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Abstract
A detailed analysis of the conodont sequence in the Compte section, located in the Spanish Central Pyrenees, demonstrates an 
almost continuous biostratigraphical record for the Famennian sequence studied. Forty-seven conodont taxa have been identified 
allowing the identification of six lower and middle Famennian zones through the index taxa. The lower part of the section, cor-
responding to the Comabella Formation, begins with the Palmatolepis termini Zone, followed by the Palmatolepis glabra prima 
Zone. The top of the Comabella Formation comprises the Palmatolepis gl. pectinata Zone with the Palmatolepis rhomboidea 
Zone starting near the base of the La Mena Formation. At the middle of this formation the Palmatolepis gracilis gracilis Zone 
appears, and near the top, the Palmatolepis marginifera marginifera Zone marks the beginning of the middle Famennian, which 
continues through the base of the Barousse Formation. Comparing these new findings with the previous data from Boersma (1973) 
reveals significant chronostratigraphic and biostratigraphic discrepancies, which are discussed in detail. Additionally, comparisons 
with other sequences located worldwide show that the ranges of most conodonts appear delayed in the Compte section. Our data 
supports the revised global standard conodont zonation proposed by Spalletta et al. (2017) for this portion of the Famennian.

Keywords  Upper Devonian · Lower–middle Famennian boundary · Conodont biostratigraphy · Spanish Central Pyrenees · 
Global standard conodont zonation

Introduction

Devonian stratigraphy in the Central Pyrenees is complex, 
specially for the Lower Devonian, and shows a variety of 
facies developments from north to south and from east to 

west (Fig. 1a1); they primarily constituting the sedimentary 
record of the Pyrenean Axial zone (Fig. 1a2), and have 
been described and divided into “facies area” by various 
authors (Mey 1967a, b; Hartevelt 1970; Zwart 1979). These 
facies-area include the North Pyrenean, Northern, Central, 
Western and Southern. The latter has been further sub-
divided into four subfacies-area: Renanué, Baliera, Sierra 
Negra and Compte (Mey 1967a; Zwart 1979; Valenzuela-
Ríos and Liao 2006) (Fig. 1b). The Compte subfacies com-
prises the western area, known as the Nogueras Zone, (to 
which the studied section belongs), and the eastern area, 
called the Cadí Nape (Sanz-López 1995) (Fig. 1b). The 
arrangement and correlation of all stratigraphic units across 
the Pyrenees requires precise chronological tools. Cono-
dont sequences serve as the most effective tool in these 
rocks, making Devonian conodont-based biostratigraphic 
research fundamental and highly relevant.

Detailed biostratigraphic works on the Lower and Mid-
dle Devonian of the Compte subfacies-area, (Liao and 
Valenzuela-Ríos 2008; 2013; Martínez-Pérez et al. 2011; 
Gouwy et al. 2013; Valenzuela-Ríos and Liao 2012; 2024; 
Valenzuela-Ríos et  al. 2015; Slavík et  al. 2016) have 
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been conducted in the Nogueras Zone. In contrast, the 
Frasnian–Famennian transition has received less attention 
(Sánchez de Posada et al. 2008; Silvério et al. 2021). Addi-
tionally, Frasnian to Carboniferous rocks of the Compte 
subfacies-area have been investigated in the eastern side of 
the Central Pyrenees, in the Cadí Nape (Fig. 1b), (Sanz-
López 1995).

Liao and Valenzuela-Ríos 2017 and Valenzuela-Ríos et al. 
2017 presented preliminary reports on Famennian cono-
donts in different Pyrenean sections. However, an exhaus-
tive analysis on Famennian conodont biostratigraphy is still 
lacking. The Compte section, in particular, yields an almost 
continuous Givetian to Tournaisian conodont record, which 

has been the subject of extensive research in the last decades 
(Liao and Valenzuela-Ríos 2008; 2013; Gouwy et al. 2013). 
Pioneer conodont studies reported the presence of Middle 
Devonian to lower Carboniferous conodonts (Ziegler 1959), 
with Boersma (1973) providing an initial conodont-based 
zonation for this interval. Subsequent studies by Liao and 
Valenzuela-Ríos (2008) focused on detailed Givetian and 
early Frasnian high-resolution biostratigraphy. Recently, Sil-
vério et al. (2021) analysed the Frasnian–Famennian bound-
ary and Barrera-Lahoz et al. (2024) described the lower and 
middle Famennian conodont record.

Despite these studies, a detailed Famennian biostratig-
raphy of the Compte section remains to be completed. 
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Fig. 1   Geographical and geological setting of the Compte section. 
a1 Geographic setting of the Pyrenees in Western Europe Zone. a2 
Structural map of the Pyrenees (modified from Barnolas and Pujalte, 
2004). b Geological and southern-facies map of the Central Pyrenees 

area (modified from Valenzuela-Ríos et al. 2015). c Geological map 
of Compte section zone, blue star represents the studied Compte sec-
tion (modified from Institut Cartogràfic I Geològic de Catalunya, 
2023)
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Famennian rocks in this and nearby areas are grouped 
into three lithological units: the Comabella, La Mena and 
Barousse Formations, which roughly correspond to the 
former Compte A, B and C units, respectively. The con-
tact between the Comabella and La Mena formations is 
diachronous in this area (Valenzuela-Ríos and Liao 2006); 
consequently, the biostratigraphical characterisation of the 
Compte section and its correlation with other sections is 
instrumental in deciphering the Famennian history of the 
Pyrenean records.

Our main purpose is to identify and characterise the 
lower and middle Famennian conodont biostratigraphy in 
the Compte section with high resolution, with special focus 
on the La Mena Formation and to discuss the Pyrenean 
ranges globally. Additionally, we compare our results with 
the data from Boersma (1973). We also discuss the possible 
position of Nehden and Condroz Global Events during the 
lower–middle Famennian in the Compte section and their 
effects in the conodont record.

Material provenance and methods

Boersma (1973: fig. 6) initially studied the Compte section, 
assigning these rocks to the Compte Formation and iden-
tifying three members (A, B, and C). These members cor-
respond to the current Comabella, La Mena, and Barousse 
formations, respectively (Fig. 1c). The Comabella Formation 
in the Compte section spans from the Givetian through the 
early Famennian; the La Mena Formation is early to mid-
dle Famennian in age, and the Barousse Formation extends 
into the early Carboniferous (Liao and Valenzuela-Ríos 
2017). The Comabella Formation consists of well-bedded 
and locally nodular limestones with grey, dark, pink, and 
green colours. The La Mena Formation is composed of red 
(pseudo)nodular “griotte” limestones, purple bedded lime-
stones, and grey and red nodular limestones. Pink and grey 
nodular limestones characterise the Barousse Formation.

