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* The geometry of the Caguan-Putumayo basin is controlled by structural highs denominated the Vaupés, Macarena, Florencia and Garzoén
highs.

 The Gliejar-Apaporis inverted-graben preserves Paleozoic sediments that outcrop in the Eastern border of the basin

* The exposed portions of the shield and basement highs should have acted as sources of the sedimentary fill of the basin, these range in
age from the Meso-Neoproterozoic (1500-900 Ma) and Ediacaran (700-600 Ma)

* The timing of exposure of these basement highs is largely unknown, and it has had a considerable influence in the sedimentary
evolution of the Caguan-Putumayo basin during the Phanerozoic.



ANH= Inherited Neoproterozoic Structures s @

AGENCIA NACIONAL DE HIDROCARBUROS COLOMBIANO

b=~~~ CV-IA, Cajamarca-Valdivia Island Arc stands , 7", ' Pz -
e Y B s e LEGEND
e 8T T e I T———— e
L4 plom- A e GSh | Guiana Shield (Sub-surface)
gz.mu":: mﬂ ‘x;ondsl‘;;sggra:;\nn (Deposition % Depth (km) of Sub-surface
s ‘{"'""' | (DM comit o an'nar;-wmnalsla\dm
{ by | s =
§ l;/\ | @Lacristaina 1. g
Lower ‘v{\\‘\;\ ; (®) Siigara Fm. - § By Quet m
g Break-out and westward drift of g ~ GU  Guape Voicanics
; it the Cofamoitn Tortaae € B Fisparans voicanics
; ;:c‘t.glvlng way to the lapetus 8‘
B g2 €% : =
3 F ) [mmmmmmml || g Lo o
§ . r{% £ o or subducti o [GEN Grenvile Ben
4 §_Elzwum 584 | TM Mountain Table, Tepui ) - § Naquen Sediments (Fold Bet)
g < g g v | Atabapo and Rionegro Volcanics
3 - 3f b g [TPATY Parguaza Granite
: i ol [p—
\\ TR o £ E o DN Traa Voicanics
) R - g E A ~
—10°s & = 'Hdani:ay'o' "3 x " AMAZON CRATON ™ 5 ™ x ™ 5 x5 x “x Bl § 35 1400 ® | PE | Pedrera Sedments (Faut bet)
a2\ RloPichaIkXXXXXXXXXXXXXX g ; .
3 = é'“ - 7 - TECTONIC RAFTS
2| |~ s gunn swticon o PU - Puqui
..... 8 %| |\~ VRD -Vendian Rin- o ,mggv ‘ 0 RN - Rio Negro
''''''''''' & “+— ~~ €68 - Grenvillan Collision - 1800 TA - Tierradentro
< 3 Suture R i SO L e HA - Huila Amphibolite
3 & ® Chicamocha isotopic dated Rocks CUCHIVERO PB - Puerto Berrio
: B | mnmmekam e
g TA-Ti 1380 Ma y e RP - Rio Pargua 2
ES QS Sag - Quelame-Silgara Sag Basin SR Ao PG - Pantanillo Granulite “E
Ramos (2010) 5| | - i O gy o ittt
Cediel (2019) : e ':.;"f::':;:;g:mjm: a5
2300 y Sagacs Fm E] Prodgo Mne ElCon w
- Deformation within the western Guiana Shield is recorded during continental collision (with Oaxaquia i”"“
ca.12-0.9 Ga), manifested as Neoproterozoic impactogen structures and a Grenvillian granulite-grade | |-
metamorphic belt (Garzén-San Lucas-Santa Marta-Guaijira). - ﬁ §
- The Arauca and Guejar impactogens configurated the early to late Paleozoic marine-rift- ;
aulacogensthat were infilled by sediments of different ages, currently buried under a Meso-Cenozoic B L

cover

 This structural configuration played a major role on the distribution of sedimentary facies during the
Phanerozoic reflected in the basement maps that show prominent basement highs,
compartimentalizing the Cagudn-Putumayo and the Llanos basins, respectively
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Field stations coverage
performed during phases | &
of this project (2021 black, 2022
red)

Sectors:

1) Garzén Massif

2) North Florencia High
(Capella)

3) Macarena High

4) North Vaupés High (San José
del Guaviare)

5) South Vaupés High
(Araracuara)
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The Garzon Massif and Florencia highs
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Field mapping coverage reached
over than 7000 km?

