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Abstract

A geographic information system (GIS) database is herein presented to integrate all reports of conodont occurrences in Mexican
localities. In addition to the database and the interactive map, we included detailed static maps of each locality, whenever the
information was available. The analysis of data included in 62 scientific works revealed 45 localities in Mexico where conodonts
have been reported. Conodont record in Mexico spans the entire stratigraphic range of the group, from the late Cambrian to the
Late Triassic. Conodont biodiversity includes at least 611 species of 229 genera, although we have not carried out validation of
taxonomic assignments nor taxon validity or synonymy. The results obtained contribute to a better understanding of paleobiodiver-
sity and the evolution of marine ecosystems in Mexico and provide a valuable tool for future paleontological and geological studies.
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Resumen

El presente trabajo consiste en una base de datos y Sistema de Información Geográfica (SIG) donde se integran todas las ocurrencias
de conodontos reportadas en localidades mexicanas. Además de la base de datos y el mapa interactivo, se incluyen mapas estáticos
de cada localidad, siempre que esta información esté disponible. El análisis de los datos incluidos en 62 publicaciones científicas
reveló 45 localidades en México donde se han reportado conodontos. El registro de conodontos en México abarca el rango estra-
tigráfico completo del grupo, desde el Cámbrico tardío hasta el Triásico Tardío. La biodiversidad de conodontos incluye al menos
611 especies de 229 géneros, aunque el presente trabajo no incluye validación de las clasificaciones taxonómicas ni validación del
taxón o sinonimia. Estos resultados contribuyen a un mejor entendimiento de la paleobiodiversidad y la evolución de los ecosiste-
mas marinos de México y proporcionan una herramienta valiosa para futuros estudios geológicos y paleontológicos.

Palabras clave: Conodontos, Bioestratigrafía, Paleontología, Biodiversidad, Base de datos, México.

1. Introduction

Conodonts are a group of extinct organisms, which inhab-
ited the oceans from late Cambrian to earliest Jurassic times
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(Du et al., 2020; 2023). Their fossil record consists almost ex-
clusively of discrete, microscopic, phosphatic elements known
as conodont elements, which can be found in every Paleozoic
or Triassic marine rock (Sweet, 1988). Despite their abundance,
the phylogenetic affinities of conodonts are still debated (e.g.,
Donoghue and Keating, 2014). This is due to the discrete nature
of their fossil record and the difficulty in understanding how
conodont elements group together in each individual to form
the conodont apparatus (Zhuravlev, 2007), in addition to the
fact that there are no living representatives of the group. Since
they were first described by Pander (1856), conodont supra-
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generic classification has been referred to almost every higher-
rank taxon. Conodonts have been considered even as their own
phylum (Sweet, 1988); however, they are currently grouped in
the Class Conodonta (Donoghue et al., 2008), part of the Phy-
lum Chordata, as jawless vertebrates (agnatha) and included in
the stem-gnathostomes (Donoghue and Keating, 2014). Their
vertebrate affinity is still under discussion (Turner et al., 2010)
although most conodont workers agree with such vertebrate as-
signment.

Even though the paleobiology of conodonts is still poorly
understood, their geological value as biostratigraphic markers
for Paleozoic and Triassic rocks is widely known. Of the 56
stage/age boundaries of the Paleozoic Era and Triassic Sys-
tem included in the Geological Time Scale of the International
Commission on Stratigraphy (the latest version published in
Gradstein et al., 2020), 29 (51.8%) are defined by the first ap-
pearance datum (FAD hereafter) of a conodont species. Cam-
brian is officially subdivided through FAD of trilobite species;
Ordovician and Silurian mostly with graptolites; however, the
Cambrian/Ordovician Boundary, as well as the Dapingian/Darri-
wilian (Middle Ordovician) and Llandovery/Wenlock bound-
aries of the Silurian Period are defined by the FAD of con-
odont species. All but four boundaries from the Devonian to
the end of the Triassic periods are formally defined based on
conodont species distribution. This is because they thoroughly
fulfill the requirements for being considered an index fossil:
cosmopolitism, ubiquitous occurrence in the fossil record, and
brief biostratigraphic range of the species distribution.

