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Abstract 
 
Stratigraphic forward modelling (SFM) is a numerical method that simulates the key factors that control depositional processes. A few 
models have been developed over years for different geological environment (fluvial, turbidite and carbonate). The model for carbonate 
system is particularly more complex compared to others. This is due to fact that carbonate system is controlled by the interplay between 

carbonate productivity, eustasy, subsidence/uplift. Carbonate platform’s morphology also strongly influenced by hydrodynamic factors 
(Wind and Waves). SFM has been used to test the hypothesis on factors that controlled the evolution of carbonate platforms. This tech-
nique also a reliable tool for hydrocarbon exploration and development. SFM has been used to predict carbonate facies distribution, 
petrophysical properties, and architecture of carbonate platforms. In this review paper, four SFMs namely CARB3D+, GPM CARBON-
ATE, DIONISOS, SEDPAK are discussed. 
 
Keywords: carbonate platform; hydrocarbon exploration tool; stratigraphic forward model (SFM) 

 

1. Introduction 

Stratigraphic forward modelling is a numerical experiment that 
applies various algorithms to simulate geological processes such 
as sediment supply and subsidence. This tool is helpful in predict-
ing sedimentary facies and stratigraphic architecture away from 
well data and poor quality data(Warrlich et al., 2008)(Griffiths et 

al., 2012)(Ku Shafie & Madon, 2016). SFM also has been used to 
improve seismic sequence stratigraphy modelling and help to im-
prove reservoir characterization (Madhoo et., 2016). Basically, 
SFM requires input parameters that describe the geological proc-
esses and initial conditions before deposition: 1) initial topogra-
phy/surface, 2) subsidence/ uplift rate, 3) eustasy curve, 4) car-
bonate production rate, 5) Hydrodynamic input (waves and current 
for sediment transportation and rework). If there is evidence of 

subaerial exposure from geological data, the additional input re-
quires is the surface lowering rate. A recent focus in SFM on Car-
bonate Platform is to develop a tool that can predict the diagenetic 
overprint on the carbonate platform (Al-Helal et., 2012)(Lanteaum 
et al., 2016). The diagenetic processes for carbonate system are 
complex and not a straight-forward processes. 

2.  Application of Stratigraphic forward 

Modelling in Hydrocarbon Exploration 

Stratigraphic forward modelling (SFM) is a promising and helpful 
tool for hydrocarbon exploration. Geoscientists are having diffi-
cult time to characterize the reservoir properties due to poor and 

limited data. Low resolution of seismic data and sometimes poor 
quality due to gas chimney rise a problem to determine the reser-
voir facies and its associated properties. SFM also had been used 
to improve seismic facies interpretation (Cacas et al., 

2008)(Lanteaum et al., 2016). The high resolution of sequences 
from SFM helps to improve the interpretation of poor quality of 
seismic data.  Therefore, SFM can be used to help geoscientists to 
have better understanding on the formation and properties distri-
bution of hydrocarbon reservoirs. SFM is built with an algorithm 

to simulate the distribution and re-worked of sediments. Subse-
quently, predict the facies distribution. The algorithm classifies the 
facies of carbonate rock based on Dunham (1962) classification. 
The carbonate facies in SFM is assigned based on the ratio of 
coarse and fine sediments.  
Carbonate reservoirs are susceptible to diagenetic modification. 
Porosity and permeability of carbonate is highly influenced by 
diagenetic processes such as dissolution, karstification and cemen-

tation. Karst prediction on seismic is sometimes misleading. The 
dendritic pattern in seismic appeared to be similar as the seismic 
noise pattern (Chung, Ting, & AlJaaidi, 2011). SFM are able to 
simulate the karstification processes by considering the dissolution 
of carbonate mineral during the subaerial exposure event. Dioni-
sos has been used to predict the karst on Luconia carbonate plat-
form and the result is promising (Uli et al., 2017). The karst pre-
diction using SFM can provide better guidance for well drilling to 

prevent the well lost. Prediction of karst also helpful for reservoir 
development plan. Karst provide a conduit for water to flow and 
caused un-even flow of hydrocarbon throughout the reservoir. 
Uneven fluid contact in Jintan gas field in Central Luconia is sus-
pected because of the karst (Rabani et al., 2014). 
SFM programs such as Carb3d+ has coupled the sedimentological 
and diagenetic forward modelling. Built-in algorithm has been 
developed to govern the principle of resident time for each differ-
ent diagenetic environment (figure 1) and subsequently predict the 

porosity and permeability distribution. Due to limited well data 
and core available, there has been difficulty in prediction of poros-
ity and permeability distribution. SFM is able to calculate the 
porosity and permeability based on the percentage of coarse and 
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fine sediments. The built-in algorithm also takes into account of 
compaction and dissolution of carbonate minerals to calculate 
final value of porosity. A porosity-permeability (poro-perm) corre-

lation such as Lucia (1995) is used to calculate permeability. Thus, 
the SFM is an alternative method to determine the permeability 
distribution. 

