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Abstract

Introduction— In the La Tomita sector, municipality
of Manaure (Cesar), outcrop a stratigraphic sequence
of biomicrite limestones, biopelmicrites, pelmicrites,
wackestones and packstones intercalated with shales,
corresponding to the Lagunita Formation of the Cogollo
Group.

Objective— To know the stratigraphic aspects, miner-
alogical composition and paleoenvironmental conditions
of the outcropping limestones.

Methodology— It proceeded with a lithostratigraphic
description in the massif and taking samples in situ,
twelve samples were extracted, of which seven were
taken for petrographic analysis.

Results— Wackestone facies with pelagic microfossils,
bioclastic packstone, wackestone with worn mollusc bio-
clasts and wackestone with peloids were recognized. Pet-
rographically, the limestones in this sector are made up
of zircon, glauconite, sparite, micrite, pellets, planktonic
foraminifera of the genus Heterohelix, of the Moremani
species, and foraminifera of the genus Hedbergella and
Trocoidea species. Bivalve fossils and some algae were
also observed.

Conclusions— These facies allowed establishing that
these limestones were formed in an environment of
medium platform with some external platform intervals,
covering an area of facies of open sea.

Keywords— Limestone; Stratigraphy; Manaure;
Petrography; Shales

Resumen

Introduccion— En el sector de La Tomita, municipio
de Manaure (Cesar), aflora una secuencia estratigrafica
de calizas biomicritas, biopelmicritas, pelmicritas, wac-
kestones y packstones intercalados con lutitas, corres-
pondientes a la Formacién Lagunita del Grupo Cogollo.

Objetivo— Conocer los aspectos estratigraficos, la com-
posicién mineraldgica y las condiciones paleoambientales
de las calizas aflorantes.

Metodologia— Se procedi6 a la descripcién litoestrati-
grafica en el macizo y a la toma de muestras in situ, se
extrajeron doce muestras, de las cuales se tomaron siete
para su analisis petrografico.

Resultados— Se reconocieron facies de wackestone con
microfésiles pelagicos, packstone bioclastico, wackestone
con bioclastos de moluscos desgastados y wackestone
con peloides. Petrograficamente, las calizas de este sec-
tor estan compuestas por circon, glauconita, esparita,
micrita, pellets, foraminiferos plancténicos del género
Heterohelix, de la especie Moremani, y foraminiferos del
género Hedbergella y de la especie Trocoidea. También se
observaron fésiles de bivalvos y algunas algas.

Conclusiones— Estas facies permitieron establecer que
estas calizas se formaron en un ambiente de plataforma
media con algunos intervalos de plataforma externa,
cubriendo un area de facies de mar abierto.

Palabras clave— Caliza; Estratigrafia; Manaure;
Petrografia; Pizarras
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STRATIGRAPHICAND PETROGRAPHIC STUDY OF THE LIMESTONES OF THE LATOMITA SECTOR, IN THE MUNICIPALITY OF MANAURE-CESAR, COLOMBIA

I. INTRODUCTION

The Perija Mountain Range (SP) is a mountainous system located in the North-Northeast
region of Colombia. It comprises an elongated mountainous structure that originated from
the uplift of the terrain caused by the Andean orogeny, consisting of rocks with ages from the
Cambrian-Ordovician to the recent. Formed essentially by metamorphic rocks and predomi-
nantly by sedimentary rocks on the surface [1].

In the jurisdiction of the municipality of Manaure (Colombia) is the village of La Tomita,
characterized by presenting outcrops of carbonate rocks type wackestones and packstones inter-
spersed with salts [1], [2], along the river Manaure. These rocks are part of the “Undifferenti-
ated Cretaceous limestones and shales Unit”, described by Colombian institutions [3], which
in turn is divided into the Lagunitas, Aguas Blancas (Cogollo Group) and La Luna Formation.

This Unit presents the difficult lithological distinction between the Lagunitas and Aguas
Blancas, because the Aguas Blancas Formation [4], presents a great lithological variation, ver-
tically and laterally. This is explained because the Cesar-Rancheria Basin had a mixture of
different sources of terrigenous contribution, to the southeast and southwest clays and carbon-
ates to the northeast, as a consequence several authors prefer to consider the Cogollo Group or
as a single unit without making differences [5].