The foothils are dominated by
crystalline tectonic slivers related
to the advance of the deformation
front

Basement rooted verticalized
thrusts, and out of sequence
frontal thrusts, control the easterly
advance of the Andes

Late Miocene-Pliocene Strike-Slip
tectonics

1) Borde Amazénico Fault
2) Algeciras Fault

3) San Francisco

4) Tebaida Fault

5) Las Hermosas Fault
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Algeciras Fault
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YN The Garzon Massif and its sedimentary cover r@

Pepino Fm.

. Four regional unconformities (Jurassic, Aptian, Maastrichtian, Middle-Eocene)
 Verticalized faults repeat the sedimentary successions and involve the crystalline basement (Thick-skin)
. Calcareous rocks increase in thickness towards the SW

. In general, Cretaceous sedimentary units increase in thickness towards the SW, far from the Florencia high
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' Caballos Fm.

Erosive contact between tuffs of the Saldafia Fm. And Unconformity between the Caballos Fm. And the Garzon Complex. La Tortuga

the Caballos Fm. Aguascalientes Creek, (Morelia). Creek, San Carlos (Florencia). ’
Evidences of exhumation of the Garzon Masiff and

Jurassic arc during the Cretaceous.
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Stratigraphic Correlation Florencia Foothils
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- Stratlgfaphlc samples (m.)
section
SQM 48 741
SRS 10 853.5
SFH 8 232.5
SLS 45 858
SQA (a) 10 186
SQA (b) 7 55.5
SQA (c) 7 625.5
SQT 21 405
SEV 22 109.5
TOTAL 178 4066.5
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- Conglomerados Clastosoportados
Arenitas

- Lodolitas
- Mudstone

- Wackestone

- Packstone
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Stratigraphic Sections Mocoa Valley
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The most representative section corresponds
to the Rumiyaco River section SRR

The Rumiyaco Fm. unconformably overlies the
Sandstones of the Cobre Fm. (Campanian-
Paleocene hiatus)
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The ammonite fauna
in the Sibundoy and
Mocoa Valley can be
correlated with the
fauna of the UMV,
indicating a marine
connection during
the late Aptian to the
early Coniacian
between the
Putumayo and UMV
depocenters
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ANH==BOY\\\\|¥ Yataro seismic-structural section
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Interpretation of the structural style in the Cagudan-Putumayo Basin
(Phase 1), characterized by reverse faults associated with

detachment fault at 3.0 sec (TWT)

The length of the deformation from the foothills to the Nogal EST -1 ST
well is 40 km, and the distance to the Florencia Paleo-high is 80 km.
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The detachment fault is generated from the deformation of the
Cordillera Oriental foothills in the West.

The length of the deformation is 40 km from the Cordillera
Oriental foothills to the Cagudn Paleo High.
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ANH=F\\\ Capella seismic-structural section
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Capella seismic-structural section
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An advance of the interpretation of the transects 1,3y 6 is
showed later

Defined Regional Profiles
North ’ @

Objective: Caquetd Depocenter structural
geometry implications in prospectivity, position of
the modern forebulge.

1. Quriyana-Cohembi-Platanillo--Tamarin-1-
Capella-Romero.
2. Yataro-1- La Rastra-1-Rios-1991.

Central

Objective: Western Foothills and Eastern Foothills
of the Eastern Cordillera and its relationship with
the Putumayo basin, possible connection
between Putumayo and UMV

3. Pantera-1-Catira-2- Block PUT-14.
4. San Gabriel-Costayaco-Terecay Block
Programs

South

Obijective: Stratigraphic traps (Pinch-outs in the
Florencia High), illustrating the prospectivity
already defined and the remaining.

