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ABSTRACT:
GRAHN, Y. 2005. Devonian chitinozoan biozones of Western Gondwana. Acta Geologica Polonica, 85 (3), 211-227. Warszawa.

A formal Devonian chitinozoan biozonation for western Gondwana is proposed. This palaecogeographic province cor-
responds to South America, and was located in medium to high latitudes during the Devonian. Devonian chitinozoans
are known from northern Argentina, Bolivia, Brazil and eastern Paraguay. Altogether 230 localities (including wells
and outcrops) are included in this study, and 171 species have been encountered. One new species, Angochitina prae-
densibaculata, is described. A biozonation based on the first occurrence of critical chitinozoan species is introduced.
Thirteen biozones are defined: the Angochitina praedensibaculara, Angochitina strigosa, Urochiting loboi, Ramochitina
magnifica, Ancyrochitina pachycerata, Ancyrochitina parisi, Alpenachitina eisenacki, Ramochitina stiphrospinata,
Fungochitina microspinosa - Ancyrochitina taouratinensis, Hoegisphaera glabra, Urochitina bastosi — Sommerochitina
langei, Fungochitina fenestrata and Fungochitina ultima zones. These biozones are compared with known spore zones
from the same area, and chitinozoan biozones on a global basis.
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INTRODUCTION

Devonian miospores have been extensively used for
the Devonian biostratigraphy of Brazil (MeLo &
LoBoziak 2003 and references therein), Bolivia (e.g.
MCGREGOR 1984, MELO 2000, and references therein),
eastern Paraguay and northern Argentina (OTTONE 1996
and references therein). Woob & Isaacson (1992),
RACHEBOEUF & al. (1993), OLIVEIRA (1991), LE HERISSE
& al. (1996) and LE HERISSE (2001) outlined an acritarch
stratigraphy for western Gondwana (South America).
From several studies in Argentina, Bolivia, Paraguay,
Uruguay and Brazil it is obvious that a certain degree of
acritarch endemism existed in western Gondwana basins.
Devonian conodonts (Cryptotaxis sp.) are so far known
only from the Frasnian — middle Famennian? in the
Solimées Basin, northwestern Brazil (HUNICKEN & al.
1988). For a review of the literature and further infor-
mation on the Devonian shelly faunas, see MELO (1988)
and GRaHN (1992). Chitinozoans have been used for

regional Devonian biozonation in the basins of western
Gondwana (for references, see below). The purpose of
this paper is to correlate all these regional schemes into
a Devonian chitinozoan biozonation valid for western
Gondwana, to compare it to an available and relevant
miospore biozonation (Text-fig. 7), and to the chitino-
zoan biozonation on a global basis (Text-figs 3, 7).

PREVIOUS CHITINOZOAN STUDIES IN THE
DEVONIAN OF WESTERN GONDWANA

Since the papers by LANGE (1949, 1952, 1967a-b),
SoMMER & BOEKEL vaN (1964), POTHE DE BaLDIS
(1979), QuaDROS (1982, 1988), BURIACK & PARIS (1989),
GRAHN (1992) and GRAHN & PARIS (1992), new geologi-
cal information has been published about Devonian
Chitinozoa from Brazil and Paraguay (MELO & al. 1996;
GRAHN & MELO 2002, 2003, 2004, in press; GRAHN in
press; GRAHN & al. 2000, 2001, 2002, 2003, 2005;
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AZEVEDO-SOARES & GRAHN 2005; GAUGRIS & GRAHN
in press), and they were also the subject of a doctoral the-
sis by QUADROS (1985). Chitinozoans of Devonian age
have been described or discussed from Bolivia
(CousMINER 1964; SUAREZ-RIGLOS 1975; GAGNIER & al.
1989; WooD & IsaAacson 1992; RACHEBOEUF & al, 1993;
Woob 1994; LimacH! & al. 1996; OTTONE & ROSSELLO
1996; VAVRDOVA & al. 1996; MELO 2000; GRAHN 2002),
and northern Argentina (VOLKHEIMER & al. 1983; 1986;
OTTONE 1996; GrRAHN & GUTIERREZ 2001; GRAHN
2003).

NOTES ON THE DEVONIAN PALAEOGEO-
GRAPHY AND PALAEOENVIRONMENT OF
WESTERN GONDWANA

South America was a part of Gondwana and located
in medium to high latitudes during the Devonian
(Scotesk 2005). Cold water with a Malvinocaffric fauna
prevailed during the Early Devonian (MELO 1988), but
from the late Eifelian — early Givetian the conditions
changed towards warm water conditions, and the
Malvinocaffric fauna slowly became extinct. At the end

of the Famennian a glaciation took place, but the chiti-
nozoans disappeared from western Gondwana (in the
Vallatisporites hystricosus [VH] Interval spore Zone)
before this event (Retispora lepidophyta ~ Vallatisporites
vallatus [LVa] Interval spore Zone). Chitinozoan provin-
cialism was evident in the Parand, Tarija and Peru-Bolivia
basins during the Early Devonian, and in the Middle
Devonian a great influx of Laurentian faunas can be
noticed all over western Gondwana. A certain degree of
endemism of acritarchs is noted in the Late Devonian
(Le HERISSE 2001).

CHITINOZOAN BIOSTRATIGRAPHY
Bolivia

Twenty localities have been investigated for chitino-
zoans from the Peru-Bolivia Basin in southern Bolivia.
The Devonian chitinozoans discussed by GAGNIER & al.
(1989), RACHEBOEUF & al. (1993) and Woobp (1994)
were commented upon by GRAEN (2002). LiMACHI & al.
(1996) defined a biozone with Urochitina loboi and
Sphaerochitina densibaculata for the top of the Tarabuco
and Santa Rosa formations, with the additional chitino-
zoan species Cingulochitina sp. and Hoegisphaera sp.
This is a late Lochkovian assemblage, and confirms the
dating by GRAHN (2002). VAVRDOVA & al. (1996) dis-
cussed a chitinozoan fauna from northern Bolivia
(Madre de Dios Basin) with Angochitina filosa,
Urochitina cf. loboi, Lagenochitina navicula and
Cingulochitina serrata in Late Lochkovian strata in the
Tequeje Formation, and Ramochitina magnifica and
Hoegisphaera cf. glabra for latest Lochkovian — Pragian
strata in the same formation.

Argentina

Seven localities have been studied from northern
Argentina. OTTONE (1996) discussed chitinozoans from
the Los Monos Formation in the Quebrada Galarza well,
Tarija Basin. The chitinozoan fauna have a low diversity,
which is common in a late Givetian — early Frasnian
fauna, i.e. Fungochitina pilosa, Angochitina spp.,
Lagenochitina sp. and Ancyrochitina sp. From the Puesto
el Tigre well in the same basin, VOLKHEIMER & al. (1986)
described chitinozoans from three Early Devonian
assemblages in the Puesto El Tigre Formation, ie.
Cingulochitina servata, Sphaerochitina densibaculata and
Urochitina loboi (late Lochkovian), Hoegisphaera sp. and
Ramochitina magnifica (Pragian), and Ancyrochitina
parisi (late Emsian). From the Tonono and Ramos wells
in the Tarija Basin, they also mentioned Fungochitina
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Fig. 2. Chronostratigraphy and chitinozoan zones in the Devonian of western Gondwana. In the Amazonas Basin 1 = Total Range Subzone of Ramochitina

derbyi and 2 = Total Range Subzone of Lagenochitina avelinoi

pilosa in the Givetian Tonono Formation. LE HERISSE &
al. (1996) discussed Cingulochitina serrata, Urochitina cf.
loboi, and Ramochitina jutaiense (late Lochkovian) from
the Talacasto Formation in the Cerro del Fuerte section,
Argentine Precordillera. Finally, GRAHN & GUTIERREZ
(2001) and Graun (2003) mentioned Middle Devonian
species from the Rincon Formation in the Los
Horcones-2 and El Caburé-1 wells, Chaco-Parand Basin.

