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Selected features of carbonate rocks based on the X-ray
computed tomography method (CT)

The paper presents possibilities of X-ray computed tomography (CT) application in view of representing selected features
of carbonate rocks in a CT image. 72 sections of drill cores, approx. I m long each, were selected for tomographic examina-
tions to obtain as reliable as possible results. The selected core material represents carbonate formations of various ages (from
Palaeozoic to Upper Cretaceous), originating from boreholes situated in the Carpathian Foreland area. The interpretation of
tomographic examinations was connected with a detailed sedimentological analysis of selected core sections, allowing to carry
out direct comparisons, which of studied features and to what extent have disclosed in the CT images, and also whether this
image can supplement or make the prepared descriptions more detailed. The presented information has a qualitative nature, i.e.
referring mainly to descriptive features of the analysed carbonate rocks. Because of a limited size of the paper we have focused
only on a few from numerous analysed features of carbonate rocks. The method of X-ray computed tomography (CT) can be
very helpful at the analysis of various carbonate rocks features, such as structural and textural features, biogenic structures,
porosity, and fracturing. It should be emphasised that this is a non-invasive method, providing a possibility to reproduce the
CT image in various directions, without the necessity of mechanical interference in the rock material, resulting in the core de-
struction. Mummified siliceous sponges were examples of biogenic structures, which were best reflected in formations, which
have been subjected to processes of selective dolomitization. In such type of carbonate rocks the sponge mummies were not
dolomitized, while the basic material of the background was dolomitized. A very good representation of the structure in CT
images was obtained for colonial hexacorals from the Scleractinia group, because many details of their skeleton structure are
noticeable. Contrary to siliceous sponges the structure of corals is preserved much worse in the case, when the studied depos-
its were subject to diagenetic processes (such as dissolution, recrystallisation, or dolomitization). In addition, the analysis of
various bioclasts, preserved in carbonate rocks, has shown a significant role both of the original mineral component building
the skeletal elements of organisms (aragonite, high-magnesium calcite, low-magnesium calcite), and of diagenetic processes
history, directly affecting the condition of those components preservation. Based on the analysed materials it was found that
porosity and fracturing are among best reflected features of carbonate rocks in the CT image. Open fractures, fractures filled
with anhydrite and fractures filled with clay-marly material are generally well reflected in the CT image. Instead, fractures
filled with calcite are variously recognisable, depending on the mineral composition of the rock background.

Key words: X-ray computed tomography, carbonate rocks, textural features, biogenic structures, porosity, fractures.

Wybrane cechy skat weglanowych w odwzorowaniu rentgenowskiej tomografii komputerowej (CT)