 
Fig. 1: Workflow of stratigraphic forward modelling. Figures are taken and modified from (“Google image,” 2018) and (Uli et al., 2017). 

 

3. Methodology   

The objective of this paper is to review a few SFMs that can be 
used to model carbonate system. This technique shows a promis-
ing potential to be an essential tool in hydrocarbon recovery and 
for academic purposes. The information in this review is obtained 
from books, conference proceedings, and journals 

4. Stratigraphic forward Models for Car-

bonate Platform 

4.1. Carb3d+ 

Carb3d+ is a process-based forward model, developed by the 
University of Bristol and Royal Holloway University of London. 
The model is governing by algorithms that use to simulate the 
physical processes of fluid flow, sediment distribution and re-

worked. It capable to model 3D sedimentological process and 
early diagenetic processes (Paterson et al., 2006). In Carb3d+, the 
carbonate factories are divided into four; reef factory, margin 
factory, interior factory and pelagic factory (Smart et al., 2011). 
These factories represent the realistic carbonate production as can 
be observed in modern carbonate platform. The algorithm is based 
on closed system and conservation of mass developed by Waltham 
(1992) and Hardy & Waltham (1993). The sediment production is 

governed by Eq.1 and Eq. 2 as below: 

 

                            (1) 

 

 Where  is depth dependent of production;  is fall-off depth 

when the production is zero;  is maximum production;  

is waves energy computed from maximum depth. The equation 
above is only applying for reef and margin factory. Meanwhile, for 
interior and pelagic factory is programmed to be independent of 

depth. The overall equation used to incorporate the sediment 

production, transport and deposition is function of wave and 
current climate is described as below: 
 

                         (2) 

 

 Where p is production of sediments ( = fine,  = coarse, = 

reef), F is transported sediment flux, x is horizontal distance,  is 

vertical velocity due to  subsidence and  is velocity due to 

compaction. 

The key advantage of Carb3d+ is it able to simulate the marine 
and meteoric diagenetic processes. The program predict the 
distribution of hydrozones and capture the residence time by 
considering the sea level change, rainfall and hydraulic 
conductivity (Berra et al., 2016). Diagenetic modelling in Carb3d+ 
considered only three minerals, namely low-magnesium calcite 
(LMC), aragonite and dolomite (Smart et al., 2011). High-
magnesium calcite (HMC) is excluded due to it is highly unstable 

mineral and assumed it does not affect the porosity distribution. 
The diagenesis processes are simulate based on residence time of 
each hydrological zones; phreatic, vadose, mixing zone and 
marine. Therefore, the software is able to predict the porosity and 
permeability changes due to diagenetic processes, such as early 
meteoric dissolution and cement precipitation. 
Carb3d+ does not include the influx of siliciclastic sediment. The 

introduction of siliciclastic into a carbonate system is important 
as it one of the controlling factor on the carbonate platform 
morphology as can be seen in Central Luconia province. The 

intercalation of siliciclastic influx and carbonate produced the 
wing morphology (Kosa, Warrlich, & Loftus, 2015). 

4.2. GPM Carbonate 

GPM (Geological Process Models) is built based on modelling 
algorithms by Tetzlaff & Harbaugh, (1989). Similar to others 
SFM, carbonate production in GPM is based on depth-dependent 
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relationship. The relationship of growth rate is given by equation 
from Bosscher & Schlager (1992) as below: 

 

                                                                (3)     

 
 

 Where  is stress function due to water depth;  is the light 

irradiance at the surface;  is the saturating light irradiance. The 

effect of waves energy in controlling the growth rate of coral reef 
also included in GPM Carbonate. Coral reef growth is decrease to 
zero when wave energy dissipated less than 2 W/m2 (Hill et al., 

2009). Similar as in Carb3d+, this algorithm allowed us to include 
the wave energy as realistic controlling factor on coral reef growth 
as can be observed on modern reef platform (Munk & Sargent, 
1948). When the wave energy is low is indicating of calm 
environment. This will allow the terrigenous sediment to settle 
down and will suffocate the coral reef. In GPM Carbonate, the 
effect of the nutrients on carbonate production can be tested. The 
model presumed the nutrients supply is related to waves 

turbulence (Tetzlaff at al., 2014). The carbonate production not 
only influenced by presence of sunlight, nutrients and temperature, 
but also the calcium carbonate supersaturation in the sea water 
(Hill et al., 2009). GPM Carbonate has included the  
effect of carbonate supersaturation. Supersaturation of carbonate is  
controlled by the residence time. Hill et al., (2009) stated that “the 
carbonate is removed from a parcel of water by organic and 
inorganic processes, the amount of carbonate in that parcel of 

water decreases unless it is replenished”. Demicco & Hardie, 
(2002) has found that supersaturation of carbonate decreasing with 
time. Therefore, if the environment is restricted and no re-supply 
of the carbonate, such as in back reef and lagoon, the carbonate 
production is decrease exponentially with time. 