Brazil and eastern Paraguay
In GRAHN & al. (2000) a regional chitinozoan bio-

zonation was suggested for the Early Devonian of the
Parand Basin including eastern Paraguay, and in GRAHN

& al. (2002) a Middle-Late Devonian chitinozoan bio-
zonation was erected for the same area. LANGE (1967b)
achieved the first Devonian biozonation of the Parana
Basin, and POTHE DE BaLpIs (1979) discussed Late
Devonian chitinozoans from Paraguay. Devonian chiti-
nozoans from the Amazonas Basin have been described
by GrRauN & MEeLo (2002, 2003, 2004), MELO & al.
(1996), LANGE (1967a) and BOEKEL vaN (1966, 1967,
1968), and chitinozoans from the Solimdes Basin by
QuaDROs (1988) and GRAHN & MELO (2003), and from
the Parnaiba and Jatobd basins by REGALI (1964),
SOMMER & BOEKEL VAN (1964), QuaDpros (1982),
GRAHN & MELO (in press), GRAHN & al. (2001), and
GRAHN & al. (2005).
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DEVONIAN CHITINOZOAN BIOZONATION OF

WESTERN GONDWANA

The Devonian biozonation and its correlation within
western Gondwana is shown in Text-fig. 2, and the chiti-
nozoan ranges in the Devonian of western Gondwana in
Text-figs 4-6. A correlation with the global zonation is

YNGVE GRAHN

Characterization of zone: This zone is defined from

the FO of Angochitina praedensibaculata sp.nov. to the
FO of Angochitina strigosa. Other species present are

zone.

demonstrated in Text-figs 3 and 7. First occurrence of the

index species is abbreviated as FO below.
Angochitina praedensibaculata Total Range Zone

Definition of base of zone: FO of Angochitina praedensi-

Ancyrochitina fragilis, A. regularis, A. cf. brevis, Cingulo-
chitina serrata, Margachitina catenaria and Ramochitina
sp. nov. cf. R. devonica in the uppermost part of the

Lower boundary reference section: well 1-AM-1-AM

(Autas-Mirim n° 1) at the 1589 m level, which is 11 m

above the base of the Manacapuru Formation.

Representative occurrence of zone: well 1-AM-1-AM,

baculata. 1522-1589 m, Amazonas Basin, Brazil.
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Characterization of zone: this zone is defined from
the FO of Angochitina strigosa to the FO of Uro-
chitina loboi in the late Lochkovian. Characteristic
species in this zone are Ancyrochitina cantabrica,
Ancyrochitina ollivierae, Angochitina filosa, Eisenac-
kitina cf. bohemica and Plectochitina sp.nov. A. (Text-
fig. 4).

Lower boundary reference section: well 1-AM-1-AM at
level 1522 m, which is 22 m below the top of the
Manacapuru Formation.

Representative occurrences of zone: well 1-AM-1-AM,
1500-1522 m, and several outcrop localities in the
Trombetas and Xingu areas, Amazonas Basin, Brazil
(GRAHN in press).

Lithostratigraphic distribution: upper Manacapuru
Formation, Amazonas Basin and lower Jutai Formation,
Solimdes Basin, northern Brazil.

Age range: early — “middle” Lochkovian.

Remarks: Angochitina strigosa ranges through the early -
“middle” Lochkovian.

Urochitina loboi Interval Range Zone
Definition of base of zone: FO of Urochitina loboi

Characterization of zone: this zone is defined from the
FO of Urochitina loboi to the FO of Ramochitina magnifi-
ca in the latest? Lochkovian. Other species are Ancyro-
chitina Dbrevis, Margachitina saretensis, Margachitina
tenuipes, Ramochitina jutaiense and Sphaerochitina densi-
baculata.

Lower boundary reference section: well 1-JD-1-AM
(Jandiatuba n° 1), Solimées Basin (Jandiatuba Sub-
basin), level 2440 m, which is 100 m above the base of the
Jutai Formation.

Representative occurrences of zone: well 1-JD-1-AM,
2420-2440 m, upper Jutai Formation, Solimées Basin,
Brazil. Lower Puesto el Tigre Formation, Tarija Basin,
Argentina.

Lithostratigraphic distribution: upper Jutai Formation,
SolimOes Basin, Brazil. Lower Talacasto Formation,
Tarija Basin, Argentine Precordillera. Lower Tequeje
Formation, Madre de Dios Basin, northern Bolivia.
Upper Tarabuco and lower Santa Rosa formations, Peru-
Bolivia Basin, southern Bolivia.

Age: late Lochkovian.

Remarks: In the Jutai Formation the presence of
Urochitina loboi was independently dated as late
Lochkovian (zone Z of BZ miospore zone) by
RUBINSTEIN & al. (2005). Sphaerochitina cf. patula by
GraHN & MELO (2003) is conspecific with Angochitina
sp. B (Text-fig. 4) in the present study.

Ramochitina magnifica Interval Range Zone
Definition of base of zone: FO of Ramochitina magnifica.

Characterization of zone: this zone is defined from the
FO of Ramochitina magnifica to the FO of Ancyrochitina
pachycerata in the Pragian s.l. Ramochitina cf. magnifica
and Hoegisphaera cf. glabra are other common taxa.

Lower boundary reference section: Jaguariaiva Section,
Parand Basin (Apucarana Sub-basin), southern Brazil,
about 15 m above the contact with the underlying Furnas
Formation.

Representative occurrences of zone: Jaguariaiva, Tibaji
- Telémaco Borba, and Baliza sections, Parand Basin,
southern Brazil. Well Asuncion-1, Santa Elena
Formation, 2270-2360 m, Parani Basin, castern
Paraguay. Tarabuco, La Yesera, Sobo-Sobo and Sella
sections, Peru-Bolivia Basin, southern Bolivia, and
upper Tequeje Formation in the Pando well (1817-
1883.5 m), Madre de Dios Basin, northern Bolivia.
Puesto el Tigre well (ca. 400 m below the contact with
the overlying Tonono Fm.), Tarija Basin, northern
Argentina.

Lithostratigraphic distribution: lower Ponta Grossa
Formation, Parana Basin, southern Brazil. Upper Santa
Elena Formation, Parand Basin, eastern Paraguay.
Middle Tequeje, upper Santa Rosa and Lower Icla for-
mations, Madre de Dios and Peru-Bolivia basins, Bolivia,
and Middle Puesto el Tigre Formation, Tarija Basin,
northern Argentina.

Age: latest? Lochkovian — Pragian s.l. The FO of R.
magnifica is somewhat uncertain. In the Parana Basin
this species appears in younger beds than those in the
uppermost Furnas Formation dated as late Lochkovian
(zone Si of MN miospore zone) by RUBINSTEIN & al.
(2005). The same beds were dated as early Pragian by
Dmvo & RODRIGUES (1990) and LoBozIAK & al. (1995).
In eastern Paraguay the species occur together with
Lochkovian — early Pragian miospores (Si — B miospore
zones, PEREIRA 2000) in cuttings from the upper Santa
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Elena Formation. In northern Argentina R. magni-
fica occurs above U. loboi and together with a similar
fauna as in the lower Ponta Grossa Formation. In
Bolivia it occurs together with Pragian miospores
(VAVRDOVA & al. 1996; MELO 2000) and chitinozoans
(RACHEBOEUF & al. 1993). R. magnifica has not been
found together with chitinozoan species characteristic
of the Lochkovian.

