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CARBONATE GEOBODIES:

HIERARCHICAL CLASSIFICATION AND DATABASE –

A NEW WORKFLOW FOR 3D RESERVOIR MODELLING

A.  Jung1* and T.  Aigner1

Quantitative data on geobodies are crucial for reservoir modelling. Although abundant quantitative
data are available in the literature for siliciclastic depositional systems, equivalent data for
carbonate systems are scarce. In this paper we introduce a new approach to the management
of quantitative data on carbonate geobodies which is based on a hierarchical classification
scheme. The classes to which a carbonate geobody are assigned are: (1) depo-time (i.e. geological
age); (2) depo-system (i.e. type of carbonate platform); (3) depo-zone (i.e. facies belt or zone);
(4) depo-shape (i.e. geometry of the geological body); (5) depo-element (i.e. architectural elements
present); and (6) depo-facies (litho- and biofacies). This hierarchical classification is complemented
by a set of rules for modifying depo-shapes which refer to their spatial distribution and patterns
of interaction.

Based on this classification, an extensive database has been developed which can be used
for 3D reservoir modelling. The database holds more than 600 case studies from outcrop
analogues and the subsurface and also from satellite images of modern carbonate settings. The
database can be used as the basis for a new workflow for reservoir modelling which uses
multiple-point statistics (MPS). MPS makes use of training images to capture and reproduce
facies patterns and geometries during stochastic simulations.

The application of this new approach is demonstrated by modelling a Cretaceous outcrop
reservoir analogue from southern France. The use of MPS allows the generation of geologically
realistic and complex facies distributions in the model based on the simplified training images.
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INTRODUCTION

Modelling subsurface petroleum reservoir
heterogeneities requires quantitative data on the
dimensions, shapes and orientations of structures and
geobodies. These kinds of data may be acquired using
suitable outcrop analogues or modern equivalents. An
important step forward in the understanding of

reservoir heterogeneities was the introduction of the
concept of the architectural element and the notion
of hierarchies in scales of architectural units and
bounding surfaces, which was first developed for
siliciclastic rocks (e.g. Miall and Tyler, 1991). A similar
approach for carbonates is only now being established
(e.g. Pomar and Kendall, 2008; Harris, 2010; Palermo
et al., 2010; Rankey and Reeder, 2011). One reason
for this may be that the shapes of carbonate geobodies,
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and the factors controlling them, are more complex
than they are for siliciclastic rocks (e.g. Schlager,
2003; Pomar and Hallock, 2008).

This paper presents a new approach to
investigating this complexity which is based on a
hierarchical classification of carbonate geobodies and
a set of rules to characterize their spatial distribution.
Existing classification schemes for carbonate bodies
are often ambiguous. In order to improve them and
to facilitate communication with reservoir engineers,
the new approach uses a novel descriptive terminology.
While some recent classification schemes have
focussed on modern carbonate systems (e.g. Morgan
and Harris, 2008), the new classification can be applied
to both modern and also ancient carbonate
environments. The system seeks to identify the
dimensions, shape and internal structures of carbonate
geobodies.

In reservoir modelling, rapid access to data is
important. The new classification is the basis for a
web-based database system (referred to here as
Carbdb) which can supply quantitative data rapidly
to a reservoir modeller. Characterizing carbonate
geobodies by means of a hierarchical classification
scheme sets Carbdb apart from other archival
compilations of ancient carbonates (e.g. Kiessling and
Flügel, 2002; Kenter and Harris, 2005).

The transfer of three-dimensional sedimentary
features from analogue studies to stochastic reservoir

models is limited when conventional variogram-based
techniques are used. A better reproduction of shapes
can be achieved by object-based algorithms which
however may be difficult to condition. Multiple-point
statistics (MPS) combines the benefits of both
approaches and allows three-dimensional facies
arrangements to be reproduced while at the same time
honouring data from a large number of wells (Daly
and Caers, 2010). Conceptual training images depict
the desired geometries of facies patterns. MPS
incorporates the structures from the training image
during the simulation while taking account of
additional data such as facies probability models. MPS
has only recently been applied to carbonate systems
(e.g. Levy et al., 2008; Rankey and Harris, 2008;
Carrillat et al., 2010), although its application to clastic
systems has a longer history (e.g. Strebelle and
Journel, 2001; Strebelle et al., 2002; Harding et al.,
2005; Strebelle and Levy, 2008).

