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Dataset and Objectives

Colombia Reprocessing

— ~60,000 km

— 18 surveys

— Vintages range from 1982-2014

— 13 Wells used in project for velocity model
building and interpretation

Extensive coverage allows regional analysis
and comparison of structural styles with
existing data in adjacent areas

Observations of deformation styles from
different areas within SCDB (Sinu Offshore,
Magdalena Delta, Guajira Offshore)

Observation of effects, if any, of presence of
thin oceanic crust on deformed belt

Combined Crustal thickness
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Dataset: Legacy Deepwater Line
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Legacy datasets, especially older vintages benefited from latest reprocessing techniques
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Dataset: Regional Models

All 60,000-line km of data processed as a single project to produce unique basin-wide

3D Velocity and Gravity Models

Well information constrains 3D imaging and tomography in areas of complex geology

Uraba Sinu Offshore

Magdalena Delta

Santa Marta Massif

Offshore Guajira
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Dataset: Regional Gravity Models

« Shipborne, Satellite data and global databases supplement the gravity model

Gravity_Transects_UTM18N_forchuck.shp
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A. Sinu Offshore
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Gravity_Transects_ UTM18N
—— ION Data Library

Kilometers




Dataset: Regional Gravity Models

100

Kilometers

- 6240.0
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D. Deepwater Tie Line
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The Caribbean Plateau
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* Zone of relatively thin oceanic crust mapped in the ultra-
deepwater Colombian basin in contrast to >15km thick adjacent
plateau crust

* Onset of low-angle, obligue subduction of CLIP during lower-mid
Eocene (Mora et al., 2017)

* Simultaneous cessation of arc magmatism, change in plate
angle and velocity

Combined Crustal thicknessjliTHICK




Composite Strike Line along SCDB

» Section of thinned crust coincides with basement ‘low’ in the
offshore Bahia area and Guajira SCDB

» Zone of high sedimentation and thick sediment loading

Magdalena Delta

Sinu Offshore

Section with thinned Oceanic Crust
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The Sinu Offshore Foldbelt

11

Accretionary wedge

— Sinu Fold Belt (offshore, active
accretionary prism)

— San Jacinto FB (onshore, fossilized prism
acting as dynamic backstop along with
outer high)

Static backstop further inland near the
Romeral Suture Zone

Underlain by thick Caribbean plateau
crust

Frontal toe thrusts in the Central section
change vergence from seaward to
landward

Distinct change along strike from highly
deformed FB to undeformed Magdalena
sediments to the east

Colombian

depth (km)

Basin

—3
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outer high

Active accretionary prism

(dynamic backstop) San Jacinto
Sinu-Colombia Accretionary Wedge Fold Belt =
A RAR
BN SOH e
SN

Mantilla-Pimiento et al., 2009
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--------- Inferred fault
""""" Fault under toe thrust
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¥—s—u—s* Syncline

<> Shale dome/diapir

Rodriguez et al., 2021
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' Rodriguez et al., 2021

1/

Dip Section Through Southern Sinu Offshore FB

Underlain by thick plateau crust

Primarily seaward verging faults with shallower detachments near zones of shale movement and mud diapirs

..‘#W,vw,.,.. .-.WJ; .ﬂi,,,/./ ”_..,_, ’w N fdu,‘ﬂ N R N R R ‘,:ﬂdarl.l.”.m“uh
Fte T .%_,wf S
,...\h.m‘,v.w ..m.m., .a..mm.um\.--umwm:., Sk Afy p:.._.. // E

! RO LA ,,,,,.4 W PR
) _,....,..,_,.,ﬂ.r%.w?#_ A ."..% z.v..—
D IR
. .__,______&,‘.wﬁ“_,s. JJ_,.,”F_.. Wit ...u.f W

#h 'y AN

BSR mapped throughout the prism

e /.._r__ y ; N F
£ e
o e 4 \%.\“\\\\\«. \_‘\\\

5 T \\\_..._;\.».‘_.nNH 17 A\m\\ 17y )

4 .. / ,_.f.r\* .uH_.\ h_- i
/2L
0t 7 p—m» hu
(28] \ (
Lo /)
g 2T ....ﬁ_. W,
. ..._ ; 2= (] . -.-

i

\_
AR
xﬁ.ﬂ.@
oy

\ [

12



COLOMBIA

2021

\R‘odrigu‘ez etal.,

o

Offshore FB

Inu

Through Southern Si

Jolp

Dip Sect

Underlain by thick plateau crust

Central section of foldbelt corresponds to relatively thicker sediment section and higher density of mud diapirs on the shelf

ending at Rosario fault
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Sinu Offshore Strike Line
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Sinu Offshore Strike Line: Velocity Overlay
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Interval Velocity
m/s