Ancyrochitina pachycerata Interval Range Zone

Definition of base of zone: FO of Ancyrochitina
pachycerata.

Characterization of zone: this zone is defined from the
FO of Ancyrochitina pachycerata to the FO of
Ancyrochitina parisi in the late Emsian. Another species
present is Ancyrochitina sp.nov. C (GAUGRIS & GRAHN in
press) in the lower part of the zone.

Lower boundary reference section: well 9-PPG-7-PR
(Projeto Ponta Grossa n° 7) at level 118.60 m, which is
16.40 m above the TD of the well. Parand Basin
(Apucarana Sub-basin), southern Brazil.

Represcntative occurrences of zone: well RVR-1, 174.50
-215.50 m, well 9-PPG-7-PR, 28.80-118.60 m, and well 9-
PPG-6-PR (Projeto Ponta Grossa n° 6), 20.50-30.40 m,
Parana Basin, Brazil.

Lithostratigraphic distribution: lower Ponta Grossa
Formation, Parand Basin, southern Brazil.

Age: late Pragian — early Emsian.

Remarks: Ancyrochitina pachycerata ranges from the
late Pragian to the early Emsian. Its FO in the Parand
Basin is within a sequence dated by miospores
(GauGris & GRAHN in press) as late Pragian - pre-
late Emsian. Within this zone occur in the uppermost
Jaicos Formation (well 1-TM-1-MA [Tem medo n° 1},
core 67, 1313.38-1313.70 m), Parnaiba Basin, northern
Brazil, an interval with Ramochitina sp. A and R. sp.
B, dated by miospores as latest Pragian — earliest
Emsian? (Su Interval Zone) (STEEMANS in GRAHN &
al. 2005).

Ancyrochitina parisi Interval Range Zone
Definition of base of zone: FO of Ancyrochitina parisi.

Characterization of zone: this zone is defined from the
FO of Ancyrochitina parisi to the last occurrence of

Ancyrochitina pachycerata. In this zone occurs also
Ramochitina ramosi (first occurrence).

Lower boundary reference section: well Puesto el Tigre
1, at a Jevel ca. 250 m below the contact with the overly-
ing Tonono Formation, Tarija Basin, northern Argentina.

Representative occurrences of zone: well Puesto el
Tigre 1, 50-250 m (below the contact with Tonono
Formation), Tarija Basin, northern Argentina. La
Yesera section, upper Icla Formation, Peru-Bolivia
Basin, southern Bolivia. Tibaji — Telémaco Borba (ca. 63
-70 m) and Baliza (ca. 13-25 m) sections, upper Ponta
Grossa and lowermost Sdo Domingos formations,
Parana Basin, southern Brazil.

Lithostratigraphic distribution: upper Puesto el Tigre
Formation, Tarija Basin, northern Argentina. Upper Icla
Formation, Peru-Bolivia Basin, southern Bolivia. Upper
Ponta Grossa and lowermost S&do Domingos formations,
Parand Basin, southern Brazil.

Age: late Emsian (possibly including late early Emsian
and earliest Fifelian). A late Emsian age for the upper
Ponta Grossa / lowermost Sdo Domingos formations is
supported by miospores (LOBOZIAK & MELO 2000) and
megafossils (MELO 1988).

Undefined interval

Between the upper Emsian / lowermost Eifelian and
the upper lower Eifelian (Itaim and lowermost
Pimenteira formations in the Parnaiba Basin and Lontra
Member of the Maecuru Formation in the Amazonas
Basin) occurs an interval with a few non-diagnostic chiti-
nozoan species. This is probably due to unsuitable
lithologies for chitinozoan preservation (i.e. sandstones).
The taxa present in this undefined interval are
Ancyrochitina latipes with an early Eifelian FO (lower
AD pre-LEM miospore Zone, GRAHN & al. 2001) in the
Parnaiba Basin (known from early-middle Givetian,
Hlinois, U.S.A.), Angochitina sp.nov. A (restricted to the
GS miospore Zone, which ranges from possible latest
Emsian to early Eifelian, GRAHN & MELO 2004) and
Hoegisphaera cf. glabra.

Alpenachitina eisenacki Interval Range Zone
Definition of base of zone: FO of Alpenachitina eisenacki
Characterization of zone: this zone is defined from the

first occurrence in this interval of Alpenachitina eise-
nacki in the late carly Fifelian to the first occurrence of
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Ramochitina stiphrospinata in the early Givetian. Also
present in this biozone are Ancyrochitina cf. ancyrea, 4.
aff. langei, A. arirambaense, A. langei, A. aff. morzadeci,
Eisenackitina aranea, Lagenochitina praeavelinoi,
Linochitina aff. santullaensis and Ramochitina sp. A.

Lower boundary reference section: well 1-AM-1-AM at
Jevel 1405.4 m, which is 6.4 m below the base of the Ereré
Formation, Amazonas Basin, northern Brazil.

Representative occurrences of zone: well 1-MS-5-AM
(Rio Maués n° 5), 1515.0-1546.0 m, Ereré Formation,
Amazonas Basin, northern Brazil. Well 1-RSP-1-MT
(Projeto Rondonopolis, Serra de Petrovina n° 1), 279.0-
348.0 m, Sao Domingos Formation, Parana Basin (Alto
Gargas Sub-basin). Sobo-Sobo and Tarabuco sections,
Huamampampa Formation, southern Bolivia (Peru-
Bolivia Basin).

Lithostratigraphic distribution: Lower Ueré Formation,
Solimées Basin, Upper Lontra Member of the Maecuru
Formation and Lower Ereré Formation, Amagzonas
Basin, Lower Pimenteira Formation, Parnaiba Basin,
northern Brazil. Lower Sdo Domingos Formation,
Parand Basin, southern Brazil. Huamampampa
Formation, Peru-Bolivia Basin, southern Bolivia. Upper
Rincon Formation, Tarija and Chaco-Parand basins,
northern Argentina.

Age: late carly Eifelian — earliest Givetian.

Remarks: Alpenachitina eisenacki ranges from late early
Eifelian to early Givetian (upper 1.Li miospore zone in
the Parand Basin, LoBoziak & al. 1988; GRAHN & al.
2002). Ancyrochitina cf. latipes and Ancyrochitina cf.
cornigera in GRAHN & al. (2002) are determined as sensu
stricto in the present study.

Ramochitina stiphrospinata Total Range Zone

Definition of base of zone: FO of Ramochitina
stiphrospinata.

Characterization of zone: this zone is defined from the
FO of Ramochitina stiphrospinata to the FO of
Fungochitina microspinosa in the middle Givetian. In the
R. stiphrospinata Zone many species have their first
occurrence, of which some are restricted to the early
Givetian (see Text-fig. 5).

Lower boundary reference section: well 2-PM-1-MA
(Pindare Mirim n° 1), core 47, level 1537.8 m, Parnaiba
Basin, northern Brazil.

