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Abstract

The La Florida anticline is located in the Llanos Foothills, a prolific sub-Andean petroleum province on the southeastern flank of the Eastern
Cordillera of Colombia. The giant Cusiana and Cupiagua fields are located along structural strike in hanging-wall anticlinal traps to the
northeast of the La Florida anticline. The traps were formed during the Late Oligocene-Early Miocene “thin-skinned”” and Miocene-Holocene
“thick-skinned” deformation of the Eastern Cordillera. The source rocks are Gachetd Formation Late Cretaceous organic-rich black marine
mudstones. Reservoir rocks include upper Eocene Mirador Formation sandstones and Paleocene Barco Formation estuarine sands. Cap rocks
are Oligocene Carbonera marine shales C8. Well ties and horizon mapping were based on a rich seismic data volume (322 km? 3D high-
resolution seismic and 540 2D seismic profiles, Pacific Energy/Frontera) and 7 wells. Volume-balanced forward and retrodeformed structural
modeling, and 1D basin models suggest that migration pathways were available for the La Florida anticline at the time of maximum oil
expulsion (6 — 8 Ma). Structural traps are Andean age (3 — 6 Ma) fault-bend folds with transpressive displacement. Fracture attribute analysis
(Ant-tracking, Chaos and Variance) indicates possible up-plunge sealing fault (4-way closure) for anticlinal trap permitting accumulation of
hydrocarbons. The La Florida anticline has an active petroleum system (source, reservoir, seal, timing of charge, and trap formation) like the
adjacent Cusiana giant field. The Medina anticline to the southwest of La Florida is isolated from the active Foothills source pods by a major
sealing thrust fault. Hydrocarbon accumulations in the Medina structure are therefore limited or non-existent.
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Overview:

* To the Northeast along
strike is the giant

Cusiana oilfield.
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Overview:

* Just to the Southwest
IS
in Medina basin, a
large anticline with 4-
way closure and seal

but no commercial

hydrocarbons.
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Overview:

* Llanos basinis the biggest

oil province in Colombia.
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Aim of Research:
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Aim of Research:

Is La Florida anticline
a hydrocarbon trap?
On one side is the dry
Guavio structure. On
the other side is the

giant Cusiana oil field.
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* Tectonic Setting:

» Oblique subduction of Nazca plate

beneath South American plate

Tectonic and Stratigraphic Setting
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* Tectonic Setting:

» Oblique subduction of the Caribbean
beneath North Andes.

Tectonic and Stratigraphic Setting
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Tectonic and Stratigraphic Setting

* Tectonic Setting:

> Collision of Panama Choco arc and North

Andes.

Collision produced major deformation in the EC
and Llanos Foothills (last 12 Va)
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Seismic data:

— 194 2D seismic profiles (SGY files).
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Methods:

.Seismic Interpretation

Created synthetic seismograms, seismic-ties, picked horizons with well control - Petrel

Schlumberger).
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Late Miocene

Methods - o~

4km

II. Cross-Section Construction and Kinematic Restoration

Constructed cross-sections and retrodeformed sections

assuming volume conservation (Suppe et al 1983) - Move Y B

(Midland Valley).

NW
Present Day &
o




1-D Burial Models

Estimated source rock burial
history and timing of critical
moment with PetroMod

(Schlumberger).

Data and methods
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Outline:

* Seismic Interpretation
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Total Length: 36 km

-Cross-section A—A’
dip line from

3-D volume and 2-D @LETICIA-1

seismic line.
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Seismic Interpretation

- Rio Chitamena well was projected ~ 3 km onto cross-

section along the anticlinal axis to constrain dips and

formation tops.
A 2D Seismic line 3D Seismic line converted to 2-D A

Rio-Chitame—E1 )

R ———




Seismic Interpretation

AGE EPOCH Formation

Results:

1. Guaicaramo thrust (west side of section) is poorly imaged due

to energy dispersal from intense hanging wall and fault plane
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Seismic Interpretation -+ ¢

2. Florida anticline is a gentle fold with low relief produced by
thin-skinned thrusting from detachments in the Lower
Carbonera Fm and mid Cretaceous.
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Seismic Interpretation

3. Magnitude of folding is higher in Early Oligocene to Early

Cretaceous units.
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Seismic Interpretation |-~ i
s _.
4. NW thickening of Cretaceous units due to normal faulting e
and thermal subsidence. = % 7,
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AGE EPOCH Formation
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6. Lack of growth strata on the hanging wall of Cusiana fault
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Outline:

e Retro-deformed Model



Retro-deformed Model

1. Profile was retro-deformed to prior to Andean

uplift
/7 Ma
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Retro-deformed Model

