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What is this project about?

Is there a Petroleum system
in Pz-Pz or Pz-K/T or K/T-Pz?

www.anh.gov.co
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* Oil and Gas industry started in 1918 in Colombia, since then
the interest has been mainly in the last 145 million years

* Palaeozoic is about 290 million years, twice the time from
Cretaceous to today.

* However, the Palaeozoic is still unknown

Geological time scale. Fares F. Fares. 2020
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The history of exploration and generation of
knowledge in Colombia has been focused in
these periods of the geologic time

The Palaeozoic has kept as a frontier
exploration. The biggest amount of wells are
stopped and the top of Palaeozoic

A big mistake of the industry has been declared
Palaeozoic as “Economic Basement”
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Figura 1. Mapa de ubicacién de las C Andi tratadas en este vol Gréficos estadisti dificados de Rosso

Sistemas Petroleros de las Cuencas Andinas. Cruz C.E. et al. https://doi.org/10.3997/2214-4609-pdb.266.1
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Is There a Petroleum System Pz-Pz or Pz-K/T ?

Elements of a Conventional Petroleum System

» Source Rock *

» Seal Rock

» Reservoir rock

* Overburden rock

Processes

» Trap Formation
* Generation*- Migration - Accumulation

“The elements and processes must be
correctly placed in time and space...”

* Unconventional

Petroleum Systems. Magoon and Beaumont, 2003

The Geology of Conventional and Unconventional Oil and Gas

Land Surface

4

Conventional
Non-associated
Gas

B

Unconventional

Oil or Gas Well Coalbed

Methane

Lateral Wellbore with
Multi-stage

Oil and Gas-rich Shale
Hydraulic Fractures '

Source: EIA
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Pz Analogous

* Reservoirs: They produce oil but mainly gas and related with matrix dissolution
and dolomitization more than primary porosity

* Source and Charge : Mainly shales with kerogen type | and Il:
* Anadarko, Permian, Michigan (Silurian)
* Arkoma Indiana-Ohio Basins (PLP)
* McArthur Basin (Australia, 1400-1600 Ma).
e Lena-Tunguska (Siberia, Upper Proterozoic - Pz)
 Oman (Ediacaran - Cambrian).
* Ordos, Tarim, Sichuan and Dohai Bay Basin (China, Cryogenian limestones).
* South Africa (Archaic).
* Toudeni Basin (Gas, Northern Mali, Precambrian)

e Seals mainly evaporites and shales

* Traps related with paleo-highs, slope areas and platform margins
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Project Contribution
Myths about the Colombian Palaeozoic

* Metamorphism (Regional, Contact and Dynamic)
* TOC (Absent of very low)

e Organic matter post-mature

e Tight rocks

e High Tectonic deformation and fracturing

* Not enough thickness

The Palaeozoic in Colombia is a frontier - The aim of this Project is to find out whether or not there is
some potential in these sequences.

In the case of finding a good source rocks, Pz can have interest for Conventionals and Unconventionals.

To propose areas that can have good conditions for continuing acquiring more Information to prove the
potential in the Palaeozoic
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Project Scope:

LAB ANALYSIS:
SURFACE GEOLOGY Petrography
Petrophysics
Geochem

Palaeontology
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’ CORES AND CUTTINGS

Stratigraphy
Structural
Petrophysics
Geochemistry



Location Of The Studied Areas

For this study we selected three areas on
the Eastern Cordillera and foothills of
Colombia, Rio Bata (Boyaca), Guatiquia y
Ariari (Meta).

The foothills of the Cordillera are
dominated by thrusts towards the
foreland.

Paleozoic units are exposed in the hanging
wall of main thrust that are affected by
transfer zones.
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Bata Area P )

The stratigraphic section “Rio Bata” is located approximately 7 Km to the NW of Santa Maria
village, in the south of the Boyaca Departament.
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Lithological description : 2382,5m
Samples : 1267 (petrography, geochemical analysis, petrophysicis, geochronology)
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Cretacico Inf
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Sandstone wit bitumen filling pore spaces (Carbonifeours 2). Fine sandstone wit oil stains (Carbonifeours 1).



