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Com puter im age anal y sis was used to de ter mine po ros ity vol ume in sand stones from Up per Silesia and Jura Krakowsko-Częstochowska. 
Cal i bra tion of the data was made by com par i son with the re sults of mer cury in jec tion cap il lary pres sure meth ods. Im age anal y sis can
yield many use ful pa ram e ters. This study ob tained cho sen size pa ram e ters and di am e ters of equiv a lent area cir cles, cal cu lated for all sam -
ples af ter 100 par tial ob ser va tions. Re sults ob tained by im age anal y sis are close to those mea sured by mer cury in jec tion cap il lary pres -
sure. They could com ple ment standard mer cury porosity mea sure ments, and in some cases, re place them.
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INTRODUCTION

Quan ti ta tive im age anal y sis of rock sam ples in thin-section
is mainly used to es tab lish  min eral com po si tion, or in some
cases chem i cal com po si tion (Muszer, 1998; Ratajczak et al.,
1998). Com puter pro cess ing en ables easy and rapid au to matic
mea sure ments.

This study tests com puter im age anal y sis in de ter min ing the 
po ros ity vol ume of sed i men tary rocks, cal i brated against mer -
cury in jec tion cap il lary pres sure measurements (Labus, 1996).

Sim i lar stud ies were un der taken by Leśniak (1999) and
Leśniak and Such (1999).

SAMPLING MATERIAL

This study us ed sand stone sam ples from Up per Silesia and
Jura Krakowsko-Częstochowska.

Sam ples 1 to 4 are from the Late Car bon if er ous sand stones
(the Orzesze beds) in the Mikołów re gion. These are me -
dium-grained quartz sand stones, with an iron-clay-siliceous ce -

ment, red dish and light grey with yel low stripes. They show
ran dom and fairly com pact (sam ples 1 and 4) or com pact (sam -
ples 2 and 3) tex tures. The grains are mod er ately sorted, and
vari ably rounded. They com prise grains of quartz, feld spars,
and mus co vite, with bi o tite in sam ple 1. Two quartz va ri et ies
are pres ent, one of which is cataclased with strongly wavy ex -
tinc tion. The grains of quartz are poorly sorted, cracked,
sharp-edged, rarely slightly pol ished, 0.2– 0.3 mm in di am e ter.
There are also a few al kali feld spar grains, about 0.5 mm in di -
am e ter, strongly de graded, cloudy and of ten kaolinised. Prod -
ucts of feld spar dis in te gra tion are com po nents of the rock
ce ment. Some ig ne ous or meta mor phic rock frag ments are also
vis i ble; in sam ple 3 they are up to 0.6 mm in di am e ter. Lithic
frag ments of quartzite and gneiss  were dis tin guished; the lat ter
of quartz with rare bi o tite.

Sam ples 5–8 are of fine-grained and me dium-grained sand -
stones, with a si li ceous-clay ce ment. The rocks are of Early
Car boniferous Culm fa cies, from near Toszek. They are green -
ish-grey or dark grey, with ob vi ous mus co vite flakes. Grains
are poorly rounded and sorted, the quartz grains be ing strongly
cracked, 0.1–0.2 mm in di am e ter, reach ing up to 0.5 mm in
sam ple 5. Lithic frag ments with bi o tite and mus co vite oc cur.
Plagioclase grains are commonly kaolinised. In sam ple 8 there



are also cloudy orthoclase grains, as well as small coal frag -
ments and oc ca sion al zir cons.

Sam ple 9 is a Cre ta ceous sand stone, from an eroded klippe
of the Albian/Cenomanian age, found as loose rock blocks near 
Mirów (Jura Krakowsko-Częstochowska). The sand stone is
coarse-grained, red-brown, mas sive, with a fer rous-clay-
 siliceous ce ment. The quartz grains are poorly rounded and
well sorted, about 0.2–0.5 mm in di am e ter. There are oc ca -
sional lithic frag ments.

