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Late Ordovician—early Silurian chitinozoans from the Upper Member of the Salar del Rincon Formation of north-
western Argentina are described. The study area belongs to the Central Andean Basin situated on the western Gondwana
margin during the Early Palaeozoic. Chitinozoan assemblages correlate with those from Northern Gondwana, where
the effects of the glacial and postglacial events that occurred around the Ordovician—Silurian boundary, are quite well-
documented. The recovered chitinozoan associations from the upper part of the Salar del Rincon Formation record the
uppermost Ordovician—lowest Silurian deposits representing the postglacial stage of the late Hirnantian glaciation.
Similar strata are usually absent in other parts of the Central Andean Basin. Tasmanites tzadiaensis is recovered for
the first time outside of the northeast of Africa, supporting the northern Gondwana affinities. Associated land-derived
components indicate a nearshore environment with terrestrial input. The other associated palynomorphs support the
latest Hirnantian—earliest Rhuddanian postglacial stage correlation, as well. The ranges of several Late Ordovician—
early Silurian Spinachitina and Cyathochitina species are discussed in terms of the Ordovician—Silurian boundary.
Five new species are formally described: Spinachitina titae sp. nov., Cyathochitina brussai sp. nov., Cyathochitina
lariensis sp. nov., Cyathochitina punaensis sp. nov. and Ramochitina deynouxi sp. nov. * Key words: chitinozoans,
latest Hirnantian—earliest Rhuddanian, Argentine Puna, Argentina.
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The Central Andean Basin is one of the most important
Lower Palaeozoic basins of Western Gondwana (Robin
et al. 2004), because of its geographical extent and
fossil record. The southern end of this basin is located in
north-western Argentina and its outcrops are exposed in
the geological provinces of Puna, Cordillera Oriental,
Sierras Subandinas and Sistema de Santa Barbara
(Fig. 1A) (Ramos 1999). In the eastern and central part of
the basin, the Upper Ordovician is classically represented
by the “Zapla Glacial Horizon” (Schlagintweit 1943) of
late Hirnantian age (Monaldi & Boso 1987, de la Puente
& Rubinstein 2013, Benedetto et al. 2015), which is
locally called the Mecoyita Formation (Turner 1960) or
Caspald Formation (Starck 1995). This glacial horizon
is deposited above the Ocloyic regional discordance,
which separates it from the Lower and Middle Ordovician
strata. The Zapla Glacial Horizon includes three facies
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associations: massive matrix-rich diamictites, finely strati-
fied diamictites, and graded sandy and conglomerate
beds covering the diamictites facies (Astini 2008). It is
overlain by transgressive deposits of the Silurian Lipedn
Formation (Turner 1960). In the eastern part of the basin,
chitinozoan assemblages document a late Hirnantian age
for the glacial deposits and support a basal Silurian age
assignment for the strata representing the postglacial
sequences in a condensed section (de la Puente ef al. 2012,
de la Puente & Rubinstein 2013, Benedetto et al. 2015).
In the central part of the basin, chitinozoan assemblages
document a Hirnantian age for the glacial deposits and
a Telychian age for the postglacial sequences (Rubinstein
et al. 2016).

Within the Lower Palaeozoic deposits of western Puna
region, in the western part of the basin, no direct sedi-
mentological evidence for glaciation has been found.
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The Ocloyic discordance has a strong angularity and
represents an important Ordovician hiatus. In this area,
our investigations of chitinozoan associations from the
Upper Ordovician—lower Silurian deposits of the Salar
del Rincon Formation have been carried out to improve
the age for this formation. Preliminary results have been
mentioned earlier (de la Puente 2009, Vaccari et al. 2010,
de la Puente & Rubinstein 2013).

Chitinozoans from the latest Hirnantian—earliest
Silurian have been documented from different regions of
Northern Gondwana and Laurentia (Achab 1981; Asselin
et al. 1989; Paris et al. 1998, 2012, 2015; Bourahrouh
et al. 2004; Ghavidel-Syooki 2008; Butcher 2009, 2013;
Vandenbroucke et al. 2009; Butcher et al. 2010; Ghavidel-
Syooki et al. 2011; Le Hérissé et al. 2013; Thusu et al.
2013). The present study deals with the chitinozoan
assemblages from the Argentine Puna region and their
sedimentary succession. The focus of this work is to
describe in extenso the chitinozoan systematics and their
biostratigraphy with in addition phytoplankton data from
the Upper Member of the Salar del Rincon Formation.

Geological setting

The geological region of Puna (Turner 1970) in north-
western Argentina is limited by the Cordillera Occidental
(Chile) to the west and the Cordillera Oriental to the east
(Fig. 1A). As a result of the Andean Orogenic Cycle
since the late Mesozoic, it constitutes at present a high
plateau (3,700 m AMSL) structured by huge thrusts and
characterized by Cenozoic volcanism and evaporate
deposits (Ramos & Coira 2008). In the south-western
Puna, Palacozoic sedimentary and volcanic deposits are
exposed along the Quebrada de Lari (Lari Creek), also
called Quebrada del Médano, a western tributary of the
salt lake Salar del Rincon (Fig. 1B-F).

The samples studied for palynology come from the
type section of the lower Palacozoic Salar del Rincon
Formation (Acefolaza et al. 1972) exposed on the north-
eastern flank of the Cerro Oscuro (Oscuro Mountain)
(Fig. 1C—F). The Salar del Rincon Formation yields Late
Ordovician—early Silurian brachiopods and bivalves
(Benedetto & Sanchez 1990), cryptospores (Rubinstein
& Vaccari 2004) and graptolites (Vaccari et al. 2010).
The formation is composed of two members (Donato
& Vergani 1985). The Lower Member (ca. 38 m thick)
has been interpreted as a proximal anastomosed fluvial
depositional system, with a supply area situated close to
the east. The Upper Member (ca. 78 m thick) has been
interpreted as a siliciclastic coastal marine facies with
terrestrial input (Donato & Vergani 1985). Although
the contact between the two members of the Salar del
Rincon Formation has been previously considered as
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transitional (Donato & Vergani 1985), the coastal marine
Upper Member deposits could represent an erosive
event developed on the conglomerate and cross-bedded
sandstones of the Lower Member deposits (Figs 1E, F; 2).

An angular unconformity occurs at the contact of
the Salar del Rincoén Formation with the underlying Las
Vicufias Formation (Moya et al. 1993). The Las Vicuiias
Formation has been assigned to the early Tremadocian
based on conodont, graptolite and trilobite records (Rao
et al. 2000, Vaccari et al. 2010). The Salar del Rincon
Formation is overlain by the upper Palacozoic Cerro
Oscuro and Arizaro formations (Acefiolaza et al. 1972),
again by angular discordance (Fig. 2).

Material and methods

Twenty-eight samples were collected in the outcrops of
the Upper Member of the Salar del Rincon Formation
(Figs 1E, F; 2), and prepared for palynology. Thirteen
samples contained identifiable chitinozoans (repository
code numbers: 9389, 9396, 9399, 9404-9405, 9407
9408, 9411-9412, 9415-9416, 9420 and 9423). Remains
of chitinozoans were also recovered from seven other
samples, but they were not viable for identification to
species level (9388, 9406, 9409-9410, 9413, 9418-9419);
eight samples are barren of chitinozoans (Fig. 2).

The lithology is dominated by siliciclastic sediments
ranging from strongly bioturbated grey to greenish-grey
shales to bedded quartz sandstone, massive or bioturbated.

The strongly bioturbated grey to greenish-grey shales
constitute the lower and middle part of the Upper Mem-
ber (Fig. 2). This part of the section (samples 9388 to
9420) shows an upward coarsening grain size trend and
thickening of the beds, terminating in that part with
siltstone to sandstone beds. The sandy interval ends with
a bedded quartz sandstone, in some cases massive, in
others bioturbated.

The uppermost part of the section (samples 9421 to
9428), which is mostly covered by debris, is an alternation
of silty layers with shaley ones. A ferruginous bed ter-
minates the succession (Fig. 2).

Around 20 grams per sample were processed to
recover the palynomorphs. Samples were processed using
chitinozoan HCI-HF-HCI acid maceration techniques
based on Paris (1981). The organic residue was sieved
using a 40 um sieve, and again on 10 um sieve, to remove
fine organic particles. All chitinozoans were hand-picked
from that residue.

The chitinozoans were picked from the residue
using a finely drawn pipette and mounted on stubs for
scanning electron microscope (SEM) examination both
according to the technique described by Paris (1981). The
SEM photomicrographs were taken with four different
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Figure 1. A — location map of north-western Argentina indicated by a rectangle that includes the geological provinces of Puna, Cordillera Oriental
(CO), Sierras Subandinas (SS), and Sistema de Santa Barbara (SSB). The study area is indicated by an asterisk. « B — location map showing the study
area of the Lari Creek in south-western Puna, indicated by an asterisk. * C — schematic geological map of the study area (that is marked with an asterisk
in Fig. 1B) on the north-eastern flank of the Cerro Oscuro (Oscuro Mountain). The rectangle indicates the Lower Ordovician strata and the location of
the study stratigraphic section. * D — satellite image of the same area as Fig. 1C where the Salar del Rincon Formation occurs (Google Earth, 2016). «
E — enlargement of the rectangular inset on Fig. 1D with the Upper Member of the Salar del Rincon Formation indicated. * F — photographs of the out-
crop of the Salar del Rincon Formation in the study area at the place of the section indicated in Fig. 1C (GPS coordinate: 24° 7" 4.73" S, 67° 16" 0.39” W).

machines: a Philips (XL30 TMP) at the Laboratorio de
Microscopia Electronica, MACN (Museo Argentino de
Ciencias Naturales), Buenos Aires, a LEO (1450VP) at
the LABMEM (Laboratorio de Microscopia Electronica
y Microanalisis), UNSL-CCT, San Luis, a Philips (515),
IB—Centro Atomico Bariloche, and a JEOL (JSM-
6490LV) SEM at the MEByM (Microscopia Electronica
de Barrido y Microanalisis con EDS), CCT, Mendoza.
The material is housed in the collection of the Palaeo-
palynology Unit of the IANIGLA, CCT, Mendoza and
labelled MPLP (Mendoza—Paleopalinoteca—Laboratorio
de Paleopalinologia).

Biostratigraphy
Macrofauna

The age of the Salar del Rincén Formation is considered
to span the Ordovician—Silurian based on the fossil

macrofauna, which includes the brachiopods Dalmanella
sp., Heterorthella sp., Fardenia sp., PAphanomena sp.,
Cryptothyrella cf. C. crassa, and the bivalve Modiomorpha
sp. They all have an Argentine Precordilleran and South
African affinity (Benedetto & Sanchez 1990). In the upper
part of the formation, the graptolite genus Normalograptus
sp. was also recorded (Vaccari et al. 2010) (sample 9421;
Fig. 2).

