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Abstract 

An integrated methodology to better estimate in-situ liquid hydrocarbons in potential self-contained source-reservoir rocks is proposed in this paper. The 

workflow first starts with sedimentology, sequence stratigraphy and basin analyses to define both rock heterogeneities and major time intervals of the 

entire sedimentary basin. High resolution correlations provide the frame to select time equivalent samples from a specific source rock interval. Spatial and 

temporal source rock characterization are addressed for better assessing the main source rock properties in a given basin and its local specificities. Once 

selected the samples, advanced laboratory characterization is mainly focused on the evolution of the traditional open-system pyrolysis methods and 

compares classical applications with new approaches recently developed for characterization of liquid rich rock samples. To obtain a better assessment of 

hydrocarbons still present within these rock samples, a specific pyrolysis program is then applied to characterize source-reservoir rock units: the Rock-

Eval® Shale PlayTM method. The Sh0, Sh1 and Sh2 parameters are used here to obtain a better quantification of free and adsorbed hydrocarbons, more 

accurate Rock-Eval Tmax values for in-situ liquid hydrocarbon samples and correct original oil in place (OOIP) estimations of play oil assessment. An 

analytical methodology to identify potential producible free liquid hydrocarbons intervals in early exploration campaigns evaluating the thermal peak 

areas obtained before and after organic matter isolation is also tested in this integrated workflow. Furthermore, the evolution of kerogen bulk-kinetics is 

studied as a function of the thermal maturity (e.g. activation energy distribution and frequency factor). The proposed approach is additionally combined 

with CT-scanner, Nuclear Magnetic Resonance (NMR), He/NMR porosity and gas permeability measurements to predict potentially producible “free” oil 

intervals and pore network attributes in source-reservoir rocks. This methodology has been developed and tested at the IFPEN laboratory on different 

worldwide liquid-rich rock samples. Main results are illustrated here on a dataset derived from the Montney and Doig (Canada), Vaca Muerta and 

Yacoraite (Argentina) Formations to compare marine Type-II versus lacustrine Type-I kerogens. The effect of the structural setting, age, duration and 

depositional system on source rock potential is finally discussed. 
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Study embedded into a robust and integrated workflow 
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AN INTEGRATED METHODOLOGY FOR SOURCE ROCK CHARACTERIZATION AT DIFFERENT THERMAL 
MATURITY LEVELS TO BETTER ESTIMATE IN-SITU LIQUID HYDROCARBONS  

PROBLEMATIC: How to better estimate in-situ liquid hydrocarbons? a)

In
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uc
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An integrated methodology to better estimate in-situ liquid hydrocarbons is proposed here. 
The workflow first starts with sedimentology, sequence stratigraphy and basin analysis to 
define both rock heterogeneities and major time intervals of the entire sedimentary basin. 
Then an advanced source rock characterization is performed including an analytical approach 
to identify potential producible free liquid hydrocarbons intervals evaluating the thermal 
Rock-Eval® Shale PlayTM  peak areas obtained before and after organic matter isolation. 
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1. Stratigraphic Architecture 

Core & outcrop samples 
– Well log data 

Stratigraphic Forward Model  

Petroleum System Model 

3D Distribution of 
Rock & Fluid Properties 

2. Source Rock Characterization: Geochemical & Petrophysical Workflows 

Bulk-kinetics 

Paleo proxies: ICP-MS/AES 
Mineralogy: QEMSCAN 

1. Stratigraphic architecture 
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2. Source rock characterization 

Organic-rich intervals tend to be overmature 
Mainly marine amorphous organic matter (<5 % of palynomaceral) 
Rock-Eval analyses show type II-III organic matter  

100μm 

n = 427 

Doig 

Montney 

modified from Romero-Sarmiento et al. Organic Geochemistry 2016 

Location (Triassic time) 

1. Stratigraphic architecture 

1. Stratigraphic architecture 

Foreland basin, siliciclastic dominated margin 
Marine system, ca. 5+15Myr duration (Triassic) 
 

Post-rift basin (SAG phase), mixed margin (Carbonate to siliciclastics) 
Marine system, ca. 10-12 Myr duration (Tithonian-Valanginian) 

 

Post-rift basin (SAG phase),  mixed margin (Carbonate to siliciclastics) 
Lacustrine system, ca. 4Myr duration (Late Cretaceous to Early Paleogene) 
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� Structural setting, age, duration and depositional system play a main control on source rock 
properties for a given basin 

� Type II & I kerogen kinetics show both an increasing activation energy and loss of petroleum 
generation potential as thermal degradation proceeds 

� Sh0 & Sh1 parameters can now be used to obtain an improved estimate on the presence of oil in 
place (Accurate OOIP estimations). 

