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Eocene sed i men ta tion in the Lublin re gion reached its peak in the Mid dle Eocene, fol lowed by a re gres sion in the Late
Eocene, which was ac com pa nied by ac cu mu la tion of sig nif i cant am ber de pos its in the North Lublin area. These de pos its, lo -
cated along the south east ern coast of the Eocene, re flect the abun dant resin pro duc tion in di verse for ests dur ing the cli ma tic
op ti mum of the Eocene. Re cent re search has chal lenged the ear lier no tion that am ber de pos its formed in river del tas and
linked them to re gres sive ma rine fa cies. Am ber is typ i cally found in low-en ergy, re gres sive rock lay ers such as silt and sand,
and its dis tri bu tion could be sig nif i cantly af fected by en vi ron men tal changes in flu enc ing its sec ond ary oc cur rence. A re cent
study fo cus ing on the North Lublin re gion mod elled the struc tural sur face of the Up per Cre ta ceous to iden tify ar eas of am -
ber-bear ing de pos its. Us ing data from the PITAKA, Bank HYDRO and Cen tral Geo log i cal Ar chive da ta bases, a com pre hen -
sive sur face of the Up per Cre ta ceous at the sub-ba sin scale was cre ated us ing ArcGIS soft ware. This ap proach en abled a
better un der stand ing of the palaeodepositional subsurface of the Paleogene de pos its. The anal y sis iden ti fied 84 dif fer ent
am ber-bear ing fields cov er ing a to tal area of 891.5 km2, which cor re sponds to al most 14% of the study area in the north ern
Lublin re gion. These re sults emphasise the in flu ence of the palaeomorphology of the Late Eocene ba sin on sed i ment dy -
nam ics in am ber-bear ing ar eas. This pa per de scribes a new depositional model for the Eocene am ber-bear ing for ma tions in
the Lublin re gion and in di cates po ten tial am ber de pos its in this re gion.
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INTRODUCTION

The Eocene suc ces sion in the Lublin re gion formed in part
of the east ern branch of the ex ten sive epicontinental ba sin of
the North Proto-Sea (Fig. 1). This ba sin cov ered the area of
pres ent-day west ern, cen tral and east ern Eu rope and was in flu -
enced by the slope of the Ukrai nian Shield (Akhmetiev and
Beniamovski, 2006; Kasiñski and Kramarska, 2008; Kasiñski
and S³odkowska, 2014; van der Boon, 2017; Bar rier et al.,
2018; Popov et al., 2019). The sea reached its max i mum ex tent
in the Mid dle Eocene and was in a re gres sive phase in the Late
Eocene, which was ac com pa nied by ac cu mu la tion of nu mer ous 
am ber de pos its in the North Lublin area.

Ac cu mu la tions of am ber in situ in Paleogene de pos its ex -
tend ing over the north ern part of the Lublin area and the neigh -
bour ing re gions of Belarus and Ukraine have long been known
and have been widely de scribed, es pe cially in the vi cin ity of
Parczew and Lubartów (WoŸny, 1966a, b; Mojski et al., 1966;
Po¿aryska, 1977; Kosmowska-Ceranowicz et al., 1990;
Kasiñski and To³kanowicz, 1999) and Sarny in Volhynia (Tutsky 
and Stepanuk, 1999). Small am ber de pos its have been doc u -
mented in each of these re gions (Tutsky, 2005; Melnichuk and
Krynicka, 2018). Sim i lar to those of the Sambia re gion (Kasiñski 
et al., 2020), these de pos its have been as so ci ated with deltaic
ar eas thought to have ex isted along the south ern coast of the
Eocene sea (Kosmowska-Ceranowicz, 1990).

Ad vances in the geo log i cal study of the Paleogene suc ces -
sion in Eu rope have con trib uted to its more pre cise strati graphic 
de lin ea tion and en abled the cre ation of lo cal and re gional
palaeogeographic maps. The first au thor (PHK) has pro duced
two palaeogeographic maps based on var i ous sources
(Kramarska, 2006; Popov et al., 2004a, b, 2019; Kováè et al.,
2016; van der Boon, 2019; Krijgsman et al., 2020) for the Late
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Eocene and for the Early Oligocene in Cen tral Eu rope, show ing 
the tran si tion to the North Sea Ba sin and to the Carpathian Ba -
sin in the south (Fig. 1). A com par i son of these maps shows
that the for ma tion of the am ber de pos its in the North Lublin area 
pre ceded the for ma tion of most am ber de pos its in cen tral Eu -
rope (Late Eocene). Fur ther more, the sed i men ta tion con di tions 
for the Late Eocene de pos its were more dy namic than for the
Early Oligocene de pos its (Knox et al., 2010). A sig nif i cant re -
duc tion of the con nec tions, in the Early Oligocene, be tween the
Carpathian Ba sin and the Ukrai nian Crys tal line Shield in the
Rivne re gion and the Gomel Re gion of Belarus re sulted in the
am ber de pos its then be ing de pos ited un der dif fer ent con di tions 
than was the case for the Up per Eocene ac cu mu la tions in the
North Lublin area (see Fig. 1). Build ing on pre vi ous suc cesses
in iden ti fy ing Paleogene de pos its in the north ern Lublin re gion,
par tic u larly re gard ing the or i gin of am ber in Eocene de pos its,
this study dem on strates a new model for the de po si tion of re -
gres sive Eocene sed i ments. Ad di tion ally, the study seeks to
pre dict the oc cur rence of am ber ac cu mu la tions within these de -
pos its. By le ver ag ing mod ern com pu ta tional tech nol o gies and
an ex ten sive da ta base of bore holes in the study area, a stan -
dard ized meth od ol ogy was ap plied across the en tire re gion,
yield ing prom is ing re sults.

GEOLOGICAL SETTING

Ac cu mu la tions of Bal tic am ber (succinate) of com pos ite na -
ture are con sid ered as “pri mary de pos its” (ini tial, rich sed i men -
tary ac cu mu la tions) as so ci ated with fine clastic, in clud ing
clayey de pos its of the Up per Eocene (Piwocki, 2002, 2004;
Kasiñski, 2015, 2016; S³odkowska and Kasiñski, 2016a). The
Paleogene am ber-bear ing as so ci a tion con sists of sandy, silty
and clayey de pos its with scat tered am ber frag ments. A char ac -
ter is tic fea ture of the as so ci a tion is glauconite. On the ba sis of
palynological and microfaunal stud ies car ried out in the North

Lublin area, the age of the am ber-bear ing de pos its was de ter -
mined as around the bound ary be tween the Mid dle and Up per
Eocene (Bartonian-Priabonian; Gedl, 2012, 2014; S³odkowska
and Kasiñski, 2016a, b, 2018; Kasiñski et al., 2018). The pres -
ence of succinate de pos its is noted in the area of shal low
Eocene sed i men tary de pos its in the north ern Lublin re gion near 
the ero sional limit of their oc cur rence (Kosmowska-Ceranowicz 
et al., 1990; Kasiñski and To³kanowicz, 1999; Kasiñski, 2016).