5. Conejo-1-Tacacho Block CAQ-1988-06
6. Rio Mocoa-1-Solita-1- CAQ-1988-01
7. Garza-0rito-Platanillo- Tacacho Block



ANH=

Regional seismic transect (1) Part a.

COLOMBIAN
Four Domains can be interpreted:
- The sub-Andean domain is characterized by the deformation due to the Cordillera Oriental orogeny
 the proximal Foredeep and Wedge-top domains present some depocenters beneath the Pre-Cretaceous
unconformity.
- The external Foredeep domain is characterized by the cretaceous and Paleocene units’ onlapping over the
Florencia Paleo-high, which acts as a barrier even until the Eocene. The Pepino Fm. is onlapping locally over
the Florencia Paleo-high, setting the stratigraphic traps.
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ANH= egional seismic transect (1)
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Objective: Caquetd Depocenter structural geometry

implications in prospectivity, position of the modern

forebulge. oo ) o
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ANH= egional seismic transect (3)
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Pantera-1- Catira-2 - Block PUT-14.
Objective: Western Foothills and Eastern Foothills of
Cordillera Oriental Range and its relationship with the O
Putumayo basin, stratigraphic and structural connection
between Putumayo and UMV basins
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VW Regional seismic transect (3)
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Pantera-1- Catira-2 - Block PUT-14.

Objective: Western Foothills and Eastern Foothills of
Cordillera Oriental Range and its relationship with the
Putumayo basin, stratigraphic and structural connection
between Putumayo and UMV basins
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ANH= Regional seismic transect (6)
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Regional seismic Transect 6. -0
Rio Mocoa-1-Solita-1- CAQ-1988-01 0 \ P2
Objective: Stratigraphic traps (pinchouts on the Florencia Macnl g
High), illustrating the prospectivity already defined and S A

remaining.
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AN Stratigraphic terminations on Florencia paleo-high ngizvgfgg@
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@AN Structural framework
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Multi-Method Provenance Analysis

Detrital zircon U-Pb geochronology from borehole samples

Rio Pescado-1

MD

Age

SP

16” Normal

-60.0 mV 30.0

10® ohm.m 108

Induction Deep

0.1 ohm.m 10¢®

1000

2000

I

i

P

¥

\A'v") )

Neogene )

v At 7

iy
N gtd

f

{

3000

4000

Orteguaza

SR o b
yw e

MWN’U{MFM“TF VWLl W/

WW»

A

A

Cenozoic

5000

Mﬂ"\.
g

ey
A 1

M

o

Upper Pepino
Middle Pepino

)

o~
1\
v

Sl
Vo

Lower Pepino

Rumiyaco

Neme

6000

J
}‘ﬁrmﬁu’\«/"“ﬁ

i

b

Villeta (1}
Caballos

Basement @ '

|
|
|

Basement S

e

e Limestone Conglom.

BE 5 5

Red claystone Shale Gray claystone

Samples from the Neme Fm.

mostly include 1.0-1.5 Gaq,
minor 0.6 Ga, and Permian-
Triassic and Cretaceous
detrital zircons

Rio Pescado-1 6700-610 [
| |

500 1000 1500
Age (Ma)

2000

Orteguaza

Upper Pepino
Middle Pepino 4

Lower Pepino

Rumiyaco ¢
Neme

Basement ¢

2| MD SP 16” Normal
-60.0 mV 30.0 | 10" ohm.m 10®
Induction Deep
0.1 ohm.m 10°¢

1000

Neogene

PRI, g POV SNy S PPt Y
ol b b i ™YW I”NH["’"

~2000

-3000

Al

Py e T MrJ'MMﬂA‘,MAVA. "

IR

Cenozoic

-4000

AWMMMAA i

o

E

-
5—I5H

e Limestone Conglom.