The studied part of the Compte section is located 16 km 
north of La Pobla de Segur (42°20'14.2"N, 1°04'04.5"E). 
The Devonian rocks in this section are inverted and contact 
tectonically with Triassic rocks by faults (Fig. 1c). The 
studied section is 11.73 m thick (Fig. 2) and includes the 
uppermost 4.53 m of the Comabella Formation (beds 98 
to 105), approximately 5.75 m of the La Mena Formation 
(beds 106 to 116), and the basal 1.45 m of the Barousse 
Formation (beds 117 to 120). The detailed lithologic suc-
cession of the studied part of the Compte section com-
prises different types of limestone, which from base up 
are as follows:

•	 Basal Part, Upper part of Comabella Formation 
(Beds 98–99, Figs. 3a, d): 1.63 m of grey, massive 

limestone that becomes irregular and nodular with pink 
traces upwards.

•	 Uppermost Comabella Formation (Beds 100–105, 
Figs 3b, h): 2.90 m of well-bedded and irregular bed-
ding grey limestone with few shale layers. Near the top, 
in Bed 105, the limestone turns dark-grey, argillaceous, 
and brecciated.

•	 Basal La Mena Formation (Beds 106–111 Figs. 3b, 
e): 1.62 m of “griotte” red nodular limestone with 
irregular geometry, containing macrofossils like ortho-
ceratids and ammonoids.

•	 Overlaying Limestone (Bed 112): 2.4 m of well-
bedded to massive purple limestone with some grey 
layers.

•	 Upper La Mena Formation (Beds 113–116 Figs. 3c, 
g, i): 1.73 m of red nodular limestone with scarce cepha-
lopods, turning into ochre in the base and purple and 
grey nodular limestone near the top.

•	 Basal Barousse Formation (Beds 117–120, Figs. 3c, 
f): 1.45 m of pink and grey nodular limestone, passing 
to fully light grey limestone.

Fifty limestone samples were collected from the upper 
part of the Comabella Formation, the La Mena Forma-
tion, and the lowermost part of the Barousse Formation 
in the Compte section (Fig. 2). The mean sample weight 
ranged from 0.5 to 0.6 kg, with a minimum of 0.025 kg 
and a maximum of 2.85 kg (Tables 1, 2, 3). The samples 
were dissolved using acetic or formic acids (~7–8%) in 
5–10 liters of water solutions; the residues were washed 
by decantation and subsequently dried in oven at approxi-
mately 60 ºC. Conodont fossil elements were picked out 
using a LEICA Wild M3B microscope. Selected specimens 
were photographed using a Scanning Electron Microscope 
(Hitachi S4800) at the University of Valencia. Sample rich-
ness varied, with between 5 to 153 conodont elements per 
sample, yielding a total of 2402 complete and incomplete 
Pa respective I conodont elements. The state of preservation 
is variable. The conodont specimens were deposited in the 
Department of Botany and Geology, University of Valencia.

This detailed stratigraphic and lithologic analysis of the 
Compte section provides crucial data for understanding the 
Famennian history and conodont biostratigraphy of the Pyre-
nean records.

Biostratigraphy

Ziegler (1962a) established the Famennian conodont zona-
tion based on records from the Rhenish Slate Mountains, 
originally composed of seven conodont zones: Palma-
tolepis triangularis, Palmatolepis crepida, Palmatolepis 



132	 Palaeobio Palaeoenv (2025) 105:129–146

1 3

Fi
g.

 2
  

Li
th

ol
og

ic
al

, s
tra

tig
ra

ph
ic

al
 a

nd
 b

io
str

at
ig

ra
ph

ic
al

 c
ol

um
n 

of
 th

e 
Co

m
pt

e 
se

ct
io

n.
 T

he
 c

on
tin

uo
us

 li
ne

 re
pr

es
en

ts 
a 

co
nt

in
uo

us
 ra

ng
e 

of
 th

e 
co

no
do

nt
 ta

xa
 a

nd
 d

isc
on

tin
uo

us
 li

ne
 re

pr
es

en
ts 

no
 ta

xa
 re

co
rd

ed
. T

he
 ra

ng
es

 o
f P

al
m

at
ol

ep
is

 g
l. 

pr
im

a 
an

d 
Pa

. g
l. 

le
pt

a 
in

cl
ud

es
 a

ll 
of

 th
ei

r m
or

ph
ot

yp
es

 ra
ng

es
. A

rr
ow

s r
ep

re
se

nt
 e

ac
h 

ta
ke

n 
sa

m
pl

e.
 P

a.
: P

al
m

at
ol

ep
is

; P
.: 

Po
ly

gn
at

hu
s; 

Ic
.: 

Ic
ri

od
us

; M
e.

: M
eh

lin
a 

989910
0

10
1

10
2

10
3

10
4

10
5

10
6

10
710

8
10

9
11

0
11

111
2

11
3

11
4

11
5

11
611

7
11

8
11

9
12

0

COMABELLA FM.LA MENA FM. BAROUS-
SE FM.

sa
m
pl
es

Fm
.

Be
d

98
c

10
4c

10
7

11
2a

11
2e

11
4a

99
d-
2

P
a.

 
te

rm
in

i

 Pa. gl. prima

P
a.

 g
l. 

pe
ct

in
at

a

Pa.
rhomboideaPa. gr. gracilis Pa. mg.

marginifera

co
no

do
nt

zo
ne

s

Pa. tenuipunctata
Pa. termini
Ic. alt. alternatus

Ic. alt. mawsonae

Pa. quadrantinodosalobata

Pa. mint. minuta

Pa. crepida

Pa. gl. prima

Pa. regularis
Pa. subperlobata

P. brevilaminus

P. procerus

Pa. lobicornis

P. gb. glaber

Pa. mint. wolskae

Pa. mint. loba

Pa. gl. pectinata

Pa. per. perlobata

Ic. tumulosus

P. padovanii

P. semicostatus

Pa. per. schindewolfi

P. nod. nodocostatus

P. nod. ovatus

P. com. communis
Pa. rhomboidea
Pa. cf. klapperi

Pa. gl. acuta

P. eoglaber

Pa. gl. lepta

Pa. gr. gracilis
Pa. per. helmsi

P. subnormalis

P. triphyllatus

P. lauriformis

Pa. gl. glabra

Pa. quad. inflexa

Pa. stoppeli

Pa. mg. marginifera

Pa. quad. quadrantinodosa

Ic. cornutus

Pa. quad. inflexoidea

Pa. per. sigmoidea

P. gb. medius

P. longiusculus

P. bouckaerti

Me. strigosa

2 m

be
dd

ed
 li

m
es

to
ne

s

br
ec

ci
at

ed
 li

m
es

to
ne

s

m
ar

ly
 li

m
es

to
ne

s

no
du

la
r l

im
es

to
ne

s

sh
al

es



133Palaeobio Palaeoenv (2025) 105:129–146	

1 3

rhomboidea, Palmatolepis quadrantinodosa, Scaphigna-
thus velifer, Polygnathus styriacus and Bispathodus costa-
tus. Sandberg and Ziegler (1973) later subdivided the Zieg-
ler’s rhomboidea Zone into Lower and Upper rhomboidea 
zones, based on the First Appearance Datum (FAD) of Pal-
matolepis rhomboidea and Palmatolepis gracilis gracilis 
respectively. Ziegler and Sandberg (1984) then replaced the 
Ziegler’s Palmatolepis quadrantinodosa Zone into Early and 
Late Palmatolepis marginifera zones, defined by the FAD 
of Palmatolepis marginifera marginifera and Palmatolepis 
marginifera utahensis correspondingly.

