
Integrated Geology of 
Unconventionals: The Case of the 

Vaca Muerta Play, Argentina 

AAPG Memoir 121

Edited by

Daniel Minisini, Manuel Fantín, Iván Lanusse Noguera,  
and Héctor A.Leanza

Published by

The American Association of Petroleum Geologists (AAPG)
Tulsa, Oklahoma USA

Printed in the USA

14269_fm_ptg01_i-viii.indd   1 11/20/20   10:26 AM



Copyright © 2020
By The American Association of Petroleum Geologists
All Rights Reserved

ISBN: 9780891814269

AAPG grants permission for a single photocopy of an item from this publication for personal use. Authorization 
for additional photocopies of items from this publication in any form (hard copy, digital/electronic scanning, 
or other digital transformation into computer readable and/or transmittable form) for personal or corporate 
use is granted provided the appropriate fees are paid directly to the Copyright Clearance Center, 222 Rosewood 
Drive, Danvers, Massachusetts 01923, http://www.copyright.com. For circumstances occurring outside the 
authorization of Copyright Clearance Center, contact permissions@aapg.org.

AAPG Editor: Dr. Robert J. Merrill
AAPG Technical Publications Managing Editor: Beverly K. Molyneux

On the Cover: 

FRONT: Outcrop of the Vaca Muerta Formation showing the typical organic-rich facies and stratigraphy, analogs 
of the subsurface landing zones (outcrop is ca. 20 3 60 m).
BACK: Seismic section along the entire Neuquén Basin showing the clinoforms of the Vaca Muerta-Quintuco 
systems, 230 km long, 900 m thick (modified from Sattler, F., R. F. Domínguez, M. Fantín, P. Desjardins, 
H. Reijenstein, A. Bande, M. Borgnia, F. González-Tomassini, F. Vittore, E. Fenstein, D. Kietzmann, and 
D. Marchal, 2018, Enclosure 1: Regional cross-section A-A’, in G. González, M. D. Vallejo, D. Kietzmann, 
D. Marchal, P. Desjardins, F. González Tomassini, L. Gómez Rivarola, and R. F. Domínguez, eds., Regional cross 
section of the Vaca Muerta Formation: Integration of seismic, well logs, cores and outcrops: Special Publication 
of Instituto Argentino del Petróleo y del Gas, Buenos Aires, Argentina, p. 245).

This publication is available in hard copy from:

The AAPG Bookstore Geological Society Publishing House
P.O. Box 979 Unit 7, Brassmill Enterprise Centre
Tulsa, OK USA 74101-0979 Brassmill Lane, Bath BA13JN
Phone: 1-918-584-2555 United Kingdom
E-mail: CECInbox@aapg.org Phone: +44-1225-445046
www.aapg.org E-mail: sales@geolsoc.org.uk
store.aapg.org www.geolsoc.org.uk

The American Association of Petroleum Geologists (AAPG) does not endorse or recommend products or services that may be cited, used, or 
discussed in AAPG publications or in presentations at events associated with AAPG.

14269_fm_ptg01_i-viii.indd   2 11/20/20   10:26 AM



iii

Financial Acknowledgments

AAPG wishes to thank the following for their generous contributions to AAPG Memoir 121 Integrated Geology of 
Unconventionals: The Case of the Vaca Muerta Play, Argentina

miniGeology

Asociación Argentina de Geólogos y Geofísicos 
Petroleros (AAGGP)

Contributions are applied toward the production cost of the publication, thus directly reducing the book’s purchase  
price and making the volume available to a larger readership.

14269_fm_ptg01_i-viii.indd   3 11/20/20   10:27 AM



Table of Contents

About the Editors  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  vi
Acknowledgments  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  viii

Chapter 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1
The First Economical Unconventional Play Outside North America: Context, History, 
and “Coopetition”

D. Minisini, B. Fryklund, F. Gerali, and M. Fantín

Chapter 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25
An Exceptional Tectonic Setting along the Andean Continental Margin

V. A. Ramos, M. Naipauer, H. A. Leanza, and M. E. Sigismondi

Chapter 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39
Stratigraphic Context: Cyclostratigraphy, Magnetostratigraphy, and Seismic Stratigraphy

