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It has been in creas ingly real ised that geo log i cal stor age of CO2 is a pro spec tive op tion for re duc tion of CO2 emis sions. The
CO2 geo log i cal stor age po ten tial of sed i men tary bas ins with the ter ri tory of Slovakia, the Czech Re pub lic, Po land and the
Bal tic States is here as sessed, and dif fer ent stor age op tions have been con sid ered. The most pro spec tive tech nol ogy is hy -
dro dy namic trap ping in the deep sa line aqui fers. The uti li sa tion of hy dro car bon (HC) fields is con sid ered as a ma ture tech nol -
ogy; how ever, stor age ca pac i ties are lim ited in the re gion and are mainly re lated to en hanced oil (gas) re cov ery. Pro spec tive
res er voirs and traps have been iden ti fied in the Dan ube, Vi enna and East Slovakian Neo gene bas ins, the Neo gene
Carpathian Foredeep, the Bo he mian and Fore-Sudetic Up per Pa leo zoic bas ins, the Me so zoic Mid-Pol ish Ba sin and the
pericratonic Pa leo zoic Bal tic Ba sin.  The to tal stor age ca pac ity of the sed i men tary bas ins is es ti mated to be as much as
10,170 Mt of CO2 in deep sa line aqui fer struc tures, and 938 Mt CO2 in the de pleted HC fields. The uti li sa tion of coal seams for 
CO2 stor age is re lated to the Up per Silesian Ba sin where CO2 stor age could be com bined with en hanced re cov ery of
coal-bed meth ane. 
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INTRODUCTION

Most of the en ergy used to meet hu man needs is de rived
from the com bus tion of fos sil fu els, such as coal, nat u ral gas, oil 
shale, or shale gas which re lease car bon di ox ide into the at mo -

sphere. Ac cord ing to In ter gov ern men tal Panel on Cli mate
Change (IPCC, 2007), the an nual amount of CO2 trans ferred to
the at mo sphere and at trib ut able to hu man eco nomic ac tiv ity
equals 27 Gt; about 30% of 27 Gt is ab sorbed in land or in
ocean as, ac cord ing to IPCC, about 70% of this anthropogenic
CO2 is sup posed to re main in the at mo sphere. As a re sult of hu -
man ac tiv i ties, CO2 con cen tra tion in the at mo sphere has risen
from pre-in dus trial 280 ppmv to 396.8 ppmv by Feb ru ary 2013
and may reach 1100 ppmv by 2100 in a case con tin ued busi -
ness as usual sce nario (White et al., 2003; http://co2now.org/).
For the past de cade 2003–2012 the av er age an nual in crease is 
2.1 ppm per year, while the av er age for de cade 1993–2002 is
1.7 ppm per year (http://co2now.org/). In 2010, 33 Gt of CO2
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were pro duced glob ally (Pe ters et al., 2011). The at mo spheric
con cen tra tion of CO2, a green house gas, is in creas ing, caus ing
trap ping of so lar heat and sub se quent global warm ing (e.g.,
Hansen et al., 1981). Global warm ing stud ies pre dict that cli -
mate changes, re sult ing from in crease of at mo spheric con cen -
tra tion of CO2, will ad versely af fect life on Earth (Mac ken zie and 
Lerman, 2006). 

Car bon man age ment con sists of a broad port fo lio of strat e -
gies to re duce CO2 emis sions via CO2 cap ture and geo log i cal
stor age (CCS), en hanced ef fi ciency of power gen er a tion and
use, ap pli ca tion of low car bon fu els, and the em ploy ment of re -
new able en ergy sources (Lokhorst and Wildenborg, 2005). 

Car bon di ox ide is al ready be ing cap tured by the oil and gas
and chem i cal in dus tries. Once CO2 has been cap tured, it 
needs to be stored se curely for thou sands of years. CO2 has
been used for en hanced oil re cov ery (EOR) since the 1950s
(Crawford et al., 1963). Re search re lated to stor age of CO2 for
en vi ron men tal pur poses be gan only 10–15 years ago. CO2

stor age in geo log i cal me dia can be safely un der taken within na -
tional bound aries in most coun tries, thus avoid ing in ter na tional
po lit i cal is sues. Geo log i cal sinks for CO2 in clude de pleted oil
and gas res er voirs, unminable coal seams, and deep sa line po -
rous for ma tions. To gether, these can hold world wide hun dreds
to thou sands of gigatonnes of car bon di ox ide, and the tech nol -
ogy to in ject CO2 into the ground is well es tab lished. CO2 is
stored in geo log i cal for ma tions by a num ber of dif fer ent trap -
ping mech a nisms, with the par tic u lar mech a nism de pend ing on 
the for ma tion type (Bradley et al., 1991; Blunt et al., 1993; Win -
ter and Berg man, 1993; Bachu et al., 1994; Law and Bachu,
1996; Gunter et al., 1997; Herzog et al., 1997; Bruant et al.,
2002; Bachu and Ad ams, 2003; Pashin and McIntyre, 2003;
Lokhorst and Wildenborg, 2005).

The pres ent study has been per formed within the frames of
the EU GeoCapacity and CO2NET EAST pro jects sup ported by
the Eu ro pean Com mis sion’s 6th and 7th Frame work
Programmes (Willscher et al., 2007). Geo log i cal sinks po ten tially
suit able for CO2 stor age were eval u ated us ing a com mon ap -
proach. The re gion stud ied is one of the larg est CO2 pro duc ers
per ca pita in Eu rope. In the coun tries con sid ered, the sta tion ary
sources of CO2 that are listed in the Eu ro pean Un ion Emis sion
Trad ing Scheme pro duce 16.9% of Eu ro pean emis sions (year
2005). This av er ages 8.1 Mt CO2 per ca pita in 2007, with the larg -
est emis sions per ca pita re ported from Es to nia and the Czech Re -
pub lic – 15.2 and 12.1 Mt CO2 re spec tively, while Lat via and Lith u -
a nia ac count only for 3.4 and 4.5 Mt CO2 (World Bank Data,
http://data.worldbank.org/in di ca tor/ EN.ATM.CO2E.PC).

CO2 STORAGE TECHNOLOGIES

Var i ous types of for ma tions are con sid ered suit able for CO2

stor age, though the ma tu rity of dif fer ent stor age tech nol o gies
dif fers. The car bon di ox ide can be trapped in a geo log i cal for -
ma tion in the fol low ing ways:

– meth ane dis place ment in coal beds (Gunter et al., 1997;
Pashin and McIntyre, 2003);

– stor age in salt cav erns (Bradley et al., 1991);

– stor age in de pleted hy dro car bon res er voirs (Winter and
Berg man, 1993), in par tic u lar when ap ply ing the en -
hanced oil re cov ery tech niques (Blunt et al., 1993);

– stor age in deep sa line aqui fers through hy dro dy namic
trap ping (Bachu et al., 1994);

– min eral trap ping (Bachu et al., 1994; IPCC, 2005; Teir et 
al., 2010).

Se lec tion of a par tic u lar tech nol ogy de pends on geo log i cal
con di tions of the sink and  on  eco nomic fea si bil ity. In most of
sed i men tary bas ins, the traps in the deep sa line aqui fers rep re -
sent the most pro spec tive ap proach. Stor age in salt de pos its
and min eral trap ping are con sid ered to be still un eco nomic and
too lit tle stud ied, though the prog ress in de vel op ing those tech -
nol o gies is gen er ally en cour ag ing. Stor age of CO2 in coal
seams is an at trac tive method due to the pos si bil ity of ad di tional 
re cov ery of coal-bed meth ane com bined with CO2 stor age. It
should be, how ever, noted that coal stor age tech nol o gies are
still immature and not applicable at a commercial scale at
present. 

Stor age of car bon di ox ide in deep res er voirs, in clud ing hy -
dro car bon (HC) fields, is re garded as the most ad vanced tech -
nol ogy and is ready to use. 