In 1990, Ziegler and Sandberg further refined the Late 
Devonian Standard Conodont Zonation, by subdividing the 
crepida Zone into Lower, Middle, Upper and Uppermost 
crepida zones. The base of the Lower crepida Zone was 
defined by the FAD of Palmatolepis crepida. The Mid-
dle crepida Zone begins with the FAD of Palmatolepis 
termini, the Upper crepida Zone with the FAD of Palma-
tolepis glabra prima, and the Uppermost crepida Zone with 
the FAD of Palmatolepis glabra pectinata. Spalletta et al. 
(2017) redefined this global standard conodont zonation for 
the Famennian Stage, with the designation of new zones 

Fig. 3   Field views of the Compte section and conodont zones. a 
Comabella Fm. and Palmatolepis termini–gl. prima zones zones. 98 
to 99 numbers represent Beds 98 to 99. b Comabella and La Mena 
Fms. boundary and Palmatolepis gl. prima–rhomboidea zones. c 
La Mena and Barousse Fms. boundary and Palmatolepis gr. graci-
lis–mg. marginifera zones d Comabella Fm. grey massive layers of 

Beds 98–99. e Red nodular griotte limestone detail with nautiloid fos-
sil of La Mena Fm., Bed 109. f Pink and grey nodular limestones of 
Barousse Fm., Beds 118–120. g Red and ochre nodular limestones of 
La Mena Fm., base of Bed 113. h Light grey bedded limestones of 
Comabella Fm. Bed 101. i. Grey and purple nodular limestones of La 
Mena Fm., Bed 114
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named after their index taxa, an approach followed in this 
study.

The formal establishment of the base of the Famennian 
stage has been long debated. In 1989 and 1993, the Subcom-
mission on Devonian Stratigraphy (SDS) proposed aligning 
the base of the Lower triangularis Zone with the Global 
Boundary Stratotype Section and Point (GSSP) for the base 
of the Famennian, defined by the FAD of Palmatolepis tri-
angularis. The reintroduction of Palmatolepis ultima as a 
discrete species and the restriction of the concept of Palma-
tolepis triangularis to the holotype description led to a rein-
terpretation of the Lower triangularis Zone (Klapper et al. 
2004). Klapper (2007) emphasise the acme of Palmatolepis 
ultima immediately above the upper Frasnian extinction 
event and the record of Palmatolepis subperlobata, which 
characterises the base of subperlobata Zone and the base of 
the Famennian Stage. The FAD of Palmatolepis subperlo-
bata now marks the base of the triangularis Zone and of the 
Famennian stage (Becker et al. 2012; Spalletta et al. 2017). 
Furthermore, there were proposals for the subdivision of the 
Famennian into four substages: lower, middle, upper and 
uppermost (Schülke et al. 2003; Marshall 2005).

The conodont fauna in the studied part of the Compte 
section consists of 47 taxa (Tables 1, 2, 3) belonging to 
four genera (Barrera-Lahoz et al. 2024). The presence of 
the index taxa allows the recognition of six successive 
lower to middle Famennian conodont zones, from the Pal-
matolepis termini Zone to Palmatolepis mg. marginifera 
Zone (Figs. 2–3). This detailed biostratigraphic framework 
provides critical insights into the Famennian conodont 
biostratigraphy in the Central Pyrenees contributing to a 
better understanding of the global conodont zonation and 
its regional implications.

Famennian Conodont Zonation in the Compte 
Section

Palmatolepis termini Zone

The presence of Palmatolepis termini (Figs. 4a–b) in the 
lowest sample of the studied part of the Compte section 
(CP/98a), below the entry of Palmatolepis glabra prima 
(sample CP/98c) allows the recognition of the termini 

Table 3   Numerical distribution of pectiniform conodont specimens record from Beds 113 to 120, including sample names, conodont biozones 
extension, formations and sample weight

 

Formation La Mena Barousse

Conodont zones Pa. gr. gracilis Pa. mg. marginifera

Sample name

C
P/
11

3a

C
P/
11

3b

C
P/
11

3c

C
P/
11

4a

C
P/
11

4b

C
P/
11

5

C
P/
11

6

C
P/
11

7

C
P/
11

8a

C
P/
11

8b

C
P/
11

9

C
P/
12

0

Sample weight (kg) 0.465 0.525 0.565 0.725 1.01 0.74 0.415 2.875 1 0.64 0.7 0.5
Pa. minuta minuta 1 4 28 3 1 1
Pa. glabra prima 1 2 3 3 4
Pa. glabra pectinata 1 7 2 17 1 1 2
Pa. perlobata schindewolfi 1 2 5 1 1 3 1 1 1 1
Pa. rhomboidea 1 4 12 10 7 10 2
Pa. glabra acuta 1
Pa. glabra lepta 3 1 38 8 1 4 9 13 6 3
Pa. perlobata helmsi 3 3
Pa. quadrantinodosa inflexa 1 1 1 1
Pa. stoppeli 1 4 2 2 1
Pa. quadrantinodosa inflexoidea 1
Pa. quadrantinodosa quadrantinodosa 2 3 1 1
Pa. marginifera marginifera 1 1 3 6 3 2
Pa. perlobata sigmoidea 1
Palmatolepis sp. Indet. 8 6 14 47 26 6 71 24 35 14 20
P. padovanii 2 2
P. nod. nodocostatus 1 1
P. nod. cf. nodocostatus 1 3 1 1
P. nod. ovatus 1
P. communis communis 1
P. glaber glaber 1 1 6 1 1 2
P. subnormalis 1 2
P. triphyllatus 2 1 1
P. lauriformis 4 4 12 5 3 1 3 1
P. cf. lauriformis 2
P. glaber medius 3 4 1
P. longiusculus 1
Polygnathus sp. Indet. 6 4 1 15 5 2 1 18 1 3 5 4
Me. strigosa 2 1
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Zone. However, in the recent review of unpublished mate-
rial from Silvério et al. 2021, this zone starts below Bed 
98. Other conodonts recorded in sample CP/98a include 
Palmatolepis tenuipunctata (Fig.  4d), Icriodus alter-
natus alternatus (Figs. 4o–p) and Icriodus alt. mawso-
nae (Figs. 4n, q). Slightly higher in the section (sample 
CP/98b), the lowest records of Palmatolepis quadranti-
nodosalobata (Fig. 4g), Palmatolepis crepida (Fig. 4f), 
Palmatolepis minuta minuta (Fig. 4e) and Palmatolepis 
mint. wolskae (Fig. 4k) complete the conodont assemblage 
of the termini Zone.