W artykule przedstawiono mozliwosci wykorzystania rentgenowskiej tomografii komputerowej (CT) pod katem odzwiercie-
dlenia wybranych cech skat weglanowych w obrazie CT. Do badan tomograficznych wytypowano 72 odcinki rdzeni wiertni-
czych o dlugosci ok. 1 m kazdy w celu uzyskania mozliwie najbardziej wiarygodnych wynikéw. Wytypowany materiat rdze-
niowy reprezentuje utwory weglanowe réznego wieku (od paleozoiku po gorng krede), pochodzace z otworéw wiertniczych,
zlokalizowanych na obszarze przedgorza i w podtozu Karpat. Interpretacje badan tomograficznych powigzano ze szczeg6lo-
wa analizg sedymentologiczng wybranych odcinkow rdzeni, co pozwolito na bezposrednie poréwnanie, ktore z badanych cech
i w jakim stopniu ujawnity si¢ w obrazie tomograficznym, a takze czy obraz ten jest w stanie uzupetnic lub uszczegotowi¢ wy-
konane opisy. Przedstawione informacje maja charakter jako$ciowy, tj. odnoszacy si¢ glownie do cech opisowych analizowa-
nych skat weglanowych. W zwigzku z ograniczong objgtoscig artykutu skoncentrowano si¢ jedynie na kilku sposréd wielu
przeanalizowanych cech skal weglanowych. Metoda rentgenowskiej tomografii komputerowej (CT) moze by¢ bardzo pomoc-
na przy analizie réznego typu ich cech, takich jak: cechy strukturalne i teksturalne, struktury biogeniczne, porowato$¢, szcze-
linowato$¢. Nalezy podkresli¢, ze jest to metoda nieinwazyjna, dajgca mozliwos¢ odtwarzania obrazu tomograficznego w roz-
nych kierunkach, bez koniecznosci mechanicznej ingerencji w materiat skalny, prowadzacej do niszczenia rdzenia. Sposrod
przeanalizowanych struktur biogenicznych uwage zwrécono na zmumifikowane gabki krzemionkowe, ktére w najlepszym
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stopniu odwzorowane zostaty w zapisie CT w utworach, ktore w trakcie diagenezy poddane zostaty procesom selektywnej do-
lomityzacji. W tego typu utworach mumie gabek nie ulegly dolomityzacji, podczas gdy masa podstawowa otaczajacego osadu
zostata zdolomityzowana. Bardzo dobre odzwierciedlenie struktury w zapisie CT uzyskano dla kolonijnych koralowcow sze-
$ciopromiennych z grupy Scleractinia, gdyz w obrazie tomograficznym dostrzegalnych jest wiele detali budowy ich szkieletu.
W przeciwienstwie do gabek krzemionkowych, struktura koralowcdéw zachowana jest znacznie gorzej w przypadku, gdy bada-
ne utwory poddane zostaty w wigkszym stopniu procesom diagenetycznym (takim jak rozpuszczanie, rekrystalizacja czy tez do-
lomityzacja). Ponadto analiza ré6znego typu bioklastow, zachowanych w skatach weglanowych, wykazata istotna role, zarowno
pierwotnego skladnika mineralnego budujacego elementy szkieletowe organizmow (aragonit, kalcyt wysokomagnezowy, kal-
cyt niskomagnezowy), jak rowniez historii procesow diagenetycznych, majacych bezposredni wplyw na stan zachowania tych
elementow. Na podstawie przeanalizowanych materialow stwierdzono, ze porowatos$¢ i szczelinowato$¢ sa jednymi z najle-
piej odwzorowanych w zapisie tomograficznym cech skat weglanowych. W obrazie CT na 0got w bardzo dobrym stopniu czy-
telne sa szczeliny otwarte, szczeliny wypetnione anhydrytem oraz szczeliny wypelione materiatem ilasto-marglistym. Nato-
miast szczeliny zabliznione kalcytem rozpoznawalne sa w roznym stopniu, w zaleznosci od sktadu mineralnego tta skalnego.

Stowa kluczowe: rentgenowska tomografia komputerowa, skaty weglanowe, cechy teksturalne, struktury biogeniczne, po-
rowatos¢, szczeliny.

Introduction

The X-ray computed tomography (CT), being the basic
research method used within this study, is an efficient tool to
analyse drill cores, ensuring a non-destructive testing of rocks
and illustrating their internal structure, with particular empha-
sis on sedimentation structures as well as on their pore struc-
ture nature. Other applications of X-ray computed tomogra-
phy method, which can be quoted based on the literature, in-
clude selecting sampling places on non-cut cores, assessment
of drilling fluid invasiveness in drill cores [4], assessment of
rocks structure anisotropy [45], analysis and spatial imaging
of rock environment pore structure [5], observation of rock
structure change during mechanical testing [42], and extru-
sion of brine by CO, injection [27].

Carbonate rocks are a group of rocks very difficult to inter-
pret due to a high variability of a number of parameters, such
as lithology, mineral composition, biogenic structures content,
texture, porosity, permeability, and others. The studies on cla-
stic and evaporate rocks by means of X-ray computed tomo-
graphy carried out under previous projects provided very good
results, allowing a moderately detailed description of many
diverse rock features [3, 47]. The computed tomography me-
thodology, because of its specific nature of density diversifi-

cation determination for a rock medium, has a high potential
to obtain better resolution with respect to certain features, di-
rectly invisible in the core (e.g. due to a homogeneous colo-
ur of the deposits). This method allowed also to make the in-
terpretation results of micro imager XRMI™ more detailed,
providing a possibility to interpolate individual features onto
non-cored sections of the profile [47].