4.3. Dionisos 

Diffusion Oriented-Normal and Inverse Simulation of Sedimenta-

tion (Dionisos) is a 3D forward model developed by the Institut 
Francais du Petrole. It is based on diffusion model (Granjeon & 
Phillip, 1999). This model is used the deterministic approach to 
describe physics of sediment transportation. Two set of equations; 
transport law and continuity equation are applied in this software 
to model sediment transportation process. The equations used are 
able to simulate the interplay between the long-term and short-
term factors that affect the sedimentary processes (Granjeon & 
Phillip, 1999). The sediment supply equation is a function of 

channel depth, water velocity and channel slope. Even though, the 
Eq. 4 below computed for continental areas, the equation has been 
tested valid for marine environment as well (Granjeon & 
Phillip,1999). 
 

         (4) 

 

Where  is sediment flow rate,  is shear stress,  is density 

of water, g is gravity, d is channel depth, S is the channel slope, 

is viscosity of water and C is dimensionless Reynold number. 

To differentiate sediments from different environment, the diffu-
sion the diffusion coefficient, K is used. The value of K is a func-
tion of water depth as given by Eq. 5 as below: 
 

                                                                           (5) 

 
 Similar to other SFM, sediment production is controlled by subsi-
dence rate, climate, and topography elevation. In situ carbonate 
production rate is defined as a function of water depth and the 
siliciclastic flow. The software is capable to simulate the intercala-

tions between carbonate and clastic sediment. Therefore, it capa-
ble to produce a carbonate-wing geomorphology and also to simu-
late the demise of the carbonate platform due to environmental 
stress caused by siliciclastic influx. However, the algorithms are 
still need to be improved to simulate the realistic interaction of 
siliciclastic and carbonate production. Figure 2 show an attempt 
by Hanif (2016) to build a carbonate platform model of “Christ-
mas tree” morphology. 

4.4. SEDPAK 

Sedpak is a 2D stratigraphic forward modelling developed by 
University of South Carolina. The program traced the evolution of 
sedimentary architecture as clastic sediments deposited, in-situ car 
bonate growth and the re-worked of carbonates sediments. The 
Sedpak model is based on geometric model that applies the princi-
ple of mass and energy balance (Strobel et al., 1989) (Kendall et 

al., 1991). The program utilising simple geometric rule that follow 
gradient and stacking pattern of the stratigraphic layers. The car-
bonate production in Sedpak is controlled by wave energy, amount 
of clastic sediments and the lagoon damping (restriction of  the 
waves or nutrient supply into the lagoons) (Strobel et al., 1989).  
However, Sedpak has several limitations. It can only simulate 2-
dimensional sedimentological processes. Therefore, ineffectively 
model sediments distribution, erosion and re-worked. Sedpak also 

does not incorporate the wind-driven energy for carbonate sedi-
ment production and distribution. Wind-driven energy is known as 
one of the key factor in controlling the evolution of carbonate 
platform, especially for the coral-dominated carbonate platform. 

5. Conclusion  

Stratigraphic forward modelling is process-based model simula-
tion technique. The input parameters are based on the carbonate 
depositional system and structural history of the platform. There-
fore, the accuracy of the model is based on our understanding of 
the depositional history of the carbonate platform. SFM is not an 
ultimate tool for hydrocarbon exploration. But, the integration of 
SFM with seismic, well logs and core data surely help to reduce 
the uncertainty in reservoir modelling workflow. 
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Fig. 2: CARB3D+ model based on Natuna platform. CARB3D+ simulate the diagenetic overprint based on residence time for each hydrozone.  Subse-

quently, predict cement precipitation. Adapted from (Paterson at al., 2008). 
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Fig. 3: SFM model of the ‘Christmas Tree’ carbonate platform as compared with the seismic section. Modified from (Hanif, 2016).Even though the SFM 

model does not perfectly similar with seismic morphology, but this attempt show the SFM is a promising tool that can be used to model such carbonate 

morphology. 
 

 
Fig. 4: Sedpak simulation of Judy Creek reef complex indicate the build-up phase (aggradation) due to rising of sea level. Figure is taken from example 

case in Sedpak program (“SEDPAK v.4.1 Help System,” n.d.) 

 