Palmatolepis glabra prima Zone

The base of the Palmatolepis gl. prima Zone is defined by 
the entry of Palmatolepis glabra prima (morphotype 1) 
(Fig. 4c) near the top of Bed 98 (sample CP/98c) (Fig. 3a). 
This zone extends to the upper boundary of Bed 104 (sam-
ple CP/104c), which records the entry of the defining 
taxon of the following Zone. The lowest record of the mor-
photype 3 of Palmatolepis glabra prima is documented in 
sample CP/104b. All taxa recorded in the Palmatolepis 
termini Zone continue into the Palmatolepis glabra prima 
Zone. Several taxa have their highest records within this 
zone, including Palmatolepis termini (sample CP/99d-2), 
Palmatolepis tenuipunctata (sample CP/104b), Icriodus 
alt. mawsonae (sample CP/102), Palmatolepis quadranti-
nodosalobata (sample CP/104b), and Palmatolepis crepida 
(sample CP/104b). Slightly above the base of the zone 
(sample CP/99a) Palmatolepis subperlobata (Fig. 4i), Pal-
matolepis regularis (Fig. 4h), Polygnathus brevilaminus 
(Fig. 4t), and Polygnathus procerus (Figs. 4l–m) enter. 
Palmatolepis lobicornis (Fig. 4j) occurs 45 cm above the 
base of the zone (sample CP/99c) and is restricted to the 
Palmatolepis glabra prima Zone, up to Bed 104 (sample 
CP/104b). Polygnathus gb. glaber (Fig. 5p) is also identi-
fied in sample CP/99c, with a discontinuous record up to 
near the top of the section (Bed 119), but its only record in 
the Palmatolepis glabra prima Zone is in sample CP/99c. 
In sample CP/99d-2 Palmatolepis mint. loba appears. The 
entry of Polygnathus semicostatus (Figs. 4u–v) in sample 
CP/101b represents the highest entry of a taxon in this 
zone.

Palmatolepis glabra pectinata Zone

The base of the Palmatolepis glabra pectinata Zone is 
defined by the first record of its index taxon, Palmatolepis 
gl. pectinata (Fig. 5a), near the top of Bed 104 (sample 
CP/104c). This zone extends 90 cm through Bed 107, which 
belongs to La Mena Fm. (Fig. 3b). In addition to the index 

taxon, the following taxa enter at the base of the zone: Pal-
matolepis perlobata perlobata (Fig. 4x), Icriodus tumulosus 
(Fig. 4r) and Polygnathus padovanii (Fig. 5n). The Poly-
gnathus nodocostatus-stock represented by Polygnathus nod. 
nodocostatus (Fig. 5i) and Polygnathus nod. ovatus (Fig. 5j) 
appears in Bed 105 (sample CP/105a), The following sample, 
CP/105b, 20 cm higher, shows the entry of Palmatolepis per. 
schindewolfi (Fig. 5w) and the last record of the morpho-
type 1 of Palmatolepis gl. prima. Slightly higher (sample 
CP/106), Polygnathus communis communis enters (Fig. 5l). 
Several taxa that appeared previously continue through the 
zone and into higher zones, including Icriodus alt. alterna-
tus, Palmatolepis mint. minuta and Polygnathus semicostatus. 
Polygnathus glaber glaber is not recorded in the Palmatolepis 
glabra pectinata Zone, but below and above it (Palmatolepis 
gl. prima and Palmatolepis rhomboidea zones). Palmatolepis 
mint. wolskae has its highest record within the Palmatolepis 
gl. pectinata Zone (sample CP/105b).

Palmatolepis rhomboidea Zone

The lower boundary of the Palmatolepis rhomboidea Zone is 
defined by the first occurrence of Palmatolepis rhomboidea 
(Fig. 5f), which enters 9 cm above the base of Bed 107 (sam-
ple CP/107) in the Compte section. This level is 20 cm above 
the base of the La Mena Fm. (Fig. 3b). Together with the 
index taxon, the unique record of Palmatolepis cf. klapperi 
is documented. Higher up, the successive entries of Icrio-
dus cornutus (Fig. 4s) (unique record in sample CP/109b), 
Polygnathus bouckaerti (Fig. 4w) (samples CP/110 and 
CP/111a-1), Polygnathus eoglaber (sample CP/111a-2; 
unique record), Palmatolepis gl. acuta (Fig. 5d) (sample 
CP/111b), and the early morphotype of Palmatolepis gl. 
lepta (Fig. 5b) (sample CP/111c) are observed. These lat-
ter two taxa continue higher. Numerous taxa from previous 
zones are also recorded in the Palmatolepis rhomboidea 
Zone and continue into higher zones: Palmatolepis mint. 
minuta, Palmatolepis gl. prima, Polygnathus gb. glaber, 
Polygnathus semicostatus, Palmatolepis gl. pectinata, Poly-
gnathus nod. nodocostatus, Polygnathus nod. ovatus, Palma-
tolepis per. schindewolfi and Polygnathus com. communis. 
Icriodus alt. alternatus has its last record in this zone (Bed 
CP/111a-1). Polygnathus padovanii, which occurs in the 
previous zone and disappears in the following gr. gracilis 
Zone, was not recorded within the rhomboidea Zone in the 
Compte section.