On the basis of obtained results of computed tomography
application it is possible to state that this method can be very
helpful when analysing various features of carbonate rocks
(such as biogenic and sedimentation structures, studies on the
spatial system of fractures network), in particular in the case,
when only the archive part of core is available. Because this
is a non-invasive method, providing a possibility to reprodu-
ce the CT image in various directions, without the necessity
of mechanical interference in the rock material, resulting in
the core destruction.

The realization of the X-ray computed tomography befo-
re halving the core can be very useful for the core documen-
tation and archiving. The tomographic examination allows to
preserve a complete image of the core, which later on can be
used for various analyses and interpretations.

Methodology

Methodology details of drill cores examination by me-
ans of X-ray computed tomography (CT) were presented in
the paper by Wolanski et al. [47]. The measurements result
directly in obtaining three dimentional image of the core in
the greyscale. Light colours of the image correspond to core
fragments with a high X-ray absorption (density), and the
dark colours of the image correspond to areas of low ab-
sorption (density).
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The core material, studied by the authors of this paper, fe-
atured a very high diversity in lithofacial terms. The results
of studies are presented mostly on unified patterns, containing
a photography of the analysed core section, CT reconstruction
using the greyscale and colour scales (selected from the fol-
lowing colour scales of the ImagelJ application: blue orange
icb, ICA, Red Hot, and HiLo), so as to represent as good as
possible individual described features of the examined rocks.
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Analysis of reconstruction possibilities for selected carbonate rock features based
on the tomographic scan

Stylolites

Stylolites are textural elements in the form of uneven sur-
faces which observed in a vertical cross-section have a sha-
pe of a serrated, prismatic or wavy seam, thickened with an
clay coat or interlayer [37]. They originate as a result of se-
lective dissolution of carbonates under the increasing overbur-
den pressure (chemical compaction). The amplitude of stylo-
litic seams can vary, from a few millimetres to 5+6 cm [18].

In the studied examples the stylolitic seams were recorded
generally quite well in the CT image and were easily identi-
fiable, mainly due to the concentration of clay minerals on
their surface. An example of a typical image for stylolites is
presented in Figure 1. Figure 2 presents a stylolite image in
a cross-section.

pelitic limestons of nodular nature

sedimentological interpretation: ith fiaser badding

core
photo

CT image

colour scale
blue orange ich Red Hot

CT image
interpretation

greyscale |

+ flaser (changing locally to wavy)
lami in pelitic li
clearly emphasised
in the CT image;
+ moreover well visible stylolites

B W stylolitic seams

<@ flaser bedding

Fig. 1. CT image interpretation for a series
of pelitic limestones with stylolites

Fig. 2. An example of stylolitic seams in the CT image
(cross-section); A —using the greyscale, B — using the blue
orange icb colour scale

Dolomitization

Dolomitization is a process of partial or total calcium car-
bonate (calcite) transformation into calcium and magnesium
carbonate (dolomite), proceeding most often as a result of the
action of solutions enriched with magnesium ions. Dolomiti-
zation effects were among the most frequent diagenetic pro-

cesses, which were diagnosed in studied formations, and the-
ir intensity was highly diversified. Such processes have fre-
quently a selective nature, consisting in dolomitization of
only certain parts (of various ranges) of the profile. The Up-
per Jurassic rocks presented in Figure 3 are an example of
such selective dolomitization. The X-ray computed tomogra-
phy images analysis can help in the assessment of dolomitiza-
tion degree, because it allows to distinguish the parts of profi-
le characterized by smaller and higher dolomitization intensity
(Figure 3). However, more intense dolomitization results usu-
ally in erasing the original structural features of a carbonate
rock, which become almost illegible in the CT image.

