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Fig. 1. Overview of the DiagenViz interface. Left panel: list of plots shown in the central panel. Right panel: configuration options allowing selection of

variables to be plotted, assignment of variables to X, Y, and Z axes, and selection of time steps. Center top: line plot of quartz saturation per time. Center

bottom: scatterplot relating quartz saturation to hydrogen concentration.

Abstract—Diagenesis comprehends chemical, physical and bi-
ological processes related to rock sediments in a reservoir. The
simulation of these processes can tell the history of the reservoir,
and can suggest the conditions that the oil went through,
predicting the quality of the reservoir. This work shows a tool
(DiagenViz), which aims at helping geologists to analyze results
obtained from simulations of diagenetic processes. We discuss the
data produced by the simulator as output and our approach of
a graphical user interface to present and analyze the data. We
also compare our tool with the commercial softwares GWB and
PetraSim, which are used by most geologists due to the lack of
specific diagenesis simulation software.

I. INTRODUCTION

Diagenesis is defined as the set of chemical, physical and bi-
ological change processes through which the rocks sediments
pass since its deposition, during and after lithification, and be-
fore the metamorphic conditions. The diagenetic processes are
controlled by factors such as temperature, pressure, minerals,

activity of the ions dissolved in water and organic systems
[1]. These processes are active, and the sedimentary minerals
react to restore equilibrium in an enviroment where pressure,
temperature and chemical composition are changing. The reac-
tions in the system can increase or decrease permeability and
porosity [2]. All these processes correspond to the formation
of the present rocks, and they occurred along millions of years.
A geologist studying diagenesis usually wants to understand
the processes that have occurred during that time, as well as
factors that may have influenced the oil quality of a determined
region. So, simulations are run to test hypotheses about how an
oil reservoir formed in the past, and ultimately, to determine
its quality.

The goal of this work is to develop an interactive analysis
tool that implements a set of visualization techniques for
supporting geologists in their analysis of simulations results.

To the best of our knowledge, there are no commercial



simulators specific to simulate diagenetic processes. Simula-
tors developed for other purposes are used for this task, and
their results, although approximate, are accepted by geologists.
There are some works in the literature describing models for
diagenesis, as Boudreau [3] and Park and Ortoleva [4], but
none of them treat the results visually.

In the next section, we present some background informa-
tion to make the simulation process understandable, and also
highlight relevant related works. Then, we present our tool
for the visual analysis of simulation results (section III). We
also report an evaluation based on the comparison of our tool
with two commercial systems, GWB [10] and PetraSim [/11]]
(Section IV). Finally, in Section V, we draw some conclusions.

II. BACKGROUND AND RELATED WORKS
A. Geochemical Modeling

Before addressing the simulation process itself, we need to
introduce concepts from geochemical modeling. Geochemical
modeling is only useful as a forecasting tool if there is possi-
bility of validating the results. In real life, this is the goal that
most often become unachievable because of the complexity
of natural systems, insufficient field data and uncertainties
related to how a system will change along time. A model
must be treated as a simplification of reality, and its precision
is dependent on how it is capable of estimating the probability
of a forecast to be true or false [5].

A general geochemical simulation process is roughly di-
vided into 3 major stages: data input, simulation core and data
output.

Data input consists of collecting information relative to the
geological medium of interest, through chemical analysis made
in laboratory and through stratigraphic data of the sedimentary
basin. These data are (i) water composition, (ii) mineral
composition, (iii) kinetics and thermodynamics reactions, (iv)
burial history (depth of rock formation, estimated time to
occur lithology transformations, pressure, temperature) and (v)
spatial domain (batch in an one-cell domain, one-, two-, and
three-dimensional domain). Data can be input through a script
or filling in a form in a graphical user interface (GUI).

Data is entered to the simulation core, which starts the sim-
ulation execution steps. In this stage, numerical methods are
used to solve geochemical equations of fluid-rock interaction
in the geological medium defined in the input data. As the
simulation process executes, system state is updated for each
simulation step, and partial simulation results are generated.
This process goes on until the system reaches a steady state
or a user-defined maximum simulation time.

Data output is the last part of each simulation step. The
data generated by the simulation execution is stored in a file,
usually text. Each simulator has its own standard for input and
output files.

B. Related Works

Related to our context, there are two well known simu-
lators for geochemical modeling: Geochemist’s Workbench
(GWB)[10] and Toughreact [11].