H. A. Leanza, D. A. Kietzmann, M. P. Iglesia Llanos, and M. Kohan Martínez

Chapter 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  61
Relevant Marine Paleobiological Markers of the Vaca Muerta Formation

H. A. Leanza, V. V. Vennari, M. B. Aguirre-Urreta, A. Concheyro, M. Lescano, D. Ivanova, D. A. Kietzmann,  
R. López-Martínez, P. A. Martz, M. A. Paolillo, M. V. Guler, I. Pujana, and M. Paz

Chapter 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99
Structural Geology: Tectonic History, Macrostructures, Regional Fault Map, Fault 
Systems, Second-Order Structures, and Impact of the Inheritance

D. Marchal, R. Manceda, R. F. Domínguez, and F. Sattler

Chapter 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  141
Basin Configuration during the Vaca Muerta Times

R. F. Domínguez, H. A. Leanza, M. Fantín, D. Marchal, and E. Cristallini

Chapter 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  163
Sequence Stratigraphy and the Three-Dimensional Distribution of Organic-Rich Units

R. F. Domínguez, O. Catuneanu, H. M. Reijenstein, R. Notta, and H. W. Posamentier

Chapter 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  201
Sedimentology, Depositional Model, and Implications for Reservoir Quality

D. Minisini, P. Desjardins, G. Otharán, M. Paz, D. Kietzmann, G. Eberli, C. Zavala, T. Simo, J. H. Macquaker,  
and C. Heine

Chapter 9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  237
Seismic Geomorphology, Depositional Elements, and Clinoform Sedimentary Processes: 
Impact on Unconventional Reservoir Prediction

H. M. Reijenstein, H. W. Posamentier, A. Bande, F. A. Lozano, R. F. Domínguez, R. Wilson, O. Catuneanu,  
and S. Galeazzi

iv

14269_fm_ptg01_i-viii.indd   4 11/20/20   10:27 AM



Chapter 10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  267
Grain Association, Petrography, and Lithofacies

D. A. Kietzmann, F. González Tomassini, and T. Smith

Chapter 11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  297
Organic Geochemical Patterns of the Vaca Muerta Formation

I. E. Brisson, M. E. Fasola, and H. J. Villar

Chapter 12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  329
Reservoir Properties: Mineralogy, Porosity, and Fluid Types

A. C. Ortiz, L. Crousse, C. Bernhardt, D. Vallejo, and L. Mosse

Chapter 13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  351
Geomechanics: Pressure, Stress Field, and Hydraulic Fractures

R. A. Varela, D. Marchal, S. Cuervo, E. F. Lombardo, Y. S. Perl, D. E. Hryb, P. Pateti, and O. Nielsen

Chapter 14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  377
Natural Fractures: From Core and Outcrop Observations to Subsurface Models

E. Ukar, R. G. López, D. Hryb, J. F. W. Gale, R. Manceda, A. Fall, I. Brisson, E. Hernandez-Bilbao,  
R. J. Weger, D. A. Marchal, A. Zanella, and P. R. Cobbold

Chapter 15 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  417
Full Development Phase of the Loma Campana Block: Black Oil to Gas and Condensate 
Windows

F. Vittore, D. T. Licitra, L. Monti, I. Lanusse Noguera, C. Hernández, H. Reijenstein, and J. Quiroga

Chapter 16 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  445
De-Risking the Sierras Blancas and Cruz de Lorena Blocks, Black-Oil Window

R. Notta, E. Kruijs, V. Jain, G. Diaz-Perez, and H. Mandler

Chapter 17 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  469
Pilot Phase of the Aguada Federal Block, Black-Oil Window

O. Nielsen, D. Curia, P. Pateti, J. Caniggia, A. Ortega, and M. Slinde

Chapter 18 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  497
Pilot Phase of the Aguada Pichana Este Block, Gas Window

S. J. Estrada, M. F. Raverta, M. de Santa Coloma, J. P. Torres, and S. Galeazzi

Chapter 19 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  515
“Factory Mode” Development of Fortín de Piedra Block, Gas Window