limestone - dolomitic

sedimentological interpretation: :
series

CT image

colour scale
Red Hot

core

CT image
photo

interpretation

reyscale
HiLo blue orange ich

+ zones of diversified
dolomitisation degree
very well represented

s in the CT image

<e= zones of greater dolomitisation
degree — darker colours in individual|
colour scales;

<= zone of smaller dolomitisation
degree - lighter colours in indivi
colour scales

<= relict retained traces of original
bedding

Fig. 3. CT image interpretation for a limestone-dolomitic series

Porosity and cavernosity

The term of porosity is usually understood as a rock pro-
perty, manifesting itself by the existence of void spaces wi-
thin its volume. Porosity is normally defined as a coefficient,
as a ratio of total pores volume to the total volume of a rock
sample. It can have original nature, related to the presence of
void spaces between or inside individual rock components
(e.g. growth-framework, interparticle, intraparticle porosi-
ty, etc.) or secondary nature, resulting from the influence of
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diagenetic processes or the activity of organisms (e.g. porosi-
ty originating from dissolution, dolomitization, boring orga-
nisms activity etc.).

The cavernous structure is most typical of dolomitic rocks
and originates usually as a result of selective dissolution of in-
dividual rock components (e.g. bioclasts) or in places of the
action of solutions resulting in dissolving some parties of car-
bonate rocks.

As detailed as possible characteristic of the pore space, as
the basic element deciding about reservoir properties of car-
bonate rocks, is now very important, both in petroleum explo-
rations and in geothermics. The method of X-ray computed
microtomography (micro-CT) can be one of methods to stu-
dy the pore space in rock samples, allowing to obtain a fully
three-dimensional image of pores [48, incl. references]. This
method is now frequently used to assess reservoir properties
of carbonate rocks, including in particular to study the pores
and fractures distribution, as well as to estimate both the po-
rosity and the permeability ratios [15, 16, 44, 49]. The proces-
sing of a 3D image enables to obtain various types of infor-
mation related to the internal structure of the studied sample,
such as the number and length of pores, their connections, di-
rections, and structure [7, 48].

Among the analysed core samples the attention was drawn
to a series of highly porous, and in places cavernous dolomi-
tes of the Upper Jurassic (Figures 4, 5). Porosity existing the-
re to is mainly secondary nature, developed via selective dis-
solution of bioclasts, including in particular shells of gastro-
pods existing in abundance in this interval, but also it is partly
the effect of dolomitization processes. It is possible to presu-

cavernous calcareous dolomites

sedimentological interpretation: with abundant malicofaina

CT image
colour scale

core

CT image
photo

interpretation

greyscale
HiLo

+ porosity and cavernosity
developed mainly through
Pt 4 o 6f biodl

(gastropod and bivalve shells)

— -cross-section A (Fig. 5)

— -cross-section B (Fig. 5)

Fig. 4. CT image interpretation for a series of highly porous
calcareous dolomites
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Fig. 5. Caverns created as a result of the dissolution of bioclasts
in the CT image (A, B — various cross-sections, see Fig. 4)

me that originally the internal chambers of gastropods shells
contained empty spaces, or were only partially filled with car-
bonate mud, which substantially increased due to proceeding
dissolution and dolomitization processes.

Porosity, originated as a result of dolomitization proces-
ses, perfectly illustrated in a tomographic image, is presented
based on a series of crystalline dolomites of the Upper Juras-
sic (Figure 6). The analysis of this image allows to conclude
that the secondary porosity was developing mainly along la-
mination surfaces, because zones of clearly increased porosi-
ty are distributed mainly along those surfaces and have hori-
zontal extent. An example of secondary porosity, developing

- - . - crystalline dolomites with relict
sedimentological interpretation: % inati

retained parallel |
core CT image CT image
photo greyscale | __colour scale interpretation

blue orange ich ICA

+ dolomitic formations nature
very well represented
in the CT image;

+ well visible parallel lamination,
locally emphasised by existence
of hydrocarbons;

+ perfectly represented system
of open fractures;

+ well visible zones of increased
porosity, related mainly
to dolomitization processes.