Conodont studies in Mexico have a history of more than 60
years. However, during those 60 years, most of the works pub-
lished on conodonts have been made by researchers affiliated
with foreign institutions. This fact poses two main problems.
One is the low dispersion of literature, which in some cases
made it impossible to get a copy of the work. The other one
is the loss of the published specimens, which are not properly
hosted in a Mexican paleontological collection. In some cases,
there is no information regarding the location of such material.
In this work, we made an exhaustive bibliographic review of
the Paleozoic and Triassic paleontological literature of Mex-
ico, trying to get all the studies with a reference to conodonts,
including research papers, meeting abstracts, and theses. This
database with paleontological information is also valuable when
updating the systematics of reported fossil groups employing
new taxonomic criteria or changes in the definition or organiza-
tion of taxa.

2. Methods

In this work, we have conducted exhaustive research in the
scientific literature looking for occurrences of conodonts in Mex-
ico, either as a single report or as a detailed and systematic
study. We have analyzed published data arranged and system-
atized them for uniformly compiling whenever possible. A to-
tal of 62 scientific publications are considered for this study
(Tables 1, 2, 3 and 4), including 45 conodont localities. For

this compilation, we have used QGIS software. The geological
maps at the scale of 1:250,000 are available as shape files at
the Servicio Geológico Mexicano (SGM) website. We edited
the attribute table of the SGM geological map of Mexico by
deleting all geological polygons younger than Triassic and sim-
plifying exposures by age. The database herein included is pre-
sented in a Geographic Information System (GIS), with the at-
tribute tables organized by locality, including, whenever avail-
able, the fields of State, Author, Year, Locality, Geographic
coordinates, lithostratigraphic formation, faunistic associations,
Period, Age, Biozone, Color Alteration Index (CAI) and Pale-
ontological collection where the fossil material is hosted. Asso-
ciated database and map will be periodically updated whenever
new Mexican conodont papers are published.

3. Results

In Mexico, the study of conodonts dates back to the early
1960s, with the first conodont report described in the Mina
Plomosas-Placer de Guadalupe area in the eastern part of the
state of Chihuahua. This work corresponded to a PhD Thesis
from the University of Texas (Bridges, 1962). Samuel P. El-
lison, also from the University of Texas, made conodont taxo-
nomic determinations. This complete study included conodont
associations with different ages covering most of the Paleozoic
Era (Ordovician, Silurian, Devonian, Late Mississippian, Penn-
sylvanian, and Permian). Despite the profound study (60 sam-
ples out of 215 yielded identifiable conodonts), with 38 genera
listed, conodont data were not correctly published, and there
are no illustrated specimens nor reference to where the material
was deposited. Only a part of the results from that work were
published in a formal but brief article (Bridges and De Ford,
1961). Benedetti (1976) studied the same locality in Placer
de Guadalupe. He established Paleozoic lithostratigraphy with
slightly different biostratigraphic ages. His work included ex-
tensive documentation of the conodont fauna, although it lacks
detailed information about samples (location and weight of the
processed sample). This thesis is currently unavailable in Mex-
ican university libraries. The second conodont study published
in Mexico was by Robison and Pantoja-Alor (1968), who in-
cluded very few references to conodont occurrences in a paper
on trilobites around Santiago Ixtaltepec, state of Oaxaca. It was
not until almost 40 years later when Landing et al. (2007) prop-
erly studied the Cambrian—Ordovician conodont fauna of the
Tiñú Formation.