REQUIREMENTS FOR GEOLOGICAL MEDIA

The hy dro dy namic trap ping of CO2 in deep sa line aqui fers is 
con sid ered as a nearly ma ture tech nol ogy and is the main
near-fu ture op tion for geo log i cal stor age of car bon di ox ide. The
pro spec tive for ma tions com prise wa ter-sat u rated po rous lay -
ers, at pres ent not used for any other pur pose. The high sa lin ity
ren ders the wa ter un suit able for use for drink ing or for ir ri ga tion. 

A num ber of pa ram e ters, such as pres sure, tem per a ture,
res er voir prop er ties and avail abil ity of traps de fine the stor -
age po ten tial of an aqui fer. De pend ing on the for ma tion pres -
sure and tem per a ture, CO2 can be stored as com pressed
gas or in super criti cal state (P > 73.8 bars, T > 31°C). At
depths greater than ~800 m the car bon di ox ide will be in
super criti cal state, which en ables its ef fi cient in jec tion and
brings ad van tages for both pipe line en gi neer ing and fill ing
the deep pore space. There fore, thermobaric con di tions of P
= 73.8 bars, T = 31°C are con sid ered as the lower limit for the
geo log i cal stor age of CO2. 

CO2 can be stored in struc tural and strati graphic hy dro dy -
namic traps. The ca pa bil ity of an aqui fer to trans fer and store
CO2 is con trolled by the depositional en vi ron ment, struc ture,
stra tig ra phy and pres sure/tem per a ture con di tions of a res er -
voir. Crit i cal fac tors for CO2 stor age in the deep sa line aqui -
fers are: 

– the re gional wa ter flow sys tem; 

– the thick ness, lat eral ex tent and con ti nu ity of the aqui fer; 

– the po ros ity, per me abil ity and ho mo ge ne ity of the aqui fer;

– the tight ness of the seal above the aqui fer, in clud ing the
faults that are po ten tial path ways for CO2 es cape to the
over lay ing res er voirs; 

– the ca pa bil ity of over bur den lay ers above the res er voir
seal to de lay or dif fuse leak age.

ASSESSMENT OF CO2 STORAGE POTENTIAL
 OF GEOLOGICAL SINKS

Dif fer ent ap proaches have been used to cal cu late the stor -
age po ten tial of deep sa line aqui fers, HC fields, and coal seams. 

In a sa line aqui fer, the pore vol ume avail able for CO2 stor -
age (the ef fec tive stor age ca pac ity) de pends on the geo met ric
vol ume of the struc tural or strati graphic trap down to the spill
point, as well as on its po ros ity, sweep ef fi ciency and the ir re -
duc ible wa ter sat u ra tion (CSLF, 2007):
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M A h S Seff WirrCO CO2 2
= ´ ´ ´ ´ ´ -j r ( )1 [1]

where: MCO2
– ef fec tive stor age ca pac ity; A – area of trap; h  – av er -

age thick ness of trap mul ti plied by the net-to-gross ra tio; j – av er -
age aqui fer po ros ity; r CO2

– CO2 den sity at sa line aqui fer con di tions;
Seff – sweep ef fi ciency (frac tion of porewater that can be re placed by 
in jected CO2); SWirr – ir re duc ible wa ter sat u ra tion.

Of the var i ous op tions for stor ing CO2, the use of de pleted
oil and gas fields has a num ber of at trac tions. These fields are
known to have held gases and liq uids for mil lions of years, and
their ge ol ogy is known. De pleted and semi-de pleted fields pro -
vide an op por tu nity for stor ing CO2. It is a proven tech nol ogy. In
the oil in dus try, CO2 flood ing has been used world wide as a
Ter tiary En hanced Oil Re cov ery (CO2-EOR) mech a nism for
about 40 years, par tic u larly for res er voirs with pres sures above
the min i mum mis ci bil ity pres sure where mis ci ble dis place ment
of the re sid ual oil by CO2 would oc cur. The stor age ca pac ity of
hy dro car bon fields has been es ti mated as sum ing 1:1 vol u met -
ric re place ment ra tio be tween hy dro car bons and CO2:

M URp BCO CO r22
= ´ ´r [2]

where: MCO2
 – hy dro car bon field ef fec tive stor age ca pac ity; r CO r2

 –
CO2 den sity at res er voir con di tions (best es ti mate); URp – the vol -
ume of proven ul ti mate re cov er able oil or gas; B – the oil or gas for -
ma tion vol ume fac tor.

In jec tion of CO2 into deep unminable coal seams is an al ter -
na tive op tion for geo log i cal stor age of CO2. Some seams al -
ready hold nat u rally oc cur ring car bon di ox ide. All coals have
vary ing amounts of meth ane ad sorbed onto pore sur faces. The
dif fer ences in ad sorp tion be hav iour of CO2 and CH4 can be
used for CO2 stor age with si mul ta neous pro duc tion of coal-bed
meth ane from seams that are con sid ered unmineable un der
ac tual tech ni cal or eco nom i cal con di tions. The pro cess is called 
en hanced coal-bed meth ane re cov ery (ECBM). Car bon di ox ide 
has a greater af fin ity to coal than meth ane. Coal can ad sorb ap -
prox i mately twice as much CO2 as meth ane. Some stud ies
have shown that this rate may be as high as 10:1 (Mazzotti et
al., 2009). One ton of coal can ad sorb about 30–35 m3 of CO2 at 
pres sures in ex cess of 5 to 8 MPa (Cook et al., 2000). One mol -
e cule of meth ane can be ex changed by 1.5 to 6 mol e cules of
CO2 de pend ing on the avail able pres sure (van Bergen and
Pagnier, 2001). Two pa ram e ters are im por tant for CO2-ECBM
po ten tial – the pro duc ible gas in place (PGIP) and the CO2 stor -
age ca pac ity, which is a func tion of PGIP, CO2 den sity and CO2

to CH4 ex change ra tio (ER). PGIP de notes the coal bed meth -
ane re serves for CO2-ECBM eco nomic use (it dif fers from reg u -
lar es ti ma tions of CBM re serves as sum ing the use of stan dard
pro duc tion mea sures). CO2 stor age ca pac ity (S) de notes the
amount of CO2 which re places the PGIP, to the ex tent spec i fied 
by the ER (hard coal usu ally has a ra tio of about 2; brown coal
and lig nite may have higher ra tios):

S = PGIP ´ CO2 den sity ´ ER [3]

The stan dard ap proach of cal cu lat ing PGIP es ti mates the
vol ume and mass of coal within a seam, tak ing into con sid er -
ation the meth ane con tent of the coal, the re cov ery fac tor and
the com ple tion factor:

PGIP = coal vol ume ´ coal den sity ´ CH4 con tent ´ 

com ple tion fac tor ´ re cov ery fac tor

[4]

The depth range cor re sponds to the super criti cal state of
CO2 and depths where suf fi cient data are avail able and/or suit -
able res er voir prop er ties occur.

CBM (and CO2) is trapped in coal in dif fer ent forms (Klibáni
and Nìmec, 2001), such as (1) gas sorp tion in micropores; (2)
gas sorp tion in meso- and macropores; (3) free gas; (4) gas dis -
solved in pore wa ter (Henry´s law). The first two mech a nisms
trap up to 90% of the to tal con tent of meth ane in coal seams.
The amount of ad sorbed gas in most of the coals is com monly
2.5–40 m3 per ton. 