1500
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3278
3500
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Implications for Hydrocarbon Exploration

The Sinu Offshore area hosts giant gas
accumulations at Gorgon, Purple Angel and Kronos

All wells in toe-thrust section

New analysis suggest dry gas accumulations
contain a mixture of microbial and thermogenic
gases

Oil seeps onshore in the San Jacinto belt
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Continuous decollement surfaces could facilitate
migration from deeper (UK?) kitchen

Consistent BSR mapped within foldbelt

Several trap types:

— Thrust and related folds

— Extensional structures updip on shelf
— Mud diapirs and related pinchouts
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Implications for Hydrocarbon Exploration

Multiple deepwater trap types related to delta-
fan system: nested channels, levees, MTDs,
turbidite complexes, base of slope fans, etc.

Sediment section thickness >11km

Piston core and soil sample geochemistry at
seep sites support thermogenic system

Untested oil play sourced from Upper
Cretaceous—Paleocene marine restricted
shales (Martinez et al., 2015)
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Offshore Guajira

Acoustic Basement

Eastern limb of the SCDB in Colombia

Tectonic escap)
SM-BF ~6 nf

Foldbelt changes orientation from N-S in the At et
west to almost E-W at its northern limit

Relatively narrow accretionary foldbelt

Continental blocks (Static backstops) present
offshore, with broad transcurrent Neogene
sub-basins (Tayrona and Chimare)

)

Gglindo

5 ; -
etal., 2020 | ) /Londono et al., 2015

Tayrona lies within boundary of thin Oceanic Western boundary of SCDB NE

Crust, whereas Chimare lies on plateau crust

Eastern boundary of thin crust appears to
line up with Chimare suture zone

Al e
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Dip Section through Tayrona

10k

* Underlain by thin, rugose oceanic crust mapped from the ultra-deepwater
*  Primarily seaward verging faults with multiple decollements

* Distance to static backstop on the Guajira side much lower than Sinu FB

Acoustic Basement
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Acoustic Basement
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Acoustic Basement

Amplitude Anomalies

Tayrona Basin
SW




Tayrona Strike Line PSDM Stack
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Tayrona PSDM 5-15 Ang
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Tayrona PSDM AVO Attribute
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Tayrona PSDM Velocity
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Offshore Guajira Strike Line PSDM
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Offshore Guajira PSDM 5-15 Ang
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Offshore Guajira PSDM 35-45 Ang
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Offshore Guajira PSDM AVO Attribute
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Offshore Guajira PSDM Velocity

Interval Velocity
m/s

1500

1767
1500

2167

4km
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Implications for Hydrocarbon Exploration

34

* Several separate provinces in terms of trapping
mechanisms:

— Thrust-related folds in SCDB

— Incipient folds with DHIs downdip of toe thrust
structures

— Shale diapirs and shale escape structures in
Tayrona

— Block faulting in Tayrona with UK-Paleogene
graben fill

* Glant gas fields (Chuchupa-Ballena)

* Presence of thermogenic hydrocarbons in piston
cores in offshore Guajira
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Powering data-driven decisions
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Discussion
AVO Analysis

Wrap Up
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Previous Work

EMagZ LowPass (15km), Reduce to Pole Tilt Derlvatlvel
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Previous Work

Evidence for a Late-Stage Spreading Center

{ EMag2: LowPass (15km), Reduce to Pole, Tilt Derivative| =

| = L =
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= AP # s

-~ | Region of thinned
oceanic crust

Convergent | .$% N e SR,
reflectors £

1 Axis of thinning? }

{ [
Region of
» Magmatic Extension Venezuela

G‘\ N
L

Manuscript published in 2021

Used compilation of marine magnetics
Pacific Origin for location and timing of spreading

Proposed a 108-73 Ma age formation of the Caribbean Large
Igneous Province (CLIP) and a 73-92 Ma age for the
Colombian Basin

She 2%
“aVR X Cé\\{ Colombia l_\y\\f\’\

Reuber et al., 2019
Presented at GeoGulf 2019

— Using sparse reprocessed 2D lines and filtered
gravity/magnetic data

— Weak to absent Moho expression in data
— Top Basement character correlated with gravity anomalies

Garcia-Reyes and Dyment, 2021




Previous Work
Evidence for a Late-Stage Spreading Center

of thinned |
nic crust

Garcia-Reyes and Dyment, 2021

Kilometers

— ION Data Library

rift_outline_and_center_18N
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Observations
Deepwater Transect Across Deepwater Colombia

West East
Depth . —
Dipping Reflector Dipping Reflector Seamount :
Packages Packages ‘ | Beaa Rldge
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Observations
Nature of Spreading

Depth

10 km-

15km-

Region of Late Stel\ge Oceanic Crust
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Discussion

ODP-0999

DSDP-0153 , #efliisf o

How do you get this high variability in crustal architecture?
10



Discussion
Analog to Deepwater Colombia?