In the north ern Lublin re gion, de pos its of Bal tic am ber are
dis trib uted quite evenly in the lit to ral zone along the east ern
coast of the Eocene sea. In the Eocene, the east ern arm of the
north ern proto-sea ex tended into the ar eas of pres ent-day Cen -
tral Eu rope, in clud ing the north ern Lublin re gion in Po land. It
was a shal low epicontinental sea with a chain of is lands in the
ax ial part of the ba sin (Fig. 1). The shores of this sea were cov -
ered with lush, di verse for ests. On land, the Early Eocene Cli -
ma tic Op ti mum (EECO) fa voured the de vel op ment of for ests
and their great biodiversity, that grew in a trop i cal to sub trop i cal
cli mate (Bohaty et al., 2009; Jovane et al., 2009; Miller et al.,
2009; Lukashina, 2010; S³odkowska and Kasiñski, 2016a, b, c;
Hutch in son et al., 2021) and pro duced large quan ti ties of resin.
This resin was trans formed into am ber by com plex bio chem i cal
and geo chem i cal pro cesses. The fac tors af fect ing the in creas -
ing resinification could be var i ous (rapid cool ing, in tense vol ca -
nic ac tiv ity, in sect in va sion, tree dis eases, fires, etc.; Kos -
mowska- Ceranowicz, 2012; S³odkowska et al., 2013).

PALAEOGEOGRAPHY AND SEDIMENTARY
ENVIRONMENT OF THE AMBER-BEARING
DEPOSITS IN THE NORTH LUBLIN REGION

Anal y sis of lithofacies maps and of the vari abil ity of am ber
con tent in the de pos its (Jurys et al., 2010; Kasiñski, 2016)
shows that sandy-silty lithofacies as so ci ated with am ber ac cu -
mu la tions oc cur patchily among the pre dom i nant sandy de pos -
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Fig. 1. Lo ca tion of am ber de pos its in re la tion to the palaeo ge ogra phy of the Late Eocene (A) and Early Oligocene (B) in Cen tral Eu -
rope (maps mainly based on Akhmetiev and Beniamovski, 2006; Kasiñski and Kramarska, 2008; Knox et al., 2010; Kasiñski and
S³odkowska, 2014; van der Boon, 2017; Bar rier et al., 2018; Popov et al., 2019; Palcu and Krijgsman, 2023; in the re gion of south -
east ern Po land and Volhynia mainly based on the first au thor’s stud ies
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its. This ar chi tec ture of the Eocene suc ces sion in di cates a sed i -
men tary en vi ron ment re lated to bar ri ers or bar rier-delta struc -
tures in the lit to ral zone. The clastic bar ri ers mi grated north -
wards con sis tent with the re gres sive trend of Eocene sea level.
Older bar rier ar eas be came land ar eas and could be par tially
cov ered by am ber-rich for ests. At the same time, they be came
source ar eas for clastic ma te rial that was de pos ited on later,
youn ger bar ri ers. This sce nario may have been re peated sev -
eral times (Karnkowski and Kasiñski, 2014).

Re cent re search has called into ques tion the pre vi ously ac -
cepted view that the am ber as sem blages in north ern Lublin
were de pos ited on the del tas of large rivers (Kosmowska-
 Ceranowicz et al., 1990). To the con trary, in all ac cu mu la tions
the am ber frag ments co ex ist with glauconite, macro- and micro -
fauna (foraminifera, fish teeth, shells) and dinocysts (WoŸny,
1977; Kasiñski and To³kanowicz, 1999; S³odkowska and
Kasiñski, 2016a). These ob ser va tions in di cate that the pres -
ent-day bound ary of the ma rine Eocene suc ces sion has an ero -
sional char ac ter, so that the main bound ary of the sed i men tary
ba sin was un doubt edly lo cated far ther south, per haps in the
area of Roztocze (Gedl, 2014). This sug ges tion is sup ported by
the oc cur rence of small am ber frag ments in Badenian de pos its
in the neigh bour ing part of the Carpathian Foredeep, where
these un doubt edly oc cur in sec ond ary de pos its (Wysocka,
2002). Due to the nar row width of the Meta-Carpathian Ridge
and its prox im ity to the Tethys Ocean ba sin, the pos si bil ity of
large rivers de vel op ing in such a small area seems very doubt -
ful. There fore, the oc cur rence of pri mary de pos its of am -
ber-bear ing de pos its should be as so ci ated with re gres sive ma -
rine fa cies, and the ge om e try of the lithosomes sug gests that
the de po si tion of am ber was as so ci ated with pe ri odic slow -
downs in re gres sion. The lithofacies anal y ses car ried out in di -
cate that am ber oc curs in low-en ergy re gres sive fa cies, mainly
in fine-grained silts and sands (Czury³owicz and Sa³aciñski,
2010; Karnkowski and Kasiñski, 2014; Czury³owicz, 2015).
With the in crease in the en ergy of the en vi ron ment (e.g., due to
a mi nor transgressive ep i sode in ter rupt ing the over all re gres -
sive trend), the am ber was com monly washed out of pri mary
ac cu mu la tions and re de pos ited in youn ger sed i ments. The
pres ent-day dis tri bu tion of am ber is there fore gen er ally as so ci -
ated with sev eral ero sional events that af fected am ber-bear ing
sed i ments, with redeposition of am ber. Delta de pos its also oc -
cur sec ond arily in am ber-bear ing sed i men tary se quences (see
Czury³owicz, 2014; Czury³owicz et al., 2014), but as re gards
am ber oc cur rence they are es sen tially bar ren.

CONDITIONS OF OCCURRENCE 
AND PROPERTIES OF AMBER

Am ber-bear ing de pos its oc cur at var i ous depths, at shal -
lower depths (2.3 m) in the area of the Siemieñ pond north-east
of Lubartów (Morawski, 1960; Mojski et al., 1966; WoŸny,
1966a; Parecki and Bujakowska, 2004; S³odkowska et al.,
2022), but most fre quently at depths of 15–20 m. In many
places, such as in the area of the Siemieñ pond and in the Firlej
re gion, the Eocene de pos its are re duced to a thick ness of
1–2 m (see Fig. 2).

With the cur rent state of knowl edge, it is dif fi cult to re cog -
nise pat terns in the spa tial dis tri bu tion of qual i ta tive pa ram e ters
of the am ber. The am ber re cov ered dur ing drill ing in the 1990s
(Kasiñski and To³kanowicz, 1999) showed a wide va ri ety of
grain sizes and qual i ta tive char ac ter is tics, but large and
high-qual ity frag ments were not very com mon. At that time,
three types of am ber were dis tin guished: trans par ent, trans lu -
cent and opaque, in dif fer ent colours rang ing from light yel low to 

var i ous shades of honey and brown. Some am ber clasts had a
typ i cal colours, such as lemon-yel low or blood-red. The dark
brown grains were usu ally brit tle, a re sult of ad vanced weath er -
ing. Many clasts re tained the orig i nal weath ered cor tex, in di cat -
ing rel a tively low trans port en ergy; no am ber grains with a high
de gree of round ing were ob served. Nu mer ous grains re tained
their orig i nal shapes as so ci ated with the man ner of resin ac cu -
mu la tion: flake, in ter me di ate and subcortical forms were dis tin -
guished.

HISTORY OF AMBER RESEARCH

The first men tions of the oc cur rence of ma jor am ber de pos -
its in the North Lublin area date from 1931–1938 in un pub lished 
manu scripts by A. Chêtnik (fide Kosmowska-Ceranowicz and
Popio³ek, 1981), which fo cused on the Siemieñ pond area west
of Parczew. From 1959 to 1966, in for ma tion on de pos its of am -
ber-bear ing de pos its in this area ap peared in de scrip tions of
sev eral bore holes and ex ca va tion sites for build ing clays,
where Eocene glauconite-quartz sands with phosphorites and
am ber were en coun tered at shal low depths (WoŸny, 1966a, b;
Zalewska, 1971, 1974). In the 1960s, coarse clastic de pos its
were de scribed in ar chived re cords of five deep struc tural bore -
holes in the £uków, Parczew and Lubartów re gions as “grav els
with am ber”, but their ex act strati graphic po si tion is un cer tain.