Representative occurrences of zone: well 1-RX-1-AM
(Rio Abacaxis n° 1), 2647-2695 m, Ereré¢ Formation,
Amazonas Basin and well 1-RB-1-MA (Ribeiraozinho
n® 1), 1175-1182 m, lower Pimenteira Formation,
Parnaiba Basin, northern Brazil. Angosto de Huacareta
section, Huamampampa Formation, Peru-Bolivia Basin,
southern Bolivia.

Lithostratigraphic distribution: Ereré Formation,
Amazonas Basin, Lower Pimenteira Formation,
Parnaiba Basin, northern Brazil. Lower Sdo Domingos
and upper “Lima” formations in the Parand Basin,
southern Brazil and eastern Paraguay, respectively.
Huamampampa Formation, Peru-Bolivia Basin, south-
ern Bolivia.

Age: early Givetian.

Remarks: Ramochitina stiphrospinata is restricted to the
carly Givetian (LLi miospore Zone) as dated by miospores
(MELO & LoB0oz1AK 2003, GRAHN & MELO 2004).

Fungochitina microspinesa ~ Ancyrochiting taouratinensis
Concurrent Range Zone

Definition of base of zone: FO of Fungochitina
ICTOSPINOSa.

Characterization of zone: this zone is defined from the
first occurrence of Fungochitina microspinosa and the
co-occurrence with Ancyrochitina taouratinensis in the
middle-late Givetian to the first occurrence of
Hoegisphaera glabra. Other characteristic species in this
interval are Ancyrochitina brevicornuta, Lagenochitina
sp. B, Plectochiftina sp. A sensu ORaHN 2002,
Ramochitina pimenteiraense and Ramochitina sp.nov. C
sensu GAUGRIS & GRAHN in press. Species with their
last occurrences in this zone are Ancyrochitina langei, A.
morzadeci, and Ramochitina boliviensis.

Lower boundary reference section: well 1-RSP-1-MT,
level 264.00 m, Sa0 Domingos Formation, Parand Basin
(Alto Gargas Sub-basin).

Representative occurrences of zone: well 1-RB-1-MA,
1171.5-1175.0 m, lower Pimenteira Formation, Parnaiba
Basin, northern Brazil. Well 1-RSP-1-MT, 220.00-264.00
m, S&o0 Domingos Formation, Parana Basin, southern
Brazil. Angosto de Huacareta section, lower Los Monos
Formation, Peru-Bolivia Basin, southern Bolivia.

Lithostratigraphic distribution: lower Pimenteira
Formation, Parnaiba Basin, northern Brazil. Sio
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Hoegisphaera glabra Interval Range Zone

Domingos Formation, Parana Basin, southern Brazil.

Lower Los Monos Formation, Tarija Basin (northern

Definition of base of zone: FO of Hoegisphaera glabra.

Argentina) and Peru-Bolivia Basin (southern Bolivia).

Characterization of zone: this zone is defined from

Age: middle-late Givetian (TA — lower TCo miospore
zones) as dated by miospores (LoBoziAK & al. 1988;

MeLo & LoBoziak 2003).

the first occurrence of Hoegisphaera glabra to the
FO of Urochitina bastosi. Common species in this

mourai,

A.

Lagenochitina avelinoi, Ramochitina derbyi, and

are Angochitina katzeri,
Ramochitina kegeli.

interval

Remarks: Fungochitina microspinosa ranges from middle

Givetian to early Famennian.
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Fig. 5. Chitinozoan ranges in the Middlc Devonian of western Gondwana. Zone 7 = Alpenachiting eisenacki. Zone § = Ramochitina stiphrospinata.

Fungochitina microspinosa — Ancyrochiting laouratinensis

Zone 9
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Brazil. Quebrada Agua Blanca, Rio Bermejo, and

Lower boundary reference section: well Caima PH-2,

Taputa sections, Peru-Bolivia Basin, southern Bolivia.

level 136.53 m, lower Barreirinha Formation, Amazonas

Basin, northern Brazil.

Lithostratigraphic distribution: lower Barreirinha Forma-

tion, Amazonas Basin, middle Jandiatuba Formation,
Solimoes Basin, Pimenteira and lowermost Cabecas forma-
tions, Parnaiba Basin northern Brazil. Upper S0 Domin-

Representative occurrences of zone: well Caima PH-2,

119.30-136.53 m, Amazonas Basin, northern Brazil.

Well 1-TM-1-MA, 770.46-896.10 m, Parnaiba Basin,

gos Formation, Parand Basin, southern Brazil. Lower Iquiri

Formation, Peru-Bolivia Basin, southern Bolivia.

Dom Aquino section, 43-50 m,

Parand Basin (Alto Garcas Sub-basin), southern

northern Brazil.
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Fig. 6. Chitinozoan ranges in the Late Devonian of western Gondwana. Zone 10 = Hocegisphaera glabra. Zone 11 = Urochitina bastosi — Sommerochitina

langei. Zone 12 = Fungochitina fenestrata. Zone 13 = Fungochitina ultima



DEVONIAN CHITINOZOAN BIOZONES OF WESTERN GONDWANA 221

Age: early-late Frasnian.

Remarks: Hoegisphaera glabra ranges from the Frasnian
to the middle Famennian. Lagenochitina avelinoi has
been widely used as an index species in the regional cor-
relations, but it has different ranges in the different
basins. In the Amazonas Basin the species is restricted
to the BJ miospore Zone of early Frasnian age (GRAHN
& al. 2002). In the Parnaiba Basin the FO of L. avelinoi
is in the earliest Frasnian (BJ miospore Zone, GRAHN
& al. 2001), and it ranges to the early Famennian (V —
GF miospore zones). The ranges in the Parand Basin is
within the late Frasnian (IV miospore Zone, GRAHN &
al. 2002), and in the uppermost part L. avelinoi can be
mixed with Angochitina pseudoavelinoi, which is a simi-
lar species (GAUGRIS & GRAHN in press).

Urochitina bastosi — Sommerochitina langei Concurrent
Range Zone

Definition of base of zone: FO of Urochitina bastosi and
Sommerochitina langet.

Characterization of zone: this zone is defined from the
FO of Urochitina bastosi and Sommerochitina langei to
the FO of Fungochitina fenestrata. This interval is charac-
terized by a rich and abundant chitinozoan fauna (sec
Text-fig. 6).

Lower boundary reference section: well 2-SL-1-MA
(Santa Luzia n° 1), core 47, 1616.0 m, upper Pimenteira
Formation, Parnaiba Basin.

Representative occurrences of zone: well Caima PH-2,
103.42-119.30 m, Amazonas Basin and well 2-SL-1-MA,,
15617-1616.0 m, Parnaiba Basin, Brazil.

Lithostratigraphic distribution: lower Barreirinha
Formation, Amazonas Basin, upper Pimenteira — lower
Cabecas formations, Parnaiba Basin, and Inaja Forma-
tion, Jatoba Basin.

Age: late Frasnian — late Famennian.
Remarks: Urochitina bastosi range from the late Frasnian
(upper IV miospore Zone, GRAHN & MELO 2002) into
the late Famennian (VCo miospore zone). The upper
limit of Somumerochitina langei is uncertain, but the
species occurs in the late Famennian.

Fungochitina fenestrata Total Range Zone

Definition of base of zone: FO of Fungochitina fenestrata.

Characterization of zone: this zone is defined from the
FO of Fungochitina fenestrata to the FO of Fungochitina
ultima. Other diagnostic species are Ramochitina famen-
nense, R. oliveirai and Ramochitina ritae.

