In transverse section, the corallites are unequal in
size and generally increase greatly in diameter at the outer
edge of the axial zone; furthermore, they are moderately
bent, thus exhibiting section(s) of tabulae (Figs 15A, 17
and 18A). Some of them show a very obvious three-sided
cella in dorsal (inner) position, indicating lateral budding
(Fig. 20B). The walls are thin and without spines. Mural
pores belonging to the wall pore variety (Powell &
Scrutton 1978 = P, sensu Plusquellec 1976) are recorded in
all the sections while angle pores (= P, sensu Plusquellec
1976) are scarce or not observed in some specimens.

In longitudinal sections, the axial zone displays coral-
lites following a straight line in the central area and gently
curving at its edge. The tabulae are generally distant, flat
and complete with sometimes very scarce tabellae. At the
boundary between the axial and peripheral zone, tabulae
sometimes show a slight thickening and become strongly
dipping and less distantly spaced.

Data concerning cross diameter of corallites in the ax-
ial zone are given in Table 3, but require some comments.
The majority of corallites is 4 to 7 sided and the average
diameter is between 1.36-2.24 mm (morphotype I with
tabulate rim) and 1.53-2.28 (morphotype II with compact
rim). 8- or more sided corallites are scarce and their aver-
age diameters range between 2.94 (mophotype I) and
2.69 mm (morphotype II). Corallites situated at the edge
of the axial zone are numerous (constituting about 2/3 of
the measurements taken) and some 50% of them shows a
diameter > 3 mm, often reaching 4.3 (morphotype I) and
4.6 (morphotype II).

In the axial zone, the average spacing of tabulae is al-
most identical for the two morphotypes (2.18 mm in
morphotype I, 1.99 mm in morphotype II), and in both
cases all spacing is irregular with widespread measure-
ments (Table 4).

The peripheral rim is characterized by a strong thicken-
ing of all structures and by the tendency of corallites to
open perpendicular to the branch surface.

In morphotype I, the peripheral zone shows only a few
thickened tabulae (Fig. 15), except in one specimen char-
acterized by an unusual number of tabulae as well as an
unusually large rim (Fig. 17). The proximal side of the
tabulae is generally flat while its distal side is very often
concave. In the peripheral rim of morphotype I (Table 4)
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Table 4. Parastriatopora boliviana sp. nov. Spacing of tabulae (in mm).

Axial zone Periph. rim
Peripheral rim morphotype I
N 38 43
X 097
Range 0.7-4.2 0.2-2.6
Peripheral rim morphotype 11
N 45
X L
Range 0.5-3.8
Morphotype I+11
N 83
X s
Range 0.5-4.2

tabulae spacing varies between 0.2 and 2.6 mm with a me-
dian of 0.8 mm and an interquartile range of between 0.5
and 1.3 mm.

In morphotype II, the peripheral rim (at least in its me-
dian and distal part) is devoid of tabulae (Fig. 18, see also
Tourneur 1992, drawing of specimen FCGI 3500). In the
two morphotypes, some thickened tabulae (generally the
more proximal one) show a small axial knob on their proxi-
mal side (Fig. 20A).

Microstructure: In both transverse and longitudinal sec-
tions, the wall in the axial zone shows the straight path of
the median dark line flanked on either side by a rather thin
stereoplasm. In the peripheral rim, the median line disap-
pears at approximately the same time as the corallites turn
sharply to lie perpendicular to the axis of the branch, and
the stereoplasm is heavily thickened. The stereoplasm in
the axial and peripheral zones seems to be microlamellar.
Unfortunately, ultra thin sections in this material are not
available and the indisputable identification of the
microlamellae is a matter of conjecture. Nevertheless, the
microlamellae are clearly identified in the Branisa’s mate-
rial (see Fig. 24).

Part conclusion. — As a consequence of the characters sho-
wing important morphological variations, as exposed
above, it would appear that all the Piscavifia specimens be-
long to the same species. This conclusion is reached as the
result, first, of a comparison of biometric data for corals
from the ‘historical’ locality and from the new 2005’ loca-
lity, and second, of the existence of different combinations
observed between 1) the specimens with ‘major’ calices
(denominated morphology 1) or without them (denomina-
ted morphology 2), 2) those with 12 or 8 septal ridges and
3) those belonging to morphotype I or II. Biometric data
are similar for all the categories.

Nevertheless, comments on Table 1, which gives a
summary of the main data, would seem to be necessary.

e
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Figure 16. Parastriatopora boliviana sp. nov. Box and whisker displays
showing corallite diameter (y-axis), measured on the axial zone of the branch
(Cor+number) and just on the border between this zone and the peripherical
rim (CorPer); dimensions in mm. These have been arranged into groups ac-
cording to the number of sides of the measured corallite (x-axis), from four
(Cor4) to eight or more (Cor8). See text for explanations.

Figure 17. Parastriatopora boliviana sp. nov. Transverse thin section
in one of the largest morphotype I specimens, showing unusual develop-
ment of the peripheral rim tabulae, a wall pore with thickened pore plate
(pp/P,), the marginal section of a mid wall pore (P,), an angle pore with
pore plate (pp/P;) and a three-sided cella (C3). Specimen FCGI 3508, thin
section Bb 70.

Unfortunately, some data on calice morphology and septal
ridges are occasionally missing, especially for specimens
from the ‘historical’ coral locality, and the kind of periph-
eral rim described here is not always easy to assign to one
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Figure 18. Parastriatopora boliviana sp. nov. Thin sections in a speci-
men belonging to morphotype II (specimen FCGI 3507). Calice morphol-
ogy is preserved in some places by sediment remains. * A — transverse
section, wall pore (P,) and three-sided cella (C3) on the lateral side of the
parent corallite (thin section Bb 68). « B — longitudinal section (thin sec-
tion Bb 67).
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Table 5. Parastriatopora boliviana sp. nov. Branisa’s material. Biomet-
ric data (in mm) giving mean and range values, respectively, for each
measurement.

Diameter of branches

Db Daz Daz/Db
,,,,,,,,, sl 8 oM
13-23 45-11.5 0.38-0.5
Diameter of calices
4 5 6 7 8-11 ‘major’
303379 440 500 594 61T
1.5-4.1 2.6-5.2 3.2-6.5 3.6-6.8 4.6-7.3 52-173
Diameter of corallites axial zone
4 5 6 7 8-11 P
M6 172 220 206 260 263
0.9-1.4 1.3-2.1 1.5-2.5 22-34 1.3-43

Spacing of tabulae

Axial zone Peripheral zone
2.04 1.40
0.6-4.7 0.3-3.0

or other of the two morphotypes defined. Moreover, the
12-ridge setting has not been observed in specimens from
the ‘historical’ coral locality, the combinations 1-8-II,
2-12-T and 2-12-II have not been identified, and the combi-
nations 1-12-II, 2-8-I and 2-8-II are uncertain. In addition,
the branches collected by Branisa, probably at the ‘histori-
cal’ coral locality (see below), are mainly of the 1-8-I type
and calices with 12 septal ridges of roughly the same width
and length are not recorded (the specimen with 12 poorly
prominent septal ridges — see description below —is in fact
closer to pattern 8).

Discussion. — The occurrence of the genus Parastriatopora
is known from several early and Middle Devonian locali-
ties in South America. Until now, two species have been
described: P. sanjuanina Fernandez-Martinez, Plusquellec
& Tourneur, 1999, from the lower part of the Talacasto
Formation, Late Lochkovian of the Precordillera in Argen-
tina, and P. gigantea (Knod, 1908), from the lower Mem-
ber of the Belén Formation, considered as Pragian—Emsian
in the type area of the species (Tourneur et al. 2000,
p- 711). In addition, undescribed specimens or species have
been recorded in Bolivia, especially from a locality situa-
ted 9 km S of Comarapa (Prov. de Santa Cruz), tentatively
assigned to the Icla Formation, Pragian—Eifelian (Coll.
M. Suarez-Riglos), and from a section of Cerro Alma Su-
chuma, SW of Copacabana de Andamarca (Western Cor-
dillera), Huamampampa Formation, Bed 91-19-11 (Bli-
eck et al. 1996), Eifelian/Givetian boundary or more
probably early Givetian. This latter is probably the latest
occurrence of Parastriatopora to be dated with reaso-
nable precision.
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Figure 19. Parastriatopora boliviana sp. nov. * A— transverse section of a branch with compact peripheral rim, i.e. ‘morphotype II' (FCGI 3500, thin
section BOL T A). « B, C —transverse and axial sections (= Fig. 15) showing a peripheral rim with tabulae, i.e. ‘morphotype I’ (holotype, FCGI 3501, thin

sections BOL II B and BOL II D). Scale bar 5 mm.

The Pisacavina material differs from P. sanjuanina
both quantitatively, with larger dimensions for all parame-
ters, and qualitatively, due to its calicinal morphology (in
some specimens, lack of punctiform depressions at the
margin of the calicinal floor, these being constant and well
marked in P. sanjuanina), and the structural variability of
the peripheral rim (specimen with tabulae not recorded for
P. sanjuanina).

P. boliviana sp. nov. is close to P. gigantea except in
the following characteristics: the calicinal morphology is
different, and the Pisacavifia specimens do not show a con-
vex calicinal bottom. At the same time, there is a strong
tendency to form ‘major’ and ‘minor’ calices — a feature
not seen in P. gigantea. The number of septal structures is
different, with P. gigantea frequently presenting six nar-
row interseptal furrows, and furthermore, bilateral calice
symmetry has not been recorded in this species.

The Daz/Db ratio is smaller in P. boliviana sp. nov. (0.42)
than in P. gigantea (0.52), and mature corallite calice diame-
ters are generally larger. Taking into account the box chart of
P. gigantea (Tourneur et al. 2000, fig. 8), it would appear that
the median value of calice diameters for P. boliviana sp. nov.
(measured according to the number of sides) is systematically
in the very ‘upper’ part of the interquartile range of P. gi-
gantea. With the exception of 4-sided corallites, the median
value for axial zone corallite diameters is in the ‘upper’ part,
or beyond, the interquartil range of gigantea.