<= zones of increased porosity,
related to dolomitization processes

<= system of open fractures

Fig. 6. CT image interpretation for a series of porous dolomites
with relict retained parallel lamination

Fig. 7. An example of secondary porosity in dolomites,
developed along fractures; A — using the greyscale, B — using
the blue orange icb colour scale



along fractures, is presented on a cross-section (Figure 7), in
which it is clearly visible that zones of increased porosity are
situated mainly along one of several existing fracture systems.

Fractures and mineral fracture fills

Fracturing is a very important feature of carbonate rocks,
related to the existence within them, in natural conditions, of
discontinuities (fractures) systems. The most generalised ap-
proach, taking into account the fractures genesis, distinguishes
fractures of tectonic origin, diagenetic fractures, and thermal
fractures. Currently there is a series of more detailed divisions
of fractures, distinguished due to various criteria [vide e.g.
14, 35]. Fracturing is that important factor because basically
almost all carbonate collectors are of a fracture or fracture-po-
re nature [11, 13, 19, 20, 29]. In addition, as a result of the so-
lutions influence, utilising fracture systems existing in carbo-
nate rocks, at the stage of epigenesis the development of dis-
solution and late cementation, and even metasomatic proces-
ses frequently takes place. Such processes occur under con-
ditions of increased pressure, and frequently also at relative-
ly high temperatures.

Carbonate rocks, originating from the uppermost part of the
Upper Jurassic formation, presented in Figure 8, are an exam-
ple of expanded fractures system (mostly open, and in places
filled with calcite) existence. Hydrocarbons shows in the form
of heavier petroleum fractions residues are present inside frac-
tures. The described fractures system was very well represen-
ted in the tomographic image, based on which it is possible to
assess the degree of filling with calcite cement.

CT image
colour scale
Red Hot

blue orange ich

Fig. 8. Expanded fractures system (mostly open, and in places
filled with calcite) in dolomitic limestones; arrows show
hydrocarbon shows, visible on fracture surfaces, in the form
of heavier petroleum fractions residues

Figure 9 presents a system of fractures, mostly filled with
an clay-marly material, but also partly open or filled with cal-
cite. Open and clay-marly filled fractures are visible very well
in the tomographic image, while fractures filled with calcite
are basically unrecognisable.

artykuty

fractured pelitic limestones

sedimentological interpretation: with marly interbeds

core
photo

CT image
colour scale

CT image
interpretation

greyscale |

+ marly interbedding well
identifiable in the CT image;

+ system of fractures (open
or filled with clay-marly material)
in various directions,
also well represented
in the CT image

© marly interlayer
open fractures

<<= fractures partly or entirely
filled with clay-marly material

Fig. 9. CT image interpretation for pelitic limestones with
an expanded system of fractures, partly open, and partly
filled with a clay-marly material

The presented study comprised also the analysis of exam-
ples of anhydrite existence in carbonate formations. Anhydri-
te in carbonates is most often encountered in the form of ce-
ments, filling voids (e.g. fractures) existing within the rocks.

A complicated system of fractures, to a large extent fil-
led with anhydrite cement, was found in Devonian dolomi-
tes (Figures 10, 11). A complicated system of mineral veins
and pocket-type concentrations of anhydrite was perfectly
represented in the CT image, which is result of density dif-
ferences between dolomite and anhydrite. In the described
formation also smaller open fractures are very well visible,
which locally create a dense network of branching fractu-
res, perfectly visible in cross-sections perpendicular to the
core axis (Figure 11).

