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Resumen: CONTEXTO GEOLOGICO DE 1.0S TERRENOS PAIEOZOICOS DEL NORTE DE
SUDAMERICA. Este articulo discute los avances recientes en la comprension de la evolucién paleozoica del norte de
América del Sur a través de datos radiométricos, en particular U/Pb en zitcones, y sus interpretaciones basadas en cate-
gotfas geograficas. La investigacion actual a menudo utiliza términos fisiograficos modernos, como “Cordillera Central”
y “Valle del Magdalena”, para describir procesos geoldgicos paleozoicos; sin embargo, tales interpretaciones pasan por
alto movimientos tecténicos significativos y terrenos desplazados resaltados por evidencia estratigrafica mas antigua. En
particular, el articulo critica las suposiciones de autéetono respecto a los bloques andinos, sugitiendo que sus configura-
ciones paleozoicas difieren de estos modelos. El articulo también revisita la interpretacién de varios terrenos geologicos,
como los bloques Taham{ y Chibcha, y examina el papel de sistemas de fallas como la Ot-Pericos en la configuracion de
la geologfa regional. Estudios recientes proponen continuidad geoldgica entre estos bloques, desafiando modelos previos
que designan limites distintos. Se han propuesto modelos contrastantes tespecto a los terrenos precambticos mexicanos
del ciclo Grenvilliano, sugiriendo su colision con el norte de América del Sur en el Tridsico Tardio y la postetior separacion
durante la apertura del océano Atantico. Esto contradice modelos antetiores de amalgamacion de terrenos por la colision
de Baltica y Amazonia durante el Proterozoico. Las similitudes geoldgicas, las edades comunes yIa estratigrafia comparable
entre sectotes del sur de México y Colombia indican una histotia geol6gica compartida desde el Precambrico. Hallazgos
significativos incluyen el descubtimiento de moluscos del Cambrtico, faunas del Ordovicico y secuencias sedimentarias del
Devonico, que revelan conexiones tectonicas y biogeograficas complejas durante el Paleozoico

Abstract: This paper discusses recent advancements in the understanding of the Paleozoic evolution of notthern
South Ametica through tadiometric data, particulatly U/Pb in zitcons, and their interpretations based on geogtaphical
categories. Current research often uses modern physiographic terms, such as “‘Central Cordillera” and “Magdalena Valley,”
to describe Paleozoic geological processes, yet such interptetations the overlook significant tectonic movements and dis-
placed terranes highlighted by older stratigraphic evidence. In particular, the paper critiques assumptions of autochthony
regarding Andean blocks, suggesting that their Paleozoic configurations differ from these models. The paper also revisits
the interpretation of vatious geological terranes, like the Tahami and Chibcha blocks, and examines the role of fault
systems such as the Oti-Pericos in shaping regional geology: Recent studies propose geological continuity between these
blocks, challenging previous models that designate distinct boundaries. Contrasting models have been proposed regarding
the Mexican Precambtian terranes of the Grenvillian cycle, suggesting their collision with northern South Ametica in the
TLate Triassic and subsequent separation during the Atlantic Ocean’s opening, This contradicts earlier models of terrane
amalgamation by the collision of Baltica and Amazonia during the Proterozoic. The geological similatities, common ages,
and comparable stratigraphy between sectors of southern Mexico and Colombia indicate a shared geological history since
the Precambrian. Significant findings include the discovery of Cambtian mollusks, Ordovician faunas, and Devonian
sedimentary sequences, which reveal complex tectonic and biogeographic connections during the Paleozoic.
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Introduction

The existence of the paleocontinent Pangaca
and its reconstructions imply the closure of the pa-
leo-Atlantic Ocean and the alignment of the Ame-
rican coast with Africa and Europe. This alighment
is relatively straightforward given the geographical si-
milarities of the continental margins of North Ame-
rica, Burope, South America, and Africa. However,
the ovetlap of continental Central America, Mexi-
co, and northern South America requires further
explanation (Figure 1). According to magmatic

evolution models for the Phanerozoic, as deduced

by various authors (Cardona e# al., 2010; Cochrane
et al., 2014; Spikings e al, 2015; Van der Lelj ¢ al,
2016), northern South America can be considered
autochthonous in nature. Thus, the terrane to the
east of the San Jerénimo Fault System (also referred
to as Romeral in some studies), as proposed in se-
veral works (Tschanz ef al, 1974; Etayo-Serna ¢/ dl,
19806; Restrepo and Toussaint, 1988; Forero, 1990;
Bellizzia and Pimentel, 1994; Moreno-Sanchez e7 al,
2020), would actually correspond to fixed blocks at-
tached to Gondwana from the Neoproterozoic to
the Mesozoic (Figures 2, 3). Furthermore, it is assu-
med that the Mexican Precambtian terranes, of the

Figure 1. Map of the overlap of tectonic blocks between North America, Central America and South America (lax version).
1- Oaxaca-Ciudad Victoria; 2- Mixteco; 3- Maya-Yucatan; 4- Chiapas; 5- Chortis-Chuacus; 6- Sevilla - Sierra Nevada de Santa
Marta; 7- Eastern Chibcha - Mérida; 8- Payandé-San Lucas and Payandé; 9- Cajamarca-Tahami; 10- Amotape-Tahuin. K,
sectors with Cretaceous oceanic basement./Figura 1. Mapa de la superposicion de blogues tectonicos entre Norteamérica, Centroamérica y
Sudamiérica (version laxa). 1- Oaxaca-Cindad 1 ictoria; 2- mixcteco; 3- Maya-Yucatdin; 4= Chiapas; 5- Chortis-Chuacus; 6- Sevilla-Szerra Neva-
da de Santa Marta; T- Chiboha Oriental - Mérida; 8- Payandé-San 1ucas y Payandé; 9- Cajamarca-Tabanmi; 10- Amotape-Tabuin. K, sectores

con basamento oceanico del Cretdcico.



42 GEOLOGICAL CONTEXT OF THE PALEOZOIC TERRANES OF NORTHERN SOUTH AMERICA

Caribbean Plate

Caribbean Sea ’

G
¥

1]
(2)
(3)
4)
S)
6)
7]
&
o
GJ
@

Figure 2. Map that shows the main faults, block and terrane in Colombia. Abbreviations: Py, Payandé; Ec, Eastern Chibcha;
PyS, Payandé-San Lucas; Ta, Tahami; Sm, Sierra Nevada de Santa Marta; G, Guajira; Kc, Cretaceous oceanic basement; Th,
Tahuin-Amotape block; K, Cretaceous, Hb Huacabamba./Figura 2. Mapa que muestra las principales fallas, blogues y terrenos de
Colombia. Abreviaturas: Py, Payandé; Ec, Chibcha Oriental; PyS, Payandé-San Lucas; Ta, Tabani; SM, Sierra Nevada de Santa Marta; G,
Guajira; Ke, basamento ocednico del Cretdcico; Th, blogue Tabuin-Amotape; K, Cretdcico, Hb Huacabanzba.

Grenvillian cycle (Oaxa- quia Orogeny) collided with
northern South America during the Late Triassic and
subsequently separated during the opening of the
Atlantic Ocean (Cardona ¢ al., 2010). This proposal
contradicts eatlier models that suggested these re-
gions of Mexico and northern South America were
part of terranes amalgamated by the collision of the
paleocontinents of Baltica and Amazonia during
the Proterozoic (Restrepo-Pace ¢z al, 1997; Keppie
and Ortega-Gutiérrez, 1999; Weber ¢z a/, 2010; Iba-
fiez-Mejia et al., 2020).

Campa and Coney (1983) conclude that the
Chihuahua and Caborca Terrane were part of Nor-
th America (Laurentia). Conversely, the Mayan, Mix-
teco, Chortis, and Oaxaca block (Zapoteco Terrane)
correspond to tectonic blocks of an allochthonous
nature (Dengo, 1985; Sedlock ez al, 1993).

The geological similarity, common ages and
comparable stratigraphy have been interpreted as
the result of a common geological history between
sectors of southern Mexico (e.g, Zapoteco Terra-
ne), continental Central America and areas of the
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The western region is dominated by a Cretaceous-age basement partially
inherited from the Caribbean plate.

Tahami terrane, also Cajamarca terrane [north of the Central Cordillera) y
Sevilla Terrane (Sierra Nevada de Santa Marta), is compased by Permian
and Triassic age sedimentary and igneous protoliths with Jurassic age
matamonphism.

| Taconic or Famatinianterrane [Quetame-Merida). This bleck is made up

i .Ch | of Grenvillian basement and Cambrian metamorphic racks covered by
late Paleozoic and Mesoroic sedimentary sequences. This terrain is
affected by Ordovician age Calc-Alkaline intrusives.

| v, | Magdalena Valley (Western Chibcha terrane). Parautochtonous block
P}l' with Grervilian basement (1200 to 900 Ma) covered by Ordovician,
" Devonian and Carboniferous sedimentary sequences. Area affected by
Permian, Triassic and Jurassic magmaticphases.

Precambrian basement

South American autochthonous block. Composed by a Grenwillian
Sa matamorphic basement (1200 to 300 Ma) to the west and the Amazonian
* Craton (1400 to 2000 Ma) ta the east. Block intruded by gabbros and
syenites of Ediacaran age. Towards the Andean margin there are a series
of grabens where marine sediments of Ediacaran and Cambrian age have
been deposited, Most of the platorm is covered by early Paleoroic
sedimentary sequences.