COMPUTER IMAGE ANALYSIS

Po ros ity pa ram e ters were mea sured us ing a KS300 Im ag ing 
Sys tem by Carl Zeiss Vi sion GmbH. Each of the mi cro scope
slides was ana lysed at 100 places, each 0.5 mm apart. The ob -

served area vis i ble on the com puter mon i tor was 860 x 750 µm, 

when x 100 mag ni fi ca tion was used, and 430 x 375 µm with the 
use of x 200 mag ni fi ca tion. The im ages were trans formed into
grey colours and seg mented (us ing a thresh old func tion). The
re sult of the seg men ta tion was a his to gram of the bright ness of
the im age pix els. Pop u la tions of dif fer ent bright ness were cho -
sen in an in ter ac tive op er a tion, lead ing to a bi nary map of two
pixel pop u la tions — black and white. Dark pix els cor re late
with pores in the rock, and were con toured (in Fig ure 1 the con -
tours are over laid on to a col our im age for clar ity). Fol low ing
the con tour ing, some ar eas were elim i nated man u ally, where
not all the dark ar eas were pores; such ver i fi ca tion was pos si ble 

be cause of si mul ta neous ob ser va tion of the mi cro scope im age
and the col oured im age on the com puter mon i tor.

The to tal po ros ity was cal cu lated as a per cent age of con -
toured (cho sen) re gions to to tal im age area. Ta ble 1 shows the re -
sults ob tained us ing dif fer ent mag ni fi ca tions (x 100 and x 200).
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Fig. 1. Con toured pore area in sam ple 2 (magnification x 100)

Sam ple

Pore area [%]

im age mag ni fi ca tion

x 100 x 200

1 13.37 13.40

2 15.28 16.10

3 16.82 20.27

4  5.15  6.39

5  3.10  3.52

6 10.43 12.51

7  9.50  9.36

8  5.22  6.30

9 15.98 17.60

T a  b l e  1

Re sults of po ros ity mea sure ments ob tained 
by com puter im age anal y sis
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T a  b l e  2

Re sults of pycnometric and porosimetric anal y sis 

Sam ple

Pycnometer AccuPyc 1330 Porosimeter AutoPore 9220

den sity
[g/cm3 ]

to tal po ros ity
[%]

po ros ity ob tained with 
mer cury porosimeter

[%]

me dian pore
di am e ter

[mm]

to tal pore area

[m2/g]

1 2.30 12.32 10.92 0.81 0.24

2 2.26 15.67 13.60 0.33 0.73

3 2.22 15.81 13.62 0.42 0.58

4 2.51   5.25   4.88 0.26 0.30

5 2.56   3.68   3.48 0.10 0.55

6 2.43   9.26   8.40 0.28 0.49

7 2.43   9.62   8.78 0.21 0.70

8 2.55   4.43   4.16 0.02 2.14

9 2.46 14.46 12.29 0.04 1.28

Fig. 2. His to gram of di am e ters of equiv a lent area cir cles for the sam ple 1



Im age anal y sis gave many useful pa ram e ters. These in -
cluded the max i mum and min i mum sizes of dark ar eas (pores)
in ver ti cal and hor i zon tal di rec tions, as well as the di am e ter of
equiv a lent area circles. This last pa ram e ter is use ful for com -
par ing mercury porosimetric mea sure ments, where pore di am -
e ters are cal cu lated.

Di am e ters of equiv a lent area cir cles was cal cu lated for all
sam ples, af ter com plet ing 100 par tial ob ser va tions. Re sults can
be given in ta bles or graph i cally. Fig ure 2 shows a his to gram of
equiv a lent area cir cles (“dcircle”), for sam ple 1 at x 200 mag ni -
fi ca tion.