Lower boundary reference section: well 2-MN-1-AM, level
979.76 m, upper Barreirinha Formation, Amazonas Basin.

Representative occurrences of zone: well 2-MN-1-AM,
974.66-979.76 m, and well Caima PH-2, 37.20-103.42 m,
Amazonas Basin, northern Brazil.

Lithostratigraphic distribution: upper Jandiatuba and
Ueré formations., SolimOes Basin (Jandiatuba Sub-
basin), and upper Barreirinha Formation, Amazonas
Basin, northern Brazil.

Age: late Famennian.

Remarks: In western Gondwana Fungochitina fenestrata
ranges within the late Famennian (MELO & al. 1996).
From the base of the VCo miospore Zone to the base of
the VH miospore Zone (GRAHN & MELO 2002; MELO &
Losoziak 2003).

Fungochitina ultima Total Range Zone
Definition of base of zone: FO of Fungochitina ultima.

Characterization of zone: this zone corresponds to
the total range of the index species in the Solimobes
and Amazonas basins. Other species present in this
interval are Fungochitina aff. ultima and Ramochitina
cf. ritae.

Lower boundary reference section: well Caima PH-2,
level 36.04 m, lower Curiri Formation, Amazonas
Basin.

Representative occurrences of zone: well 1-JD-1-AM,
2241-2247 m, Solimbes Basin, and well Caima PH-2,
7.80-36.04 m, Amazonas Basin, northern Brazil.

Lithostratigraphic distribution: upper Jandiatuba and
Ueré formations, Solimoes Basin (Jandiatuba Sub-basin),
and Lower Curiri Formation, Amazonas Basin, northern
Brazil.

Age: latest Famennian.
Remarks: In western Gondwana Fungochitina ultima

ranges within the lower VH miospore zone (GRAHN &
MELO 2003).
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Chrono- Miospores Chitinozoans
stratigraphy Western Gondwana Global
(a) | (b) Thi Paris et al. 2000
LN tVa
Fungochitina
LE ultima
ungochiting ultima
vCo | Rad Fungochitina Fungochitina
fenestrata fenestrata
GF
Famennian
trochitina Angochitina
bastosi avelinoi
GH TP Sommerochitina
langei
Angochitina
hispida
“py
BMu
i BM Hoegisphaera Hoegisphaera
Frasnian BRI glabra glabra
BJ
TCo P. perforata
. Linochitina
Trg Fungochitina jardinei
Givetian microspinosa
Ancyrochitina A
taouratinensis A. comnigera
TA
Lem| LLi R, stiphrospinata Eisenackitina
aranea
9( pre- Alpenachitina
Eifelian Lem} Per eisenacki Alpsnachitina
[™Nat ] = gisengcki—
yet defined
AP s Ancyrochitina parisi Not yet
defined
Emsian FD
Not yet .
AB  Hdefined Ancyrochitina Bursachitina
Su pachycerata bursa
2 pre-|  pcc DN Bursachitina
[o) - .
Pragian |2fg, | Ems Rranr?gr?;i‘é‘;‘a butbosa
ko] T S (
@z Urochitina loboi U. simplex
Lochkovian i s AZ?ﬁggg‘a F. lata
= NsZ Angochitina E';zg:%kigg]a
N - praedensibaculata ™

SYSTEMATIC PALEONTOLOGY

Group Chitinozoa EISENACK, 1931
Order Prosomatifera EISENACK, 1972
Family Lagenochitinidae EISENACK, 1931
Subfamily Angochitininae PARris, 1981
Genus Angochitina EISENACK, 1931

Angochitina praedensibaculata sp.nov.
(Text-fig. 8 A-E)

2005. Sphaerochitina aff. S. densibaculata AZEVEDO-SOARES
& GraHN, fig. 6:6, 8.
(in press). Sphaerochitina cf. S. densibaculata; GRARN, pl. 2, fig. 14

DERIVATION OF NAME: Latin, pracdensibaculata,
referring to the morphological similarity to Sphaero-
chitina densibaculata (VOLKHEIMER & al. 1986), which it
precedes in the stratigraphic record.

DIAGNOSIS: An Angochitina species with a cylindri-
cal neck. The vesicle is densely covered by simple and
thick spines.

HOLOTYPE: Fig. 8 E. UERJ/DPA no. 200885.

TYPE LOCALITY: Well 1-AM-1-AM, cuttings at 1536 m,
lower Manacapuru Formation.

DESCRIPTION: This species has a cylindrical neck and
an ovoid body. The vesicle is densely covered by simple
and thick spines up to 10 um long.

DISCUSSION: The ornamentation of 4. praedensibacu-
lata 1s similar to that present in Sphaerochitina densibac-
ulata (VOLKHEIMER & al. 1986) although the spines are
longer in A. praedensibaculata.

DIMENSIONS: (nine specimens measured): Total length
147-233 pum. Holotype 233 pwm; maximum width 100(80)-
116(93) wum. Holotype 116(93) pum; width of aperture
54(43)-67(54) um. Holotype 67(54) um; length of neck
1/3-2/3 of the total length (Holotype 1/2 of the total
length; length of spines 5-10 um. Holotype ca. 10 um.

OCCURRENCE: Amazonas Basin, well 1-AM-1-AM
and outcrop localities along Rio Mapuera (GRAHN in
press). Lower part of the Manacapuru Formation
(AzEVEDO-SOARES & GRAHN 2005).

Fig. 7. Correlation between Devonian miospore and chitinozoan zones in western Gondwana. The double-headed arrow next to the encircled letter E (within
the Ems miospore Zone) indicates the maximum stratigraphic span proposed by RUBINSTEIN & al. (2005) for their D. emsiensis morphon Assemblage Zone,
described from the Solimdes and Parand basins (Jutaf and uppermost Furnas formations respectively). Other conventions: (a) = Western European miospore
zonation after STREEL & al. (1987) and STEEMANS (1989). (b) = Western Gondwanan (North Brazil) miospore zonation after MELO and Losoziak (2001, 2003)
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CONCLUSIONS

This chitinozoan biozonation for the Devonian of
western Gondwana (South America) is hampered by the
lack of information from Peru, Ecuador, Colombia and
Venezuela. Complementary information from the inves-
tigated areas will alter and refine this biozonation. The
Early and Late Devonian chitinozoan assemblages show
endemism, especially during the Early Devonian. A great
influence from Laurentia is notable in the chitinozoan
assemblages from the Middle Devonian. South America
was in a polar to circumpolar position during the Early
Devonian (SCOTESE 2005), and the chitinozoan assem-
blages therefore should reflect a cold water fauna. In
Pragian to upper Eifelian strata, the Malvinokaffric chiti-
nozoan assemblages display a low diversity and abun-

dance (GAUGRIS & GRAHN in press). Thereafter the con-
ditions changed to warmer water conditions (MELO
1988). A transgression initiated in the latest Eifelian is
connected to the highest chitinozoan abundance and
diversity (in early Givetian) during the Devonian in west-
ern Gondwana. Abundance and diversity were lower in
the late Givetian — early Frasnian, again increasing dur-
ing a transgression at the end of the Frasnian. The chiti-
nozoans became extinct or produced no fossilizable parts
just before the latest Famennian glaciation. The nature
of the material available for sampling (mostly oil compa-
ny borings and isolated outcrops) has prevented a more
closely spaced sampling, which undoubtedly could reveal
a more detailed chitinozoan biozonation for western
Gondwana. One species, Angochitina praedensibaculata,
is described as new.

