
Applied Petroleum Source Rock Evaluation and High-Resolution Sequence Stratigraphy 
for Unconventional Reservoirs in La Luna Formation (Cenomanian-Santonian), 

Northwest Maracaibo Basin, Venezuela (Preliminary results)* 
 

Andreina Liborius-Parada1, Richard P. Philp1, and Roger Slatt1 

 
Search and Discovery Article #11115 (2018)** 

Posted August 27, 2018 
 
 
*Adapted from oral presentation given at 2018 AAPG Annual Convention & Exhibition, Salt Lake City, Utah, May 20-23, 2018 
**Datapages © 2018 Serial rights given by author. For all other rights contact author directly.  DOI:10.1306/11115Liborius-Parada2018 
 
1Geology and Geophysics, The University of Oklahoma, Norman, Oklahoma (andreinaliborius@ou.edu) 
 

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 II 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 

mailto:andreinaliborius@ou.edu


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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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

Prospective Area for Shale Exploration in the Maracaibo/Catatumbo
Basin (Modified from EIA, 2013)

Thickness map of La Luna Formation, Venezuela. (PDVSA, 2013)
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Figure (A) Areas of carbonate platforms during the early 
Aptian-Albian  (in green). Dot et al., 2015

(B) Paleographic maps from Late cretaceous. Ron Blakey, Colorado Plateau 
Geosystems Inc., 2012.

Eagle Ford 

La Luna Fm.

Late  Cretaceous 



Methodology
Source rock evaluation of unconventional reservoirs
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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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Methodology
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Ro = (BRo + 0.2443) / 1.0495

From Landis C. R. and 
Castano J. R. (1995).
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Rabbani et al., 2005

Important parameters used to evaluate 
the variations in redox conditions, organic 
matter source, maturity, and alteration in 
source rock extracts.

Evaluation in redox conditions
Well 1 NW
Well 2 NW

Well 3 NW
Well 4NW

Liborius, 2018
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Source rock evaluation of unconventional gas shales
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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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IX

3
4

5
ft

Slightly siliceous- calcareous laminated black wackstone 
and chert concretions.

Target I

Target II

Preliminary definition of Targets in La Luna Northwest, Venezuela



Sterane index C30 index % C3020R/C2920R steranes Pregnanes/Steranes C26TT/ C25TT C27Dia/C27 Sterane GR TOC  wt% RHP % Carbonate wt. HI (S2x100/TOC)

0                      0.1 0                       10 0                       1 0                                         3 0                                 1 0,01                           0.1 0                              300 0                          10 (S1+S2)/TOC 0                                  100 50                          450

15267

15270

15272

15273

15274

15278

15287

15290

15297

15303

15314

15317

15327

15332

15343

15351

15357

15363

15365

15372

15382

15395

15398

15401

15415

15430

15438

15444

15491

15500

15528

15554

15580

Depth

TSTTST

FS1

FS2

MFS

Volc. Ash 1

FS3

FS4

FS5

FS6

FS7

Volc. Ash 2

SB/ TSE2

FS8

SB

SB/ TSE3

SB/ TSE4

SB/ TSE5

SB/ TSE6

SB/ TSE7

SB/ TSE8

SB/ TSE9

SB/ TSE10

MFS

A

B

C

D

E

F

SB5

Best organo-facies

Liborius, 2018



Key Parameters

•TOC

•Maturity

•Areal extension 

•Brittleness

•Lithofacies

Organic 
Geochemistry

Biomarkers

High Brittleness index

Oil window

More than 23000 sq miles  

Excellent QUALITY TOC

Organic-rich lithofacies



Well 1

Target Intervals

SW 

Colon
Fm

La Luna 
Fm

Maraca 
Fm

Well 1 Well La Luna 1X Well 3 Well 4

Proposed Target Interval 1

Proposed Target Interval 2

Liborius, 2018
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