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Abstract 
The Neuquén Basin of western Argentina is one of South America’s most prolific hydrocarbon-

producing basins, yet detailed organic geochemical characterisation of its source rocks remains 

incomplete across large portions of the basin. This research evaluates organic geochemical properties 

and thermal maturity of the Vaca Muerta Formation (Late Jurassic-Early Cretaceous) and Agrio 

Formation (Early Cretaceous) based on 186 samples from 24 wells distributed across the basin. Rock-

Eval pyrolysis, total organic carbon, vitrinite reflectance, and biomarker analysis were employed. The 

Vaca Muerta contains TOC of 0.4-12.8 wt% (mean 4.7) and HI of 85-680 mg HC/g TOC, indicating 

predominantly Type II marine kerogen. Thermal maturity increases systematically from east (Ro = 

0.55%) to west (Ro = 1.85%), spanning oil through wet gas windows. The Agrio Formation shows 

lower TOC (0.8-5.2 wt%, mean 2.1) with more mixed kerogen character. Biomarker distributions 

including pristane/phytane ratios below 1.0 and elevated gammacerane confirm marine origin under 

anoxic, stratified water column conditions. The spatial maturity gradient reflects increasing burial 

depth and proximity to the Andean thermal anomaly, enabling prediction of hydrocarbon phase across 

the basin for unconventional resource development. 
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Introduction 

The Neuquén Basin covers approximately 124,000 km² and contains a thick Mesozoic-

Cenozoic succession that has generated significant hydrocarbon accumulations [1]. The Vaca 

Muerta Formation is now recognised as one of the premier global shale oil and gas targets, 

attracting major investment in horizontal drilling and hydraulic fracturing technology since 

2010 [2]. Accurate geochemical characterisation at high spatial resolution is needed to 

support reservoir quality prediction and sweet spot identification. 

The principal source rock intervals include the Vaca Muerta, deposited during the Late 

Jurassic to earliest Cretaceous in a deep marine ramp setting reaching 30-450 m thickness, 

and the overlying Agrio Formation, deposited in a somewhat shallower marine environment 
[1, 3]. While these formations have been extensively explored for conventional petroleum, 

unconventional development demands more detailed characterisation than previously 

available. 

Previous investigations established the Vaca Muerta’s general characteristics as an excellent 

source rock with marine Type II kerogen, but many were based on limited sample sets from 

the central producing area [4, 5]. Thermal maturity has been mapped at reconnaissance scale 

but requires refinement in the transition zones between oil-mature, condensate-mature, and 

dry gas-mature areas that define the economic sweet spots for different development 

strategies [6]. 

This research provides spatially extensive evaluation across 24 wells, integrating multiple 

analytical techniques to characterise organic richness, kerogen type, and thermal maturation 

across the full basin extent. The objectives are to delineate the spatial distribution of source 

rock quality, map the thermal maturity gradient, reconstruct depositional conditions, and 

assess the implications for unconventional resource potential [7, 8].  
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Research Area Description 

The Neuquén Basin is located in western Argentina 

extending into Chile. The research wells span from the 

eastern shelf margin, where the Vaca Muerta thins to 30-80 

m at burial depths of 1,500-2,000 m, to the western fold-

thrust belt front where the formation reaches 300-450 m 

thickness at depths exceeding 4,500 m. Present-day 

geothermal gradients range from 25°C/km in the east to 35 

°C/km near the orogenic front. The basin’s petroleum 

system is controlled by these source rocks and their 

maturation history [1, 3]. 

 

Materials and Methods 

Materials 

A total of 186 samples were collected from 24 wells: 142 

from the Vaca Muerta and 44 from the Agrio Formation. 

Samples comprised conventional core material where 

available and washed drill cuttings from intervals lacking 

core. All samples were cleaned to remove drilling fluid 

contamination, with particular attention to removing oil-

based mud additives that could interfere with geochemical 

measurements [5, 9]. 

 

Methods: TOC was determined by LECO CS-230

combustion following HCl treatment. Rock-Eval 6 pyrolysis 

provided S1, S2, S3, Tmax, HI, and OI. Vitrinite reflectance 

was measured under oil immersion with minimum 25 

readings per sample. Biomarker analysis used GC-MS on 

saturate and aromatic fractions obtained by liquid 

chromatography [9, 10]. Modified van Krevelen diagrams, 

Tmax-HI cross-plots, and biomarker ratio depth profiles 

were constructed to integrate the multiple analytical 

parameters. 