Non-chitinozoan palynomorphs

A cosmopolitan cryptospore assemblage recorded at
the base and the top of the Upper Member of the Salar
del Rincon Formation is indicative of the Ordovician—
Silurian (Rubinstein & Vaccari 2004). The species
described include Segestrespora laevigata Burgess, 1991,
Imperfectotriletes patinatus Steemans et al., 2000 and
Laevolancis chibrikovae Steemans et al., 2000. Recent
reports from other Gondwanan regions, such as northeast
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of Africa (northern Chad and south-eastern Libya), central
Saudi Arabia and northeast of Iran, restrict the age to
the Late Ordovician—earliest Silurian (Rhuddanian) (Le
Hérissé et al. 2013, Wellman et al. 2015, Ghavidel-Syooki
2017). The euglenid protozoan Moyeria cabottii (Cramer)
Miller & Eames, 1982, recorded in the lower part of
the Upper Member of the Salar del Rincon Formation
(Rubinstein & Vaccari 2004), is a common component in
the assemblages from the uppermost Hirnantian—lowest
Rhuddanian postglacial deposits from northern Chad,
south-eastern Libya and Saudi Arabia (Le Hérissé et al.
2013, Thusu et al. 2013). The presence of Moyeria cabottii
indicates also freshwater influences (Dorning & Harding
1998, Le Hérissé et al. 2013, Strother et al. 2019). The
prasinophycean phycomata Tasmanites tzadiaensis Le
Hérissé et al., 2013, with characteristic solid verrucae
(Fig. 91) is also present in the lower part of the section
(sample 9408). Tasmanites tzadiaensis has been recorded
in the postglacial deposits of latest Hirnantian—earliest
Rhuddanian age in northeast Africa, representing a pos-
sible marker for the nearshore environment of the Tanez-
zuft Formation from south-eastern Libya and northern
Chad (Le Hérissé et al. 2013, Thusu et al. 2013). The
Puna founding is the first record of Tasmanites tzadiaensis
outside of north-eastern Africa.

Chitinozoans

The chitinozoan association from the lower part of
the Upper Member of the Salar del Rincon Formation
(samples 9488-9412; Fig. 2) is characterized by abundant
Spinachitina verniersi Vandenbroucke et al., 2009, Cya-
thochitina brussai sp. nov., Cyathochitina aff. C. brus-
sai and Cyathochitina lariensis sp. nov. Spinachitina
verniersi is particularly abundant in the middle of this
lower part (samples 9407 and 9408). Few Spinachitina
cf. S. oulebsiri Paris et al., 2000 and Sphaerochitina
aff. S. solutidina Paris, 1988, which extend upward in
the section, are also present. Ancyrochitina sp., with
broken processes, is dominant in the lower part of the
unit (sample 9396), but not at the base. Spinachitina cf.
S. oulebsiri, with longer spines than typical specimens
of Spinachitina oulebsiri, is associated with transitional
forms to Spinachitina verniersi, Spinachitina aff. S.
verniersi characterized by more numerous spines than
Spinachitina verniersi, and with Ramochitina deynouxi
sp. nov. The latter is rare in the lower and middle levels
but abundant upward in the section (Fig. 2).

Spinachitina titae sp. nov. is rare in the lower part
of the section but becomes abundant in the middle part
(sample 9415 and 9416), associated with Spinachitina cf.
S. oulebsiri, Angochitina sp. and common Acyrochitina
cf. A. prima Bouché, 1965 (sample 9415), and the large
specimens of Cyathochitina aff. C. brussai (sample 9416).

A different chitinozoan association is observed
below the base of an eight meter thick, lenticular coarse-
grained sandstone bed (sample 9420). Representatives
of the genera Spinachitina and Cyathochitina are
practically absent in this level. A single incomplete
specimen bears comparatively longer processes and is
assigned to Spinachitina cf. S. oulebsiri. Specimens of
Ancyrochitininae (Fig. 110-Q) appear in the uppermost
sample of the lower part of the section (sample 9412) but
they are dominant in this level with Ramochitina deynouxi
sp. nov. and Cyathochitina punaensis sp. nov. (sample
9420). This level also contains rare Sphaerochitina aff.
S. solutidina, Belonechitina cf. B. pseudarabiensis
Butcher, 2009, and scolecodonts.

In the upper part of the coarse-grained deposits,
a bioturbated sandstone that yields the Normalograptus
sp. is present. No chitinozoans have been found in this
level (sample 9421). Abundant Ramochitina deynouxi sp.
nov., few Cyathochitina punaensis sp. nov., Cyathochitina
cf. C. caputoi da Costa, 1971 and broken Ancyrochitininae
individuals (Fig. 11N) are identified in the uppermost
chitinozoan-bearing level of the section (sample 9423). It
is taken from a shaley layer in the section between bedded
and bioturbated sandstone beds. The specimens are
poorly preserved. They are usually incomplete, and their
vesicle surfaces are eroded, which make the identification
difficult, even at generic level. The uppermost part of
this section shows an increasing grain size and ends with
a ferruginous bed barren of chitinozoans (sample 9428).

Spinachitina species occurring around the Ordovician—
Silurian boundary have been discussed in detail (Paris et
al. 2000, 2012; Bourahrouh 2002; Butcher 2009, 2013;
Vandenbroucke et al. 2009; Butcher et al. 2010; Ghavidel-
Syooki et al. 2011; Thusu et al. 2013), although there is not
a general consensus about their lineage or biostratigraphic
potential. The Puna specimens assigned to Spinachitina
verniersi are close to those defined from the Soom Shale
Member of the Cedarberg Formation of South Africa
(Vandenbroucke et al. 2009) and dated as latest Hirnantian
to probably earliest Rhuddanian in age (see discussion in
Thusu et al. 2013). Specimens considered here equivalent
to Spinachitina verniersi from Puna are reported from the
latest Hirnantian of Northern England (Vandenbroucke

Figure 2. Stratigraphic column of the Salar del Rincon Formation from the study area with photographs of the outcrops where the section has been
sampled. The stratigraphic ranges of the chitinozoans encountered are also indicated with the number of specimens recovered per each 20 gram sample

of the rock processed.
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et al. 2005), Wales (Vandenbroucke et al. 2008), Algerian
Sahara (Paris et al. 2000), Morocco (Bourahrouh et al.
2004), Iran (Ghavidel-Syooki et al. 2011), and from the
Late Ordovician—?earliest Silurian of Chad and Libya
(Le Hérissé et al. 2013, Thusu et al. 2013). Spinachitina
verniersi is associated with Tasmanites tzadiaensis and
Moyeria cabottii in the basal Tanezzuft Formation in
northern Chad (Le Hérissé et al. 2013). Spinachitina
oulebsiri is frequently regarded as the index species for
deposits of late Hirnantian age in northern Gondwana
(Paris et al. 2000, Bourahrouh et al. 2004, Webby et al.
2004, Bergstrom et al. 2009, Ghavidel-Syooki et al. 2011),
although it can probably range into the earliest Rhuddanian
(see discussion in Vandenbroucke ef al. 2009 and Thusu
et al. 2013). In north-western Argentina, incomplete
specimens with usually eroded spines are provisionally
attributed to Spinachitina oulebsiri. Spinachitina cf.
S. oulebsiri is recorded in the Hirnantian Zapla Formation
of the Capillas River in the Sierras Subandinas (Fig. 1A)
(de la Puente et al. 2012, de la Puente & Rubinstein 2013,
Benedetto et al. 2015). It is associated with Desmochitina
minor form typica Eisenack, 1958, Hercochitina spp., and
Belonechitina spp. in a thin interval of dark green to black
shales that is present between graded sandy beds above
the massive glacially derived diamictite, and also from
a highly organic-rich black shale at the very top of the
unit.

Cyathochitina brussai sp. nov. is abundant in the
uppermost Hirnantian—lowest Rhuddanian from the
lowest part (samples NSE 9 to 18) of the Nseirat section
from Mauritania (F. Paris, unpublished data).

Ancyrochitininae from Puna cannot be identified to the
species level because the processes are incomplete (Fig.
110-Q). However, their vesicle resembles Plectochitina
specimens such as Plectochitina cf. P. pseudoagglutinans
from Libya (Butcher 2013) and Plectochitina sp. from
Arabia (Paris et al. 2015), which are common in the
Rhuddanian.

Belonechitina pseudarabiensis Butcher, 2009 is
recorded in the lowest to middle Rhuddanian of northern
Gondwana regions (Butcher 2009, 2013; Paris et al.
2015). It is also reported in the latest Hirnantian—earliest
Rhuddanian of the lowest part of the Nseirat section from
Mauritania, where it occurs with Ramochitina deynouxi

sp. nov. and abundant Cyathochitina brussai sp. nov.
(F. Paris, unpublished data).

Cyathochitina caputoi da Costa, 1971 is a typical com-
ponent of the Rhuddanian associations. It is notably
abundant in the earliest Rhuddanian of northern Gon-
dwana, preceding the first appearance of Spinachitina
fragilis (Nestor, 1980) (Paris ef al. 1998, 2015). In the Ca-
pillas River area of the Sierras Subandinas (Fig. 1A), an as-
semblage which includes Cyathochitina caputoi da Costa,
1971 and Spinachitina fragilis (Nestor, 1980) has been
observed in a greenish silty-shale that overlies a basal trans-
gressive conglomerate of the Lipedn Formation in the area
(de la Puente et al. 2012). The association indicates that
the deposition of the lower part of the Lipedn Formation
could start in the early Rhuddanian in the eastern part of the
Central Andean Basin. In the Caspala area of the Cordillera
Oriental (Fig. 1A) in the central part of the basin, the lower
half of the Lipe6én Formation is strongly bioturbated. It also
contains Cyathochitina gr. caputoi da Costa, 1971 however it
is associated with Telychian species (Rubinstein et al. 2016).

Systematic palaeontology

Chitinozoa are described following the taxonomy and
morphological terminology proposed by Paris et al.
(1999). Measurements are given in micrometers (pum)
and their values are expressed in the following order:
minimum (mean) maximum; n is the number of measured
specimens. Abbreviations used: L — total vesicle length;
Lp — chamber length; Ln — oral tube length; Dp —
maximum chamber diameter; da — oral tube diameter;
dn — neck diameter; Icoll — collarette length; lcar — carina
length; tcar — carina thickness; Isp — spine length.