We established a new workflow for building
carbonate reservoirs: data from Carbdb is imported
to the reservoir model by means of MPS. The
workflow is demonstrated using a Cretaceous outcrop
reservoir analogue from southern France. MPS with
multiple training images was used to model different
reservoir geobodies, such as mounds and fans.

An initial presentation of this approach was
delivered at the EAGE conference in Barcelona (Jung
et al., 2010).

Fig. 1. Table summarising the new hierarchical classification of carbonate geobodies,  showing both the
hierarchical categories and the terms used as modifiers for spatial configuration (dimensions, orientation and

location).  The new terminology (depo-time, depo-system, etc.) is compared to terms used in previous studies.
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HIERARCHICAL CLASSIFICATION OF
CARBONATE GEOBODIES

The present classification scheme for carbonate
geobodies consists of two elements which in
combination permit any geobody to be described: (i)
the hierarchical classification itself (Fig. 1); and (ii) a
set of complementary rules which describe
modifications of geobody shape, dimensions,
geometries and spatial distribution patterns. This
approach can be applied to both ancient and modern
carbonates. In this paper, there is a focus on
depositional carbonate bodies as opposed to diagenetic
or structural bodies. Carbonate geobodies can be
classified according to the following factors (Figs. 1
and 2):

(1) depo-time, i.e. geological age;
(2) depo-system, i.e. the type of carbonate

platform (e.g. ramp or shelf);
(3) depo-zone, i.e. the facies belt or zone hosting

the geobody;
(4) depo-shape, i.e. the 3D geometrical

characteristics of the geobody;
(5) depo-element, i.e. the architectural elements or

“building blocks” of the depo-shape; and
(6) depo-facies, i.e. lithofacies.

Carbonate sediments are the product of more varied
processes than siliciclastic deposits, which are in
general controlled by hydrodynamic processes. Early
studies (e.g. Heckel, 1974; Wilson, 1975; Wilkinson,
1979; James, 1983) and more recent research (e.g.
Markello et al., 2008) have identified geological age
(“depo-time”) as a strong control on carbonate
depositional patterns. Evolutionary processes have
resulted in a variety of carbonate-producing organisms
leading to a wide variation in carbonate facies,
architectural patterns, geobody types and platform
morphologies. Even the presence of carbonate
sandbodies may vary as a function of geological age
(Wilkinson et al.,1985).

The depo-system at the second level of the
classification (Fig. 2) refers to the three major types
of platform: ramp, shelf and isolated platform (e.g.
Ahr, 1973; Tucker et al., 1990). Derivatives of the
major platform classes are assigned to the parent class,
e.g. an epeiric ramp is classified as a ramp.

Subdivisions of depo-systems are depo-zones
which are equivalent to facies belts and represent
regions to which certain rules can be applied: the
behaviour, shape and spatial relationships of a
carbonate geobody may be linked to specific positions
in a facies belt (Wilson, 1975). Each depo-system

Fig. 2. Summary of the hierarchical categories used in the new classification scheme. Three major classes of
depo-system are recognised (ramp, shelf and isolated platform) and five depo-zones (facies belts).  Various types

of depo-shapes are located in the depo-zones and can in turn be subdivided into component depo-elements.
Depo-shapes are illustrated in Fig. 3.
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can be subdivided into one of five depo-zones which are
from land- to basinward: inter- to supratidal, protected
platform, open platform, slope and basin (Fig. 2).

Carbonate geobodies (depo-shapes) occur typically
in particular facies belts (depo-zones). The depo-shape
is the measurable geometric shape of a geobody (Fig.
3). A depo-shape describes the geobody’s geometrical
characteristics without conferring any geological
meaning on it. Classification of geobodies in terms of
their external shape assigns each to one of several
classes (e.g. mound, bar or bow: Fig. 3). Since the
classification of shapes is purely geometric, a patch
reef for instance could be classified as a mound-shaped
depo-shape. The randomness of nature and the
complexity of controlling factors which influence the
final depo-shape cannot be fully captured by the
classification. Typically, classification schemes
embrace only selected features. Therefore deviations
from these predefined classes are covered by a set of
extra rules which are described below.

Depending on the type of the depo-shape, a further
classification into depo-elements (architectural
elements, facies associations) is possible (Fig. 2). The
depo-elements form the “building blocks” of the depo-
shapes. For example, the depo-shape “mound” may
be built up of depo-elements such as cores and flanks
(Fig. 2). Depo-elements can be further subdivided into
depo-facies which describe, for example, rock texture,
bioclastic components and porosity.

