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With em pha sis be ing placed on the re-ex am in ing of ma ture pe tro leum bas ins and re duc tion of the neg a tive im pact of the in -
dus try on the en vi ron ment, the use of ar chi val data in geo log i cal ex plo ra tion is es sen tial. This is es pe cially im por tant in re -
gions where the old, So viet-type tools were used in the past and which are now us ing mod ern, west ern log ging equip ment.
The ap pli ca tion of ar chi val geo log i cal, geo chem i cal and geo phys i cal data al lows rec og ni tion of res er voir for ma tions with out
the use of mod ern mea sure ments. For the pur pose of this re search, Ju ras sic sandy rocks iden ti fied in the ar chi val bore hole
Z-GN4 were ana lysed. They ap pear to be a per fect tar get for fur ther pe tro leum and geo ther mal ex plo ra tion in the Pol ish Ba -
sin; how ever, vari able min eral com po si tion and diagenetic fea tures can cause dif fi cul ties while es ti mat ing their res er voir
prop er ties. The dif fer ence be tween gamma ray and spon ta ne ous po ten tial shale vol ume pa ram e ter (clay dif fer ence) was ap -
plied to gether with gamma ray mea sure ment to de ter mine the im pact of pri mary and diagenetic fea tures on each sandy
petrofacies. Based on an in te gra tion of de tailed petrographic anal y sis of avail able core sam ples from Z-GN4 bore hole with
ar chi val bore hole logs, four dif fer ent sandy petrofacies were dis tin guished. More over, deep re sis tiv ity and sonic logs were
used to high light the car bon ate-ce mented in ter vals. This study shows how the ap pli ca tion of petrofacies anal y sis in ar chi val
datasets can sup port the in ter pre ta tion of uncored in ter vals and up grade the level of res er voir char ac ter iza tion.
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INTRODUCTION

As tech nol ogy ad vances, the pe tro leum in dus try is in creas -
ingly fo cus ing on re-ex am in ing ma ture pe tro leum bas ins in or -
der to dis cover new fields and re duce the neg a tive im pact of the 
in dus try on the en vi ron ment. There fore, us ing ar chi val data as
much as pos si ble is es sen tial. This is es pe cially im por tant in
coun tries where many bore holes have been ex plored us ing So -
viet-type and where mod ern log ging equip ment is now com -
monly used (Har ri son, 1995).

Many ar chi val bore holes drilled from 1950 un til 1990 were
par tially or even fully cored. How ever, even if the core has been
sub se quently dis carded or de stroyed, the bore hole doc u men ta -
tion is very of ten sup ple mented with petrographic and
palaeontological de scrip tions, lab o ra tory data of po ros ity, den -
sity, per me abil ity, and the re sults of XRD geo chem i cal anal y -

ses. Some times thin sec tion or cut tings sam ples are avail able.
Last but not least, well log ging mea sure ments were per formed
for most of the bore holes. Thus, this kind of data is still of ir re -
place able geo log i cal value. Den sity and sonic logs are es pe -
cially im por tant, be cause of their role in the con struc tion of syn -
thetic seismograms and their ap pli ca tion in fur ther seis mic in -
ter pre ta tion. This is why for de cades sci en tists have been strug -
gling to stan dard ize So viet-type logs to get use ful in for ma tion
from the im mense quan tity of ex ist ing data (Wiltgen, 1994; Har -
ri son, 1995; 1997; Szewczyk, 2000; Furga³, 2003; Wróblewska
and Koz³owska, 2019; Epov et al., 2020). While to day’s trend is
to min i mize the amount of the core taken, mod ern geo phys i cal
meth ods like X-tended Range Mi cro Im ag ing (XRMI) or El e -
men tal Cap ture Spec tros copy Sonde (ECS) are more com -
monly used to iden tify the min eral com po si tion and eas ily cal cu -
late the petrophysical prop er ties. This is why the in te gra tion of
diagenetic changes with the dif fer ent mod ern well log re -
sponses is now be ing stud ied (Cui et al., 2017; Lai et al., 2018,
2020). How ever, there is still room for im prove ment in terms of
cor re la tion with ar chi val datasets by us ing the tra di tional meth -
ods and log re cal cu la tions to min i mize the cost of ex plo ra tion
and there fore make this pro cess more ef fi cient and less waste -
ful of re sources.
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The type of data pro cess ing pre sented in this pa per is
termed petrofacies anal y sis and can be used to rec og nize the
prob a ble diagenetic fea tures of res er voir and seal rocks when
mod ern geo phys i cal and geo chem i cal data are miss ing. In te -
gra tion of avail able, ar chi val geo log i cal data anal y sis com bined
with well log in ter pre ta tion is still the most ac cu rate and widely
used method avail able, es pe cially for ar chi val datasets, and
can be ap plied by the oil and gas in dus try to min i mize the ex plo -
ra tion cost (Ingersoll, 1990; Bhattacharya et al., 2005; De Ros
and Goldberg, 2007; Cui et al., 2017; Lai et al., 2018, 2020;
Wróblewska and Koz³owska, 2019). This study shows the ap -
pli ca tion of petrofacies anal y sis to dis tin guish the best res er voir
and seal rock ho ri zons among the not yet fully ex plored Lower
and Mid dle Ju ras sic de pos its of the Kuyavian seg ment of the
Pol ish Ba sin, based on a Z-GN4 core-sec tion.

The Z-GN4 bore hole is lo cated within the Kuyavian part of
the Mid-Pol ish Swell (Fig. 1A) which de vel oped as a re sult of
Late Cre ta ceous–Paleogene re gional up lift and in ver sion of the 
tec tonic unit termed the Mid-Pol ish Trough (Dadlez et al., 1997;
Gutowski et al., 2003; Krzywiec, 2006; ¯elaŸniewicz et al.,
2011). The sandy Ju ras sic de pos its ana lysed rep re sent a part
of the thick, mainly clastic, car bon ate, and evaporite infill of the
Perm ian-Me so zoic epicontinental ba sin. De vel op ment of the
Me so zoic de pos its was gov erned by re gional, ther mal sub si -
dence and salt tec ton ics of the up per Perm ian (Zechstein)
evaporites which be gan in the Early Tri as sic (Dadlez et al.,
1995, 1998; Marek and Pajchlowa, 1997; Dadlez, 1998; Karn -

kowski, 1999; Stephenson et al., 2003; Krzywiec et al., 2003;
Krzywiec, 2006).

The Ju ras sic suc ces sion of the Kuyavian seg ment is mainly
com posed of sand stones, mudstones, shales, and sub or di nate
cal car e ous sand stones. It has been shown that some of the Ju -
ras sic sand stones are char ac ter ized by very good res er voir
prop er ties, while the mudstones and claystones con tain a sat is -
fy ing amount of mixed oil- and gas-prone kerogen and can be
con sid ered as pro spec tive source rocks . How ever, the vari able 
pri mary min eral com po si tion of the Ju ras sic sand stones and
there fore its dif fer ent diagenetic fea tures had a sig nif i cant im -
pact on the res er voir’s pa ram e ters as well as on its po ros ity
and/or per me abil ity.