Fig. 8. Angochitina praedensibaculata from the lower Manacapuru Formation in well 1-AM-1-AM. The scale bars represents 100 wm.
A. Cuttings at 1527 m. B-C. Cuttings at 1536 m. D. Cuttings at 1587 m. E. Holotype. Cuttings at 1536 m.



224 YNGVE GRAHN

Acknowledgements

The author thanks the Faculty of Geology at Universidade
do Estado do Rio de Janeiro (UERJ), and Dr. Egberto
PEREIRA, head of the postgraduate program at the Faculty of
Geology at UERIJ for access to the facilities, and the Conselho
Nacional de Desenvolvimento Cientifico e Tecnologico (CNPq,
PQ 303777/02-8), which made this work possible through grants.
Prof. Peter Isaacson (Moscow, ldaho) is acknowledged for
checking the English. Drs. Theresa WINCHESTER-SEETO
(Sydney, Australia), FLORENTIN Parjs (Rennes, France) and
Grzegorz RAckI (Warszaw, Poland), the journal referces, are
acknowledged for careful reviews. All technical help from Jorge
Louiz DOs SaNTOS and Maria RosaLva Campos COELHO at
UERJ and Rogério pa SiLva MARTINS DA Cos1a at CENPES is
greatly appreciated. My sincere thanks to all.

REFERENCES

AzEVEDO-SOARES, H.L. & Grann, Y. 2005, The Silurian —
Devonian boundary in the Amazonas Basin, northern
Brazil. Neues Jahrbuch fiir Geologie und Paldontologie,
Abhandlungen, 236, 79-84.

BOEKEL vAN, N.M. 1966. Quitinozoarios de Ribeirdo do
Monte Goids. Departamento Nacional da Produgdo
Mineral. Notas Preliminares e Estudos da Divisio de Geo-
logia e Mineralogia, 132, 1-25.

— 1967. Quitinozodrios Silurianos ¢ Devonianos da Bacia
Amazdnica e sua correlacdo estratigrdfica. Aras do
Simpdsio sobre a Biota Amazénica (Geociéncias), 1, 87-
119.

— 1968. Microfosséis devonianos de Rio Tapajos, Pard. 2.
Chitinozoa. Departamento Nacional da Produgdo Mineral.
Noias Preliminares e Estudos da Divisio de Geologia ¢
Mineralogia, 146, 19 p.

BouMENDIEL, K. 1987. Les Chitinozoaires du Silurien
supérieur et Dévonien du Sahara Algerien. Unpublished
Ph.D. Thesis, Univiversité de Rennes, 181 p.

BouMENDIEL, K., LoBOzIAK, S., PARIs, F, STEEMANS, P. &
STREEL, M. 1988. Biostratigraphie des miospores et des
Chitinozoaires du Silurien supérieur et du Dévonien dans
le bassin d’Illizi (S.E. du sahara Algérien). Géobios, 21,
329-357.

Buriack, M.I. & Paris, F. 1989. Chitinozoaires du genre
Alpenachitina dans le Dévonien moyen du Brésil, intérét
stratigraphique et relations phylogénétiques. Géobios, 22,
197-213.

CHLUPAG, 1., LUKES, P, PARIs, E, ScHONLAUB, H.P. 1985. The
Lochkovian Pragian boundary in the lower Devonian of
the Barrandian area, Czechoslovakia. Jahrbuch der Geo-
logischen Bundesanstalt, 128, 9-42.

CousMINER, H.L. 1964. Devonian Chitinozoa and other paly-

nomorphs of medial South America and their biostratigra-
phic value. Unpublished Ph.D thesis, New York University,
266 pp.

Diez, M.D.C. & CraMER, E 1978. Iberian chitinozoans. IL
Lower Devonian forms (La Vid shales and equivalents).
Falinologia, num. ext., 1, 203-217.

Dmo, R. & RoDpRrRIGUES, M.A.C. 1990. Palinomorfos Eo-
devonianos da Formagao Furnas ~ Bacia do Parana. Paleo-
botanica Latinoamericana. VII Reuniao de Paleobotanicos e
Palinologos, 9, 14.

EIsENACK, A. 1931. Neue Mikrofossilien des baltischen Silurs.
1. Paldontologische Zeitschrift, 13, 74-118.

— 1972. Beitrdge zur Chitinozoen-Forschung. Palaconto-
graphica A 140, 117-130.

GAGNIER, PY., PAris, E, RACHEBOEUF, P, JANVIER, P. &
SUAREZ- RIGLOS, M. 1989. Les Vertebres Devoniens de
Bolivie: Données biostratigraphiques et anatomiques
complémentaires. Bulletin de Ulnstitute Frangais d’Etudes
Andines, 18, 75-93.

GauGRris, K. A. & GraHn, Y. (in press). New chitinozoan
species from the Devonian of the Parand Basin, south
Brazil, and their biostratigraphic significance. Ameghi-
niana.

GRrAHN, Y. 1992. Revision of Silurian and Devonian strata of
Brazil. Palynology, 16, 35-61.

— 2002. Upper Silurian and Devonian Chitinozoa from cen-
tral and southern Bolivia, central Andes. Journal of South
American Earth Sciences, 15, 315-326.

— 2003. Silurian and Devonian chitinozoan assemblages
from the Chaco-Parand Basin, northeastern Argentina
and central Uruguay. Revista Espaiiola de Micro-
paleontologia, 35, 1-8.

— (in press). Silurian and Lower Devonian Chitinozoa and
biostratigraphy from the Trombetas Group in the
Amazonas Basin, northern Brazil. Bulletin of Geosciences.

GRAHN, Y., BERGAMASCHL S. & PEREIRA, E. 2002. Middle and
Upper Devonian chitinozoan biostratigraphy of the Parana
Basin in Brazil and Paraguay. Palynology, 26, 135-165.

GraHN, Y. & GuTtiErrez, PR. 2001, Silurian and Middle
Devonian Chitinozoa from the Zapla and Santa Barbara
Ranges, Tarija Basin, northwestern Argentina. Ameghi-
niana, 38, 35-50.

GraHN, Y., LoBoziak, S. & MEeLo, J.H.G. 2001. Integrated
miospore chitinozoan biozonation of the Parnafba Basin
and its correlation with Petrobras (MULLER 1962)
Silurian-Lower Carboniferous palynozones. fn: JH.G.
MEeLO & GJ.S. TERrA (Eds), Correlacdo de seqiiéncias
Paleozdicas Sul-Americas. Ciéncia — Técnica - Petrdleo.
Secdo: Exploragio de Petrdleo, 20, 81-89.

GraHN, Y., LoBoziak, S. & MEeLo, J.H.G. 2003. Integrated
correlation of Late Silurian (Pridoli s.1.) - Devonian chiti-
nozoans and miospores in the Solimées Basin, northern
Brazil. Acta Geologica Polonica, 53, 283-300.



DEVONIAN CHITINOZOAN BIOZONES OF WESTERN GONDWANA 225

GRraHN, Y. & MELO, J.H.G. 2002. Chitinozoan biostratigraphy
of the Late Devonian formations in well Caima PH-2,
Tapajos River area, Amazonas Basin, northern Brazil.
Review of Palaeobotany and Palynology, 118, 115-139.

— & — 2003. Silurian - Devonian chitinozoan biostratigra-
phy along the Urubu, Uatuma and Abacate rivers in the
western part of the Amazonas Basin, northern Brazil.
Bulletin of Geosciences, 78, 373-391.