In an abstract, Tourneur (1992) assigned the colonies
collected by Janvier & Gagnier at Pisacavifia to P. gigantea
and illustrated a transverse section. This was prior to the
P. gigantea type material revision (Tourneur ez al. 2000),
and the specimen figured by Tourneur (FCGI 3500) is a
branch of P. boliviana sp. nov. belonging to morphotype II
as shown here.
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Figure 20. Parastriatopora boliviana sp. nov. * A — transverse section
showing a small axial knob (black triangle) on the proximal side of a ta-
bula in the peripheral rim (morphotype I), FCGI 3505, thin section
GAG 2. * B —transverse section showing a well exposed three-sided cella
(C3) in a large corallite in the peripheral part of the axial zone,
FCGI 3510, acetate peel 31/03/08.

In another paper dealing with Devonian fossil localities
in Bolivia (Blieck et al. 1996), P. gigantea (det. Y. Plus-
quellec) is recorded from the Huamampampa Formation,
in a section located to the SW of Copacabana de Anda-
marca. This was also prior to the revision of P. gigantea.
Although the corallum structure is badly preserved
(dolomitized), two items of data are of special interest:
first, the rather large size of some of the branches (up to
30 mm) and, in a @ branch/@ axial zone diagram, their lo-
cation within the area of P. gigantea, and second, a calice
morphology which differs from both P. boliviana sp. nov.
and P. gigantea. Thus, it would seem more appropriate to
accept the Copacabana de Andamarca material as belonging
to Parastriatopora sp., and consequently not to use it for
correlations with Pisacavifia (Blieck et al. 1996, p. 305).

The Parastriatopora specimens from Pisacavifia have a
Daz/Db ratio very similar to that of P. floralis-annulatus
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(Le Maitre 1952) if the specimens from the type area [Sa-
oura/Ougarta in Algeria, Dkhissa Formation, lower Mem-
ber, Late Lochkovian (Boumendjel ef al. 1997)], and from
the Armorican Massif in France [lower part of the
Saint-Céneré Formation, Late Lochkovian [Plusquellec in
Lardeux 1976)] are considered. The data given herein in
Table 5 enables the Daz/Db ratio to be calculated; using
only the mature specimens (i.e. those with a diameter of
10 mm or more), the ratio is 0.43. The coralla diameter is
generally smaller in P. floralis-annulatus (mainly
10-20 mm, although with some branches this can reach
28-30 mm, and even 40 mm for the largest one), and the ta-
bulae are both more numerous and more frequent in the pe-
ripheral rim. In addition, P. floralis-annulatus calices
clearly differ from those of the Pisacaviiia species, and pre-
sent the following features: shallow calices with a broad,
more or less flat calicinal bottom, rather strongly dipping
calicinal wall with 12 very weakly developed septal ridges,
but with pericalicinal punctiform depressions (see Le Mai-
tre 1952, pl. 6, fig. 3, here called forma annulatus), or with
calicinal wall less dipping (40°), 12 well developed septal
ridges, punctiform depressions present and calicinal bot-
tom somewhat less broad and convex (see Le Maitre 1952,
pl. 5, fig. 8, here called forma floralis). A recent, unpublis-
hed, revision (Y.P.) of the material collected in Ougarta
shows that: 1) formae floralis and annulatus are recorded
in four of the five localities studied by Boumendjel et al.
(1997); 2) at one of these localities, only annulatus was
collected; 3) floralis is less common than annulatus; and 4)
the peripheral rim of floralis and annulatus shows tabulae
(such as morphotype I of P. boliviana sp. nov.) or is devoid
of them (morphotype II).

In both cases the presence of ‘major’ corallites with a
corona of smaller ones is extremely rare and atypical. Le
Maitre (1952, p. 67) indicates the occurrence of mural
pores in the calices of P. annulatus. This is not true for the
species described here, as the specimens concerned are
from the Late Emsian and belong to P. sp. nov.? cf.
cantabrica Tourneur & Fernandez-Martinez, 1991, where
this unusual feature is well exposed (see also Tourneur &
Fernandez-Martinez 1991, pp. 12—14 and fig. 14).

A comparison can be made between the Pisacaviiia
specimens and a set of three closely related species known
in the Emsian of Northern Gondwana:

P. cantabrica Tourneur & Ferniandez-Martinez, 1991;
Cantabrian Mountains, Spain, Abadia Formation,
Requejada Member, Early Emsian, gronbergi Zone.

P. crassimura (Termier & Termier, 1950) = pachy-
spinosa (Termier & Termier, 1950), the species is called
Favosites crassimurus (p. 75), and Favosites pachyspinosa
in the legend of pl. 27 (the thick septal ridges bear some
spines); very probably from the Lower Amerboh Forma-
tion, Hamar Laghdad, Tafilalt, Morocco, Early Late Ems-
ian (Tourneur & Fernandez-Martinez 1991, pp. 14-16;
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Figure 21. Parastriatopora boliviana sp. nov. Drawings of the calicinal morphology and its interpretation, same caption and orientation as Fig. 21; the
path of the alar fossula is complemented by a bold dotted line. ¢ A—C — specimen USNM Psk 4; B — calices with 8 well marked and 1 to 4 weak interseptal
furrows; see Fig. 11B, calice A and B top left and middle, calice C mid-centre. * D — specimen USNM Psk 4. 5126, calice with only 8 interseptal furrows

(usual in P. boliviana) but with an unusually flat bottom (see Fig. 11D).

Brachert et al. 1992, fig. 23) and undescribed material col-
lected by Y.P. (1995) in the cover of Kess-Kess 3 sensu
Brachert et al. 1992 (the only figured specimen by Termier
& Termier, probably held in Termier’s former collection in
Paris, cannot presently be traced).

P. sp. nov.? cf. cantabrica Tourneur & Fernandez-
Martinez, 1991; Coral bed of Lower Chefar el Ahmar
Formation in the Ougarta area, Algeria, Late Emsian, un-
described material which is close to the true P. cantabrica
but with stronger septal ridges (without spines) and some-
times an interseptal ridge extending onto the calicinal
floor.

These three species share the following features: calice
diameter of between 3.7-4.5 mm, absence of ‘major’
calices, more or less flat calicinal bottom, presence of mu-
ral pores in the calicinal walls and peripheral rim generally
showing numerous tabulae. Thus, the Bolivian specimens
differ from the cantabrica-crassimura group in the devel-
opment of ‘major’ calices, the conical shape of their
calices, the lack of mural pores in their calices, the larger
size of the calices, the much more compact peripheral rim
and the smaller Daz/Db ratio (mainly between 0.53-0.68 in
P. cantabrica for example).

The Pisacavifia specimens can be distinguished from
some other Devonian species outside of Gondwana with a
well developped peripheral rim by their larger branch and
corallite dimensions. For example, P. marginata Duba-
tolov, 1969 (Early Devonian), whose sections are similar to
those of our material (morphotype II), has a branch diame-
ter not exceeding 13 mm and the diameter of the axial zone
corallites is between 0.6 and 1.8 mm. In contrast, some
large branches exhibit a not very thickened peripheral rim

e.g. P. grandis Dubatolov, 1969 (Early Devonian) and
P. grandissima houershanensis Yeh & Chow in Yeh &
Zhou, 1975 (Early Middle Devonian). In addition, the axial
zone in some species forms majority of the corallum and
the Daz/Db ratio can reach 0.79, as is the case for
P. rzonsnickajae Dubatolov, 1959 (Lochkovian). Finally,
it should be noted that for nearly all the species described
outside of Gondwana, calice morphology is not known (no
description and/or no detailed figure) and furthermore,
Russian or Chinese material is not available for compara-
tive study. This situation is unfortunate as in our opinion
calice morphology — even if it shows intraspecific varia-
tions — provides interesting diagnostic characteristics.

Conclusion concerning the specific assignment. — The Pa-
rastriatopora specimens from Pisacavifia belong to a new
species: P. boliviana sp. nov. The only significant diffe-
rence between branches collected at the two levels con-
cerns the morphology and number of septal ridges: in the
‘historical’ coral locality (upper level) only the 8 pattern is
recorded (see below for complementary data obtained from
Branisa’s specimens), while in the lower level (new ‘2005’
coral loc.), only the presence of the 12 pattern has been
clearly identified. Nevertheless, this criterion is not consi-
dered important for specific distinction and compared with
the Parastriatopora from Ougarta, we can provisionally
distinguish two forms at Pisacavifia: the 8 and the 12.

Additional data upon the material collected by Branisa. —
A set of six specimens (USNM Psk 4. A, Psk 4. B (= Bra-
nisa 1965, pl. 48, figs 2, 3), Psk. E, Psk 4. 2921, Psk 4. 5126
and Psk 4. 7922) from the Branisa’s collection are assigned

291



Bulletin of Geosciences * Vol. 87, 2, 2012

Figure 22. Parastriatopora boliviana sp. nov. Microstructure of
specimen USNM Psk 4. 5126. « A — transverse ultra thin sections
in the branch near the boundary between axial zone and peripheral
rim, note the development of thickened tabulae in the peripheral
rim; location (black arrows) of the detailed drawings B and C.
* B —microstructure of the wall, granular middle ‘dark line’ (Mdl) with
microlamellar sclerenchyma on both sides (Scl) and a micro-
lamellae-lamellae succession on top of figure; open arrows indicate the
direction of skeleton accretion. * C — microstructure of a pore plate
closing a mural pore P,.

here to P. boliviana sp. nov. and thus could have been col-
lected in Pisacaviia (in the ‘historical’ coral locality) as re-
ported by Branisa. The morphological variations as regards
the calices (with a strong trend among all the specimens to
belong to ‘morphology 1°), the structure of the peripheral
rim (one of six specimens with compact rim) and the mea-
surements, are all consistent with the characteristics of the
specimens collected by Janvier & Gagnier then Janvier &
Racheboeuf. The material will not be described again in
detail here, but three interesting items of data, the first rela-
ted to calice morphology, the second to septal ridges, and
the third to microstructure, are examined, and complete the
previous description.

One specimen (Psk 4. A) shows a very large area with
calices of more or less equal size, especially on one side of
the branch, thus belonging to ‘morphology 2’, while on the
other side there is an area with ‘major’ corallites, therefore
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belonging to ‘morphology 1°. This case indicates that the
specimen belongs both to morphology 1 and 2 and that if
the branch fragment had been smaller, it could have been
assigned to either one or the other.