 

Kerogen Characterisation and Depositional Indicators 

Modified van Krevelen diagrams confirmed predominantly 

Type II marine kerogen in the Vaca Muerta. The highest HI 

values (>500 mg HC/g TOC) were in thermally immature 

eastern margin samples. Pristane/phytane ratios below 1.0 in 

the lower formation indicate strongly reducing conditions. 

Gammacerane abundance confirms water column 

stratification. The Agrio showed more mixed Type II-III 

character reflecting terrigenous input from nearby 

shorelines, limiting its liquid hydrocarbon generation 

capacity [6, 10, 11]. 

 

Results 

 
Table 1: Summary geochemical parameters for the Vaca Muerta and Agrio formations. 

 

Parameter Vaca Muerta (range) Vaca Muerta (mean) Agrio (range) Agrio (mean) 

TOC (wt%) 0.4-12.8 4.7 0.8-5.2 2.1 

HI (mg HC/g TOC) 85-680 385 95-420 245 

Tmax (°C) 432-478 452 435-468 448 

Ro (%) 0.55-1.85 1.05 0.60-1.65 0.98 

S2 (mg HC/g rock) 1.2-68.4 22.8 0.9-28.6 8.4 

 
Table 2: Biomarker parameters for selected Vaca Muerta samples. 

 

Parameter Eastern Margin Central Basin Western Kitchen 

Pr/Ph 0.8-1.4 0.6-1.0 0.5-0.8 

Gammacerane Index 0.15-0.28 0.22-0.38 0.30-0.45 

C29 Sterane 20S/(20S+20R) 0.32-0.41 0.48-0.54 0.52-0.55 

Ts/(Ts+Tm) 0.28-0.38 0.42-0.55 0.58-0.72 

 

 
 

Fig 1: TOC versus Hydrogen Index cross-plot for Vaca Muerta samples. 
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The scatter in Figure 1 reflects the combined effects of 

primary organic richness variation and progressive thermal 

maturation. Eastern immature samples plot at high HI; 

western mature samples at low HI along the Type II 

evolution pathway. 

 

 
 

Fig 2: Vitrinite reflectance gradient from the fold-thrust belt to the eastern margin. 

 

Thermal maturity increases systematically westward (Figure 

2), with the oil window extending across the central basin 

and wet gas conditions in the western deep kitchen. 

 

Comprehensive Interpretation 

The convergence of TOC, pyrolysis, reflectance, and 

biomarker data defines a clear spatial framework for the 

Neuquén petroleum system. The eastern margin preserves 

immature source rock with high remaining generation 

potential, the central basin occupies the oil-window sweet 

spot, and the western deep kitchen has expelled most of its 

hydrocarbon charge. 

 

Discussion 

The TOC range and Type II classification confirm the Vaca 

Muerta as a world-class source rock comparable to the 

Bakken and Eagle Ford formations in North America [2, 5]. 

The east-to-west maturity gradient enables phase prediction 

across the basin: liquid-rich plays in the central area, wet 

gas condensate in the transition zone, and dry gas in the 

western kitchen. Mass balance calculations suggest 

sufficient hydrocarbons have been generated to charge all 

known conventional accumulations with substantial 

volumes remaining in the source rock [4, 12]. 

The biomarker evidence for anoxic, stratified marine 

conditions throughout Vaca Muerta deposition is consistent 

with the restricted back-arc basin setting that limited water 

circulation [6, 11]. The higher gammacerane values in western 

samples may partly reflect maturity enhancement rather than 

purely depositional control, requiring careful interpretation. 

Future research should integrate these geochemical data 

with sequence stratigraphy and petrophysics for sub-

formation quality prediction to support landing zone 

selection in horizontal wells [7, 13, 14]. 

Conclusion 
This research provides comprehensive organic geochemical 

characterisation across 24 wells. The Vaca Muerta is 

confirmed as an excellent source rock with marine Type II 

kerogen, with the highest richness in the central and western 

basin. 

The systematic east-to-west maturity gradient enables 

spatial prediction of hydrocarbon phase, supporting 

development planning for both conventional and 

unconventional plays. Biomarker evidence confirms 

persistent anoxic, stratified marine conditions during 

deposition. 

Future integration with petrophysical and geomechanical 

data will enable the multi-parameter sweet spot prediction 

needed to optimise well placement and completion design in 

this world-class unconventional resource play. 
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