Group Chitinozoa Eisenack, 1931

Order Prosomatifera Eisenack, 1972

Family Conochitinidae Eisenack, 1931, emend. Paris, 1981
Subfamily Belonechitininae Paris, 1981

Genus Belonechitina Jansonius, 1964

Type species. — Conochitina micracantha subsp. robusta
Eisenack, 1959.

Figure 3. Latest Ordovician—earliest Silurian chitinozoans from the Salar del Rincon Formation, Lari Creek, western Puna. Scale bar = 50 pum;
10 um for B2, C2, E2, and G2. * A — Belonechitina cf. B. pseudarabiensis Butcher, 2009. Specimen with randomly distributed simple spines, longer
as hair-like in the chamber but shorter to granules on the neck. Sample 9420. « B-G — Spinachitina cf. S. oulebsiri Paris et al., 2000; B1 — broken
specimen with simple spines in a crown on the margin, sample 9389; B2 — detail of the margin showing slender, conical spines, sample 9389;
C1 — broken specimen with a conical chamber and smooth vesicle surface; C2 — detail of the margin showing well-developed, but corroded spines,
sample 9416; D — incomplete specimen with corroded spines, sample 9416; E1 — broken specimen with robust simple spines, longer than those of
Spinachitina oulebsiri, sample 9420; E2 — detail of the base showing the crown of long and wide spines, sample 9420; F — specimen with well-
developed but broken spines in a crown on the rounded margin, sample 9412; G1 — incomplete specimen with well-developed conical spines
surrounded by granules on the margin, sample 9415; G2 — detail of the ornamentation, sample 9415.
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Belonechitina cf. B. pseudarabiensis Butcher, 2009
Figure 3A

Material. — Two specimens from sample 9420.
Dimensions. — See Tab. 1.

Description and discussion. — The chitinozoans have
a conical chamber and cylindrical neck (Fig. 3A). The
apertural end is missing on both specimens, therefore,
the collarette is not observed as is the total length of
the individuals (L ~ 150 um). For this reason, they are
provisionally attributed to Belonechitina pseudarabiensis
Butcher, 2009. The flanks are straight to slightly convex.
The flexure is distinct, and the shoulders are weak. The
base is flat, and the margin is broad and round. The wall
of the vesicle is covered by randomly distributed simple
spines, more prolonged (hair-like) on the chamber and
shorter to granulate on the neck.

Occurrence. — Belonechitina pseudarabiensis is described
from the lower to middle Rhuddanian (ascensus—
acuminatus to vesiculosus graptolite biozones) from the
Mudawwara Formation (cores WS—6 and BG-14) of
southern and eastern Jordan (Butcher 2009). It is also
recorded in the middle Rhuddanian of the Murzuq Basin
(core E1I-NC174), south-western Libya (Butcher 2013),
and the lowest Rhuddanian of the basal Qusaiba Member
of the Qalibah Formation (core Qusaiba—1), North Central
Saudi Arabia (Paris et al. 2015). It is observed in the
uppermost Hirnantian—lowest Rhuddanian of the Nseirat
section from Mauritania (F. Paris, unpublished data).
The two Belonechitina cf. B. pseudarabiensis specimens
from Puna are observed in one sample of the uppermost
middle part of the Salar del Rincon Formation at Lari
Creek which is assigned to the latest Ordovician—earliest
Silurian (Fig. 2).

Subfamily Spinachitininae Paris, 1981

Genus Spinachitina Schallreuter, 1963, emend. Paris
et al., 1999

Type species. — Conochitina cervicornis Eisenack, 1931.

Spinachitina cf. S. oulebsiri Paris et al., 2000
Figure 3B-G

Material. — Eleven specimens. Two specimens from
sample 9389, one specimen from sample 9396, one
specimen from sample 9408, one specimen from sample
9411, one specimen from sample 9412, one specimen
from sample 9415, three specimens from sample 9416,
and one specimen from sample 9420.
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Table 1. Biometric data for Belonechitina cf. B. pseudarabiensis Butcher,
2009 (n = 2) from the Salar del Rincén Formation; measured specimens
from sample 9420. Measurements are given in micrometres (pm).

Values L Ln Dp dn da Is L/Dp L/An Dp/dn
Specimen 1 110 52 75 38 - 33 147 212 1.97
Specimen2 150 68 83 48 52 44 181 221 1.73
Mean 130 60 79 43 52 39 164 216 1.85

Table 2. Biometric data for Spinachitina cf. S. oulebsiri Paris et al., 2000
(n =9) from the Salar del Rincon Formation; measured specimens from
samples 9389, 9396, 9408, 9411, 9416 and 9420. Measurements in pm.

Values L Ln Dp dn  deoll Is L/Dp L/Ln Dp/dn
Maximum 284 124 197 111 13 227 374 2.41
Mean 237 85 139 75 10 204 3.19 1.76
Minimum 146 39 99 53 7 1.29 229 1.33

Dimensions. — See Tab. 2; Fig. 4A, B.

Discussion. — Because of the usual loss of the apertural
end of the vesicle (Fig. 3B1, C1), specimen distortion
(Fig. 3D) and damaged ornamentation (Fig. 3C1, C2,
D), the Puna specimens are provisionally attributed to
Spinachitina oulebsiri Paris et al. 2000. The spines
(ca. 12-24), arranged like a crown on the margin, are
simple, slender, conical (Fig. 3B2, C2), and robust (Fig.
3E-G). They are generally longer than spines present on
specimens of Spinachitina oulebsiri (Fig. 3E1, E2; Tab. 2).
The average length of the spines is 10 pm, but the spines
can be up to 13 um long.

Occurrence. — Spinachitina oulebsiri is considered as the
index species for the late to postglacial episodes of the
late Hirnantian in northern Gondwana (Paris et al. 2000,
Bourahrouh et al. 2004, Webby ef al. 2004, Bergstrom et al.
2009). It was defined in the late Hirnantian (probably the
persculptus Zone) of the Upper Member of the M’Kratta
Formation (Well N1-2), northeast of Algerian Sahara
(Paris et al. 2000) and it is also recorded from western
Algerian Sahara and south-eastern Libya (Paris et al. 2000)
as well as in northern Chad (Le Hérissé ez al. 2013) and in
the latest Ordovician to probably the earliest Silurian from
south-eastern Libya (Thusu et al. 2013). It is present in
the Ordovician—Silurian boundary interval of the Soom
Shale Member of the Cedarberg Formation, South Africa
(Vandenbroucke et al. 2009). The Spinachitina bulmani
(Jansonius, 1964) identified by Elaouad-Debbaj (1984)
from the lower Hirnantian (Tanuchitina elongata Zone)
of the Bou Ingarf section in the Moroccan Anti-Atlas is
included in the synonymy with Spinachitina oulebsiri by
Vandenbroucke et al. (2009). Spinachitina oulebsiri is also
present in the Hirnantian of the Lower and Upper Members
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of the Second Bani Formation in the central Anti-Atlas
of Morocco (Bourahrouh et al. 2004) and the Gorgan
Schists and Ghelli Formation of the Alborz Mountains
of Iran (Ghavidel-Syooki 2008, 2017; Mahmoudi et al.
2014). In north-western Argentina, incomplete specimens
with usually eroded spines are provisionally attributed
to Spinachitina oulebsiri. Spinachitina cf. S. oulebsiri is
recorded in the Hirnantian glacial related Zapla Formation
(de la Puente et al. 2012, de la Puente & Rubinstein 2013).
In Puna, Spinachitina cf. S. oulebsiri is recorded from the
lower to the upper—middle part of the Salar del Rincon
Formation at the Lari Creek which is assigned to the latest
Ordovician—earliest Silurian (Fig. 2).

Spinachitina verniersi Vandenbroucke et al., 2009
Figure 5SA-G

2009 Spinachitina verniersi; Vandenbroucke et al., p. 58,
pl. 2, figs 1-12 (with complete synonymy).

2011 Spinachitina oulebsiri Paris et al., 2000. — Ghavidel-
Syooki et al., p. 4, fig. 3g—i.

2013 Spinachitina verniersi Vandenbroucke et al., 2009. —
Le Hérissé et al., fig. 6¢c, el, €2, g, h.

2013 Spinachitina verniersi Vandenbroucke et al., 2009. —
Thusu et al., pl. 6, fig. 3a, b; pl. 7, fig. 2a, b; pl. 8, figs
6a—c, 9a, b, 10a, b.

Material. — Seventy-five specimens. Nine mostly broken
specimens from sample 9389, one specimen from sample
9399, three specimens from sample 9404, twenty-two
specimens from sample 9407, thirty-two specimens from
sample 9408, two specimens from sample 9411, five
specimens from sample 9412, and one specimen from
sample 9415.

Dimensions. — See Tab. 3; Fig. 4A, B.

Discussion. — Most of the specimens from Puna are of the
same size and have the same ornamentation as defined
and illustrated in the original description of Spinachitina
verniersi (Vandenbroucke et al. 2009). Some specimens
from Puna are longer than those from the Spinachitina
verniersi type material from South Africa. The Puna
specimens have a conical chamber, tapering flanks, and
a cylindrical to subcylindrical neck (Fig. 5A1) that is
usually missing. Therefore, their total length is uncertain
(Fig. 5B). The maximum diameter of the chamber is above
the margin (Fig. 5B). The base is flat and usually folded
into the chamber (Fig. SA1,A2, C1, C2, D). This Spinachi-
tina species is characterized by a crown of numerous
(24-56) and usually poorly developed conical spines.
The double row of spine bases occurs on the margin. The
ornament consists of low-relief, linear elements arranged
longitudinally that could be the remains of lambda
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Figure 4. Biometric comparison of Spinachitina species from the Salar
del Rincon Formation, Lari Creek, western Puna. * A — cross-plot of the
vesicle length (L) and maximum chamber diameter (Dp). * B — cross-
plot of the ratios of vesicle length/maximum chamber diameter (L/Dp)
and maximum chamber diameter/neck diameter (Dp/dn).

spines or elongated spine bases (Fig. 5B, C2, F, G). The
specimens from Puna are usually broken (Fig. 5B, G),
distorted, flattened or three-dimensionally preserved by
the infill of sediment (e.g., Fig. 5C1, El, F). The orna-
mentation is frequently eroded (Fig. 5D, E2).