P. Biscayart, M. Brolli, J. D’Hiriart, D. García Acebal, A. Giachino, S. Olmos, N. Requena, and R. Varela

Chapter 20 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  529
Oil Production from a Sill Complex Within the Vaca Muerta Formation

J. B. Spacapan, R. Ruiz, R. Manceda, A. D’Odorico, E. Rocha, E. Rojas Vera, A. Medialdea, D. Cattaneo,  
O. Palma, H. A. Leanza, and O. Galland

Table of Contents v

14269_fm_ptg01_i-viii.indd   5 11/20/20   10:27 AM



About the Editors

Daniel Minisini

Daniel is an explorer at Shell, specialized in stratigraphy and sedimentology. Daniel was part of the 
team that allowed Shell to enter the Vaca Muerta play. Daniel is a passionate, focused, and rigor-
ous integrator of the several geological subdisciplines that allow understanding of how the com-
plex systems of the past worked. Daniel earned his Ph.D. in marine geology from the Universitá di 
 Bologna, spending several months on research vessels. He then worked at the Geophysical Depart-
ment of Eni before landing at the Shell Technological Center in Houston. During his career, he has 
investigated the foundations of the unconventional reservoirs through the integration of seismic 
interpretation, field campaigns, modern analogs, and lab experiments, from hand samples to basin 
scale. He has published 45 peer-reviewed articles. Daniel was born in Spain, raised in Italy, and 
matured in Houston (Texas). He is currently exploring new ventures around the world to uncover 
new resources while learning how to better act for the benefit of the community within the present 

complex energy industry. Daniel is also adjunct professor at Rice University, host of the radio program miniGeology, marathon 
runner, and volunteer with The Prison Show where he fights to abolish the death penalty.

Manuel Fantín

Manuel is an Argentinian geologist dedicated to the dark side of the petroleum geology, the shale 
plays. He has been involved since the early stages in the evaluation of the Vaca Muerta play, sup-
porting new business development (acreage acquisition and assets prioritization), designing ex-
ploratory programs (well locations strategy, data gathering plans, operations follow-up), and 
analyzing multisource data (outcrops, cores, e-logs, seismic, microseismic, production). He has 
been a catalyst in several joint projects that linked the strengths of academia and industry. Manuel 
earned a B.Sc. in geology from the Universidad de Buenos Aires in 2003. He started his career in 
the oil and gas industry as a seismic interpreter in Landmark Graphics, and he moved to Chevron 
in 2006. When the geology of Vaca Muerta aroused international interest, he became a pivot be-
tween this world-class source rock and one of the first majors focusing on the Neuquén Basin. As 
with many other colleagues, he evolved into a multitask “unconventional” geologist, dealing with 
regional frameworks, petrophysical and geomechanical parameters, laboratory analysis, landing 

zones, completion designs, scouting, consortiums, and resource evaluations. Manuel collaborated in the exploration and early 
development of Vaca Muerta projects, from black oil to dry gas maturity windows, working for Chevron, Pan American Energy, 
and TOTAL. His current research interests include the understanding of geological drivers that improve the production and 
environmental performance of unconventional plays.

Iván Lanusse Noguera

Iván is an Argentinian geologist who graduated from Universidad de Buenos Aires with 16 years 
of experience in the oil and gas industry. Iván developed his skills in YPF, the main Argentinian en-
ergy company, from technical positions to leadership responsibilities in the most recent years. When 
working as a young professional, he contributed as exploration and development geologist for di-
verse conventional projects, from fold-and-thrust belt regional projects in the northwestern region 
of the Neuquén Basin, to operational field experience, and to the development of oil and gas fields 
associated with siliciclastic and volcaniclastic reservoirs (Precuyano, Los Molles, Lajas, Lotena, 
 Sierras Blancas) in structural and stratigraphic traps around the Huincul High. Over the last dec-
ade, he has been involved in unconventional exploration, delineation, and development of projects 
in the Vaca Muerta play (in the leasing blocks of Loma Campana, Bandurria, La Amarga Chica, 
Bajo del Toro, Narambuena, Loma Amarilla, Bajada de Añelo, Loma La Lata) and in the study of 
source rocks (Los Molles, Agrio, Cacheuta, D-129, Anticlinal Aguada Bandera,  Inoceramus– Margas 

