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TRACE®: A NEW SOFTWARE SUITE DEVELOPED FOR PETROLEUM SYS-
TEMS DATA HANDLING, ASSESSEMENT AND MODELING

1. Introduction
The concept of “petroleum systems”, proposed 
by Magoon & Dow (1994) was quickly and bro-
adly accepted by the O&G industry, to improve 
the way of and handle, assess and integrate 
geological, geophysical and geochemical data in 
the oil and gas exploration. The application of 
methodologies related to the concept of petro-
leum system has not only allowed to deepen the 
understanding of the elements and processes 
control the occurrence of oil and gas accumu-
lations, but also contributed to a better asses-
sment of prospectivity and exploration risks of 
areas or sedimentary basins.

The software Trace® was developed with the 
purpose of ease data interpretation and handling 
for the evaluation of petroleum systems. Its 
intuitive graphical interface and modular archi-
tecture (Figure 1) allows the users to load, edit 
and visualize well data, perform stratigraphic 
correlations, evaluate electric logs and geoche-
mical data, speeding up data analysis and inter-
pretation workflow. 

Based on a real study case, this article presents 
the main features of Trace® and discusses their 
practical applications. In the study chosen as 
example, three exploration wells drilled in an 
offshore basin in Europe, whose details will be 
left out as a matter of confidentiality, were 
analyzed.

Figure 1. Data loading, analysis and modeling modules of the 
Trace® software.

2. Regional geological context 
The studied area used as example is located in a 
sedimentary basin with a long petroleum ex-
ploration history, hundreds of drilled wells and 
more than 20 production fields. It is an exten-
sional basin, characterized by the presence of a 
series of grabens separated by structural highs 
and filled with Meso-Cenozoic sediments.

The sedimentary filling is essentially composed 
by Permian-Triassic evaporitic deposits, cove-
red by Jurassic-Cretaceous fluvial-deltaic and 
marine sediments, and by Cretaceous-Tertiary 
marine deposits. The climax of the extensional 
event was reached during the Late Jurassic and 
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followed by a period of regional subsidence, 
interrupted by at least a large event of tecto-
nic inversion associated to orogenic processes 
occurring in adjacent terrains.

The main petroleum system comprises as sour-
ce rocks, shales from the Jurassic-Cretaceous 
ages, and carbonate and siliciclastic rocks from 
the Cretaceous to the Tertiary as reservoirs. 

3. Well data loading and stratigraphic cor-
relations

The three wells selected (1, 2 and 3) in the stu-
dy area had the following data set: gamma-ray 
logs, lithology and stratigraphic tops (markers).

The schematic cross section (Figure 2), which 
correlates gamma-ray log curves and lithology 
successions, is characterized by the intercalation 
of layers with different thickness of shale (gre-
en), sandstone (yellow) and carbonate (blue) 
that comprise the source, reservoir and sealing 
rocks of the studied petroleum system.

Regarding the source, two distinct sections of 
type II kerogen source rocks were identified 
(S.ROCK A and S.ROCK B). Variations in the 
perm-porosity prperties in the carbonate packa-
ge, allowed the identification of three reservoir 
sections (RA, RB and RC).

 

Figure 2. Stratigraphic correlation between the wells selected for modeling in Trace®.
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4. Petroleum System Modeling

4.1. Input

Aiming to enhance the understanding of petro-
leum system dynamics in the studied basin, a 1D 
petroleum generation modeling was carried out 
in the selected wells. The construction of the 
models comprised a set of distinct input data:

Stratigraphy: the software has a series of input 
tables to load stratigraphic tops, ages, erosive 
events and depositional hiatus from the three 
selected wells.

Lithologic composition: Trace® is equipped with 
a library of default lithologies and their respecti-
ve petrophysical properties. In order to repre-
sent in the best possible way the observed com-
position in the studied wells, the tool “Lithology 
Manager” was used to edit the default proper-
ties or to create different lithologies needed.

Kinetics parameters: Trace® has a default library 
kinetics from different types of kerogen from 
several basins around the world, which can 
be used or edited if necessary. In the current 
study, the set of kinetics parameters of a Type II 
kerogen from the North Sea is the one better-

-matched the source rock characteristics in the 
studied area.

Paleobathymetry and Surface temperature: 
based on biostratigraphic and paleoecological 
data, paleobathymetry and surface temperatu-
re variation through time was described in the 
boundary conditions input table.

Heat Flow: a heat flow history curve that takes 
into account the evolution of extensional tecto-
nics was also described in the boundary condi-
tions input table.

Thermal calibration: vitrinite reflectance and 
extrapolated temperature data were loaded to 
provide basis for the calibration of the thermal 
model.

4.2. Backstripping e Thermal Modeling

Backstripping and thermal modeling were car-
ried out by Trace®’s modeling module. Geohis-
tory curves (Figures 3, 4 and 5) depict the 
subsidence history, compaction patterns and the 
isotherms that describe the thermal evolution 
through time. The studied wells display similar 
geohistory curves, marked by three main events 
of subsidence and uplift followed by erosional 
phases.