CT image

Red Hot

core

greyscale

Fig. 10. CT images of dolomites with numerous veins
and pocket-type concentrations of anhydrite (white or light-
yellow on the CT image) and with open fractures (black
on the CT image); A and B — location of cross-sections
presented in Fig. 11
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Fig. 11. Dolomites with anhydrite veins and with a network
of open fractures (A, B — various cross-sections, see Fig. 10)

Skeletal components of organisms
Siliceous sponges

Sponges are an important group of rock-forming organi-
sms, widely encountered in carbonate formations from vario-
us stages and epochs. Their largest accumulations are related
to the Upper Jurassic carbonate formations, where they con-
stituted one of basic groups of organisms forming the skeletal
mass of organic buildups [e.g. 1, 12, 21, 22, 28, 39].

A siliceous skeleton can be produced by sponges belon-
ging to two different classes: Demospongiae and Hexactinel-
la, where Hexactinella skeletons feature a higher silica con-
tent than skeletons of the majority of siliceous Demospon-
giae (except for lithistids) [40]. As fossils the siliceous spon-
ges are preserved in a calcified form, as so-called ‘mummies’
[17, 23], originating from the decomposition of the soft tis-
sue of sponge body, which is replaced with carbonate micri-
te [2]. Such micrite is referred to as ‘container organomicrite’
[30, 31]. Siliceous spicules of sponges are most often entire-
ly dissolved and replaced with calcite or dolomite. Quite nu-
merous epifaunal organisms (such as bryozoans, corals, poly-
chaetes, bivalves, numerous incrusting microorganisms) exist
usually on the surface of sponge bodies [1, 38].

The scan quality of sponges structure in the CT image de-
pends mainly on the history of diagenetic processes affected
the studied sediments. In the limestones where sponge struc-
tures are well preserved and easily recognisable at the macro-
scopic description of drill cores (Figure 12), a uniform, nearly
structureless scan is obtained in the CT image, within which
it is not possible to distinguish any elements.

In other cases, in sediments that were macroscopically de-
scribed as dolomitic-marly limestones with intraclasts and ma-
crofauna, the sponge structures are also rather poorly recorded
in the CT image, however they are noticeable in the form of dar-
ker patches with some details of internal structure, characteri-
stic for sponges (Figure 13). Coral limestones exist in the same
core interval have been very reliably reproduced in the tomo-
graphic image. The structure of individual corallites as well as
details of skeletons are clearly visible (Figure 13). Mummified
siliceous sponges were best represented in the CT image in bio-
hermal sediments, which were subject to selective dolomitiza-
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core CT image
photo greyscale colour scale
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Fig. 12. Mummies of siliceous sponges (outlines on the core
surface) practically entirely invisible in the CT image

tion (Figure 14). This effect is most likely related to the fact that
sponge mummies are not subject to dolomitization, while the
background sediments are subject to this process. This pheno-
menon was observed inter alia by Vierek [41] in Upper Juras-
sic limestones in the Cracow region, and also described in deta-
il by Bodzioch [2] based on studies of Lower Muschelkalk car-
bonate deposits belonging to the Karchowice formation in the
Opole region. In accordance to the Bodzioch’s [2] interpreta-
tion, as a result of quick burying of a sponge body or of a large
mass of soft tissues and of epidermis, a specific anoxic micro-
environment forms in the deposit. First, as a result of soft tissu-
es decomposition, pyrite is crystallised and then, with depleting
amount of the soft tissue — micrite is precipitated.

dolomitic-marly limestones

sedimentological interpretation: with numerous intraclasts and macrofauna

CT image
greyscale | colour scale

core
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sty CT image

interpretation
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MYinterlayer of coralliferous biolithites
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structure

<= sponge 'mummies' record
in the CT image mainly in the form
of darker spots, frequently difficult
to distinguish from the rock
background

Fig. 13. CT image interpretation for a series of dolomitic-marly
limestones with colonial corals and mummified siliceous sponges



dolomitized

sedimentological interpretation: microbial-sponge biolithites
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interpretation
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Fig. 14. CT image of mummified siliceous sponges
in partly dolomitised spongy-microbial biolithites

Colonial corals

Corals constitute a group of marine organisms, diverse and
widely encountered in carbonate deposits, of high rock-forming
importance. Palacozoic corals represent two most widespre-
ad groups: tabulate corals (7abulata) and tetracorals (Rugo-
sa), which became extinct at the end of Permian [8—10]. Scle-
ractinia corals belonging to hexacorals (Hexacorallia) were
most widespread in Mesozoic [26, 32, 33]. Skeletal compo-
nents of contemporary Scleractinia are built of aragonite [25],
however Palacozoic Rugosa corals had originally calcite ske-
letons [6, incl. references], and the first occurrence of arago-
nite skeleton in such forms is known only from the late Per-
mian [8, 43]. Aragonite skeletons were possessed certainly by
the Triassic Scleractinia [36].