J: San Jeronimo fault
P: Otu-Pericos fault
G: Glaicaramo fault

Figure 3. a- Geological terrane map and relief of Colombia and neighboring jurisdictions. Modified from Restrepo and
Toussaint (1988). b, c- Milonites and ultramylonites of the Ibagué Batholith resulting from the fault systems and the boundary
of the Oti-Peticos terrane./Figura 3. a- Mapa del terreno geoldgico y relieve de Colombia y jurisdicciones vecinas. Modificado de Restrepo
9 Toussaint (1988). b, c- Milonitas y ultramilonitas del Batolito de 1bagué resultantes de los sistemas de fallas y del linite del terreno Otri-Pericos.

Magdalena Valley (Payandé and Payandé-San Lu-
cas blocks), Garzon Massif and Sierra Nevada de
Santa Marta (Ibanez-Mejia ez al.,, 2011, 2020).

In principle, two contrasting models of land
organization have been proposed for northern
South America and southern Laurentia during the
Neoproterozoic and Phanerozoic intervals:

¢ Grenvillian accretion model (Restrepo-Pa-
ce, 1995; Keppie and Ortega-Gutiérrez, 1999; We-
ber ¢z al., 2010; Ibanez-Mejia ez al, 2011, 2020). The
Oaxaca block (Zapoteco Terrane) is formed due to
the collision of the paleocontinents of Baltica and
Amazonia during the Stenian-Tonian period (Figu-
re 4). As a result, blocks originating from the late
Grenvillian cycle can be found in northern South
Ametica, Mexico, and continental Central Ametica.
In this model, the Payandé and Payandé-San Lucas

blocks (Magdalena Valley and parts of the Central
Cordillera), Sierra Nevada de Santa Marta, and the
northern Guajira Peninsula (Macuira) consist of
Precambrian metamorphic basement. The Oti-Pe-
ricos fault is regarded as the tectonic limit between
the Taham{ Terrane (Cajamarca) and the Precam-
brian basement terranes to the east.

* Triassic accretion model (Cochrane ¢ al,
2014; Spikings ez al., 2015; Bustamante ez al., 2017).
A continuous Permian-Triassic metamorphism is
assumed along the Colombian Central Cordillera
to the Cordillera Real in Ecuador due to the colli-
sion of the Oaxaca block (Zapoteco Terrane). The
Otu-Pericos Fault is considered a tectonic feature
unrelated to terrane boundaries. It is excluded that
a Precambtian basement exists in sectors of the
Central Cordillera and Magdalena Valley.
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Rodinia (1000-900 Ma)

Late Silurian-Early Devonian

Cambrian

Figure 4. Paleogeographic reconstruction, modified of Barret and Isaacson 1988; Barrett 1985; Heckel and Witzke 1979; Scotese ¢/ 1979. a-
Rodinia supercontinent (1000-900 Ma). b- Cambtian. c- I ate Silutian - eatly Devonian. d- Fatly-middle Devonian. e- I ate Devonian. Abbrevia-
tions: Ox-Co, Oaxaca-Colombia terrane; Hb, Huancabamba; Mx, Mexico../ Figura 4. Rewnstruecion palesgeogrdfias, modffiaada de Barret e Isaacson 1988;
Barrett 1985; Hedkely Wiizhee 1979; Seotesect al. 1979. a= Supercontinente Rodinia (1000-900 Ma). b- Ceindbrica. - Silirieo taredio - Devdnico tengprana. d= Devdnico
temprano-mredio. e~ Devinio tardia Abreviatras: Ox-Ca, terreno Oacaca-Colonibiay Hb Huancabaniba; Mo, Meéxio

The geochronological and geochemical
data presented in recent studies may become
ineffective if they are not contextualized within
the complete geological framework. Geological

evolution models must also incorporate field evi-
dence that offers stratigraphic, paleontological,
and structural insights. The aim of this work is
to provide the geological context, which is fre-
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quently overlooked in studies concentrating on
the geochemistry of igneous rocks, for the ad-
vancement of geological evolution models for
northern South America.

Methodology

For the elaboration of this article, the con-
cepts of terrane geology were utilized to cha-
racterize the Paleozoic geological history of the
geological blocks with Precambrian basement in
Colombia. In this work, the term “block™ is em-
ployed to define relatively stable cortical sectors
limited by faults.

The blocks with similar geological histories
were grouped into larger categories constituting the
terranes referred to in this study. Most of the terra-
nes mentioned for Colombia could correspond to
blocks transported by strike-slip dislocation.

Much of the foundational information used
to establish the stratigraphic relationships comes
from field data obtained by the authors of this
work. Complementary sources included reports
and geological maps prepared on large and me-
dium scales (1:100,000).

The relative ages of the stratigraphic units
were adjusted using paleontological information
and published radiometric dating. The stratigra-
phic relationship schemes presented here are a
simplified product of the data verified in the field
and those cited in the geological literature.

Precambrian

The oldest sedimentary rocks in Colombia
are found near the border with Brazil and co-
rrespond to coastal and marine sequences of late
Mesoproterozoic age (Santos e al, 2003). The
Ediacaran strata are recognized in the subsurface
of the Llanos basin and crops out in the Guape
salient (Eastern Cordillera) (Arminio e al., 2013;
Duenas-Jiménez and Montalvo—|énsson, 2020).

Precambrian metamorphic rocks, in northern
South America, form part of the basement of the An-
dean zone east of the Oti-Pericos Fault and the plat-
form of the Ilanos and Amazon basin (Cordani ez dl,
2016; Etayo-Serna ¢ al, 1986). The Amazon Craton

(Restrepo-Pace, 1995; Tassinari and Macambira, 1999;
Restrepo-Pace and Cediel, 2018), made up of meta-
mortphic rocks from the Proterozoic, constitutes the
basement of a large part of the Amazon basins and the
Eastern plains. Precambrian rocks of the Grenvillian cy-
cle form the basement of the Putumayo Basin, Garzon
Massif, Magdalena Valley, Serranfa de San Lucas (not-
thern of the Central Cordillera, and Sierra Nevada de
Santa Marta. The Bucaramanga gneiss and the Silgara
schists, of Grenvillian affinities, they form the Prote-
rozoic basement of the Santander Massif (Ward ¢ 4,
1973; Kroonenberg, 1982; Restrepo-Pace, 1995; Restre-
po-Pace and Cediel, 2010; Ibanez-Mejia ¢t al, 2011) .

The Precambrian Andean basement has
been interpreted as the result of the collision of
Baltica against Amazonia (Figure 4a). The Mexi-
can (Zapotec-Oaxaca), Chortis and partially
Maya terranes were adjacent blocks against the
northern margin of South America for much of
the Neoproterozoic until the breakup of Pangea
(Keppie and Ortega-Gutiérrez, 1999; Keppie ez
al., 2001; Weber et al., 2010, Culi ez al., 2022).

Ediacaran

The Ediacaran and Cambrian sequen-
ces accumulated in two separate basins between
faulted blocks: the Arauca and Mantecal gra-
bens. (Bartok, 1993; Mufioz, 1991; Arminio ez al.,
2013). The Arauca Graben was the depocenter
of mature marine sedimentary rocks from which
Ediacaran acritarch drill cores have been collec-
ted, including Kildinosphaera spp. (K. verrucata and
K. chagrinata) leiosphaeridia spp., Coneosphaera arctica,
Cymatiosphaera spp., Dictyodinium spp. Kildinella spp.
Laophosphaeridium spp. micrhystridinm spp. and other
unidentified acanthomorphic acritarchs (Arminio
¢t al., 2013; Duefias—|iménez ¢f al., 2020).

To the south and on the eastern flank of the
Eastern Cordillera, in the Guape salient, a sequence
of Ediacaran and Cambrian rocks outcrops made up
of platform limestone covered by turbiditic deposits
crossed by MORB intrusive (Ariari metagabbro) (To-
ro-Toro ¢t al., 2014). The basal unit, Ariari Formation,
yielded occasional algal mats. The age of the Ariari
Formation limestones is defined by the ages of detri-
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tal zircons taken in the upper part of the unit and the
intrusion of the Ariari Metagabbro of late Ediacaran
age (Buchely e a/, 2015b). The Arari Formation is
unconformably covered by the Guape Formation,
made up of basaltic flows, arkose and marine muds-
tones formed by turbidite processes.

The western sector of the plains basin and the
Guape salient constituted an extending margin during
the Ediacaran because of the rupture of Rodinia, a

phase that began during the Cryogenic petiod with
Syenitic intrusives. Buchely ¢# 2/ (2015a) obtains ages
(U/Pb) in the Cafio Veinte Syenite (Sierra de la Maca-
rena) of 621.7 £ 7.5 Ma and 634 £ 13 Ma. Arango
et al. (2012) report a U/Pb age of 577.8 £6.3 Ma for
the Nepheline Syenite of San José del Guaviare. This
alkaline magmatic phase culminates with the forma-
tion of basic rocks (Ariari Metagabro) on the ocean
floor at the end of the Ediacaran (Figure 5a, b). This

Ordovician Glejar Group

Cambrian Duda Formation
Ediacaran Guape Formation
Ediacaran Ariari Formation
Late Ediacaran
Basalts - Metagabro del Ariari (MORB)
0] [ Magdalena Valley-Central Cordillera Eastern Cordillera Llamos Basin
-
2|8 Payande Payandé SL Eastern Chibcha s
-l = v .| Graben Platform
Ma| & | South Morth Pueto | Maczode  Fioresta  Quetame | del Guape
29 D ke
5 [== Susumuco =Sl
] 3 o] =] »
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Figure 5. a, b- MORB gabbro from the Aiari region, east of the Fastern Cordillera. Late Ediacaran. c- Scheme of stratigraphic relations-
hips of the Saliente del Guape (limit zone between the Ilanos Orientales Basin and the Macarena). d- Stratigraphic relationships of early
Paleozoic units between geological blocks east of Otu-Peticos fault./Figuta 5. a, b- Gabro MORB de lu region de Ariar, al este de ln Cordillera
Oriental. Ediacdrico tardio. c- Esquensa de relaciones estratigrificas del Saliente del Guape (Fona lindite entre la Cutenca de los I danos Orientales y la Macarena).
d- Relaciones estratigrefcas de unideades del Paleozvico tengprano entre bloques geoldgicos al este de la falla Oti-Pericos.
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stage of extension and alkaline intrusions is coeval
with the formation of the Mantecal and Arauca gra-
bens during the separation of Baltica and Amazonia
that culminates with the formation of the Rheic and
Iapetus oceans.