In 1965, a bore hole drilled by the De part ment of Geo log i cal
Map ping of the Pol ish Low lands and Qua ter nary Re search of
the Geo log i cal In sti tute in War saw con firmed the pres ence of
Eocene am ber-bear ing de pos its on the Wieprz River flood ter -
race in Luszawa (Mojski et al., 1966). The pres ence of am ber in 
the Luszawa area was con firmed by a bore hole in the 1980s. In
the same pe riod, am ber from Eocene de pos its was also de -
scribed in a bore hole in nearby Wyganów (Kosmowska-
 Ceranowicz and Leciejewicz, 2005).

In 1974, a bore hole drilled by the Oil and Gas Ex plo ra tion
De part ment of the Oil and Gas In dus try Com pany in Kraków
de scribed the oc cur rence of large am ber clasts, some
fist-sized, in Leszkowice. Part of this re cord was stored in the
De part ment of Ge ol ogy at the Maria Cu rie-Sk³odowska Uni ver -
sity in Lublin.

In 1989, while doc u ment ing a nat u ral gravel de posit in
Górka Lubartowska, ~8 km north of Lubartów, the geo log i cal
com pany “PolGeol” from War saw doc u mented the first de posit
in the North Lublin re gion with am ber as an ac ces sory min eral
(Strzelczyk and Danielewicz, 1990). The same am ber de posit
was later for mally doc u mented by Bujakowska and Parecki
(2004). Cur rently, the north ern part of this de posit is be ing pri -
vately eco nom i cally ex ploited. Its pri mary com mod ity is
glauconite with am ber as a sec ond ary raw ma te rial. In 1992, the 
Pol ish Geo log i cal In sti tute be gan to de velop a meth od ol ogy for
the ex plo ra tion of am ber in Paleogene de pos its, to en able more 
pre cise de ter mi na tion of pro spec tive ar eas for am ber oc cur -
rence and the plan ning of pros pect ing work (Kasiñski and
To³kanowicz 1999). At that time, a map of pro spec tive ar eas
was cre ated with a fore cast of am ber oc cur rence in this area
and in south ern Podlasie. On the ba sis of this work, more de -
tailed stud ies of the am ber-bear ing sed i men tary as so ci a tion in
the North Lublin area were car ried out in 1994–1997. As part of
these stud ies, the Pol ish Geo log i cal In sti tute drilled 38 bore -
holes in the area be tween the mid dle Vistula val ley and the mid -
dle Bug River val ley in or der to ini tially ex plore the am ber de -
pos its in this re gion. The drill ing re sults con firmed the pres ence
of ma jor am ber de pos its in the cen tral part of this area (be tween 
Radzyñ Podlaski, Parczew and Lubartów) and al lowed an ap -
prox i mate es ti ma tion of the mineable am ber re sources
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Fig. 2. Prog nos tic and pro spec tive ar eas of am ber de pos its in the Lubartów-Radzyñ Podlaski re gion 
(North Lublin area) (A) and geo log i cal cross-sec tion of am ber de pos its in the Górka 

Lubartowska-NiedŸwiada re gion (B)



(Kasiñski et al., 1997). Seven po ten tial min ing ar eas with re -
sources of >45,000 tonnes were iden ti fied in this area. At that
time, a map of po ten tial am ber de pos its in the North Lublin re -
gion was cre ated (Fig. 2A), which was later in cluded in the “Bal -
ance of Pro spec tive Min eral Re sources of Po land” (Kramarska
et al., 2020). This map served as the ba sis for con duct ing
large-scale ex plo ra tion work in north ern Lublin area and was
used by sev eral com mer cial com pa nies to ex plore am ber de -
pos its with bal anced re sources (Zdanowski et al., 2017; Szyde³
and Gazda, 2020). The larg est of these de pos its is the
NiedŸwiada-Górka Lubartowska de posit, which is lo cated
north-east of the first, ini tially re cog nised Górka Lubartowska
de posit (Fig. 2). Ba sic re search has con tin ued un til re cent years 
(Kasiñski, 2015, 2016a; S³odkowska and Kasiñski, 2016b;
S³odkowska et al., 2022), also within the frame work of in ter na -
tional co op er a tion be tween Po land and Ukraine (Natkaniec-
 Nowak et al., 2017; Kasiñski et al., 2018; S³odkowska and
Kasiñski, 2018). In par tic u lar, palynological and
sedimentological stud ies were car ried out to re con struct the
pro cesses of am ber trans port and de po si tion. To con strain the
pres ence of sig nif i cant am ber de pos its in the pro jected area,
three re search bore holes were drilled in 2019 (¯arski and
S³odkowska, 2020).

PRESENT EXPLORATION ACHIEVEMENTS

Data from the on go ing ex plo ra tion of am ber-bear ing de pos -
its has re vealed in trigu ing pat terns re gard ing the like li hood of
en coun ter ing am ber raw ma te rial. Ac cord ing to Czury³owicz
(2014), the prob a bil ity of find ing am ber qua dru ples when spe -
cific lithofacies are drilled. Sta tis ti cal anal y sis of the bore hole
data has fur ther il lu mi nated some pat terns in the oc cur rence of
am ber. For ex am ple, an up wards trend in am ber grade can be
ob served, which de creases to wards the top of the Up per
Eocene de pos its. This trend is at trib uted to gen eral hy dro dy -
namic changes caused by pro gres sive ma rine re gres sion. In
ad di tion, am ber de pos its zones have been iden ti fied, prob a bly
due to the cy clic sup ply of sed i ments dur ing pe ri ods of sta bili sa -
tion in sub ma rine distributary chan nels. Lenses and other iso -
lated forms of high-grade am ber have also been iden ti fied.
These large- and small-scale forms of am ber oc cur rence, al -
though sig nif i cant, are con sid ered low-or der struc tures com -
pared to the pre dom i nantly ran dom dis tri bu tion of am ber raw
ma te rial.

The com plex spa tial dis tri bu tion of am ber pro vides in di rect
in sights into the in ter play of dif fer ent depositional pro cesses
that oc cur si mul ta neously at dif fer ent lev els of in ves ti ga tion,
some of which are be yond our cur rent an a lyt i cal abil i ties.
Among the fac tors in flu enc ing am ber de po si tion, the set tling of
fine am ber grains from sus pen sion by grav ity and the trac tion
trans port of larger grains stand out. Con versely, zones that
show in creased am ber con tent at the lo cal scale typ i cally dis -
play a ran dom dis tri bu tion within the Up per Eocene de pos its.