Palmatolepis gracilis gracilis Zone

The lower boundary of the Palmatolepis gracilis gracilis 
Zone is defined by the first occurrence of Palmatolepis 
gr. gracilis (Figs. 5g–h) in the lower part of Bed 112 
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(sample CP/112a) in the Compte section. This taxon is 
restricted to the nominal zone. Concurrent with this first 
entry, Palmatolepis per. helmsi appears (sample CP/112a) 
and continues in the succeeding zone. Other taxa appear-
ing at different levels within the lower part of the zone 
and continuing into the next zone include Polygna- 
thus subnormalis (Fig. 5o) (sample CP/112b), Polygna-
thus lauriformis (Fig. 5m) (sample CP/112c) and Palma-
tolepis gl. glabra (Fig. 5e) (sample CP/112d). Mehlina 
strigosa (Figs. 5r–s) is recorded in samples CP/112c 
and CP/112f within this zone. Polygnathus triphyllatus 
(Fig. 5k) is recorded slightly higher (sample CP/112e). 
In the upper part of the zone, the successive records of 
Palmatolepis quadrantinodosa inflexa (Fig. 5x) (sample 
CP/112g, 1.35 m below the upper boundary of the zone) 
and Palmatolepis stoppeli (Fig. 5u) (sample CP/113c), 10 
cm below the base of the next Palmatolepis mg. margini-
fera Zone) are noteworthy. Two other taxa from previous 
zones show their highest records within this zone: Polygna- 
thus semicostatus (sample CP/112g) and Polygnathus 
padovanii (sample CP/113b). The following taxa, which 
appear in earlier zones, cross the zone: Palmatolepis 
mint. minuta, Palmatolepis gl. prima, Polygnathus gb. 
glaber, Palmatolepis gl. pectinata, Polygnathus nod. 
nodocostatus, Polygnathus nod. ovatus, Palmatolepis per. 
schindewolfi, Palmatolepis rhomboidea, Palmatolepis 
gl. acuta, and Palmatolepis gl. lepta. Polygnathus com. 
communis is recorded above and below the zone, but 
not within the Pa. gr. gracilis Zone. Polygnathus sub-
normalis ranges up near to the top of Bed 113 (sample 
CP/113c).

Palmatolepis marginifera marginifera Zone

The lower boundary of the Palmatolepis mg. marginifera 
Zone coincides nearly with the proposed base of the mid-
dle Famennian and is defined by the first occurrence of 
Palmatolepis mg. marginifera (Fig. 5aa) at the base of Bed 
114 (sample CP/114a) (Fig. 3c). In the same sample, the 
lowest records of Palmatolepis quad. inflexoidea (Fig. 5y) 
and Palmatolepis quad. quadrantinodosa (Fig.  5z) are 
documented. The late morphotype of Palmatolepis gl. lepta 
(Fig. 5c) begins in sample CP/114b). Higher up (sample 
CP/117), Palmatolepis per. sigmoidea (Fig. 5v) (unique 
record) and. Polygnathus gb. medius (Fig. 5q) follow; the lat-
ter is recorded up to the last sampled bed (sample CP/120). 
The lowest (and unique) record of Polygnathus longiuscu-
lus (Fig. 5t) occurs in the upper part of this zone (sample 
CP/118b). In addition to these conodonts, many taxa with 
lowest occurrences in previous zones continue and have their 
highest records within this zone: Palmatolepis mint. minuta 
(highest record in sample CP/119), Palmatolepis gl. prima 
(sample CP/117), Polygnathus gb. glaber (sample CP/119), 
Palmatolepis gl. pectinata (sample CP/120), Polygnathus 
nod. nodocostatus (sample CP/116), Polygnathus nod. 
ovatus (sample CP/114b), Palmatolepis per. schindewolfi 
(CP/120), (sample CP/120), Palmatolepis rhomboidea 
(sample CP/120), Palmatolepis gl. acuta (sample CP/117), 
Palmatolepis gl. lepta late morphotype (sample CP/120), 
Palmatolepis per. helmsi (sample CP/119), Poly-gnathus 
lauriformis (sample CP/119), Mehlina strigosa (sample 
CP/114b), Polygnathus triphyllatus (sample CP/118a), 
Palmatolepis quad. inflexa (sample CP/120), Palmatolepis 
stoppeli (sample CP/119), and Polygnathus com. communis 
range up to the base of the zone (sample CP/114a).

This detailed zonation provides a robust framework for 
understanding the conodont biostratigraphy in the Compte 
section, offering critical insights into the lower to middle 
Famennian interval and contributing to the broader under-
standing of Famennian conodont distribution and evolution.

Discussion and comparison with previous data

Boersma (1973) investigated numerous sections and docu-
mented their conodont faunas in the Spanish Central Pyre-
nees, spanning from the Přídolí to the Lower Carbonifer-
ous. One of these sections was the Compte section, which 
includes the Villech Fm. and the Compte Fm. with its 
three members (A–C), corresponding to the Comabella, 
La Mena and Barousse Fms. respectively (Montesinos and 
Sanz-López 1999; Valenzuela-Ríos and Sanz-López 2002). 
The conodont record indicates that the age of these rocks 
ranges from Givetian to Tournaisian, with most of our study 

Fig. 4   Conodonts from the Compte section (Pa. gl. prima to Pa. 
gr. gracilis zones). a, b Palmatolepis termini Sannemann, 1955a; a 
sample CP/98c; b sample CP/99d-2. c Palmatolepis glabra prima 
M1 Ziegler and Huddle, 1969; sample CP/98c. d Palmatolepis  
tenuipunctata Sannemann, 1955a; sample CP/99a. e Palmatolepis 
minuta minuta Branson and Mehl, 1934; sample CP/112e. f Palma- 
tolepis crepida Sannemann, 1955a; sample CP/101a. g Palmatolepis 
quadrantinodosalobata Sannemann, 1955b; sample CP/98c. h Pal-
matolepis regularis Cooper, 1931; sample CP/99a. i Palmatolepis 
subperlobata Branson and Mehl, 1934; sample CP/99b. j Palma-
tolepis lobicornis Schülke, 1995; sample CP/99d-2. k Palmatolepis 
minuta wolskae Szulczewski, 1971; sample CP/99d-2. l, m Poly-
gnathus procerus Sannemann, 1955b; sample CP/99a; l lateral view, 
m upper view. n Icriodus alternatus mawsonae Yazdi, 1999; sample 
CP/99d-2. o Icriodus alternatus alternatus Branson and Mehl, 1934; 
sample CP/99b. p Icriodus alternatus alternatus Branson and Mehl, 
1934; sample CP/102b. n Icriodus alternatus mawsonae Yazdi, 1999; 
sample CP/99d-2. r Icriodus tumulosus Sanz-López, 1995; sample 
CP/104c. s Icriodus cornutus Sannemann, 1955b; sample CP/109b. 
t Polygnathus brevilaminus Branson and Mehl, 1934; sample CP/99a. 
u, v Polygnathus semicostatus Branson and Mehl, 1934; u sample 
CP/106; v sample CP/105b. w Polygnathus bouckaerti Dreesen and 
Dusar, 1974; sample CP/111a-1. x Palmatolepis perlobata perlobata 
Ulrich and Bassler, 1926; sample CP/104c. Scale bar = 100 μm

◂
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focusing on La Mena Fm. Boersma (1973, fig. 6) assigned 
his beds 321–329 to the B-Member (i.e. La Mena Fm.). We 
have been able to recognise Boersma (1973) sample levels 
and establish a correlation with his studies where results 
differ.