The Lower Ju ras sic sandy rocks have a con ti nen tal and
shal low ma rine or i gin (Pieñkowski, 2004). They are char ac ter -
ized by good res er voir prop er ties; their po ros ity usu ally ex ceeds 
~20% and ~1000 mD in per me abil ity. The main fac tors de ter -
min ing the vari a tion of res er voir pa ram e ters in res er voir rocks
are com pac tion, ce men ta tion of pore space, and sec ond ary
grain dis so lu tion (Krystkiewicz, 1999; Koz³owska and
Kuberska, 2014). The Mid dle Ju ras sic sandy rocks are rep re -
sented by the interbedded sand stones, heterolithic de pos its
and shales with an up wards-in creas ing car bon ate con tent .
They are char ac ter ized by mod er ately good res er voir prop er -
ties, with po ros i ties usu ally ~20% and permeabilities vary ing
from 200 to 700 mD (Maliszewska, 1999). Among them, com -
mon car bon ate-ce mented con densed ho ri zons were iden ti fied
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Fig. 1A – lo ca tion of the re search area in Po land (based on Narkiewicz and Dadlez, 2008);
 B – geo log i cal sketch-map (500 m deep) of the Kuyavian seg ment of the Mid-Pol ish Swell 

and the lo ca tion of the core-sec tion stud ied (based on Kotañski, 1997)
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(Maliszewska, 1998). Sim i lar rocks have been noted in core
sec tions from the North Sea Ju ras sic suc ces sions (Gib bons et
al., 1993; Bakke, 1996). Those clastic rocks are com posed of
de tri tal ma te rial, re worked prob a bly by strong cur rents as so ci -
ated with a transgressive ep i sode, where the main source of
cal cite ce ment was cal car e ous bioclastic ma te rial. Ce mented
sur faces were also found to be con trolled by the depositional
bound ing sur faces. Be cause of their char ac ter is tic min eral
com po si tion, the ce mented ho ri zons are clearly de tect able on
geo phys i cal logs. More over, be cause of their diagenetic fea -
tures, they may act as a sec ond ary seal for po rous, clastic suc -
ces sions.

This study is based on the pri mary min eral com po si tion of
the rocks, their al ter ation prod ucts, and on diagenetic fea tures
vis i ble in the thin sec tion. These Ju ras sic de pos its were se -
lected be cause of their high sand stone con tent of vari able min -
eral com po si tion which af fects the in ten sity of the nat u ral
gamma ra di a tion. More over, the pres ence of kaolinite, as a
prod uct of K-feld spar, lithic grains and glauconite al ter ation can
mod ify po ros ity and per me abil ity with out a sig nif i cant in crease
in the gamma ray in ten sity. The change in petrophysical prop er -
ties can how ever be vis i ble on a spon ta ne ous po ten tial curve.
The third fac tor was the pres ence of car bon ate ce men ta tion
mostly in the up per part of the pro file which can have a sig nif i -
cant im pact on the res er voir prop er ties and can even rep re sent
a seal rock. The oc cur rence of car bon ate ce ments pre vents
pos si ble fluid flow and usu ally causes a strong in crease in re sis -
tiv ity and de crease in the in ter val tran sit time of sonic waves vis -
i ble on the logs (Bakke, 1996). Even though the ce mented lay -
ers are only up to a few metres in thick ness, their pos si ble lat -
eral ex tent, as so ci ated with depositional bound ing sur faces,
can have im por tant im pli ca tions as re gards new hy dro car bon
dis cov er ies in the Pol ish Low land Me so zoic over bur den.

GEOLOGICAL SETTING

Lower Ju ras sic strata in the Pol ish Ba sin were de pos ited in a
wide, shal low epicontinental ba sin sur rounded by the
Fennoscandian Shield to the north, the Belorussian High and
Ukrai nian Shield to the east, and the Bo he mian Mas sif to the
south-west. More over, the land area termed the Pre-Carpathian
land was lo cated in the south of the Pol ish Ba sin (Dadlez and
Marek, 1969; Ziegler, 1990; Deczkowski, 1997; Marek and
Pajchlowa, 1997; Dadlez, 1998; Pieñkowski, 2004; Matyja, 2015).
Lower Ju ras sic de pos its com prise mainly sand stones,
mudstones, and shales with thin, sub or di nate in ter ca la tions of car -
bo na ceous sand stone, lig nite, and sid er ite of con ti nen tal and/or
shal low ma rine or i gin, mainly de pos ited in lac us trine, flu vial, la -
goonal, deltaic and/or es tu ary en vi ron ments (Feldman-
Olszewska, 1997b, 1998; Pieñkowski, 2004). The Mid dle Ju ras -
sic, how ever, is marked by suc ces sively de vel op ing trans gres -
sions within an ex ten sive epicontinental ma rine ba sin
(Dayczak-Calikowska, 1964; Dayczak-Calikowska and Moryc,
1988; Feldman-Olszewska, 1997a,  2006) with short re gres sive
ep i sodes in the Early/Late Bajocian and in the Early Callovian
(Dayczak-Calikowska and Moryc, 1988; Dayczak- Calikowska,
1997; Kopik, 1998). It com prises mainly ma rine and sub or di nate
flu vial sand stones and ma rine, fine-grained de pos its, as so ci ated
with the de vel op ment of an anoxic shelf.  Car bon ates, de pos ited
on a shal low ma rine car bon ate ramp and a nod u lar bed de pos ited
on a starved shelf also formed at the end of the Mid dle Ju ras sic.

The main source area of the terrigenous ma te rial for Lower
and Mid dle Ju ras sic sandy rocks of the Pol ish Ba sin were prob -
a bly the Fennoscandian Shield, the Belorussian High and
Ukrai nian Shield lo cated to the NE. Slow sub si dence of the
source area, and deep en ing and the wid en ing of the Mid dle Ju -

ras sic ba sin in the Callovian and be gin ning of the Oxfordian,
were the rea sons why, from the the Early Oxfordian, car bon ate
sedimention started to grad u ally dom i nate over clastic de po si -
tion in cen tral Po land. More over, the max i mum spread of Ju ras -
sic de pos its across the Pol ish Ba sin in the Mid dle Callovian and 
Early Oxfordian was the re sult of rel a tive sea-level rise, prob a -
bly caused by extensional tec tonic move ments re lated to the
open ing of the Tethys and North At lan tic oceans (Lewandowski
et al., 2005; Matyja and Wierzbowski, 2006). The de vel op ment
of car bon ate de po si tion was in hib ited by a dis so lu tion pro cess
that re sulted in nod u lar, stratigraphically con densed lay ers and
geo chem i cal anom a lies in the Mid dle Callovian. Those rocks
are com posed of nod u lar, car bo na ceous sand stones and
sandy and/or marly lime stones with glauconite and/or
chamosite and com mon ma rine fos sils (Premik, 1933; Znosko,
1957, 1968; Feldman-Olszewska, 1997a). These char ac ter is tic 
lay ers were ini tially men tioned by Michalski (1885) and in for -
mally dis tin guished as „nod u lar beds”. These de pos its dom i -
nated car bon ate de po si tion un til the Early Oxfordian when the
car bon ate sed i men ta tion started to ac cel er ate.