In GWB, the user sets an initial geochemical system to
be taken to thermodynamic equilibrium. The software auto-
matically inserts a known volume of water in the system
(1 kg). Then, the user sets the amounts of solutes present
in that water. GWB starts the calculations and the necessary
iterations that lead to a speciation model. When GWB finishes
the simulation, output data is generated. Data contained in the
output file are temperature, pressure, pH, ionic strength, water
activity, mass of solvent, dissolved solids, solution density and
mass of the rock. A list of aqueous species is also output with
all solutes present in the simulation. An important indicator
is the “Saturation Index — SI” of the fluid, which informs: (i)
mineral and solution are in equilibrium; (ii) solution is super-
saturated; and (iii) solution is under-saturated.

Toughreact can be used in one-, two-, or three-dimensional
geological domains in heterogeneous physical and chemical
environments, i.e., a wide range of conditions. Input files are
provided through a GUI called PetraSim. Firstly, the user
selects the solutes that will compose the aqueous phase, and
then selects the lithology of interest composing the geologi-
cal environment. Kinetics and thermodynamic parameters are
adjusted after the user builds the interaction model. Once all
requirements are satisfied, the software starts the simulation.
Toughreact output data is generated basically to provide plots
of the quantity of solute and volume variation versus simu-
lation time. If the user wants to visualize saturation index,
Toughreact generates text files that need to be exported to
spreadsheets like EXCEL.

As for visualization, GWB provides the tool named Gtplot
that allows users to display simulation results with 2D vi-
sualization techniques, such as line plots, pie charts, color
maps, contour plots, vector plots and star plots. However,
regarding diagenesis, only line plots are used. On the other
hand, PetraSim [11f] provides more visualization techniques
like line plots, 3D iso-surface visualization, vector and contour
3D plots.

Nevertheless, considering specific diagenetic processes sim-
ulators, visualization is still an open problem. Early works
like the model of carbon and nutrient diagenesis in aquatic
enviroments [3] and the numerical model of sedimentary early
diagenetic processes presented by Soetaert et al. [15[], and
relatively recent ones such as WRIS.TEQ [4], a simulator
of diagenetic alterations of sediments composed of complex
mineralogy and heterogeneity, still miss both a GUI to param-
eterize the model and visual analytics tools to better support
geologists studies.

III. DIAGENVIZ

DiagenViz is implemented in C++, using the Qt Framework
6] for the GUI and two external libraries for visualization:
QCustomPlot [7]] for the 2D plots, and QwtPlot3D [8] for 3D
plots. In this section, we firstly describe the data, then we
explain how the possible visualizations are configured, and
finally we describe the implemented visualization techniques.



A. Data Description

The data the tool analyzes comes from two output files
generated by a simulator developed in an ongoing project at
UFRGS. A header file contains the description of the variables
in the output, and for each step there is a data file containing
the values of the variables defined in the header file. Each
variable in the header file is defined as a composition of textual
information (Fig. [2).

[index] VAR [variable name] SPC [specie name] UNIT
[unit] TYPE [type of the variable] IDX [index of the
specie] LABEL [label name]

Fig. 2.

A standard variable description in the header file.

There are four types of variables depending on to what
entities they refer to: (i) sediment, (ii) element, (iii) solute
and (iv) solid. The sediment type variables are related to the
sediment itself as porosity, temperature, water velocity, and
so on, being the only species of the type. Element variables
are about some information of the quantity of each chemical
element present in the related cell. Solute variables represent
solute concentration in the water and activity in reactions, and
each solute present in the system is defined in the data input, as
H*, HCO;, etc. Solid variables are related to minerals, e.g.
Quartz and Calcite, precipitation and dissolution, saturation,
volume fraction and mineralization rate.

Using Munzner classification [9], the output data is a
Field, because the variables (described in the header file) are
associated to each cell at each time step. Variables associated
with distance or time are considered continuous data, and
variables associated to another variable is not continuous.

B. Variable Selection

In DiagenViz, the GUI is divided in two panels: the vi-
sualization panel (discussed in the next subsection) and the
variable selection panel. After all data is loaded, the variable
selection panel, which can be seen at the right, in Fig. [} and
in Fig. 3) is displayed. It is divided in three main parts : (A)
Variable selection itself, (B) axis selection and (C) time and/or
cell selection.

In (A), the user select the variable that he wants to analyze.
A tree widget is used to select a species or a variable to be
analyzed, depending on what the user wants to focus. In (B)
the user selects the variable to be represented in each axis.
By default, the plot will have at least one variable (time), but
it may also have distances, depending of the dimension of
the domain. Also, when the user selects one of the default
variables for one of the axis, its list will fade out from (B),
because it will be plotted. In (C) the user defines which time
step or cells in the domain she/he wants to visualize, and this
combines all selected cells and time steps the user has selected.