The sample in Boersma’s Bed 321, which corresponds 
to our Bed 106, yielded a Frasnian conodont fauna (see 
Boersma 1973, table 1); as a result, Boersma assigned the 
base of La Mena Fm. to the gigas Zone (equivalent to the 
current FZ13 Zone), which do not align with our analysis. 
Recently, the Frasnian–Famennian boundary was identified 
within the upper part of Comabella Fm. in Bed 92 (Silvério 
et al. 2021). The overlaying strata, Beds 93–97, were assigned 
to the Famennian Pa. mint. minuta–Pa. crepida zones. Our 
Bed 106 is assigned to the upper part of the Palmatolepis 
glabra pectinata Zone, which is clearly Famennian.

The next sample (322) was aligned with the base of the 
Famennian, the Palmatolepis triangularis Zone, correspond-
ing to the Boersma’s time leading zonation (Ziegler 1962a). 
This sample would correspond to our Beds 107–109, and 
our records indicate these beds belong to the Palmatolepis 
rhomboidea Zone.

Boersma’s sample 323, located in the lower half of our 
Bed 112, yielded the lowest record of Palmatolepis crepida, 
the index of the Palmatolepis crepida Zone; consequently, 
the base of this zone was placed at this level. However, our 
lowest record of Palmatolepis crepida occurs in Bed 98; 

the taxon is even recorded earlier, in the basal 8 cm of Bed 
94 (sample CP/94a of Silvério et al. 2021). Moreover, the 
conodonts from the lower part of our Bed 112 identify the 
Palmatolepis gr. gracilis Zone.

Boersma documented the lowest record of Palmatolepis 
rhomboidea in his Bed 326; thus, he places the base of the 
Palmatolepis rhomboidea Zone at this level. This bed can be 
aligned with our Bed 114. In contrast, our lowest record of 
this index taxon is recorded in Bed 107, almost 5 m lower. 
Bed 114 provided conodonts of the Palmatolepis mg. mar-
ginifera Zone, including its index taxon.

Finally, Boersma identified the beginning of the Palma-
tolepis quadrantinodosa Zone (equivalent to the current 
Palmatolepis mg. marginifera Zone) in his Bed 329, which 
would be situated near the top of our Bed 115. Our records, 
however, locate the base of the Palmatolepis mg. marginifera 
Zone, slightly below, close to the base of Bed 114.

In brief, Boersma bracketed the La Mena Fm. in the 
section Compte between the uppermost Frasnian and 
lower–middle Famennian zones. However, the results of our 
research suggest that La Mena Fm. is much younger than 
his interpretation. The Palmatolepis termini, Palmatolepis 
gl. prima and Palmatolepis gl. pectinata zones are identi-
fied in Beds 98–106, belonging to the highest Comabella 
Fm. and the base of La Mena Fm. (Bed 106). Above follow 
the Palmatolepis rhomboidea and Palmatolepis gr. gracilis 
zones (Beds 107–113), which are exclusively restricted to 
the La Mena Fm. Finally, the Palmatolepis mg. marginifera 
Zone (Beds 114–120) spans from the highest La Mena Fm. 
through the lower part of the Barousse Fm.

In a partial revision of the unpublished material of Sil-
vério et al. (2021), we have identified Palmatolepis termini 
in Bed 96, which was formerly assigned to the Palmatolepis 
crepida Zone; this information is coherent with our analysis 
and, consequently, the nominal zone starts below the studied 
part of the Compte section reported here.

Most conodont ranges documented in the Compte section 
are shorter than their global known ranges. This is particu-
larly observed in beds assigned to the Palmatolepis termini, 
Palmatolepis gl. prima, Palmatolepis glabra pectinata, and 
Palmatolepis rhomboidea zones. Regarding the Palma-
tolepis termini Zone, the lowest records of Palmatolepis 
mint. minuta and Palmatolepis quadrantinodosalobata in 
the Compte section are delayed, as the former is the index of 
the homonymous zone and the morphotype 2 of the latter is 
recorded at the base of the underlying Palmatolepis crepida 
Zone (Spalletta et al. 2017).

Concerning the Palmatolepis gl. prima Zone, the highest 
record of Palmatolepis termini occurs in the lower half of 
the zone, while elsewhere it can reach the uppermost lev-
els of this zone (Spalletta et al. 2017). The local extinction 
of Icriodus alt. mawsonae aligns with the global range of 
this taxon. Other local highest ranges differ, as they have a 

Fig. 5   Conodonts from the Compte section (Pa. gl. pectinata to 
Pa. mg. marginifera zones). a Palmatolepis glabra pectinata Zieg- 
ler, 1962b; sample CP/111b. b Palmatolepis glabra lepta early mor-
photype Ziegler and Huddle, 1969; sample CP/111c. c Palmatolepis 
glabra lepta late morphotype Ziegler and Huddle, 1969; sample 
CP/118b. d Palmatolepis glabra acuta Helms, 1963; sample CP/111b. 
e Palmatolepis glabra glabra Ulrich and Bassler, 1926; sample 
CP/112d. f Palmatolepis rhomboidea Sannemann, 1955a; sample 
CP/110. g, h Palmatolepis gracilis gracilis Branson and Mehl, 1934; 
sample CP/112a; g lower view, h upper view. i Polygnathus nodo-
costatus nodocostatus Branson and Mehl, 1934; sample CP/112a. j 
Polygnathus nodocostatus ovatus Helms, 1961; sample CP/105a. k 
Polygnathus triphyllatus Helms, 1961; sample CP/112e. l Polygnathus 
communis communis Branson and Mehl, 1934; sample CP/107. m 
Polygnathus lauriformis Dreesen and Dusar, 1974; sample CP/113a. 
n Polygnathus padovanii Perri and Spalletta, 1990; sample CP/112e. 
o Polygnathus subnormalis Vorontsova and Kuzmin, 1984; sample 
CP/112b. p Polygnathus glaber glaber Ulrich and Bassler, 1926; sam-
ple CP/112b. q Polygnathus glaber medius Helms and Wolska, 1967; 
sample CP/119. r, s Mehlina strigosa Branson and Mehl, 1934; sam-
ple CP/114a; r upper view, s lateral view. t Polygnathus longiusculus 
Çapkınoğlu, 1997; sample CP/118b. u Palmatolepis stoppeli Sandberg 
and Ziegler, 1973; sample CP/113c. v Palmatolepis perlobata sig-
moidea Ziegler, 1962a. w Palmatolepis perlobata schindewolfi Müller, 
1956; sample CP/119. x Palmatolepis quadrantinodosa inflexa Mül-
ler, 1956, y Palmatolepis quadrantinodosa inflexoidea Ziegler, 1962a; 
sample CP/114a. z Palmatolepis quadrantinodosa quadrantinodosa 
Branson and Mehl, 1934; sample CP/114a. aa Palmatolepis margini-
fera marginifera Helms, 1959. Scale bar = 100 μm