Modern analogues provide a valuable resource for
understanding genetic processes in carbonates. The
classification was applied to a number of depo-
systems (ramp, shelf and isolated platform) which
are present in the Arabian Gulf (ramp), Great Barrier
Reef (rimmed shelf) and Bahamas and Maldive
Islands (isolated platform). Mapping was based on
Landsat-7 satellite imagery using NASA Worldwind
software (Fig. 4).

A different notation for the categories depo-shape
and depo-element was applied during mapping to
account for the fact that the shapes of modern
geobodies conform only to temporary “snapshots”
in the sedimentary record. Thus depo-shapes
correspond to first-order geomorphic elements, and
depo-element to second-order geomorphic elements
(Fig. 4). Second-order features are hosted by first-
order features by analogy with parasitic folds.
However, ultimately the interpreted analogues are
stored using the unified notation applicable to both
ancient and modern carbonates, i.e. depo-shapes and
depo-elements.

CLASSIFICATION OF SPATIAL
DISTRIBUTION OF CARBONATE
GEOBODIES

Location in space (in 2D and 3D) is clearly an
important specification while positioning a depo-shape

Fig. 3. Classes of depo-shape recognised in the new classification scheme. Different types of build-up may be

classified with the same shape as it is a purely geometrical description. Deviations from an ideal shape are
taken into account by rules describing external physical forces which control the nature of the shape.
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in a grid for reservoir simulation, as is its relationship
to other depo-shapes. Observed patterns range from
a random distribution (e.g. Elvebakk et al., 2002) to
systematic alignment (e.g. Wheeler et al., 2006) or
touching (e.g. Wendt et al., 1993). Five principal
classes of spatial distribution are used here (see Fig.
5), namely:  (i) aligned / non-aligned; (ii) touching / non-
touching; (iii) surrounded / surrounding; (iv) freely
distributed / accumulated; (v) oriented / non-oriented.

The spatial distribution of depo-shapes originates
from sequence stratigraphy and locally acting forces.
Sequence stratigraphy involves both global and local
controls.

In addition to global-scale controls caused by the
effects of geological time on evolutionary patterns
and by tectonics and eustatic sea level changes, local
controls may also influence individual geobodies.
Local controls on carbonate geobodies such as

Fig. 4. (a) Landsat-7 image of a shoal body,  Schooner Cay,  Bahamas.  First- and second-order geomorphic

elements (depo-elements) are distinguished and together make up the depo-shape (i.e. the geobody).
(b) Geomorphic classification of a shelf reef  from the Great Barrier Reef. The first-order depo-shape is made

up of component depo-elements.

Fig. 5.  (a, above) Cartoon showing how depo-shapes (geobodies)  may occur in different patterns in map- and

cross- section view.  The three-dimensional spatial configuration of a depo-shape is controlled by both  physical
processes (Fig. 6) and sequence-stratigraphy (Fig. 7).    (b, below) Five classes for the spatial distribution of

geobodies can be distinguished (see text for details).
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changes in sediment supply and accommodation space
can control the depo-shape of an individual geobody
and also the spatial distribution of groups of geobodies
(Fig. 6). Growth, inter-growth and patterns of down-
or back-stepping (Fig. 7) may lead to distinct and
classifiable spatial configurations (Fig. 5). Local
controls determine the internal proportions (size of
depo-elements) and final geometry of the depo-shape
(e.g. Ginsburg and Lowenstam, 1958; Purser and
Evans, 1973; Tucker, 1985).

By analogy with the spatial constraints used to
classify clastic depositional environments, e.g. wing-
like extensions of sandstone bodies (Surlyk, 1987) or
crevasse-splays of channels, a set of rules is proposed

here for carbonates. For example, spill-over lobes
are attached to an adjoining geobody such as a
carbonate shoal (Fig. 8); and spits are commonly
found at the tips of shoals or barrier reefs. The
pathways of sediment transportation provides a first-
order control on the spatial relationship of depo-
shapes.