Nk

SERVICIO
GEOLOGICO
COLOMBIANO

©

Poor yield from one sample of
the Rumiyaco Fm., with only
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Multi-Method Provenance Analysis @

Detrital zircon U-Pb geochronology from borehole samples
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Multi-Method Provenance Analysis
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Petrography, geochemistry and detrital zircon U-Pb geochronology from samples collected

from stratigraphic sections
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Multi-Method Provenance Analysis

(@

Integration of samples from boreholes, stratigraphic sections, and regional sampling

O.1|0

0.(|)5

—O.|05 0.(|)0

—O.|10

—0.|15

Villeta Pepino

sojieqed

T | T 1 | T
-0.10 -0.05 0.00 0.05 0.10 0.15 0.20

o
m -
3 Pepino
= n=318
= T T T
0 500 1000 1500 2000
(@ )
N
“ 1 Neme
8- n=668
© T T
0 500 1000 1500 2000
o
N
7] Villeta
8- n=519
o T
0 500 1000 1500 2000
o
=
- Caballos
8- n=1811
N
= T
0 500 1000 1500 2000

Age (Ma)

M Caballos Formation
A\ Villeta Formation
<> Rumiyaco Formation
(O Pepino Formation

‘ Orito Group

JE/ F

10 o

Th/Cr

0.01

n
T T T T T T z
0 2 4 6 8 10 12 14 16 24 26
La/Sc
[l Caballos Formation m
/A Villeta Formation
<> Rumiyaco Formation
() Pepino Formation A m
A A

%x  Orito Group

Upper Continetal Crust Source (UCCS)

Depleted Mantle Source (DMS)

T T TT]
1

T
100

Th (ppm)

The Caballos and Villeta
Fms. have similar
provenance represented by
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received detrital material
from young and
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Fms. have a transitional
signal and record the early
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Inverse Thermal Modeling

—

AGENCIA NACIONAL DE HIDROCARBUROS

Thermal reconstructions from apatite fission-track and zircon (U-Th)/He data
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Proterozoic rocks were at or near the
surface during the accumulation of
Cretaceous strata

Analyzed samples were
buried/reheated to temperatures
above the APAZ (~60-120°C) due to
the accumulation of thick Paleogene
sequences (e.g., Pepino Fm.)

Onset of rapid exhumation during
the middle Miocene (~15-10 Ma)
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Proterozoic rocks were at or near the
surface during the accumulation of
Upper Cretaceous-Paleocene
sediments (Neme Fm.-Palmichal
Group?)

Most samples were buried/reheated
to temperatures within the APAZ
(~60-120°C) as suggested by the
presence of partially reset cooling
ages and short fission tracks

Onset of exhumation seemingly
started during the Oligocene-early
Miocene (~30-20 Ma)
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Proterozoic rocks were at or near the
surface during the accumulation of
the San José Fm. (Cretaceous ??).

Samples were likely buried/reheated
to temperatures within or below the
APAZ (~60-120°C) as suggested by
the presence of partially to non reset
cooling ages.

It seems that the SJ Fm. was never
reheated to temperatures within the
APAZ (i.e., thin Cenozoic sedimentary
cover)
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The results from stable
isotopes in carbonates
indicate temperatures of
formation/recrystallization
between ~20 and <115°C.



S\ Thermochronology from the Villeta Formation ©

Schematic diagram
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Thermal Maturity of the Villeta Formation
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- Extensional tectonic setting Florencia High
- The NW Guiana Shield have been uplifting since Jurassic sourcing v
sediments and the uplift of the Araracuara Fm. ‘/

« The Garzdn Complex to the E and the Jurassic Volcanic Arc to the
W underlie the cretaceous sediments. * Florencia high is exposed
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Sedimentation of Villeta formation.

Some positive relief of basement (Garzon
and Saldana) was present

Florencia paleo-high basement was exposed
The Nepheline Syenite is outcropping as
source of Ediacaran (600Ma) zircons (see
Villeta Provenance).

There are not documented Albian-Coniacian
deposits to the NE of Florencia High
(Caballos and Villeta)

Cretaceous sediments could source the
Caqueta Basin form the south?
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* Sedimentation of Rumiyaco Fm.
 Some positive relief of basement (Garzon and
Saldana) are exposed
* Florencia High still divided the Putumayo
basin from Caqueta Basin (CB)
 To the NE of Florencia paleohigh Paleocene-
Eocene deposits are documented at the
Macarena Range
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Eocene (56 - 34 Ma)
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Most of the Garzon massif has been buried by
sediments

Sedimentation of Pepino Fm under alluvial fan an
alluvial channels.