◂
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higher range elsewhere: Palmatolepis lobicornis reaches the 
lower half of the Palmatolepis rhomboidea Zone; the highest 
range of Palmatolepis tenuipunctata is known to reach the 
overlying Palmatolepis gl. pectinata Zone, and Palmatolepis 
quadrantinodosalobata (morphotype 2) and Palmatolepis 
crepida are recorded up to the Palmatolepis rhomboidea 
Zone. Similarly, the lowest records of the following taxa, 
which have their entries in the Palmatolepis glabra prima 
Zone, in the Compte section, are delayed relative to their 
worldwide occurrences: Palmatolepis subperlobata enters in 
the nominal zone at the base of the Famennian; Palmatolepis 
regularis and Polygnathus procerus start within the Palma-
tolepis mint. minuta Zone; Palmatolepis mint. loba enters 
in the Palmatolepis crepida Zone, and both Polygnathus gb. 
glaber and Polygnathus semicostatus range from the ter-
mini Zone. However, in a recent revision of the unpublished 
material of Silvério et al. (2021) Palmatolepis subperlobata 
and in the upper part of Bed 92 (Palmatolepis del. platys 
Zone), and Palmatolepis regularis in Bed 94 (Palmatolepis 
crepida Zone).

In the Palmatolepis glabra pectinata Zone, the lowest 
records, coinciding with the base of the zone, of Palma-
tolepis per. perlobata and Polygnathus padovanii differ from 
those of other regions. The former is already recorded from 
the Palmatolepis mint. minuta Zone, and the latter has its 
lowest records within the upper half of the zone (Spalletta 
et al. 2017). Slightly higher, Polygnathus nod. nodocostatus 
and Palmatolepis perlobata schindewolfi enter. Polygnathus 
com. communis enters in sample CP/106; however, in the 
recent revision of unpublished material of Silvério (2021), 
this taxon enters in Bed 94 (upper part of Palmatolepis 
crepida Zone). The two former taxa occur in many places 
already from the Palmatolepis crepida Zone, and the lat-
ter enters within the preceding Palmatolepis glabra prima 
Zone. The highest local record of Palmatolepis mint. wols-
kae is lower than common records, which show its range up 
to the Palmatolepis rhomboidea Zone. Sanz-López (1995) 
documented the range of Icriodus tumulosus from the Pal-
matolepis gl. pectinata to the Palmatolepis rhomboidea 
zones in the Cadí Nape; however, in the Compte section, this 
taxon is only recorded at the base of the Palmatolepis pec-
tinata Zone. The range of Polygnathus padovanii is under  
discussion: Perri and Spalletta (1990) initially indicated 
the range from the Palmatolepis mg. utahensis to the Palma-
tolepis r. trachytera zones in the Carnic Alps. Later, Cor-
radini (2003) suggested a longer record in this area. How-
ever, the lower range of Polygnathus padovanii is lower in  
Iranian regions than previously assigned (Perri and Spalletta 
1990): from the Palmatolepis gl. pectinata Zone (Bahrami 
et al. 2022) or from the Palmatolepis rhomboidea Zone (Sat-
tari et al. 2021). The range of Polygnathus padovanii in the 
Compte section extends from the base of the Palmatolepis 
gl. pectinata Zone to the upper part of the Palmatolepis gr. 

gracilis Zone; it could range higher, but we have not sampled 
higher levels in this study.

In the Compte section, all entries within the Palmatolepis 
rhomboidea Zone, are delayed. Palmatolepis cf. klapperi 
and the early morphotype Palmatolepis glabra lepta are 
known from the Palmatolepis gl. prima Zone in other parts. 
The global range of Icriodus cornutus starts from the Pal-
matolepis delicatula platys Zone, and in the studied sec-
tion is recorded within the middle part of the Palmatolepis 
rhomboidea Zone sample (CP/109/b). Icriodus alt. alter-
natus is recorded 1.3 m above the base of the Palmatolepis 
rhomboidea Zone (sample CP/111a-1) in the Compte sec-
tion, which is higher than the previously assigned range that 
extends up to the top of Palmatolepis gl. pectinata Zone 
(Bultynck 2003; Spalletta et al. 2017).

The range of Palmatolepis gr. gracilis is restricted to 
the nominal zone in the Compte section, while globally it 
extends to the Bispathodus ultimus Zone. For the Palma-
tolepis gr. gracilis Zone, there are critical conodonts such 
as Polygnathus triphyllatus and Palmatolepis stoppeli that 
have worldwide range and are also found in the Compte sec-
tion. Palmatolepis quad. inflexa also appears globally in this 
zone. The first occurrences of three taxa are delayed in the 
Compte section: both Polygnathus lauriformis and Mehlina 
strigosa, which range from the Palmatolepis termini Zone 
elsewhere, and Palmatolepis per. helmsi, which is known 
from the Palmatolepis rhomboidea Zone. Additionally, the 
index taxon, which is restricted in the Compte section to 
the lower part of the zone, and Polygnathus semicostatus 
and Polygnathus padovanii, have their highest ranges much 
lower in the Compte section than globally (compare Spal-
letta et al. 2017).

The base of the Palmatolepis mg. marginifera Zone is 
defined by the entry of its index taxon. Additionally, Palma-
tolepis quad. inflexoidea starts at the base of Palmatolepis mg. 
marginifera Zone (Spalletta et al. 2017), and Palmatolepis 
quad. quadrantinodosa is exclusively recorded in this zone 
(Spalletta et al. 2017). The disappearance of Polygnathus 
triphyllatus and Palmatolepis stoppeli align with the world-
wide extinctions within this zone. At 1.2 m above the base 
(sample CP/117), Palmatolepis per. sigmoidea is recorded, in 
agreement with its global entry (Spalletta et al. 2017). The 
global entry of Polygnathus gb. medius coincides with the 
base of the Palmatolepis mg. marginifera Zone (Ji and Zieg- 
ler 1993), but in the Compte section, its entry is delayed, 
occurring 1.2 m above the base of the zone (sample CP/117). 
In sample CP/118b, Polygnathus longiusculus appears, a taxon 
exclusive of this zone (Çapkınoğlu 1993). According to Sand-
berg and Ziegler (1973) and Hartenfels (2011), the late mor-
photype of Palmatolepis gl. lepta (Fig. 5c) appears at the base 
of the mg. marginifera Zone. However, in the Compte section, 
this taxon appears 40 cm above the base of the zone (sample 
CP/114b). The range of the early morphotype of Palmatolepis 
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gl. lepta (Fig. 5b) extends from the Palmatolepis gl. prima 
Zone to the upper part of the Palmatolepis gr. gracilis Zone 
(Sandberg and Ziegler 1973; Hartenfels 2011). In South China, 
it is recorded within the Palmatolepis mg. marginifera Zone 
to Palmatolepis mg. utahensis Zone (Huang et al. 2024b), and 
in the Compte section, it is documented 40 cm above the base 
of the Palmatolepis mg. marginifera Zone (sample CP/114b).