A HIERARCHICAL DATABASE FOR
CARBONATE GEOBODIES: CARBDB

Reservoir modellers need data on carbonate
geobodies and this can be based on outcrop
observations, cross-sections, maps and conceptual

Fig. 6. Cartoons showing the physical processes controlling the growth and shape of a carbonate geobody.  The
darker-grey regions correspond to zones of major carbonate production, whereas the paler-grey areas

correspond to areas  dominated by carbonate debris. External factors (hydrodynamic processes, wind,
topography and gravity) control the growth of carbonate-producing organisms as well as the distribution of the
debris (c.f. Ginsburg and Lowenstam, 1958; Purser and Evans, 1973; Tucker, 1985).
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diagrams. Databases on complex topics have progressed
in recent years from simple data accumulations to
knowledge management systems (Alavi and Leidner,
2001). Carbdb is a tool for an interdisciplinary audience
of reservoir modellers which can capture data on depo-
shapes, manage it and retrieve relevant case studies
rapidly with an intuitive visual search mask resembling
the hierarchical classification scheme (Fig. 9). Carbdb
was developed as a web-application which allows users
to work simultaneously from different locations. Other
benefits of web-applications are a reduction of the
software requirements of the user’s machine to a simple
web browser. Since the programme and the database
reside in a single server, users are able to work with the
latest version of the software and the data with no
updates necessary. “Web 2.0” developments have
facilitated user contributions and interactions (O’Reilly,
2005) and these methods are now available for scientific

applications (e.g. Henning and Reichelt, 2008;
Ullrich et al., 2008; Sinha et al., 2010) and to
industry (McAfee, 2006). These techniques have
been incorporated to involve the user through tags
and comments, and by interlinking items and
uploading material. The Carbdb system has been
set up using non-proprietary and standardised data
formats and runs on Free and Open Source
Software in order to ensure the long-term
compatibility and sustainability of the system (e.g.
Hall, 2010). The system set-up is based on the server
edition of Ubuntu and is commonly referred to as
LAMP (Linux, Apache, MySQL, PHP). The
programme itself is written in PHP. The data in the
form of variables resides in the MySQL database,
whereas binary objects (e.g. images, PDF documents)
are stored separately. A more detailed technical
description is beyond the scope of this paper.

Fig. 8. Cartoon diagrams illustrating that carbonate geobodies are biological build-ups as well as physical

accumulations of carbonate particles. (a)  Diagram showing the spatial relationship between the producer /
source of the particles, the transport path and the final depositional body. (b) Diagram showing a typical spatial

configuration of carbonate geobodies which can be observed both in modern carbonate systems as well as in
the geological record.

Fig. 7. Sequence stratigraphic growth

patterns are generated by
fluctuations in sea level and the
carbonate growth rate. The

arrangement of the depo-shapes in
space may range from overlapping to

touching to separate. The triangle (a
lateral section) represents any of the

depo-shapes in Fig. 3 (figure modified
after Tucker and Wright, 1990).



56 Carbonate geobodioes: hierarchical classification and database

Fig. 9.  Visual search interface of the Carbdb database using the hierarchical classification scheme for quick

access to the stored case studies. Search criteria can be combined in an arbitrary fashion. Thus, it is possible for
example to search for “bar-shaped” depo-shapes in the open platform depo-zone and to constrain the results

to a particular geological time period.  Screenshot taken from a client workstation accessing Carbdb with
Mozilla Firefox on the Ubuntu operating system.
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Fig. 10. Example of a data-sheet in the Carbdb data base. Data on each case study is processed and prepared to

provide relevant information for reservoir modelling.  Additional information not presented on this page
includes: type of building organism, carbonate texture, and data from neighbouring case studies, classification

of spatial distribution, etc. Screenshot taken from a client workstation accessing Carbdb with Mozilla Firefox on
the Ubuntu operating system.
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Carbdb is designed to provide a geologic and
pragmatic user experience through hiding raw database
queries from the users and delivering an intuitive
usage. Carbdb guides the user through multiple
dialogues asking for the required data when new case
studies are captured (e.g. publications, outcrop
studies). Once the data resides within Carbdb, the
user can add images, drawings, maps, etc. to provide
new users of the data-set with a better understanding
of it. Each case study in Carbdb is presented in a
unified way to allow browsing and comparison of
depo-shapes (Fig. 10). The original data (e.g. in a
publication) remains attached to captured data,
allowing users to evaluate it in detail. While geologic
expert knowledge is required to understand, classify
and extract data from arbitrary sources, data handling
in Carbdb, such as data import and use of the stored
data (browsing, searching), does not require specialised
training. Currently, the database system holds more than
600 case studies relating to both ancient and modern
carbonate geobodies. Case studies in Carbdb that have
successfully served as analogues for modelling studies
may be improved by the uploading of outcomes, such
as property models and training images.