To date, the only sector with Ediacaran
sedimentary units is found in graben to the west
of the Eastern Llanos Basin (Bartok, 1993; Ar-
minio et al, 2013). Furthermore, seafloor ga-
bbros and syenites are also located along this
limit on what must be a passive platform on the
margin of lapetus (Toro-Toro et al., 2014).

Cambrian

Outcrops of Cambrian sedimentary rocks
in northern South America are reported in the
Badl Massif in Venezuela (Viscarret ef al., 2012)
and in the Guape Salient in Colombia (Figure
5¢, Figure 5d). In the subsurface of the Llanos
basin, marine Cambrian sediments are origin is
deposited on the Ediacaran sequences of the
Arauca Graben. In the Cravo Norte area (Graben
de Arauca), sclerites of the middle Cambrian mo-
llusk Wimwaxia were recovered from drill cores in
the subsurface of the eastern plains basin (Smith
¢t al., 2016). This is the first record of this fossil
in South America from a locality that remained
in mid to high latitudes in cold waters during the
Cambrian (Torsvik and Cocks, 2013). The wide
latitudinal distribution of this genus suggests that
this organism could have been a generalist basal
mollusk without biogeographic restriction (Smith
et al., 2010).

In the Eastern Cordillera, in the Guape
salient, in limestone fragments, the trilobites E/-
mania akanthophora, E. amphibola, Paradoxides sp.
have been recovered and a peronopsid agnostoid
have been recovered (Harrington and Kay, 1951;
Rushton, 1963). The fragments have been attri-
buted to the Duda Formation, a clastic sedimen-
tary unit that overlies the Guape Formation (late
Ediacaran). The recognized trilobites, according
to Rushton (1963), indicate a middle Cambrian
age with biogeographic affinities with the Avalo-
nian “Atlantic Province”. Tremadocian trilobites

from the Tifit Formation (Oaxaca) show affini-
ties with contemporary South American faunas
(Robinson and Pantoja-Alor, 1968).

The Atlantic trilobite province corres-
ponds to an exotic terrane in North America
(Secor ¢t al., 1983) that was part of a series of
continental fragments, including Ganderia and
Carolina, separated from Gondwana by rifting
during the late Ediacaran or early Paleozoic. The
Atlantic Province encompassed the microcon-
tinent of Avalonia that includes southwestern
Great Britain, southern Ireland, sectors of Bel-
gium, Germany, and the eastern margin of Noz-
th America (Landing e# al., 2022). This provin-
ce also includes northwest Africa and northern
South America (Colombia). The faunal simila-
rities between Avalonia and Gondwana during
the Cambrian suggest proximity between these
areas. One possible scenario could suggest that
Avalonia begins to separate from Gondwana
during the Cambrian with the development of
the Rheic ocean floor (Figure 4b). The second
possibility assumes that the ocean-floor gabbros
(Ariari) were the result of Baltica rifting and the
opening of the Iapetus Ocean at the end of the
Ediacaran (Toro-Toro et al., 2014).

Ordovician

Most of the Ordovician of northern Sou-
th America are found in the subsurface of the
basins east of the Andes. In the Negritos Well of
the Llanos Basin, Ulloa 7 a/. (1982) cite faunas
from the range Tremadocian to Darriwilian that
include the graptolites “Janograptus” sp., Expanso-
graptus extensus, a trilobite of the genus Triarthrus,
and the brachiopod Acrotreta.

In the Heliera Well (Negtritos Formation)
Tremadocian Rhabdingpora flabelliformis and Juju-
yaspis sp. were collected (Ulloa e al., 1982). Tre-
madocian Helieranella negritoensis, Jujuyaspis trunca-
ticonis, Jujuyaspis colombiana and Peltura sp. are also
mentioned (Baldis ¢ a/., 1984).

In the Paisa-1 well of the ILlanos Basin Kro-
eck ez al. (2020) cite the acritarchs Arbusculidium,
Barakella, Coryphidinm, Dactylofusa, Striatotheca and
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Verybachium, which indicate an Early and Middle
Ordovician age. Some of the species mentioned
are characteristic of the Peri-Gondwanan acti-
tarch province (Kroeck ez al., 2020). The presence
of late Ordovician faunas is additionally reported
in some oil wells in the same basin (Rubinstein
¢t al., 2019; Duenas-Jiménez and Montalvo—]6ns-
son, 2020; Rubinstein e al., 2021).

In the north of the Sierra de la Macarena, a
sequence of marine turbidite platform margin de-
posits emerge that together have been included in
the Giiejar Group (Figure 6). The age of the re-
ported faunas extends from the late Cambrian to
the early Ordovician. Harrington and Kay (1951)
report trilobites from genera related to Basiiella,

Kainella, Psendokainella, Raphiophorus, - Symphysurus,
Westergardia, and the genera Tropidopyge, Geragnostus,
Megalaspis and Niwbella. Brachiopods include Aero-
treta, Apheoorthis, Iingulella and Nanorthis. Also men-
tioned are the brachiopods Obolus elongatus, O. salteri
and the trilobites Kaznella meridionalis, Kainella lata,
and possibly Asaphellus sp. (Trumpy, 1943; Trumpy,
1949). In the Sanza River, a tributary of the Giiejar
Rivet, Acrograptus filifornmais, Baltograptus varicosus and B.
turgidus were collected, indicating a Floian age (Mo-
reno-Sanchez ez al., 2014), Tetragraptus sp. and Gonzo-
graptus sp. (Figure 7b) are also recognized. Kainella
colomtbiana, cited by Harrington and Kay (1951), is
referred to the genus Naustia by Vaccari and Wais-
feld (2010) which suggests that the basal sequence

Figure 6. (a,b) Floian age turbiditic deposits of the Gue]ar River (Sierra de la Macarena) / Flgura 6. (a,b) Depdsitos

turbiditicos de edad Floiense del rio Giigjar (Sierra de la Macarena).

Jurassic Saldaha Formation

Carponitercus (Pennsytvanian)
La Batalla Formation

Ordavician
Higado Formation

Precambrian
Las Minas

Figure 7. Scheme of stratigraphic relationships of the Upper Magdalena Valley and eastern flank of the Central Cordillera (Payandé
block)./Figura 7. Esquensa de relaciones estratigrdficas del 1 alle del Alto Magdalena y flanco oriental de la Cordillera Central (blogne Payandé).
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of the Macarena dates to the late Cambrian.

On the northern margin of the Llanos
de Venezuela basin the Caparo Formation out-
crops, a platform clastic sequence, which inclu-
des Nemagraptus gracilis, Dicranograptus ramosus,
D. furcatus and Archiclimacograptus meridionalis that
indicate a Sandbian age (Gutiérrez-Marco e al.,
2011). Finally, fossils of acritarchs of Areningian
to Tramedocian age are reported Dasydiacrodinm
sp., Acanthodiacrodium  angustum, _Acanthodiacro-
dinm contrictunr, Baltisphaeridinm sp., Priscotheca raia,
Acanthodiacrodinm  sp., Dasydiacrodium  eichwaldy,
Verybachium valiente, Acanthodiacrodinm ct. seroti-
nunmt, Polygonium  spinosum, 1eiosphaeridia sp., and
Veryhachinm trispinosum (Théry et al., 1980).

To the north of the Upper Magdalena Va-
lley or Payandé Block sensu Etayo-Serna et al.
(1986) (Figure 7), in the section of the Venado
River, a sedimentary succession emerges coeval
with that of the Guejar River. In this sequence,
platform turbiditic deposits are reported to lie on
conglomerates with Precambrian gneiss clasts.
The strata contain the graptolites Acrograptus fili-
formis, Baltograptus kurcki, Phyllograptus cf. ilicifolins
and Expansograptus cf. extensus of late Floian age
(Moreno-Sanchez ¢ al., 2014) (Figure 8a).

To the south of the Upper Magdalena
Valley, in the El Higado Formation (Figure 7),
Darriwilian graptolites are reported along with
reworked conodonts from the Tremadocian
(Mojica et al., 1988; Borrero et al., 2007). The
graptolites and conodonts are within the Lenodus
variabilis and Eoplacognathus suecicus biozones indi-
cating that the succession reaches the eatly Da-
rriwilian (Borrero ez al,, 2007; Gutiérrez-Marco ef
al., 2007). A little further south, in the town of
San Agustin, strata like those of the El Higado
Formation emerge, where the presence of grap-
tolites Didymuograptus sp (Figure 8c), cephalon of
trinucleid trilobites (Figure 8d, e, f).

The La Cristalina Formation (Figure 9),
in the Payandé-San Lucas block (Etayo-Serna et
al., 1980), outcrops a sedimentary sequence with
low-grade metamorphism that at the base is made
up of quartzites that grade to shales and turbidi-

tic strata that contain Didymograptus ct. nurchisoni,
Psendamplexcograptus latus and Glossograptus hincksii
of Darriwilian age (Almanza-Melendez, 2019).
The Ordovician sequences in both the crystalli-
ne and the Higado Formation are deposited on
a basement made up of Precambrian gneisses
from the Grenvillian cycle.