RESULTS OF POROSIMETRIC AND PYCNOMETRIC
MEASUREMENTS

Porosimetric mea sure ments were car ried out us ing an a lyt i -
cal equip ment at the Oil and Gas In sti tute in Kraków. The
pycnometer AccuPyc 1330 yielded rock den sity val ues. These
dif fered slightly from den sity val ues mea sured us ing mer cury
in jec tion cap il lary pres sure ap pa ra tus: in the AccuPyc 1330 the
pore-fill ing me dium is he lium, and this gives higher val ues of
mass den sity (by about 0.1–0.2 g/cm3), than those ob tained us -
ing the mer cury porosimeter AutoPore 9220. Us ing these val -
ues it is pos si ble to cal cu late a “to tal po ros ity”; in the Ta ble 2,
this lies near the po ros ity value ob tained us ing the porosimeter.
The two val ues dif fer be cause small pores have not been pen e -
trated by the mer cury.

The AutoPore 9220 re sults include:
— to tal mer cury in tru sion vol ume;
— to tal pore area;

— me dian pore di am e ter;
— av er age pore di am e ter;
— ap par ent (skel e tal) den sity;
— bulk den sity.
Po ros ity values can be cal cu lated using skel e tal and bulk

den si ties.
The chart ob tained (Fig. 3) is a cu mu la tive in tru sion curve

of pore vol ume ver sus di am e ter, in in creas ing and de creas ing
pres sure re gimes. Fig ure 3 shows the di a gram for the sam ple 7.

The log a rith mic x-axis is for pore di am e ter (µm). The y-axis is
scaled in milli litres of the mer cury in jected into the pore space
per 1 g of rock (ml/g). The to tal vol ume of the mer cury in jected
is pro por tional to the to tal ef fec tive po ros ity of the sam ple.
Point (0.0) marks the be gin ning of the cu mu la tive curve for in -
creas ing pres sure a, while b — rep re sents the curve ob tained as
pres sure de creases. The lat ter re flects the dif fer ence be tween
the shape of the real pore space and a pre sumed cy lin dri cal
shape. The nearer the both curves are (the hys ter esis H is
smaller), the closer is the pore space ana lysed to a cy lin dri cal
shape, im ply ing that the pores are con nected to en able liq uid
trans port. If curve b is lo cated sig nif i cantly higher than curve a
(as in Fig. 3) then sig nif i cant amounts of cap il lary pores are in -
di cated in the sam ple tested. Where curve b lies sig nif i cantly
be neath curve a it may be as sumed that there are a lot of bulk
pores with re duced liq uid flow in one di rec tion only.

CONCLUSIONS

The re sults ob tained by im age anal y sis (Tab. 1) are close to
those ob tained us ing mer cury in jec tion (Tab. 2). In case of
coarse- and me dium-grained sam ples (1–4 and 9) the po ros ity
cal cu lated us ing mi cro scope ob ser va tions is usu ally a lit tle
higher than that mea sured with the pycnometer AccuPyc 1330.
In case of fine-grained sand stones (sam ples 5–8) such a re la -
tion ship was not ob served.

The po ros ity val ues cal cu lated at x 100 mag ni fi ca tion are
mostly lower than the ones cal cu lated at x 200 mag ni fi ca tion
(Tab. 1), the lat ter di verg ing more from the pycnometer re sults
shown in Ta ble 2. This is prob a bly caused by the greater mag -
ni fi ca tion re veal ing smaller pores (dark ar eas), which do not in -
flu ence the real rock po ros ity (ef fec tive po ros ity). Thus the
re sults ob tained us ing x 100 mag ni fi ca tion are more clear-cut
and use ful.

Porosimetric anal y sis ob tains ad di tional pa ram e ters, such
as per me abil ity. Nev er the less, com puter im age anal y sis can
usefully com ple ment porosimetric mea sure ments, and in some
cases re place them.

The com puter im age anal y sis pro vides rapid, re pro duc ible
mea sure ments, and gives a range of pa ram e ters in the form of
ta bles or/and graphs. Prob lems image area se lec tion can be re -
solved, as shown above. The re sults of this study con firm the
value of this technique.
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Fig. 3. Cu mu la tive in tru sion curve — ob tained us ing the mer cury cap il -
lary pres sure method for the  sam ple 7

a — in creas ing pres sure, b — de creas ing pres sure, H — hys ter esis; for
other ex pla na tions see text 
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