},ﬂw'—q
Gakkel Ridge.

30km

* Nansen Basin (Barents Sea)

— Gakkel Spreading Ridge

* Ultra-Slow spreading ridge (~2cm/year....same
as CLIP plate motion)

* Amagmatic

detachment fault

* Dredged samples indicate serpentinized : Okt
peridotites at seafloor . e

sedimentary
horizons

* Magnetization is weak .

* Seismic character is analogous to Colombia y
Deepwater

e

e e
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ISCUSSION

D

ing

Detachment Style Seafloor Spreadi

10N VvVia

Mantle Exhumat

layer

<«— mantle derived rocks —>

mantle exhumation
extensional deformation
thinning of sepentinized
and block formation

extensional deformation

and block rotation

faults (prev

IStric

* Large rotated blocks, bounded by |

de)
* Repeated, gradual decreas

sl

f fault blocks
Lutz et al., 2018

ing size o
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Discussion
Gravity Model Comparison

* Model layer densities

— Calculated and Observed curves for both
models match well

— Deepwater Colombia Basin (A) and Nansen

Basin (B) models are generally in
agreement for applied layer densities

— Nansen Basin data includes serpentinzed
peridotite samples to further constrain the

100000

400000

Calculated

Observed

. . . . . . . . . . . .
mden vol V60_ =13 s1 v55lct, =14 52 v55ict_ =16 me vs5dct_ 17 Ic we0.lct =12 topo_bathy ve2.lct, mI1 topo sl vSs.lct. mI8 moho ve2.lct, mIS_bsmt ve2.lct

D =3.059/cC , 00

30000.0 -

40000.0 -

D =1.9-2.67 glce D= 1.03glcc

- 10000.0 D=29 g/CC D=29 g/CC 10000.0 -
e D=3.2glcc

- 30000.0

Density
000 —
0.00 040 080 20 160 200 240 280 3.20
100000 200000 . 300000 . 400000

500000 ‘ 50088 0

model
Gravity Model Densities
Gakkel Ridge/Nansen Basin Colombian Deepwater/CLIP
Model Layer Lutz et al., 2018 This Study
Sea Water 1.03 1.03
Sediments| 2.1-2.4 1.9-2.67
Oceanic Crust/CLIP| 2.8 2.9 g/cm3
Lower Crust n/a 3.05
Upper Mantle 3.25 3.2

13

Gravity (mGals)
T
|

= best-fit model (2.80)
— = = = alternative model (2.95)
— — = oceanic crust 7 km layered (2.80/2.95

Depth (km)

150

50 100 Dictan

oo (km)

200

Lutz et al., 2018



Discussion
Asymmetry Derived from Detachment Style Spreading

Perspective of ultraslow seafloor spreading smooth seafloor: mantle exhumation

by successive detachment faults (Coloured
surfaces) of fiipping polarity. Detachments
partly covered by rafted volcanic
blocks, forming rough seaficor.
Smooth seafloor formed

\ detachment
 cuts down

\ 10 20 km

\ away from

core complex

Corrugations and lineations

Oceanic Rift valley
% .Volcanicridge

where detachment exhumes \‘.W'umc Fault trace Fault Scarps
mantle rikes . _Breakaway. - ¢ ‘
v Oceanic
detachment fault
o /
W 9«‘#“ Lavas and dykes N
(O

Gabbroic intrusions-
A

. — 4 4 Py
v 2" piutons and mant ' Hydrothermal
Y " plutons and mantle rotherm
: - near volcanic centres ydro 5
omitted for clarity et dpping. | discharge