The Ordovician sedimentary units of the
Magdalena Valley (Payandé and Payandé-San Lu-
cas) and the Eastern Llanos Basin correspond
to mature platform units deposited on a passive
continental margin (Moreno-Sanchez ez al., 2020).
The faunal composition of the Ordovician se-
quences of Colombia and Venezuela are like tho-
se of Argentina and Bolivia, which in turn are
typical of the Gondwana margin. There are also
elements shared with Baltica, which at the time
was a short distance from Gondwana (Kroeck ez
al., 2020; Moreno-Sanchez ¢t al., 2014).

In the massifs of Quetame, Floresta (Figures
10, 11), Santander, Mérida, and Sierra de Perija, meta-
morphic sequences of Precambrian gneisses and Pa-
leozoic schists intruded by calc-alkaline granitoids of
Ordovician age are prominent (Ward ez 2/, 1973; Ren-
zoni, 1968, 1969; Ulloa ¢ al., 2008). Ordovician mag-
matism in the Eastern Cordillera is recognized in the
Quetame, Floresta, and Mérida massifs (Boinet ¢/ 4/,
1985, 1986; Horton and Fuentes, 2016). In Santander,
the banded intrusive (“orthogneiss”) of Bucaramanga
yields ages of 413450 Ma (Ward ez al, 1973; Shagam
¢t al, 1984; Boinet ¢ al, 1985). The Cambrian meta-
morphism and Ordovician magmatism of the Que-
tame and Floresta Massifs, as well as the basement of
the Sierra de Mérida, are often interpreted as an exten-
sion of the Famatinian orogeny into northern South
America (Ramos, 2009).

It is noteworthy that the Famatinian mag-
matism and metamorphism, which occur almost
continuously along the western margin of South
America (Miskovic¢ ¢ al., 2009; Ramos, 2009), are
interrupted south of the Huanca-Bamba Deflec-
tion (Balsas intrusive, dated at 477 Ma in the Ma-
rafién Arc) and reappear to the north at 3.5° in the
Colombian Eastern Cordillera (Ward ¢ al, 1969).

It is then possible to define for the Andean
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in the region east of Otd-Pericos two sectors
with Grenvillian cycle basement but with distinc-
tive Paleozoic stratigraphy:

* Eastern Chibcha terrane. Northern
sector of the Eastern Cordillera (Quetame,
Floresta, Santander Massifs) and Serranfa de
Mérida with Ordovician metamorphism affec-
ted by Ordovician volcanic arc magmatism and
related to the Taconic or Famatinian orogeny.

* Western Chibcha terrane (Payandé, Pa-
yandé - San Lucas, Sierra Nevada de Santa Marta
blocks) southern sector of the Eastern Cordillera
(Garzon Massif), southern sector of the Central
Cordillera and Magdalena valley with Ordovi-
cian sedimentary sequences without magmatism
or orogenic metamorphism from the early Pa-
leozoic. The blocks attributable to this sector
show more affinities with those of the Sierra de
la Macarena, Llanos and Putumayo basins.

The Eastern Chibcha Terrane with Pre-
cambrian metamorphic basement (Grenvillian
cycle) and an eatly Paleozoic metamorphic
succession is interpreted as a parautochtonous
of Famatinian or Taconic origin. The Western
Chibcha block is a displaced portion of the au-
tochthonous basement (Grenvillian cycle) with
close geological similarity to Mexican terranes,
the Llanos Basin and Sierra de la Macarena ba-
sin (Moreno-Sanchez ¢z al., 2020). Eastern Chib-
cha Terrane may have partial continuation with
Chortis and Maya-Yucatan blocks in Mexico.

Silurian

The sedimentary rocks of Ordovician age in
the Llanos Basin occur as a segmented sequence de-
posited on Ordovician sedimentites of the Negtitos
Formation. In this unit the acritarches Domasia bispi-
nosa, Dactylofusa spp. and Eupoikilofusa sp. (Rubinstein
et al., 2019; Duenas-Jiménez and Montalvo—]6nsson,
2020; Rubinstein ¢z al., 2021).

In the Eastern Cordillera, near Villavicencio,
a clastic unit of Silurian age is reported lying on
an igneous-metamorphic basement of Cambrian
— Ordovician age (Quetame Group). This sequen-
ce is cited as the “Silurian of Susumuco”. From
this sector Ambitisporites avitus, A. dilutus, Retusotri-
letes warringtoniz, R. minor, Archaeozonotriletes chulus,
Synorisporites lybicus have been collected, whose age
is placed in the late Silurian (Grosser and Prossl,
1991). Royo y Gomez (1943), according to data
from E. A. Scheibe, cites the presence of Silurian
deposits in the Quebrada Honda (Quetame Mas-
sif). In the Santander massif, a succession of shales
and meta-sandstones is known, which has provi-
ded still unidentified trilobites and the brachiopod
Aenigmastrophia sp. of Ludlow age (Forero, 1990).

The Silurian fossils reported for Colombia are
scarce, making it difficult to establish their biogeo-
graphic relationships. While Silurian-age deposits in
Colombia are dominated by fine sediments and oc-
casional turbidites, in Venezuela, the El Horno Fot-
mation is notably rich in fossils.

Figure 8. a- Photograpth of UCAI-095-2099 Phyllograptus Venado River (Huila). b- UCAIL-548-057-2100 Goniograptus Sanza
Formation (Meta). c- UCAI-0328-2101 Didymograptus sp San Agustin (Huila). d- UCAI-0328-2102 cephalon of Trinucleids San
Agustin (Huila). e- UCAI-0328-2103 cephalon of Trinucleids San Agustin (Huila). f~ UCAI-0328-2104 thoracic segmentof trilobite
San Agustin (Huila); g- UCAI-1323-2105 Polypora sp Floresta Formation (Boyacd). h, I, j, k- UCAIL-0317-1147-2106 to 2109 teeth
of Xenacanthimorpha Floresta Formation (Boyaca). 1- UCAIL-1147-2110 Pharciceratina Floresta Formation (Boyacd). m- UCAL-
2111 Archaeopteris macilenta Cuche Formation (Boyacd). n- UCAI-1288-2112 Anterior median dorsal plate of Asterolepis cf. radiata
Cuche Formation (Boyaca). o- UCAL-087-0358-2113 Paladin sp. Iman Formation (Tolima). p- UCAI-087-0358-2114 Spiriferid Iman
Formation (Tolima). - UCAI-087-0358-2115 Fenestellid Iman Formation (Tolima). Scale a, ¢, d, e, h, 1, , k, 0, q bar represents 5mm; b,
f, g, m, n, p bat 1cm; Lbar in mm. The fossils have been whitened with magnesium oxide, except for a, g, m, n./Figura 8. a- Forgafia del
rio Phyllograptus Venado UCALA095-2099 (Huila). b~ UCAL-548-057-2100 Formaciin Goniggraptus Sanza (Meta). c- UCAIA0328-2101 Did-
yrograptus sp San Agustin (Huila). d- UCALA0328-2102 cefalon de Trinucleidos San Agustin (Huila). e- UCALA0328-2103 cefalon de Trinncleidos
San Agustin (Huila). $ UCALA0328-2104 segmento toricico del tritobite San Agustin (Huila)y G, UCAIL ~1323-2105 Formacion Pohpora sp Floresta
(Boyacd). hy 1, j, k- UCALA0317-1147-2106 a 2109 dientes de la Formacidn Xenacanthinorpha Foresta (Boyaci). 1- UCAL-1147-2110 Formacion
Pharciceratina Floresta (Boyacd). to- UCAL2111 Formacion Archaegpteris macilenta Cuche (Boyacd). n- UCAI -1288-2112 Placa dorsal mediana
anterior de Asterolepis of. Formacion radiata Cuche (Boyaca). o- UCALA-087-0358-2113 Paladin sp. Formacion Inn (Tolina). p- UCALAO87-0358-
2114 Formacion Inmdn Espiriférido (1okima). - UCALAOE70358-2115 Formacion Inin Fenestélico (Tolina). La barra de escala a, ¢, &, ¢ b, 4, j, &, 0, q
representa 5 i b, , g, 7, m, p barra 1om; Barva 1 en mm. 1os fisiles han sido blangueados con dxido de nagnesio, excepto a, g, m, n.
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sedimantary rocks
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Precambian
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Figure 9. Scheme of stratigraphic relationships in the eastern flank of the Central Cotdillera (Payandé-San Lucas block)./Figura
9. Esquerna de relaciones estratigrdficas en el flanco oriental de la Cordillera Central (bloque Payandé-San 1 scas).

The platform sequence of the El Horno
Formation in Venezuela is notably fossil-rich and
includes patches of the tabulate coral Halysites.
There are marked faunal similarities between the El
Horno Formation of Venezuela and the Cafion de
Caballeros Formation in Ciudad Victotia, Mexico
(Boucot et al, 1997). In these two sectors, which
were formerly contiguous, Silurian fossils (Wen-
lock—ILudlow) have been identified. These fossils
consist of genera absent in the North American
faunal province but recognized in both northern
South America (Venezuela) and the European Pro-
vince (Boucot ef al., 1972; Stewart ez al., 1999).

The Silurian sedimentary rocks extend
from the Llanos Basin to the Mérida Mountain
Range, Quetame Massif, and Santander Massif.
The stratigraphic relationships indicate that du-
ring the Silurian, these blocks were amalgamated
with the South American basement. Additionally,
the faunas shared between Venezuela and Mexico
suggest that the Oaxaca block (Zapoteco Terra-
ne) was part of northern Gondwana during the
Silurian. In the Colombian Andes, the stratigra-
phic gap between the late Silurian and the basal
Devonian is characteristic, suggesting a tectonic
event during this phase (Figure 4c).