Fol low ing 3D para met ric model anal y sis aimed at re con -
struct ing the in ter nal depositional ar chi tec ture and the vari abil -
ity struc ture of the am ber con tent within the “Górka
Lubartowska” de posit, sev eral lay ers of in for ma tion were cal cu -
lated to as sess the re source po ten tial (Fig. 3B, E and F) and the 
min ing suit abil ity (Fig. 3A and G). Given the in her ent un cer tain -
ties in re source es ti ma tion and the proba bil is tic na ture of the
geostatistical sim u la tion re sults, the ev i dence map pack age in -
cludes lay ers that de ter mine the prob a bil ity of oc cur rence of the 
rel a tively rich est lithofacies FSm (Fig. 3C). Geo log i cal un cer -
tainty, a fun da men tal as pect of geo log i cal mod el ling of am -
ber-bear ing depositional sys tems, was taken into ac count by
cal cu lat ing the Shan non en tropy layer (Fig. 3D). An in for ma tion
layer rep re sent ing the re source po ten tial in re la tion to the thick -
ness of the depositional fa cies is pro vided by the net-to-gross
map (Fig. 3F). This co ef fi cient is de rived from the ver ti cal col -
umn of the grid model and rep re sents the ra tio of the to tal thick -
ness in in ter vals ex ceed ing a pre de fined thresh old value to the
to tal thick ness of the de posit. Ad di tion ally, the re source po ten -
tial can be visu al ised us ing a map that in di cates the prob a bil ity
that the per cent age of am ber con tent ex ceeds the thresh old
value. As open-pit min ing is the pre ferred method of ex ploit ing
the de posit, the anal y sis in cluded maps of over bur den thick -
ness (Fig. 3A) and gross de posit thick ness (Fig. 3B) cal cu lated
dur ing the con struc tion phase of the strati graphic model. The
maps pre sented were cre ated to iden tify the most eco nomic
sec tors within the “Górka Lubartowska” de posit area us ing a
knowl edge-based ap proach known as Weighted Over lay. This
method en ables the ad just ment of the in flu ence of in di vid ual in -
put maps based on the con cep tual de posit model.

A sig nif i cant cor re la tion be tween the ver ti cal vari a tions in
glauconite silt con tent and the av er age am ber con tent cal cu -
lated from the bore hole data of the “Górka Lubartowska” de -
posit emphasises the close re la tion ship be tween the pro cesses 
of am ber ac cu mu la tion and de po si tion in the shore zone of the
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Sci en tific pa pers and com mu ni ca tions Years
Re ports on am ber de pos its re sources and re -

serves in the area of Górka
Lubartowska-Leszkowice-NiedŸwiada

WoŸny (1966a, b); Mojski et al. (1966) 1960–1969

Po¿aryska (1977)
1970–1979

1980–1989

Kosmowska-Ceranowicz et al. (1990); Kasiñski and
To³kanowicz (1999) 1990–1999 Strzelczyk and Danielewicz (1990)

Piwocki (2002); Sa³aciñski and £azowski (2008) 2000–2009 Bujakowska and Parecki (2004)

Nieæ et al. (2010a, b); S³odkowska and Kasiñski (2013, 
2016a, b, c, 2018); Czury³owicz (2014); Karnkowski

and Kasiñski (2014); Czury³owicz et al. (2015);
Kasiñski (2015, 2016); Kasiñski et al. (2018)

2010–2019 Zdanowski et al. (2017); Myszka, 2018;
Mazurek (2018a, b); Mazurek (2019a, b)

Kramarska et al. (2020); S³odkowska et al. (2022) 2020–2029
Mazurek (2020a, b, 2021; Szyde³ and Gazda

(2020); ¯arski and S³odkowska (2020);
Zembek and Wójcik (2022)

T a  b l e  1

 Sci en tific and in dus trial ac tiv i ties on am ber de pos its in the North Lublin re gion
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Fig. 3. Sum mary of in for ma tion lay ers ob tained se quen tially dur ing model anal y ses as part of a com pre hen sive study of the
geo log i cal con di tions of the “Górka Lubartowska” am ber de posit (af ter Czury³owicz, 2014)



Late Eocene sea. The peak value of the av er age am ber con tent 
closely co in cides with the phase in which the prob a bil ity of the
oc cur rence of glauconite silt is high est.

The sharp in crease and sub se quent grad ual de crease in
am ber oc cur rence in ver ti cal pro file faith fully re flects the trend of 
changes in the glauconite silt lithofacies. Fur ther ex am i na tion of 
the ver ti cal trends in am ber con tent re veals higher or der phase
shifts within the se quences when the bore hole data are sep a -
rated on a lithofacies ba sis. This phe nom e non is likely due to
the ero sion and redeposition of pre vi ously con cen trated am ber
orig i nally formed in the silty sed i ments. As the sed i men tary
com po nent with the low est spe cific grav ity, am ber is very sus -
cep ti ble to ero sion and tends to re de posit into rel a tively youn ger 
sed i ments. This cy cli cal pro cess took place at least nine times
dur ing the aggradation of the am ber-bear ing de pos its
(Czury³owicz, 2014).

The suc ces sive trans gres sions of the Eocene se quences
show a pro gres sive pat tern in which their ex tent grad u ally in -
creases to wards the south. The se quences iden ti fied in the pro -
file are char ac ter ised by a sys tem atic in crease in the pro por tion
of clays and car bon ate de pos its. The pres ence of car bon ates
in di cates  flood events that cor re late with lim ited in flow of ter res -
trial sed i ment. This phe nom e non is ob served mainly in the
north ern re gion and co in cides with the phase of max i mum in -
crease in the ra tio of silts + clays/sands (Czury³owicz, 2014).
This phase of the sed i men tary ba sin de vel op ment cor re sponds
to the peak of ma rine trans gres sion and prob a bly ex tends to the 
vi cin ity of to day’s Lublin Up land.

The de po si tion of these Up per Eocene strata was closely
re lated to the tran si tion from trans gres sion, which marked the
peak of ma rine ex pan sion in the late Eocene, to ma rine re gres -
sion, which ini tially took place amidst an in creased sed i ment
sup ply. The sed i ments of the Up per Eocene Siemieñ For ma tion 
were ini tially de pos ited within the prodelta zone. Later, as sea
level re ceded, the sed i ment lay ers were re worked and the
depositional pat terns shifted to re flect the progradation of sub -
ma rine distributary chan nels (Czury³owicz, 2014).

PREVIOUS MODELS OF THE AMBER-BEARING
DEPOSIT

Cur rent un der stand ing of the or i gin of the am ber de pos its in
the Eocene suc ces sion north of Lublin has evolved be tween
1990 and 2014, as ana lysed by Kosmowska-Ceranowicz et al.
(1990), Kasiñski and To³kanowicz (1999), Czury³owicz (2014),
Karnkowski (2014) and Karnkowski and Kasiñski (2014). This
over view is not or gan ised chro no log i cally, but through ana lys -
ing the in ter ac tions be tween dif fer ent per spec tives, high light ing
the dy namic in ter de pen dence be tween the opin ions of var i ous
re search ers.

In his doc toral the sis on the Paleogene am ber de posit
“Górka Lubartowska” in the Parczew and Lubartów re gion
(30 km north of Lublin), Czury³owicz (2014) fo cussed on var i ous 
as pects, in clud ing the sed i men tary con di tions, the dis tri bu tion
of lithofacies, the thick ness of the am ber-bear ing de pos its, the
synsedimentary and post-depositional tec ton ics, the sed i men -
tary ar chi tec ture on a lo cal and re gional scale, ero sional pro -
cesses and the pres er va tion pos si bil i ties of the Eocene sed i -
ments. He put for ward the the sis that the first phase of the for -
ma tion of am ber-bear ing de pos its in the Lubartów-Parczew
area took place dur ing the tran si tion from trans gres sion, which
marks the peak of the ex pan sion of the Late Eocene sea, to re -
gres sion, which was ini tially char ac ter ised by an en hanced sup -
ply of terrigenous ma te rial. Czury³owicz (2014) re ferred to the
con cept of the Parczew Delta (Kosmowska-Ceranowicz et al.,