During the decades of the 70s and 80s, Palmira Brunner
published a number of papers about conodont biostratigraphy of
Devonian and Carboniferous key localities in several states of
Mexico, including Sonora, Puebla and Chiapas (Brunner, 1975,
1976, 1984, 1987). These contributions are also noteworthy
because they were the first published by a Mexican institution,
the Instituto Mexicano del Petróleo.

Since these pioneering studies, many changes have hap-
pened in the systematic paleontology of conodonts. In fact, one
of the most significant improvements was the establishment of
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Table 1. Lithostratigraphic units with conodont occurrences in Sonora reviewed for the present conodont database. See Table 3 for locality names. / Tabla 1. Unidades litostratigráficas con presencia de
conodontos en Sonora revisadas para la presente base de datos de conodontos. Véase la Tabla 3 para los nombres de las localidades.
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Table 2. Lithostratigraphic units with conodont occurrences in Mexico (for Sonora see Table 1) reviewed for the present conodont database. See Table 3 for locality names. / Tabla 2. Unidades
litostratigráficas con presencia de conodontos en México (para Sonora, véase la Tabla 1) revisadas para la presente base de datos de conodontos. Véase la Tabla 3 para los nombres de las localidades.
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Table 3. Correlation of tectono-stratigraphic blocks and terranes with Mexican
states, localities and references included in the database presented herein.

Color refer to Mexican tectonostratigraphic block and terranes commonly used
in the literature; see Table 4 for color key meaning. / Tabla 3. Correlación de

bloques tectonoestratigráficos y terrenos con los estados mexicanos,
localidades y referencias incluidas en la base de datos presentada en este
trabajo. Los colores hacen referencia a bloques tectonoestratigráficos y

terrenos mexicanos comúnmente utilizados en la literatura; véase la Tabla 4
para la clave de colores.

a multielement taxonomy, as opposed to form-taxonomy or mo-
noelemental taxonomy, where each morphology is considered
as a different taxon (Jeppsson and Merrill, 1982). According
to Sweet (1988), Hinde (1879) was the first author who prac-
ticed a real multielement taxonomy when he defined Polyg-
nathus dubius. However, it was not until 1962 that conodont
researchers accepted the multielement methodology for study-
ing conodonts, in which each species is composed of several
paired elements with different morphologies occupying differ-
ent positions within the feeding apparatus of the animal (Sweet,
1981). The acceptance of this multielement taxonomy implies
a change in the understanding of the Paleobiology of conodonts
as a group, whose consequences are still helping to define con-
odont apparatuses. This way of classification does not influence
the biostratigraphic age of the strata and formations studied but
it affects biodiversity values and evolutionary analysis, even af-
fecting the inference of globally occurring biodiversity episodes
or massive extinction events.

The lack of a paleontological methodology is systematically
shown in most conodont papers published on Mexican sam-
ples. Inherently, this lack of systematics complicates a real-
istic evaluation of the biodiversity and abundance of Mexican
conodonts reported until now. A first analysis is herein made,
allowing us to evaluate conodont studies’ usefulness and poten-
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Terra Digitalis Volume 9, Issue 1Table 4. Correlation of Mexican tectono-stratigraphic blocks and terranes with 
Paleozoic general paleoenvironment terms commonly used in the literature. 
 

Mexican tectonostratigraphic block 
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Coney (1987); Sánchez-Zavala et al 
(1999); Stewart & Poole (2002); Poole 

et al (2005); Ortega-Gutíerrez et al 
(2018). 

Generalized facies based on Stewart & Poole 
(2002); Poole et al (2005). 