Authors such as SGC [6], refer that the La Luna Formation has compositional similarity with
the rocks of the Cogollo Group, however, its petrographic characteristics allow its lithostrati-
graphic differentiation. While Venezuelan studies [5], they specify that the Maracas Member
of the Aguas Blanca Formation of the Cogollo Group is very difficult to differentiate from the
La Luna Formation in cores, hand samples and outcrops; but from electrical records its recog-
nition is facilitated by the decrease in resistivity that the La Luna Formation presents.

Authors such as Ingeominas [3] or Geoestudios Ltda. [7] have chosen, given the difficulty of
differentiating the Members of the Formations that constitute the Cogollo Group with the La
Luna Formation in some sectors of the Cesar-Rancheria Basin, to use the term “Undifferenti-
ated Cretaceous limestones and shales” to the set of carbonate rocks interspersed with shales.

For this reason, the present research aims to identify and describe petrographically and
stratigraphically the Formations and their genetic environment in the study area.

II. LocaTioN

The study area is located in the Colombian Caribbean region, towards the northeastern part
of the Cesar department and the western part of the Perija Mountain Range. Framed within
the La Tomita village of the Manaure municipality, approximately 7.8 km from the La Paz
municipality and 9 km from the Manaure Balcon del Cesar urban area, towards the southern
part of the Manaure river, covering a cartographic area of an extension 15 km? (Fig. 1).
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Fig. 1. Location of the research area.
Source: Authors.
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III. METHODOLOGY

In order to fulfill the objectives of the research, a geological mapping review of the area and
a stratified sampling were carried out. Stratified sampling consisted of selecting samples by
layers or strata in the lower, middle and upper parts of the outcrop with a size not less than
80 linear cm, considering the homogeneity of the strata, following the methodology proposed
in the Cretaceous Project research carried out by Ingeominas [8].

It was identified as a sedimentary record on the Manaure River, to facilitate its strati-
graphic survey, it was divided into 4 sections C1, C2, C3, and C4 based on lithological criteria
and paleontological content. In the C1 sections, C2, and C3, the base sequence denominat-
ing segment A, in section C4 was determined the top of the sequence designated segment B.
Describing characteristics found which allowed determining the depositional environment
of the sequence.

The petrographic studies established textural and compositional elements that facili-
tated the differentiation of the limestone of the sequence according to the macroscopic
and microscopic characteristics, based on the textural classification [9]. For compositional
classification according to American studies [10], [11] in addition to the identification of
foraminifera species that allow the correlation and assignment of relative ages of the out-
cropping rocks.

In total 47 samples were collected, 36 samples in segment A (one sample per stratum), and
11 samples in segment B (one sample per stratum). 16 samples were used for textural descrip-
tion and 7 samples for micro-petrographic analysis; taking into account the state of the rocks
(fresh/healthy or with signs of incipient weathering).

IV. REGIONAL GEOLOGY

Cesar department is comprised of three geologically important areas, the Santa Marta massif,
the Perija Mountain Range and the river Cesar basin. Perija Mountain Range has an area of
approximately 425 km, presenting an altitude of 500 meters to 3550 meters above sea level,
located at the northwest of South America, between Colombia and part of Venezuela territory,
its limits are given to the north by Oca Fault to the south by the Santa Marta-Bucaramanga
Fault [12], [13].

The geology in the Perija Mountain Range is highly variable with respect to the age of the
lithological units, which leads to different considerations being made in this regard. An exam-
ple is the one made by Ingeominas [14], which suggests that the rocks present in this region
were formed from the Jurassic to the Tertiary, meanwhile UNAL [15] consider that the ages
of the Units are comprised from the Paleozoic period to the Quaternary and that it is possible
to find marine and continental sediments in outcrops in the region.

The description of the Formations included in the Unit “Undifferentiated Cretaceous Lime-
stones and Shales” present in the Manaure-Cesar region 1is set out below.