The Lower Ju ras sic sand stones are com posed mainly of
quartz with a very small amount of feld spars, lithic grains,
and/or mus co vite (Teofilak, 1960, 1961, 1962; Marek and
Pajchlowa, 1997; Krystkiewicz, 1999; Koz³owska and
Kuberska, 2014). Clay ma trix (if pres ent) com prises illite,
kaolinite, quartz, iron hy drox ides, and or ganic mat ter.
Authigenic min er als are rep re sented mainly by kaolinite, quartz
overgrowths, and dif fer ent types of early and late diagenetic
car bon ates. Ac cord ing to Koz³owska and Kuberska (2014) and
Krystkiewicz (1999), diagenesis of Lower Ju ras sic sand stones
in the Kuyavian seg ment of the Pol ish Ba sin took place in three
stages. In the first stage of diagenesis, early me chan i cal com -
pac tion and feld spar/mus co vite dis so lu tion be gan (Fig. 2). At
the same time the first gen er a tion of quartz, kaolinite, and
microcrystalline sid er ite ce men ta tion was ini ti ated. Dur ing late
diagenesis, the next gen er a tions of sid er ite, cal cite, an ker ite
and fi brous illite started to form, while the dis so lu tion of un sta ble 
grains still con tin ued. Among the ma jor diagenetic pro cesses
af fect ing the Ju ras sic sand stones are com pac tion, ce men ta -
tion, and dis so lu tion. Authigenic quartz ce men ta tion is one of
the rea sons why the pri mary po ros ity is still im por tant in the to tal 
Lower Ju ras sic sand stone po ros ity. Nev er the less, sec ond ary
po ros ity caused by the kaolinization of feld spar grains also in -
creases the to tal rock po ros ity which usu ally ex ceeds 20% with
per me abil ity ex ceed ing 1000 mD (Koz³owska and Kuberska,
2014).

Sandy strata of Mid dle Ju ras sic are rep re sented by sand -
stones and heterolithic de pos its. Sid er ite in ter ca la tions and/or
con cre tions were also noted to gether with highly cal car e ous
sand stones. (Maliszewska, 1999). Quartz is the main com po -
nent of the grain frame work, but lithic grains and feld spars are
also com mon. More over, mus co vite, bi o tite, py rite, glauconite,
and heavy min er als are vis i ble in smaller amounts. In the clay
ma trix, kaolinite and lo cally chlorite are dom i nant (Teofilak,
1962; Teofilak-Maliszewska, 1968). An es sen tial role in
lithification of the Mid dle Ju ras sic sandy rocks was played by
diagenetic pro cesses such as com pac tion, ce men ta tion, dis so -
lu tion, re place ment and al ter ation. In the lower part of the Mid -
dle Ju ras sic suc ces sion, si li ceous ce men ta tion is com mon and
car bon ates oc cur only oc ca sion ally. How ever, in the up per part
of the Mid dle Ju ras sic de pos its of the Bathonian and Callovian,
cal car e ous ce ment dom i nates and is rep re sented by Mn-/Fe
cal cite, sid er ite, do lo mite and an ker ite (Teofilak-Maliszewska,
1968; Maliszewska, 1999).

Most of these pro cesses took place dur ing eo- and
mesodiagenesis (Fig. 2). Highly min er al ized flu ids from
Zechstein salt are con sid ered as the main source of el e ments
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that in flu enced the authigenic min er al iza tion and recry stal li -
zation pro cesses in the Mid dle Ju ras sic sand stones, in par tic u -
lar the car bon ates, he ma tite, and feld spar overgrowths
(Znosko, 1957; Teofilak-Maliszewska, 1968). In the early burial
stage, the gen er a tion of cal cite and microcrystalline sid er ite ce -
ment took place. Dis so lu tion and recrystallization of cal car e ous
bioclasts are the main in di ca tors of this gen er a tion of cal car e -
ous ce ment. Sec ondly, pri mary cal cite ce men ta tion was re -
placed by do lo mite and/or an ker ite. Af ter re gional up lift in the
Cre ta ceous/Paleogene, some of the pro cesses, such as the
kaolinization of feld spars, were ac cen tu ated be cause of the in -
fil tra tion of me te oric wa ter (Maliszewska, 1999). De spite the
strong in flu ence of diagenetic pro cesses, the Mid dle Ju ras sic
rocks usu ally show mod er ately good res er voir prop er ties – the
po ros ity values of sand stones usu ally ex ceed 10% and per me -
abil ity most fre quently rises to 700 mD.

MATERIALS AND METHODS

The re sults de scribed be low were ob tained based on
lithological de scrip tion of the core ma te rial, petrographic anal y -
sis of 11 avail able ar chi val thin sec tions, and geo phys i cal data
from the Z-GN4 bore hole, lo cated in the Kuyavian part of the
Mid-Pol ish Swell (Fig. 1). This core-sec tion was cho sen based
on the thick ness (1152.5 m) of the clastic Ju ras sic suc ces sion
and the avail abil ity of ar chi val core sam ples, geo phys i cal well
log data, and doc u men ta tion pre pared by Karelus et al. (1992).
The bore hole doc u men ta tion in cludes a ba sic strati graphic in -

ter pre ta tion (Marek et al., 1992), petrophysical mea sure ments
(po ros ity, den sity and per me abil ity), and re sults of geo chem i cal
XRD anal y sis (Kopczyñski et al., 1992).

The base of the Lower Ju ras sic de pos its in the Z-GN4 bore -
hole was rec og nized at a depth of 2822.5 m (Karelus et al.,
1992) as a vis i ble tran si tion be tween red dish Up per Tri as sic
fine-grained de pos its and an 81 m-thick sand stone suc ces sion.
The top of the Mid dle Ju ras sic is marked as a car bon ate level at
a depth of 1670 m.

To prop erly cor re late the well data, mac ro scopic anal y sis of
the avail able core sam ples was car ried out. Li thol ogy, grain size 
of clastic rocks, col our, sed i men tary struc tures, HCl re ac tion,
pres ence of charred plant de tri tus, and the vis i ble min er al og i cal
com po nents of the sandy rocks were taken into ac count. The
last of these have a sig nif i cant in flu ence on petrophysical pa -
ram e ters and/or dis rupt the geo phys i cal mea sure ments, such
as mus co vite, glauconite, kaolinite or po tas sium feld spars.

Petrographic anal y sis of avail able sand stone thin sec tions
(Ta ble 1) fo cused on pri mary fea tures such as grain size, pri -
mary min eral com po si tion, the type and con tent of ma trix, tex -
ture, and diagenetic fea tures such as ce ments, the char ac ter
of grain con tacts, and min eral al ter ation prod ucts, nec es sary
to de fine res er voir sand stone pa ram e ters. To clas sify the
sand stone, the per cent age of quartz, feld spars, and lithic
grains were es ti mated us ing the grid-point count ing method
based on 300 points per sam ple. Each sam ple was de scribed
ac cord ing to the sand stone clas si fi ca tion of Pettijohn et al.
(1974). NIS-El e ments soft ware was used to take mi cro pho to -
graphs of the sam ples.
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Fig. 2. Diagenetic se quence of the Lower and Mid dle Ju ras sic (based on Maliszewska, 1999;
Krystkiewicz, 1999; Koz³owska and Kuberska, 2014)

Dot ted line – un cer tain ex tent
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The ar chi val geo phys i cal data had to be con verted and nor -
mal ized be cause of the dif fer ent ac cu ra cies of the So viet-type
tools used in the bore hole ana lysed. The gamma ray in ten sity,
pri mar ily mea sured in counts per min ute (cpm), was con verted
by the au thor into stan dard gamma ray units (API) ac cord ing to
Har ri son (1995) and Bolesta and Ga³¹zka (2014) us ing the li -
thol ogy bench mark lin ear re cal cu la tion method. A max i mum
gamma ray value was cho sen for shales (200 API), and min i -
mum for quartz sand stones (5 API). This con ver sion was im por -
tant to es ti mate rock pa ram e ters and to in te grate the gamma
ray in ten sity for fur ther re search (Jarzyna et al., 1999; Bolesta
and Ga³¹zka, 2014).