1990), in which the am ber ac cu mu la tions are said to have
formed. How ever, Kasiñski and To³kanowicz (1999) had ear lier
ex pressed doubts about the ex is tence of this delta and pro -
posed that a sys tem of nu mer ous smaller deltaic fans had de -
vel oped along the coast line, at trib ut ing their for ma tion to the
lim ited land area of the Meta-Carpathian Swell, which was in -
suf fi cient to sup port a large, sin gle deltaic sys tem. The con trast
be tween the per spec tives is ob vi ous, with the dis ser ta tion fa -
vour ing the con cept of a sin gle large delta. Karnkowski (2014)
tended to fa vour the views of Kasiñski and To³kanowicz (1999),
who sug gested that the for ma tion and de vel op ment of sev eral
smaller fans oc curred dur ing the re gres sive phase of the
Eocene ba sin. As sea level con tin ued to fall, suc ces sive gen er -
a tions of del tas de vel oped: those that had pre vi ously formed
be came ex posed fol low ing sea level fall, and pos si bly par tially
eroded to pro vide ma te rial for the sub se quent delta sed i men ta -
tion cy cles. These dry ar eas prob a bly be came for ested af ter
delta sed i men ta tion and pro vided am ber resin ma te rial for the
rivers. This cy cle was re peated un til the end of sed i men ta tion in
the Eocene ba sin. Karnkowski (2014) pro posed a multi-stage
evo lu tion of the Eocene del tas in the study re gion, which is in
con trast to Czury³owicz’s (2014) sin gle-delta hy poth e sis. This
point of view was then sup ported by Karnkowski and Kasiñski
(2014), when the as so ci a tion of am ber as sem blages with dis -
con tin u ous oc cur rences of mud lithofacies sites was
emphasised. From a geo log i cal and ex plor atory point of view,
the cen tral ques tion re mains: where should one look for am ber
de pos its in Eocene de pos its in the Lublin re gion? It seems that
the depositional model for am ber-bear ing de pos its in the cur -
rent, low-en ergy part of the delta has proved suc cess ful.

PALEOGENE OF THE LUBLIN AREA:
STRATIGRAPHY, CLIMATE, TECTONICS, EUSTASY 

AND PALAEOGEOGRAPHY

A palaeogeographic map of the Late Eocene, i.e. the pe riod 
in which the am ber de pos its were formed, is a cru cial part of the
fi nal plan for the ex plo ra tion of the am ber de pos its in the Lublin
re gion. Ini tially, the map by Kramarska (2006) and Kramarska
et al. (2008) was used, which cov ers a larger area than shown
in Fig ure 4.

The com pre hen sive com pi la tion of Paleogene and Neo -
gene pro files in the Lublin re gion re quired the col la tion of data
from var i ous sources, in clud ing the Strati graphic Ta ble
(Kasiñski et al., 2008) and oth ers. The sum ma rised
lithological-strati graphic pro file is de picted in Fig ure 5 and
shows the po si tion of the Siemieñ For ma tion, which may con -
tain am ber ac cu mu la tions. Es sen tially, the pro file shown here
cov ers the en tire sed i men tary se quence rest ing on the Cre ta -
ceous base ment (Jahn, 1956; Harasimiuk and Henkiel, 1981;
Œwidrowska, 2007; Leszczyñski, 2010). The lower part con sists 
of sands and glauconitic con glom er ates with phos phate con -
cre tions, which in di cate a ma rine or i gin and are gen er ally not
more than 1 metre thick. The fau nal biostratigraphy in di cates
the Paleocene. Higher, the Siemieñ For ma tion de pos its (Fig. 5) 
are ob served, dated to the up per Eocene.

The palaeogeographic map (Fig. 4) was cre ated spe cif i cally 
for this sed i men ta tion phase. In the Lublin re gion, the Siemieñ
For ma tion is cur rently over lain by thin Pleis to cene de pos its.
The pro file de picted (Fig. 5), which con sists mainly of the
Siemieñ For ma tion (~40–34 Ma), there fore rep re sents a geo -
log i cal re cord span ning 65 My, largely com pris ing here strati -
graphic gaps due to ero sion and pe ri ods with out de po si tion.
The palaeogeographic map of the Late Eocene thus de scribes
a spe cific phase as so ci ated with the transgressive-re gres sive
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Fig. 4. Palaeogeographic map dur ing the Late Eocene (mainly af ter Kramarska, 2006, 2008; con sid er ably mod i fied
 in the re gion of southeast ern Po land and west ern Ukraine)

Fig. 5. The strati graphic po si tion of the Siemieñ For ma tion (am ber-bear ing de pos its) in the chronostratigraphic di a gram and its
re la tion ship to the older and youn ger Ce no zoic for ma tions (note the eustatic curves in the tran si tion zone from the Late Eocene 

to the Oligocene)



cy cle of the Late Eocene. Such maps are valu able as they de -
lin eate ar eas of de po si tion, ero sion and tran si tion zones be -
tween dif fer ent palaeogeographic en vi ron ments. Great ef forts
have been made to com pre hen sively up date the pic ture pre -
sented (Fig. 4). Dur ing the Paleocene, the tec tonic in ver sion in
the cen tral part of the Pol ish Low land (Poznañ – War saw area)
led to the up lift of the Mid-Pol ish Swell, which di vided the sed i -
men tary ba sin of the Pol ish Low land into two sec tions (the
Poznañ and War saw-Lublin seg ments). The War saw-Lublin
area, which is lo cated en tirely east of the Tornquist-Teisseyre
(T-T) line, re mained rel a tively un af fected by sig nif i cant de for -
ma tion and up lift dur ing the Paleogene, in con trast to the
Poznañ re gion. The sea en tered the peneplained area from the
west dur ing the Mid dle Eocene trans gres sion and spread
eastwards. In the cen tre of the ba sin, rem nants of the Mid-Pol -
ish Swell re mained as shoals and a se ries of is lands sep a rat ing
the west ern ba sin from the east ern Eu ro pean ba sin. Am -
ber-bear ing sed i ments de vel oped in some ar eas of the east ern
ba sin, par tic u larly in the north ern Lublin re gion.

Nu mer ous palaeogeographic re con struc tions of the Late
Eocene in di cate the pres ence of an ex ten sive Volhynia Mas sif
in south east ern Po land and Ukraine, ex tend ing as far as the
town of Vinnytsia. How ever, care ful anal y sis based on var i ous
sources has made it pos si ble to re fine this rep re sen ta tion and
di vide the Volyn Mas sif into smaller is lands with po ten tial com -
mu ni ca tion chan nels be tween them and the bas ins lo cated
south and east of the Lublin re gion. The study of the sub strate
of the Carpathian Foredeep in di cates a highly di verse
Paleogene re lief char ac ter ised by palaeoval ley in ci sions with
depths of >1000 metres (G³owacki and Karnkowski, 1961;
Karnkowski, 1989; Po³towicz,1998, 1999; Moryc,1992, 1995,
1997; Karnkowski and Ozimkowski, 2001). In the Rzeszów re -
gion, these in ci sions form small bas ins with Paleogene ter res -
trial de pos its (Buraczyñski and Krzowski, 1994; Moryc, 1995:
Gedl, 2012, 2014; Gedl and Worobiec, 2020). Two for ma tions
have been iden ti fied within these bas ins: the older Rac³awówka
Con glom er ate For ma tion and the youn ger Czudec For ma tion
(Moryc, 1995; Gedl and Worobiec, 2020). The Rac³awówka
For ma tion shows fea tures that in di cate lo cal ized trans port of
peb bles, pos si bly ac com pa nied by grav i ta tional slid ing into
mor pho log i cally de pressed val ley-shaped ar eas. The
Rac³awówka con glom er ates are over lain by mudstones and
sub or di nate sand stones of the Czudec For ma tion, in di cat ing a
ter res trial sed i men tary en vi ron ment with a con sid er able sup ply
of or ganic mat ter, such as a lake or swamp (Moryc, 1995; Gedl
and Worobiec, 2020). In the Late Eocene (Fig. 4), the area
around the Rzeszów re gion had al ready de vel oped as a land
area, which re mained flooded by Paratethys sea wa ter un til the
late Mid dle Mio cene (late Sarmatian age) due to the for ma tion
of the Carpathian Foredeep.