CO2 STORAGE POTENTIAL 
OF SEDIMENTARY BASINS

VIENNA BASIN (CZECH AND SLOVAK PARTS)

The Vi enna Ba sin (Fig. 1) is a pull-apart fea ture that sub -
sided nearly 5.5 km. The ba sin is sub di vided tec toni cally into a
sys tem of horsts and grabens (Royden, 1985; Piller et al.,
1996). It was ini ti ated as a piggy-back depocentre on the Al pine
nappes in the Lower Mio cene. The es cape of the West ern
Carpathians trig gered the pull-apart mech a nism in late Early
Mio cene that also af fected the Dan ube Ba sin (dis cussed be -
low). Thus, the two bas ins shared a sim i lar sub se quent tec tonic
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Fig. 1. Pro spec tive aqui fers and es ti ma tions of CO2 stor age
ca pac ity per coun try (Mt CO2)

Dots – lo ca tions of pro spec tive stor age sites; BB – Bal tic Ba sin, CBB 
– Cen tral Bo he mian bas ins, CF – Carpathian Foredeep, DB – Dan -
ube Ba sin, ESB – East Slovakian Ba sin, MPB – Mid-Pol ish Ba sin,
VB – Vi enna Ba sin; con tours of aqui fers match ing hy dro static pres -
sure and tem per a ture con di tions for CO2 stor age (>7.8 MPa and
>31°C) are shown only; A, B, C – se lected struc tural traps
(white-black dots) in di cated in Fig ure 5



his tory. The syn-rift sub si dence was re placed by post-rift ther -
mal sag and ces sa tion of fault tec ton ics and sub si dence rate in
the Late Mio cene. Only in the east (e.g., Zohor–Plavecký
Mikuláš), sinistral transtension main tained rapid, fault-con -
trolled sub si dence of grabens. 

The Neo gene fill of the Vi enna Ba sin is com posed of
Eggenburgian to Pontian se quences that over lap the Al -
pine–Carpathian units and flysch nappes (Piller et al., 1996). 

The main pros pects of the Vi enna Ba sin are re lated to HC
fields. Some of the res er voirs are prac ti cally de pleted, es pe -
cially the shal low ones. Deeper struc tures in the Vi enna Ba sin
are still pro duc ing, as e.g., the res er voirs Hrušky (oil and gas),
Týnec (oil), Gajary (oil and gas) and oth ers. Most of the struc -
tures in the Vi enna Ba sin rep re sent tec tonic traps in the Neo -
gene sed i men tary infill (Pícha et al., 2006). Res er voir bod ies
are mostly rep re sented by Mio cene (Badenian, Sarmatian)
sand stones. Mio cene oil and gas ac cu mu la tions oc cur in the
depth in ter val of 150–2000 m. Res er voir rocks are sand stones
and con glom er ates (2–30 m, in some places up to 60 m thick).
Po ros ity of sandy lay ers ranges from 10 to 29%, per me abil ity
from 50 to 250 mD. The stor age ca pac ity of six teen ma jor hy -
dro car bon fields dis cov ered in the Slovakian and Czech parts of 
the Vi enna Ba sin is as high as 93.1 Mt CO2.

DANUBE BASIN

The Dan ube Ba sin is sit u ated in the SW part of Slovakia
(Fig. 1). To gether with the Vi enna Ba sin it rep re sents the north -
west ern part of the Pannonian Ba sin sys tem. The pre-Ce no zoic 
base ment is com posed of Austro-Al pine and Slo vak-
 Carpathian ter rains as well as of Transdanubicum in the
south-east (Rasser and Harzhauser, 2008). The depth of the
Dan ube graben ba sin ex ceeds 8.5 km. It was es tab lished as a
fault-con trolled rift ba sin ow ing to wrench fault ing in duced by
NW–SE com pres sion dur ing the late Early Mio cene. Pull-apart
depocentres opened in some parts of the ba sin (e.g., Blatná).
The extensional re gime was un sta ble. The ex ten sion di rec tion
changed to NW–SE in Mid dle Mio cene, which led to unroofing
of some base ment blocks and high ac tiv ity of N–S, NNE–SSW
and NE–SW strik ing, pre dom i nantly low-an gle nor mal faults.
The Pannonian and Pontian res er voir siliciclastics de pos its
(that ac cu mu lated along the north ern mar gin of Lake Pannon)
were de pos ited in the post-rift ther mal sag phase that sub se -
quently gave way to tec tonic in ver sion dur ing the Plio cene, in -
duced by SW–NE com pres sion, which, how ever, did not in ter -
rupt the sub si dence. In this case, the struc tural ex ten -
sion-to-com pres sion his tory re sem bles the tec tonic sce nario of
the Mid-Pol ish Me so zoic Ba sin. The struc tures, how ever, lack
ev i dence of salt tec ton ics; there fore the ge om e try of the struc -
tural traps is some what dif fer ent. 

Two pro spec tive large deep sa line aqui fers were de fined in
the geo log i cal sec tion of the Dan ube Ba sin (Fig. 2). The lower,
Pannonian for ma tion is com posed of sands, sand stones and
grav els, with sub or di nate clay in ter ca la tions (Hrušecký et al.,
1996). The depth of the for ma tion ex ceeds 3000 m in the cen -
tral part of the ba sin. The tem per a ture is in the range of
80–140°C. The youn ger, sandy Pontian for ma tion has more fa -
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Fig. 2. Geo log i cal cross-sec tion of Dan ube Ba sin (Slovakia)
(af ter Franko et al., 1995; with some mod i fi ca tions)

Lo ca tions of Neo gene bas ins of Slovakia and geo log i cal pro file
A–B (hatched line) are shown in the left cor ner of the fig ure; other

ex pla na tions as in Fig ure 1



vour able thick ness, depths, tem per a tures, and res er voir prop -
er ties (Franko et al., 1995). The av er age po ros ity of the
Pannonian for ma tion is 6%, while that of the Pontian for ma tion
is 12%. How ever, the Pontian for ma tion has a more com plex
syn-sed i men tary ar chi tec ture show ing a highly frag mented pat -
tern. Fur ther more, it un der lies an im por tant Qua ter nary drink -
ing-wa ter aqui fer that is con sid ered as a risk fac tor for CO2 leak -
age, as the ba sin is strongly faulted and fault seal ing po ten tial
has not been proven. 

Apart from sa line aqui fer struc tures, the HC fields might be
pro spec tive tar gets for stor ing CO2. The HC fields have been in -
tensely ex ploited. Pres ently there is the only one pro duc ing gas
field. The to tal ca pac ity of thir teen HC fields of the Dan ube Ba -
sin (Fig. 3) is as sessed at 9.9 Mt CO2, which is a neg li gi ble
amount from the emis sions re duc tion point of view. 

EAST SLOVAKIAN BASIN

The East Slovakian Ba sin, locked be tween the West ern
and East ern Carpathians, reaches 9 km in thick ness. The Neo -
gene sed i ments are up to 7000 m thick in the deep est part of
the ba sin (Fig. 1; Kováè et al., 2007). The Carpathian nappes
com pose the base ment of the ba sin. The tec tonic and struc tural 
style of the de pres sion changed in the course of ba sin his tory
(Kováè et al., 1995). Ini tial Lower Mio cene sed i men ta tion took
place in a forearc set ting and was sub ject to NE–SW com pres -
sion that fi nally led to frag men ta tion of the depocentre. The hor -
i zon tal com pres sion was as so ci ated with nor mal and strike-slip
fault ing. Up per Lower Mio cene sed i ments filled the pull-apart
de pres sions of the early rift ing phase. The pro spec tive

Sarmatian res er voir ac cu mu lated dur ing a backarc syn-rift
phase that was also marked by ex ten sive vol ca nic ac tiv ity. 

Shales and sand stones are the dom i nant lithologies. Two
pro spec tive sa line aqui fers have been iden ti fied. The lower,
Sarmatian aqui fer is com posed of pre dom i nant sand stones
characterized by good res er voir prop er ties. The for ma tion also
con tains im per me able claystones and volcanoclastic lay ers.
The thick ness of the Sarmatian sed i men tary fill var ies from 92
to 1030 m, but the av er age ef fec tive thick ness (res er voir lay ers) 
is only 127 m. The av er age depth of the Sarmatian aqui fer is
1050 m; the av er age po ros ity of the sand stones is 18%. The
sec ond, Pannonian sa line aqui fer com prises the lower part of
the Pannonian for ma tion. The aqui fer is com posed of basal
con glom er ates and sand stones about 25 m in thick ness; the
po ros ity av er ages 22%. The aqui fer is sealed by a thick
package of shales. Average aquifer depth is 794 m.