A. Cogollo Group

The Cogollo Group was initially described in the CSS [16], grouping a series of calcareous
rocks (limestone, sandy limestone and calcareous sandstone) of Barremian-Aptian age that
are part of the western edge of Perija Mountain Range. Characterized by presenting its lower
contact with the La Quinta Formation in a discordant way, and gradational with the Rio Negro
Formation [17], [18].

This group is lithologically divided into the Lagunitas (Base) and Aguas Blancas (Top)
Formations, which in turn is subdivided into three members known as Animas, Tucuy and
Maracas [18], [19], [20].

B. Lagunita Formation

Described as a succession of massive, dark gray limestones with a high content of fossils,
with small alternations of calcareous mudstones and lumachelic limestones [19], with a maxi-
mum measured thickness of 290 meters [21].
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C. Aguas Blancas Formation

It groups from base to top three Members characterized by Animas: made up of a calcareous
mudolithic complex with abundant organic matter interspersed with black micritic limestones
that horizontally grade into carbonate sandstones of fine sand grain with a thickness of 285
meters. Tucuy: made up of carbonated sandy siltstones, fine sand grained sandstones and cal-
careous claystones, its thickness is 450 meters; and Maracas: composed of massive lumachelic
limestones, with a thickness of 217 meters [18], [20].

D. La Luna Formation

Initially described by some research [22], according to which it consists of bundles of medium
and thick layers of dark gray packestones black limestones, alternating with thin and very thin
layers of black calcareous mudstones with phosphate and pyrite remains, sometimes show-
ing complete fossils of bivalves. South of Manaure reports that the La Luna Formation lies in
paraconformal contact with the solid limestones and calcareous arenites of the upper part of
the Cogollo Group [23], consisting basically of black calcareous mudstones in thin layers with
net contacts, interstratified with bundles of layers medium dark gray limestone. Towards the
upper part of the unit, the layers of calcareous mudstone and mudstone limestone become more
inventive and form levels with concretions up to 1 m in diameter, with intercalations of thin
layers of black chert.

Its measured thickness is 150 m, and its age according to reports from the ANH [18] is located
between the Early Turonian and the Coniacian.

V. REsuLTS
A. Petrography

Macroscopically, the limestone samples have a massive microcrystalline appearance with
few visible fossils, showing a mudstone-like texture according to the classification of AAPG
[9]. However, microscopically, the limestones show a greater abundance of fossils, which is why
they are actually classified as biomicrites, biopelmicrites and pelmicrites [10], [11] equivalent
to wackestone and packstone [9].

They generally have an olive-gray color (code 5Y 3/2, [24]), compact, microcrystalline with
massive internal structure, some with stylolite (Fig. 2C) and sparitic calcite veinlets with thick-
nesses ranging from 1 mm to 5 mm (Fig. 2A). They show 80% carbonated mud, 18%-20% sparitic
cement and 1%-2% allochemicals. The allochemical content is distributed in 1% of intraclasts
and 1% of bivalves (Fig. 2B), in some cases they were found in the same percentage (1% intra-
clasts and 1% bivalves); while others showed no allochemical content.

Fig. 2. Macroscopic structures. A: Calcite vein (Vet); B: Intraclast (Intr); C: Styloliths (Et).

Source: Authors.
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Microscopically the samples EGZ-06, EGZ-07, EGZ-08, EGZ-09, EGZ-10, EGZ-11 and
EGZ-12 show an allochemical content higher than 10% (for wackestone) and in some cases
grain supported (for packstone) with carbonated sludge recrystallizing to sparite (Table 1).
Samples EGZ-07 and EGZ-08 show micro veinlets of organic matter with a thickness of up
to 16 um and micro veinlets of sparite with a thickness of up to 28 um that cut to a bivalve
fragment recrystallized. They have some pellets, bivalve fragments filled with organic matter
and sparite, radiolarians with a perimeter of up to 1360 um replaced by calcite, algae and
few foraminifera of the Heterohelix moremani Cushman species recrystallized in micrite and
microsparite, showing biserial shells. They present terrigenous material composed of relatively
small zircon (< 0.0039 mm); iron oxide and little autogenous material in an isolated manner
corresponding to glauconite with a dark greenish tonality (Fig. 3).

