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Abstract

Since the early 2000s, the exploration of unconventional reservoirs has become very important around the world for their high source of energy
and for their high economic value. Venezuela's oil wealth has a world class hydrocarbon source rock that symbolizes one of the most prolific
places for oil accumulation in Venezuela and around the world. This source rock is the so-called La Luna Formation (Cretaceous in age)
located in eastern Venezuela, Maracaibo Basin.

One of the theories that make it one of the best source rocks in the world is its relationship with an extensive transgression and dysaerobic
water column that created the best conditions for the preservation and the productivity of this high organic matter source rock. One of the
worldwide oceanic anoxic events (OAE2) developed in the Cretaceous at the same time as deposition of the La Luna Formation in northern
South America. However, local variations in depositional and diagenetic conditions have manifestly affected the preservation and dilution of
the organic source material to some degree. This generates small-scale variability in the depositional environments creating a better-quality
source rock variation within the sequence that can be more prospective than others. To understand the variability of the depositional conditions,
variations in organic matter source, thermal maturity, and depositional environments, the use of biomarkers was critical in this study.

The methodology was based on the integration of elemental proxies, source rock evaluation and biomarker analysis using gas chromatography
(GC), gas chromatography-mass spectrometry (GC-MS), and a high-resolution sequence stratigraphic characterization to unravel the
stratigraphic origin and migration pathways of presently existing petroleum systems.

The La Luna Formation was characterized with TOC values ranging from 3.85-9.13 wt%, showing a Type Il kerogen, a “Good-to-Excellent”
oil generation potential and a thermal maturity of 0.78% Ro on average. Biomarker analyses revealed variations in redox conditions and a
predominance of marine organic matter deposited under anoxic and high-water salinity conditions. The observed facies association and
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biomarker analyses identified the depositional environment as shallow marine, middle carbonate shelf, in a transgressing sea. These
assessments indicate a good potential for an unconventional resource, where good organic matter content generated high prospectivity towards
the Maracaibo Basin.
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Key Parameters to Evaluate a potential source rock

*TOC

* Maturity
* Areal extension
*Brittleness
* Lithofacies
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The Upper Cretaceous (Cenomanian-Santonian) La Luna Formation, is the primary source
rock in the basin and time-equivalent with the Eagle Ford Shale in Texas, appears to be the
most prospective target for shale oil and gas exploration. The black calcareous La Luna Shale
ranges from 100 to over 500 feet thick across the basin with an extension of 23,000
square miles, thinning towards the south and east

Thickness map of La Luna Formation, Venezuela. (PDVSA, 2013)
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La Luna Formation, Venezuela
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Source rock evaluation of unconventional reservoirs

Lithological description from Thin section analysis XRD and XRF analysis

outcrops and core
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Branched & GC GC-MS
Cyclics

Brittleness index Brittle-Ductile couplets

Best organo-facies
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Flow chart for source rock evaluation of unconventional gas shales (Modified from Slatt, et al., 2012 and Michelli-Romero & Philp, 2014).
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Source rock evaluation of unconventional gas shales

Lithological description from Thin section analysis XRD and XRF analysis
outcrops and core

Definition of lithofacies
Logs Organic geochemistry Vitrinite reflectance analysis
Core to depth
correction Rock sample
Crushing
. o TOC and Rock Eval Powdered Rock
Gamma Ray Sonic Resistivity Soxhlet Extraction (24h)
CH30H : CH2CL2=1:1 Bitumen
IOgR Insoluble Fraction Asphaltenes precipitation
API CPS method Asphaltenes Sample: n-pentane (1:40)
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Definition of a sequence stratigraphic GC-IRMsS
framework
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Cyclics
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Flow chart for source rock evaluation of unconventional gas shales (Modified from Slatt, et al., 2012 and Michelli-Romero & Philp, 2014).




Source

Rock Potential and maturity

1000
Ro = (BRo + 0.2443) / 1.0495
900 ~TYPEIKEROGEN
7 _ From Landis C. R. and

800 e Castano J. R. (1995).
O / &
S 00 1 __ Cores
& ] ,/” g (Approximated location) _
© 600 TYPE I KEROGEN - ® Lalunale Grainy bitumen, 1.01%Ro
E 500 "' ,'I é La Luna IA
x 1 ,'
§ 400 "’1 ; » : LaLunalS
—_ ~ ! 8
c o s La Luna IX
§° 300 '," S ~

fust . J U
-g 200 {l' ‘JI = b I ey =pp——— ——— | ~Te0%00
u I s e -

100 L/; ,/«/ " e TYPE Il KEROGEN Bitumen, 1.20%Ro Grainy bitumen, 1.17%Ro
[ S R S e e .
0 *, P o @ TYPE IV KEROGEN MPI1=15 x [2—MP + 3 — MP] Ro (%) Tmax (c) Thermal Maturity
0O 20 40 60 80 100 120 140 160 180 200 [P+1—-MP+9—MP] i Immature-Partially
Oxygen Index (mg CO2/ g TOC) i
1000 0.5 i 430 ______________mature __
~0.6 % Ro ~1.4% Ro
. %R : 0.6
INMATURE :OIL GENERATION :GAS GENERATION For 0.65 to 1'3SA)R0'

< 800 e |

o TYPE | KEROGEN !

- —

. i | R. = 0.60 MPI-1 + 0.40 0o Mature -

o 600 1 | g

I Te=-a_ . ’

= S~ l Ro calculated from MPI-1: 1 //

S

= 200 TYPE Il KEROGEN-, .\, E 1.1 on average 1.3 |mm -1 gl

< IS e :

£ ‘ e i\ : I

S iy . 2.0 :

0200 - wetgw | '

= iy aete NN ! Overmature

> TYPE Il KEROGEN TSR TSE 1 ]

. o | e e i

0 AL : dée ¢ 3.0 ;
400 410 420 430 440 450 460 470 480 490 500 :
' Tmax (°C) Thermal maturity scale of La Luna IX. Tmax and Ro (%) taken from Kuuskra et al (2011)

2 ACE2018

ENTI

ANNL



Evaluation in redox conditions ®
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Source rock evaluation of unconventional gas shales

Lithological description from Thin section analysis XRD and XRF analysis
outcrops and core

Definition of lithofacies
Logs Organic geochemistry Vitrinite reflectance analysis
Core to depth
correction Rock sample
Crushing
. o TOC and Rock Eval Powdered Rock
Gamma Ray Sonic Resistivity Soxhlet Extraction (24h)
CH30H : CH2CL2=1:1 Bitumen
IOgR Insoluble Fraction Asphaltenes precipitation
API CPS method Asphaltenes Sample: n-pentane (1:40)
Maltenes
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- framework
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Brittleness index Brittle-Ductile couplets
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Flow chart for source rock evaluation of unconventional gas shales (Modified from Slatt, et al., 2012 and Michelli-Romero & Philp, 2014).




Depositional model and sequence stratigraphy
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Source rock evaluation of unconventional gas shales

Lithological description from Thin section analysis XRD and XRF analysis
outcrops and core

Definition of lithofacies
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API CPS method Asphaltenes Sample: n-pentane (1:40)
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Definition of a sequence stratigraphic GC-IRMsS
framework
Branched & GC GC-MS
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Definition of the most prospective intervals

Flow chart for source rock evaluation of unconventional gas shales (Modified from Slatt, et al., 2012 and Michelli-Romero & Philp, 2014).
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