Macarena has been buried (see AFT)

It is likely that local depocenters reached
temperatures of oil generation in local pods in the
foredeep and piggy-back basins.

Piggy-Back Basins likely related to local
basement highs

[ ] Pepino Fm.
[ ] Rumiyaco Fm.

[ ] Caballos/Villeta Fm.
[1 Saldafia Fm. (Jurassic)
[_1 Proterozoic - (Garzén Complex)

Eocene

/

Florencia High
7 / N
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Upper Cretaceous

@ Sample with thermal evolution
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.Complejo
Garzén
AR §

Topography
at present day

Rifting stage: sedimentation on
iInherited grabens developed during
the Jurassic age. Existence of sub-
basins between the VSM and the The Cretaceous exposure of the Garzon massif is

present-day fore-bulge. documented by a regional unconformity
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Paleocene
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Basin inversion: During the Paleocene
Generation of a tectonic  activity s

foredeep. evidenced by growth
strata (Rumiyaco Fm.)
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accumulation in the foredeep - Chert rich Pepino Fm
and gengratlon of a piggy- 750 = B | Thermalhistory of the UMV
back basin.

Villamizar et al., 2021

Eocene clastic syntectonic sediments were deposited in both flanks of the

Garzdn Massif, composed by Chert indicating onset of exhumation of the
Central Cordillera.
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Foreland basin: Maximum accumulation in the foredeep and generation of a piggy-lback
basin. Petroleum generation in these basins (paleo—kitchens).
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Oligocene to present-day: Erosion of the paleo-kitchens.



AGENCIA NACIONAL DE HIDROCARBUROS




Findings ©

« All the surface, subsurface, geo-thermochronological, and isotopic data strongly indicate that the
crystalline basement has experienced multiple episodes of exhumation during the Phanerozoic,
always accompanied by thermal subsidence and syntectonic sedimentation, during the Jurassic,
Cretaceous, and Cenozoic.

« The Garzdn Massif and the Macarena Range are metamorphic nuclei, the first related to Oaxaca and
the second related to Amazoniaq, given their structural configuration their exnumation histories are
completely different and had influenced the distribution of source and reservoir rocks and the
evolution of oil migration paths.

« Thermochronological data show that the Cagudan-Putumayo and Llanos basins were connected until
the Oligocene, since then they have been independent basins.

« The seismic stratigraphic terminations for different formations (Cretaceous and Cenozoic) against the
Florencia High represent good potential traps (stratigraphic and combined traps) that are present
along both sides of the Paleo high.



Findings ©

The potential reservoirs in this basin are associated with structural traps in high-angle basement faults
in the foreland, with stratigraphic traps associated with wedging in the direction of the regional
basement highs (Florencia, Macarena, unpés), and finally with “tar -mats”.

The potential source rocks in the area near the Eastern Cordillera foothills become more thermally
mature towards the SW, furthermore Isotopic and thermochronologic data reveal that they could reach
the oil-generation window during the Eocene-0Oligocene times, and afterwards such paleo-kitchens
were partially exhumed.

The analyzed samples located in the northern part of the Putumayo basin show that the Caballos

and Villeta formations contain a mixture of type | & Il kerogen originated from marine organic matter,
which presents good source-rock qualities (TOC > 1%) and reached the necessary depth and
temperatures (for instance the thermal maturity (Tmax > 430°C) in the piggyback basin and foredeep)
to be in the early stages of the oil generation window in the Eocene.

Although the former data indicates that the reservoirs were likely fed from local paleo-kitchens, this
does not rule out that other oil pods in the UMV and south Putumayo couldn’t be involved in sourcing
hydrocarbons to the basin.



0,

- The understanding of the structural framework of the Caguan and Putumayo basin allows us to

differentiate the prospective corridors of the Cenozoic, Cretaceous and pre-Cretaceous
structures and plays.