On the basis of carried out studies it is possible to state
that the quality of corals skeletal structure representation in
the CT image depends mostly on the preservation state of ori-
ginal carbonate formations structure, including in particular
on the history of diagenetic processes. Good effects, in terms
of structure representation, were obtained for hexacorals from
the Scleractinia group, which featured a slightly bigger dia-
meter of corallites, such as representatives of Montlivaltiidae
family (Figures 13, 15, 16). Many details of skeleton structu-
re, such as septa, size and general habit of corralites, are vi-
sible in the tomographic image of this group. The analysis of
cross-sections perpendicular to the colony growth direction,
provides further detailed information, in particular on indivi-
dual corralites habit, as well as on the way of their arrange-
ment and packing within the colony. This information can be
very helpful at the preliminary identification of analysed spe-
cimens, especially in the cases, where such elements are invi-
sible or poorly marked on the core surface.

In the case of more massive corals with integrated skeleton
and at the same time very small, sometimes even macroscopi-
cally non-distinguishable corallites (such as Microsolenidae),
it is possible to state that the obtained tomographic image is
definitely more uniform, or even adopts a structureless natu-
re (Figure 15). The difference in density between the coral li-

mestones and the background sediment causes that the mas-
sive corals structure can be clearly identified in CT image. In
such cases much better results are obtained based on the ana-
lysis of cross-sections perpendicular to the colony growth di-
rection (Figure 17).

CT image
colour scale

core
photo

greyscale

- cross-section D
(Fig. 16)

Fig. 15. Comparison of CT image for two groups of corals:
1 — corals from the Montlivaltiidae family, 2 — corals from
the Microsolenidae family

Fig. 16. CT image for colonial corals from the Montlivaltiidae
family (A, B, C, D — various cross-sections)

Fig. 17. CT image for a colony of corals; coral structure
is locally affected by dissolution processes; A — using
the greyscale, B — using the blue orange icb colour scale
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Summary and conclusions

The method of X-ray computed tomography (CT) can be
very helpful at the analysis of various carbonate rocks featu-
res, such as structural and textural features, biogenic structu-
res, porosity, as well as in reconstructing the spatial network
of fracturing. This is a non-invasive method, providing a po-
ssibility to reflect the CT image in various directions, witho-
ut the necessity of mechanical interference in the rock mate-
rial, resulting in the core destruction.

Among the studied biogenic structures the best results were
obtained for colonial corals. Mummified siliceous sponges were
best represented in the CT image in sediments, which were
subject to selective dolomitization, because sponge mummies
do not get dolomitized, while the background sediments are
subject to this process. Good results were obtained for hexa-
corals from the Scleractinia group with a slightly larger dia-
meter of corallites (e.g. corals from the Montlivaltiidae fami-
ly). Many details of the skeleton structure are visible in the
CT image. Contrary to siliceous sponges the structure of co-
rals is poorly visible in the case, when the studied formations
have been subjected to diagenetic processes (including in par-
ticular dissolution, recrystallisation, and also dolomitization).

The analysis of various bioclasts, preserved in carbonate
rocks, has shown a significant role both of the original mine-
ral component building skeletal elements of organisms (de-
pending on their systematic classifications as well as the age
and environment of deposition) and of diagenetic processes
history. The original mineral composition of skeletons of bio-
logical carbonate producers can vary depending on the se-
dimentation area. Generally aragonite and high-magnesium
calcite are more typical for carbonate shelves, while low-ma-
gnesium calcite is more typical for the open sea [24, 34, 46].