The septal ridges are better exposed than in the material
used to describe the new species. Calices with 12 identi-
cally developed septal ridges have not been positively
identified; calices with 8 septal furrows and 8 septal ridges
of irregular width, exhibiting moreover a more or less per-
fect bilateral symmetry, are frequent.

One specimen presents an interesting feature halfway be-
tween the two patterns previously described and shares some
characteristics with the calices of P. sp. 1 cf. P. boliviana sp.
nov. Its calices are conical and polygonal in outline, with the
larger ones generally 7- to 11-sided and separated by a narrow
crest. The septal riges are poorly prominent but eight of the
interseptal furrows are clearly emphasized by pericalicinal
punctiform/pyriform depressions, or sometimes by the occur-
rence of an axial or subaxial depression (Fig. 21B), or by a
pair of depressions (Fig. 21C). In addition, the most interest-
ing feature of this specimen is that some weak and more pe-
ripheral depressions are present. They are generally arranged
two at a time (Fig. 21A) or sometimes ‘independently’
(Fig. 21C). When the calice bears two pairs of these depres-
sions, the total number of septal ridges reaches 12 and an in-
conspicuous bilateral symmetry is observed. In this case, the
Rugosa-like pattern of the ridges described in P. sp. 1 cf.
P. boliviana sp. nov. (see below p. 25) can be observed
(compare Fig. 21A with 23A). Furthermore, the axial de-
pression(s) can be interpreted as the proximal part of the
alar furrows (Fig. 21B, C), as they are clearly not ordinary
holes.

The main biometric data are given in Table 5. The com-
parison with the material of Janvier & Gagnier and Janvier
& Racheboeuf shows no significant differences.

Additional data on the microstructure are drawn from
ultra thin sections made in the wall of specimen USNM
Psk 4. 5126 (Fig. 22). The median ‘dark’ line is made up of
numerous granules of about 8-15 um in diameter. This
structure is flanked on both sides by a microlamellar
stereoplasm. The length of these microlamellae mainly
varies between 35-50 um, with a thickness of about 10 um,
and they are between 15-20 um high, or even 30 um when
strongly geniculate. In the inner part of the peripheral rim,
the microlamellae are sometimes covered by lamellae
reaching up to 110 um. This is a good example of the
microlamellae-lamellae succession already described in
Syringopora (Lafuste et al. 1992). Among mural pores,
some are obstructed by pore plates and new data can be
provided for this structure. The pore plate comprises a thin
layer of microlamellae with a unidirectional orientation
(Fig. 22C). This indicates that the structure is secreted by
one of the two adjacent polyps. Thus, the pore plate is simi-
lar to a tabula and clearly cannot be a filmy wall.
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Figure 23. Parastriatopora sp. 1 cf. P. boliviana. Drawings of some calices showing the Rugosa-like pattern of the interseptal furrows and ridges (axis
of the branch always ‘N-S” and direction of growth from S to N) and a calice section. Open triangles: alar fossulae; dotted strips; septal ridge axis; black
triangles: protoseptal ridges, C: cardinal ridge, K: counter ridge, KI: counter-lateral ridges, A: alar ridges. Specimen USNM Psk 4. 2002 (= Branisa 1965,

pl. 48, fig. 6; see also Fig. 22).

Parastriatopora sp. 1 cf. P. boliviana sp. nov.
Figures 23, 24

1965 Striatopora cf. S. missouriensis Meek & Worthen,
1868. — Branisa, pl. 48, fig. 6.

One of the specimens figured by Branisa (1965, pl. 48,
fig. 6) is questionably assigned to P. boliviana sp. nov.
owing to the unusual thickness of the peripheral rim
(Daz/Db 0.33), the rather large size of the corallites on the
branch surface (up to 7.7 mm for the ‘major’ one), and the
particular morphology of the calices. The peripheral rim is
entirely devoid of tabulae (cf. morphotype II) and the calice
pattern belongs to the so-called morphology 1, especially
on the tip of the branch where the ‘major’ corallites of
about 7-7.5 mm are surrounded by a corona of ‘minor’
ones of 4-5 mm. The calices exhibit a very interesting
septal ridge feature, and consequently they are described
here in detail.

The transverse sections of the calices are shallow
and poorly conical with narrow, rather smooth edges
(Figs 23, 24). The septal ridges are poorly prominent
but, on the other hand, eight of the interseptal furrows
are well marked and mainly indicated by elongated, nar-
row depressions situated midway along their overall
length. Generally, a maximum of four (i.e. two pairs)
hardly ‘carved’, additional interseptal furrows are situ-
ated in a more peripheral position and their location with
regard to the eight main furrows does not appear to be
random.

The plan of interseptal furrow insertion shows an obvi-
ous bilateral symmetry (Fig. 23), as does that of the ridges.
Generally, two opposite interseptal furrows are longer than

Figure 24. Parastriatopora sp. 1 cf. P. boliviana. Exterior view of
calices with well exposed interseptal furrows and radiobilateral symme-
try; see text and Fig. 21 (specimen USNM Psk 4. 2002), x 5.
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the others and are frequently connected at the corallite axis.
With regard to the corallum direction of growth, the
interseptal furrows on the lower side are more numerous
(4-6) than on the opposite side (2—4).

Figure 23 shows the morphology of some calices and
their interpretation. The plan of insertion of the ridges shows
a Rugosa-like pattern. The connected interseptal furrows are
interpreted as two alar fossulae. The six protoseptal ridges
are flanked by eight stronger interseptal furrows, either on
both their sides (cardinal, counter and counter-lateral) or
only on their counter side (alar). The cardinal ridge is always
located in the upper part of the corallite, in the plane of bilat-
eral symmetry; the counter and counter-lateral ridges are in
the opposite area (lower part of the calice).

Comments: 1) As with the Rugosa, and especially on
the counter side, the septal ridges are set in a pseudo-radial
pattern; 2) in some corallites, the central part of the alar fur-
rows appears as a pair of subaxial depressions (Fig. 23D).

This is the first time that a Rugosa-like pattern of septal
ridges has been recorded in the genus Parastriatopora, but
it has been described previously in Kerforneidictyum
(Lafuste & Plusquellec 1976) and in Palaeacis (Plus-
quellec et al. 1990). These new data show once again the
close relationship between Tabulata and Rugosa.

Family Pachyporidae Gerth, 1921
Genus Thamnoptychia Hall, 1876

Type species. — Madrepora limbata Eaton, 1832, non Gold-
fuss, 1826, syntypes from Darien and Genese valley, New
York State, Hamilton Group, Middle Devonian.

Thamnoptychia cf. T. limbata (Eaton, 1832)
Figure 25

1965 Striatopora sp. — Branisa, pl. 48, fig. 14.

Among the specimens figured by Branisa (1965) and
reported to be from Pisacaviia there are several small
branches which he assigned to Striatopora sp. According
to the morphology of the calices and to the transverse and
longitudinal sections (made in illo tempore by the late
W.A. Oliver), the so-called Sriatopora sp. can be assigned
to Thamnoptychia cf. limbata, which is a common coral in
the New York Hamilton Group (Givetian). In a letter to
F. Tourneur regarding these specimens, Oliver wrote
(1992): “We have 50+ fragments, possibly including some
of the illustrated ones; Branisa told me that these are from
the same locality as the illustrated specimens and the
above, but our records are not completely clear” (sic). In
addition, this kind of small branch has never been collected
by Janvier, Gagnier & Racheboeuf at Pisacaviia. Thus,
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Figure 25. Thamnoptychia cf. T. limbata. Transverse and longitudinal
sections in a branch. Scale bar 5 mm.

they may have originated either from another locality near
Pisacavifla, or from a different level to the one studied in
this paper and consequently they are only figured here
(Fig. 25), but not described. Nevertheless, it is extremely
probable that the taxon occurs in Bolivia.

At Pisacavifia, a Late Emsian, or most probably Early
Eifelian, age is assigned to the fauna. Although this may
seem early for Thamnoptychia, it should be borne in mind
that this genus is recorded in the late Emsian of the Can-
tabrian Mountains, Spain (Ferndndez-Martinez &
Tourneur 1995).

Brachiopoda
(Patrick R. Racheboeuf)

The chonetoidean brachiopods are among the most abun-
dant and diversified components of the Bolivian Devonian
invertebrate fauna. However, they range mainly from the
Emsian to the Late Devonian, and the description of two
Lochkovian new species adds to our knowledge of the
Early Devonian Bolivian fauna.

Superfamily Chonetoidea Bronn, 1862
Family Strophochonetidae Muir-Wood, 1962
Subfamily Strophochonetinae Muir-Wood, 1962

Genus Kentronetes Racheboeuf & Herrera, 1994
Type species. — Chonetes riicki Ulrich, 1893.

Type locality. — Between Totora and Chalhuani, Scaphio-
coelia Zone, Early Pragian.

Remarks. — As presently known, the genus Kentronetes is
biogeographically restricted to the Devonian of the Malvi-
nokaffric Realm, in South Africa, Argentina, and Bolivia.
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The genus occurs from the lowermost to the uppermost
beds of the Talacasto Formation of the Argentine Precor-
dillera (K. variabilis, K. vallensis, K. ortegae, and K. gio-
litti in ascending order, Lochkovian to Emsian; Herrera
1995), from the Gydo and Voorstehoek formations of the
Bokkeveld Group of South Africa (K. africanus, Ems-
ian—Eifelian; Hiller 1995), and from the lowermost Belén
Formation to the uppermost Icla Formation of Bolivia
(K. ruecki, K. iclaense, and K. havliceki, latest Lochkovian
to Eifelian; Racheboeuf 1985, Racheboeuf & Isaacson
1994).

Kentronetes giae sp. nov.
Figure 26A-1

2003 Gen. et sp. nov. A, Toro et al., p. 259, pl. 1, fig. A,
pl. 2, fig. A.

2003 Gen. et sp. nov. B, Toro et al., p. 261, pl. 1, figs B, C,
pl. 2, fig. B.

2003 Nov. gen. et nov. sp. C, Toro et al., pl. 2, fig. C.

Holotype. — Ventral valve, No. FCGI 2742, Fig. 26E, F.

Etymology. — From ‘Gi’, a diminutive of Gabriela, to ho-
nour Gabriele Warnet.

Type locality. — Outcrop along the road from La Paz to San-
tiago de Collana, near Nufiumayani, about 20 km S of
Apaiia, coordinates W 67° 59” 608, S 16° 08" 201, altitude
4020 m (Fig. 2). Uncia Formation, Lochkovian.