Occurrence. — Spinachitina verniersi has been recorded
in the Soom Shale Member of the Cedarberg Formation
from South Africa, with a latest Hirnantian to probably
earliest Rhuddanian age (Vandenbroucke et al. 2009);
the M’Kratta Formation (Well N1-2), northeast of
Algerian Sahara of a latest Hirnantian age (Paris et al.
2000); the Lower and Upper members of the Second
Bani Formation in the central Anti-Atlas of Morocco of
the Hirnantian age (Bourahrouh et al. 2004); levels of
Late Ordovician—? earliest Silurian age from northern
Chad and latest Ordovician to earliest Silurian from
south-eastern Libya (Le Hérissé et al. 2013, Thusu et al.
2013); the Ashgill Shales Formation in Northern England
(Vandenbroucke et al. 2005); the Cwmere Formation and
the Cerig Gwynion Grit facies of the Caban Conglomerate
Formation in central Wales (Vandenbroucke ef al. 2008).
The specimens illustrated as Spinachitina oulebsiri in
the latest Hirnantian of the upper Dargaz diamictite of
Iran (Ghavidel-Syooki et al. 2011) are considered to
belong to Spinachitina verniersi. Spinachitina verniersi
from Puna is recorded from the lower to the middle part
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of the Salar del Rincon Formation at Lari Creek which is
assigned to the latest Ordovician—earliest Silurian (Fig. 2).

Spinachitina aff. S. verniersi Vandenbroucke et al., 2009
Figure 5SH1, H2

Material. — Four specimens. Two specimens from sample
9396, and two specimens from sample 9405.

Dimensions. — See Tab. 4; Fig. 4A, B.

Description and discussion. — These Spinachitina
specimens are incomplete (Fig. 5H1). They have a crown
of numerous simple and small spines on the margin (Fig.
SH2). The erosion of the spines and the adherent organic
material preclude a confident species assignment. The
spines are more numerous than those in Spinachitina
verniersi Vandenbroucke et al., 2009.

Occurrence. — These specimens are very rare in the lower
part of the Salar del Rincon Formation from Lari Creek
of Puna that is assigned to the latest Ordovician—earliest
Silurian (Fig. 2).

Spinachitina titae sp. nov.
Figure 6A-H

Types. — Holotype: See Fig. 6A1, A2 (slide repository
number 9415, Q39). Paratypes: See Fig. 6B1, B2, DI,
D2 (slide repository number 9415, P38/3-L 37/2).

TBype horizon and locality. — A level, located at 72 m above
the base of the formation, where sample 9415 was taken.
Lower half of the Upper Member of the Salar del Rincon
Formation from Puna (Fig. 2). Section along the Quebrada
de Lari (Lari Creek), Puna region, Salta Province, north-
western Argentina (Fig. 1).

Material. — Thirty-two frequently broken specimens.
A single individual is recorded from sample 9389, two
specimens from sample 9407, one specimen from sample
9408, seventeen specimens from sample 9415, and eleven
specimens from sample 9416.

Table 3. Biometric data for Spinachitina verniersi Vandenbroucke
et al., 2009 (n = 44) from the Salar del Rincon Formation; measured
specimens from samples 9389, 9399, 9404, 9407, 9408, 9411 and 9412.
Measurements in pm.

Values L Ln Dp dn  deoll Is L/Dp L/Ln Dp/dn
Maximum 367 141 210 100 7 242 327 243
Mean 254 95 138 71 54 4 191 3.5 1.80

Minimum 167 51 69 41 3 1.47  2.08 1.50

Table 4. Biometric data for Spinachitina aff. S. verniersi (n = 44) from
the Salar del Rincon Formation; measured specimens from samples 9396
and 9405. Measurements in pm.

Values L Ln Dp dn  deoll Is L/Dp L/Ln Dp/dn
Maximum - - 86 50 - - - - 2.06
Mean 169 57 79 43 - 4 228 296 1.89
Minimum - - 74 36 - - - - 1.72

Etymology. — This species is dedicated to my mother,
Graciela “Tita” Salazar, for her valuable support during
my studies.

Dimensions. — See Tab. 5; Fig. 4A, B.

Diagnosis. — This species has a conical chamber with
tapering flanks, rounded margin and a cylindrical neck.
The ornamentation is restricted to the margin. It consists
of small weakly differentiated spines surrounded by
granules.

Description and discussion. — These Spinachitina speci-
mens have a similar size and shape as Spinachitina ver-
niersi. The ornamentation around the margin consists of
granules interspersed with small, weakly differentiated
spines and thus distinguishes this species. Both of these
elements are restricted to a band on the margin (Fig.
6A-H). In a few cases, the granules may extend a short
distance on to the base (Fig. 6C2) and the lower part
of the chamber (Fig. 6H). Specimens of Spinachitina
titae sp. nov. are relatively abundant in the sample
9415, where some longer specimens are observed (Fig.

Figure 5. Latest Ordovician—earliest Silurian chitinozoans from the Salar del Rincon Formation. Scale bar = 50 um; 10 pm for A2, C2, E2, and H2. ¢
A-G — Spinachitina verniersi Vandenbroucke et al., 2009; A1 — specimen with conical chamber, tapering flanks and a cylindrical to subcylindrical
neck, sample 9389; A2 — detail of the margin showing a crown of numerous and poorly developed conical spines, sample 9389; B — broken
specimen with the maximum chamber diameter above the margin, sample 9407; C1 — specimen with a crown of numerous poorly developed spines,
sample 9407; C2 — detail of the double band of remnant spines on the margin possibly corresponding to the scars of bi-rooted spines, sample 9407;
D — specimen with common corroded spines, sample 9389; E1 — three-dimensional specimen infilled with sediment during the deposition, sample
9407; E2 — detail of the base and the margin with corroded spines, sample 9407; F — specimen with numerous less developed spines and a few better-
developed spines, sample 9415; G — transitional form between Spinachitina verniersi and Spinachitina titae sp. nov. with coalescence of granules
longitudinally forming conical and flat (triangular or longitudinal shape) ornament, incomplete specimen with linear ornament mostly eroded on the
margin, sample 9407. « H — Spinachitina aff. S. verniersi, sample 9396; H1 — specimen with a crown of numerous simple, small spines on the margin;

H2 — detail of the eroded ornamentation and adherent organic debris.
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6D1, E). One of these specimens shows a circular scar
on its base (Fig. 6D1, D2). Transitional forms between
Spinachitina verniersi and Spinachitina titae sp. nov.
are recorded. These transitional forms display coalescent
spiny remains associated with granules. The spines are
more or less longitudinally arranged along the symmetry
axis of the chamber and form elongate structures (Fig.
6H1, H2). Spinachitina kourneidaensis (Bouché, 1965)
has a different chamber shape and ornamentation type.
Spinachitina kourneidaensis illustrated by Paris et al.
(2015; pl. 1, fig. 15a, b) has a crown of densely distributed
short, but well-individualized, spines. ?Spinachitina ver-
niersi from south-eastern Libya, has no spines and the gran-
ules on the margin are not clearly arranged in a single row
(see explanation on pl. 6, figs 1, 2 of Thusu et al. 2013).

Occurrence. — Spinachitina titae sp. nov. is rare in the
lower part (samples 9389, 9407 and 9408) and common
in the middle part (samples 9415 and 9416) of the Upper
Member of the Salar del Rincén Formation from Lari
Creek of Puna which is assigned to the latest Ordovician—
earliest Silurian (Fig. 2).

Family Lagenochitinidae Eisenack, 1931, emend. Paris,
1981
Subfamily Lagenochitininae Paris, 1981

Genus Sphaerochitina Eisenack 1955a, emend. Paris
et al., 1999

Type species. — Lagenochitina sphaerocephala Eisenack,
1932.

Sphaerochitina aff. S. solutidina Paris, 1988
Figure 7A, B

Material. — Ten specimens. Three specimens from sample
9389, one specimen from sample 9396, one specimen
from sample 9405, three specimens from sample 9408,
and two specimens from sample 9420.

Dimensions. — See Tab. 6.

Table 5. Biometric data for Spinachitina titae sp. nov. (n = 21) from the
Salar del Rincén Formation; measured specimens from samples 9415
and 9416. Measurements in pm.

Values L Ln Dp dn  deoll 1s L/Dp L/Ln Dp/dn
Holotype 201 79 83 43 47 7 242 254 1.93
Paratypes - - 98-100 60-57 -3 - - 1.63-1.75

Maximum 389 151 175 103 84 12 314 371 2.19
Mean 246 94 112 63 66 6 225 3.04 1.75
Minimum 156 42 83 43 47 3 1.50 2.18 1.57

Table 6. Biometric data for Sphaerochitina aff. S. solutidina Paris, 1988
(n=10) from the Salar del Rincén Formation; measured specimens from
samples 9389, 9396, 9405, 9408 and 9420. Measurements in pm.

Values L Lp Dp dn  deoll L/Ln L/Dp L/Lp Dp/dn

Maximum 184 97 135 57 71 255 196 194 245
Mean 152 86 87 41 59 229 187 1.79 2.02
Minimum 134 76 67 31 43 2,07 1.75 1.65 1.75

Description and discussion. — The specimens have similar
vesicle shapes, dimensions, and ratios as Sphaerochitina
solutidina Paris, 1988 but the tuberculate ornamentation
on the vesicle (Fig. 7A) is usually absent, probably due to
the poor preservation (Fig. 7B). Specimens described by
Butcher (2013, pl. 6, figs 1, 2) from south-western Libya
are comparable to Sphaerochitina aff. S. solutidina from
Puna.

Occurrence. — Sphaerochitina aff. S. solutidina from Puna
are observed from the lower to the uppermost middle part
of the Salar del Rincon Formation at Lari Creek that is
assigned to the latest Ordovician—earliest Silurian (Fig. 2).

Subfamily Cyathochitininae Paris, 1981

Genus Cyathochitina Eisenack 1955a,emend. Paris ezal.,
1999

Type species. — Conochitina campanulaeformis Eisenack,
1931.