APPLICATION TO 3D RESERVOIR
MODELLING: A NEW WORKFLOW

A new workflow has been developed in which the
hierarchical classification and its implementation in
the database was applied to reservoir modelling. This
section focuses on modelling at the level of depo-
zones and depo-shapes using multiple-point statistics
(MPS). Following an introduction to MPS, the
workflow is described and illustrated. Although the
workflow is applicable to any kind of property
modelling, we consider MPS as the most appropriate
of the stochastic algorithms available as it facilitates
the import of geological concepts – from Carbdb or
from any other source.

Multiple-point statistics (MPS) is a stochastic
modelling approach which combines the strengths of
both pixel-based and object-based techniques (Daly
and Caers, 2010; Caers and Zhang, 2002). Falivene
et al. (2006) provided a comparative overview of
stochastic algorithms including MPS. MPS acquires
information about depositional geometries from
training images. A training image is a three-dimensional
conceptual representation of an assumed depositional
pattern. While simulating the depositional patterns
derived from the training image, MPS also honours
hard data derived from wells. MPS is also able to
integrate “soft” data such as three-dimensional
probability models. Building training images manually
(e.g. interactive facies modelling) is time-consuming
and may violate geostatistic principles as demanded

by MPS based on the SNESIM algorithm (Strebelle,
2002). However, specialized software can be used
for the rapid, automated generation of training images
based on the desired parameters, e.g. TiGenerator
(Maharaja, 2008) a plug-in to SGeMS (Remy et al.,
2009). Object-based simulators which are present in
most reservoir modelling software can also be used
to generate training images. Inputs for such software
can be delivered by the Carbdb database.

MPS permits the simulation to be conducted in a
hierarchical manner. A reservoir can be divided into
depo-zones and a different training image may be used
for each region (Zhang, 2008). The training image
contains the depo-shapes, their depo-elements and
their component depo-facies. MPS allows the same
facies type present in different training images to
connect across the boundaries between depo-zones.
This is of particular advantage when adjacent depo-
zones share one or more facies types.

The modelling workflow is shown in Fig. 11 and
comprises the following general steps. The steps may
vary depending on the requirements of the individual
reservoir model.

Step 1: Evaluate the available information on the
reservoir/case to be studied and modelled, including:
data (wells, seismics, etc.), interpretations and
conceptual considerations. Use this knowledge to
identify and classify geobodies according to the
classification scheme;

Step 2: use information on classification from Step
1 to find matching case studies in Carbdb with
quantitative data;

Step 3: upscale well logs (if available);
Step 4: add additional hard data;
Step 5: build training-images in a hierarchical

fashion (using data from step 2) comprising depo-
shapes, depo-elements, and depo-facies;

Step 6: build depo-zones;
Step 7: create probability models;
Step 8: create properties for rotation and scaling;
Step 9: run the simulation, integrating the results

of steps 3-8.

The workflow for modelling a reservoir begins
with a hierarchical classification of the available data
(Fig. 11). This ordered information is then used to
interrogate the Carbdb database. The hierarchical
search functionality gives quick access to relevant
case studies containing quantitative data. Both the
available information and the data from the database
are used to prepare the MPS simulations in a
hierarchical fashion: depo-shapes and subordinate
elements are represented in the training images, and
the training images are assigned to the appropriate
depo-zones which in turn build the reservoir.
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Fig. 11. Conceptual diagram of the hierarchical approach to the three elements of the workflow: classification,
database and modelling. Grey pathway: in the modelling workflow, the classification is used to find and transfer

data from analogues to the reservoir. White pathway:  the classification is likewise used to classify and store
data about analogues in the database.
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The depo-zones can be built either in a deterministic
or a stochastic way. Facies probability models control
the location of individual facies. They can be derived
from seismic data, palaeo-topographic/bathymetric
data, or from the conceptual depositional model. The
facies probability models do not have to be co-located
with the depo-zones. In this way, facies trends
extending across multiple zones can be realized.