Caborca block or Seri terrane Continental-shelf rocks of Laurentia 
(miogeoclinal) 

Sonora allochthon or Cortes terrane Ocean-basin rocks in Sonora allochthon 
(eugeoclinal) 

Cratonic Laurentia Cratonic-platform rocks of Laurentia 
El Fuerte block 
Coahuila block 
Oaxaquia 
Cd. Victoria Block 
Mixteca block 
Maya block 

Fragments of Gondwana or interposed volcanic-
arc terrane 

 
 Table 4. Correlation of Mexican tectono-stratigraphic blocks and terranes with
Paleozoic general paleoenvironment terms commonly used in the literature. /

Tabla 4. Correlación de los bloques tectono-estratigráficos y terrenos de
México con términos generales de paleoambientes del Paleozoico

comúnmente utilizados en la literatura.

tial. Mexican conodont records published until now cover the
entire geochronologic range of the group, from the Furongian
(late Cambrian) to the Rhaetian (Late Triassic) (Tables 1 and 2).
Geographically, conodonts have been reported in 45 localities
from ten Mexican states, including Sonora (Table 1), Baja Cal-
ifornia, Baja California Sur, Sinaloa, Chihuahua, Puebla, Oax-
aca, Coahuila, Tamaulipas, and Chiapas (Table 2).

A further analysis of provincialism and paleogeographic dis-
tribution of Mexican conodonts is not the aim of this work.
However, we used a tectonostratigraphic context to organize
lithostratigraphy and conodont occurrences. Tectonostratigraph-
ic terranes, as reviewed in Campa and Coney (1983), Sedlock
et al. (1993), and Ortega-Gutiérrez et al. (2018), are herein
followed.

3.1. Caborca block or Seri terrane

The vast majority of conodont reports in Mexico are located
in the Caborca block (Campa and Coney, 1983), also called
the Seri block (Sedlock et al., 1993). This terrane includes Pa-
leozoic deposits formed in the continental passive margin of
southern Laurentia, formerly known as "Miogeoclinal facies".
Such a passive margin changed to an active margin by Penn-
sylvanian time (Poole et al., 2005), consequently involving a
change in facies and paleoenvironment. As a result, this ter-
rane also includes facies described as foredeep deposits, known
as the Mina Mexico Formation (Poole et al., 2005). This unit
was deposited in the foreland basin formed during the collision
between Gondwana and Laurentia in the westernmost segment
of the Ouachita-Marathon-Sonora orogen (Poole et al., 2005,
Stevens et al., 2014). Conodont localities in the Caborca block
are located in Baja California and Sonora (Tables 1 and 2).
According to the Ouachita-Marathon-Sonora orogen hypoth-
esis (Poole et al., 2005), however, localities of Baja Califor-
nia included in the Caborca Block would be part of the Cortés
Terrane instead. This is consistent with the facies and pale-
oenvironment associated with the succession described in the
Arroyo Grande locality (Navas-Parejo et al., 2018). Conodont

biostratigraphic ages include Cambrian, Ordovician, Silurian,
Devonian, Mississippian, Pennsylvanian, Permian and Triassic.
An Upper Pennsylvanian stratigraphic gap, reported by Navas-
Parejo (2018), is evident in the Sierra Santa Teresa locality, but
not recorded by conodont biostratigraphy in other Sonoran ex-
posures.

3.2. Sonora Allochthon or Cortés Terrane

This terrane includes the stratigraphic succession of the Sono-
ra Allochthon, which is part of the Ouachita-Marathon belt in
their westernmost segment. This allochthonous succession start-
ed deposition in the westernmost Rheic basin, southwest of
Laurentia, and then migrated to the north during the late Pa-
leozoic (Poole et al., 2005). The Cortés terrane also includes
metamorphic-metasedimentary rocks in southern Sonora and
northern Sinaloa, considered herein as the Internal Domain of
the Oua-chita-Marathon-Sonora orogen. This deep-water suc-
cession was formerly known as "Eugeoclinal facies". Most of
the conodonts reported in the Cortés Terrane come from the
Sonora Allochthon (i.e., central Sonora). Only some occur-
rences are reported in the southern part of this terrane, in the
state of Sinaloa. Conodont biostratigraphic ages include Or-
dovician, Devonian, Mississippian and Pennsylvanian. A sig-
nificant stratigraphic gap is detected in this succession, span-
ning from the Upper Ordovician to the Middle-Late Devonian.