Type horizon. — Uncia Formation, Lochkovian.

Material. — More than 60 specimens, silicified shells as
well as outer and inner moulds of isolated valves, and arti-
culated shells, No. FCGI 2742-2860.

Diagnosis. — A species of Kentronetes with small-sized
shell; well developed median enlarged costa; three pairs of
very long rectomorph or cyrtomorph symmetrically arran-
ged spines; dorsal valve interior with faintly developed me-
dian septum.

Description. — Small-sized and thin shell, moderately
transverse in outline, with maximum width at about mid-
length (maximum length: 6.9 mm; corresponding width:
9.1 mm; length-width ratio: 0.682 for 29 specimens). Lon-
gitudinal profile with weakly concave dorsal valve, and
moderately convex ventral valve. Ventral valve covered
with low, rounded, and relatively narrow radial costellae,
with intervals of the same width; dorsal valve with rounded
costellae, almost flattened at the top, wider than intervals.
Costellae increasing first by intercalation then by bifurcation

towards ventral shell margins, and increasing mainly by bi-
furcation on dorsal valve. Costellae number 6 to 7 per mm
(rarely 8 per mm) along anterior margin. Median enlarged
costa well-differentiated, reaching the anterior margin.

A maximum of 3 pairs of spines, symmetrically in-
serted, was observed on each side of the posterior ventral
margin. Their mean distribution in mm from beak is as fol-
lows for 2 to 20 measurements (numbers under slash):
3.05/4(3%), 1.39/20(2°), 0.31/4(1°) — 0.29/2(1), 1.41/20(2),
3.04/6(3). Spines orthomorph perpendicular and/or weakly
cyrtomorph intraverse, with well-marked and relatively
spaced concentric growth lines. Spines very long, reaching
more than three times the ventral valve length.

Ventral valve interior with a well-limited, concave vis-
ceral cavity, separated from the shell margin by a flat area
devoid of radially arranged endospines. Teeth not ob-
served. Myophragm reduced. Muscle field weakly im-
pressed, posteriorly bounded by relatively well-developed,
straight posterior ridges. Anterior adductor muscles well
limited, elliptical in outline; posterior ones triangular,
poorly limited anteriorly. Vascula media reduced. Between
the muscle field and the peripheral margin, the ventral
valve interior bears radial rows of small, spaced, well-dif-
ferentiated endospines.

Dorsal valve interior flat with internally bilobed cardi-
nal process elevated above the valve floor; inner socket
ridges posteriorly concave, regularly arched, short and nar-
row, weakly prominent. Median septum low, narrow and
short, not fused posteriorly with the cardinal process; no
alveolus developed. Length of the septum not exceding one
fifth the valve length. Straight, relatively long, and thin
anderidia, anteriorly divergent at 60°, not fused posteriorly
with the cardinal process. Muscle scars indistinct. Inner
surface with radial rows of tiny, well differentiated, and
spaced endospines.

Discussion. — This new strophochonetid species exposes
all the morphological characters of the genus Kentronetes
Racheboeuf & Herrera, 1994. Externally, Kentronetes giae
sp. nov. can easily be distinguished from the seven other
species previously assigned to the genus Kentronetes by its
smaller size with a maximum length of 6.9 mm and a cor-
responding width of 9.1 mm, and a maximum of three pairs
of symetrically inserted, rectomorph perpendicular and/or
cyrtomorph intraverse spines. Other distinguishing charac-
ter is the very weak development of the dorsal median sep-
tum. Compared with the two other well-known Bolivian
species of the genus Kentronetes, namely K. ruecki (Ul-
rich, 1893) from the lower part of the lower member of the
Belén Formation, and K. iclaense (Racheboeuf & Branisa,
1985) from the upper member of the Icla Formation.
K. giae sp. nov. exhibits a set of characters (small size, low
number of spines, and poorly developed dorsal median
septum, among others) which can be regarded to represent
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Figure 26. Chonetoidean brachiopods. Kentronetes giae sp. nov. from Nufiumayani. A — ventral valve, FCGI 2743. » B — ventral valve internal mould,
FCGI 2744. « C — dorsal valve interior, latex cast, FCGI 2745. « D — dorsal valve interior, latex cast, FCGI 2746. « E, F — holotype. Ventral valve, latex
cast and external mould; note the dorsal valve interior, FCGI 2742. « G — ventral and dorsal valve exteriors, FCGI 2747. « H — external mould of and articu-
lated shell, FCGI 2748. « I — ventral valve external mould, FCGI 2749. ¢ J — ventral valve, FCGI 2750. All specimens x 4.

primitive characters among the Kentronetes lineage. This
fits well with the stratigraphic position of the Nufiumayani
locality for which an Early (?) Lochkovian age appears li-
kely. This makes K. giae sp. nov. the first, and oldest repre-
sentative of the genus which was up to now not known to
occur below the Pragian-Emsian levels in Bolivia.

?Kentronetes sp.

Material and locality. — Two poorly preserved ventral
valve exteriors from the Rumicorral locality, Kirusilla For-
mation, Interandean Zone, Lochkovian, FCGI 3577-3578.
Discussion. — The transverse and moderately convex, finely

costellate ventral valves, with a long and narrow but well-
developed median costa attest of their belonging to Stropho-
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chonetidae, and most probably to Kentronetes. However, the
lack of any interior feature does not allow to establish this
genus assignment. Specimen FCGI 3577 is 18 mm wide and
10.5 mm long (i.e. a length/width ratio about 0.58); its right
posterior margin bears six spines. Along the anterior shell
margin, costae and costellae number 4 to 6 per mm (about 21
per 5 mm). The ventral interarea is apsacline and it bears a
wide, triangular pseudodeltidium.

This form markedly differs from Kentronetes giae sp.
nov. by its more transverse outline (L/W ratio = 0.58 in-
stead of 0.68), and by a less dense ornament (4 to 5 per mm
instead of 6 to 7). Moreover the median costa appears to be
less developed. ?Kentronetes sp. can only be satisfactorily
compared with K. variabilis from the lower part of the
Talacasto Formation from the Argentine Precordillera, of
Lochkovian age (Herrera 1995). However, although simi-
lar in outline and ornament, the Bolivian form is half the
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Figure 27. Chonetoidean brachiopods. Sanjuanetes glemareci sp. nov. from Muruhuta. « A, B —holotype. Ventral valve exterior, latex cast and external
mould, FCGI 3536. « C — poorly preserved ventral valve showing spines, FCGI 3537. ¢ D — dorsal valve internal mould showing the long median septum,
FCGI 3538. « E — ventral valve internal mould with well preserved muscle scars and myophragm, FCGI 3539. ¢ F — ventral valve internal mould, FCGI
3540. All specimens x 3.

size of the Argentine one, and it bears more numerous
spines (6 pairs of spines instead of 3).
Genus Sanjuanetes Racheboeuf & Herrera, 1994

Type species. — Sanjuanetes dalenzae Racheboeuf & Her-
rera, 1994.

Type locality. — San Juan boring (SIN.X2) of YPFB, N of
Santa Cruz de la Sierra, Lochkovian.
Sanjuanetes glemareci sp. nov.

Figure 27A-F

Holotype. — Ventral valve external mould, No. FCGI 3536,
Fig. 27A, B.

Etymology. — To honour my friend and colleague the retired

Prof. Dr. Michel Glémarec, one of the best and last autentic
French marine biologists.

Material. — 24 isolated ventral and dorsal valves, exteriors
and interiors, variably tectonically distorted, from the type
locality, 1.5 km N of Muruhuta (FCGI 3536-3541;
3566-3568). An isolated ventral valve interior from the lo-
cality Huacallani, S of La Paz, is questionably assigned to
the new species (FCGI 2880).

Type locality. — Outcrop along the road from Chacoma
to Muruhuta, 1.5 km after Muruhuta. Coordinates:
S17°07° 009, W 67°50° 944, altitude 3984 m. Muruhuta
Shale Member, ?Pfidolian.

Type horizon. — Muruhuta Shale Mb., Pridoli.
Diagnosis. — A species of Sanjuanetes with relatively large

shell with well-developped ventral median enlarged costa,
and plano-convex to weakly resupinate profile; at least five
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pairs of orthomorph oblique spines; long ventral myo-
phragm; long and stout dorsal septum supporting the cardi-
nal process.

Description. — Shell middle-sized, markedly transverse, se-
micircular in outline, with maximum width at hinge line.
Maximum length about 14 mm; corresponding width about
29 mm; length-width ratio varying between 0.44 and 0.56,
due to tectonic distorsion. Longitudinal profile moderately
convexo-concave, becoming markedly convexo-concave
along anterior margin. Ventral interarea relatively high,
flat and apsacline, almost catacline, with a well-developed
but short pseudodeltidium. Dorsal interarea low, strongly
hypercline, almost catacline, in the same plane as the ven-
tral one. Chilidial plates triangular, relatively large. Myo-
phore triangular, wide, quadrilobed, with shallow muscle
prints.

Shell surface costellate, with a rounded, well-differen-
tiated ventral median enlarged costa reaching anterior mar-
gin. A median enlarged costa is also developed on the dor-
sal valve. Costae and costellae rounded, subsemicircular in
cross section, widening anteriorly, with narrower intervals.
Costellae increase by intercalation on the ventral valve,
and only by bifurcation only on the dorsal valve. Along an-
terior margin costae and costellae number 3 to 4 per mm,
with a maximum of 19 per 5 mm.

Spines cyrtomorph intraverse proximally, becoming
straight, orthomorph oblique distally, and relatively stout;
at least five spines on each side of the beak, the first one
(possibly the second one) being inserted at about 1.98 mm
from beak (1”) or at about 2.47 mm (1); but, due to tectonic
distorsion, no mean values can be given.

Ventral valve interior with thin and low myophragm
about two-thirds the valve length. Muscle field ill-defined
on smallest available shells, becoming deeply impressed
on the valve floor of largest specimens, with subtriangular,
rounded adductors, and elongate, narrow, elliptical
diductors. Posterior muscle bounding ridges faintly curved
forewards toward midline. Hinge teeth relatively thick, an-
teriorly rounded, few extending alterally. Inner surface
covered by numerous, radially but irregularly arranged
endospines.