TaBLE 1.
LOCATION OF COLLECTED SAMPLES

Samples Coordinates Lithology [9]
EGZ 06 E:1107162; N:1641512 Packstones

EGZ07 E:1107134; N:1641561 Wackestones

EGZ 08 E:1107150; N:1641521 Wackestones

EGZ 09 E:1107132; N:1641532 Wackestones

EGZ 10 E:1107114; N:1641533 Packstones

EGZ 11 E:1107172; N:1641561 Wackestones

EGZ 12 E: 1107112; N:1641582 Wackestones

Source: Authors [9].

Fig. 3. Photomicrographs of thin sections belonging to samples EGZ-07 and EGZ-08. A) Bivalve
recrystallized by sparite (Bi) placed in the micritic matrix (Mi), micro veinlets of organic matter (Mmo),
micro veinlets of microsparite (Ve); and iron oxide (Ox). N // B) Planktonic foraminifera belonging to
Heterohelix moremani Cushman (Fp), glauconite (Gl) and Pellets (P1l). N / C) Radiolaria (R) and bivalve
fragments with dissolved organic matter (Bi). N / D) Alga (Al) and zircon (Zr). Nx.

Source: Authors

According to the Folk classification [10], [11], they correspond to biomicrites, and Wacke-
stone [9].

The samples EGZ-06 and EGZ-10 have a high content of organic matter distributed through-
out the matrix, presenting micro-fractures of the stylolite type of ~ 75um located that cut into
the rock, such as wavy laminations with thicknesses of ~ 37um and reddish-brown filaments
with shades dark, ~ 55um thick, in thin and elongated shapes that differ from the micrite.
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Among the bioclasts there are radiolarians with a perimeter from 671 um to 1183 pm and
mostly planktonic foraminifera of the Globigerinidae order of various genera and calciespheres,
being able to identify the genus Hedbergella with a trochospiral shape and Heterohelix bise-
riales, observing species such as Hedbergella trocoidea Longoria. Clay-size zircon (~ 0.023mm)
was found as terrigenous material and glauconite in isolation with light to pale green tonality
as autogenous material (Fig. 4).

Fig. 4. Photomicrographs of thin sections belonging to samples EGZ06 and EGZ10. A) Organic matter (Mo)
distributed in the matrix and planktonic foraminifera (Fp) located. N //. B) Planktonic foraminifera (Fp),
filaments (F), micro-stylolite (Et) filled with organic matter and sheets of organic matter (Lmo). N //. C)
Micro stylolith (Et) of organic matter, radiolaria (R) and glauconite (Gl). N // D) Zircon (Zr). Nx.

Source: Authors

According to the Folk classification [10], [11], they correspond to biomicrite, and Packstone [9].

Samples EGZ-09 and EGZ-12 show spots and bands of organic matter ~ 213 pm thick,
formed by the agglutination of two or more sheets of organic matter. There are exhibited pel-
lets, foraminifera of the globigerina order of optically radial and serial shells, algae and mainly
lamellibranch and bivalve molluscs. It presents iron oxide and autogenous material composed
of glauconite with a pale greenish tonality (Fig. 5).

23T pm

23Lum T R s 231 pm
— 8 R

Fig. 5. Photomicrographs of thin sections belonging to samples EGZ-09 and EGZ-12. A) Band of organic
matter (Bmo), Alga (Al), glauconite (Gl), pellets (P1l) and bivalve (Bi). N / B) Stain of organic matter (Mmo),
bivalve (Bi) and planktonic foraminifera (Fp). N // C) Lamellibranch (Lm). N // D) Bivalves (B1). Nx.

Source: Authors.
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According to the Folk classification [10], [11] they correspond to biopelmicrite, and Wacke-
stone [9].

Finally, sample EGZ-11 shows a large quantity of micritic peloids with a length of ~ 1117 pm;
~ 38 um thick micro veinlets filled with sparitic calcite. They have foraminifera of the globi-
gerinida order with globular and intraclast forms. It has iron oxide and dark greenish glau-
conite (Fig. 6).