Devonian

The Silurian sedimentary rocks extend
from the ILlanos Basin to the Mérida Mountain
Range, Quetame Massif, and Santander Massif.
The stratigraphic relationships indicate that du-
ring the Silurian, these blocks were amalgamated
with the South American basement. Additionally,
the faunas shared between Venezuela and Mexico
suggest that the Oaxaca block (Zapoteco Terrane)

was part of northern Gondwana during the Silu-
rian. In the Colombian Andes, the stratigraphic gap
between the late Silurian and the basal Devonian is
characteristic, suggesting a tectonic event during this
phase (Figure 4c).

The base of the Devonian deposits of the
Floresta Massif region, which contain Emsian
palynomorphs (Grosser and Prossl, 1994), be-
gins with the marine sandstones of the El Tibet
Formation. This succession also provides corals,
brachiopods and plant remains (Moreno-San-
chez et al., 2020). The Devonian sequence of
the Floresta Massif is like that of the Quetame
Massif (Figure 13). The Gutiérrez Formation is
correlated with the El Tibet Formation and the
Floresta Formation has its equivalent in the sha-
les of the Pipiral Formation (Figure 14a).

The first 30 meters of the base of the
Floresta Formation, overlying the El Tibet For-
mation, contain trilobites from the late Emsian
(Morzadec ef al., 2015) and an association rich
in bryozoans, brachiopods, and crinoids that
extends into the Eifelian to Givetian (Figure
8g). This rich fauna is often cited as correlating
with the Onondaga Formation and Hamilton
Group of eastern North America (Caster, 1939;
McNair, 1940; Morales, 1965; Barret and Isaac-
son, 1988). The middle and upper parts of the
Floresta Formation consist of marine lamina-
ted mudstones of anoxic origin, which are very
poor in fossils. These beds, representing the
phase of maximum marine advance, contain
sparse calcareous levels with ammonoids, tenta-
culites, and orbiculoid brachiopods. Among the
ammonoids, forms of Pharciceratina (Figure 8I)
are notable, suggesting an age range from early
Givetian to early Frasnian (written communica-
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tion by Ninon Allaire) (Figure 8l). In the inter-
calated black shales, fish scales and teeth of a
large xenacanthiform shark stand out (Figure
8h, 1, j, k). During the warm phases of the

Middle Devonian, some genera of brachiopods
from the Eastern American province reach Co-
cachacra in southern Peru and the Amazon basin
(Boucot ez al., 1980) (Figures 4d, e).
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In northern South America, the Devo-
nian is characterized by successions of del-
taic origin that culminate in red layers of ri-
ver plains (Moreno-Sanchez ¢ al., 2020). The
Cuche Formation (Figure 14b) covers the late
Frasnian and Famenian, the most common
plant fossils are an association of herbaceous
lycopodia, Archeopteris obtusa and Wattieza sp. in
flooded areas and forests of Archeopteris hallia-
na, A. notosaria and A. macilenta in the drained
areas (Moreno-Sanchez ez al, 2020) (Figure
8m). Fish remains with a wide geographical
distribution including much of northern and
eastern Gondwana are found in the channel
deposits. Among this faunula, the chondri-
chthyan Awntarctilammna sp. is recognized along
with sarcopterygians, placoderms Aszerolepis ct.

radiata and primitive actinopterygians (Janvier
and Villarroel, 1998, 2000; Burrow ez a/., 2003;
Janvier and Maisey, 2010; Mondéjar-Fernandez
and Janvier, 2014; Olive ¢z al., 2019) (Figure 8n).

Young and Moody (2002), based on mios-
portes, establish the contact age of the Campo
Chico and Cafio del Oeste Formations to the
upper Givetian. The upper member of the
Campo Chico Formation, where remains of A
cheopteris are reported, indicate a middle Frasnian
age (Figure 15a).

The Eifelian to Frasnian strata of Ve-
nezuela and Colombia are known for the pre-
sence of placoderms with affinities with the
quality waters of northern Gondwana and the
southern margin of FEuro-America (Janvier
and Maisey, 2010). Boucot ez a/ (1980), based
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Figure 12. Paleozoic metamorphic and sedimentary succession at La Esmeralda (Chivor) dam./Figura 12. Sucesion
metamirfica y sedimentaria paleozoica en la presa La Esmeralda (Chivor).

on brachiopod taxonomic affinities, includes
northern South America and eastern North
America in the Appalachian province or East
American Kingdom. From the same source,
the trilobites and fishes reported from the
Venezuelan Devonian indicate geographical
affinities with the North American province
(De Carvalho and Moody, 2000; Young and
Moody, 2002). A compilation of the Devo-
nian fauna and flora from Colombia and Ve-
nezuela are presented by Pastor-Chacon ez
al. (2023a; 2023b) however, the stratigraphic
range (FAD, LAD) is highly speculative given
that there is no rigorous field control of the
distribution of species in the stratigraphic co-
lumns used to this compilation.

The Hamilton (Givetian) faunas of
North America also include some typical

Early Devonian forms of the Rhenish-Bohemian
sub-province of the Old World Realm which in-
cludes shallow-water (Rhenish) and deep-water
Bohemian forms (Boucot ez al., 1969), 1969). Po-
tvin-Leduc ¢# al, (2015) indicate that the global
dispersal of vertebrates begins during the Middle
Devonian and suggests that the “Hamilton fau-
na” originates during the Early Devonian in Sou-
th America (Gondwana).

Provenance studies of detrital zircons from
the Devonian formations (Tibet, Floresta, Cuche)
of the Eastern Cordillera indicate sources in the
basement of the Amazonian Craton (Horton,
2010, Cardona et al., 2016). The first of these stu-
dies assumes that at least during the Devonian this
area of the Eastern Cordillera was integrated into
the margin of Gondwana. During the Farly and
Middle Devonian, the marine faunas of northern
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Figure 13. Scheme of stratigraphic relationships of the Quetame Massif (Eastern Chibcha terrane)./Figura 13. Es-
quema de relaciones estratigrdficas del Macizo de Quetame (terreno Chibecha Oriental).

South America show notable similarities with
those of the Appalachian province. During
the Late Devonian, communication was esta-
blished with the Old-World Province. It is no-
teworthy that during the Emsian, the Gutiérrez
Formation sandstones and the El Tibet For-
mation are clastic units formed almost exclu-
sively by quartz and mica sandstones of great
compositional maturity with provenance in the
Amazonian craton and nearby metamorphic
massifs (Pastor-Chacon ef al., 2023b). During
the Middle and Upper Devonian, the coastal
margin of northern South America does not
fit with a passive platform in its strictest sense.
Pastor-Chacon ef al. (20232), based on detrital
zircon stratigraphy, suggests the volcanic in-
fluence of the Maya Block according to data
from Salazar-Juarez e a/.(2007).

Carboniferous

The Carboniferous Andes of northern
South America are limited to the Pennsylva-
nian rocks (Bashkirian and Moscovian), al-
though in the subsurface of the Llanos Basin.
Duefias and Césari (2006), based on palyno-
logical assemblages, recognize material from
the Mississippian (Tournaisian - Visean). The
Colombian and Venezuelan Carboniferous is
characterized by the alternation of platform
limestones and deltaic deposits that culminate
in red beds (Braun, 1979; Moreno-Sanchez ef
al., 2020).

From Carboniferous basal strata of the Fa-
rallones Group (Quetame Massif) W. J. Clarke ci-
tes a fauna of late Mississippian age consisting of
Inflatia inflata, Ectogrammysia (Grammysia) hannibalen-
sis, Avienlopecten cf. rugirostratus, Myalina cf. subgua-
drata, M. perattennat, Spirifer increbescens (Campbell
and Birgl, 1965). In the sandstones covering these
deposits W. J. Clarke identifies Spirsfer increbescens,
Derbya crassa, Myalina perattennata, Composita sp. Li-
noproductus sp. of Pennsylvanian age (Campbell and
Burgl, 1965). This suggests that Carboniferous
sedimentation of the Farallones Group (Segovia,
1964; Braun, 1979) begins at the end of the Missis-
sippian and extends through most of the Pennsyl-
vanian (Moreno-Sanchez ¢t al., 2020).

Royo y Gémez (1943) report a marine fau-
na for the Gachala region (north of the Quetame
Massif), including crinoids, brachiopods, bryozoans,
and mollusks, with a composition similar to that
of the Pennsylvanian of Tarma and Ambo (Peru).
Remains of a crossopterygian fish, trilobites of the
genus Amenra, and a flora consisting of Cordaites sp.,
Calamites ¢f. permvianus, and Neuropteris stutzeri are also
mentioned (Scheibe, 1938).

The Rio Palmar Formation, composed of pla-
tform limestone, extends along the Sierra de Perija
on the Colombian-Venezuelan border. In the Méri-
da Andes of Venezuela, the Mucuchachi Formation
is characterized by an outer shelf marine succession
dominated by shales with marine fossils and Pen-
nsylvanian plants (Pfefferkorn, 1977; Odreman and
Wagner, 1979). Interbedded with these deposits are
occasional lava flows and volcanic deposits linked to
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Figure 14. a- Scheme of stratigraphic relationships of the Floresta Massif (Eastern Chibcha Terrane, Eastern Cordillera).
b- Scheme of stratigraphic relationships of the Chitaga River, near Labateca./Figura 14. a- Esquena de relaciones estratigrdficas
del Macizo de Floresta (Lerreno Chibeha Oriental, Cordillera Oriental). b~ Esquema de relaciones estratigraficas del rio Chitagd, cerca de Labateca.