Dorsal valve interior with a long and stout median sep-
tum supporting the cardinal process. Anderidia short and
narrow, low-angled. Inner sockets few extended laterally,
and posteriorly weakly concave.

Discussion. — Despite the resupinate nature of largest spe-
cimens, although tectonically distorted, this form is assign-
ed to the subfamily Strophochonetinae of the strophocho-
netids, rather than to the family Chonostrophiidae. Such an
assignement mainly lies upon the external ornament, with
the development of a median enlarged costa, and the lack
of concentric fila. Within the family Strophochonetidae,
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the shell morphology and ornamentation, with a well diffe-
rentiated median enlarged costa, and rounded costae
and costellae originating by intercalation on ventral valve,
makes the new species a representative of the genus San-
Jjuanetes.

Sanjuanetes glemareci sp. nov. differs externally from
the type species Sanjuanetes dalenzae Racheboeuf &
Herrera, 1994, from the Early Lochkovian of the San Juan
borehole (N of Santa Cruz de la Sierra, Subandean Zone)
by its larger and more transverse shell, with a well-devel-
oped resupinate profile. Moreover, its external ornament is
stouter with typically rounded costae and costellae.

The unique ventral valve from Huacallani can only be
questionably assigned to the new species (Sanjuanetes cf.
S. glemareci sp. nov.). The shell is somewhat larger, less
transverse and more rounded in outline, and its preserva-
tion does not allow any detailed morphological comparison
(ornamentation indistinct, lack of spines, efc.).

Family Chonostrophiidae Muir-Wood, 1962
Genus Chonostrophia Hall & Clarke, 1892
Type species. — Chonetes reversa Whitfield, 1882.

Type locality. — Smith and Prices quarries, Columbus
(Ohio), Marcellus Shales, Middle Devonian.

Chonostrophia cf. C. truyolsae Racheboeuf, 1998
Figure 28 A-E

Material. — 13 isolated, more or less complete ventral and
dorsal valves, exteriors and interiors, and two articulated
shells, all decalcified and well preserved, from the outcrop
along the football field of Pisacavina. Two more speci-
mens, a ventral interior and a juvenile complete shell, from
Chiar Umani in float concretions are assigned to the same
form (FCGI 3542-3565).

Discussion. — Among previously described chonostrophi-
ids, this form can only be compared with C. truyolsae Ra-
cheboeuf, 1998 from the uppermost Icla and lowermost
Huamampampa formations of the Subandean Zone of Bo-
livia (section S of Presto, Eifelian). Specimens from both
localities exhibit similar small-sized shell, but the maxi-
mum width seems always located at hinge line (with con-
cave posterolateral commissures) in C. cf. C. truyolsae.
In specimens of C. truyolsae the maximum width is loca-
ted at the hinge line, with lateral commissures perpendi-
cular to hinge line, and it migrates anteriorly with shell
growth. Moreover C. truyolsae never develops a resupi-
nate anterolateral margin with growth. Spines are less nu-
merous (4 pairs instead of 6) in C. truyolsae, and always
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Figure 28. Chonetoidean brachiopods. * A—D — Chonostrophia sp. cf. C. truyolsae from Pisacavifia; A-C — articulated shell, ventral valve internal
mould (A), dorsal valve internal mould and hinge line (B), and latex cast of the dorsal valve (C), FCGI 3542, D — latex cast of the exterior of an artculated
shell, FCGI 3543. « E — ventral valve internal mould from Chiar Umani, FCGI 3544. All specimens x 4.

orthomorph oblique. However more material is needed be-
fore any potential new species is described.

Trilobites
(Maria da Gloria Pires de Carvalho)

All the trilobite fossils described below have been collec-
ted during the 2009 field work session in Bolivia.

Family Homalonotidae Chapman, 1890

Homalonotid gen. et sp. indet.
Figure 29A-D

Occurrence. — Kirusilla Formation, at Rumicorral, 22.7 km
E of Aiquile, Lochkovian, close to the type locality of Leg-
randella Eldredge, 1974 (the age of which is not yet well
established), Subandean Zone.

Material. — Internal moulds of an incomplete and poorly
preserved pygidium, an almost complete cephalon, and
part of a pygidial doublure (FCGI 3571-3573).

Description. — The cephalon is wider than its sagittal
length (18.6 mm / 11.4 mm sag.), with smoothly rounded
and gently convex lateral margins becoming slightly con-
cave towards the sagittal line, and with a low projection at
the anterior midline. The preglabellar field is narrow. The
glabella is only slightly elevated and its shape is not well
defined, although it may be weakly urceolate, with a

shallow, weakly impressed axial furrow. Glabellar fur-
rows and lobes are indistinct. The cephalic posterior bor-
der broadens slightly abaxially, with a smooth posterior
margin and a rounded genal angle. The posterior border
furrow is narrow and well impressed. The cheeks are mo-
derately convex, with very small, slightly elevated eyes
situated distally. The rostral plate is triangular, wider than
long (sag.), and depressed medially. From the posterior
margin of the eye, the posterior branch of the facial suture
extends laterally rather than posterolaterally to the cepha-
lic lateral margin, and is gently convex anteriorly. The an-
terior branches of the facial suture are weakly sigmoidal
and meet on the dorsal surface of the preglabellar field ap-
proximately at mid-way between the anterior cephalic
margin and the faint anterior glabellar furrow. The entire
surface of the internal mould of the cranidium is covered
by pits.

Few features are evident in the poorly preserved
pygidium. It is subtriangular in outline, with smoothly
curved margins meeting posteriorly to form a subdued
point. The pygidium is moderately convex (tr.), with weak
trilobation, weak segmentation, and a low posterior axial
swelling. Part of the doublure is exposed in ventral view,
revealing a scale-like ornamentation.

Remarks. — Sandford (2005) recognized three genera of Si-
lurian and Devonian homalonotids in Bolivia (Burmeiste-
ria, Dipleura, Trimerus), although previous investigators
have reached different conclusions (Kozlowski 1923, Bra-
nisa 1960, Wolfart 1968) and the systematics of these
forms probably requires revision. The material reported
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here is so incomplete that it is difficult to identify even at
generic level, and it is possible that more than one taxon is
represented, but a few observations are possible.

The preglabellar field, the glabella shape, and the course
of the anterior branch of the facial suture are quite similar to
Burmeisteria. However, differences are noted in the loba-
tion of the glabella, the shape, trilobation, segmentation, and
ornamentation of the pygidium. The material differs from
Dipleura in lacking a well developed preglabellar field, but
is similar in the obsolete lobation of the glabella and the in-
distinct and faint trilobation and segmentation of the
pygidium. The taxon studied here is readily distinguished
from Trimerus by the lack of a well developed preglabellar
field, and the obtusely pointed posterior end of the pygidium
(this is more acuminate in Trimerus). Since it was not pos-
sible to identify such poorly preserved material to genus, it is
uninformative regarding its precise stratigraphical age.

Family Dalmanitidae Vogdes, 1890
Subfamily Dalmanitinae Destombes, 1972

Genus Kazachstania Maksimova, 1972

Type species. — Dalmanites saryarkensis Maksimova,
1960, Late Silurian (Kokbaytal Stage, Ludlow?), central
Kazakhstan.

Kazachstania cf. K. gerardoi Edgecombe & Ramskold,
1994
Figure 29G

Occurrence. — Uncia Formation at Nufiumayani (S of Apa-
fia and SE of La Paz, in the Eastern Cordillera Zone of the
Bolivian Altiplano), Lochkovian.

Material. — One internal and external mould of pygidium,
FCGI 3574.

Description. — The pygidium is triangular in outline, with
25.0 mm maximum width anteriorly and 20.8 mm of length
(sag.), including the mucro, weakly convex (tr.), with late-
ral margins gently bulged, becoming slightly concave near
to the short, triangular mucro. Anteriorly, the maximum
width of the axis is a little more than 1/4 (= 5.8 mm) of the
maximum width of the pygidium and is not much more
than half the width of the anterior pleural lobe (9.6 mm).
The pygidium tapers evenly backward and is composed of
15-?16 axial rings plus a blunt terminal piece. The axial
terminus grades into a very weak median keel that ends be-
fore reaching the mucro. The first six axial rings are
slightly bowed anteriorly but the subsequent ones are al-
most straight. The first three or four rings have small
pseudo-articulating half rings. There are about 10-?11
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pleural furrows; these are narrow and deepest near the axial
furrow, gently widening toward the lateral margin. Pleural
furrows are thinner and more linear.

Remarks. — The sample is represented by a single pygidium
preserved as internal and external moulds. The shape, the
number of the axial rings and pleurae, and the short, trian-
gular mucro resemble Kazachstania gerardoi from the
Early Devonian (Lochkovian) of the Catavi Formation
southeast of Cochabamba, central Bolivia (Edgecombe &
Ramskold 1994). The pygidium differs from that of K. an-
dii Pek & Vanék, 1991 from the Uncia Formation (Alti-
plano) in having a lower number of axial rings
(15-716; 17) and pleurae (10-?11; 12); additionally, K. an-
dii has a longer pygidium and a narrower pygidial axis (the
anterior maximum width is less than half of the pleural
lobe). In the absence of cephalic material, its identification
remains uncertain.

Family Odontopleuridae Burmeister, 1843
Subfamily Odontopleurinae Burmeister, 1843

Genus Kettneraspis Prantl & Pribyl, 1949

Type species. — Acidaspis pigra Barrande, 1872, Acantho-
pyge Limestone (upper Eifelian), Bohemia, the Czech Re-
public.

Stratigraphic range. — Middle Silurian to Middle Devo-
nian.

Kettneraspis aracana? (Steinmann, 1912)
Figure 29E, F

Occurrence. — Uncia Formation at Nufiumayani (S of Apafia
and SE of La Paz), in the Eastern Cordillera Zone of the Boli-
vian Altiplano, and the Kirusilla Formation at Rumicorral
(22.7 km E of Aiquile), in the Interandean Zone, Lochkovian.

Material. — Internal and external moulds of parts of the tho-
rax and pygidium, poorly preserved (FCGI 3575-3576).