— & — 2004. Integrated Middle Devonian chitinozoan and
miospore zonation of the Amazonas Basin, northern
Brazil. Revue de Micropaléontologie, 47, T1-85.

— & — in press. Devonian Chitinozoa and biostratigraphy
of the Parnajba and Jatobd basins, northeastern Brazil.
FPalaeoniographica B

GraHN, Y., MELO, JH.G. & SteemAns, P 2005. Integrated
chitinozoan and miospore zonation of the Serra Grande
Group (Silurian — lower Devonian), Parnaiba Basin,
northeast Brazil. Revista Espaiiola de Micropaleontologia,
37, 183-204

GraHN, Y. & Paris, F 1992, Age and correlation of the
Trombetas Group, Amazonas Basin, Brazil. Revue de
Micropaléontologie, 35, 20-32.

GRAHN, Y., PEREIRA, E. & BERGAMASCHI, S. 2000. Silurian
and Lower Devonian chitinozoan biostratigraphy of the
Parand Basin in Brazil and Paraguay. Palynology, 24, 143-
172.

HuUNICKEN, M.A., MELO, JH.G. & Lemos, V.B. 1988,
Devonian conodonts from the Upper Devonian Solimoes
Basin, northwestern Brazil. In: N.J. MCMiLian, AF
EmBrY & D.J. GLass (Eds), Devonian of the World.
Canadian Society of Petroleum Geologists Memoir, 1, 14,
479-483.

LanGe, EW. 1949. Novos microfésseis devonianos do Parana.
Arquivos do Museu Paranaense, 7, 287-298.

-— 1952. Quitinozodrios do Folhelho Barreirinha, Devoniano
do Para. Dusenia, 3, 373-386.

— 1967 a. Subdivisao bioestratigrafica e revisdo da coluna sil-
uro-devoniana da Bacia do Baixo Amazonas. Afas do
Simpdsiosobre a Biota Amazdnica (Geociéncias), 1, 215-
326.

— 1967 b. Biostratigraphic subdivision and correlation of the
Devonian in the Parand Basin. Boletim Paranaense de
Geociéncias, 21/22, 63-98.

LE HERISSE, A. 2001. Evolution of Devonian phytoplanktonic
assemblages in the Upper Ereré Formation and Curud
Group (Barreirinha and Lower Curiri formations),
Tapajos River area, Amazon Basin, northern Brazil. /n:
JH.G. MeLo & G.JS. TerRRA (Eds), Correlacdo de
seqliéncias Paleozoicas Sul Americas.  Ciéncia-Técnica-
Petrdleo. Secdo: Exploragdo de Petrdleo, 20, 117-124.

LE HERISSE, A., RUBINSTEIN, C. & STEEMANS, P. 1996. Lower
Devonian Palynomorphs from the Talacasto Formation,
Cerro del Fuerte Section, San Juan Precordillera,

Argentina. In: O. FATKA & T. SERVAIS (Eds), Acritarcha in
Praha. Acta Universitatis Carolinae Geologica, 40, 497-515.

LimacHl, R., Gortia, V.H., SArRMIENTO, D., ARISPE, O.,
MONTECINOS, R., Dia MARTINEZ, E., DALENZ-FARIAT, A.,
LIACHENKO, N., PEREZ LEYTON, M. & AGUILERA, E. 1996.
Estratigraffa, geoquimica, correlaciones, ambientes sedi-
mentarios y bioestratigraffa del Siltrico — Devonico de
Bolivia. Memorias del XII Congreso Geoldgico de Bolivia,
183-197

Losoziak, S. & MELO, J.H.G. 2000. Miospore events from late
Early to Late Devonian strata of Western Gondwana.
Geobios, 33, 399-407.

Losoziak, S., MELO, JH.G., STEEMANS, P. & BARRIIARI,
L.M.R. 1995. Miospore evidence for pre-Emsian and latest
Famennian sedimentation in the Devonian of the Parana
Basin, south Brazil. Anais da Academia Brasileira de
Ciéncias, 67, 391-392.

Lopoziax, S., STREEL, M. & BURIACK, M.]. 1988. Miospores
du Dévonien moyen et supérieur du Bassin du Parana,
Brésil: systématique et stratigraphie. Sciences Géologiques
Bulletin, 41, 351-377.

MCGREGOR, D.C. 1984. Late Silurian and Devonian spores
from Bolivia. Academia Nacional de Ciencias, Miscelanea,
69, 1-43.

MELO, .H.G. 1988. The Malvinokaffric realm in the Devonian
of Brazil. [n: N.J. MCMILLAN, A.F. EMBRY & D.J. GLASS
(Eds), Devonian of the World. Canadian Society of Petro-
leum Geologists Memoir, 1, 14, 669-703.

— 2000. Palynological evaluation and correlation of some
Silurian Devonian sections of southern Bolivia. X1V
Congreso Geoldgico de Bolivia, La Paz, Memorias, 136-
141,

MEeLO, J. H. G.. GrRAHN, Y., LoBozIAK, S. & PARris, F 1996.
First record of Fungochitina fenestrata (TAUGOURDEAU &
JekHOWsKY 1960) (Chitinozoa) in the Devonian of Brazil,
and its biostratigraphic significance. 4nais do 1. Simpdsio
SuldAmericano do Siluro Devoniano. Estratigrafia e
Paleontologia. Ponta Grossa, 263-288.

MEeLo, J.H.G. & LoBozIAk, S. 2001. New miospore zonation
of Devonian ~ Early Carboniferous strata in the Amazon
Basin: a preliminary account. /n: JH.G., MELO & G.J.S,,
TeRRA 2001 (Eds), Correlagdo de Seqliéncias Paleozdicas
Sul-Americanas. Ciéncia-Técnica-Petrdleo Segdo: Explora-
¢do de Petroleo, 20, 99-107.

— & — 2003. Devonian-Eatly Carboniferous biostratigra-
phy of the Amazon Basin, northern Brazil. Review of
Palaeobotany and Palynology, 124. 131-202.

OLivEIRA, S.E 1991 Acritarcas e Prasindfitas da Formacao
Ponta Grossa (Devoniano) no flanco noroeste da Bacia do
Parand. Unpublished M.Sc.Thesis, Universidade de Sdo
Paulo. Instituto de Geociéncias, 157 pp.

OTTONE, E.G. 1996. Devonian palynomorphs from the Los Monos
Formation, Tarija Basin, Argentina. Palynology, 20, 105-155.



226 YNGVE GRAHN

O1TONE, E.G. & ROSSELLO, E.A. 1996. Palinomorfos dévoni-
cos de la Fornmacién Tequeje, Angosto del Beu, Bolivia.
Ameghiniana, 33, 443-451.

Paris, E 1981. Les Chitinozoaires dans le Paléozoique du
sudouest de 'Europe. Mémoires de la Société Géologique et
Mineralogique de Bretagne, 26, 412 p.

— 1988. Chitinozoaires du Givetien terminal et du Frasnien
du Boulonnais (France). Ir: D. BRICE (Ed.), Le Dévonien
de Ferques, Bas Boulonnais (N. France). Biostratigraphie
du Paléozoique, 7, 153-161.

Paris, FE & GRramn, Y. 1996. Chitinozoa of the Silurian-
Devonian boundary sections in Podolia, Ukraine. Palae-
ontology, 39, 629-649.