Verdes) in the main productive basins in Argentina. Today, as subsurface team lead of the “Loma  Campana” block, he is 
 challenged to define the most efficient development strategies in the Vaca Muerta play.

vi

14269_fm_ptg01_i-viii.indd   6 11/20/20   10:27 AM



Héctor A. Leanza

Héctor is a primary protagonist of the Vaca Muerta and Neuquén Basin scientific history. He 
 dedicated five decades to the research, understanding, and outreach of the Vaca Muerta geology 
while mentoring numerous generations of geologists. His main professional expertise includes 
 regional geology, paleontology, and sedimentology. He earned his Ph.D. in Geological Sciences at 
the  National University of Córdoba (Argentina) in 1972. He initially worked on phosphate geol-
ogy and biostratigraphy of the Jurassic–Cretaceous boundary in the Neuquén Basin, publishing 
studies that earned him worldwide recognition. As member of the Argentinian Geological Survey 
(SEGEMAR), he contributed with the mapping of more than 120,000 km2 in the central western 
Argentina. During his career in the Argentinian Research Council (CONICET) he published 250 
articles and he was editor and reviewer of numerous scientific contributions, including the book 
“Geology and Natural Resources of Neuquén Province.” He also taught Historical Geology as 
professor at National University of La Plata. Currently, he works at the Argentinian Museum of 

Natural Sciences (MACN) in Buenos Aires. Héctor was President of the Argentinian Geological Association (AGA) and the 
Argentinian Paleontological Association (APA). He is member of the National Academy of Sciences, and fellow of the Alexan-
der von Humbolt and the Guggenheim Foundations. Among other distinctions, he obtained the Konex Prize in 2003, the Pablo 
Groeber Prize from the Argentinian Academy of Sciences in 2004, the Diploma of Recognition from the Argentinian Chamber 
of Deputies in 2005, and the Golden Insignia from CONICET in 2008. In 2019 Héctor was awarded the Strobel Prize, one of 
 Argentina’s first science awards, for his contribution to geology.

About the Editors vii

14269_fm_ptg01_i-viii.indd   7 11/20/20   10:27 AM



viii

Acknowledgments

The editors greatly acknowledge the time, dedication, insights, and care of the reviewers who clearly enhanced the quality of 
this contribution.

Bill Derschowitz (GeoFractal LLC)
Bill Von Gonten (WDVG & Co.)
Bob Mitchum (Chevron; retired)
Brooke Carson (Chevron)
Carlo Doglioni (INGV)
Carlos Arregui (Pampa Energia; retired)
Carlos Macellari (Tecpetrol)
Casey Donohue (Apache)
Catie Stachura Donohue (GeoMark)
Chandler Wilhelm (Shell)
Chris Morley (Chiang Mai University)
Craig Magee (Imperial College London/University of Leeds)
Daniel M. Jarvie (Worldwide Geochemistry/TCU Energy 
Institute)
Elisabetta Erba (Universita di Milano)
Gary Graf (Wintershall Dea) 
George Waters (Schlumberger)
Gervasio Barzola (Consultant, former Pioneer Natural Resources)
Hernan Maretto (YPF)
Ivan Gil (BP)

James Eldrett (Shell)
Joe Cartwright (University of Oxford)
John Breyer (Marathon retired)
Jonathan Craig (Eni)
Ken McClay (Royal Holloway University)
Kitty Milliken (Bureau of Economic Geology, Texas)
Lesli Wood (Colorado School of Mines)
Maria Luisa Rodríguez Schelotto (LCV)
Mark Zoback (Stanford University)
Matt Poole (Shell)
Mike Sweet (ExxonMobil)
Orlando Ortega (Shell)
Paul Mann (University of Houston)
Quinn Passey (ExxonMobil; retired)
Roberto Suarez-Rivera (WDVG & Co.)
Ron Steel (University of Texas, Austin)
Scott Tinker (Bureau of Economic Geology, Texas)
Stefano Mazzoni (Consultant, Sanchez Oil & Gas)
Sverre Planke (University of Oslo)
Zoltan Sylvester (Bureau of Economic Geology, Texas) 

14269_fm_ptg01_i-viii.indd   8 11/20/20   10:27 AM