4 omitied for clarity
/@ detachment root reaches Mantle lithosphere
outward-dipping A dikes intrude through hanging wall 10 km depth (peridotite + serpentinite)

detachment roots and feed lava flows along Aabchenant Aapit and d \ d Plastic def " —
neovolcanic zones NVZ. Lava pie OTACINNant CapsD 81C CIR ConAlrane! astic deformation~~
delacnmem@by@ cut Dy@ cut o fauk blocks and rafted FY by seismicity and by kinematic analysis
B e e

rough volcanic seafloo
small fault blocks bounded
by inward-dipping faults

- see text for details,

Reston., 2018

<— mantle derived rocks —>

magmatic

mantle exhumation

(Panama - v 7 ;"f: ‘:-1 AsymmetrlcCrustaIAr ChIIECtUre o ‘.

extensional deformation,
thinning of sepentinized layer
and block formation

Detachment style spreading (aka — “Chapman Detachment-Mode”)

— Creates asymmetrical conjugates
— Total extension rate is primarily attributed to the large detachment surfaces T

14 Lutz et al., 2018
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Discussion

Magnetic Signhature of Exhumed Mantle

Lack of Magnetic Signature

— Why do the magnetic data not show
evidence anomalies in the area of
exhumed mantle?

Bronner et al., 2013
— Southwest Indian Ridge (SWIR)

— Dredge samples confirm the presence of
mantle derived segments of the ocean
floor.

— Deeptow magnetic survey results:

Serpentinized peridotites lacked sufficient
stable remnant magnetization to produce
magnetic spreading anomalies in exhumed
mantle domains.

nic crust

of thinned &

Magnetic cressings
Trom Sautes af al., {2008}
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Discussion
Age of Spreading
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Discussion
Age of Spreading
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Discussion
Age of Spreading
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Discussion
Age of Spreading

Yellow area is Absent of Lt
Miocene — older units

« .....Still fitting it into the regional
context.

— ION Data Library

e rift_outline_and_center_18N i n
Kiometers
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ISCUSSION

D

d” plate?

~80,000 sgkm inside a “rig

How do you add

ION Data Library

rift_outline_and_center_18N




Discussion
How do you add ~80,000 sgkm inside a “rigid” plate?

Post-Miocene shortening at the Beata Ridge
~100 km — “ish”




Discussion
How do you add ~80,000 sgkm inside a “rigid” plate?

—

&?’ﬁm -----

Cornthwaite et al., 2021

-

-
‘Bahia Basin -3

Y
Bahia Fault

055 N K wgommrees
L | _._.'.'___'__ﬁ,gf -

Fan |

 Cornthwaite

» Cites location of tear in subducting slab
at a weak point in CLIP (east of Santa
Marta)
« Aligns with SW limit of thin oceanic
crust (Timing: Coeval)
« Also in position where angle of subduction
changes to oblique (w.r.t.- S Am Plate)
» Southwestern limit of thin crust appears to
align with the Oca Fault (onshore, South =

,, American Plate....) M

Modified from Galindo and Lonergan, 2020



Impact on Prospectivity?

From Initial Rpts. DSDP Leg 15 (1973)
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AVO Gradient estimate

(Far stack — Near stack) * Far stack
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Esmerelda Area (Nears)
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Esmerelda Area (Fars)
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Esmerelda Area (AVO Attribute)

150000

—— ION Data Library
fift_outine_and_center_18N




Esmerelda Area- PSDM Velocity
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COR1-34 PSDM 5-15 Ang
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COR1-34 PSDM 35-45 Ang
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COR1-34 PSDM AVO Attribute
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COR1-34 PSDM Velocity
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COR1-35 PSDM Stack
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COR1-35 PSDM 5-15 Ang
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COR1-35 PSDM 35-45 Ang
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COR1-35 PSDM AVO Attribute
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COR1-35 PSDM Velocity
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Colombia Deepwater- PSDM
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Colombia Deepwater (Nears)
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Colombia Deepwater (Fars)
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Colombia Deepwater -AVO Attribute




Colombia Deepwater- PSDM Velocity
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AVO Comparison:
Conditioned vs. Modeled Gathers
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Conclusions
Intra-CLIP Detachment Style Spreading

Identification of Intra-CLIP Oceanic Spreading [,

S e e e

- Detachment-style spreading ==
Creates large areas of exhumed mantle e ,ﬁ: e : ! o
— ~80,000 km?2 in Colombia offshore RS N i e e

Wide areas of normal faults bounded by deep, listric
detachment faults

Magma-poor setting E— -y

Creates asymmetrical conjugate flanks e - TR ey

Magnetization is weak to absent e

Timing/Age of spreading?
— Late Miocene




The newly reprocessed and integrated data set has permitted
a fresh look at Offshore Colombia and its exploration potential
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Sinu Strike Line Velocity Model

Thank you!
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