PARis, F, LAUFELD, 8. & CHLUPAC, 1. 1981. Chitinozoa of the
Silurian-Devonian boundary stratotypes in Bohemia.
Sveriges Geologiska Undersokning, Serie Ca, 51, 1-29.

Paris, E, WINCHESTER-SEETO, T., BOUMENDIEL, K. & GRAHN,
Y. 2000. Toward a global biozonation of Devonian chiti-
nozoans. Courier Forschungsinstitut Senckenberg, 220, 39-
55.

PeREIRA, E. 2000. Evolucdo tectono-sedimentar do intervalo
Ordoviciano-Devoniano da Bacia do Parana com énfase na
sub-bacia de Alto Garcas e no Paraguai oriental. Un-
published Ph.D Thesis, Universidade de Sdo Paulo, 276 pp.

POTHE DE BaLDis, E.D. 1979. Acritarcos y quitinozoos del
Devonico Superior de Paraguay. Palinologia, 1, 161-177.

Quapros, L.P. 1982. Distribuicdo bioestratigrafica dos
Chitinozoa ¢ Acritarchae n Bacia do Parnaiba. Ciéncia-
Técnica-Petroleo. Degdo: Exploragdo de Petrdleo, 12, 76 p.

— 1985. Distribuigdo bioestratigrafica dos Chitinozoa e
Acritarchae na bacia do Amazonas. Unpublished Ph.D
Thesis, Universidade Federal do Rio de Janeiro, 178 pp.

— 1988. Zoneamento bioestratigrafico do Paleozoéico
Inferior e Médio (secdo marinha) da Bacia do Solimdes.
Boletim de Geociéncias da Petrobras, 2, 95-109.

RAcHEBOEUF, PR., LE HERISSE, A., PARIS, E, Basmn, C.,
GuiLLocHEAU, F, TrRuUYOLS Massont, M. & SUAREz-
Soruco, R. 1993. Le Dévonien de Bolivie; biostratigra-
phie et chronostratigraphie. Comptes Rendus Academie
des Sciences de Paris (Série 11), 317, 795-802.

REGALL, M.S.P. 1964. Resultados palinologicos de amostras
paleozdicas da bacia de Tucano-Jatobé (se¢do paleozdica
do pogo Imst-1-Pe na bacia de Jatobd). Boletim Técnico de
Petrobrds, 7, 165-180.

RuBinsTEIN, C., MerLo, J.H.G. & STEEMANS, P 2005.
Lochkovian (earliest Devonian) miospores from the
Solimdes Basin, northwestern Brazil. Review of Palaeo-
botany and Palynology, 133, 91-113.

Scotesg, C.R. 2005. Paleomap Project. Http://www.scotese.
com/pzanim.htm

SOMMER, EW. & BoekEL VAN, N.M. 1964. Quitinozoarios do
Devoniano de Goids. Anais da Academia Brasileira de
Ciéncias, 36, 423-431.

STEEMANS, P. 1989. Palynostratigraphie de 'Eodévonien dans
I'ouest de 'Europe. Mémoires Explicatifs pour les Cartes
Géologiques & Minéralogiques de la Belgique. Service
Géologique de Belgique, 27, 453 pp.

STREEL, M., Hicss, K., LoBoziak, S., RIEGEL, W. &
SteEEMANS, P. 1987. Spore stratigraphy and correlation
with faunas and floras in the type marine Devonian of the
Ardenne-Rhenish regions. Review of Palaeobotany and
Palynology, 50, 211-229.

STREEL, M., PARIS, E, RIEGEL, W. & VANGUESTAINE, M. 1988.
Acritarchs, Chitinozoan and spore stratigraphy from the
Middle and Late Devonian of northeast Libya. In: A. EL
ARNAUTI & al. (Eds), Subsurface palynostratigraphy of
Northeastern Libya, 111-128.

SuArez-RiGLos, .M. 1975. Distribucion de algunos fosiles
Silurico-Devonicos. Revista Tecnia de Yacimientos Petroli-
feros Fiscales Bolivianos, 4, 213-233.

Ursan, J.B. 1972, A reexamination of Chitinozoa from the
Cedar Valley Formation of Iowa with observations on
their morphology and distribution. Bulletin of American
Paleontologist, 275, 1-44.

URrsan, J.B. & NewporT, R.L. 1973. Chitinozoa of the
Wapsipinicon Formation (Middle Devonian) of Iowa.
Micropaleontology, 19, 239-246.

VAVRDOVA, M., BEk, [., DUFKA, P. & IsaAcson, PA. 1996.
Palynology of the Devonian (Lochkovian to Tournasian)
sequence, Madre de Dios Basin, northern Bolivia. Vestik
Ceského Geologického Ustavu, 71, 333-349.

VOLKHEIMER, W., MELENDI, D.L. & SaLas, A. 1983.
Quitinozoarios siliricos y devonicos del noroeste argenti-
no — su importancia estratigrafica. Revista Técnica de
Yacimientos Petroliferos Fiscales Bolivianos, 9, 171-183.

VOLKHEIMER, W., MELENDI, D.L. & SaLas, A. 1986. Devonian
chitinozoans from northwestern Argentina. Neues
Jahrbuch fiir Geologie und Paldontologie, Abhandlungen,
173, 229-251.

WICANDER, R. & Woob, G.D. 1997. The use of microphyto-
plankton and chitinozoans for interpreting transgressive/
regressive cycles in the Rapid Member of the Cedar Valley
Formation (Middle Devonian), Jowa. Review of
Palaeobotany and Palynology, 98, 125-152.

WINCHESTER-SEETO, T. 1993a. Chitinozoan assemblages from
the Pragian (Lower Devonian) of castern Australia.
Proceedings Royal Society of Victoria, 105, 85-112.

— 1993b. Chitinozoan from the early Devonian (Lochkovian-
Pragian) Garra Limestone, Central New South Wales,
Australia. Journal of Paleontology, 67, 738-758.

— 1996. Emsian Chitinozoa from the Buchan area of south-
eastern Australia. Acta Palaeontologica Polonica, 41, 149-230.

Woob, G.D. 1974. Chitinozoa of the Silica Formation (Middle
Devonian, Ohio): vesicle ornamentation and paleoecolo-
gy. Publications of the Museum, Michigan State University
Paleontological Series, 1, 4, 131-144.



DEVONIAN CHITINOZOAN BIOZONES OF WESTERN GONDWANA 227

— 1994. Togachitina, a new bilayered chitinozoan genus from
the Devonian of the Sierras Subandinas Region, Bolivia.
Palynology, 18, 195-204.

Woop, G.D. & CLENDENING, J.A. 1985. Organic-walled
microphytoplankton and Chitinozoans from the Middle
Devonian (Givetian) Boyle Dolomite of Kentucky, U.S.A.
Palynology, 9, 133-145.

Woob, G.D. & IsaacsoN, PA. 1992. Palynomorphs from
the Bolivian central Andean Devonian: implications
for paleobiogeographical comparison between Gondwana-

Manuscript submitted: 10" March 2004
Revised version accepted: 20" April 2005

land and Eurasia. Infernational Palynological Congress
(Aix-en-Provenge, France), Abstracts and Programs,
171.

WRIGHT, R.P. 1976. Occurrence, stratigraphic distribution and
abundance of Chitinozoa from the Middle Devonian
Columbus Limestone of Ohio. Ohio Journal of Sciences, 76,
214-224.

Wrona, R. 1980. Upper Silurian — Lower devonian Chitino-
zoa from the subsurface of southeastern Poland.
Paleontologia Polonica, 41, 103-165.