Figure 6. Latest Ordovician—earliest Silurian chitinozoans from the Salar del Rincén Formation. Scale bar = 50 um; 10 um for A2, B2, C2, D2, and
H2. « A-H — Spinachitina titae sp. nov. Sample 9415. Slender chitinozoans with a conical chamber, cylindrical neck and small weakly differentiated
spines surrounded by granules. The ornamentation is restricted to a zone around the rounded margin; A1 — holotype, specimen with a crown of
spines surrounded by granules on the margin; A2 — detail of holotype showing the flattened, invaginated base and the ornamentation on the margin;
B1 — paratype, specimen with small weakly differentiated spines surrounded by granules in a zone on the rounded margin; B2 — detail of paratype
base showing the ornamentation on the margin, which extends onto the base; C1 — incomplete specimen with the ornamentation on the margin;
C2 — detail of the base showing the ornamentation on the margin, with the granules extending to the base; D1 — paratype, a long specimen with an
invaginated base and the ornamentation in a zone on the margin; D2 — detail of the paratype base showing the basal scar and the ornamentation on the
margin; E — a long specimen with eroded ornamentation; F — a short specimen with weakly differentiated spines and granules on the rounded margin;
G — incomplete specimen with eroded spines in a band on the margin; H1 — transitional form between Spinachitina titae sp. nov. and Spinachitina
verniersi, broken specimen with the remains of coalescent spines associated with granules on the margin; H2 — detail of the ornamentation arranged
more or less longitudinally along the symmetry axis of the chamber, forming elongate structures.
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Cyathochitina brussai sp. nov.
Figure 7C-F

1989 Cyathochitina spp. — Asselin et al., pl. 1, figs 2, 3.
2000 Cyathochitina campanulaeformis (Eisenack, 1931). —
Samuelsson & Verniers, pl. 3, figs 5, 7.
2009 Cyathochitina gr. caputoi da Costa, 1971. —
Vandenbroucke et al., pl. 4, figs 7, 9, 10.
72009 Cyathochitina campanulaeformis (Eisenack, 1931). —
Butcher, pl. 5, fig. 8.
? 2011 Cyathochitina caputoi da Costa, 1971. — Ghavidel-
Syooki et al., fig. 3a, b.
2013 Cyathochitina e.g. caputoi da Costa, 1971. — Le Hérissé
et al., fig. 71.
? 2013 Cyathochitina caputoi da Costa, 1971. — Thusu et al.,
pl. 8, fig. 1.

Types. —Holotype: See Fig. 7C (slide repository number
9404, K38 base broken). Paratype: See Fig. 7E (slide
repository number 9404, T39/3).

Type horizon and locality. — Lower half of the Upper
Member of the Salar del Rincon Formation from Puna,
in a level located at 68 m above the base of the formation
where the sample 9412 was taken (Fig. 2). Section along
the Quebrada de Lari (Lari Creek), Puna region, Salta
Province, north-western Argentina (Fig. 1).

Material. — Sixty-two specimens. Five specimens from
sample 9389, ?one specimen from 9399, seventeen
specimens from 9404, four incomplete specimens
from 9405, four specimens from sample 9407, twenty
specimens from sample 9408, five specimens from sample
9411, and six specimens from sample 9412.

Etymology. — The species is named in honour of Edsel
Brussa, who studied the graptolites from Argentina,

including those from the Puna region.

Dimensions. — See Tab. 7; Fig. 8A, B.

Table 7. Biometric data for Cyathochitina brussai sp. nov. (n = 19)
from the Salar del Rincoén Formation; measured specimens from samples
9389, 9404, 9407 and 9412. Measurements in pm.

Values L Lp Dp dn lcar tcar L/Dp L/Lp Dp/dn Lp/Dp

Holotype 258 157 150 78 11 26 1.72 1.64 192 1.05
Paratype - 154 151 61 13 32 - - 24 1.02
Maximum 258 188 179 8 16 43 183 1.81 28 1.07
Mean 212 140 150 64 12 3.0 158 1.66 239 094
Minimum 180 100 108 47 6 1.7 133 148 192 0.74

Diagnosis. — Small Cyathochitina with a conical thick-
walled chamber that is as wide as long, short cylindrical
neck, weak flexure, short and thick carina with rounded
edge, representing a thickened rim extending from the
margin. Vesicle wall is thickest at the flat base.

Description. — This Cyathochitina species has a conical
chamber, with a similar diameter and chamber length, and
a short cylindrical neck (Fig. 7C, D1). The apertural end
and part of the cylindrical neck are frequently absent in
the recovered material (Fig. 7E, F). The flanks are slightly
convex to straight (Fig. 7C—F). The flexure is moderately
distinct (Fig. 7C, D1) to weak (Fig. 7E, F), and the
shoulders are poorly developed (Fig. 7C, D1). The wall
of the chamber is thick (maximum value = 4.5 um) (Fig.
7D1, E). The base is flat and has the thickest chamber
wall (Fig. 7C, E). Due to the flattening (Fig. 7D2, E), it is
frequently folded into the chamber. In a few specimens,
it is possible to observe a concentric pattern in the base
(Fig. 7F). The maximum diameter is at the rounded basal
margin (Fig. 7D1, D2, E, F). The anti-aperturally directed
carina is short and thick with a rounded edge, representing
an extension of the margin (Fig. 7C, D1, D2, E, F).
The surface of the vesicle is smooth (Fig. 7C) or more
generally corrugated (Fig. 7D1, E) with longitudinal ribs
on the upper chamber and neck (Fig. 7E, F).

Discussion. — The chamber of Cyathochitina brussai sp.

Figure 7. Latest Ordovician—earliest Silurian chitinozoans from the Salar del Rincon Formation. Scale bar = 50 pm; 10 pm for D2, G2, H2, 12, and
L2. « A, B — Sphaerochitina aff. S. solutidina Paris, 1988; A — specimen with tuberculate ornamentation on the vesicle, sample 9420; B — more common
specimens showing no visible ornamentation on the vesicle, probably because of the erosion of the wall, sample 9408. « C-F — Cyathochitina brussai
sp. nov.; C —holotype, the thick carina extending from the margin, sample 9404; D1 — small Cyathochitina brussai sp. nov. with conical chamber, short
cylindrical neck, thick wall and short carina (note the corrugated surface of the vesicle), sample 9412; D2 — detail of the base showing the thick carina
with rounded edge, representing a thickened rim extending from the margin, sample 9412; E — paratype (note longitudinal ribs on the upper chamber
and neck, and the thick vesicle wall at the flat base), sample 9404; F — note discreet concentric pattern in the base, around the axis of the symmetry,
sample 9404. « G-L — Cyathochitina aff. C. brussai (G-I — sample 9412; J-L — sample 9416); G1 — complete vesicle showing the transition between
the chamber and neck; G2 — detail of the rounded edges of the thick carina and scar in the centre of the base; H1 — specimen with cylindrical neck
and corrugated vesicle surface; H2 — detail of the wall thickness of the flanks and the base; I1 — broken vesicle showing the inconspicuous flexure
and straight flanks; 12 — detail of the thickness of the flanks and the base; the interior of the chamber wall is imprinted by crystals of diagenetic pyrite;
J — uncompressed vesicle showing conical chamber, cylindrical neck and the carina in line with the chamber; K — note the corrugated wall of the
vesicle, with vertical ribs on the neck, see also the invaginated base, with a weak concentric lineation around the axis of the symmetry; L1 — note the
carina extending from the chamber margin; L2 — detail of the thick carina with a rounded edge.
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Figure 8. Biometric comparison of Cyathochitina species from the
Salar del Rincon Formation, Lari Creek, western Puna, and the holotype
of Cyathochitina caputoi da Costa, 1971, for comparison purposes. *
A — diagram showing a cross-plot of vesicle length (L) against maximum
chamber diameter (Dp). * B — diagram showing the relation between the
chamber length (Lp) and oral tube length (Ln).

nov. is less broad than that of the Cyathochitina caputoi
type material. Moreover, Cyathochitina brussai sp. nov.
has a slightly better developed neck and more differenti-
ated carina than Cyathochitina caputoi, which also differs
in having a conspicuous flexure. Cyathochitina campa-
nulaeformis (Eisenack, 1931), a Middle Ordovician com-
mon species, has a bell-shaped chamber with conspicuous
shoulder. The vesicle is longer (L = 0.25-0.3 mm) than
Cyathochitina brussai sp. nov., which also has a short and
thick carina with rounded edge.

Occurrence. — Cyathochitina spp. illustrated by Asselin
et al. (1989, pl. 1, figs 2, 3) is from the Rhuddanian
of the Clemville Formation, Chaleurs Bay, Canada. In
Avalonia, specimens considered here as a synonym of
Cyathochitina brussai sp. nov. are from the Hirnantian
of the Brutia Formation, Orneau Valley, Brabant Massif,
Belgium (Samuelsson & Verniers 2000, pl. 3, figs 5, 7). In
Gondwana, specimens illustrated as Cyathochitina caputoi
(Ghavidel-Syooki et al. 2011, fig. 3a, b), associated
with Belonechitina pseudarabiensis Butcher, 2009 and
Spinachitina oulebsiri, are from the latest Hirnantian of
the upper Dargaz diamictite, Zagros Mountains, Iran.
Similar specimens have also been reported in the latest
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Hirnantian—earliest Rhuddanian from Kufra Basin, south-
eastern Libya (pl. 8, fig. 1 of Thusu ef al. 2013) and
probably the Rhuddanian (middle and upper ascensus—
acuminatus Biozone) of the Mudawwara Shale Formation
from Jordan (BG—14 and WS-6 core holes), Middle East
(pl. 5, fig. 8 of Butcher 2009). Specimens considered here
as belonging to Cyathochitina brussai sp. nov. have been
recorded in the Ordovician—Silurian boundary beds of the
Soom Shale, South Africa (Vandenbroucke et al. 2009),
the latest Hirnantian—? earliest Rhuddanian, associated
with Spinachitina verniersi, Spinachitina oulebsiri, and
Euconochitina moussegoudaensis Paris in Le Hérissé
et al., 2013, of the Moussegouda core from northern
Chad (Le Hérissé et al. 2013). Cyathochitina brussai
sp. nov. is also recorded in the latest Hirnantian—earliest
Rhuddanian from the lowest part (samples NSE 9 to 18)
of the Nseirat section from Mauritania, where it is very
abundant and occurs with Ramochitina deynouxi sp. nov.
and Belonechitina pseudarabiensis (F. Paris, unpublished
data). In Puna, Cyathochitina brussai sp. nov. is recorded
from the lower to middle part of the Salar del Rincon
Formation at Lari Creek that is assigned to the latest
Ordovician—earliest Silurian (Fig. 2).

Cyathochitina aff. C. brussai sp. nov.
Figure 7G-L

Material. — Thirty specimens. Fifteen incomplete speci-
mens from sample 9399, three specimens from sample
9412, and 12 specimens from sample 9416.

Dimensions. — See Tab. 8; Fig. 8A, B.

Description. — The Cyathochitina specimens have
a conical chamber and a short conical (Fig. 7G1) to
cylindrical neck (Fig. 7H1), although the latter is usually
missing (Fig. 7J-L1). The flexure is inconspicuous, and
the flanks are straight (Fig. 7G1, I1, J, L1). The margin is
slightly rounded (Fig. 7L1) and the carina has a rounded
edge, is long, thick and an anti-apertural extension of
the chamber wall (Fig. 7G1, H1, J, L1, L2). The base is
flat, usually invaginated (Fig. 7G2, K, L2), with a weak
concentric pattern around the axis of the symmetry
(Fig. 7K). The vesicle surface is corrugated with vertical
ribs on the neck (Fig. 7J, L1). The specimens from sample
9416 have a slightly wider chamber than those from lower
levels.