Po ros ity and per me abil ity lab o ra tory data to gether with ar -
chi val XRD re sults were taken from the Z-GN4 bore hole doc u -
men ta tion pre pared by Karelus et al. (1992). Geo chem i cal anal -
y sis was per formed by X-ray dif frac tion, with a cop per x-ray tube 
with a graph ite crys tal mono chro ma tor. The tube was char ac -
ter ized by ex po sure pa ram e ters of 40kV of and 25mA. The
goniometer shift was 2°29’/min with the pa per shift of 2 cm per
min ute. Re in force ment for pow der sam ples was 1 ´ 103 cpm.

The re sults of the petrographic anal y sis, es pe cially pri mary
and sec ond ary min eral com po si tion, to gether with tex tural fea -
tures, were com pared with geo phys i cal pa ram e ters of the rocks 
ana lysed and ar chi val geo chem i cal and petrophysical re sults

from the bore hole doc u men ta tion (Karelus et al., 1992). Firstly,
sandy rocks in uncored in ter vals of the Lower and Mid dle Ju ras -
sic suc ces sion in the Z-GN4 bore hole were iden ti fied based on
cut tings sam ples and geo phys ics [low nat u ral gamma ra dio ac -
tiv ity, spon ta ne ous po ten tial, compressional slow ness and
laterolog (re sis tiv ity) mea sure ments]. Fi nally, four sandy
petrofacies were dis tin guished. The term petrofacies was used
to de scribe a sandy lithotype with spe cific petrographic,
petrophysical, and geo phys i cal char ac ter is tics. Each of these is 
char ac ter ized by the lim its of geo phys i cal mea sure ments
based on the chem i cal and phys i cal fea tures of pri mary and
sec ond ary rock com po nents. The di verse pri mary and sec ond -
ary min eral com po si tion of the sand stones ana lysed was the
main rea son to ap ply the dif fer ence be tween gamma ray and
spon ta ne ous po ten tial shale vol ume. The method was first ap -
plied by the au thor and termed as the clay dif fer ence cal cu la -
tion. Lin ear shale vol ume pa ram e ter (Vsh) in both cases was
cal cu lated for the whole pro file based on the max i mum and
min i mum mea sure ments taken for quartz arenite and shale
which cor re spond to grain frame work (GRclean = 5 API; SPclean =
1 mV) and clay ma trix val ues (GRshale = 200 API; SPshale =
170 mV). More over, deep re sis tiv ity and sonic logs were used
to rec og nize the strongly car bon ate-ce mented in ter vals.
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Sam ple Depth 
[m]

Q

[%]

F

[%]

L

[%]

Other

[%]
Ce ment /

 ma trix [%]
f

[%]
Li thol ogy Diagenetic 

fea tures

37 1702.2  74    16.5 2
heavy min er als,

mus co vite

(2.5)
he ma tite (3) 2 heterolith

kaolinization of feld -
spars, illitization of
mus co vite, quartz

overgrowths

39 1703.25 24    8.5 3 – car bon ate
(62) 2.5

cal car e ous
subarcosic

arenite /
sandy lime -

stone

kaolinization of feld -
spars, quartz
overgrowths

42 1704.65 26.5  18 2.5 – car bon ate
(43) 10 arkosic

arenite

kaolinization of feld -
spars, ce ment dis so -

lu tion

44 1815.25 39.75 0 2 bioclasts (5) car bon ate
(52%) 1.25 clayey-sandy

sid er ite sid er ite

57 2119.95 78    0.75 2.5 – clay ma trix
(3.25) 15.5 quartz arenite clay coat ings

62 2122.75 80.5 0 2.5 – – 17 quartz arenite quartz overgrowths

69 2260.45 60   3.5 11.25
mus co vite,

heavy min er als
(0.25)

– 25 sublith
arenite

kaolinization of feld -
spars

92 2447.45 78   3 1 – kaolinite
pseudomatrix 18 quartz arenite kaolinite ce men ta tion

100 2539.45 66.5 20 1.5 mus co vite (4) car bon ate (1) 7 subarkosic
arenite

illitization of mus co -
vite and feld spars,

kaolinization of feld -
spars

103 2652.25 72.5  22.5 0.5 mus co vite (2) car bon ate (1) 1.5 subarkosic
arenite

quartz overgrowths,
illitization of mus co -
vite and feld spars,

kaolinization of feld -
spars

104 2652.65 73.25 2.5 5.75 – car bon ate (4) 14.5 sublitharenite

quartz overgrowths,
illitization of mus co -
vite, kaolinization of

feld spars

Q – guartz, F – feld spars, L – lithic grains, f - po ros ity

T a  b l e  1

Re sults of petrographic anal y sis of sand stone thin sec tion sam ples from the Z-GN4 core sec tion



SANDY ROCKS PETROGRAPHY

The sand stones from Z-GN4 bore hole rep re sent quartz,
subarkosic, arkosic, and sublith arenites (Ta ble 1); quartz is the
main com po nent. Most ob served rock frag ments are of quartz -
ite and sand stone rep re sented by polycrystalline quartz. Al ka -
line feld spars pre dom i nate over plagioclase con tent. Mus co vite 
grains, heavy min er als, and or ganic mat ter are rarely vis i ble as
a grain frame work com po nents.

In the Z-GN4 thin sec tions, var i ous types of diagenetic min -
er al iza tion were ob served which can both im prove and de te ri o -
rate the petrophysical prop er ties, and also mod ify the geo phys i -
cal prop er ties of the rock. Most com monly in the Ju ras sic sand -
stones, kaolinite de rived from the al ter ation of feld spars,
glauconite, and/or lithic grains oc cur in the pore space (Fig. 3C)
or as a re place ment of de tri tal grains, usu ally feld spars or un -
sta ble lithic clasts (Fig. 3B, D). Illitization of feld spars and/or
mus co vite grains is vis i ble in the deeper part of the pro file
(Fig. 3B). In the top in ter val, car bon ate ce ment is com mon
(Fig. 4) in some cases ex ceed ing 50% of the rock. The grain
frame work in the car bon ate-ce mented sand stones is usu ally
dis persed, which sug gests early car bon ate ce men ta tion
(Fig. 4). More over, some of the grain frame work com po nents
are re placed or cor roded by the car bon ate min er al iza tion
(Fig. 4). Car bon ates are rep re sented mostly by do lo mite and
sid er ite, as in di cated by the ar chi val XRD re sults from bore hole
doc u men ta tion (Kopczyñski et al., 1992). Authigenic quartz ce -
ments are also vis i ble in some parts of the pro file (Fig. 3E).
Char ac ter is tic rhombohedral do lo mite crys tals shape can be
ob served in sam ple 42 (Fig. 4B) and microcrystalline sid er ite in
sam ple 44 (Fig. 4D). He ma tite min er al iza tion was ob served in
the up per most part of the pro file ana lysed which, to gether with
kaolinite, can be a re sult of glauconite al ter ation in mixed car -
bon ate and clastic de pos its (Fig. 3D).