231 im -

Fig. 6. Photomicrographs of the thin sections corresponding to the sample EGZ-11 A) micro veinlets of
sparite (Ve), iron oxide (Ox) and peloids (P). N / B) Peloids (P) and planktonic foraminifera (Fp). N //. C)
Peloids (P), intraclasts (Int) and glauconite (Gl). N //. D) Peloids (P). Nx.

Source: Authors.

According to the Folk classification [10], [11] they correspond to pelmicrites, and Wacke-
stones [9].

B. Stratigraphy

The sedimentary sequence of the outcrop on the Manaure River is associated by its litho-
logical and stratigraphic characteristics to the Lagunitas Formation of the Cogollo Group,
subdivided into two segments: A and B.

4 stratigraphic sections were raised with direct measurements with Jacob’s rod and sam-
pling, measuring from stratum 1 to stratum 4 in section 1 (C1), followed by stratum 5 to stra-
tum 21 in section 2 (C2), then stratum 22 to stratum 30 in section 3 (C3) and stratum 31 in
section 4 (C4). Finally, the 4 sections were grouped and the complete stratigraphic column of
the sequence was obtained (Fig. 7).

Segment A comprises section C1, C2 and C3. They correspond to the lower part of the
stratigraphic column, with a partial thickness of 16.66 m, while segment B comprises section
4, upper part of the stratigraphic column, presenting a partial thickness of 5.30 m.

Segment A manifests a rhythmic sequence of tabular strata of fractured limestone and
shales, exhibiting towards the base in stratigraphic section C1 a thickness of 1.38 m, in strati-
graphic section C2 a thickness of 12.27 m and lastly in the stratigraphic section C3 a thick-
ness of 3.01 m.

1) Stratigraphic section CI

In stratigraphic section C1, the limestones have thicknesses ranging from 43 cm to 64
cm and shales with thicknesses from 14 cm to 17 cm, with net contacts. The limestones
present a karren-like exposure surface and some karst structures towards the base as a

product of raindrops and water currents, have an internal olive-gray coloration (Code 5Y
3/2, [24)).
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Towards the base of the section (stratum 1) the limestones present small bivalves, intra-
clasts and burrows as a consequence of the bivalve activity in the rock. The burrows were
useful as a polarity criterion, indicating that the overlapping of the strata in the outcrop is
normal, because the direction of the burrows is curve downwards.

There were intraclasts in the middle-upper part of the section (stratum 3) found.

Shales have a planar horizontal laminar structure, with an internal coloration equivalent
to moderate greenish yellow (Code 10Y 7/4, [24]) and dark yellow green (Code 5GY 5/2, [24]).
They are composed of clays and silts.

2) Stratigraphic section C2

The limestones have a thickness of 18 cm to 2.68 m and shales with a thickness of 8 cm
to 37 cm, with a net contact between each stratum. The limestones present a massive expo-
sure surface, with an internal color variation equivalent to grayish olive green (Code 5GY
3/2, Rock-color chart: With genuine Munsell color chips. Grand Rapids [24]) in stratum 7,
green dark yellow (Code 5GY 5/2, [24]) in stratum 9 and olive gray in the other strata (Code
5Y 3/2, [24]).

Small calcite veinlets were found in stratum 5, 7, 9, 13, and 15, intraclasts in stratum 17
and 21, small bivalves in stratum 5, 7, 11, 13, 19 and 21 and ichnofossils of shells in Stratum
11. Burrows produced by bivalves and horizontal stylolites filled with carbonaceous mud mate-
rial also exhibited in the lower part of the section (stratum 5).

Shales presents a planar horizontal laminar structure, with an internal coloration
equivalent to moderate greenish yellow (Code 10Y 7/4, [24]), dark yellow green (Code 5GY
5/2, [24]), pale yellowish green (code 10GY 7/2 [24]), pale green and blue-gray green (code
5G 7/2 & 5BG 5/2, [24]. These are with a compositional balance of clay and carbonaceous
silt.

In most of these strata, there are massive carbonate nodules (stratum 10, 12, 14, 18 and
20) with globular or ellipsoidal shape.