Brief comments on lower and middle Famennian 
Global Events and their expressions in the Compte 
section

Following the mass extinction associated to the Kellwasser 
Events around the Frasnian–Famennian boundary, several 
minor Global Events were identified during the lower to 
middle Famennian. The first event, known as the Nehden 
Event, is associated with an eustatic rise in sea level during 
the lower Famennian (Walliser 1996; House 2002; Zhang 
et al. 2019), contrasting with interpretations of a regressive 
phase (Schülke 2003; Schülke and Popp 2005). The Nehden 
Event is characterised by a gradual biotic recovery of vari-
ous taxa, including conodonts, ammonoids and brachiopods 
(House 2002; Becker et al. 2020; Huang et al. 2024b). It 
is recognised across Euramerica, Africa and Australia by 
deposits of ammonitic black shales (Becker 1993; Becker 
and House 1997; Schülke and Popp 2005; Becker et al. 
2016). However, uncertainties remain regarding the evolu-
tion rates, timing, and magnitude of its impact, with its dura-
tion generally spanning from the Palmatolepis termini to 
the Palmatolepis gl. pectinata zones (Becker et al. 2020). In 
the Compte section, the Nehden Event is not discernible by 
lithological changes; however, the increase of Palmatolepis 
abundance during the Palmatolepis termini–Palmatolepis gl. 
prima zones may represent a biotic expression of Nehden 
event in this Pyrenean section.

The Condroz Event, comprises two regressive pulses dur-
ing the lower to middle Famennian (Walliser 1996; Becker 
and House 1997; Schülke and Popp 2005). The first pulse 
is marked by a significant sea–level fall during the Palma-
tolepis rhomboidea Zone. The second pulse occurred during 
the transition from the Palmatolepis gr. gracilis to Palma-
tolepis mg. marginifera zones. In the Compte section, the 
change in conodont faunas observed within the Palmatolepis 
rhomboidea Zone may be a consequence of the first Condroz 
pulse; however, the second pulse is not clear to be identified.

Conclusions and summary

An extensive conodont sampling in the Compte section has 
yielded a diverse recovery of 47 conodont taxa belonging 
to four genera (Palmatolepis, Polygnathus, Icriodus and 
Mehlina). This conodont assemblage lead to a detailed 

biostratigraphy, identifying six consecutive conodont zones 
spanning the lower to middle Famennian and precisely loca-
ting the base of the middle Famennian in the Compte sec-
tion. These zones include the Palmatolepis termini Zone, Pa. 
glabra prima Zone, Pa. glabra pectinata Zone, Pa. rhom-
boidea Zone, Pa. gracilis gracilis Zone and Pa. mg. margini-
fera Zone, encompassing the upper part of the Comabella 
Fm., La Mena Fm. and the lower strata of the Barousse Fm.

The lowest biostratigraphical unit identified is the Palma-
tolepis termini Zone, comprising the lowermost 60 cm of the 
analysed section (Bed 98, samples a–b), where the entry of 
several lower Famennian taxa such as Palmatolepis tenui-
punctata, Icriodus alt. alternatus, Palmatolepis quadran-
tinodosalobata and Palmatolepis crepida is observed. 
The Palmatolepis gl. prima Zone begins with the entry 
of the Palmatolepis gl. prima morphotype 1 in the upper 
part of Bed 98, within this zone numerous conodont taxa 
have their lowest local ranges. The Palmatolepis gl. pecti-
nata Zone is marked by the entry of Palmatolepis gl. pecti- 
nata in the uppermost 10 cm of Bed 104, accompanied 
by changes in conodont fauna dominated by Palmatolepis 
glabra and Polygnathus nodocostatus-stocks and Polygna-
thus semicostatus.

The Palmatolepis rhomboidea Zone starts in Bed 107, 
19 cm above the base of La Mena Fm., with the entry of its 
index taxon. The Palmatolepis gr. gracilis Zone starts in Bed 
112 with the entry of Palmatolepis gr. gracilis; through into 
the Palmatolepis mg. marginifera Zone, where taxa such 
as Polygnathus triphyllatus, Palmatolepis quad. inflexa and 
Palmatolepis stoppeli are found in the upper half. The Palma-
tolepis mg. marginifera Zone begins at the base of Bed 114 
with the entry of Palmatolepis mg. marginifera, alongside 
Pa. quad. inflexoidea and Pa. quad. quadrantinodosa. The 
delayed entry of Polygnathus gb. medius is noted 1.2 m 
above the base of the Palmatolepis mg. marginifera Zone, 
while both morphotypes of Palmatolepis gl. lepta appear in 
sample CP/114b, with the early morphotype documented 
slightly above its global records.

The La Mena Fm. in the Compte section is exclusively 
Famennian, extending from the upper Palmatolepis glabra 
pectinata Zone to the Palmatolepis mg. marginifera Zone, 
spanning the lower–middle Famennian transition located at 
the base of the Palmatolepis mg. marginifera Zone.

Comparison with Boersma’s conodont zonation shows 
discrepancies primarily at the top of the Comabella and La 
Mena Fm., necessitating modifications. The base of the La 
Mena Fm. (Bed 106) is reinterpreted as located in the upper-
most part of the Famennian Palmatolepis gl. pectinata Zone, 
rather than in the Frasnian (gigas Zone= FZ13) as assigned 
by Boersma. The lower Famennian Palmatolepis trian-
gularis to Palmatolepis crepida zones are situated within 
the Comabella Fm. in the Compte section, in contrast with 
Boersma’s interpretation The beginning of the Palmatolepis 
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rhomboidea Zone is placed significantly lower than sug-
gested by Boersma, although the base of the Palmatolepis 
mg. marginifera Zone is only slightly lower than Boersma’s 
interpretation,

Furthermore, the succession of conodont associations in 
the Compte section provides initial insights into the effects 
of the Nehden and Condroz events in the Pyrenean sections. 
However, a comprehensive analysis integrating litho-biofa-
cies with geochemichal and geophysical data will be essen-
tial for a thorough understanding.

Finally, a biostratigraphic reinterpretation of the upper 
beds (96 and 97) of the Compte section, based on the revi-
sion of the samples of Silverio et al. (2021), confirms their 
assignment to the Palmatolepis termini Zone rather than the 
Palmatolepis crepida Zone as these authors suggested.
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