Carboniferous intrusives These volcanic deposits,
recognized in northern Colombia and Venezuela
(Moreno-Sanchez e# al, 2020), are linked to Cat-
boniferous intrusives. The Carboniferous deposits
in some sectors of the Santander Massif and the
Mucuchachi Formation of the Mérida Mountain
Range were subjected to low-grade metamor-
phism, resulting in the formation of slate and mar-
bles (Moreno-Sanchez ¢ al., 2020). Similar events,
related to the closure of the ocean basin between
Laurentia and Gondwana during the Permian, are
also recorded in the Carboniferous rocks of the
Maya Terrane (Moreno-Sanchez et al., 2020).

The Bocas Formation is often cited as
a Carboniferous unit ( Royo y Gomez, 1943;
Langenheim, 1961), or Permian (Van der Le-
lij ez al, 2016) however new paleontological
evidence places it in the Mesozoic (Remy ez
al., 1975; Alarcon et al., 2021). Royo y Goémez
(1943) cite for the Bocas Formation: Crania
modesta,  Dictyoclostus - portlockianus, Dictyoclostus
americanus, Buxtonia scabricola, Neospirifer goreii,

Neospirifer sp. of Carboniferous age. This assem-
blage, typical of the Paleozoic limestones of Su-
rata (Carboniferous-Permian,) was included in the
Bocas Formation (Figure 15b). According to the
notion of the time, the limestones of the Surata
Series constituted a continuous sedimentary suc-
cession with the less fossiliferous Bocas series to
the top (Dickey, 1941; Royo y Gomez, 1943).
Angiolini ez al. (2003) report in Cerro El
Iman (near Rovira) brachiopods indicating a Car-
boniferous age (Bashkirian-Moscovian), however,
a field review in the reported area indicates the pre-
sence of Triassic limestones of the Payandé For-
mation without a record of Paleozoic layers at the
aforementioned site. On the other hand, in nearby
areas brachiopods like those reported, suggesting
that the fossils cited by Angiolini e 2/ (2003) were
found out of place. The Iman Formation is also
bears in trilobite Paladin sp. (Figure 80), spiriferid
brachiopods and bryozoan remains (Figure 8p, q).
The Pennsylvanian deposits of northern
South America are related to both Central Ameri-
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Figure 15. a- Chronostratigraphic correlation instead of scheme of the Campo Chico and Cafio del Oeste formations.
b- Scheme of stratigraphic relationships of the Santander Massif (Eastern Chibcha Terrane, Eastern Cordillera)./
Figura 15. a- Correlacion cronoestratigrdfica en lugar de esquema de las formaciones Campo Chico y Caiio del Oeste. b= Esquema de
relaciones estratigrdficas del Macizo de Santander (Terreno Chibcha Oriental, Cordillera Oriental).

ca (Mayan Block) and other areas of western
South America. The lithology is dominated by
limestone and red beds suggesting warm wa-
ters (due to the movement of South America
towards lower latitudes) and influenced by gla-
cial eustatic cycles.

Permian

The Permian sedimentary of northern
South America is distributed in the Sierra de
Perija, Andes de Mérida and Massif de San-
tander. In the Quetame Massif, possible fossils
of Permian age are often cited, however the

surest indication of the existence of layers of this
age is a float block, with an ammonite of the genus
Mooreoceras, found near Guayabetal (Campbell and
Biirgl, 1965).

On the eastern flank of the Central Cordille-
ra, a new stratigraphic unit (Rovira Formation) was
recognized consisting of agglomerates, tuffs and
basaltic lava flows (Figure 16a). This unit, often con-
fused in cartography with the Saldafia Formation of
Jurassic age, lies unconformably on sedimentites of
Carboniferous age and unconformably underlies
the red conglomerates of the Luisa Formation (Fi-
gures 17, Figure 18). Blocks of sedimentary rocks,
gneisses, granitoids (Rovira Stock) and volcanic roc-
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Figure 16. a- Geological Map of the Rovira (Tolima). UTM cootdinates 18N. Modified from Nufiez and Mutillo, 1982. b-e-
metatexite migmatite of the Tierradentro complex (Precambrian) intruded by dikes of sienogranite from the Rovira Stock
(Permian) and basalt dike from the Saldafia Formation (Jurassic)./Figura 16. a- Mapa Geoldgico de la Rovira (Tolima). Coordenadas
UTM 18N. Modificado de Nusiez y Murillo, 1982. b-e- migmatita metatexita del complejo Tierradentro (Precimbrico) intruida por digues de
sienggranito del Stock Rovira (Pérmico) y dique basdltico de la Formacion Saldara (Jurdsico).
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ment with development of spherulites due to devitrification in the Luisa Formation. d- metabasalt in sub-greenschist facies,

taken from the lava flows of the Rovira formation. e, f- volcanic lithic fragments and spherulite fragments due to devitrification
in volcanic igneous clasts of the conglomeratic segments at the base of the Luisa Formation. Abbreviations: Pl, plagioclase;
Qz, quatzt; Ep, epidote; Cal, calcite; Chl, chlorite; Sme, smectite group./Figura 17. a, b- Flujo de lava de composicion basdltica, tobas
y aglomerados de la formacion Rovira. c- fragmento litico volcanico con desarrollo de esferulitas por desvitrificacion en la Formacion Luisa. d- meta-
basalto en facies subesquistoverde, extraido de las coladas de lava de la formacion Rovira. e, f- fragmentos liticos volednicos y fragmentos de esferulita
debidos a la desvitrificacion en clastos igneos volednicos de los segmentos conglomerdticos en la base de la Formacion 1uisa. Abreviaturas: Pl plagioclasay
Oz cuarzo; Ep, epidotay Cal, caleita; Chi, clorito; Snee, grupo de las esmectitas.

ks from the underlying units are common in the The brachiopods Echnanris. E. lappacea, Echnan-
conglomerates of the Luisa Formation (Figure  7iscf. E. fumbona, Pancispinifera ct. P. sulcata, Cleiothyrina
18b-c) contain zircons that provided U-Pb ages  cf. C. nana, Composita ct. C. pilula and Neophricadotryris
of 258 Ma and 264 Ma, which are assumed to  cf. N. arussibecea, are reported in the Permian deposits
represent the age of sedimentation (Cadavid ez  of the Venezuelan Andes. This fauna recalls coeval
al., 2023). This area is also affected by calc-alka-  assemblages from the Texas area (Road of Canyon
line intrusives, such as the Rovira and Ortega  Formation) and also shows similarity with those of
Stocks of Early Permian age (Figure 16b—e). In  the Roadian of North Africa (Ricardi-Branco, 2008).
the El Baul Massif (Venezuela), U-Pb ages from The Permian flora of the Palmarito Forma-
intrusive and volcanic rocks (rhyolites) indicate  tion, in the Venezuelan Andes, is closely related to
Permian volcanism in the 297-280 Ma interval  the southwestern and central United States (Ricar-
(Viscarret e al., 2012). di-Branco e al, 1998, 2005; Ricardi-Branco, 2008).
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In the Venezuelan Andes Ricardi-Branco (1998)
reports a Permian flora that includes Delnortea
sp. cf. D. abottiae, Taenigpteris sp. ct. 'I. multinervis,
Taeniopteris spp., Lamigpteris sp. Cordatcarpus sp.
Cordaites sp. and Walchia sp. The material shows
that during the Permian, northern South Ameri-
ca was connected to the floras of the southwes-
tern and central United States. The flora cited for
Venezuela and that reported by Weber (1997) for
Mexican Permian strata of the Zapoteco Terra-
ne (Oaxaca) show contiguity of these terrane
during the Permian. Most Paleogeographic mo-
dels agree that during the Late Permian Lauren-
tia and Gondwana collided and gave rise to the
continent of Pangea (Wegener, 1912; Pindell and
Dewey, 1982; Scotese and McKerrow;, 1990).
Horton e al. (2010) recognizes U-Pb ages
from 539 £ 7 to 422 + 4 Ma in granites (e.g
Otenga) from the Floresta Massif, with ages that
indicate origin from the Amazonian basement
(1000 Ma and 1600 Ma), in addition, they are

recognized zircons from the Grenville cycle (1350—
950 Ma). According to Horton e al. (2010), detrital
zircon data suggest that northern Colombia during
the Farly Paleozoic was not a passive margin.

Van der Lelij ¢f al. (2016) assume a Permian
age for the lacustrine deposits of the Bocas For-
mation based on zircons from a dike that cuts the
aforementioned formation. Furthermore, these au-
thors mistakenly cite remains of Glossopteris, actua-
Wy Phlebopteris branneri, which is also associated in the
unit with dassgpolis sp. indicating an early Jurassic age
(Remy ¢z al., 1975). Pootly preserved specimens of
Phiebopteris branneri were previously referred by Lan-
genheim (1961) to the carboniferous genus Pecgpreris
sp. (Langenheim, 1961). Complex tectonics and ve-
getation often lead to confusion of the Bocas For-
mation with underlying Paleozoic deposits.

During the early Permian, northern and wes-
tern South America are interpreted as an active mar-
gin with volcanism recorded in both Venezuela and
Colombia. This phase suggests the closure of the re-
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Saldafia Formation

Triassic
Payandé Formation
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Metamorphic rocks

Figure 18. a- Scheme of stratigraphic relationships of the northern region of the Magdalena Valley (Payandé Block). b, c-
Conglomerates from the Luisa Formation (Hatly Ttiassic) with granitoid clasts from the undetlying Rovira Stock (Permian)./
Figura 18. a- Esquema de relaciones estratigrdficas de la region norte del Valle del Magdalena (Bloque Payandé). by c- Conglomerados de la
Formacion Latisa (Tridsico Tenprano) con clastos granitoides del Stock Rovira subyacente (Pérmico).
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maining sea between South America and Lauren-
tia that culminates with the formation of Pangea
at the end of the Permian. Thus, the calcareous
platforms extended from southern North Ameri-
ca to northern South America. Floristic affinities
between Venezuelan and Texas show the conti-
guity of these areas during the Permian. The Or-
tega Granite and Rovira Stock, corresponding to
calc-alkaline intrusives of monzodiorites, quart-
zomonzonites, tonalites, grano-diorites, monzo-
granites and syenogranites composition with U/
Pb crystallization ages from 294 to 263 Ma (eatly
Permian) (Rodriguez-Garcia ef al, 2019), similar
to those reported for the La Plata Granite, with
crystallization ages between 280 to 268 Ma (Ro-
driguez ez al., 2017; Leal-Mejia ¢t al., 2019).