WORKFLOW DEMONSTRATION:
A CRETACEOUS CARBONATE PLATFORM

In order to illustrate the transfer of qualitative and
quantitative data from the Carbdb database to a
modelling case study, publicly available data was used
from an outcrop in southern France. This outcrop

analogue comprises a Cenomanian (shelf type)
carbonate platform which can be subdivided into three
depo-zones: open platform, slope and basin (Fig. 12).
Detailed studies of this outcrop have been published
(e.g. Philip, 1993; Gari, 2008). Carbdb was used to
retrieve data on appropriate depo-shapes for each zone.
In the open-platform environment, rudist reef mounds
can be expected to occur (Carannante et al., 2007).
These reef mounds occur irregularly in patches.
Debris and breccia from these rudist reefs was
transported downslope, leading to the formation of
lobes and fans of resedimented debris (Bourchard,
1986). The lobes extend across two depo-zones from
the slope into the basin. Mound shapes have also been
observed, but have a more arched character than the
up-slope rudist mounds, and are bigger in size. Their
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origin is a matter of debate (Fouilhe, 2001;  Dovera et
al., 2006; Gari, 2008). For the purpose of this
workflow, it is only important that a depo-shape with
different characteristics (geometry, dimensions) is
introduced for the slope zone.  The inventory of depo-
shapes for this demonstration comprises:

• “Mound” deposhape;
Rudist mounds in the depo-zone “open platform”;
Mound shapes in the depo-zone “slope”;
• “Fan” deposhape in the depo-zones “slope” and

“basinal”.

According to the hierarchical scheme, the full
classification proceeds as follows:

depo-time: Cenomanian;
depo-system: shelf:
depo-zone: open platform;

depo-shape: mound;
depo-zone: slope;

depo-shape: mound, fan;
depo-zone: basin;

depo-shape: fan.

Building the reservoir model with MPS consists
of the following steps (Fig. 13):

 (i) create a training image for each of the three
depo-zones with data from the Carbdb database; (ii)
simulate the transitions between the depo-zones with
“Truncated Gaussian Simulation with Trends”
(TGSwT); (iii) build facies probability models based
on conceptual considerations; and (iv) run the
simulation. For the purpose of this workflow
demonstration, the simulations were not conditioned
to any hard data.

Firstly, the database is queried for data to build
the training images (Fig. 13a). As the available data
has been classified, the visual search mask of Carbdb
can be used to find case studies matching these
criteria. For instance, the combination of “Cretaceous”
plus “shelf” plus “open platform” plus “mound shape”
will bring up results which are classified accordingly.
The depo-shapes for the other two depo-zones were
extracted from Carbdb in the same way. Outcrop
photographs and interpretations derived from the
literature via the database portray the geometries and

Fig. 12.  An outcropping Cenomanian carbonate patform  in Southern France was used to demonstrate the
application of the hierarchical classification and the database to reservoir modelling. The location and extent of

the depo-zones is based on work by Philip (1993) and Gari (2008).
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dimension of the mounds and show the development
of mound complexes. Different types of two-
dimensional data (e.g. cross-sections, maps) have
different orientations and allow the three-dimensional
shape of the mounded bodies to be inferred.

With this information concerning the geometry and
dimensions, the next step is to build the three-
dimensional training images (Fig. 13b). Because each
of the three depo-zone hosts one training image, three
training images were built:

(A)  open-platform depo-zone: rudist reefs form
mound-like depo-shapes and overlap in some areas;
the training image aims to resemble this geological
concept. The depo-shapes in the training-image
overlap and may form areas where multiple mounds
accumulate;

(B) slope depo-zone: mound-shaped bodies and
fan-shaped lobes. The mound depo-shapes are not
overlapping. The lobes are assumed to surround the
mounds but not to cross-cut them. These
consideration were taken into account when generating
the training image;

 (C)  basinal depo-zone: only lobes are present in
this zone and the training image therefore only depicts
lobes. The lobes correspond to the lobes in training
image B.

Training image A was generated with TiGenerator
in SGeMS (Maharaja, 2008). The mound shapes in
training image B were generated with TiGenerator in
SGeMS, and the lobe/fan shapes were added with
object-based simulation in the reservoir modelling
software. Training image C was generated with object-
based simulation within the reservoir modelling suite.
The dimension of the cells in the training image grid
correspond to those used later in the simulation grid.
A training image with 125000 cells (50 x 50 x 50) has
proven to be adequate in the present case. Each of the
three training images is assigned to one depo-zone
(Fig. 13c). The width of the depo-zones and their
overall pro-/ or retrogradational shape is partly based
on previous work (Fig. 12) and is simulated with
Truncated Gaussian Simulation with Trends. Based
on the concept of complexes of depo-shapes caused
by antecedent topography in particular regions of the
reservoir, multiple three-dimensional probability
models (Fig. 13d) were generated to assist the location
of facies within the grid.