 Stratigraphic plays as Capela resemble inverted half-graben structures as those documented in
Ecuador ITT, furthermore Capella and ITT fields are located within the same structural domain,
the big question is if such oil systems are related?
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CAGUAN-PUTUMAYO BASIN FLORENCIA
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Mioceno Oligoceno Eoceno - Basamento Acustico 1500000

Opportunities for structural entrapment exist in high-angle basement faults and in backthrusts involving thin-skin
deformation.

The Florencia High is also interesting due to the possibility of post-Eocene stratigraphic entrapments after the Macarena
uplift.



Integrated Atlas

ﬁ
AGENCIA NACIONAL DE HIDROCARBUROS

Design Seismic-Chrono-Stratigraphic ATLAS

1 Reunién

DAN-ANH

2 Boceto 3 Ajustes 4 pisefio

AT I- A S (U0 |
COLUMNAS DE POZ0

CONVENIO ANH -~ DAN-S6C

ﬁ Fm. Neme
2820°-2850’
n=41/68

Y& Fm. Neme
2880-2910’
n=44/74

Y Fm. Neme
3030’-3060°
n=58/117

Fm. Neme
3060°-3090°
n=93/120

ﬁ Fm. Neme
3090-3120
n=44/77

Fm. Villeta
3120-3150°
n=15/25

* Fm. Villeta
33907-3420’
n=79/126

Y Fm. Caballos
3450-3480’
n=80/120

Fm. Caballos
3600’-3630°
n=111/171

ﬁ Fm. Caballos
3660°-3690°
n=140/220

CcC SM SN VG GG Parguaza Mitu

Orteguaza

Pepino Superior
Pepino Medio

Pepino Inferior

Rumiyaco

3282

Villeta

A

Caballos

T

Basamento

F

CC: Central Cordillera, SM: Santander Massif, SN: Syenite Nepheline, VG:

500 1000 1500 2000
age [Ma]

Neme =

£5 GR
&|a
g 000 Rl 20000
|
o
Q
o ]
g
o ]
g
o
87
-
Gy EE
o
o
= N
SR
g s
SI8&F ¥
<
2 ]
S8l 3 |
o
o
8,
o
S ]
E
o
= S
&F

2400
L

2600
L

2800
L

3000

3200
Ll

400
L

3600
Lo

380
1

Vergel Granulite, GG: Guapoton Gneiss

OO0 000000

SERVICIO
GEOLOGICO
COLOMBIANO

- Mandarina-1 .
LINE 1 1 1 1 1 1 1 1 1
TRACE kL] 22 278 80 244 ] 212 186 180
| | | | } } : } |
GR
gAPL 200

RN —L Orteguaza

— Caballos
‘ — Basamento

Litologia

Basamento Arenita Caliza Arenita
Conglomeratica

Arcillolita Rojo Lutita Negro Arcillolita Gris
Moderado Grisaceo Medio Oscuro




DAN Acknowledgements

Colombian Geological Survey

« Hernan Olaya Davila DAN Director Humberto Andrés Fuenzalida DTH Director
« Mary Luz Pena Uruena Project Manager

ANH

 Liliana Zuleta Technical Vicepresident

« Jose Miguel de Armas Knowledge Manager

« Arlex Gutierrez Technical Supervisor

« Hugo Buitrago Technical Supervisor

SGC-DAN Staff
« Jimmy Munoz Carolina Jimenez U-Plb Geochronology Laboratory

- David Contreras SEM Advanced Microscopy Laboratory
« Maribel Moreno Andrea Rocha Solid Stable Isotope Analysis Laboratory
« Andres Porras Liquid Stable isotope Analysis Laboratory

« Petrochron project Staff

UPTC
« Prof. Mauricio Bermudez & staff Thermochronology Laboratory

Communities and local authotities from the Caqueta, Meta, Guaviare, Putumayo, Huila and Amazonas
department



CONOCIMIENTO CIENTIFICO
I COMUNIDAD

Comunidad

’ “ )
! )\ |
“
| .~
: - h ’
) ’

Datos Abiertos

f wiglg

https://www.sgc.gov.co/