The po ros ity of these Ju ras sic sand stones is usu ally high, in 
Z-GN4 lo cally ex ceed ing 25%. In thin sec tions, the high po ros -
ity is usu ally sec ond ary and ap pears as a microporosity be -
tween the kaolinite crys tals sub sti tut ing feld spar and/or lithic
grains. In places kaolinized grains can even form a
pseudomatrix be tween more re sis tant quartz grains (Fig. 3C).
Pres er va tion of pri mary po ros ity was pos si ble in less com -
pacted sand stones, where the clay coat ings pre vented the
quartz ce men ta tion of the pore space and in sand stones where
quartz overgrowths pre vented the pri mary po ros ity from com -
pac tion. Heterolithic de pos its com monly have very low po ros ity
but rec og niz able bor rows can be treated as a pos si ble pethway
of mi gra tion (Fig. 3A).

INTERPRETATION OF GEOPHYSICAL DATA

THE GAMMA RAY AND SPONTANEOUS POTENTIAL SHALE VOLUME
COMPILATION – CLAY DIFFERENCE LOG

Gamma ray and spon ta ne ous po ten tial logs are com monly
used in the pe tro leum in dus try to cal cu late the vol ume of shale
in sandy for ma tions (Jahan et al., 2007; Adeoti et al., 2009;
Szabó, 2011). How ever, the mode of ac tion of both mea sure -
ments var ies and can be mod i fied by dif fer ent fac tors which can 
dra mat i cally dis rupt the petrophysical cal cu la tions. This is es -
pe cially im por tant when the mod ern min er al og i cal logs are
miss ing.

Gamma ray mea sure ment is a re cord of a for ma tion’s ra dio -
ac tiv ity which is em a nated by nat u rally oc cur ring ura nium, tho -
rium, and po tas sium (Serra, 1986; Rider, 2002). There fore, it is
an ex cel lent es ti ma tor of shale vol ume in quartz arenite for ma -
tions, where the shale con tent is as so ci ated mainly with pri mary 

clay ma trix rich in po tas sium-rich illite. How ever, many other
com po nents can raise gamma ray mea sure ments such as po -
tas sium feld spar and mus co vite, and thus over state cal cu lated
shale vol ume. Nev er the less, some clay min er als such as
kaolinite, chamosite and chlorite in their typ i cal chem i cal state
emit very lit tle or no ra dio ac tiv ity which usu ally makes them in -
vis i ble or only slightly vis i ble on gamma ray logs, thus for the
proper es ti ma tion of clay con tent an ad di tional method needs to 
be ap plied.

Spon ta ne ous po ten tial is a mea sure ment of the nat u ral dif -
fer ence of self-po ten tials be tween an elec trode placed in the
bore hole and on the sur face (Serra, 1986; Rider, 2002). The
anal y sis of SP mea sure ments is a per fect method to dis tin guish 
per me able in ter vals in shaly/ce mented sand stones, heterolithic 
de pos its and/or shales (Adeoti et al., 2009; Szabó, 2011; Wil lis
et al., 2017). How ever, to rec og nize the di rec tion of the SP
curve de flec tion (neg a tive or pos i tive) be tween per me able and
im per me able lay ers, the re la tion ship be tween the sa lin ity of for -
ma tion wa ter (~65 g/l) and mud fil trate must be con sid ered. The
sa lin ity of for ma tion wa ter in the in ter val ana lysed was higher
than the sa lin ity of mud fil trate, and this re la tion ship re mained
sta ble. In this type of re la tion, clay lay ers show pos i tive val ues,
while sandy lay ers in di cate only neg a tive. The for ma tions ana -
lysed were fully sat u rated with res er voir wa ter.

Com bined cal cu la tions based on gamma ray and spon ta ne -
ous po ten tial mea sure ments give im por tant in for ma tion on the
type of pri mary and/or sec ond ary clay min er als in shaly/sandy
rocks rich in K-rich min eral com po nents. For this study, the dif -
fer ence be tween gamma ray and spon ta ne ous po ten tial shale
vol ume was ap plied to rec og nize the pri mary and sec ond ary
min eral com po si tion of the sand stone.

The lin ear shale vol ume pa ram e ter (Vsh) in both cases was
cal cu lated for the whole pro file based on the max i mum and min -
i mum mea sure ments taken for quartz arenite and shale which
cor re spond to grain frame work (GRclean = 5 API; SPclean= 1 mV)
and clay ma trix val ues (GRshale = 200API; SPshale = 170 mV).

Vsh
GR GR

GR GR
GR

LOG clean

shale clean

=
-

-

[1]

Vsh
SP SP

SP SP
SP

LOG clean

shale clean

=
-

-

where: GRLOG / SPLOG – GR/SP log read ing; GRclean/SPclean – GR/SP
log read ing mea sured for clean quartz arenite; GRshale/SPshale –
GR/SP log read ing mea sured for shale.

There is a dif fer ence in shale vol ume cal cu lated by the GR
and SP logs, and so the new method was ap plied. The vari able
which is a sub trac tion re sult of VshSP and VshGR was cal cu lated
to make the com par i son clearer and eas ily ap pli ca ble in rec og -
niz ing the min eral com po si tion and diagenetic fea tures of the
sand stone (Fig. 5 and Ta ble 2).

RESISTIVITY AND SONIC LOG RESPONSE
 IN CARBONATE-CEMENTED SANDSTONES

The re sis tiv ity log shows the re sponse of the for ma tion and
its con tained flu ids to the pas sage of an elec tric cur rent (Serra,
1986; Rider, 2002). There fore, po ros ity and rock tex ture, ge om -
e try of the pores filled with for ma tion wa ter, or more spe cif i cally,
the con nec tions of the pore spaces, are the main fac tors that
de ter mine the rock re sis tiv ity. Car bon ate-ce mented lay ers are
char ac ter ized by dis tinctly higher re sis tiv ity. In this study, the
15 ohmm value was taken to dis tin guish highly ce mented sand -
stone lay ers.
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Fig. 3. Mi cro pho to graphs of sand stones from the Z-GN4 bore hole

A – bur rows, sam ple 37, crossed polars, depth: 1702.2 m; B – al ter ation of feld spar and mus co vite grains, sam ple 100, crossed polars,
depth: 2539.45 m; C – kaolinite de rived from the al ter ation of feld spars, glauconite, and/or lithic grains, sam ple 92, plane par al lel light, depth:
2447.45 m; D – he ma tite min er al iza tion, sam ple 37, crossed polars, depth: 1702.2 m; E – quartz overgrowths, sam ple 103, crossed polars,
depth: 2625.25 m; F – grain cor ro sion by car bon ate min er al iza tion, sam ple 104, crossed polars, depth: 2652.65 m; Qm – monocrystalline
quartz, light blue ar row – cal car e ous ce ment, black ar row – kaolinite fill ing of pore-space / clay coat ing, light pink ar row – illitization of mus co -
vite grains white ar row – kaolinite re place ment of de tri tal grain, or ange ar row – he ma tite min er al iza tion, red ar row – grain cor ro sion
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Fig. 4. Mi cro pho to graphs of cal car e ous sand stones from the Z-GN4 bore hole