Discussion. — Cyathochitina aff. C. brussai has a longer
carina and a less distinct flexure than Cyathochitina
brussai sp. nov.

Occurrence. — This Cyathochitina species has been
recorded from the lower and middle part of the Salar del



G. Susana de la Puente et al. * Latest Ordovician—earliest Silurian chitinozoans from the Puna region

Rincén Formation at Lari Creek of Puna which is assigned
to the latest Ordovician—earliest Silurian (Fig. 2).

Cyathochitina lariensis sp. nov.
Figure 9A-H

22005 Cyathochitina cf. C. campanulaeformis (Eisenack,
1931). — Grahn, fig. 3e.

Types. — Holotype: See Fig. 9A1, A2 (slide repository
number 9389, J41/3—4). Paratype: See Fig. 9H (slide
repository number 9389, 038/3).

Type horizon and locality. — Basal part of the Upper
Member of the Salar del Rincon Formation from Puna,
in a level located at 40 m above the base of the formation
where the sample 9389 was taken (Fig. 2). Section along
the Quebrada de Lari (Lari Creek), Puna region, Salta
Province, north-western Argentina (Fig. 1).

Material. — Fifty-three specimens. Fourteen mostly in-
complete specimens from sample 9389, nine specimens
from sample 9404, seven specimens from sample 9407,
four specimens from sample 9408, nine specimens from
sample 9411, and ten specimens from sample 9412.

Etymology. — From Lari, the name of the creek from where
specimens were recovered.

Dimensions. — See Tab. 9; Fig. 8A, B.

Diagnosis. — Cyathochitina with a campanulate chamber
and a conspicuous flexure. The neck is almost as long as
the chamber. The carina is long (up to 22 um) and thick,
with a rounded and edge. It is an extension of the rounded
margin that gently flairs anti-aperturally.

Description. — These large specimens are usually in-
complete (commonly only the chamber is recovered) and
poorly preserved; therefore, a complete morphological
analysis is challenging. The species is characterized by
a campanulate chamber (Fig. 9A—G). This character is
altered in flattened individuals (Fig. 9H). The flexure is
marked, and the flanks are convex near the junction with
the neck forming a shoulder, straight at the mid length
of the chamber and becoming concave in the lower part
of the chamber (Fig. 9A1, B, El, F1, G1). The neck is
cylindrical and frequently incomplete (apertural end
missing). It is almost the same length as the chamber (Figs
8B, 9A1; Tab. 9). The vesicle wall is thick (maximum
value = 4.7 um) (Fig. 9B, C, G1, G2). The basal margin is
sharp (Fig. 9A2, F1, G1). The rather long carina (Tab. 9)
extends anti-aperturally from the margin; it is thick with
a rounded edge (Fig. 9A1, A2, D-F2, H). The vesicle

Table 8. Biometric data for Cyathochitina aff. C. brussai (n = 12) from
the Salar del Rincon Formation; measured specimens from samples 9399
and 9416. Measurements in pm.

Values L Lp Dp dn lcar tcar L/Dp L/Lp Dp/dn Lp/Dp

Maximum 356 297 332 131 20 65 198 151 263 132
Mean 332 214 208 99 16 45 1.60 150 219 1.10
Minimum 291 164 128 68 13 2 121 150 173 0.80

Table 9. Biometric data for Cyathochitina lariensis sp. nov. (n = 21)
from the Salar del Rincon Formation; measured specimens from samples
9389, 9404, 9411 and 9412. Measurements in pm.

Values L Lp Dp dn Icar tcar L/Dp L/Lp Dp/dn Lp/Dp

Holotype 262 130 164 67 17 32 160 2.02 245 0.79
Paratype 250 123 174 69 15 24 144 203 252 071
Maximum 278 245 333 117 22 50 194 203 3.03 1.10
Mean 259 145 195 78 18 33 1.64 189 243 078
Minimum 244 67 107 46 14 22 144 176 215 047

surface is commonly wrinkled (Fig. 9A1, A2), but may
be smooth. Weakly transverse or longitudinal ridges (Fig.
9G1), or a combination, may be present (Fig. 9C, D, El,
F1, H). The base is flat with a basal scar surrounded by
ribs (Fig. 9C-G2).

Discussion. — Cyathochitina lariensis sp. nov. is distin-
guished from Cyathochitina kuckersiana (Eisenack,
1934) by the campanulate chamber and its thick car-
ina. Based on the mean Dp/L ratios (Fig. 8A) it is pos-
sible to differentiate all Puna Cyathochitina species.
Cyathochitina lariensis sp. nov. has a greater maximum
diameter when compared to Cyathochitina brussai sp. nov.
and Cyathochitina punaensis sp. nov. that have similar
total lengths. Regarding Cyathochitina campanulaeformis
(Eisenack, 1931), the dimensions of the specimens
from Puna are similar to the holotype but greater than
those usually reported for this species elsewhere (see
Paris 1981, Butcher 2009). Cyathochitina lariensis sp.
nov. has a larger L/Dp ratio (Tab. 9) than Cyathochitina
campanulaeformis (Eisenack, 1931) [L/Dp = (1.3-1.6)/1].
The flanks of Cyathochitina lariensis sp. nov. are straight-
er. The carina is not membranous. Cyathochitina lariensis
sp. nov. differs from Cyathochitina jenkinsi Neville, 1974
because the latter has a membranous carina, and a longer
and narrow neck that slightly tapers toward the aperture.

Occurrence. — Cyathochitina cf. C. campanulaeformis
illustrated by Grahn (2005) is from the lower Silurian
Vargas Pefla Formation of Mina Cué, eastern Paraguay.
Cyathochitina lariensis sp. nov. from Puna is recorded
from the lower to middle part of the Salar del Rincon
Formation at Lari Creek that is assigned to the latest
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Ordovician—earliest Silurian (Fig. 2). Lower Llandovery
Cyathochitina specimens identified as Cyathochitina
campanulaeformis in several papers (e.g. Achab 1981)
might belong to Cyathochitina lariensis sp. nov. However,
they are not included in the synonymy because of the lack
of information on their morphological variability.

Cyathochitina punaensis sp. nov.
Figure 10A-J

2013 Cyathochitina jenkinsi Neville, 1974. — de la Puente
in de la Puente & Rubinstein, pl. 2, fig. 10.

Types. — Holotype: See Fig. 10A1, A2 (slide repository
number 9420, M38/1). Paratype: See Fig. 10D1, D2
(slide repository number 9420, M36/3).

Type horizon and locality. — Upper half of the Upper
Member of the Salar del Rincon Formation from Puna,
in a level located at 92 m above the base of the formation
where the sample 9420 was taken (Fig. 2). Section along
the Quebrada de Lari (Lari Creek), Puna region, Salta
Province, north-western Argentina (Fig. 1).

Material. — Twenty-six specimens. Twenty-three mostly
complete and flattened specimens from sample 9420, and
three specimens from sample 9423.

Etymology. — From Puna, the region from where the
specimens have been recovered.

Dimensions. — See Tab. 10; Fig. 8A, B.

Diagnosis. — Slender Cyathochitina with an elongate
chamber, a short cylindrical neck and a short, thick
carina. The gently tapering chamber walls are thick, with
a corrugated surface.

Description. — Cyathochitina with a truncated elongate
ovoid chamber (mean Lp/Dp = 1.22) (Fig. 10A-J). The

Table 10. Biometric data for Cyathochitina punaensis sp. nov. (n = 16)
from the Salar del Rincén Formation; measured specimens from sample
9420. Measurements in pm.

Values L Lp Dp dn lcar tcar L/Dp L/Lp Dp/dn Lp/Dp

Holotype 189 130 121 70 10 28 1.56 145 173 1.07
Paratype 249 177 110 68 12 4 226 141 1.62 1.6]
Maximum 271 215 149 80 13 40 226 162 216 1.6l
Mean 231 153 127 68 11 32 191 147 185 122
Minimum 189 111 108 57 & 22 156 126 1.62 091

neck is short (Fig. 8B) and cylindrical, ending in a short
collarette (Fig. 10A1, C, D1). The specimens show
a variable vesicle length while the range of the chamber
diameter is more restricted. Depending on differential
flattening of the vesicle (neck and upper part of the
chamber flatten more than the margin) the general outline
is variable (Figs 8B; 10A1, D1). The flexure is marked
(Fig. 10A1, C, E) to inconspicuous (Fig. 10D1, F) and
the weak shoulders may be accentuated due to the effects
of flattening. The flanks are convex (Fig. 10C, D1, F, G1)
to straight (Fig. 10A1, H). The maximum diameter of the
chamber is located close to the margin (Fig. 10B1, D1, H).
The basal margin is sharp (Fig. 10F, H) but may look like
rounded due to a distortion resulting from the flattening
(Fig. 10E, H). All specimens have a short, thick carina
with a blunt edge (Fig. 10A2, B2, D2, G2), and is directed
anti-aperturally (Fig. 10D1). The base is flat, usually
folded into the chamber (Fig. 10A2, B2). It has concentric
ornamentation surrounding the central scar (Fig. 1011, 12,
J2). The surface of the vesicle is corrugated, in some cases
with a linear pattern (Fig. 10D1, H, J1, J2). The vesicle
wall is thick (maximum value = 4.3 um).