As an option, after setting (C), the user can define if the
data on a specific axis is in linear scale or logarithmic scale.
Also, the user can filter the data he/she wants to visualize,
selecting the interval of values to be plotted.
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Fig. 3. Configuration panel. Top: list of variables present in the output data
file. Center: list of selected variables for axis assignment. Bottom: time step
or domain selection.

C. Visualization Techniques

The visualization techniques provided by the tool were
chosen based on user preference. Our users are the geologists
that interact constantly with the simulator development team.
The techniques are quite simple in terms of visualization,
but they are based on those techniques that geologists are
used to: (i) line plots, (i) line plots with two Y axes, (iii)
scatterplots and (iv) 3D surface plots. Line plots are used
when one of the variables is continuous, i.e time or distance.



Line plots with two Y axes (Fig. ) are used when the
user selects two different types of variables for the Y axis,
e.g saturation and volume fraction, and X axis depicts a
continuous variable. Scatterplots (see Fig. [T) are used when
the user wants to compare two non-continuous variables, to
analyze their relation, e.g concentration of Ca** and Calcite
saturation. 3D surface plots (Fig. 5) are used when the user
wants to analyze the variation of one variable per two others,
as for example, Quartz saturation per time and distance. For
all the techniques, we also implemented animation to allow
display of the plots along the simulation time (the animation
controls are at the top of each plot).

Calcite Saturarion vs VF in Time
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Fig. 4. Example of a two Y axes plot, comparing the saturation and volume
fraction of Calcite during a simulation.
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Fig. 5. Example of a three-dimensional plot, showing Albite volume fraction
by time and distance.

IV. EVALUATION AND DISCUSSION

In this section, we compare our GUI and visualizations to
those provided by two commercial systems, GWB [10] and
PetraSim [[11]], briefly described before.

A. Evaluation Procedure

For the evaluation, we have one persona, which is the
specialist in geochemistry that wants to study the rock for-
mation in a certain basin. Due to the expertise requirement,
we had only two users performing the evaluation. User! is a
young specialist in geochemistry that frequently uses GWB
and Petrasim/Toughreact for his research. User2 is a senior
specialist in geochemistry that does not use any of these tools,
since he has developed his own simulator. Since Userl is
acquainted to GWB and Petrasim, he used DiagenViz and
answered the questionnaire. User2 used all the three tools
(GWB, Petrasim/Toughreact and DiagenVIz), and after that
answered the same questionnaire. So, Userl provided us the
impressions of a well-trained user in the tools, while User2
told us about his first impressions.

The questionnaire was conceived with 7 questions for each
tool, evaluating several aspects like, for example, the selection
of which variables to plot and the interactive tasks that can be
performed with the plots. Six questions are in the form of
affirmative statements to which the users have to agree/not
agree in a 5-point Likert scale [14)], while in the last one,
the users were asked to provide free observations. The six
statements are presented in Table Il

Statement | Question/statement

S1 Variable selection is intuitive

S2 Variable selection is fast

S3 The tool allows me to select any variable for visual-
ization

S4 I can easily set the intervals of any variable to obtain
new plots

S5 I can easily understand the behavior of variables
looking at the plots

S6 I can easily interact with the plots to explore data

TABLE I

DEFINITION OF STATEMENTS

Another consideration is that, although our visual analysis
tool covers 2D simulations, we have used only Batch and 1D
simulations for evaluation.

B. Evaluation Results

Considering the results in Fig.[6] we can observe that Userl
and User2 responded only slightly differently about the three
systems regarding S1, S2 and S3 statements, while for S4, S5
and S6 their opinions are very different.

In S1, Userl agreed with variable selection intuitiveness
in our tool, while he neither agreed nor disagreed with
GWB and PetraSim, but User2 agreed with GWB and Di-
agenViz intuitiveness and neither agreed nor disagreed with
PetraSim. User2 could have been influenced by the limitations
of PetraSim in plotting different variables, while GWB and
DiagenViz provide more freedom.

Regarding S2, they both agreed that PetraSim is fast in
selecting variables (considering that it does not have much in
selecting variables), while they had different opinions when
it comes to GWB and DiagenViz. Userl found DiagenViz
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Fig. 6. Evaluation results: plots indicate the user’s level of agreement with the statements listed in Table m

faster than GWB, while User2 thought the opposite. This
could be due to the difference in experience in using the two
systems. Since Userl is trained, the DiagenViz approach to
select variables is more "automatic" than in GWB, while first
time users like User2 need to think more about how selecting
a desired variable.