Some pro spec tive struc tures have been iden ti fied, such as
the Bzovik up lift, that can store 830 Mt of CO2 (Kuchariè, 2009).
The stor age po ten tial of the Dan ube and East Slovakian bas ins
re mains an ob ject of fur ther study due to in suf fi cient cov er age
by in dus trial seis mic pro files and drill ing; ac cord ingly, only a lim -
ited num ber of struc tures were iden ti fied in the aqui fers. As sum -
ing a the o ret i cal re gional stor age ef fi ciency co ef fi cient of 4%,
the re gional po ten tial of the Pannonian and Pontian aqui fers of
the Slovakian part of the Pannonian Ba sin is 1360 and 8165 Mt
of CO2 re spec tively. The ca pac i ties of the Sarmatian and
Pannonian aqui fers of the East Slovakian Ba sin are eval u ated
as high as 2940 and 416 Mt of CO2 re spec tively.

A num ber of HC fields were dis cov ered in the East
Slovakian Ba sin. Res er voirs are lo cated mainly in the Badenian 
and Sarmatian volcanoclastic sed i men tary for ma tions. The ca -
pac ity of nine ma jor HC fields of the East Slovakian Ba sin was
eval u ated at 49.9 Mt CO2.

CARPATHIAN FOREDEEP BASIN

The Neo gene Carpathian Foredeep rep re sents a nar row
de pres sion lim ited to the SE by the de formed Carpathian Flysch 
Zone. The autochthonous sed i men tary for ma tions com prise
im por tant oil and gas fields and large aqui fer struc tures. The
sed i ments fill ing the ba sin are of Eocene, Oligocene and Mio -
cene age. The av er age po ros ity of res er voir rocks is in the
range of 15–20% and the per me abil ity is 50–200 mD. Sev en -
teen po ten tially suit able deep sa line aqui fer sites were iden ti fied 
in the Czech part of the foredeep.

The Carpathian Foredeep com prises a num ber of hy dro car -
bon fields. Mio cene de pos its rep re sent the res er voir rocks. Six -
teen de pleted/de plet ing gas and oil fields have been eval u ated
for CO2 stor age, most of them of mod er ate size. Most of the HC
res er voirs are de pleted or al most de pleted (80–90%) and some 
of them have been trans formed into nat u ral gas un der ground
stor age sites (e.g., Dolní Dunajovice). 

In the Czech Re pub lic, the most im por tant pro duc ing oil and 
gas res er voirs are lo cated in the Carpathian Flysch Zone
(Hladík et al., 2008). In this area the pro duc tion lay ers are re -
lated to Ju ras sic and Car bon if er ous strata un der ly ing flysch
nappes. There are also some gas fields in Mio cene de pos its
(Ždánice area) and small oil res er voirs were dis cov ered in the
crys tal line base ment (Ždánice, Lubná–Kostelany). 

The stor age ca pac ity of the HC fields is very dif fer ent, rang -
ing from 4.17 Mt in the Uszkowce field to 244.6 Mt in the
Przemyœl field (Po land). The to tal stor age po ten tial of HC fields
was eval u ated at 434.6 Mt CO2, mostly in the Pol ish part, where 
they be long usu ally to the Carpathian Neo gene Foredeep zone
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Fig. 3. Hy dro car bon fields con sid ered for CO2 stor age



along the Carpathian Front con tain ing Mio cene res er voirs.
Some HC fields are re lated to the base ment of the foredeep
com pris ing Me so zoic and Pa leo zoic res er voir lay ers, es pe cially 
in the west ern part (Karnkowski, 1999).

CZECH CRETACEOUS BASINS

Czech Cre ta ceous bas ins com prise sev eral large aqui fers,
such as the Bo he mian Cre ta ceous Ba sin in cen tral and east
Bo he mia or the Ce no zoic and Cre ta ceous de pos its of south
Bo he mia com pris ing the Budìjovice and Tøeboò bas ins
(Malkovský, 1987). How ever, these bas ins are too shal low to
be con sid ered as pro spec tive for CO2 stor age. Fur ther more,
the Cenoman ian–Santonian de pos its of the Bo he mian Cre ta -
ceous Ba sin, one of the larg est de pres sions in the Czech Re -
pub lic, are im por tant ground wa ter res er voirs used for wa ter
sup ply and there fore are also un suit able for CO2 stor age.

UPPER PALEOZOIC BOHEMIAN BASINS

Up per Pa leo zoic bas ins, lo cated in the cen tral and north ern
part of the Czech Re pub lic and southwesternmost Po land, con -
tain pro spec tive Perm ian–Car bon if er ous for ma tions com pris -
ing deep sa line aqui fers of Early Car bon if er ous–Late Perm ian
age (Holub and Tásler, 1978). Two main fault sys tems de fine
the struc tural frame work of the bas ins. Faults that were ac tive
dur ing Late Pa leo zoic sed i men ta tion might have con sid er ably
in flu enced the lat eral lithofacies pat tern. NW–SE trending faults 
are most com mon. They show ki ne matic fea tures of nor mal
faults with some dextral strike-slip com po nent. This fault pop u -
la tion was re cur rently ac ti vated, es sen tially dur ing Cre ta ceous
Al pine compressional fault ing. The sec ond fault fam ily, strik ing
NE–SW, is also likely of synsedimentary or i gin. These are
mostly nor mal faults show ing off set am pli tudes of sev eral tens
to hun dreds of metres. The larg est am pli tudes are de fined in
mar ginal parts of the bas ins. The rel a tive ver ti cal dis place -
ments on these synsedimentary faults reach up to sev eral hun -
dreds of metres. An ex am ple of a large-scale bor der fault is the
Litomeøice Fault Zone. It was es tab lished in the Late Pa leo zoic
and was re peat edly ac tive dur ing the Cre ta ceous and mainly in
Ce no zoic times, when it rep re sented a part of the NE-trending
Eger rift com pris ing a sys tem of depocentres and a vol ca nic
range (a large Doupov stratovolcano emerged along this fault
zone, and partly cov ered the Žatec Ba sin). Post-vol ca nic hy dro -
ther mal ac tiv ity gave rise to sev eral ben ton ite de pos its as so ci -
ated with tuff de po si tion. 

The bas ins con tain large struc tures that might be pro spec -
tive for CO2 stor age. The Cen tral Bo he mian bas ins rep re sent a
chain of flu vial-lac us trine depocentres com pris ing sev eral pro -
spec tive aqui fers as well as coal-bear ing lay ers (e.g., Pešek et
al., 2001).

Only struc tures with fa vour able seal ing, suit able depth and
sig nif i cant pore vol ume were con sid ered for CO2 stor age. Al to -
gether, five po ten tially suit able struc tures were iden ti fied within
these basins. 

The Permian–Carboniferous Cen tral Bo he mian and Lower
Silesian bas ins are partly cov ered by thick (up to 900 m) sed i -
men tary units of the Bo he mian Cre ta ceous Ba sin. Res er voir
bod ies com prise mainly Up per Car bon if er ous (Westphalian)
sand stones sealed by Stephanian and Lower Perm ian shales.
The struc tures are of com plex ge om e try, and suf fi cient in for ma -
tion about their prop er ties is lack ing in most of the bas ins. The

as sumed po ros ity of aqui fers for cal cu lat ing CO2 stor age ca -
pac i ties was 15%. The as sumed av er age per me abil ity is in the
range of 1–80 mD. The the o ret i cal stor age ca pac ity of the Cen -
tral Bo he mian bas ins was as sessed at 471 Mt CO2. 

The Cen tral Bo he mian bas ins con tain coal fields that might
be con sid ered for po ten tial CO2 stor age (Fig. 4). The Slaný,
Peruc and Mìlník–Benátky fields have been eval u ated at a ba -
sin scale. 