The Late Eocene wit nessed sig nif i cant cli ma tic changes,
namely the tran si tion from a green house to an ice house world
in which there were no glaciations in this re gion (Rasser et al,
2008; Ozsvárt et al., 2016; Palcu and Krijgsman, 2023). This cli -
ma tic change prob a bly con trib uted to in creased resin pro duc -
tion in the for ests dur ing the tran si tion from the Eocene to the
Oligocene, which co in cided with the for ma tion of the rich est am -
ber as sem blages.

From a geotectonic per spec tive, it is as sumed that the col li -
sion of the con ti nen tal plates in the Late Eocene led to the frag -
men ta tion and clo sure of the Tethys Ocean, which was later re -
named the Paratethys in its north ern sec tion (Schulz et al.,
2005; Soták, 2010). The shallowing of the ba sin in the Late
Eocene and the for ma tion of nu mer ous is lands and shoals are
an in di ca tion of changes in sed i men ta tion that sig nify a tran si -
tion from an ox y gen-rich to an ox y gen-poor ma rine en vi ron ment 

from the Eocene to the Oligocene (van der Boon, 2017) . The
palaeogeographic map shown (Fig. 4) in di cates shal low bas ins
in Ukraine and in the War saw-Lublin re gion, which are bor dered 
by is lands and in lets in the south and al low con tact be tween the
re ced ing Tethys Ocean (Paratethys) and the At lan tic Ocean.
How ever, this con ver gence of two large palaeogeographic ar -
eas only took place dur ing pe ri ods of strong eustatic rise in sea
level, which reached val ues of up to +160 m above pres ent-day
sea level; dur ing pe ri ods of re gres sion, it oc ca sion ally sank to
–40 m be low pres ent-day sea level. Two eustatic curves, which
gen er ally over lap but show in ter est ing dif fer ences of de tail, ad -
dress this is sue (Fig. 5). While the eustatic curve of Haq et al.
(1997, 1988) ef fec tively doc u ments the trans gres sion of the
Late Eocene, the curve of Popov et al. (2010), com piled ex clu -
sively from data from the Paratethys area, more ac cu rately re -
flects the eustatic fluc tu a tions cor re spond ing to the sed i men -
tary re cords in the War saw-Lublin and Volhynia re gions. Given
the oc cur rence of nu mer ous sig nif i cant cli ma tic, tec tonic and
eustatic events in the west ern Paratethys dur ing the Late
Eocene, the palaeogeographic rep re sen ta tion shown (Fig. 4)
serves as a valu able re source for fur ther re search into the or i -
gin and dis tri bu tion of am ber-bear ing de pos its in the north ern
Lublin re gion.

A NEW MODEL OF THE AMBER-BEARING
DEPOSIT

DATA AND METHODS

The tra di tional “Data and Meth ods” sec tion in sci en tific ar ti -
cles, in the case of this pa per, per tains to the data and geo log i -
cal mod el ling. There fore, two sep a rate sub sec tions are in -
cluded. The first sub sec tion pro vides a de tailed dis cus sion of
the ac qui si tion of struc tural data from var i ous da ta bases, in -
clud ing their rec ti fi ca tion for log i cal and spa tial ac cu racy. The
sec ond sub sec tion de scribes the ap pli ca tions used for com -
puter mod el ling and eval u ates their ef fec tive ness in solv ing tec -
tonic and struc tural prob lems.

INPUT DATA FOR THE MODEL OF THE CRETACEOUS 
TOP SURFACE IN THE LUBLIN REGION

Be tween 2016 and 2019, multi-stage sci en tific stud ies took
place un der the su per vi sion of P.H. Karnkowski and
R. Kudrewicz at the De part ment of Georesources and Eco -
nomic Ge ol ogy of the Fac ulty of Ge ol ogy at the Uni ver sity of
War saw. These stud ies fo cused on spa tial anal y sis us ing Geo -
graphic In for ma tion Sys tems (GIS) to study the Cre ta ceous de -
pos its of Po land (Fig. 6). One of these works fo cussed on the
War saw-Lublin re gion (Walaszczyk, 2019) and aimed to cre ate
mod els de pict ing the struc tural sur faces of both the up per and
lower bound aries of the Cre ta ceous suc ces sion. To achieve
this, a com pre hen sive dataset was re quired, de rived from three
pri mary sources: the PITAKA da ta base (Oziemb³owski and
Karnkowski, 2008), the Bank HYDRO da ta base (Cen tral
Hydrogeological Data Bank – CHDB) and the Cen tral Geo log i -
cal Ar chive (CGA).

The PITAKA da ta base, kindly pro vided by PGNiG (Pol ish
Oil and Gas Com pany – POGC), was se lected as the pri mary
ref er ence due to its com pre hen sive cov er age and thor ough val -
i da tion. The PITAKA da ta base was orig i nally de vel oped in
1987 from the GEONAFTA Geo log i cal Sur vey’s SADOG da ta -
base and is a cor ner stone of geo log i cal re search. It pro vides
de tailed strati graphic in for ma tion and pre cise bore hole lo ca -
tions that have been ver i fied mul ti ple times by POGC. This da -
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ta base, which is con ve niently avail able in a shapefile for mat
com pat i ble with ArcGIS, in cludes only bore holes within the des -
ig nated re search area of the War saw-Lublin re gion, 993 in to tal.

The Bank HYDRO da ta base, a res er voir of ground wa ter
data, on the other hand, has been care fully main tained by the
Pol ish Geo log i cal In sti tute since the 1970s. It is cur rently main -
tained in co op er a tion with the Cen tral Hydrogeological Da ta -
base (CHDB) in War saw and var i ous Re gional Hydrogeological 
Da ta bases (RHDB). With over 144,000 en tries (as of Oc to ber
2018), this da ta base pro vides im por tant in sights into
hydrogeological pa ram e ters, in clud ing wa ter ta ble depth, li thol -
ogy and stra tig ra phy, al beit in CSV for mat. De spite its rich ness,
the raw for mat re quired care ful anal y sis, se lec tion and re or -
gani sa tion to meet the re search ob jec tives (Walaszczyk, 2019).

The pro cess of data re fine ment be gan with the con ver sion
of CSV files into a com pre hen sive da ta base us ing MS Ac cess.
This fa cil i tated the split ting of the data into dif fer ent col umns
and al lowed the lithological and strati graphic in for ma tion to be
matched with the bore hole lo ca tions us ing RHDB’s unique
iden ti fi ers. Su per flu ous col umns were then de leted, re sult ing in

an op ti mised dataset of 6,682 re cords. This re fined dataset was 
then seamlessly in te grated into ArcGIS for fur ther anal y sis
(Walaszczyk, 2019).

An other in dis pens able re source is the Cen tral Geo log i cal
Da ta base (CGDB), which was es tab lished by the Pol ish Geo -
log i cal In sti tute in 1995. It is man aged by the De part ment of
Geoinformation Man age ment and is the most im por tant geo log -
i cal ar chive in Po land, op er ated un der state su per vi sion. Of par -
tic u lar note is the com pre hen sive col lec tion of bore hole data,
which en riches the PITAKA da ta base with lithological and strati -
graphic de tails. This ex pan sion con sid er ably im proves the an a -
lyt i cal pos si bil i ties for the in ves ti ga tion and val i da tion of Cre ta -
ceous de pos its and fa cil i tates com pre hen sive stud ies of sed i -
men ta tion, palaeo ge ogra phy and palaeotectonics.