As for S3, they disagreed with the freedom of selecting
variables of PetraSim, probably because PetraSim does not
have really a variable selection interface, as GWB and Di-
agenViz. They both agreed with DiagenViz freedom, but,
for GWB, Userl neither agreed nor disagreed, while User2
agreed. Considering the training that Userl had, probably he
found situations that GWB limited him in some aspect that
DiagenViz did not.

From S4, we start to have the most different opinions.
Both users strongly agreed with the scaling of DiagenViz,
and they both disagreed for PetraSim, but, for GWB, Userl
disagreed and User2 agreed. One hypothesis that we have is
that User1 considered the possibility of zooming in DiagenViz,
and he didn’t considered the scaling in GWB helpful, while
User2 considered the scaling in GWB helpful. So, for a better
conclusion, we need more tests.

In S5, a larger opinion difference was found: Userl dis-
agreed with the understandability of plots in GWB and Pe-
traSim, and strongly agreed for DiagenViz. However, User2
strongly agreed in GWB, agreed in PetraSim and neither
agreed nor disagreed in DiagenViz. User2 probably had some
difficulty to understand the two Y axes plot, because it is
different from the plots geologists use.

Regarding S6, other larger difference: Userl strongly agreed
with the interactivity of the plots in DiagenViz, and stronly
disagreed for GWB and PetraSim, but User2 agreed for
DiagenViz and GWB and strongly disagreed for PetraSim.
Considering that DiagenViz has zooming and panning inter-
actions in the plots, but GWB and PetraSim plots are static
when trying to interact with them, this was evident for Userl.
Probably, User2 could think that, in many cases, this kind of
interaction is not necessary.

In general, PetraSim got the worst results in most of the
aspects. Both users complained about the limitation of the
plots in PetraSim, because they could only visualize solute
concentration and mineral volume fraction, but not saturation
index (as described in section [[I), which is one of the most
important variables for diagenesis studies. Two good points
noticed by User2 about PetraSim are the speed and simplicity
in plotting the available variables, even it is not complete.
Another drawback was catched through statement S6, since
both users answered that PetraSim does not give to users ways
to explore data. This may result from the lack of variables
to be shown. Considering the agreement levels related to all
statements, we can suggest that a tool of diagenesis processes
simulation needs to allow the user to visualize all variables in
the output files.

In comparing GWB and DiagenViz, we did not find a
consensus as in PetraSim. We can notice that Userl prefers
DiagenViz rather than GWB, but as for User2, his answers
were almost equal, with GWB better than DiagenViz in 2
statements (S2 and S5), and DiagenViz better than GWB in 1
statement only (S4).

As Userl is more trained than User2 in the use of these
tools, he may had considered cases where he needed features
that GWB does not have, but DiagenViz has. User2 had more
a first impression of these tools. So, we can consider that, for
a first time user, both tools are good, but GWB is simpler than
DiagenViz, since one can set the variables to plot faster and
in a more understandable way, while DiagenViz is better in
interactivity.

These results allowed us to come up with a new hypothesis
to prove: is DiagenViz better for trained users than other
tools? Since the simulator behind DiagenViz is still under
development, this is left for future work.

V. FINAL COMMENTS

Considering the goal of this work, that was developing an
interactive analysis tool for geologists testing their hypothesis,
we can conclude that we quite achieved that. According to



the results shown in Fig. [f] our tool obtained better scores
than one of the most used tools by geologists, while it is
comparable to other well-known one, considering that GWB
and PetraSim conquered the simulation market satisfactorily.
The differences between DiagenViz and the other two tools are
the better interaction features provided to users, the possibility
of plotting and presenting multiple charts at the same time, and
the possibility (that still need to be tested) of having better
options to analyze 2D simulations.

As an improvement, comparing to the other tools, we
need to implement a faster variable selection method, since
ours requires many steps. We need to automate some steps,
considering what the user may want to visualize, probably
separating users in categories and assuming which variables
they would need to visualize more often, or use a machine
learning approach to suggest variables that they may want to
visualize. Other aspect to improve is the selection of items for
the axes, which was reported as confusing by one of the users.

Other possibility that we discussed for improving DiagenViz
is the display of the simulation domain associated with the
variables plots.
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