Discussion. — Cyathochitina punaensis has a shorter neck,
and different chamber outline, flanks, and carina than
the specimens assigned herein to Cyathochitina lariensis
sp. nov. Cyathochitina punaensis is distinguished from
other Cyathochitina species from Puna by the smaller

Figure 9. Latest Ordovician—earliest Silurian chitinozoans from the Salar del Rincon Formation. Scale bar = 50 pm; 10 pm for A2, E2, F2, and G2. *
A—H — Cyathochitina lariensis sp. nov. with a large campanulate chamber, long neck (L/Lp mean = 1.89), and long and thick carina, with a rounded and
thick edge extending from the sharp margin; A1 — holotype, typical vesicle shape, sample 9389; A2 — detail of the wrinkled chamber surface and of the
thick carina, sample 9389; B — campanulate chamber and thick wall (see the wall thickness in the broken central part), sample 9404; C — basal margin
and flat base, with a subtle scar and circular ribs; see the thickness of the wall in the broken lower part, sample 9404; D — same characters present on
the specimen Fig. 9C, see the basal scar, the distinct carina and the wrinkled surface of the vesicle, probably resulting from transverse and longitudinal
ribs, sample 9412; E1 — campanulate chamber and longitudinal ribbing on the neck; see the carina, with a rounded and thick edge extending from the
margin, sample 9411; E2 — detail of the flat base, with a scar, subtle circular ribs, and the thick rounded edge carina, sample 9411; F1 — campanulate
chamber, with convex (toward the neck), straight and parallel (at the middle length of the chamber) and concave (toward the base) flanks, sample
9411; F2 — detail of the flat base with a marked scar and circular rings, sample 9411; G1 — campanulate chamber, with sharp margin, wrinkled surface
and transverse ribbing, sample 9407; G2 — detail of the base with a marked scar and circular rings, sample 9407; H — paratype, flattened specimen
with longitudinal ribbing on the neck; note the thickening of the carina, with a rounded, thick edge extending from the sharp margin, sample 9389. ¢
1 — Tasmanites tzadiaensis Le Hérissé et al., 2013. Specimen with characteristic solid verrucae. Sample 9408.
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maximum diameter of its chamber (Fig. 8A) and by its
elongate chamber (Fig. 8B), with convex to straight
flanks. The carina is represented by a thickening of the
margin instead of a membranous structure. Such a blunt
carina was reported by Paris et al. (2012) in specimens
assigned to Cyathochitina caputoi.

Occurrence. — Cyathochitina punaensis sp. nov. was first
identified as Cyathochitina jenkinsi Neville, 1974 by de la
Puente (in de la Puente & Rubinstein 2013). It is recorded
in the upper part of the Salar del Rincén Formation at Lari
Creek from Puna that is assigned to the latest Ordovician—
earliest Silurian (Fig. 2).

Cyathochitina cf. C. caputoi da Costa, 1971
Figure 11A, B

Material. — Nine incomplete and flattened specimens from
sample 9423.

Dimensions. — See Tab. 11, Fig. 12.

Description and discussion. — These specimens are
close to Cyathochitina caputoi described from Brazil
(da Costa 1971), with a conical chamber (flanks opened
around 30-40° from the neck) but the neck is missing,
and they have a greater chamber size than given for the
holotype of Cyathochitina caputoi da Costa, 1971 (Figs
11A1, B1; 12). The short and thick carina corresponds to
a thickening of the margin (Fig. 11A2, B2). The vesicle
surface is wrinkled with longitudinal ribs on the neck (Fig.
11A1, B1). These Cyathochitina specimens from Puna are
similar to Cyathochitina caputoi from the Rhuddanian
of North Central Saudi Arabia illustrated by Paris et al.
(2015, pl. 6, figs 1-3, 5). They have a similar chamber and
carina morphologies although they are also larger than the
specimens illustrated as Cyathochitina caputoi from the
latest Hirnantian—earliest Rhuddanian from south-eastern
Libya by Thusu et al. (2013, pl. 11, fig. 21), and from the
Aeronian—early Telychian of south Brazil by Grahn et al.
(2000, pl. 2, fig. 3) and Grahn (2005, fig. 3d).

Table 11. Biometric data for Cyathochitina cf. C. caputoi da Costa,
1971 (n = 6) from the Salar del Rincén Formation; measured specimens
from sample 9423. Measurements in pm.

Values L Lp Dp dn lcar tcar L/Dp L/Lp Dp/dn Lp/Dp
Maximum - 210 248 124 16 8.0 - - 234 0.90
Mean - 181 218 101 13 5.7 - - 2.16  0.81
Minimum - 152 193 8 7 35 - - 1.97  0.77

Occurrence. — The type material of Cyathochitina caputoi
was from the Llandovery of Igarapé da Rainha (Para,
Brazil) (da Costa 1971). Cyathochitina caputoi from North
Central Saudi Arabia are from the earliest Rhuddanian
basal Qusaiba Member of the Qalibah Formation in the
Qusaiba-1 core hole (Paris ef al. 2015). The specimens
from south-eastern Libya are from the latest Hirnantian—
earliest Rhuddanian of the Kufra Basin in the UN-REMSA
well (Thusu et al. 2013). Cyathochitina caputoi from south
Brazil are from the Aeronian—carly Telychian of the Pa-
rana Basin in RD-116 well and from the Vargas Pefia Fm.
in Minas Cué (Grahn et al. 2000, Grahn 2005). In Argen-
tina, Cyathochitina gr. caputoi is associated with Telychian
chitinozoans from the lower half of the Lipedn Formation
in the Caspala area of Cordillera Oriental (de la Puente
2009, Rubinstein et al. 2016). Cyathochitina cf. C. caputoi
from Puna is observed in the uppermost shaley interval of
the Salar del Rincon Formation at Lari Creek which is
assigned to the latest Ordovician—earliest Silurian (Fig. 2).

Subfamily Ancyrochitininae Paris, 1981
Genus Ancyrochitina Eisenack, 1955b
Type species. — Conochitina ancyrea Eisenack, 1931.

Ancyrochitina cf. A. prima Bouché, 1965
Figure 11C1, C2

Material. — Ten specimens from sample 9415.

Dimensions. — See Tab. 12.

Figure 10. Latest Ordovician—earliest Silurian chitinozoans from the Salar del Rincon Formation. Scale bar = 50 um; 10 pm for A2, B2, D2, G2, 12,
and J2. « A-J — Cyathochitina punaensis sp. nov. Slender Cyathochitina specimens with truncated ovoid elongate chambers, corrugated surface and
a thick wall, short cylindrical necks, and an anti-aperturally directed short, thick carina. All specimens from sample 9420; A1 — holotype, specimen
with a short total length compared with the specimen in Fig. 10D1; A2 — detail of the invaginated base caused by flattening (note the blunt edge of the
short and thick carina); B1 — specimen with broken neck and distinctly corrugated vesicle surface; B2 — detail of the carina, as a thickened extension of
the margin; C — specimen with marked flexure; D1 — paratype, slender specimen with a very slightly flaring collarette; D2 — detail of the short and thick
carina, parallel to the axis of symmetry, and the corrugated surface of the wall, see the thickening of the wall in the broken base; E — specimen with
a basal margin that looks rounded from flattening, the neck is short and cylindrical; F — specimen with inconspicuous flexure and sharp basal margin;
G1 — specimen with convex flanks; G2 — detail of the short, thick carina and the wall thickness; H — specimen with straight flanks and corrugated
chamber wall simulating transverse lineations; I1 — specimen with a simulated rounded basal margin due to the distortion by the flattening; 12 — detail
of the inwardly collapsed base, with concentric rims surrounding a central scar; J1 — broken specimen, with a corrugated chamber surface simulating
longitudinal lineations; J2 — detail of the inwardly collapsed base showing concentric rings; note the thickening of the wall in the broken base.

410



G. Susana de la Puente et al. * Latest Ordovician—earliest Silurian chitinozoans from the Puna region

-




Bulletin of Geosciences * Vol. 95, 4, 2020

Description and discussion. — These specimens have the
same chamber shape, neck, collarette, and dimensions as
Ancyrochitina prima Bouché, 1965 but the long, simple,
and slender processes (n = 6-8) are frequently broken
(Fig. 11C1). Thus, the identification is provisional. The
vesicle surface is smooth or has remnants of granules,
probably eroded (Fig. 11C2).

Occurrence. — Ancyrochitina prima was described in the
Upper Ordovician of the Djado Basin (Kourneida 1-Kr.
1 core hole), Niger (Bouché 1965). The specimens from
Puna occur in the middle part of the Salar del Rincén
Formation at Lari Creek which is assigned to the latest
Ordovician—earliest Silurian (Fig. 2).

Ancyrochitina sp.
Figure 11D1, D2

Material.—Twenty-threespecimens. Twenty-onespecimens
from sample 9396, and two specimens from sample 9412.

Dimensions. — See Tab. 13.

Description and discussion. — The chamber is conical and
the base convex to flat (Fig. 11D1). The flanks are straight,
the flexure inconspicuous and the shoulders absent. The
neck is cylindrical and gently flaring toward the aperture.
The collarette is usually missing. These Ancyrochitina
specimens have a diameter similar to that of Ancyrochitina
cf. A. prima Bouché, 1965 from Puna but they are slightly
shorter. The main difference is the branching processes
(n = 6-8). Although incomplete, they are clearly branched
(Fig. 11D2), with the first branching at a short distance
from the margin. Their distal parts seem to be sub-parallel
to the longitudinal axis (Fig. 11D1). These specimens

Table 12. Biometric data for Ancyrochitina cf. A. prima Bouché, 1965
(n = 6) from the Salar del Rincon Formation; measured specimens from
sample 9415. Measurements in pm.

Values L Lp Dp dn  deoll L/Ln L/Dp L/Lp Dp/dn

Maximum 149 95 88 38 45 276 1.88 193 255
Mean 134 79 78 33 40 245 172 171 236
Minimum 115 71 68 29 33 207 151 1.57 205

Table 13. Biometric data for Ancyrochitina sp. (n = 14) from the Salar
del Rincon Formation; measured specimens from samples 9396 and
9412. Measurements in pm.

Values L Lp Dp dn  dcoll L/Ln L/Dp L/Lp Dp/dn

Maximum 144 87 86 41 42 3.03 196 206 3.00
Mean 127 69 78 33 36 236 165 178 240
Minimum 115 54 67 27 31 195 137 149 1.87

also have some randomly distributed simple spines (Is =
2.9 um) visible on the neck (Fig. 11D1).

Occurrence. — The specimens from Puna are recorded in
the lower part of the Salar del Rincén Formation at Lari
Creek that is assigned to the latest Ordovician—earliest
Silurian (Fig. 2).

Subfamily Angochitininae Paris, 1981

Genus Angochitina Eisenack, 1931

Type species. — Angochitina echinata Eisenack, 1931.