UPPER SILESIAN BASIN

The Up per Silesian Coal Ba sin is a large and com plex
paralic-limnic sed i men tary struc ture that is lo cated in the
north-east Czech Re pub lic and south Po land. Coal seams oc -
cur here within Namurian and Westphalian sed i ments (Up per
Car bon if er ous) that have a po ten tial for CO2 stor age in coal
seams and for ap pli ca tion of en hanced coal-bed meth ane re -
cov ery tech nol o gies. It should be men tioned that coal min ing
meth ane (CMM) is ex ploited to gether with coal (usu ally at a
depth range of 300–1000 m), for safety rea sons in pro duc ing
col lier ies as a sec ond ary re source. The ma jor ity of CBM is,
how ever, pro duced from unmineable coal seams or from aban -
doned mines. For ex am ple, the pro duc tion of CBM from the
Czech part of the ba sin reaches 40 mil. m3 per year. 

For the pur poses of CO2 stor age, the un mined coal mea -
sures were con sid ered. Stor age ca pac i ties are based on es ti -
ma tions of pro duc ible gas in place (PGIP) cal cu lated for the fa -
vour able depth range. The to tal ef fec tive CO2 stor age ca pac ity
of 33 sites was as sessed as high as 469 Mt. Es ti mated stor age
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Fig. 4. Coal seams (black poly gons) and the o ret i cal CO2 
stor age ca pac i ties in coal per coun try (Mt CO2)



ca pac i ties of in di vid ual fields vary from 0.3 Mt (Moszczenica) to
46.1 Mt (¯ory-Suszec, both in Po land). The re gional stor age
ca pac ity at the depth range 1–2 km was assessed at 1254 Mt. 

FORE-SUDETIC MONOCLINE

The Fore-Sudetic Monocline rep re sents the west ern flank
of the larger Mid-Pol ish Me so zoic Ba sin. It con tains a num ber of 
HC fields (Fig. 3). There are nu mer ous gas fields sit u ated in the
Rotliegend and Zechstein de pos its. Due to its deep burial and
the Early Perm ian vol ca nic ac tiv ity, most of the Fore-Sudetic
Ba sin is overmature. In the HC area, two prin ci pal depositional
ep i sodes of Tri as sic–Ju ras sic and Late Cre ta ceous ages are
rec og nized. The res er voirs are usu ally com prised of flu vial and
ae olian de pos its of the Rotliegend and, es pe cially in the north -
ern part, car bon ates of Zechstein  (Karnkowski, 1999). 

The stor age ca pac ity of HC fields var ies from 2.4 Mt
(Gorzys³aw) to 91.9 Mt (¯uchlów). Most HC fields are de pleted
to over 90% of re serves, es pe cially the larg est ones.

The size of hy dro car bon fields is highly vari able. The Barn -
ówko–Mostno–Buszewo (BMB) struc ture of about 150 km2 in
size is the larg est oil and gas field de vel oped in Po land (Górski
et al., 1999); its stor age ca pac ity has been eval u ated at
34.2 Mt. To tal stor age ca pac ity of HC fields of the Fore-Sudetic
Monocline was as sessed as high as 240 Mt. 

MID-POLISH BASIN

The Mid-Pol ish Me so zoic Ba sin is one of the larg est sed i -
men tary depocentres in Eu rope (Dadlez, 2006). It com prises
large aqui fers of Early Cre ta ceous, Early Ju ras sic and Early Tri -
as sic age. Tec tonic anal y sis of the Mid-Pol ish Ba sin in di cates
an ini tial Late Perm ian–Early Tri as sic syn-rift phase with sub se -
quent extensional re ju ve na tion dur ing the Late Ju ras sic
(Stephenson et al., 1995) that cor re lates with in ten si fied rift ing
and wrench ac tiv ity within the Arc tic–North At lan tic rift sys tem
and along the north ern Tethyan mar gin (Stephenson et al.,
2003). In con trast, ac cel er at ing tec tonic sub si dence be gin ning
in the Cenomanian was a pre cur sor of compressional de for ma -
tion in the ba sin that cul mi nated in Al pine-re lated ba sin in ver -
sion dur ing the lat est Late Cre ta ceous and ear li est Ce no zoic. 

The Lower Cre ta ceous res er voir con sists mainly of
Barremian–Mid dle Albian sandy and car bon ate-sandy de pos -
its. They are sep a rated by se ries of low- and non-per me able
siltstones and mudstones. The Barremian–Mid dle Albian sand -
stones rep re sent a po ten tial res er voir for CO2 stor age. They are 
over lain by Up per Cre ta ceous lime stones and chalk char ac ter -
ized by low per me abil ity (Górecki, 2006). The to tal thick ness of
the Lower Cre ta ceous suc ces sion var ies from sev eral metres
at the pe riph eral zones of the ba sin to sev eral hun dred metres
(500 m) in the cen tre (Leszczyñski, 2012). The ef fec tive po ros -
ity is of or der of 20–40%. Pore wa ter sa lin ity at tains 100 g/l. 

Lower Ju ras sic aqui fers are pre dom i nantly com posed of
sand stones of Hettangian, Sinemurian, Domerian, Late
Pliensbachian and Late Toarcian age. They are sep a rated by
de pos its of low per me abil ity. The to tal thick ness of the Lower
Ju ras sic suc ces sion ranges from ~10 metres in the ba sin pe -
riph ery to 400–1200 m in the cen tre (Górecki, 2006). The best
prop er ties for CO2 stor age have been iden ti fied in the Up per
Toarcian and Lower Aalenian sand stones over lain by Up per
Aalenian shaly seal rock. The Up per Pliensbachian aqui fer is
sealed by Lower Toarcian shales. Com monly, the open po ros -
ity ranges from 15 to 20%. Pore wa ter sa lin ity reaches 200 g/l.

Mid dle Buntsandstein sand stones com pose the ma jor part
of the Lower Tri as sic aqui fer. They are sealed by Röt silty and
clastic-car bon ate-evaporitic de pos its re ferred to as the Up per

Buntsandstein. The to tal thick ness of the Lower Tri as sic unit
changes from sev eral tens of metres to over 1600 m (Górecki,
2006). The av er age ef fec tive po ros ity of aqui fer sand stones is
about 10%. The porewater sa lin ity of the Lower Tri as sic aqui fer
var ies from sev eral g/l in the mar ginal parts to over 350 g/l in the 
cen tral parts of the ba sin.

Nu mer ous tec tonic trap struc tures have been de fined in the
Me so zoic aqui fers, mainly re lated to salt struc tures. Some of
these may prove to be geo log i cal struc tures ad e quate for CO2

stor age. 18 pro spec tive lo cal anticlines and tec tonic grabens
have been ex am ined – 7 struc tures in Lower Cre ta ceous, 7
struc tures in Lower Ju ras sic and 4 struc tures in Tri as sic for ma -
tions. These rel a tively well ex plored struc tures likely com prise
only a part of stor age ca pac ity po ten tial of the ba sin which is still
be ing stud ied in new do mes tic re search pro jects. The stor age
ca pac ity of in di vid ual struc tures var ies from 64 to 575 Mt of
CO2. The to tal stor age ca pac ity of these 18 struc tures amounts
to 3522 Mt of CO2. This would  al low stor age  11-years’ CO2

emis sions from Po land (re fer ring to the emission level of 2004;
Tarkowski et al., 2008).

BALTIC BASIN

The Bal tic Ba sin is a part of the East Eu ro pean Plat form. It
com prises Lith u a nia, Lat via, Es to nia, the Kaliningrad Dis trict of
Rus sia as well as parts of Po land, Swe den and Den mark
(�liaupa et al., 2004, 2005, 2008). 