Remarks. — In the absence of a cephalon or of well preser-
ved thoracic axial rings and pleurae, it is difficult to make a
precise identification since the arrangement, size and num-
ber of granules on the thoracic axial rings and pleurae
are important for specific classification. The material is
tentatively referred to Kettneraspis aracana. The pygidia
recently collected by Crasquin & Racheboeuf from the Un-
cia and Kirusilla formations are very similar and are there-
fore considered to be conspecific. They bear three paired
spines: a small one medially, a second longest pair positioned
exsagitally, and a third (smallest) pair positioned abaxially.
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Six or seven thoracic pleural spines extend behind the poste-
rior border of the body of the pygidium. These observations
agree with those made by Ramskold & Chatterton (1991, p.
358) in their Kettneraspis material. According to these aut-
hors, Kettneraspis is pandemic, but it shows indications of
provincialism among subgroups. Three species of Kettne-
raspis have been documented from the Uncia Formation
(Altiplano Zone): K. aracana (Steinmann, 1912), K. chacal-
tayana (Kozlowski, 1923), and K. berryi (Swartz, 1925).
Ramskold & Chatterton (1991) regarded the Bolivian Ket-
tneraspis species as Lochkovian in age.

In addition to these records, Edgecombe (2000) docu-
mented Kettneraspis sp. from the El Carmen Formation in
SE Bolivia, and concluded that the trilobite assemblage there
suggests the Pfidolian to Early Lochkovian age. The material

Figure 29. Trilobites. * A~D — homalonotid gen. et sp. indet., all specimens
from Rumicorral, FCGI3571-3573. « E, F — Kettneraspis aracana? from
Rumicorral (FCGI 3575) and from Nufiumayani (FCGI 3576). * G — Kazzach-
stania cf. K. gerardoi, pygidium from Nufiumayani (FCGI 3574).

described here represents the first record of K. aracana from
the Subandean Zone of Bolivia and possibly expands its geo-
graphic range beyond the Altiplano. To summarize, the genus
Ketmeraspis suggests a Pridolian—Lochkovian age, but K.
aracana is probably Lochkovian.

Ostracoda
(Jean-Georges Casier)

As a whole, South American Paleozoic ostracods are still
poorly known. The rare published studies are based on a
small number of samples from isolated localities yielding an
ostracod fauna nearly exclusively preserved as internal and
external moulds. According to literature, South American
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Ordovician to Devonian ostracods have been described,
mainly from Bolivia, by Pinto & Purper (1981), Pribyl
(1984a, b), Vannier et al. (1995), and Lethiers et al. (2001)
reported some Givetian ostracods from Bolivia.

Material and methods. — Ostracods have been extracted
from a ferrugineous thin layer overlaying the surface of a
massive (15 cm in diameter) silicified limestone lens rich in
dislocated skeletal elements of crinoids. The majority of os-
tracods are preserved as internal and external moulds, and
about 200 were selected for the study. Some internal moulds
have been extracted with a needle. Internal and external
moulds of skeletal elements of crinoids, small brachiopods,
gastropods and pelecypods are associated with the ostracod
fauna. We have tried to extract ostracods from the massive
silicified limestone containing crinoids, by the hot acetolysis
method (Lethiers & Crasquin-Soleau 1988), but without any
results. For the study we have also made some latex casts.

Comparison with previously described
ostracod faunas

The ostracods described from Pisacaviia are poorly preser-
ved and consequently all the species are in open nomencla-
ture. Moreover, the majority of genera are also recognized
with reservation. But all the ostracods described from
South America are poorly preserved, and composed quasi
exclusively of internal and external moulds. Consequently,
comparisons are very difficult to establish.

Zudanezina Pribyl, 1984, is a genus known in the Early
and Middle Devonian of Bolivia, but Zunadezina zudane-
zensis Pribyl, 1984b, and Zunadezina undata Lethiers,
2001, do not show the reticulated ornamentation observed
in Zudanezina? sp. A. Moreover, the lobe is more accentu-
ated in these two species and does not have the same shape.
Zunadezina zudanezensis has been described from the
Early Devonian in the Zudafiez Province, and Zunadezina
undata from a Givetian section in the Santa Cruz Province.

Keslingiella sp. A, aff. K. pillai Pinto & Purper, 1981, is
possibly a synonym of Menoeidina? boliviana Pribyl, 1984,
from the Early Devonian of the Zudafiez Province, but the
material on which the species is defined is too poorly preserv-
ed. Keslingiella cf. pillai described by Lethiers (in Lethiers et
al. 2001) from a Givetian section in the Santa Cruz Province,
seems very close the species described herein. Keslingiella
pillai Pinto & Purper, 1981, is a species described from the Si-
lurian Torro Formation in the Santa Cruz Province.

Favulella? sp. B could be a synonym of Gen. 5 sp. B
sensu Becker & Bless in Becker et al. (1994). That species
described from the Emsian of the Gydo Formation in South
Africa, also possesses a rough ornamentation and a very
large smooth surface along the free margin. Some similari-
ties exist also with ‘Jenningsina’ sp. nov. A in Lethiers et al.
(2001) from a Givetian section in the Santa Cruz Province.

Kloedenelloidea sp. indet. presents some similitude
with the Kloedenelloidea sp. indet. described by Lethiers et
al. (2001) from the Givetian of the Iquiri Formation in the
Santa Cruz Province, and also with Gen. 3 sp. A described
by Becker et al. (1994) from the Eifelian Waboomberg
Formation of the Southern Cap, South Africa.

Finally, Favulella? sp. A is very close to Favulella
Sfavullosa Jones 1889 sensu Swartz & Swain (1941), a spe-
cies described from the Early Devonian of the Onondaga
Formation in Pennsylvania (USA).

Except for Favulella? sp. A, no taxonomic relationship
seems to exist with the fauna described from other South
American countries, mainly from Argentina (Baldis & Rossi
de Garcia 1975, Rossi de Garcia & Proserpio 1976), nor
with the generally well preserved fauna from North Amer-
ica, Europa and North Africa. That confirms the endemism
of the Bolivian ostracod fauna which belong to the so-called
Malvinokaffric Realm of Boucot (1988). That has been pre-
viously pointed out by Lethiers ez al. (2001) for the Givetian
fauna from the Iquiri Formation of the Santa Cruz Province.

The age of the sample from Pisacaviia is consequently
difficult to establish with the ostracod fauna. Nevertheless
we can assume that the sample is Early Devonian or Eifelian
in age, as indicated by the abundance of specimens belong-
ing to the genera Ulrichia Jones, 1890, and Drepanella
Ulrich, 1894. The absence of these two genera in the fauna
described recently from Bolivia by Lethiers ef al. (2001), in-
dicates undoubtedly a younger age for the Iquiri Formation.

Order Palacocopida Henningsmoen, 1953
Suborder Palacocopina Henningsmoen, 1953

Palaeocopina indet. 1
Figure 30A

Remarks. — Two elongate amplete internal moulds display
a straight dorsal margin and a slightly convex ventral
margin. The anterior and posterior margins are slightly cur-
ved and nearly perpendicular to the dorsal border. A small

Figure 30. Ostracods. ¢ A — Palaeocopina indet. 1. Internal mould of a right valve. FCGI 3514, x 65. B — Palaeocopina indet. 2. Internal mould of a left
valve. FCGI 3515, x 55. C — Ulrichia sp. A. External mould of a left valve. FCGI 3516, x 55. ¢« D — Ulrichia sp. A. Internal mould of a right valve. FCGI
3517, % 35. ¢ E— Ulrichia? sp. indet. Internal mould of a right valve. FCGI 3518, x 60. ¢ F — Drepanella sp. A. Internal mould of a right valve. FCGI 3519,
% 40. ¢ G — Drepanella sp. A. Internal mould of a right valve. FCGI 3520, x 35. « H— Drepanella sp. A. Internal mould of a right valve. FCGI 3521, x 50.
e I—Drepanella sp. A. Internal mould of a left valve. FCGI 3522, x 40. ¢ J — Kloedenelloidea sp. indet. Internal mould of a left valve. FCGI 3523, x 35.
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circular lobe is visible in the postero-dorsal sector and an ot-
her lobe is probably present in the central sector. A margi-
nal structure seems to be present along the free margin.

Palaeocopina indet. 2
Figure 30B

Remarks. — A semicircular flat internal mould with a straight
dorsal border seems to display a marginal structure all
along the free margin.

Superfamily Drepanelloidea Ulrich & Bassler, 1923
Family Bolliidae Boucek, 1936

Genus Ulrichia Jones, 1890

Type species. — Ulrichia conradi Jones, 1890, Middle De-
vonian, Ontario, Canada.

Ulrichia sp. A
Figure 30C, D

Remarks. — Seven very large preplete internal and external
moulds display a straight dorsal border, a moderately curved
ventral margin, and highly curved anterior and posterior
margins. Two well rounded large lobes are prominent but
not beyond the dorsal border. A sort of crescent-shaped
flange is visible from the antero-ventral part to the postero-
ventral part of the valves. A reticulated ornamentation is ob-
servable on a single external mould, but the flange and the
surface between this one and the free margin are smooth.

Ulrichia? sp. indet.

Figure 30E

Remarks. — An elongate internal mould in poor state of pre-
servation presents two narrow lobes prominent beyond the
dorsal border. A marginal ridge extends from the anterior
extremity of the hinge to the antero-ventral sector.

Genus Drepanella Ulrich, 1890

Type species. — Drepanella crassinoda Ulrich, 1890, Ordo-
vician, North America.

Drepanella sp. A
Figure 30F-1

Remarks. — Twenty-five internal and external moulds,
the latter generally poorly preserved, are reported to the
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genus Drepanella Ulrich, 1890. They are large sized,
elongate, amplete and their dorsal border is straight or
slightly sinuous. The ventral margin is nearly straight and
the anterior and posterior margins are regularly rounded.
Three lobes are visible. The median and posterior lobes
(L2 and L3) are narrow and elongate comparatively to the
more rounded anterior lobe (L1). Occasionally the two
posterior lobes are slightly prominent dorsally, and the
two anterior are connected ventrally. A velate ridge is pre-
sent all along the free margin, and its extremities are also
frequently prominent dorsally. The ornamentation is pro-
bably finely punctuate.

Suborder Platycopina Sars, 1866
Superfamily Kloedenelloidea Ulrich & Bassler, 1908

Kloedenelloidea sp. indet.
Figure 30J

Remarks. — Thirteen elongate very large and preplete inter-
nal and external moulds with a straight dorsal border display
a small rounded lobe on the first third of the length. Two
elongate delicate crests parallel to the dorsal border are oc-
casionally present. The first one is short and at mid-height,
the second is longer and in the mid-ventral sector.