Terrane review

The model of continental drift and the origin
of the supercontinent Pangea, developed by Wege-
ner (1920), was initially based on the geographical
correspondence of the Atantic Ocean coasts of
Africa with South America and North America
with Europe. Following the definitive establish-
ment of the theory of plate tectonics, the concept
of geological terranes emerged (Coney ¢ al., 1980).
Terranes are defined as sectors of the Farth’s crust
with similar lithology, stratigraphy, structural style,
and history, separated by faults (sutures) from other
blocks with disparate characteristics.

The idea of terranes has eatly precedent
in Colombia. Tschanz ez al. (1974) establishes
for the Sierra Nevada de Santa Marta four
geological terranes with distinctive geology
and separated by “geosutures”: Provinces of
Perija, Sierra Nevada, Seville and Santa Marta.
The Seville terrane of Etayo-Serna ez a/. (1980)
follows the concept of Tschanz et al. (1974),
in addition to being presented as the northern
termination of the Cajamarca Terrane.

After the establishment of the theory
of plate tectonics, geological and geophy-
sical data were provided that confirmed the
expansion model from the mid-ocean ridge
that created the Atlantic Ocean and separated

North America from Europe and South America
from Africa. However, reconstructions of Pan-
gea for the end of the Paleozoic lead to a strong
mismatch between Mexico, Central America and
northern South America. These areas would
overlap geographically unless a reorganization of
the geological blocks in this sector of America is
allowed (Pindell and Dewey, 1982; Maze, 1984;
Pindell, 1985; Bartok, 1993).

The adjustment of these blocks (crus-
tal sectors with similar geology and bonded by
faults) prior to the formation of Pangea fits a Ru-
bik’s Cube-type reorganization model. It is neces-
sary to clarify that a large part of Central Ame-
rica and sectors of northern and western South
America are made up of oceanic basement of
Cretaceous age (Dengo, 1983, 1985; Maze, 1984,
Ramos and Aleman, 2000). Terranes or geologi-
cal blocks with Cretaceous oceanic basement are
not relevant for paleogeographic reconstructions
prior to the Mesozoic (K in Figures 1,2,3).

To the west of the San Jerénimo fault, oce-
anic bottom rocks emerge, no older than the Cre-
taceous, and related to the evolution of the Cati-
bbean Plate. To the east of the Oti-Pericos Fault,
the Chibcha Terrane is recognized (Restrepo ez al.,
2011) whose Precambrian basement (Restrepo-Pa-
ce, 1995; Restrepo-Pace ¢z al., 1997; Ordonez-Car-
mona, 1999; Restrepo-Pace and Cediel, 2018) is
covered by Paleozoic sedimentary sequences and
crossed by Permian and Jurassic batholiths.

The Tahami Terrane (sensu Restrepo e7 al,
2011) or Cajamarca Terrane (sensu Etayo-Serna
et al., 1986) is a sector of the north of the Central
Cordillera limited to the west by the San Jer6nimo
Fault and to the east by the Otd-Pericos fault. This
terrane is made up of micaceous and black schists,
meta-sedimentary rocks, amphibolites, migmatites
and orthogneisses (Ordofiez ef al, 2001b; Restrepo
¢t al., 2011). The protoliths include Permian carbo-
niferous and magmatic sedimentary sources, the me-
tamorphism recognized in this terrane dates back to
the Permian — Triassic interval (Restrepo ¢ al, 1991;
Ordonez et al., 2001a; Vinasco et al., 2006; Cochrane
et al., 2014) with a late Jurassic event in its southern
part (Blanco—Quintero ¢ al., 2014). The Cajamar-
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ca Terrane is intruded by Cretaceous batholiths
(Ordofiez et al, 2001b) and is covered by Ear-
ly Cretaceous sedimentary rocks (Nelson, 1959,
1962; Etayo-Serna, 1985; Vakhrameev, 1991).
The disparity of lithologies and the different de-
grees of metamorphism and magmatism gave
rise to the concept of “Cajamarca Complex”(-
Maya and Gonzalez, 1995).

To the west of the San Jeronimo fault,
oceanic bottom rocks emerge, no older than
the Cretaceous, and related to the evolution of
the Caribbean Plate. To the east of the Otu-Pe-
ricos Fault, the Chibcha Terrane is recognized
(Restrepo ¢t al., 2011) whose Precambrian ba-
sement (Restrepo-Pace, 1995; Restrepo-Pace
et al., 1997; Ordofiez-Carmona, 1999; Restre-
po-Pace and Cediel, 2018) is covered by Pa-
leozoic sedimentary sequences and crossed by
Permian and Jurassic batholiths.

The Chibcha terrane is divided into two
separate sub-terranes by Moreno-Sanchez ef
al.,(2020):

e Eastern Chibcha terrane (More-
no-Sanchez et al, 2020) with a Precambrian
basement covered by metamorphic succes-
sions from the Late Cambrian to Ordovician
and affected by calc-alkaline magmatism from
the Ordovician. Sedimentary sequences from
the Silurian to the Permian were settled on
the metamorphic rocks (Chicamocha, Silgara,
Busbanza, Quetame, etc.). This terrane covers
alarge part of the center and north of the Eas-
tern Cordillera, including the Serranfas de Mé-
rida and Perija, the Quetame, Floresta and San-
tander massifs (Moreno-Sanchez ez al., 2020).
The Mérida Terrane of Bellizzia and Pimentel
(1994) is considered part of the Eastern Chib-
cha Terrane. This sector of the Chibcha terra-
ne is often included as part of the Famatinian
belt that borders much of the western margin
of South America (Ramos, 2015).

* Western Chibcha terrane (More-
no-Sanchez e al, 2020) with a Precambrian
basement and covered by sedimentary se-
quences from the Ordovician to the Devonian
and Carboniferous. It includes the Eastern re-

gion of the Sierra Nevada de Santa Marta. This
block, which brings together the Sierra Nevada,
Payandé-San Luca and Payandé de Etayo-Serna ez
al. (1980), is interpreted as a block transported to
the north since it presents close geological simi-
larities with the Paleozoic basement and cover of
the Llanos Orientales basin (Moreno-Sanchez er
al., 2020).

Block displacements along the South
American margin are supported by paleomag-
netic data. Northward movement with respect
to South America has been supported by data in
the basal Triassic Luisa Formation (Scott, 1978).
Likewise, Jurassic rocks from northern Colombia
and Venezuela show similar displacements to the
north (Maze, 1984; Maze and Hargraves, 1984;
Bayona ez al., 2010).

Discussion

New papers have recently been presented
with radiometric data, with emphasis on U/Pb
in zircons, where they are interpreted based on
groupings that are based on geographical catego-
ries (Rodriguez-Corcho ez al, 2021). This practi-
ce, based on current physiography, uses physio-
graphic expressions such as “Central Cordillera”,
“Magdalena Valley”, “Mérida Andes” to refer to
the Paleozoic evolution of northern South Ame-
rica (Spikings e# al., 2015; Van der Lelij ¢ al., 2016;
Spikings and Paul, 2019; Rodriguez-Corcho e al.,
2021); it is noteworthy that the magmatic history,
based on the data presented in the cited articles,
is rigorously interpreted. However, these authors
(opus cit.) assume that for Paleozoic paleogeo-
graphic modeling the terrains and blocks men-
tioned in the literature can be dispensed with (see
Etayo-Serna ez al., 1986; Restrepo and Toussaint,
1988; Ordofiez et al., 2006; Restrepo et al., 2011,
Restrepo and Toussaint, 2020; Moreno-Sanchez
et al., 2020).

The presumption of autochthony of the
Andean blocks of northern South America is
controversial by stratigraphic evidence that is of-
ten ignored in geochemistry works. On the sou-
thern margin of the Glicaramo Fault, ocean-bo-
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ttom gabbros emerge whose age is at the end
of the Ediacaran. These pass through Pre-
cambrian limestones (Ariari Formation) and
are unconformably covered by marine turbi-
ditic deposits interbedded with basaltic flows.
Above these there is a sequence of diamicti-
tes, sandstones and shales of Cambrian age
from the Duda Formation of the Cambrian
(Harrington and Kay, 1951; Rushton, 1963).
The limestones of the Ariari Formation and
the turbidites with vulcanites of the Duda
Formation are formed during the Ediacaran
in response to crustal stretching that culmi-
nates with the formation of Iapetus Ocean
(Arminio et al., 2013; Moreno-Sanchez ez al.,
2020). Additionally, during the Ediacaran, in
the Llanos and Serrania de la Macarena basin,
the basement is crossed by a series of intrusi-
ves that include nepheline syenites (Arango e#
al., 2012) that correspond to a stage of corti-
cal stretching,

Bustamante ef a/. (2017) present argu-
ments to suggest a geological contiguity du-
ring the Paleozoic between the Tahami and
Chibcha block. Furthermore, like Van der Lelij
et al. (2016) use the term “Central Cordillera”,
as a substitute for the Tahami Terrane, as the
unit of paleogeographic interpretation. Con-
sequently, the Otu-Pericos fault system will be
ignored as the limit of the Cajamarca terra-
ne (sensu Etayo-Serna ez al, 1986) or Tahami
terrane (sensu Ordofiez ez al., 2006), with the
Precambrian basement terranes to the east. It
is necessary to clarify that the limit between
the Tahami (Cajamarca) and Chibcha terrane
(Restrepo et al., 2011), north of Ibagué, is pro-
blematic given that the term “Gneisses and
Amphibolites of Tierradentro” (Figure 19)
was used in the cartography (Barrero and Ves-
ga, 19706) to refer to basic metamorphic rocks
located both east and west of the Ota-Pericos
fault (Figure 3b).