A – cal car e ous ce ment and grain cor ro sion in sam ple 39, crossed polars, depth: 1703.25 m; B – cal car e ous ce ment and
rhombohedral crys tals in sam ple 42, crossed polars, depth: 1704.65 m; C, D – microcrystalline sid er ite, sam ple 44, crossed
polars, depth: 1815.25 m; P – pore space, yel low ar row – microcrystalline sid er ite, green ar row – do lo mite rhombohedral crys -
tals, red ar row – grain cor ro sion, blue ar row – cal car e ous ce ment, white ar row – cal car e ous echinoderm microfossils

GR val ues Clay dif fer ence val ues Pos si ble pri mary and/or diagenetic in flu en tial fac tors

0–30  API

<(–0.15)

– quartz arenites or quartzitic litharenites,

– non-ra dio ac tive clay min er als,

– in tense com pac tion,

– quartz or car bon ate ce men ta tion

>(–0.15)

– quartz arenites,

– high pri mary po ros ity saved by the pres ence of clay coat ings which pre vented the de vel op -
ment of quartz overgrowths,

– the pres ence of quartz ce men ta tion has pre vented the com pac tion pro cess

30–70 API

<(–0.15)

– (sub-) arkosic and/or shaly sand stones, heterolithic de pos its and clayey sandy siderites,

– mus co vite,

– in tense car bon ate ce men ta tion,

– con densed lay ers with high ura nium con tent

>(–0.15)

– subarkosic/sublithic arenites and/or shaly sand stones,

– mus co vite,

– slight car bon ate ce men ta tion,

– illitization,

– sec ond ary po ros ity

T a  b l e  2

Clay dif fer ence val ues com pared with prob a ble pri mary and/or diagenetic in flu en tial fac tors de fined by author



The sonic log is a sec ond mea sure ment highly sen si tive to
sub tle tex tural vari a tions. It shows the for ma tion’s ca pac ity to
trans mit sound waves by the mea sure ment of the in ter val tran -
sit time (Dt) in the for ma tions: the re cip ro cal of the ve loc ity
(Serra, 1986; Rider, 2002). The ve loc ity of the rock is mea sured 
as a sum of grain ma trix ve loc ity and ve loc ity of the in ter sti tial
fluid pres ent in the pore space. Here, a max i mum
compressional slow ness of ~90 µs/ft (246 µs/m) for car bon -
ate-ce mented lay ers was taken for a rock with a grain frame -
work com posed of 40% quartz (55.5 µs/ft), 5% K-feld spars
(~47 µs/ft), 20% car bon ate ce ment (47 µs/ft), 10% clay
(167 µs/ft) con tent and 25% sec ond ary po ros ity filled with for -
ma tion wa ter (200 µs/ft) cal cu lated us ing the stan dard Wyl lie’s
equa tion:

( )D D Dt t tf ma= + -f f1 [2]

where:·f – to tal po ros ity of the rock; Dtf – ve loc ity of interstital flu ids

(ft/sec); Dtma – ve loc ity of the rock ma trix (ft/sec)

The car bon ate-ce mented rock sam ples ana lysed show
lower val ues of ~60/70 us/ft de pend ing on the min eral com po si -
tion, clay con tent and per cent age of car bon ate ce men ta tion.

RESULTS

The in te gra tion of petrographic rock fea tures and log re -
sponses was the ba sis to dis tin guish four dif fer ent sandy
petrofacies. For each petrofacies, rep re sen ta tive in ten si ties of
nat u ral gamma ray and clay dif fer ence were de ter mined (Ta -
ble 3 and Fig. 6).

Petrofacies have been cat e go rized based firstly on gamma
ray val ues. 30 API was the limit value (bound ary on the plot in
Figs. 6 and 7) cho sen to di vide clean quartz/sublithic from
sub-/arkosic sand stones and heterolithic de pos its based on
avail able core sam ples and thin sec tions. Sec ondly, each
petrofacies was ana lysed for the ef fects of diagenetic pro -
cesses vis i ble in thin sec tions and fur ther com pared with the
clay dif fer ence (pos i tive/neg a tive) val ues cal cu lated from the
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Fig. 5. Model of clay dif fer ence log gen er a tion from SP and GR shale vol ume

Petrofacies
Pe trog ra phy of sandy

rocks

In flu en tial fac tors Type 
of po ros ity

Gamma ray 
in ten sity

[API]

VshGR–
VshSP

Core sam ples
num bersra dio ac tive non-ra dio ac tive

S1
quartz and sublith-

arenites

–

quartz
overgrowths, cal -
car e ous ce men -
ta tion, kaolinite

sec ond ary
0–30

<(–0.15) 69, 92

S2 clay coat ings quartz
overgrowths pri mary >(–0.15) 57, 62,

S3
subarkosic sand stones,
heteroliths, cal car e ous

sand stones
K-feld spars

kaolinite,
chamosite, cal -
car e ous ce men -

ta tion

sec ond ary

30–70

<(-0.15) 42, 44, 39, 37

S4
subarkosic and sublithic

sand stones
K-feld spars,

illite, mus co vite
kaolinite, var i ous

ce men ta tion sec ond ary >(–0.15) 103, 104, 100

T a b l e  3

Rep re sen ta tive ranges of gamma ray in ten sity and clay dif fer ence val ues for sandy petrofacies
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Fig. 6. Cross-plot of gamma ray and clay dif fer ence mea sure ments with se lected limit
val ues of GR and clay dif fer ence de fined based on avail able core sam ples

Fig. 7. Cross-plot of gamma ray and clay dif fer ence mea sure ments with high lighted sandy petrofacies and their spe cific
petrographic fea tures
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Fig. 8. Re sults of the petrofacies anal y sis with high lighted car bon ate ce mented in ter vals
 in Z-GN4 bore hole

Stra tig ra phy log af ter Marek et al. (1992); lithology log made based on the bore hole doc u men ta tion, core and
log in ter pre ta tion (Karelus et al., 1992)



logs. Based on that, the value –0.15 was cho sen to di vide
petrofacies S1 and S3 char ac ter ized by better petrophysical
prop er ties from S2 and S4. In ad di tion, the in tensely car bon -
ate-ce mented sand stone in ter vals were de tected on the ba sis
of their low sonic and high re sis tiv ity val ues. Fi nally, the data
were in te grated with ar chi val petrophysical and XRD re sults
(Karelus et al., 1992).

Com plete petrofacies anal y sis (Fig. 8) was fun da men tal to
char ac ter iz ing the prob a ble pri mary min eral com po si tion and
diagenetic fea tures rep re sent ing the range of res er voir pa ram e -
ters in these Ju ras sic sand stones.

DISCUSSION

In an era of global con cern for our planet, it is our re spon si -
bil ity to mit i gate the en vi ron men tal im pact of nat u ral re sources
ex plo ra tion. More over, the search for new de pos its leads ge ol -
o gists to the most re mote cor ners of the world, where ac cess to
mod ern data is of ten lim ited. For these rea sons, spe cial at ten -
tion should be paid to the max i mum use of avail able geo log i cal
in for ma tion to limit the drill ing of new bore holes, which, apart
from en vi ron men tal ben e fits, may bring great sav ings to ex plo -
ra tion com pa nies.