Order Podocopida Sars, 1866

Suborder Metacopina Sylvester-Bradley, 1961
Superfamily Thlipsuroidea Ulrich, 1894
Family Quasillitidae Coryell & Malkin, 1936

Genus Keslingiella Pinto & Purper, 1981

Type species. — Keslingiella pillai Pinto & Purper, 1981,
Silurian, Santa Cruz Province, Bolivia.

Keslingiella sp. A, aff. K. pillai Pinto & Purper, 1981
Figure 31A-D

Remarks. — More than hundred large internal and external
moulds are closely related to Keslingiella pillai. They are
amplete to slightly preplete with a curved or nearly straight
dorsal border and a straight to slightly concave ventral mar-
gin. The anterior and posterior margins are regularly roun-
ded. A discrete very shallow medio-dorsal V-shaped sul-
cus is observable on internal moulds. The rounded
muscular scar, located in the median sector, is slightly lar-
ger than the ornamentation which is roughly punctuated.
An internal mould, shows that the muscle scar is composed
of numerous little spots. A marginal ridge which is more
visible close to the anterior and posterior margins is pre-
sent. The surface between that marginal ridge and the free
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margin is smooth. Two little spines are sometimes present:
the first one is located in the postero-dorsal sector of the
valves, and the second one in the postero-ventral sector. In
dorsal view, the internal moulds are slightly pinched close
to the medio-dorsal sulcus.

Family Bufinidae Sohn & Stover, 1961
Genus Bufina Coryell & Malkin, 1936

Type species. — Bufina elata Coryell & Malkin, 1936, Mid-
dle Devonian, Ontario, Canada.

Bufina? sp. A
Figure 31G

Remarks. — Four internal moulds display a spine in the
postero-ventral sector, another spine in the postero-dorsal
sector, and a marginal ridge along the anterior margin for-
ming a sort of spur dorsally. The ornamentation is probably
reticulated.

Bufina? sp. B
Figure 31H

Remarks. — An elongate internal mould shows a continuous
marginal ridge extended along the ventral, anterior and dorsal
margins. The extremities of that ridge close to the posterior
margin, in the postero-dorsal and postero-ventral sectors, are
spiny. The surface of the valve is probably punctuate.

Family Thlipsuridae Ulrich, 1894
Genus Favulella Swartz & Swain, 1941

Type species. — Bythocypris favulosa Jones, 1889, Middle
Devonian, Pennsylvania, USA.

Favulella? sp. A, aff. F. favulosa Jones, 1889
sensu Swartz & Swain, 1941
Figure 31F

Remarks. — A roughly punctuate valve displays a spur in
the postero-ventral sector and a thickening in the dorsal
sector. The ventral and dorsal margins are straight. The an-
terior margin is angular and the extremity is located
slightly below the mid-height. The posterior margin is re-
gularly curved. A marginal ridge is visible all along the free
margin. That ridge is more developed anteriorly and espe-
cially posteriorly. The surface between that marginal ridge
and the free margin is smooth.

Favulella? sp. B
Figure 31E

Remarks. — Two roughly punctuate thick broken valves
display an outline similar to Keslingella sp. A, but the mar-
ginal ridge is more developed, and the smooth surface
between that ridge and the free margin is larger.

?Family Thlipsuridae Ulrich, 1894
Genus Zudanezina Pribyl, 1984

Type species. — Zudanezina zudanezensis Ptibyl, 1984, Lo-
wer Devonian, Zudafiez Province, Bolivia.

Zudanezina? sp. A
Figure 311, L

Remarks. — Five very large internal and external moulds
are placed close to the genus Zudanezina Pribyl, 1984.
Their dorsal border is straight, and their ventral margin is
also straight or slightly convex. The anterior margin is re-
gularly curved and the curvature of the posterior margin is
more accentuate dorsally. A large lobe forming a buckle
opened in the medio-dorsal sector, extends from one extre-
mity to the other. The surface of the valves is finely reticu-
lated except on the lobe.

Suborder Podocopina Sars, 1866
Superfamily Bairdioidea Sars, 1888
Family Bairdiidae Sars, 1888
Genus Bairdia McCoy, 1844

Type species. — Bairdia curta McCoy, 1844, Lower Carbo-
niferous, County Longford, Ireland.

Bairdia? sp. indet.
Figure 31K

Remarks. — A very large left valve should be reported to the
genus Bairdia McCoy, 1844.

Superfamily Bairdiocyprioidea Shaver, 1961

Family Bairdiocyprididae Shaver, 1961

Genus Bairdiocypris Kegel, 1932

Type species. — Bythocypris (Bairdiocypris) gerolsteinen-

sis Kegel, 1932, Middle Devonian, Rheinischen Schiefer-
gebirges, Germany.
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Bairdiocypris? sp. indet.
Figure 31J

Remarks. — A large broken right valve should be reported
to the genus Bairdiocypris Kegel, 1932.

Ostracods palaeoecology

Three ostracod mega-assemblages are recognized in the
Devonian (Casier 2004): 1. The Myodocopid Mega-As-
semblage characterised by Entomozoidea and (or) Cypri-
noidea is indicative of poorly oxygenated marine environ-
ments; 2. The Thuringe Mega-Assemblage characterised
by thin shelled spiny ostracods is indicative of very calm
deep and (or) cold environments; 3. The Eifelian Mega-
Assemblage is indicative of shallow marine, semi-
restricted and restricted environments. The Thuringian
and the Eifelian Mega-Assemblages correspond to the
Thuringian and to the Eifelian ecotypes of Becker (in
Bandel & Becker 1975). We have still reported (Casier
2004, Casier et al. 2005) that the term ‘ecotype’ seems
inappropriate to characterise such ostracod assemblages
because that term describes a group of specimens within
a single species, and adapted genetically to a particular
habitat.

The fauna from Pisacaviia is moderately diversified,
and only 14 taxa have been recognized. The fauna is
largely dominated by the Palacocopina (5 species) and the
Metacopina (6 species). The Platycopina are represented
by one species, and the Podocopina by two specimens
representative of two species. In the Devonian, such a
fauna belongss to the Eifelian Mega-Assemblage which is
subdivided in several assemblages characteristics of la-
goonal environments (Ass. 0), semi-restricted environ-
ments (Ass. I), marine environments above fair weather
wave base (Ass. II), and open marine environments below
fair weather and sometimes below storm wave bases (Ass.
III) (Casier 1987). The fauna of Pisacavifia belongs to this
last assemblage. In the Ass. I11, the relative abundance of
species of Podocopina and Metacopina changes with the
deepening, and is related to the agitation of the environ-
ment and to the oxygenation of the waters (Casier 1987).
In our sample, the great abundance of Metacopina com-

paratively to the Podocopina, and in particular to the
Bairdioidea, indicates a slightly hypoxic very calm envi-
ronment well below fair weather wave base. This is con-
firmed by the prevailing monospecificity: only one spe-
cies, Keslingiella sp. A., aff. pillai Pinto & Purper, 1981,
is present in great individual abundance. This is also con-
firmed by the presence of numerous Palacocopina, and
some lingulids, chonetaceans and small pelecypods. The
presence of spines on some metacopid species also con-
firms that the fauna is indicative of a very calm environ-
ment. In the Late Devonian of the Paleotethys, Favulella
lecomptei spissa Zbikowska, 1983, and Polyzygia neo-
devonica aragonensis Gozalo & Sanchez de Posada,
1986, are two example of subspecies (ecotype?) distin-
guishable only by the presence of spines.

Assemblages like this one observed at Pisacavifia are
frequent in the Devonian. For example in the type region
for the definition of the Frasnian stage (Dinant Syncli-
norium, Belgium), a similar assemblage is present at the
top of the Neuville Formation where it follows an
ostracod association rich in large and thick shelled
Podocopids (= Ass. II) contemporaneous of the edifica-
tion of the last Frasnian reefs, and where it precedes
an ostracod fauna belonging to the Myodocopid Mega-
Assemblage. This one is indicative of the strong hypoxic
water conditions related to the Late Frasnian Event
(see plate 1 in Casier 2004). Similar assemblages are also
recognised for example in Morocco (Casier et al. 2008),
in Algeria (Casier 1983, 1985), and in South Africa
(Becker et al. 1994). Consequently, we estimate that the
‘Neritic Malvinokaffric ecotype’ introduced by Lethiers
et al. (2001), is not useful. Moreover, as we have seen,
the term ‘ecotype’ must also be banished. That does not
question the existence of a typical ‘Malvinokaffric
ostracod fauna’ (Lethiers et al. 2001) because the fauna
described from South America and South Africa should
be endemic.

The presence of crinoid ossicle in the massive silici-
fied limestone lens and in the ferrugineous thin layer rich
in ostracods is intriguing because their are indicative of
better conditions of oxygenation and probably of a more
agitated shallow environment. In reality, beds rich in skel-
etal elements of crinoids are generally poor in ostracods.
Moreover, ostracods grow by moulting and the studied

Figure 31. Ostracods. * A — Keslingiella sp. A, aff. K. pillai Pinto & Purper, 1981. Internal mould of a carapace in right lateral view. FCGI 3524, x 45.
* B — Keslingiella sp. A, aff. K. pillai Pinto & Purper, 1981. Internal mould of a carapace in right lateral view. FCGI 3525, x 45. « C — Keslingiella sp. A,
aff. K. pillai Pinto & Purper, 1981. Internal mould of a carapace in right lateral view. FCGI, x 40. * D — Keslingiella sp. A, aff. K. pillai Pinto & Purper,
1981. Internal mould of a carapace in right lateral view. FCGI 3527, x 45. « E — Favulella? sp. B. Broken left valve. FCGI 3528, x 45.  F — Favulella?
sp. A, aff. F. favulosa Jones, 1889, sensu Swartz & Swain (1941). Right valve. FCGI 3529, x 70. « G — Bufina? sp. A. Internal mould of a left valve. FCGI
3530, x 40. « H — Bufina? sp. B. Internal mould of a right valve. FCGI 3531, x 50. I — Zudanezina? sp. A. Internal mould of a right valve. FCGI 3532,
% 35. ¢ J— Bairdiocypris? sp. indet. Broken right valve. FCGI 3533, x 30. « K — Bairdia? sp. indet. Left valve. FCGI 3534, x 30. * L — Zudanezina? sp. A.