Sedimentary Environment (Bata Section)
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Guatiquia Area

Convenciones
() Poligono Guatiquia The Gua?thwa? area cqmprls_es a ?60 km?2
—  Secciones Guatiquia polygon in which 4 stratigraphic sections were
—  Drenaje sencillo measured. This drea is located in the
() Drenaje doble Deparment of Meta, in the municipalities of
7J/ Centros poblados San Juanito, El Calvario y Villavicencio.

e » Quebrada San Isidro

» Quebrada La Sapa
» Quebrada El Diamante
» Quebrada Pipiral

A= | [ z205 Total thickness without cover: 1090 m
— Samples: 331
MAPA DE LOCALIZACION

ZONA GUATIQUIA
1:100.000

0 125 25 5 75 10
™ 1Kms
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Qb La Sapa
(550 m)

Qb San Isidro
(70 m)

100m

75m

o T —
EIE _ EEED
[T i
=3 B e
= — B S e
= [ = i

Qb El Diamante
(352 m)

SERVICIO
GEOLOGICO @ s
COLOMBIANO AGENCIA NACIONAL DE HIDROCARBUROS

Qb Pipiral
(120 m)
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uatiquia Area — Stratigraphic Columns

Crinoid in beds of Capas Rojas del Guatiquia; Qb
La Sapa

Pice of coral in beds of Capas Rojas
del Guatiquia; Qb La Sapa

00002

’:wl‘mlwu

Mudstone and claystone, Lutitas de Pipiral Fm, Qb Pipiral Mudstone and claystone, Lutitas de Pipiral Fm Qb Diamante
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In this sector two units are differentiated within the Palaeozoic
rocks. One called Pre-Capas Rojas de Guatiquia (Devonian?) and
other one Capas Rojas de Guatiquia (Carboniferous)

The main structures correspond to Monforth Anticline, The
Calvario fault and San Juanito Fault.

Convenciones

G Poligono Guatiquia Datos Estructurales
| Unidades Geoldgicas ~  Buzamientos
Lutitas de Macanal Pliegues

Brechas de Buenavista < Anticlinal
Fallas

Capas Rojas del Guatiquia

Pre-Capas Rojas del Guatiquia %1 Felladecabaigamionto
Falla inferida
Nivel Fosilifero

== Nivel fosilifero Q. La Sapa

~ Grupo Quetame
Contactos
—  Contacto
~  Contacto discordante




Ariari Area
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The Ariari area is 60 km2, in which 4
stratigraphic columns were measured. This
area is located in the Department of Meta,
near to the El Dorado village.

» Column Qb La Tribuna

» Column Qb La Cristalina

» Column Qb La Tribuna — Cafio Loco
» Column Qb Cafio Loco

Total stratigraphic thickness : 952 m
Samples: 214



Ariari Area — Stratigraphic Columns

Qb La Tribuna — Cano Loco
{ (120 m)
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Qb La Cano Leche
(210 m)
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Guape - Duda 4

J
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Sandstone with organic matter., Qb La Tribuna (Guape-Duda 2)
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Ariari Area — Geological Mapping
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In the geological mapping it was possible to divide the Palaeozoic rocks into 5 lithological different units, four igneous bodies, and
three fault (Algeciras, Alto Cubarral y la Playa)
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tion: What has been done?

v Regional Petrotechnical project

v' 15000 km of reprocessed seismic data interpreted

v’ 406 wells reviewed

v 80 wells studied and analyzed

v’ Biostratigraphic revision and validation

v' Distribution of updated chronostratigraphic sequences
v 8 Regional seismic sections

v’ 9 Stratigraphic correlations

v" Identification of structural domains

v' Maps in time and depth




Generalized Stratigraphic Column
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Palynological Zones
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Seismic sections: phases 1 & 2
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Geophysical Interpretation Phase 3
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Paleozoic distribution

Cambrian
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Zwaguirs
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Wells Information (Cores and Cuttings)

Well information (31 Wells with Palaeozoic intervals): cores and
cuttings (2019-2022)

Preliminary results

- Biostratigraphy ages (no palynology results yet)

- Sedimentological models (constructed previously) are being
refined with laboratory data (petrography, XRD, geochemistry, etc.)
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Location Of Wells Studied
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Stratigraphic Position Of Intervals
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Flow chart for paleoenvironmental interpretation

Deduce depositional
environment for
each facies
association

Deduce processes Combine facies

responsible for » into facies »

each facies associations and/or
facies successions
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into facies systems tracts,
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— Y during the sedimentological

tectonic facies, etc
f analysis ;
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in core and
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ﬁ (seismic, stratigraphy, sedimentology, etc.)