� The integrated approach could be used to identify potential producible free liquid hydrocarbons 
intervals in early exploration campaigns 

� This methodology can be applied to all kind of sedimentary rock samples containing well-
preserved liquid hydrocarbons 

� A modified oil saturation index (OSI) 

HCcont =  

modified OSI = 
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Upper rock interval is dominated by* 
Free HC (~90%) 
TOC = 8.3 %              
Total porosity = 13 % 
Permeability = 213 nd. 
Calculated OOIP = 160 bbl oil 
/acre*feet 
Modified OSI = 82.5 mgHC/gTOC 

Lower rock interval is dominated by 
Sorbed HC (~60%) 
TOC = 3.3 % 
Total porosity = 7 % 
Permeability = 140 nd. 
Calculated OOIP = 60 bbl oil 
/acre*feet 
Modified OSI = 78 mgHC/gTOC 

*potential producible free liquid 
hydrocarbon interval 

modified from Romero-Sarmiento, AAPG Bulletin (2019) 

0

2000

4000

6000

8000

0 3 7 10 13 17 20 23 27 30

HC
 re

le
as

ed
 (F

ID
 S

ig
na

l) 

Time (min) 

Sh0 
Sh1 Sh2 

100�C 

350�C 

650�C 

modified from Romero-Sarmiento, AAPG Bulletin (2019) 

0

2

4

6

8

10

12

14

16

106 137 182 204 200 231 272 314 352 350

FI
D 

si
gn

al
 n

or
m

al
ize

d 
by

 m
as

s a
nd

 T
O

C 

Temperature (°C) 

173282 (Initial rock)

173282 (Hot TOM)

Sh0 52 % 
Sorbed 
HC(Sh0) 

48 %  
Free 

HC(Sh0) 

Free vs. sorbed organic compounds (<C20) 
detected by Sh0 temperature range (100-200 C) 

Rock sample 
 
OM concentrate 

63 % 
Sorbed 

HC(Sh0+Sh1) 

37 % Free 
HC(Sh0+Sh1) 

Free vs. sorbed organic compounds detected 
by Sh0+Sh1 temperature range (100-350 C) 

Sh0=<CSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSShhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh00000000000000000000000000000000000000000000000000000000================================<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<CCCCCCCCCCCCCCCCCCCCCCCCCCCCCC20CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC222222222222222222222222222222222222222222222222  0000000000000000000000000000000000202020202020202020202002002020202020202000202020202020200202000202002202200020200000

Sh1=<CSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSShhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh1111111111111111111111111111111111111111111111==========================================<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC30CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC3333333333333333333333333333333333333333333333333333333333333333333  0000000000000000000000000000003030303030303030303030303030303030303030303000303000300300000030330303003300000000000000
Sh1 

100 C 

200 C 

350 C 

Rock-Eval® Shale PlayTM 
parameters 

IFPEN Rock-Eval® device FI
D 

si
gn

al
no

rm
al

ize
d

by
 m

as
s a

nd
 

ock-Eval® deviceI

IFPEN kerogenatron® 

leo proxies: ICP-MS/AESPa

Medical CT-scan 

Mini-core plug 
preparation 

40 mm 

Porosity: NMR device 

ES

rosity: NMR devicePor

Gas permeability device 

LJE-1010 Study well (proj.) 

Rock Eval® Shale PlayTM method 

ggraphic Architecturre
Geochemical & Geological Database  

0

20

40

60

80

40 48 56 64 72 80

H
C 

po
te

nt
ia

l (
m

g/
g)

 

Activation energy 
(kcal/mol) 

54 

OM 

Viscous oil 

hydroxyls 

Solid bitumen (T1/T2>5) 

T1-T2 NMR map obtained at 30°C 

modified from Romero-Sarmiento et al. International Journal of Coal Geology (2017) 

� Type II kerogen kinetics as a function 
of increasing thermal maturity 

Sample 
Depth 

(m) 

Permea
bility 
(nD)

Bulk 
density 
(g/cm3)a 

NMR 
porosity 

(%) 

Helium 
porosity 

(%) 

Total 
porosity 

(%)b 
173279 3094 213 2.3 6.9 6.1 13.0 

173280 3099 ND* 2.5 6.0 0.5 6.5 

173281 3106 ND* 2.3 8.0 13.8 21.8 

173282 3112 140 2.6 6.5 0.5 7.0 

ND* = Not determined. 
a calculated by Helium pycnometry 
b Total porosity (%) = NMR porosity 
(%) + He porosity (%) 
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2. Source rock characterization 

2. Source rock characterization 
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� Conversion of Sh0 + Sh1 parameters to original oil in place (OOIP) 
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