Ar chi val data anal y sis can be con tro ver sial be cause usu -
ally, it is im pos si ble to sup port in ter pre ta tions with mod ern geo -
chem i cal mea sure ments. This in suf fi cient re li abil ity makes
them of ten ne glected in ad vanced res er voir mod el ing pro -
cesses. How ever, apart from ba sic geo phys i cal mea sure -
ments, very of ten ar chi val bore hole documentations con tain
much ad di tional in for ma tion that can be used to sup port more
ad vanced in ter pre ta tions. These are most of ten lab o ra tory
mea sure ments of po ros ity and per me abil ity, usu ally sup ple -
mented with bulk den sity and car bon ate con tent. In ad di tion,
se lec tive geo chem i cal (XRD, SEM) and petrographic anal y ses
of geo log i cal sam ples col lected from bore holes have of ten
been per formed in the past. This in for ma tion, es pe cially geo -
chem i cal, is of ten over looked or con sid ered un re li able in the
con text of mod ern anal y ses. How ever, study pro ce dures of ten
have not changed sig nif i cantly, with the only com pli ca tion be ing 
the un clear pre sen ta tion of re sults.

Us ing ar chi val geo phys i cal and petrographic data from the
bore hole Z-GN4, an anal y sis of sand stone petrofacies was
made, sup ple mented with lab o ra tory data of po ros ity, per me abil -
ity, den sity and the re sults of XRD geo chem i cal anal y ses. Based
on these re sults, con clu sions were drawn about the pri mary min -
eral com po si tion of sand stones, their sec ond ary diagenetic
trans for ma tions, and as so ci ated res er voir prop er ties.

INFLUENCE OF NON-RADIOACTIVE CLAY MINERALS ON GAMMA RAY
AND SPONTANEOUS POTENTIAL LOGS – S1 PETROFACIES

Ce men ta tion and grain-dis so lu tion pro cesses are com mon
in the Ju ras sic clastic suc ces sions in the Z-GN4 core-sec tion,
with kaolinite a prod uct of feld spar, lithic grains, and/or
glauconite al ter ation (Church man et al., 2012). This rock com -
po nent does not emit such high nat u ral ra dio ac tiv ity as do other
clay min er als and its pres ence can not be ob served on the
gamma ray log (Fig. 9), but is vis i ble in XRD data from the sec -
tion ana lysed (Fig. 13). The re sid ual feld spar and glauconite
frag ments slightly in crease the nat u ral ra dio ac tiv ity of the sand -
stone. Kaolinite in the Z-GN4 sand stones is seen in
petrographic thin sec tion as a grain re place ment or as a
pseudomatrix fill ing pore space in quartz and/or sublithic,
quartzitic arenites (Fig. 9). In some Ju ras sic for ma tions, chlorite 
is also com mon. The pres ence of non-ra dio ac tive clay min er als 

is prob a bly the main rea son for the shale vol ume cal cu lated
from the SP log in crease and causes the neg a tive val ues in the
clay dif fer ence curve in the kaolinite-rich sand stones. How ever,
the po ros ity and per me abil ity of the S1 petrofacies dem on strate 
the high est val ues among the petrofacies re cog nised to lo cally
ex ceed 300 mD of permability and 25% of po ros ity
(Figs. 11–13). More over, the bulk den sity of the sam ples ana -
lysed is gen er ally low (1.9–2.3 g/cm3) which is typ i cal for po rous
sand stones. This is prob a bly the re sult of sec ond ary
microporosity de vel oped be tween kaolinite crys tals
(Ulmer-Scholle et al., 2014). Nev er the less, some of the S1
sand stones are char ac ter ized by mod er ate petrophysical prop -
er ties, most likely caused by ce men ta tion and/or com pac tion in
the clean quartz or quartzitic litharenites.

PRIMARY POROSITY PRESERVATION – S2 PETROFACIES

Some of the Lower and Mid dle Ju ras sic sand stones show 
good res er voir prop er ties. Petrofacies S2 is char ac ter ized by
low nat u ral gamma ra dio ac tiv ity and pos i tive val ues of clay dif -
fer ence. This is most likely caused by the low gen eral shale
con tent in the quartz and quartzitic sand stones and mod er ately
high po ros ity (Figs. 9, 12 and 13). In some of the ana lysed sam -
ples of petrofacies S2, diagenetic pro cesses such as a gen er a -
tion of quartz overgrowths (Fig. 10C) pre served the pri mary po -
ros ity from me chan i cal com pac tion. In oth ers, how ever, the
pres ence of pri mary clay coat ings was the main rea son why the
pri mary pore space was pre vented from gen er at ing sec ond ary
min er al iza tion (Fig. 10A, B). These fac tors seem to be es sen tial 
for pre serv ing the pri mary po ros ity. How ever, they also re duce
the con nec tions be tween rock pores, which leads to a re duc tion 
in the per me abil ity, which is con sis tent with this petrofacies be -
ing char ac ter ized by mod er ate permeabilities rang ing <25 to
50 mD (Fig. 14).

CONDENSED, CLAYEY SANDY SIDERITES, CARBONACEOUS
SANDSTONES AND HETEROLITHIC DEPOSITS – S3 PETROFACIES

The S3 petrofacies is char ac ter ized by the worst
petrophysical pa ram e ters (Figs. 13 and 14), be ing mostly rep re -
sented by con densed, clayey siderites, car bo na ceous sand -
stones and heterolithic de pos its. Petrofacies S3 gen er ates
higher nat u ral gamma ra dio ac tiv ity, of from 30 to 70 API
(Fig. 11). This is prob a bly caused by the high con tent of ra dio -
ac tive clay min er als such as illite and/or glauconite. How ever,
some of the con densed lay ers can ex hibit higher ura nium con -
tents which can be the rea son for the gamma ray in crease (Vail
et al., 1984; Loutit et al., 1988).

Be sides pri mary com po si tion, the diagenetic fea tures de fine 
the value of clay dif fer ence. In the sandy siderites with clayey,
microcrystalline sid er ite oc cu py ing the pore space (Fig. 11) clay 
dif fer ence shows neg a tive val ues. Vari able petrophysical pa -
ram e ters (Figs. 13 and 14) are caused by the sec ond ary po ros -
ity which is the re sult of ce ment dis so lu tion (Fig. 12B) or the
bioturbation of heterolithic de pos its (Fig. 12A). Petrofacies S3
mostly dom i nates the up per part of the Z-GN4 bore hole, and in -
cludes sid er ite-rich lay ers and car bo na ceous sand stones typ i -
cal of the up per part of the Mid dle Ju ras sic suc ces sion.