A num ber of large aqui fers have been iden ti fied within this
ba sin. How ever, ex cept for a very small part of the Me so zoic
Mid-Pol ish Ba sin lo cated off shore, only the sa line Cam brian
aqui fer matches the ba sic re quire ments for CO2 stor age
(�liaupa et al., 2008). The main de fi ciency of the other aqui fers
is the ab sence of struc tural traps that are large enough. 

The Cam brian res er voir rep re sents the base of the Bal tic Ba -
sin sed i men tary infill. The depths vary from out crops in Es to nia to 
more than 2 km in west Lith u a nia and 4 km in north Po land
(Podhalañska and Modliñski, 2010). The res er voir is com posed
of quartz arenites with sub or di nate siltstones and shales. The
thick ness of the aqui fer is in the range of 10–70 m (av er age
40–60 m). Po ros ity is 3–26%, de creas ing with depth. The Cam -
brian sand stones are con fined by a 200–2000 m thick Or do vi -
cian–Si lu rian shale pack age that en sures re li able seal ing of the
res er voir. Tem per a ture (>31°C) and pres sure (>7.8 MPa) con di -
tions fa vour able for CO2 geo log i cal stor age have been iden ti fied
in the south ern Bal tic Sea, the Kaliningrad dis trict, north east ern
Po land, cen tral and west Lith u a nia and Lat via. De tailed geo log i -
cal and geo phys i cal data, col lected dur ing ex ten sive oil ex plo ra -
tion in the past, has en abled iden ti fi ca tion of a num ber of lo cal
struc tures in the Cam brian res er voir. The main de for ma tion took
place dur ing the lat est Si lu rian–ear li est De vo nian that was in -
duced by dock ing of Laurentia to Baltica (Sliaupa et al., 2004).
They struc tures are, how ever, mostly of small size. For in stance,
only two struc tures in Lith u a nia have a stor age ca pac ity ex ceed -
ing 1 Mt (8 and 21 Mt CO2 re spec tively). 

The pro spec tive stor age area is con fined to cen tral Lat via
and the Lat vian off shore re gion. Six teen on shore and six teen
off shore large Cam brian struc tures, each with es ti mated stor -
age ca pac ity ex ceed ing 2 Mt CO2, have been iden ti fied in this
area (Fig. 1; Shogenova et al., 2009a, b). The av er age ef fec tive
po ros ity of Cam brian sand stones is 20–25%, per me abil ity
reaches hun dreds and thou sands of mD, min er al iza tion of
ground wa ter is 85–126 g/l and wa ter tem per a ture is 17–25°C.
Thick ness of the res er voir sand stones is 20–70 m (Shogenova
et al., 2011). The to tal ca pac ity of large struc tures is es ti mated
as high as 400 Mt of CO2 on shore and 300 Mt off shore, with the
po ten tial of the larg est up lifts reach ing 40–70 Mt of CO2. 
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The Bal tic Ba sin rep re sents a proven HC prov ince (Fig. 3).
In to tal, about 40 HC ac cu mu la tions have been dis cov ered
(Brangulis et al., 1993; Šliaupa et al., 2004). Most of them are
oil ac cu mu la tions, but off shore Po land, gas ac cu mu la tions oc -
cur as well. In the Kaliningrad dis trict, oil pro duc tion be gan in
1975. Cur rently 5–6 Mbbl/year are pro duced from the on shore
fields. Lith u a nian on shore oil pro duc tion started in 1991. It
reached its pro duc tion peak in 2004 with 2.8 Mbbl. There is light 
oil and gas pro duc tion in the Pol ish sec tor of the Bal tic Sea
(Pikulski et al., 2010). In the north ern part of the ba sin, there is
small-scale oil pro duc tion in Gotland. In Lat via, sev eral small oil
ac cu mu la tions have been dis cov ered. Only mi nor, brief oil pro -
duc tion took place in 1990. The oil and gas fields are gen er ally
small in size and most of them are de plet ing. There fore, the
EOR op tion is con sid ered as a pro spec tive CO2 ap pli ca tion
tech nique for the re gion. The net (and gross) CO2 vol umes re -
quired for EOR have been eval u ated. The to tal po ten tial of Lith -
u a nian oil fields is 4.3 (9) Mt CO2, Kaliningrad on shore 29.1 (58) 
Mt and off shore 7.7 (15) Mt, Pol ish off shore 7.4 (15) Mt. The
CO2 stor age po ten tial was eval u ated at 5.7 Mt in Lith u a nia, 26
Mt on shore Kaliningrad, 7 Mt off shore Kaliningrad, 7 Mt for Pol -
ish off shore oil fields and 16 Mt for gas fields.

In Pol ish part of the ba sin, ex clud ing seven known HC
fields, forty Cam brian traps of var i ous size have been iden ti fied
(Dom¿alski et al., 2004) as pro spec tive for hy dro car bon pros -
pect ing. The stor age ca pac ity of these struc tures have yet not
been as sessed but they might be com pa ra ble to those de -
scribed of Lat via. One prob lem might be in teg rity of the
caprock, be cause of lo cally in tense fault ing there.    

DISCUSSION

The pres ent study shows that the main po ten tial for geo log i -
cal stor age of car bon di ox ide emis sions in the coun tries con sid -
ered is re lated to deep sa line aqui fers. The sed i men tary bas ins
dis cussed are of very dif fer ent type, size and age that range
from Cam brian to Neo gene. De spite the con sid er able dif fer -
ences in geo log i cal evo lu tion, the stor age po ten tial fig ures eval -
u ated for particular basins are quite comparable. 

The pro spec tive traps iden ti fied at the first study stage of
deep sa line aqui fers are of ex plic itly struc tural na ture. Struc -
tures show very dif fer ent ki ne matic fea tures that re late to var i -
ous tec tonic types of the bas ins considered. 

The Bal tic Sed i men tary Ba sin rep re sents the larg est
depocentre among the bas ins ana lysed. Yet, the cratonic set -
ting of the ba sin re sults in only weak tec tonic struc tur ing of the
sed i men tary infill, ow ing to a me chan i cally strong litho sphere
(Ershov and �liaupa, 2000) and long dis tance to the tec tonic
stress source sys tems. Ac tiv ity of these sys tems is the prin ci pal 
rea son for the for ma tion of ma jor struc tural traps in the Bal tic
Ba sin. Due to low tec tonic forces and a stiff litho sphere, the
struc tures are gen er ally small in size. The am pli tudes of lo cal
up lifts are com monly in the range of 10–20 m. There fore, the
stor age ca pac ity of the struc tures iden ti fied is low and can not
be con sid ered as pro spec tive for CO2 stor age (�liaupa et al.,
2005). Only cen tral Lat via and the ad ja cent off shore area have
been sub ject to strong de for ma tion within the Liepaja–Saldus
Ridge, com pris ing lo cal up lifts of con sid er able size pro duc ing 
struc tures with high stor age ca pac ity (�liaupa et al., 2008). The
struc tures are clas si fied as transpressional fault-con trolled
anticlines (Fig. 5A). The re gion ally dif fer en ti ated de for ma tion
was re lated to vari a tions in the litho sphere strength of the ba sin. 
The more de formed cen tral Lat via is con fined to the lo cally

weak est and thick est (~60 km) part of the  Earth’s crust. There -
fore, only Lat via has a large stor age po ten tial, while other coun -
tries sit u ated within the Bal tic Ba sin are de void of pro spec tive
traps. 

The Mid-Pol ish Me so zoic Sed i men tary Ba sin is sit u ated in a 
dif fer ent tec tonic set ting, strad dling the zone where the East
Eu ro pean Craton and the youn ger West Eu ro pean Plat form 
are jux ta posed, i.e. the Teisseyre-Tornquist Zone (TTZ). The
TTZ rep re sents a pre-weak ened zone that is sen si tive to act ing
tec tonic forces. There fore, the ba sin in gen eral, and the tec tonic 
struc tures in par tic u lar, are of much larger mag ni tudes than
those of the cratonic Bal tic Ba sin. The Mid-Pol ish depocentre
was es tab lished in the Late Perm ian. Multiphase tec tonic ac tiv -
ity, chang ing from extensional to compressional re gimes, has
re sulted in the com plex ge om e try of the tec tonic struc tures
(Krzywiec, 2006). Fur ther more, they are as so ci ated with in -
tense salt tec ton ics (Fig. 5B). There fore, the struc tural traps
iden ti fied in cen tral Po land are of much larger size and have
larger stor age vol umes; some of them ex ceed more than
10-fold the size of the Lat vian struc tures. 