3) Stratigraphic section C3

Consisting of limestone with a thickness of 21 cm to 1.53 m and shales with a thickness
of 1 cm to 20 cm, with net contact between each stratum, except for stratum 26, which
has a lower gradational contact. The limestones have a massive exposure surface, with an
internal coloration equivalent to grayish olive green and olive gray (Code 5GY 3/2 & 5Y
3/2, [24]). They present veinlets filled with calcite in the lower and upper part of the sec-
tion (stratum 23 and 27), intraclasts (stratum 27 and 29) and bivalves (stratum 29) in the
upper part.

Shales have a planar horizontal laminar structure, with a coloration equivalent to grayish-
yellow green (Code 5GY 7/2, [24]) and pale yellowish green (code 10GY 7/2, [24]). They are
composed of a balance of clays and silts.

Segment B is characterized by manifesting itself as a homogeneous sequence of limestone
with multiple fractures, overlying segment A in net contact, and with a geometric relationship
parallel to the strata of segment A.

4) Stratigraphic section C4

Stratigraphic section C4 has a thickness of 5.30 m, so it is equivalent to the partial thick-
ness of segment B or the thickness of the limestone stratum. This is found with an internal
coloration equivalent to olive gray (Code 5Y 3/2, [24]), with a massive structure and some karst
processes with the generation of caves and galleries. The gallery presents a semi-horizontal
conduit originated by the widening of cracks and joints, due to the dissolution of the rock. The
rock has small bivalves; some veinlets filled with carbonates and expels the smell of gas when
fractured.
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C. Facies analysis

The outcrop of the Lagunitas Formation presents 5 lithofacies, which are divided into car-
bonate facies and mixed facies

1) Carbonated facies

Lithofacies 1. Wackestones with pelagic microfossils: Made up of pelagic foraminifera (glo-
bigerinids), some bivalves, pellets, radiolaria, and a few algae immersed in a micrite matrix.
Radiolaria contain sparite, foraminifera micritized, bivalves fragmented, disarticulated and
recrystallized mostly by sparite.

Within these facies are the samples EGZ07, EGZ08 (Fig. 3); in the stratigraphic column,
the limestones were associated with bivalves and intraclasts at the macroscopic level. These
lithofacies correspond to a standard microface type 3 (SMF 3) [25], and a ramp type 5 (RMF
5) [26].

Lithofacies 2. Bioclastic packstones: Made up of various globigerinoid foraminifera bioclasts
and some radiolaria recrystallized in sparite and micrite: Within these facies are the samples
EGZ06, EG10 (Fig. 4); in the stratigraphic column they were associated with totally massive
or microcrystalline limestones. They are equivalent to a standard microface type 9 (SMF 9)
[25], and a ramp type 5 (RMF 5) [26].

Lithofacies 3. Wackestones with worn mollusc bioclasts: It 1s mainly made up of bivalves,
lamellibranchs, globigerinid foraminifera and pellets, in a muddy matrix.

Bivalves are fragmented, disarticulated and recrystallized by sparite and micrite. Fora-
minifera are highly micritized.

Within these facies are the samples EGZ09, EGZ12 (Fig. 5); in the stratigraphic column, the
limestones were associated with bivalves at the macroscopic level. This lithofacies is equivalent
to a standard microface type 10 (SMF 10) [25], and a ramp type 7 (SMF 7) [26].

Lithofacies 4. Wackestones with peloids: Mainly constituted by micritic peloids and small
globigerinid foraminifera and intraclast bioclasts.

The peloids have a rounded to ellipsoidal shape and the foraminifera appear micritized.

Within this, facies are the sample EGZ11 (Fig. 6), in the stratigraphic column, the lime-
stones were associated with macroscopic intraclasts. This lithofacies is equivalent to a stan-
dard microfacies type 2 (SMF 2) [25], and a ramp type 4 (RMF 4) [26].

2) Mixed facies and lithofacies

Mudstone shales: It corresponds to laminar and fine-grained lithified shales (mud size),
composed mainly of an intermediate percentage of carbonate clays and silts. These are equiva-
lent to the textural class ‘M’ within the triangular diagram for the textural classification of
fine-grained terrigenous rocks [27] with 60% in clays and 40% in silts. In the stratigraphic
column, all laminar shales were associated.