CARBONACEOUS, SUBARKOSIC / SUBLITHIC SANDSTONES – 
S4 PETROFACIES

The min eral com po si tion of petrofacies S4 is the most di -
verse. High gamma ray val ues are caused by ra dio ac tive min -
er als such as po tas sium feld spars, glauconite, mus co vite,
and/or illite, their pres ence be ing shown by XRD anal y sis

12 Sara Wróblewska / Geo log i cal Quar terly, 2022, 66: 24
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Fig. 9. Gamma ray and clay dif fer ence log re sponse of petrofacies S1
com pared with the pri mary min eral com po si tion and diagenetic fea tures

vis i ble in thin sec tion mi cro pho to graphs

A, B – sam ple 69, crossed polars, depth: 2260.45 m; C – sam ple 92, crossed polars,
depth: 2447.45 m; D – sam ple 92, plane par al lel light, depth: 2447.45 m; Qm –
monocrystalline quartz, Qp – polycrystalline quartz, black ar row – kaolinite fill ing
of the pore-space / clay coat ing, white ar row – kaolinite re place ment of de tri tal grain
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Fig. 10. Gamma ray and clay dif fer ence log re sponse of petrofacies S2 com pared with
the pri mary min eral com po si tion and diagenetic fea tures vis i ble in thin sec tion

mi cro pho to graphs

A – pri mary clay coat ings, plane par al lel light, sam ple 57, depth: 2119.95 m; B – sam ple 57,
crossed polars, depth: 2119.95 m; C, D – sam ple 62, crossed polars, depth: 2122.75 m; P  – pore
space, dark blue ar row – authigenic quartz overgrowths, black ar row – kaolinite fill ing of the
pore-space / clay coat ing; other ex pla na tions as in Fig ure 9

Fig. 11. Gamma ray, clay dif fer ence, deep re sis tiv ity and sonic log re sponse of petrofacies S3 com pared with the pri mary
min eral com po si tion and diagenetic fea tures vis i ble in thin sec tion mi cro pho to graphs

A – cal car e ous fos sil sur rounded by microcrystalline sid er ite, grain re place ment; B – microcrystalline sid er ite, grain re place ment; C – cal car -
e ous fos sils sur rounded by microcrystalline sid er ite, sam ple 44, crossed polars, depth: 1815.25 m: Fk – po tas sium feld spar, light blue ar row
– cal car e ous ce ment, yel low ar row – microcrystalline sid er ite, dark pink ar row – cal car e ous echinoderm microfossils; other ex pla na tions as
in Fig ure 9
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Fig. 12. Gamma ray, clay dif fer ence, deep re sis tiv ity, and sonic log re sponse of petrofacies S3 and S4 com pared 
with the pri mary min eral com po si tion and diagenetic fea tures vis i ble in thin sec tion mi cro pho to graphs

A – bioturbation of heterolithic de posit, sam ple 37, crossed polars, depth: 1702.2 m; B – kaolinization and cal car e ous ce men ta tion
 in sand stone, sam ple 39, crossed polars, depth: 1703.25 m; C – cal car e ous ce men ta tion in sam ple 42, crossed polars, depth: 

1704.65 m; Mc – microcline, light blue ar row – cal car e ous ce ment; other ex pla na tions as in Fig ure 11

Fig. 13. Re sults of po ros ity mea sure ments and XRD anal y sis of core sam ples from bore hole doc u men ta tion
 (Kopczyñski et al., 1992; Waœ et al., 1992) shown on the gamma ray and clay dif fer ence cross-plot



(Kopczyñski et al., 1992; Fig. 13). How ever, clay dif fer ence val -
ues over –0.15 and vari able petrophysical prop er ties (Figs. 13
and 14) is most likely the rea son of the high sec ond ary po ros ity
formed as a re sult of kaolinization or cal car e ous ce ment dis so -
lu tion (Fig. 12C). In ter ca la tions of petrofacies S4 are pres ent
through out the pro file.

RECOGNITION OF CARBONATE-CEMENTED INTERVALS IN THE Z-GN4
BOREHOLE USING RESISTIVITY AND ACOUSTIC LOGS

Car bon ate ce men ta tion is mostly com mon in sand stones in
the up per most part of the pro file (Fig. 8). It is dom i nant in
petrofacies S3, less com mon in S4. It also oc ca sion ally oc curs
in petrofacies S1 (Fig. 7) as shown by XRD re sults (Karelus et
al., 1992; Fig. 13). Sid er ite and do lo mite ce ments oc cu py ing the 
pore space (Figs. 11 and 12B, C) are the rea son for higher
tortuosity of the re main ing pores, which can lead to full
impermeabilty to for ma tion flu ids. The in flu ence of car bo na -
ceous ce men ta tion in petrofacies S1 and S3 is vis i ble in bulk
den sity lab-mea sure ments which can rise un til 2.7–2.8 g/cm3,
val ues typ i cal of car bon ates (Fig. 14). Petrographic anal y sis of
core sam ples con firmed the pres ence of in tense car bon ate ce -
men ta tion in lay ers of DT (<90 µs/ft) and higher (>15 ohmm) re -
sis tiv ity val ues de pend ing on the re main ing po ros ity of the layer
(Fig. 13). This method ad di tion ally shows the in creas ing car -

bon ate con tent to wards the top of the clastic Mid dle Ju ras sic
suc ces sion in the Z-GN4 bore hole.

CONCLUSIONS

The in te gra tion of var i ous ar chi val well data can help to in di -
cate sandy lithotypes with spe cific diagenetic and petrophysical
fea tures in un-cored in ter vals which can be use ful in fur ther res -
er voir char ac ter iza tion. The con clu sions are as fol lows:

– The ap pli ca tion of a clay dif fer ence log to the ar chi val
dataset for bore hole Z-GN4 was the ba sis for dis tin -
guish ing sandy rocks rich in less-ra dio ac tive clay min er -
als, es pe cially kaolinite which is a prod uct of min -
eral/lithic grain al ter ation and which can not be ob served
by the most com monly used gamma ray clay vol ume cal -
cu la tion. The pres ence of diagenetic kaolinite is even
more im por tant be cause it can cre ate sec ond ary
microporosity which en hances the sand stone res er voir
pa ram e ters.

– Ap pli ca tion of deep re sis tiv ity to gether with sonic mea -
sure ments helped to dis tin guish car bon ate-ce mented
in ter vals in the Z-GN4 bore hole. This method seems to
be help ful to dem on strate the in crease of car bon ate con -
tent in sandy rocks to ward the top of the Mid dle Ju ras sic

16 Sara Wróblewska / Geo log i cal Quar terly, 2022, 66: 24

Fig. 14. Re sults of per me abil ity, po ros ity and bulk den sity lab-mea sure ments of core sam ples from bore hole doc u men ta tion
(Kopczyñski et al., 1992) shown on his to grams



suc ces sion in the Pol ish Ba sin. More over, the pres ence
of the cal car e ous fos sils in sam ple 44 sup ports the the -
sis of the biogenic or i gin of ce ment in the con densed lay -
ers. The car bon ate skel e ton frag ments pro vide the main
source of cal car e ous ce ment in shoreface sand stones,
car bon ate ce men ta tion be ing the re sult of dif fu sion
(BjÝrkum and Walderhaug, 1990; Maliszewska, 1998).
Strongly car bon ate-ce mented in ter vals can be a per fect
bar rier for fluid flow and there fore can play the role of a
sec ond ary seal in the pe tro leum sys tem.

– The petrofacies anal y sis ex am ple of bore hole Z-GN4
was the ba sis to dis tin guish four dif fer ent sandy
petrofacies with dif fer ent pri mary and diagenetic fea -
tures con sis tent with the ar chi val geo chem i cal and
petrophysical re sults.

– The ap pli ca tion of petrofacies anal y sis can be help ful in
de tailed in ter pre ta tion of ar chi val geo log i cal and geo -
phys i cal datasets when the core is no lon ger avail able
but de tailed cor re la tion is nec es sary.
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