3.3. Cratonic Laurentia

The vestiges of the supercontinent Laurentia are located in
Mexico in Chihuahua and northeastern Sonora. Commonly,
lithostratigraphic units of this region are correlated with those
cropping out in southwestern United States. During the Pa-
leozoic, most of it was represented by an epicontinental sea,
which covered much of the western and southern United States
(Gutschick and Sandberg, 1983). Conodont biostratigraphic
ages include (Cambrian?), Ordovician, Silurian (?), Devonian,
Mississippian, Pennsylvanian and Permian.

3.4. Peninsular terranes

Paleozoic rocks from the state of Baja California are in-
cluded in the Peninsular Terranes, except the succession in Ar-
royo Grande, which, according to the proposal by Ortega-Gutié-
rrez et al. (2018), would be part of the Caborca Block. The
Peninsular Terranes also include Triassic marine rocks from
Baja California Sur. The latest Precambrian to mid-Cretaceous
successions of the Peninsular California are known as the Pre-
batholithic (Gastil and Miller, 1983).

Paleozoic rocks of Baja California are grouped in two dif-
ferent facies: shallow marine and deep water. Both have been
traditionally correlated to equivalent successions cropping out
in Sonora, that is, the continental shelf and the basin rocks of the
Sonora Allochthon (Poole et al., 2005 and references therein).
A palinspastic restoration of the Peninsula and southern Cal-
ifornia of 300-400 km to the SE needs to be repositioned as
before the Neogene right-lateral plate boundary shifting.
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3.5. Perigondwanan Mexican Terranes

Most of central and southern Mexico is composed of a mo-
saic of geologic terranes with different basement rocks. In this
work, we choose to use the general term Perigondwanan Mex-
ican Terranes to group the localities in the states of Coahuila,
Puebla, Guerrero, Oaxaca, Tamaulipas, and Chiapas.

3.6. Oaxaquia

Paleozoic sedimentary rocks cropping out in the Oaxaca
state are included in Oaxaquia and considered the sedimen-
tary cover of the Oaxacan Complex (Pantoja-Alor and Robi-
son, 1967, Ortega-Gutiérrez et al., 1995). This sedimentary
cover appears as small outcrops that have been grouped into
four lithostratigraphic formations: the Cambrian–Ordovician
Tiñú Formation, the Mississippian Santiago Formation, the Ser-
pukhovian-Pennsylvanian Ixtaltepec Formation, and the Per-
mian clasts of the Yododeñe Formation. Conodonts have been
reported from these formations, particularly Cambrian and Or-
dovician species from the Tiñú Formation and a Middle Mis-
sissippian association from the Ixtaltepec Formation. The Ix-
taltepec Fm. has been traditionally considered of a younger
age; this age is assigned by means of several invertebrate asso-
ciations, mainly brachiopods (Torres-Martínez and Sour-Tovar,
2023).

Upper Paleozoic (meta)sedimentary rocks in the Puebla state
are included in the Patlanoaya group and the Tecomate Forma-
tion (Caridroit et al., 2002, Keppie et al., 2004). Paleogeo-
graphic context and paleoenvironment understanding of these
successions are still the subject of debate. Recent paleogeo-
graphic models for the late Paleozoic, including Mexican ter-
ranes (Guerrero-Moreno et al., 2023; Casas-Peña et al., 2024),
locate these successions south of the Ouachita-Marathon-Sonora
orogen, northwest of Colombia and South America. Conodonts
found in the state of Puebla indicate Pennsylvanian and Permian
biostratigraphic ages.