MODELLING OF THE CRETACEOUS TOP STRUCTURAL SURFACE

This was a pi o neer ing endeavour, as there were no pre vi -
ously pub lished or ar chived stud ies on this sub ject. Con se -
quently, the use of dif fer ent tools was nec es sary to care fully
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Fig. 6. The oc cur rence of Cre ta ceous de pos its in Po land on a map with out the Ce no zoic show ing the marked re gion of
geo log i cal mod el ling in the Lublin-War saw zone and the area north of Lublin of di rect anal y ses on dig i tal maps

The re main ing ex pla na tions can be found in the text



com pare the re sults ob tained and to de ter mine the op ti mal re -
sults. ArcGIS soft ware ap pli ca tions were used in turn, em ploy -
ing a cas cade of mod el ling tech niques in clud ing “Trend”,
“Spline”, “Topo to ras ter”, “IDW”, “Kriging” and “Nat u ral Neigh -
bour” . De tailed in sights into the meth od ol ogy are given by
Walaszczyk (2019), which states: “The en tire pro cess of mod el -
ling the struc tural sur face of the Cre ta ceous peak in volved more 
than 50 it er a tive it er a tions, us ing mainly the tools ‘Spline’ and
‘Topo to ras ter’ to de ter mine the de vel op ments therein and to
iden tify pa ram e ters that lead to op ti mal re sults.” In ad di tion,
“aux il iary isohips” and “isolines sim u lat ing faults pen e trat ing the
Cre ta ceous top sur face” were in te grated to im prove mod el ling
fi del ity. With each it er a tion of the com puter sim u la tions, the
qual ity of the mod els cre ated us ing the ‘Topo to Ras ter’ tool
grad u ally and sig nif i cantly im proved. This tool, which works with 
point and line data, en abled faster mod el ling than the Spline
method, while main tain ing or ex ceed ing model fi del ity
(Walaszczyk, 2019).

In ad di tion to the struc tural map de lin eat ing the Cre ta ceous
top sur face, sup ple men tary work was car ried out to model the
Cre ta ceous base, to for mu late a thick ness model for the Cre ta -
ceous de pos its (us ing the Pe trel soft ware Ras ter cal cu la tor)
and to pro duce slope maps for both the Cre ta ceous top and
bot tom. Le ver ag ing the mod elled maps along side geo log i cal
cross-sec tions a com pre hen sive geo log i cal-spa tial anal y sis of
the Cre ta ceous de pos its en sued. Par tic u lar at ten tion was paid
to fault ing and tec tonic fea tures to in ves ti gate the in flu ence of
the Pol ish Swell in ver sion on the struc tural sur faces of the Cre -
ta ceous and to de scribe the tec tonic region ali sa tion re sult ing

from the struc tural sur faces for mu lated. Walaszczyk (2019) did
not deal with the am ber de pos its in the Lublin re gion dur ing his
re search.

RESULTS

A STRUCTURAL MAP OF THE CRETACEOUS SURFACE 
AND A SLOPE MAP FOR THIS SURFACE

The struc tural map of the Cre ta ceous sur face in the War -
saw-Lublin re gion is a pi o neer ing achieve ment in Po land
(Fig. 7). Its cre ation rep re sents a turn ing point, as it re quires
care ful geomorphological and struc tural anal y ses due to its un -
prec e dented ac cu racy and the com pre hen sive data set on
which it is based. Re mark ably, this map is a dig i tal ren der ing
that has been care fully cre ated us ing es tab lished al go rithms of
com puter soft ware pro cesses. This dig i tal for mat not only fa cil i -
tates di rect anal y sis, but also pro vides an in valu able re source
for solv ing spe cific chal lenges by us ing the un der ly ing da ta base 
to solve com plex geo log i cal ques tions.

Based on this model, a cor re spond ing slope map was cre -
ated, which de picts the var ied ter rain of the struc tural sur face in
the form of slope in cli na tions (Fig. 8). These slopes have dif fer -
ent in cli na tions, which are cate gor ised into dif fer ent classes
based on their an gu lar po si tion. The classes range from al most
hor i zon tal po si tions (<0.25°) to in cli na tions of 8–25° and are
char ac ter ised by ex po nen tially in creas ing val ues, with flat ter -
rain pre dom i nat ing and steeper in cli na tions be ing rarer. As an -
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Fig. 7. El e va tion map of the Cre ta ceous top in the War saw-Lublin area



other dig i tal ren di tion, this map lends it self seamlessly to com -
pu ta tional anal y sis and holds un tapped po ten tial for a range of
re search op por tu ni ties. The pos si bil i ties of fered by such maps
are still largely un ex plored, so new in sights will emerge along -
side new chal lenges. The fol low ing study serves as an ex am ple 
of such an endeavour and dem on strates the di verse ap pli ca -
tions of these re sources.

ANALYSIS OF THE SLOPE MAP IN THE NORTH LUBLIN REGION

The slope map show ing the Cre ta ceous to pog ra phy in the
War saw and Lublin area is shown in Fig ure 8. The north ern
sec tor of this map shows pre dom i nantly al most hor i zon tal sur -
faces which lie be tween 0 and 0.5°, while the south ern ex ten -
sion, es pe cially south of Lublin, shows in cli na tions be tween 1
and 4°. A de tailed anal y sis of this phe nom e non is dif fi cult in the
con text of this study, as we fo cus on the oc cur rence of am ber in
the Paleogene de pos its. In ter est ingly, Paleogene sed i men tary
de pos its are con fined ex clu sively to the north ern ar eas be yond
the Lublin lat i tude and are ab sent in the south ern ter rain, ei ther
be cause they were not de pos ited or be cause they were af -
fected by ero sion. At ten tion is there fore fo cussed only on the
north ern ex tent around Lublin (see Fig. 4), and what does this
area means in the con text of the slope map (Fig. 8).

Our re search has shown the im por tance of con sid er ing the
con text of lithofacies ar chi tec ture when in ter pret ing the vari abil -
ity of depositional pa ram e ters, as iso lat ing these fac tors can
lead to over sim pli fi ca tion. The de lin eated area has a va ri ety of
top o graph i cal fea tures, of ten char ac ter ised by closed suc ces -
sions with steeply slop ing edges in ter spersed with flat sur faces
with gen tle slopes. Our lead in ves ti ga tor (PHK) has stud ied this
rep re sen ta tion in de tail but has been un able to de ci pher its in tri -
ca cies. How ever, it can be seen that the sur face ana lysed has a 
re gional dip to the north. The el e va tion pro file reaches heights
of up to 300 metres above sea level in the south ern dis tricts,
while in the vi cin ity of War saw it drops to a depth of around –150 
metres be low sea level (see Fig. 7). Look ing only at the re gion

north of Lublin, these dif fer ences in al ti tude are be tween 200
and 50 metres above sea level. This top o graphic con tour re -
flects both the hypsometric sys tem of the Paleogene and the re -
sid ual ef fects of the tec tonic (epeirogenic) phe nom ena that pre -
vailed dur ing the Mio cene, es pe cially dur ing the for ma tion of the 
Carpathian Foredeep.