Angochitina sp.
Figure 11E

Figure 11. Latest Ordovician—earliest Silurian chitinozoans from the Salar del Rincon Formation. Scale bar = 50 pm; 10 um for C2, and D2. *
A, B — Cyathochitina cf. C. caputoi da Costa, 1971. Specimens with a conical chambers and missing necks. Sample 9423; A1 — specimen with a short
and thick carina; A2 — detail of the flat and smooth base, note the thick carina with rounded edge; B1 — specimen with the carina as a thickening
of the margin, wrinkled surface wall with longitudinal ribs on the neck; B2 — detail of the carina. « C — Ancyrochitina cf. A. prima Bouché, 1965;
C1 — specimen with broken processes (n = ca. 6-8), sample 9415; C2 — detail of the base; see the remnant granules on the base surface, sample 9415. ¢
D — Ancyrochitina sp.; D1 — specimen with branched processes and spiny ornamentation on the surface of the neck, sample 9396; D2 — detail of the
first branching at a short distance from the chamber, sample 9396. ¢ E — Angochitina sp. Specimen with a dense ornamentation of simple spines longer
on the chamber than on the neck. Sample 9420. « F-L — Ramochitina deynouxi sp. nov. Small Ramochitina specimens with an ornamentation of simple,
bi- or multirooted spines arranged in longitudinal rows (F-G — sample 9396; H-L — sample 9420); F — small specimen with cylindrical neck, marked
flexure and inconspicuous shoulder, the ornamentation is mostly eroded but it is possible to observe a row of simple spines on the chamber and small
simple spines on the neck; G — specimen with an ovoid chamber and inconspicuous shoulder, the ornamentation is mostly eroded but it is possible
to observe rows of simple longer hair-like spines, probably connected by their bases, on the chamber; H — holotype, specimen with long lambda,
bi- and multirooted spines, connected by their bases forming longitudinal rows on the chamber and the neck; I — specimen with eroded ornamentation
with remnant of rows on the chamber; J — specimen with long and thick simple and lambda spines, on the chamber and the neck; K — specimen with
a dense ornamentation of long hair-like spines, simple or lambda bases, arranged in longitudinal rows on the chamber and short simple spines on the
neck; L — specimen with an ovoid chamber and a dense ornamentation of long hair-like spines, with common bi-rooted or lambda shape connected
by their bases forming longitudinal rows on the chamber, short simple eroded spines and small rounded cones on the neck. * M — ?Ramochitina
deynouxi sp. nov. Specimen with long and dense spinous ornamentation covering the chamber and the long neck, not in apparent rows. Sample 9420. ¢
N—Q — Ancyrochitininae; N — a probable Ancyrochitina sp., with broken processes, sample 9423; O—Q — small chitinozoans with broken processes.
Probably Plectochitina spp., with broken processes (n = ca. 8) and blunt spines or granules on the vesicle, sample 9420.
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Material. — Four specimens. One specimen from sample
9412, two distorted specimens from sample 9415, and one
specimen from sample 9420.

Dimensions. — See Tab. 14.

Description and discussion. — Chitinozoans with an ovoid
chamber (Fig. 11E) that display spinose ornamentation.
The flexure is marked and the shoulder inconspicuous. The
short subcylindrical neck, which is ended with a slightly
flaring collarette, is around one third of the total length
of the vesicle. The surface of the neck and the chamber is
covered by a dense ornamentation of simple spines. They
are longer but likely broken on the chamber (<4pum).

Occurrence. — Specimens from Puna are from the middle
and upper part of the Salar del Rincon Formation at Lari
Creek that is assigned to the latest Ordovician—earliest
Silurian (Fig. 2).

Genus Ramochitina Sommer & van Boekel, 1964,
emend. Paris ef al., 1999

Type species. — Ramochitina ramosi Sommer & van
Boekel, 1964.

Ramochitina deynouxi sp. nov.
Figure 11F-L

Holotype. — See Fig. 11H (slide repository number 9420,
042/4).

Type horizon and locality. — Upper half of the Upper
Member of the Salar del Rincon Formation, in a level
located at 92 m above the base of the formation where the
sample 9420 was taken (Fig. 2). Section along the Que-
brada de Lari (Lari Creek), Puna region, Salta Province,
north-western Argentina (Fig. 1).

Material. — Seventy-four specimens. Five specimens from
sample 9396, one specimen from sample 9407, one specimen
from sample 9411, four specimens from sample 9412, two
specimens from sample 9415, fourty-two specimens from
sample 9420, and nineteen specimens from sample 9423.

Etymology. — The species name is dedicated to the
late Max Deynoux, the geologist who has initiated the
biostratigraphical studies of the Nseirat Section of Mauri-
tania, where Florentin Paris first recovered this species.

Dimensions. — See Tab. 15.

Diagnosis. — An Angochitininae species that has an ovoid
chamber and a cylindrical neck, which is approximately /3
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of the total length. The spines and crests, better developed
on the chamber flanks, are arranged in longitudinal rows
of connected spines, sometimes bi- and multirooted.

Description and discussion. — These specimens have an
ovoid chamber, a cylindrical neck, which is around 5
of the total length and ' of the total width of the vesicle
(Tab. 15). The flexure is marked, and the shoulder is
inconspicuous (Fig. 11F-L). The ornamentation on
the vesicle surface includes bi- and multirooted spines
(Fig. 11F-H, K, L), frequently eroded in the recovered
specimens from Puna (Fig. 111). It also commonly
includes simple, conical and longer hair-like spines (Fig.
11J, L), where the subtle arrangement in longitudinal
rows is difficult to image. It is probably because of the
presence of the remains of the broken multirooted spines,
which make the ornamentation anomalously denser (Fig.
11J). In this case, the species is very similar to Belo-
nechitina pseudarabiensis Butcher, 2009, which has
a similar size although the neck is not distinct and the
ornamentation is different (denser randomly distributed
simple spines). The spines are shorter on the neck and
limited to smaller rounded cones on the apertural end
(Fig. 11J-L). Ramochitina deynouxi sp. nov. differs from
Ramochitina ruhnuensis (Nestor, 1982) in its shorter neck
(L/In = 2 in R. ruhnuensis). Ramochitina ruhnuensis also
has longer spines and can include distally branched spines
(Nestor 1982, 1994). Angochitina murzukensis Paris et
al., 2012 has similar shape and proportions as well, but it
is smaller, and the slightly shorter spiny ornamentation is
not arranged in longitudinal rows.

Occurrence. — Ramochitina deynouxi sp. nov. from Puna
is recorded in the lower (but not lowermost), middle and

Table 14. Biometric data for Angochitina sp. (n = 4) from the Salar del
Rincon Formation; measured specimens from samples 9412, 9415 and
9420. Measurements in pm.

Values L Ln Dp dn  deoll L/Ln L/Dp L/Lp Dp/dn

Maximum 138 48 71 35 43 422 195 156 238
Mean 125 40 65 31 40 326 191 1.47 211
Minimum 114 27 62 26 36 279 184 1.31 188

Table 15. Biometric data for Ramochitina deynouxi sp. nov. (n = 47)
from the Salar del Rincoén Formation; measured specimens from samples
9396, 9420 and 9423. Measurements in um.

Values L Ln Dp dn  dcoll Is L/Dp L/Lp Dp/dn

Holotype 134 65 75 34 41 6.2 179 194 221
Maximum 207 83 131 63 62 120 216 197 265
Mean 140 54 84 42 44 5.6 1.68 1.62 203
Minimum 99 35 62 28 34 2.1 127 126 154
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Cyathochitina cf. C. caputoi vs.
Cyathochitina caputoi holotype.

Ratios L/Dp
dn/Dp
300
q ° N
200 >
[=" [
a
100
o C. cf. caputoi
o C. caputoi da Costa, 1970
0 100 200 300
dn

Figure 12. Biometric comparison of Cyathochitina cf. C. caputoi
from the Salar del Rincon Formation, Lari Creek, western Puna, and the
holotype of Cyathochitina caputoi da Costa, 1971, showing the relation
between the neck diameter (dn) and the maximum chamber diameter (Dp).

upper part of the Salar del Rincon Formation at Lari Creek,
which is assigned to the latest Ordovician—earliest Silurian
(Fig. 2). This species has been previously recovered in the
lowermost part of Nseirat section of Mauritania, samples
NSE 8-11, which has been assigned to the persculptus
Biozone (Paris et al. 1998, Underwood et al. 1998).

Conclusions

Latest Hirnantian—earliest Rhuddanian chitinozoans from
the western Argentine Puna allow the correlation of these
western Gondwana deposits with postglacial deposits from
other northern Gondwana regions, such as North Africa
and Arabian Peninsula. The chitinozoan assemblages from
the Upper Member of the Salar del Rincoén Formation
include species, such as, Spinachitina cf. S. oulebsiri and
Spinachitina verniersi that characterize the Ordovician—
Silurian boundary interval in northern Gondwana regions.
Several new species, Spinachitina titae sp. nov., Ramo-
chitina deynouxi sp. nov., Cyathochitina brussai sp. nov.,
Cyathochitina lariensis sp. nov. and Cyathochitina puna-
ensis sp. nov., are present and described from the studied
section. Ramochitina deynouxi sp. nov. and Cyathochitina
brussai sp. nov. occur, but were not described, from
the Ordovician—Silurian boundary section in northern
Gondwana as well (F. Paris unpublished data). The occur-
rences with cosmopolitan, but common northern Gon-
dwanan, cryptospores, such as Segestrespora laevigata,
Imperfectotriletes patinatus and Laevolancis chibrikovae,
from postglacial deposits confirm this age (Le Hérissé et
al. 2013, Wellman et al. 2015, Ghavidel-Syooki 2017).
Additionally, the presence of Tasmanites tzadiaensis
also supports a latest Hirnantian—earliest Rhuddanian
postglacial stage and northern Gondwana affinities, being

this its first record outside of the northeast of Africa (Le
Hérissé et al. 2013, Thusu et al. 2013). A nearshore depos-
itional setting is suggested by the terrestrial input. In spite
of the lack of direct evidence of glacially related deposits
in this part of the basin, the Upper Member of the Salar
del Rincon Formation could include the postglacial stage
of the late Hirnantian glaciation according to chitinozoans
and stratigraphically significant associated palynomorphs.
The stratigraphic relationship between the Upper and
the Lower members of the Salar del Rincon Formation
should be re-evaluated since their erosive contact involves
a change to a different depositional environment and
possibly represents an important hiatus. The Upper
Member of the Salar del Rincén Formation is tentatively
correlated with the basal part of the Lipedn Formation in
the eastern part of the basin that record the flooding surface
occurring after the late Hirnantian glaciation (e.g. Astini &
Marengo 2006, de la Puente ez al. 2012, Benedetto et al.
2015). However, the chitinozoan assemblage from Puna
is slightly older. The Upper Ordovician—lower Silurian
glacially related deposits from the Central Andean Basin
suggest the existence of diachronism, possibly con-
trolled by palacotopography. The presence of different
depocentres in the basin, such as in Puna and those in the
Cordillera Oriental and Sierras Subandinas (e.g. Astini &
Marengo 2006, de la Puente ez al. 2012, Benedetto et al.
2015, Rubinstein ef al. 2016), allows various locally pres-
erved records of the latest glacial and postglacial events as
described for other contemporaneous northern Gondwana
basins (e.g. Paris et al. 1998, 2015; Liining et al. 2000;
Ghavidel-Syooki et al. 2011; Le Hérissé et al. 2013).
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