According to the stratigraphic column of the La Tomita outcrop located on the Manaure
River (Fig. 7), lithofacies are distributed as follows:

Stratigraphic section 1 (C1): Consisting of wackestones with pelagic microfossils and wacke-
stones with peloids separated by shale mudstones.

Stratigraphic section 2 (C2): Made up mostly of wackestones with worn mollusc bioclasts
and some bioclastic packstones separated by shale mudstones towards the middle and lower
parts; While in the upper part it is made up of wackestones with pelagic microfossils, wacke-
stones with worn mollusc bioclasts and wackestones with peloids separated by shales mud-
stones.

Stratigraphic section 3 (C3): Constituted towards the lower part by bioclastic packstones
separated by shales mudstones and towards the upper part by wackestones with pelagic micro-
fossils and wackestones with peloids separated by shales mudstones

Stratigraphic section 4 (C4): Made up of wackestones with worn mollusc bioclasts.
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D. Depositional environment analysis

Taking into account the facial characteristics of the carbonate rocks in the study area, the
environmental facial associations described [25], [26] them are presented, as follow:

1) Facial association 1

The calcareous rocks of segment A developed in an environment with a change in energy
level in an open sea rich in carbonates and a relative abundance of organic matter. This
1s evidenced by the fragmentation, disarticulation and distribution of some fossils such as
bivalves, indicating intermittent episodes of storms, being characteristic of high or moder-
ate energy environments, but preserving the calcareous mud [28]. Radiolarians, some fossils
preserved although replaced by micrite and sparite, ichnofossils and burrows indicate water
events rarely reworked by storms, which are characteristic of environments with low energy
[7], [26], [28].

The low presence of terrigenous material suggests broad platforms with very gentle slopes,
as evidenced by some calcareous marine algae [7], [29].

The facial area is corroborated by the presence of planktonic foraminifera, which require
open marine conditions [30].

2) Facial association 2

The framework of segment B indicates depositional environments with high or moderate
energy rich in carbonates and organic matter (but conserving the muddy matrix), reflected
by the fragmentation, disarticulation and distribution of a large part of the bioclasts [28].
Like facial association 1, the low presence of terrigenous material suggests wide platforms
with very gentle slopes [7], and open sea conditions, which is evidenced by planktonic fora-
minifera [30].

Among other characteristics are the filaments that are associated with microbial activ-
ity [31], and organic matter as a result of planktonic organisms that accumulate when they
die and are subsequently buried [32]. According to several authors [33], there is evidence
that in some oceanic environments organic matter consists of a mixture of autochthonous
compounds and, to a lesser extent, of terrestrial origin that have been transported through
various mechanisms.

VI . CONCLUSIONS

In the village of La Tomita, in the Municipality of Manaure (Cesar, Colombia), the strati-
graphic outcrops of biomicritic, biopelmicritic, pelmicritic limestones, interspersed with shales,
belong to the Lagunita Formation of the Cogollo Group.

The limestones present a massive structure, some veinlets of calcite, organic matter, vari-
ous fossils belonging to bivalves, foraminifera, intraclasts, pellets, peloids, some radiolaria and
algae. There were among the foraminifera, species corresponding to Heterohelix moremani
Cushman and Hedbergella trocoidea Longoria.

Mineralogically, within its orthochemical components it is composed of micritic mud and
sparite, with a fossil content greater than 10% as allochemical components, which are in some
rocks with a matrix-supported skeleton, while in other rocks they are in a grained-supported
skeleton. Within the terrigenous elements, only clay-sized zircons were identified and, in their
autogenic or diagenetic elements, only glauconites.

A planar horizontal laminar structure and present microcrystalline carbonate nodules in
some strata characterize shales. Compositionally they reveal a balance of carbonated clays
and silts.

Four lithofacies were determined for limestones, called carbonate rock facies, and one litho-
facies for shales called mixed rock facies. The limestones correspond to a lithofacies of wacke-
stone with pelagic microfossils, bioclastic packstone, wackestone with worn mollusc bioclasts
and wackestone with peloids, while the shales correspond to mudstones shales.

The depositional environment is as a middle platform with some external platform intervals
encompassing an open ocean facies zone rich in carbonates and organic matter.
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