4.3. Maturation and Generation

Figure 3 – Geohis-
tory diagram of  
“Well 1” generated 
by Trace®, dis-
playing the burial 
pattern and the 
thermal evolution 
of the sedimentary 
section.
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Figure 4 – Geohistory diagram of “Well-2” ge-
nerated by Trace®, displaying the burial pattern 
and the thermal evolution of the sedimentary 
section.

Figure 5 – Geohistory diagram from  “Well-3” 
generated by Trace®, displaying the burial pat-
tern and the thermal evolution of the sedimen-
tary section.

Figure 6 – Diagram showing the temperature, 
heat flow, porosity and thermal conductivity logs 
modeled for Well-1, at the present time.

Figure 7 –  Diagram showing the temperature, 
heat flow, porosity and thermal conductivity 
logs modeled for Well-1, at 100Myr.

Graphs shown in Figures 6 and 7 display tempe-
rature, heat flow, porosity and thermal conduc-
tivity curves calculated during the simulation in 
two distinctive ages, in the present (Figure 6) 
and 100Myr ago (Figure 7).
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Thermal maturation modeling was calibrated by 
comparing modeled vitrinite reflectance cur-
ve with measured data available in “Well-2” at 
2500m (Figure 8). The good correlation ob-
served between modeled and observed values 
indicates that subsidence and thermal models 
properly describe the tectono-thermal evolution 
of the studied basin.

Figure 9 – Graphs generated by Trace® with the 
results from kinetic modeling of the potential 
source rocks in “Well-2” showing (a) the evo-
lution of kerogen transformation ratio through 
time and (b) conversion rate (intensity) through 
time.

Figure 10 – Graph generated by Trace® with 
the results from compositional kinetic modeling 
of a potential source rock in Well 2 showing the 
production of different HC fractions through 
time.

The results of the modeling were integrated 
with the other information and data about 
the elements and processes of the petroleum 
system in an Events Chart (Figure 11), which 
provides basis for the assessment of the timing. 
The diagram shows that the most of the deposi-
tion of the reservoirs, seals and traps formation 
precedes or is synchronic to petroleum genera-
tion. 

Figure 8 – Diagram showing a to the left, a 
graph with the correlation between modeled 
(synthetic) and measured vitrinite reflectance 
values, and to the right, graph with modeled 
temperature values generated by Trace®.

Regarding petroleum generation, results indicate 
that the process of organic matter conversion 
of kerogen into oil and gas started during the 
Cretaceous and proceeded until the present in 
the studied wells. In the case of “Well-2”, used 
for the calibration of the thermal model (Figure 
8), the two potential source sections achieved 
cumulative transformation rates of approxi-
mately 30% in the present (Figure 9a), with 
periods of intense transformation in the middle 
Cretaceous and close to the Recent (Image 9b). 
Compositional kinetic modeling indicates that 
about 70% of the total amount converted, is in 
the range of C15+ hydrocarbons (Figure 10).
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Figure 11 – Events chart generated by Trace® 
for the modeled petroleum system.

4.4. Multi-1D Modeling

New wells and pseudo-wells based on seismic 
data were incorporated into the project with 
the purpose of obtaining a broader view of the 
elements and processes of the petroleum sys-
tem throughout the study area.

Trace®’s multi-1D module was applied in order 
to to extend and extrapolate the information 
of drilled wells to adjacent areas. Extrapolation 
based on multi-1D modeling generates maps 
that shows the variation of several output data, 
such as maturation (vitrinite reflectance), con-
verted fraction, thickness, temperature, con-
ductivity, porosity and heat flow, etc., at any age 
throughout the study area. In the examples of 
the maps of Figure 12, it is possible to analyze 
the variation of some of these results across the 
studied area at the present time.

FFigure 12 – Maps resulting of the multi-1D 
modeling in Trace®, showing the variation of 
several modeled results throughout the studied 
area at the present time. 

5. Conclusions
The application of Trace® contributed signifi-
cantly for a better understanding of the petro-
leum system dynamics in the studied area. Lo-
ading of well data data allowed the correlation 
of stratigraphic units units and was used as input 
for the basin modelling. In a report generated by 
the software, it is possible to analyze and com-
pare the main input data and boundary condi-
tions applied in the modeled wells, in other to 
verify the consistency of the model (Figure 13).

The 1D modeling allowed the reconstruction 
of burial history, subsidence and erosion events 
and compaction process. It was also possible to 
reconstruct the hydrocarbon generation his-
tory and evaluate the timing of multiple events 
and processes of the petroleum system. In the 
multi-1D modeling, results of 1D models were 
extrapolated and provided a broader vision of 
the variation of petroleum systems parameters 
throughout the area of interest.

Figure 13 – Report of the input data and boun-
dary conditions used in the wells modeled for 
using Trace®. 