3.7. Coahuila block

Paleozoic sedimentary rocks are the oldest rocks described
in the Coahuila Block (Mckee et al., 1988). These sedimen-
tary rocks are late Paleozoic, mainly Pennsylvanian and Per-
mian in age. The lithostratigraphy of these rocks is still not
well established since the continuity of the outcrops is very
limited. In fact, Mckee et al. (1999) recommended the use
of lithosome units instead of lithostratigraphic units because of
the sedimentologic nature of the succession. Conodont bios-
tratigraphic ages include Pennsylvanian ages, corresponding to
conodonts found in Cretaceous flysch units included in the Las
Uvas beds, and Permian ages from several strata within the clas-
sic Las Delicias formation.

3.8. Ciudad Victoria Block

The Paleozoic sedimentary rocks included in the Tamatán
Group, along with Precambrian and Paleozoic metamorphic and

igneous complexes that widely crop out in the state of Tamauli-
pas and in Nuevo León, represent units that defined the Ciu-
dad Victoria Block and where previously included in the Sierra
Madre terrane, Guachichil terrane and/or Oaxaquia Superter-
rane. Recent works on the Aserradero Rhyolite indicate a corre-
lation with other Mexican blocks, but with different affinity that
allowed the definition of the Ciudad Victoria Block (Ramírez-
Fernández et al., 2021; Casas-Peña et al., 2021). Conodont
biostratigraphic ages reported in the Del Monte Formation from
the Tamatán Group correspond to the Pennsylvanian.

3.9. Maya block
Paleozoic sedimentary rocks of Chiapas appear in the south-

ern area of the Chiapas Massif Complex. Permian (Cisuralian)
sedimentary rocks are included in the Grupera Formation and
Paso Hondo Formation, which extensively crop out in the Chico-
muselo area, close to the Guatemala International Border (Here-
dia-Jiménez et al., 2025 and references therein). The paleogeo-
graphic position of both formations during the late Paleozoic
and before the opening of the Gulf of Mexico are inferred to
be south of the Ouachita-Marathon-Sonora orogen, closer to
Northern Gondwana (northern part of South America) than to
the rest of Mexico. Conodonts reported from the Paleozoic suc-
cessions of Chiapas indicate a Permian age, although these re-
ports correspond with very preliminary studies, which eventu-
ally were not completed.

4. Conclusions

Paleozoic and Triassic exposures in Mexico are significant
due to their location during Pangea’s assembly and the begin-
ning of its fragmentation. Geological studies needed to under-
stand the dynamic that took place include petrological analyses,
provenance analyses, and paleoenvironmental reconstructions.
In addition, a suitable stratigraphic frame and biostratigraphic
controls are essential, allowing us to accurately reconstruct the
geological history. Conodonts, as indisputable marine index
fossils for Paleozoic and Triassic studies, should be considered
as one of the main tools for accomplishing this kind of pale-
ogeographic reconstructions. However, detailed studies with
Mexican conodonts, including illustrations, taxonomic descrip-
tions, systematic discussions, and information regarding abun-
dance, occurrences, and distribution, are scarce.

After analyzing the spatiotemporal distribution of the rec-
ords published so far, it clearly appears that conodonts are ubiq-
uitous and diverse in Mexico. Conodont biodiversity includes
at least 611 species of 229 genera, although we have not carried
out validation of taxonomic assignments nor taxon validity or
synonymy.

From the analysis carried out in this work, we can conclude
that the line of research on conodonts in Mexico has great po-
tential. On the one hand, and despite not existing currently
many detailed studies of conodonts, the record of conodonts
in Mexico covers its entire geological history, almost 300 mil-
lion years, since it includes faunistic associations that go from
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the late Cambrian (Furongian) to the Late Triassic (Rhaetian).
On the other hand, there is a record of different localities where
conodonts have been found, mainly studied from a biostrati-
graphic analysis point of view and which suggest the possibil-
ity of being studied in greater depth, including the development
in Mexico of other lines within the Earth Sciences, such as
Geochemistry, Paleoclimatology and/or Paleoceanography us-
ing conodonts.
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