Cochrane et al. (2014) presents the roc-
ks of the Cajamarca Complex as a continuous
belt to Ecuador in the Cordillera Real. Howe-
ver, this idea, based on regional geological

maps, is not correct:

* First, because the southernmost exten-
sion of this complex is located a few kilometers
south of Ibagué. The apparent continuity of this
metamorphic belt along the Central Cordillera is
the product of a cartographic artifact. At the top
of the Central Mountain Range, on the road to
La Plata-Popayan, a series of Upper Cretaceous
deposits emerge that are mapped due to their de-
formation as the “Cajamarca Complex”.

* Second, because the metamorphic rocks
of the Cajamarca Complex near Ibagué are of
Jurassic age, creating another gap of Triassic me-
tamorphism.

The Chibchan Western Terrane (Payadé
and Payandé-San Lucas) (Figure 3) (Etayo-Ser-
na, 1983; Cediel, 2019; Restrepo and Toussaint,
2020; Moreno-Sanchez 7 al., 2020) is composed
of a crystalline basement formed by a sequence
of deformed metamorphic and intrusive igneous
rocks, which include gneisses, amphibolites, mig-
matites, metagabbros, anorthosites, and grani-
tic mylonites, represented by the Gneisses and
Amphibolites of Tierradentro (Marquinez and
Nufiez, 1998), the Icarco Complex (Murillo ez al.,
1982; Esquivel ez al., 1987), and the Davis Gneiss
(Murillo ez al., 1982). Due to their lithological va-
riability and structural complexity, these rocks
are grouped under the name Tierradentro Com-
plex (Bustamante e al., 2017; Moreno-Sanchez
et al., 2020; Restrepo ef al., 2023). This sequence
is affected by a series of Permian, Triassic and
Jurassic calc-alkaline intrusions, corresponding
to syntectonic granites of tonalitic to granodio-
ritic composition and to a lesser extent gabbros,
diorites, microdiorites and andesites (Barrero and
Vesga, 1976; Mufoz and Vargas, 1981; Rodri-
guez-Garcia ef al., 2019; Moreno-Sanchez ez al.,
2020).

All this lithological variability, is affected
by a superimposed medium and high-grade dy-
namic metamorphism product of the Otu-Peri-
cos fault system, generating a mixture of mylo-
nites from igneous rocks and metamorphic rocks
(Osorio-Granada and Vallejo, 2014; Cediel, 2019;
Restrepo and Toussaint, 2020; Moreno-Sanchez
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Figure 19. a, d- Migmatite metatexita type patch from the Tierradentro Complex near Mariquita (Payandé Terrane), showing
garnet crystals and in-situ leucosomes of tonalitic composition. e, f- disconformity between gneisses of the Icarco Complex
(Precambrian) and the Amoy4 Formation (Devonian) near Chaparral (Payandé block)./Figuta 19. a, d- Parche fipo metatexita
de migmatita del Complejo Tierradentro cerca de Mariguita (Payandé Terrane), gue muestra oristales de granate y lencosomas in situ de composicion
tonalitica. e, §- discordancia entre gneises del Complejo lcarco (Precimbrico) y la Formacion Amoyi (Devinico) cerca de Chaparral (blogue Payand).

et al., 2020; Zapata et al., 2023) that at the ma-
croscopic level present similar appearance to
the shear rocks of the Tahami{ Terrane. The
Otua-Pericos fault system (Toussaint and Res-
trepo, 1994) separates the presumably Pre-
cambrian crystalline basement of the Chib-
cha Terrane from the medium and low-grade
metamorphic rocks of Permo-Triassic age
assigned to the Tahami Terrane in the Central
Cordillera (Restrepo e al., 1991; Ordonez-Car-
mona et al., 2001a; Vinasco et al., 2000).
Bustamante ¢z a/. (2017) argue that the

Otu-Pericos fault is a pre-Jurassic structure and
that it served as a preferential conduit for Jurassic
intrusives east of the Central Cordillera. Howe-
ver, this fault in the Ibagué area corresponds to a
band about 2 km wide where mylonites from the
Ibagué Batholith (Jurassic) and tectonic lenses of
Carboniferous sedimentary rocks are recognized.
This is how this tectonic structure postdates the
site of the Ibagué Batholith and could not serve
as an area of weakness for the Jurassic intrusives.

The Huanca-Bamba Deflection demar-
cates two sectors with distinctive geological en-



66 GEOLOGICAL CONTEXT OF THE PALEOZOIC TERRANES OF NORTHERN SOUTH AMERICA

vironments that separate the southern and
northern margins of South America. The
southern margin is demarcated by rocks of
the Sunsas Formation which is cited as part of
the Grenvillian metamorphic belt that origina-
tes from the diagonal collision of South Ame-
rica with Laurentia (ancestral North America).
On the other hand, the northern sector was
affected by the collision of Northern South
America against the Baltic continent, which
culminated around 900 Ma with the aggrega-
tion of the continent of Rodinia. During this
phase, fragments of continental origin (partly
Oaxaca, Mexico) are trapped by the collision
between Amazonia and Baltica producing hi-
gh-grade metamorphic rocks often included
in the Grenville cycle but better defined in
the Colombia-Oaxaca Orogeny. The Amazon
Craton is exposed on the surface in two areas
separated by the Amazon River valley: to the
north in the Guyana shield and to the south in
the Brazilian shield.

To the south of Ibagué, the Otu-Peri-
cos fault joins the San Jerénimo fault system,
isolating the Tahami block (Cajamarca) from
other belts with Mesozoic metamorphism
and similar history recognized in the Cordi-
llera Real of Ecuador. To the south of this
block there is often a band of metamorphic

rocks attributed to the Cajamarca Complex and
that extends along the Central Cordillera forming
a continuous metamorphic band to Ecuador.
Data obtained (fossils) in this project show that
the rocks mapped as Cajamarca Complex (Ruiz
and Marquinez, 2012), in the south of the Central
Cordillera, really correspond to deformed sedi-
mentites of Upper Cretaceous age (Figure 20).
Due to its stratigraphic and tectonic history, the
Tahami or Cajamarca block is an isolated terrane
whose geological evolution, during the Paleozoic
and Mesozoic (Triassic - Jurassic), suggests that
it was formed further south of the area where it
is currently located. The Cajamarca Terrane (Ta-
hami) could be related to the Tahuin-Amotape
and Cordillera Real blocks in Ecuador and to seg-
ments of the Chiapas Massif in Mexico. The sou-
thernmost extension of this complex is located
a few kilometers south of Ibagué. The apparent
continuity of this metamorphic belt along the
Central Cordillera is the product of a cartogra-
phic artifact. At the top of the Central Mountain
Range, on the road to La Plata-Popayan, a series
of Late Cretaceous deposits emerge that are ma-
pped due to their deformation as the “Cajamarca
Complex” (Figure 20).

The intricate mosaic of geological bloc-
ks from Mexico, Central America, and notrthern
South America is analogous to that of a complex

Figure 20. (a, b) Deformed sedimentary rocks of Upper Cretaceous age, with the development of foliation S1, near Inza (Pa-
yandé block). These rocks have been erroneously mapped as the southern extension of the Cajamarca Complex (Permian-Trias-
sic) at the top of the Cordillera Central./Figura 20. (a, b) Rocas sedimentarias deformadas de edad Creticico Superior; con desarrollo de
Joliacion S1, cerca de Inzd (blogune Payandé). Estas rocas han sido mapeadas errineanente como la extension sur del Complejo Cajamarca (Pérmi-

co-Tridsico) en la cina de la Cordillera Central.,
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Rubik’s Cube system. The geographical over-
lap generated by linking America with Africa
and Europe necessarily implies that many of
these blocks have been displaced from their
positions during the Paleozoic.

The presence of the clade of Astero-
lepis fishes in Colombia suggests connection
between the Gondwana and Furamerica pla-
tforms during the Devonian. On the other
hand, the asterolepis fish clade could have
been adapted to environments of changing
salinity (euryhaline) while the endemic genera
cited for Colombia and Venezuela could sug-
gest freshwater species that could not tolerate
large fluctuations in salinity (stenohaline).

The resolution of these problems de-
pends on understanding geological contexts
whose sources (evidence) are multiple: paleon-
tological, stratigraphic, geochemical, tectonic,
geochronological, etc. However, the discipli-
nary fragmentation of geology has led authors,
with very limited knowledge, to conceptually
isolate themselves from topics that are beyond
the scope of their disciplinary area. The arrival
of Artificial Intelligence (Al) in the sciences
could solve the problem of analyzing the huge
amount of new data from different disciplines.
It is necessary to create Scientific Big Data,
with information from peer journals, which
allows consulting, analyzing and interpreting
geological evidence.

Modern geology provides a host of ad-
vanced techniques and new fields of research;
however, field data are still essential to obtain
the full context of the information provided
by laboratories or specialized instruments.
This problem is rightly referred to in the pre-
face to the book by Coe ¢# al. (2010):

“Without primary field data and geo-
logical samples of the highest quality, further
scientific study such as sophisticated isotope
measurements or the reconstruction of past
life assemblages and habitats is at best without
context, and at worst, completely meanin-
gless”.
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