- STRATIGRAPHIC MODEL

- GDE MAPS

Activities of information
collection and sampling

Activities of sedimentological
analysis (lithostratigraphy,

facies analysis and
paleoenviromental
reconstruction)
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construction of regional models
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carried out during the
stratigraphic analysis

advance analysis:
sequence stratigraphy,

paleoclimate recons, etc

Dalrymple (2010)
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Data

31 WELLS
27 cores and 6 wells with ditch samples (cuttings) Laboratory results to date
Petrography: 46 samples analyzed h
11.854 Ft of stratigraphic columns (length) XRD: 77 (preliminary) currently under revision
(1.388 Ft of cores and 10.466 cuttings) Organic geochemistry: 139 (preliminary)
currently under revision
P hysics: 51 pl lyzed
1.557 samples ™, etrophysics: 51 plugs analyze

(685 cores and 872 cuttings) \ J
petrography, mineralogy (xrd),
geochemistry, petrophysics, etc.
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Data: Integration To Sedimentological Analysis
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Results: Sedimentary Environments
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Results: Sedimentary Environments
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Interesting Findings
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Sedimentary Systems and Evolution B

STRATIGTRAPHIC MODEL - PALEOZOIC LLANOS BASIN
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Sedimentary Systems and Evolution
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W-E Cross section - Southwestern Llanos Basin
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WHAT HAS BEEN DONE? LAB ANALYSIS

Lab Analysis of Rio Bata (Santa Maria — Boyaca)
154 samples were studied (U. Nal)

Lab Analysis of Cores and Cuttings
46 samples sent to lab for petrographic analysis
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SOME FINDINGS
(How thick is the Pz ?)
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Source Rocks

There are fossiliferous layers (cores, Surface samples, thin sections) (Lower Ordovician?, Carboniferous?, Silurian? Y Devonian?).
Black fine sediments (shales) were found in outcrops and cores
There is Organic Matter in outcrops and cores

Some cores and outcrops have Oil Stains within sandstones

From the available information, some wells to the south of the basin show low TOC’s and high thermal maturity. Toward the north of the
basin the thermal maturity is low

- 7 ‘ /’; - .i _ 2 ; ‘~ ;—u'}i‘ .‘~-‘i:c.>
Layers of Organic Matter in Kantaka-1 well Fossiliferous level in CPO17 EST 12. Trilobites (Lower Fossiliferous level in Quebrada San Isidro (San Juanito-Meta).

Ordovician ?) Gastropods



Geometries & Traps

Interpreted Horizons (Cambrian, Ordovician, Silurian, Devonian,
and Carboniferous. Permian ?)

4 structural provinces have been identified in the basin

Palaeozoic has interesting geometries.
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Arauca graven, filled with palaeozoic
sediments

Some valleys and canyons at early Ordovician
filled for mid Ordovician sediments.
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Thin sections have shown Bitumen

HC stains in cores

Migration
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Reservoirs and seals

Petrography shows secondary porosity for different horizons in the Palaeozoic (Rio Bata and Cores)
In Surface the outcrops show intense deformation and fracturing (i.e. Quebrada La Cristalina)

Thin sections shows dolomitization processes, increasing the porosity
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Limestones in Qbda La Cristalina Secondary porosity due to Dolomitization, Dissolution and Microfracturing
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OTHER INTERESTING FINDINGS

In Ariari area has been proposed a faulted contact between the gabbros and the palaeozoic limestones . The Surface team found evidence of
the intrusive contact.

There are different types of gabbros emplaced (implications on maturation --- Barton M.)

In analysis of cores red sandstones and paleo soils have been found, similar facies to the ones found in Surface in Quebrada Pipiral, Quebrada El
Diamante and Quebrada La Sapa

95 Relation between the

s gabbros and the palaeozoic
limestones. Some xenoliths
are visible within the gabbro

Unconformity Pz-Mz. Laguna
La Esfondada — Parque
Chingaza. 3604 msnm