However, fossil carbonates are generally built of low-magne-
sium calcite due to the fact that aragonite and high-magne-
sium calcite are unstable.

Based on the analysed materials it was found that porosi-
ty and fracturing are among best represented features of car-
bonate rocks in the CT image. Open fractures as well as frac-
tures filled with anhydrite or with clay-marly material are ge-
nerally well reflected in the CT image. Fractures filled with
calcite are variously recognisable, depending on the mineral
composition of the rock background.

The realization of the X-ray computed tomography before
the core halving and dividing into archive and so-called ‘wor-
king’ parts can be very useful for the core documentation and
archiving. The process of the core halving and taking mate-
rial samples for laboratory studies brings about a possibility
of losing certain important pieces of information. Which is
especially important in the case of carbonate rocks. Carbona-
tes can feature a very high variability (vertical and horizon-
tal) even on a small core section (a few centimetres long). The
tomographic examination, carried out in appropriate time, al-
lows to preserve a complete image of the core, which later on
can be used for various analyses, interpretations and reinter-
pretations (including geophysical logs and borehole imaging).

The application of the described method can be especially
important for fractured carbonate formations. The drill core,
taken from this kind of rocks, very often breaks down into
small pieces. The description and interpretation of such core
material could be very difficult. The realization of tomography
at the stage prior to its halving, prevents the loss of important
information and can contribute to much better learning of the
structure and system of fractures.
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ZAKEAD SEJSMIKI

Zakres dziatania:

* interpretacja strukturalna i litofacjalna zdje¢ sejsmicznych 2D i 3D;

*  przetwarzanie danych sejsmicznych 2D/3D Prestack i Postack;

*  migracja sejsmiczna MGF-K w wersji Prestack i Postack w domenie czasu i gtebokosci
z uwzglednieniem anizotropii osrodka typu VTI, TTI, HTI;

* interpretacja strukturalna i litofacjalna pomiaréw sejsmicznych Prestack i Postack 2D oraz 3D;

*  przetwarzanie i interpretacja pionowych profilowan sejsmicznych PPS 1C, 3C;

*  budowa modeli predkosciowych na podstawie analiz danych sejsmicznych i geofizycznych
w domenie czasu i gtebokosci — konwersja czas-gtebokos¢, migracja gtebokosciowa;

* interpretacja danych sejsmicznych 3D-3C oraz pomiaréw sejsmiki otworowej PPS-3C;

*  konstrukcja maE powierzchniowych — czasowych i ﬁigbokoéciowych;

e zwiekszenie doktadnosci identyfikacji osrodka geologicznego poprzez modyfikacje charak-
terystyki widmowej zarejestrowanych danych sejsmicznych;

*  poprawa rozdzielczosci danych sejsmicznych Postack — dekompozycja spektralna;

*  wieloatrybutowa charakterystyka osrodka geologicznego;

e analizy sejsmiczne AVO, AVAZ;

e obliczanie inwersji symultanicznej oraz stochastycznej;

wykonywanie modelowania sejsmicznego;
identyfikacja anizotropii typu HTI w osrodku geologicznym przy uzyciu danych sejsmicznych i otworowych — okreslenie intensywnosci
oraz azymutu anizotropii;

*  obliczanie parametréw anizotropii typu VTI i HTI oraz okreslenie gtéwnych kierunkow szczelinowatosci na podstawie wieloazymutal-
nego pomiaru PPS 3C i seljsmiki powierzchniowej;

*  wyznaczanie poziomdw zfozowych (bright, dim oraz sweet spot?) na danych Prestack oraz Postack;

»  zastosowanie metod geostatycznych do konstrukgji statycznych i dynamicznych modeli zt6z weglowodoréw;

*  prognozowanie ci$nien porowych na podstawie danych sejsmicznych i geofizycznych.

P. o. Kierownika: mgr inz. Aleksander Wilk
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