(1) A first probability model is prepared for the two
elements/facies forming the small mound shapes in
the open-platform depo-zone. Three areas of high
probability on the upper platform edge are defined with
a higher density of rudist mounds.

(2) The second probability model controls the two
elements/facies forming the mounds in the slope depo-
zone. Two somewhat larger areas of high probability
result in an accumulation of mounds with an area of

low mound density in between.
(3) The third probability model controls the lobe

shape present in the training images A and B (Fig.
13b) which are assigned to the slope and basin depo-
zones. A low probability suppresses the occurrence
of lobe shapes in the upper slope. The high probability
in the basinal area allows for a high abundance.

MPS integrates the training image and probability
models during the simulation. The final realizations
(Fig. 13e) show a close reproduction of the depo-
shapes from the training image, as well as the desired
accumulation in certain areas. Furthermore, in
comparison to the training image, an increase in
complexity is observed by amalgamation of single
shapes to complexes.

DISCUSSION

The methods introduced in this paper address the
import of geological observations into reservoir
property models. Deterministic as well as stochastic
reservoir facies modelling requires quantitative data
on carbonate geobodies. Data from analogue studies
to be used in reservoir modelling is available from
various sources including publications. However,
finding relevant case studies and extracting the
required data is time-consuming. The classification
for carbonate geobodies presented here allows
analogue studies to be classified and managed
efficiently,  including quantitative data. The subdivision
of depositional environments into their elements allows
the “building blocks” required as input for the
construction of reservoir facies models to be
identified. The classification scheme is not bound to
a database application but may be applied to any other
collection of analogue studies on carbonate geobodies.

The hierarchical classification has proven
applicable to most case studies. However, some
geobodies are situated between two classes of depo-
shapes. Examples would be mounds which are about
to amalgamate to mound ridges developing a bar
shape. Future use of the classification will show if
more classes are required or if, by contrast, some
classes can be removed from the scheme.

Managing hundreds of analogue studies with
Carbdb following the hierarchical classification
provides access to the data by geological means not
only by raw database queries. The introduction of
the new shape-oriented nomenclature is intended to
broaden the audience to include engineers and
geostatisticians. Further developments of Carbdb and
training image generating software could provide the
user with a seamless integration. As of now, unified
preparation of the data of analogue studies in Carbdb
allows the manual transfer of geological data to
training images to be compared and facilitated.
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Property modelling aims to populate the unsampled
space between hard data (e.g. wells) with geologically
meaningful depositional patterns. This can be done
either in a deterministic or stochastic fashion. The
presented workflow addresses both and promotes the
reservoir to be built in hierarchical fashion. Using the
same scheme for classification, management and
modelling of carbonate geobodies allows the rapid
transfer of quantitative data about depositional patterns
to reservoir models. Future porosity and permeability
models could be used to evaluate dynamic
characteristics of the facies model, e.g. depending
on different training images.

CONCLUSIONS

A hierarchical classification of carbonate bodies forms
the basis for the Carbdb database which includes some
600 entries on carbonate systems from outcrops, the
subsurface and modern environments. Carbdb has
been assembled in order to make available appropriate
analogues of carbonate reservoir bodies as input data
for static reservoir models. A workflow is proposed
for carbonate reservoir modelling drawing on the
Carbdb database and using multiple-point statistics
(MPS). This workflow offers the following benefits
to the reservoir modeller:

1. For each case to be studied, the hierarchical
classification offers a simple search function. The
classification starts with depo-time (i.e. age), depo-
system, depo-zone, then depo-shape, depo-element
and finally depo-facies. The advantage of this uniform
terminology is that it is not burdened with pre-existing
and often ambiguous definitions. The terminology is
intuitive and is intended to be comprehensible to both
the geoscience and engineering communities.

2. Quantitative data on relevant case-studies can
be retrieved rapidly from the database system. The
database is web-based and can be accessed by multiple
users simultaneously.

3. Training images for MPS can easily be generated
by using geometries, dimensions and distribution patterns
of geobodies from the Carbdb database.

4. Static reservoir models can also be built in a
hierarchical fashion. General models highlighting
depo-zones can be divided into their component depo-
shapes, depo-elements and depo-facies, depending on
the degree of detail required.

The workflow is illustrated with reference to an
application to a Cretaceous carbonate reservoir
analogue from southern France.
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