The sed i men tary bas ins lo cated south of the Bal tic and
Mid-Pol ish depocentres are of much smaller size due to tec -
tonic frag men ta tion. 

The tec tonic his tory was com plex in the Cen tral Bo he mian
Up per Pa leo zoic bas ins. The po ten tial sinks rep re sent largely
fault-bounded depocentres with a gen er ally flat ba sin floor. The
ba sin fill, ar ranged in a large brachysyncline su per im posed by
lower-or der brachyanticlines, is dis sected by nu mer ous faults
and associated structures.

The other group of small sed i men tary bas ins is rep re sented
by Neo gene extensional de pres sions com pris ing the Vi enna,
Dan ube and East Slovakian bas ins. They bear sim i lar i ties in
tec tonic evo lu tion, struc tur ing style and sed i men ta tion. Struc -
tures rep re sent ing se ries of extensional fault-blocks formed that 
are con sid ered pro spec tive for stor age of CO2 (Fig. 5C). The
sec ond im por tant res er voir of Pannonian age is rep re sen ta tive
of the post-rift sub si dence phase that was as so ci ated with tec -
tonic ex ten sion and fault ac tiv ity. As in the Dan ube Ba sin, the
East Slovakian de pres sion was sub ject to tec tonic in ver sion
and slight fold ing dur ing the Plio cene. 

A con flict of in ter ests should be noted. In this in stance, the
Dan ube Ba sin is the larg est res er voir of po ta ble wa ter in the
cen tral Eu rope. The sources are lo cated in the Qua ter nary
cover of thick ness of up to 500 m and in the up per part of the
Neo gene suc ces sion com pris ing Pannonian and Pontian aqui -
fers. Fur ther more, they con tain large sources of sa line geo ther -
mal wa ter at depths ex ceed ing 1500 m. At this depth, the av er -
age tem per a ture is about 60oC. It is es ti mated that the re cov er -
able amount of geo ther mal en ergy is 150 MWt across the whole 
ba sin (Franko et al., 1995). These is sues are rel e vant also to
other sed i men tary bas ins of sim i lar hydrogeological char ac ter -
is tics in Eu rope. The pri or i ties de pend on de vel op ment of en -
ergy sec tor, de mands on po ta ble wa ter, as well as CCS tech -
nol ogy prog ress.

An other type of aqui fer sink is re lated to foredeep bas ins lo -
cated along the north ern mar gin of the Carpathian orogen. A
num ber of pro spec tive struc tural traps have been iden ti fied in
the  Carpathian Foredeep, up to 40 km across, in the Czech Re -
pub lic. The ini tial re-collisional ba sin was es tab lished in the
Oligocene through to the early part of the Early Mio cene
(Nehyba and Šikula, 2007). The flex ural bend ing phase and de -
po si tion of a syn-orogenic clastic wedge started in the mid Early
Mio cene due to the on set of thrust ing in Carpathians. This cli -
maxed in the late Carpathian time and was fol lowed by Early
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Badenian postcollisional de po si tion. Foredeep sub si dence was 
as so ci ated with the on set of for ma tion of compressional struc -
tures, many of which are con sid ered to be pro spec tive for CO2

stor age in the Czech ter ri tory. The struc tural traps suit able for
CO2 stor age in south Po land were formed in a sim i lar tec tonic
set ting (Oszczypko, 1998; Oszczypko et al., 2006). Syn-sed i -
men tary faults con trolled the lat eral pat tern of lithofacies. The
fault ing was com plex in the foredeep, that shows both  flex ural
ex ten sion re lated to the Late Badenian–Sarmatian re ac ti va tion
of the base ment fault zones and thrust ing com pres sion. Proven 
struc tural traps are re lated to an ti cli nal bends com pris ing a pas -
sive-roof du plex, and to de tach ment folds above the roof
back-thrust (Oszczypko et al., 2006). Some pro spec tive struc -
tures are lo cated in the Me so zoic and Pa leo zoic base ment. 

The depths of po ten tial struc tural traps are dif fer ent in var i -
ous sed i men tary bas ins. The crit i cal min i mum depth is ap prox i -
mately 780 m – the depth at which CO2 can be usu ally in jected
in the super criti cal state that is im por tant for ef fi cient stor age
op er a tion. There is no max i mum depth limit; the deep est con -
sid ered struc ture in the study re gion is lo cated at a depth of
2,630 m (Fig. 6). Iden ti fied pro spec tive struc tures are lo cated
mainly in the depth range 800–1600 m (88%) with a peak at
depths of 1000–1200 m (40%). Such a shal low set ting of the
ma jor ity of the pro spec tive sites is largely re lated to the im pact
of depth (and tem per a ture) on the res er voir prop er ties of
siliciclastic de pos its, show ing a sys tem atic de creases in po ros -
ity and per me abil ity with depth. An es sen tial re quire ment for a
res er voir body is fa vour able petrophysical prop er ties, as high
gas in jec tion rates are re quired for ef fec tive op er a tion of CO2

stor age sites. 

Only siliciclastic res er voirs have been con sid ered in the
pres ent study. Em ploy ment of car bon ate res er voirs for CO2

stor age is still a mat ter of dis cus sions (e.g., Lagneau et al.,
2005; An dre et al., 2007). The sandy res er voirs con sid ered are
highly vari able in terms of min eral com po si tion (quarz arenites,
ar kos es, greywackes), sed i men tary en vi ron ment (con ti nen tal,
ma rine) and diagenetic at trac tion. For ex am ple, Cam brian, Ju -
ras sic and Cre ta ceous ma rine res er voirs of the Bal tic and
Mid-Pol ish bas ins are char ac ter ized by a gen er ally sim ple
syn-sed i men tary ar chi tec ture, while Perm ian–Car bon if er ous
and Neo gene con ti nen tal and ma rine de pos its in the south
show ing very com plex sed i men ta tion pat terns. The sed i men ta -
tion his tory ac cord ingly in flu ences the qual ity of a stor age site.
The range in po ros ity of pro spec tive struc tures con sid ered is
0.08–0.30 (Fig. 7). Most po ten tial sites (76%) have po ros i ties of
0.12–0.24. The range of per me abil ity is 10–1300 mD, mostly
50–300 mD (Fig. 7).

The stor age ca pac ity es ti mates of the po ten tial struc tures
iden ti fied de pend con sid er ably  struc ture size and res er voir
prop er ties. In most cases, the size of pro spec tive struc tures
iden ti fied ranges from small to me dium with an es ti mated stor -
age ca pac ity of 2–100 Mt of CO2 (Fig. 8). Only two struc tures
ex ceed ing 500 Mt were dis cov ered in the re gion. Such  small
struc tures re late pri mar ily to lim ited tec tonic ac tiv ity (e.g., the
Bal tic and Mid-Pol ish bas ins) and to the small size of sed i men -
tary bas ins, re sult ing in a frag men ta tion of depocentres (e.g.,
the Vi enna, Dan ube and East Slovakian bas ins). 