External mould of a left valve. FCGI 3535, x 30.
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fauna is composed almost exclusively of adults. These
two observations permit to suggest that the ostracod fauna
is not in situ and has undergone a short transport probably
linked to bottom currents. It is probably also the case
for the skeletal elements of crinoids but their origin is dif-
ferent.

Phyllocarida
(Patrick R. Racheboeuf)

Phyllocarid crustaceans are always rather uncommon fos-
sils in the Palaeozoic of Bolivia, occurrences being up to
now restricted to the Metacryphaeus caffer and Dipleura
dekayi zones sensu Wolfart (1968). These levels belong
to the upper part of the Belén Formation and to the Cruz
Loma Quartzite, respectively (Hannibal et al. 1994, Ra-
cheboeuf 1998). During the 2005’ field work three new
localities provided us with phyllocarids fossils, among
which the locality Pisacaviiia which provided us with two
specimens from two distinct levels: a mandible and a frag-
ment of carapace but, unfortunately, it is not possible to
ascertain the belonging of these two fossils to the same
genus, and even more to a single species (Racheboeuf
in prep.).

The mandible (FCGI 3512) is almost complete and
nicely perserved, and it is undoubtedly the left one
(Rolfe 1962, Dzik 1980). It is 17 mm long and 20 mm
wide. The length of the pars incisiva is about 40% the to-
tal length of the gnathal lobe, and that of the pars molaris
is about 60%. The size, morphology, and relative devel-
opment of incisiva and molaris parts suggest this mandi-
ble may belong to some representative of the genus
Dithyrocaris.

The fragment of carapace (FCGI 3513) most probably
belongs to the posteroventral ventral part of the right valve.
The ventral location of the fragment is deduced from the
curvature of the margin, as well as by the presence of the
well differentiated border; the belonging of the fragment to
the right valve results from the backwards orientation of
the ornament on the border. The border is flat, and 0.5 mm
to about 1 mm high in its straight and curved parts, respec-
tively. The border is separated from the body of the valve
by a narrow and shallow furrow, and it bears thin, dense,
oblique, non anastomosing ridges oriented backwards from
dorsal to ventral margin. The doublure of the border is
about 1 mm high and it is divided in two parts: a markedly
concave, ventral one which is about half the height of the
doublure, and a flat to weakly convex dorsal one; both parts
are separated by a narrow ridge. The body of the valve is
oranmented with very thin, low and narrow, irregular, sinu-
ous ridges of variable length which parallel the ventral
margin; these ridges never bifurcate on the preserved part
of the exoskeleton.
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With respect to the morphology, profile and ornament
of the ventral border, the carapace fragment most probably
belongs to some representative of the Family Rhino-
carididae, like Dithyrocaris oculea Racheboeuf, 1998 from
the Cruz Loma Quartzite (D. dekayi Zone, Givetian). The
nature of the very thin ornament of the valve is very distinct
from that of D. oculea; this point strongly suggests that the
fragment of carapace from Pisacavifia belongs to a new
taxon for South America.

The Lochkovian nodules of the Kirusilla Formation at
Rumicorral (Interandean Zone) provided us with three
variably preserved, but still articulated, carapaces of a
small phyllocarid which most probably represent a new ge-
nus of the Family Ceratiocarididae. It would be the first
proven ceratiocaridid representative (?) from South Amer-
ica (Racheboeuf, unpublished)

Vertebrates
(Philippe Janvier)

The vertebrate assemblage from Pisacaviiia is much the
same as that described from other outcrops of the Belén
Formation in the Bolivian Altiplano, notably Chacoma
(Patacamaya), but also in presumably coeval levels of the
Icla Formation of the Subandean Zone (Janvier & Suarez-
Riglos 1986, Janvier & Maisey 2010). All the specimens
recorded in situ from Pisacaviia are mostly unidentifiable
chondrichthyans cartilage fragments, some unambiguous
skull elements of the presumed stem chondrichthyan Puca-
pampella, and fragments of the so-called ‘pterygial plates’
of the still enigmatic gnathostome Zamponiopteron.

Class Chondrichthyes Huxley, 1871
Genus Pucapampella Janvier & Suarez-Riglos, 1986

Type species. — Pucapampella rodrigae Janvier & Suarez-
Riglos, 1986.

Type locality. — Unknown, probable Sica Sica area, pro-
bably Sica Sica Formation, Late Eifelian.

Pucapampella cf. P. rodrigae
Janvier & Suarez-Riglos, 1986
Figure 32A, C

The genus Pucapampella is an unusual chondrichthyan,
initially described on the basis of an isolated parachordal
plate of the braincase, from the Belén Formation of Bolivia
(Janvier & Suarez-Riglos 1986). Subsequent discoveries
from Bolivia and from the Lower Devonian of South
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Figure 32. Vertebrates. Pucapampella cf. P. rodrigae Janvier & Suérez-Riglos, 1986, Belén Formation, Middle Devonian, Eifelian, Pisacavifia, De-
partment of La Paz, Bolivia. * A — articulated braincase in ventral view (MHNAO1325). ¢ B — incomplete isolated parachordal plate in ventral view
(FCGV201). » C —isolated Meckelian cartilage and associated tooth series, in medial view (FCGV 203). Scale bar = 5 mm.

Africa have allowed a relatively extensive reconstruction
of the braincase and mandibular arch of this genus (Ander-
son et al. 1999, Maisey 2001, Maisey & Anderson 2001,
Janvier 2003, Janvier & Maisey 2010), which displays a
peculiar assemblage of stem elasmobranch and osteich-
thyan characters, and is currently regarded as a possible

stem chondrichthyan (Maisey 2001). A nodule from Pisa-
cavifla contains the first articulated braincase of Pucapam-
pella ever found in Bolivia (Fig. 32A). It is a comparatively
small specimen, which shows the ventral surface of the
ethmosphenoid division and parachordal plate almost
in natural position. The ethmosphenoid division shows a
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relatively large hypophysial fenestra, as in the South Afri-
can specimen described by Maisey & Anderson (2001), but
contrary to the isolated ethmosphenoid division from Boli-
via described by Maisey (2001), suggesting an important
variation as to this character in this genus. Unfortunately,
X-ray computed microtomography of this articulated
specimen from Pisacavifia did not show evidence of exten-
sive calcification of the braincase inside the nodule. In ad-
dition to this braincase, another nodule contains an imper-
fect parachordal plate, possibly associated with a fragment
of the ethmosphenoid division (Fig. 32B). Another nodule
contains a well preserved portion of the Meckelian carti-
lage, characteristically bearing a series of conical teeth that
are directly attached to the prismatic calcified cartilage layer
(Fig. 32C). The medial surface of this Meckelian cartilage
shows a broad longitudinal groove, which is characteristic
of Pucapampella and probably accommodated the cerato-
hyal (Janvier & Maisey 2010).

Pucapampella is only known from the Belén and Icla
formations of Bolivia, and the Gydo Formation of South Af-
rica (Maisey & Anderson 2001, Janvier & Maisey 2010).

Subphylum Gnathostomata Gegenbaur, 1874
Order and family uncertain

Genus Zamponiopteron Janvier & Suarez-Riglos, 1986

Type species. — Zamponiopteron triangularis Janvier &
Suarez-Riglos, 1986.

Type locality. — Campo Redondo, Huamampampa Forma-
tion, Late Eifelian—Early Givetian.

Zamponiopteron sp.

Zamponiopteron is a still enigmatic taxon, currently regarded
as a gnathostome (jawed vertebrate) of uncertain relation-
ships (Janvier & Suarez-Riglos 1986; Lelievre et al. 1993;
Janvier 1977, 1991, 2003). It is only known from the Belén
and Icla formations of Bolivia, and represented by peculiar,
triangular to falciform elements enclosing parallel tubes,
which recall Andean flutes (zampoia). These elements are
assumed to be paired fin radials embedded in a massive
structure made of calcified cartilage, and were referred to
as ‘pterygial plate’ or ‘fin plate’ (Janvier & Suédrez-Riglos
1986; Janvier 1991, 2003; see discussion in Janvier & Mai-
sey 2010). Although three species of Zamponiopteron have
been defined by Janvier & Suérez-Riglos (1986), these ele-
ments display a remarkable diversity of shape. Two nodule
fragments from Pisacavifia contain portions of large Za-
mponiopteron pterygial plates, unfortunately indetermi-
nable at the species level.
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Zamponiopteron is known exclusively from the Devo-
nian of Bolivia. However, closely set paired fin radials
from the Emsian Gydo and Tra Tra formations of South
Africa have been compared to Zamponiopteron (Anderson
et al. 1999, Janvier & Maisey 2010), but these lack the
massive calcification that surround the radials and charac-
terizes the genus.

Conclusions

Besides new palacontological data related to the Devonian
of the Eastern Cordillerra of the Bolivian Altiplano (paly-
nomorphs, plant, corals, brachiopods, trilobites, ostracods,
and vertebrates), the main purpose of the present paper is to
contribute to the knowledge of the Silurian and earliest De-
vonian deposits of the region. It was a real challenge since
both the lithologic succession and the local geological his-
tory make the situation really complex, and a lot of work
has still to be done to add to the faunal inventory, the identi-
fication of the successive faunas, and, as a consequence,
biostratigraphy and correlations.

Based both on the established stratigraphic range and
paleogeographic distribution of organisms (e.g. palyno-
morphs, the genus Petridyctium, and trilobites), and the
morphological characters of others (chonetoideans, among
which Sanjuanetes glemareci sp. nov., and Kentronetes
giae sp. nov.), it appears likely that a large part of the sup-
posed Silurian fossiliferous levels are older (i.e. Devonian)
than previously stated.

It is evident that, due to the endemic character of most
faunal elements (invertebrates), correlations and compari-
sons with the International Stratigraphic Time Scale is not
easy, except for palynomorphs which are unfortunately of-
ten poorly preserved in field samples. Moreover, in the
global context of the Cordilleran Bolivian Basin, it appears
that the lithologic succession includes several stratigraphi-
cal gaps during the Silurian where they can only be identi-
fied through precise faunal identification.
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