2. The of section represents late Miocene

mid -
7/ Ma
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Retro-deformed Model

generally southeastward toward the Llanos basin.
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A Late Miocene
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1. 6to 3 Mg,

(Bande et al., 2012) and

formation at

or younger.
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Retro-deformed Model

2. time — initial La Florida anticline formed as a

by a thrust ramping up from a mid-

Cretaceous detachment. ww
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Retro-deformed Model

3. Shortening and of the shortening.

u 6—3 Ma
Pliocene
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Retro-deformed Model

1. 3 Ma to Present — Cretaceous normal faults (Cooper et al

1995) resulting in on Cusiana and

: A
Guaicaramo thrust faults. w

Present Day
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Retro-deformed Model

4. Cusiana normal fault inversion resulted in an additional

of shortening and of structural relief.
A
NW 3 -0 Ma
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\’/\—/\"—_\_, La Flerida anticline (}\i,\’o
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Retro-deformed Model

5.T of anticline from late Miocene to

A 3—0 YE

Present Day
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Outline:

e Burial History



Petroleum System Elements °

/

™~ e Mirador Fm
Reservoirs e Barco Fm

e Late Miocene
“thin-skinned”

¢ Pliocene -Holocene
“thick-skinned”

® marine mudstones
of the Oligocene
Carbonera Group

e Gacheta Formation

Over 50% of reserves.

e Guadalupe Fm




1D Model For RIO-CHITAMENA Well

Random line [PSTM-TVSW-FXY-Merge [Realized] 1 [StructSmooth] Dip-Guiding]

XL

is located in the

wall of Cusiana fault.




1D Model For RIO-CHITAMENA Well

Random line [PSTM-TVSW-FXY-Merge [Realized] 1 [StructSmeoth] Dip-Guiding]

thickness in the hanging-wall

is - almost half was eroded.




1D Model of Burial History

1.35 mW/m? heat flow A

o
was assumed for 1-D burial
RIO-CHITAMENA Well
model.
™~
E
=
_: -
a
Q
Q
<
Early Generation ——) 120°C
100 ' 50 90
Time (Ma) %2

-
-
3




2. Source rock (SR) entered

oil window ~ 8.9 Ma at a

burial depth ~ 5.2 km.

A
N
RIO-CHITAMENA Well
~N
E
=
= g
a
0
(@]
<
S e o —mo oo
A -
oY
® w l@" 1% el !
100 ' 50 5

1D Model of Burial History

Time (Ma)

-
-
3




1D Model of Burial History

3. Present-day - source Al .
o
rock (SR) is still in oil
_ RIO-CHITAMENA Well
window.
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1D Model of Burial History

4. Present-day depth of A

SR ~ 4.8 km.
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1D Model For BROMELIA-1ST Well

Random line [PSTM-TVSW-FXY-Merge [Realized] 1 [StructSmooth]]

500

well is located in the of

the Cusiana fault.
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1. 35 mW/m? heat flow was

assumed for the Bromelia 1-D

burial model.
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2. Source Rock (SR) estimated

to enter oil window ~ 6.2 Ma

at depth of 5 km.

2

Depth (km)

4

D

1D Model of Burial History

BROMELIA-1ST Well

T 0 S0 G 1500 2040
Temperature [*C]

100

Time (Mi

50

el
L

71
LJ

[
T

I |
LI

1 ol




3. Present-day - source rock SR

is still in the oil window.
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4. No erosion was assumed for

Guayabo Fm over the

footwall.
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Outline:

* Conclusions



Conclusions

1. Our 1-D model predicts oil
expulsion began ~S Ma in the hanging
wall rocks of the Cusiana thrust,
similar to the Cusiana oilfield to the

northeast at 8 [Via (Cazier et al 1995).
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Conclusions

2. We predict that only

of hydrocarbons may

have toward the

NW SE

A Late Miocene

foreland Llanos basin before

Okm

the Florida trap formed.

N\ N4

Migration pathway
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3. The 15t stage of
evolution of the La
Florida anticline was

d

forming a possible

Miocene-Pliocene

~29km
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4. Subsequent reverse A

NW

movement
on Cusiana fault o -
preserved the anticlinal trap

in the Mirador Fm.
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5. Present-day -

dare

and

~ 4.7 km

Conclusions
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6. has

elements of a

Risk factor - up-plunge

closure toward Rio

Chitamena. ~4.7km
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4km 4
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Acorazado well - 1.3 km
northeast of our model,
Frontera announced
hydrocarbon shows.
Acorazado is being tested

for economic recovery.
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