The al ter na tive stor age op tions re lated to uti li sa tion of HC
and coal fields are of con sid er ably lower po ten tial in the coun -
tries stud ied. The HC traps on cratonic Bal tic Ba sin are small.
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Fig. 5. Rep re sen ta tive struc tural traps 
of the Bal tic sed i men tary bas ins

A – Dobele; B – Pol ish (Dzierzanowo); C – east
Slovakian (Ptrukša); the ma jor sa line aqui fers pro spec -
tive for CO2 geo log i cal stor age are shown in grey; ori en -
ta tions of pro files are in di cated in Fig ure 1; struc tural
traps of the Bal tic Ba sin are re lated to re verse faults, a
com plex in ter play of extensional and sub se quent
compressional tec tonic forces su per im posed by salt
tec ton ics is typ i cal of the Pol ish Me so zoic Ba sin, while
extensional fault-blocks are typ i cal traps in the Dan ube
Ba sin
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Fig. 6. Depths and thick nesses of res er voirs of pro spec tive aqui fer struc tures

N – num ber of struc tures 

Fig. 7. Per me abil ity and po ros ity of pro spec tive res er voirs

Ex pla na tions as in Fig ure 6



Fur ther more, ex ten sive diagenetic ce men ta tion of Cam brian
sand stones and a pre dom i nance of frac ture-type res er voirs
makes it prac ti cally im pos si ble to ap ply ter tiary oil re cov ery us -
ing CO2. The oil fields of Po land, the Czech Re pub lic and
Slovakia show better res er voir prop er ties and are larger. There -
fore, CO2-EOR might be con sid ered as an at trac tive tech nique
for the hy dro car bon in dus try. Pi lot stud ies are re quired to dem -
on strate the ap pli ca bil ity of this tech nol ogy in these coun tries,
as only Hun gary and Croatia have ap plied this ap proach in Eu -
rope so far. On the other hand, HC fields of Po land, the Czech
Re pub lic and Slovakia are dom i nated by gas ac cu mu la tions,
while oil fields are scarce. There is no proven tech nol ogy de vel -
oped for en hanced gas re cov ery (EGR), there fore the pros -
pects of most of HC fields re main in ques tion (van den Burgt,
1990; Polak and Grimstad, 2009). Only a few HC fields are suf -
fi ciently large in size to be con sid ered pro spec tive for stor ing
CO2 (e.g., the ¯uchlow field, 91.9 Mt CO2). In most cases, the
fields are struc tural traps. Also, some struc tural traps of
pinch-out type have been con sid ered in the Fore-Sudetic
Monocline. Such traps are in ter est ing in terms of their large size 
and thick ness (Górski et al., 1998). 

The stor age po ten tial of coal seams is also lim ited and is
de fined as a pro spec tive tech nique only in Po land and the
Czech Re pub lic. This po ten tial is con sid ered as a com bi na tion
of CO2 geo log i cal stor age and en hanced re cov ery of coal-bed
meth ane (CO2-ECBM). The meth ane con tent of a coal de posit
de pends on the pro cess of coalification and the over all geo log i -
cal his tory of the de posit. The amount of stored gas that can be

ex tracted is a func tion of the in trin sic fea tures of the res er voir,
such as wa ter sat u ra tion, frac tional per me abil ity, pres sure, and
the spe cific fea tures of the coal, i.e. sorp tion equilibrium,
permeability, microstructure, and so on.

The Up per Silesian Ba sin (USB) may rep re sent a suit able
op tion for CO2 stor age in coal seams. Other coal bas ins, not
dis cussed above, are too shal low (e.g., the brown-coal bas ins
in north ern Bo he mia) or too sparsely ex plored (the Cen tral Bo -
he mian Paleozoic bas ins). The to tal ef fec tive stor age ca pac ity
of 40 blocks se lected in the USB has been es ti mated at 797 Mt
CO2. The re serves of CBM that might be re cov ered by ap ply ing
CO2-ECBMR tech nol ogy have been as sessed at about 14 Bcm 
in the Czech Re pub lic and 118 Bcm in Po land. This ap proach
could sig nif i cantly in crease do mes tic CBM production in these
countries.

How ever, it should be taken into con sid er ation that the tech -
nol ogy of CO2 stor age in coal seams is still im ma ture. It is com -
mer cially ap plied only in the San Juan sed i men tary ba sin in the
USA, where the use of CO2 for en hanced re cov ery of meth ane
is re lated to ex cep tion ally good res er voir prop er ties of coal, e.g.
per me abil ity ex ceed ing 10 mD. The Eu ro pean coal fields, in -
clud ing the coun tries stud ied, usu ally have worse prop er ties
that will re quire de vel op ment of more ad vanced tech niques for
en hanc ing the recovery of methane using carbon dioxide. 

CONCLUSIONS

The six coun tries stud ied are char ac ter ized by very dif fer ent 
geo log i cal con di tions. Slovakia and the Czech Re pub lic pos -
sess a num ber of small sed i men tary bas ins, whereas Po land
and the Bal tic coun tries in clude the large Mid-Pol ish and Bal tic
bas ins. Four coun tries have pro spec tive CO2 stor age po ten tial;
a very low ca pac ity has been; how ever, as sessed for Lith u a nia,
while in Es to nia there are no pros pects of in-site stor age. The
larg est ca pac i ties are es ti mated for deep sa line aqui fers. The
aqui fer ca pac ity was cal cu lated as be ing able to ac com mo date
up to 9, 10 and 75 years of an nual CO2 emis sions from large
point sources in Po land, the Czech Re pub lic and Slovakia re -
spec tively, while Lat via has po ten tial for about 200 years of
emis sion. The to tal stor age po ten tial of all coun tries stud ied is
5950 Mt CO2 (Ta ble 1). It should be noted that pre ci sion of stor -
age ca pac ity es ti mates for in di vid ual coun tries is dif fer ent, de -
pend ing on the avail abil ity of geo log i cal and geo phys i cal data.
Meth od ol o gies sug gested by CSLF (2007) and US DOE (2007) 
were ap plied for cal cu la tions. Re al is tic (prac ti cal) stor age ca -
pac ity was as sessed for Lat via, Lith u a nia and Po land that are
con strained by de tailed drill ing and geo phys i cal frame works,
while less pre cise ef fec tive ca pac ity was es ti mated for Slovakia
and the Czech Re pub lic. 

De pleted and de plet ing hy dro car bon fields of Lith u a nia, Po -
land and the Czech Re pub lic have small po ten tial, in the range
of sev eral years of CO2 emis sions (from 0.4 to 4 years), while no 
suit able HC fields were iden ti fied in Slovakia, Lat via and Es to -
nia. Coal beds have even less po ten tial. Ca pac ity es ti mate in
Po land and the Czech Re pub lic is only 2.2 and 0.7 years re -
spec tively of the coun tries’ emis sions from large point sources.
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Fig. 8. Stor age ca pac i ties of pro spec tive struc tures

Ex pla na tions as in Fig ure 6

Sa line aqui fers HC fields Coal beds CO2 emis sions from large sources

4677 804 469 309

T a  b l e  1

To tal stor age ca pac ity of geo log i cal sinks and sta tion ary emis sion rates of large sources (>0.1 Mt/y) 
of cen tral Eu ro pean coun tries [Mt CO2]



The em ploy ment of HC and coal fields is con sid ered as a pro -
spec tive op tion if in com bi na tion with enhanced HC and
methane recovery. 

From prac ti cal point of view, stor age of CO2 in deep sa line
aqui fers and de pleted HC fields is con sid ered as the near-fu -
ture so lu tion for re duc ing CO2 emis sions, while more ad vanced
tech niques should be de vel oped for uti li sa tion of coal seams. 

The pres ent study shows that Po land, the Czech Re pub lic
and Slovakia can use geo log i cal for ma tions for stor age of CO2

emit ted from key point sources lo cated close to po ten tial traps,
whereas Lat via can use deep aqui fers for stor ing all CO2 emit -
ted from ma jor sources of that coun try. More over, it can pro vide 
stor age space for neigh bour ing Lith u a nia and Es to nia, that do

not have suit able geo log i cal stor age con di tions. It is there fore
con cluded that geo log i cal stor age of CO2 can con trib ute sig nif i -
cantly to the port fo lio of emis sion re duc tion mea sures, pro vid ing 
thus the time re quired for development of more advanced,
low-carbon technologies. 
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