Ir re spec tive of the hypsometric nu ances of the Paleogene, it 
is ob vi ous that the to pog ra phy of the Cre ta ceous in the de fined
re gion shows a re gional gra di ent from the Paleogene to the
pres ent day, pre dom i nantly to wards the north. As the Cre ta -
ceous suc ces sion is over lain by Paleogene de pos its, the slope
map can be un der stood as an ap prox i ma tion of the bot tom sur -
face of the Late Eocene ba sin. It is hy poth es ised that this sur -
face was orig i nally formed by sur face pro cesses pri mar ily trig -
gered by flu vial ac tiv ity and that it may have been re shaped dur -
ing the transgressive phase of the Late Eocene. The vis i ble im -
age is thought to re flect the palaeomorphology of the ba sin,
sug gest ing the adop tion of a model that en vis ages the de po si -
tion of the am ber from low-en ergy cur rents. This sce nario is
sim i lar to ear lier oc cur rences of am ber de po si tion in small del -
tas char ac ter ised by a belt-shaped dis tri bu tion of sites dom i -
nated by mud lithofacies. The in ter pre ta tion of a slope map of
the Cre ta ceous to pog ra phy in this con text be comes an at tempt
to clar ify palaeomorphology as a piv otal fac tor for sed i men ta -
tion dur ing the re gres sive phase of the Late Eocene (Fig. 9).

At the be gin ning of the care ful anal y sis of the slope map,
based on the above as sump tions, em pha sis was placed on
iden ti fy ing low-en ergy con di tions that fa vour sed i men ta tion and
are pre dom i nantly lo cated on the north ern sides of the slopes. It 
was also es sen tial that the am ber-bear ing sed i ments could
move freely, which pre cluded closed struc tures. The dig i tal re -
cord ing of the map ana lysed al lowed prac ti cal en large ment on a 
com puter mon i tor with out com pro mis ing im age qual ity. Based
on these as sump tions, the re gion north of Lublin was sub jected
to a care ful anal y sis, which re vealed nu mer ous sec tors that
meet the sedimentological cri te ria for the for ma tion and pres er -
va tion of am ber ac cu mu la tions. These ar eas are shielded by
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Fig. 8. Slope map of the Cre ta ceous top in the War saw-Lublin area
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Fig. 9. Frag ment of a slope map of the Cre ta ceous top in the North Lublin area

A – map with out in ter pre ta tion; B – map with high lighted ar eas of am ber-bear ing de pos its based on the in ter pre ta tion; 
fur ther ex pla na tions in the text



slopes to the south and open to the north, which is con sis tent
with the di rec tion of ma rine re treat from the Late Eocene on -
wards.

The cul mi na tion of these ef forts can be seen in Fig ure 9,
where the pic ture clearly cor re sponds to the pos tu lated as -
sump tions about the belt-like dis tri bu tion of am ber as sem -
blages in the north ern Lublin re gion. Sub se quently, the re sults
ob tained had to be val i dated against the map by Kasiñski et al.
(1997), which served as a piv otal ref er ence point. This map,
which was de rived from ex ten sive shal low bore hole data doc u -
ment ing po ten tial am ber de pos its, pro vided a fun da men tal ba -
sis for fur ther anal y sis of the slope map.

A com par i son of the map by Kasiñski et al. (1997) with the
re sults of the anal y sis of the slope map with re gard to the de lim -
i ta tion of the low-en ergy ar eas within the Late Eocene ba sin
(Fig. 10) shows a clear cor re spon dence be tween the two rep re -
sen ta tions. This agree ment sup ports the as sump tion that the
palaeomorphology of the Late Eocene ba sin bot tom did in deed
have a re cog nis able in flu ence on sed i ment dy nam ics in an am -
ber-bear ing en vi ron ment.

To pro vide fur ther clar ity on this mat ter, a se ries of
palaeogeographic cross-sec tions were cre ated to il lus trate the
stages of am ber-bear ing sed i ment for ma tion (Fig. 11). First, the 
two as sump tions un der ly ing the anal y sis of the slope map are
ex plained: firstly, the north wards dip of the Cre ta ceous top sur -
face and, sec ondly, the cre ation of fa vour able con di tions for the 
ac cu mu la tion and pres er va tion of am ber-bear ing sed i ments
(shown in green in Fig. 11), that em brace the slope from the
south and ex tend north wards into the open ex panse. This pro -
tec tive slope also served as a trap for the ac cu mu la tion of
sandy sed i ments (shown in yel low in Fig. 11), which cov ered
the am ber-bear ing sed i ments and thus fa cil i tated their pres er -
va tion.

The evolv ing sea level of the Late Eocene was also in te -
grated into the palaeogeographic rep re sen ta tions. In the ini tial
phase (Fig. 11A), the am ber-bear ing sed i ments ac cu mu lated in 
shel tered ar eas. Later, with the low er ing of the sea level
(Fig. 11B), the ero sional base changed in fa vour of the sup ply of 
sandy ma te rial, that could be trans ported over short dis tances
and pre vented the ero sion of the ac cu mu lated am ber-bear ing
sed i ments. The sub se quent phase of sed i men ta tion cor re -
sponded to the pre vi ous model, in which new ac cu mu la tions of
am ber-bear ing sed i ments formed and pre vi ously de pos ited ac -
cu mu la tions sur vived even un der ter res trial con di tions. These
were em bed ded in sand banks that of ten had oblique lay ers, in -
di cat ing strong cur rent ac tiv ity dur ing the re gres sive phase or
un der subaerial con di tions due to river cur rents (Fig. 11C).

The fi nal cross-sec tion (Fig. 11D) shows the ter rain with out
ex ag ger a tion, but with a re gional dip of 3.5°, while the pres ent
dip of the Cre ta ceous top sur face in the north ern Lublin re gion is 
0.12°. It is as sumed that the slope dur ing the Late Eocene was
prob a bly at least half as steep and did not ex ceed 0.06°.

ANALYSIS OF THE STRUCTURAL MAP 
OF THE CRETACEOUS TOP SURFACE 

IN THE NORTH LUBLIN REGION

Fig ure 7 shows a dig i tal struc tural map of the Cre ta ceous
top sur face, which not only serves for struc tural visu ali sa tion,
but also fa cil i tates palaeomorphological anal y sis. The struc tural 
lay out is de lin eated by isobaths and con tours, with one of the
isolines pre sum ably de lin eat ing the coast line, while the depth
ra tios cor re spond to the as sump tions made (Fig. 12). In this
con text, the area 10 metres be low the coast line is re ferred to as
the coastal zone (light blue), while depths of >20 metres in di -
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Fig. 10. Com par i son of the am ber-bear ing fields in ter preted on the slope map with the pro spec tive map by Kasiñski et al. (1997)



cate a deeper zone (dark blue) with a rel a tively weak ened in flu -
ence of wave cur rents. Con versely, land masses above the
coast line are shown, with el e va tions up to 10 metres above sea
level marked in green and higher el e va tions with out an up per
limit marked in or ange. Many such palaeographic schemes
were cre ated by shift ing the coast line ev ery 10 metres as a ref -
er ence point. At the same time, the search for am ber-bear ing
fields was started, which were de lin eated on the ba sis of the
anal y sis of the slope maps.

Fields lo cated near the tran si tion be tween the shal lower and 
deeper coastal zones (on the north ern side of the 10 metre
isobath) were most likely to be am ber traps (Fig. 12). In ad di -
tion, fields in the shal lower zone (re ferred to as am ber traps +10 
in the an no ta tions) were set aside for ad di tional anal y sis and
com par i son. Chang ing the depth as sump tions al lows for dif fer -
ent anal y ses due to the ver sa til ity of dig i tal map ping tech niques.

Fol low ing the above anal y sis, each am ber-bear ing field
iden ti fied by ana lys ing the slope maps (Fig. 10) was as signed
an ar bi trary hypsometric value de rived from its lo ca tion on the

palaeogeographic depth map. These val ues are pri mar ily used
to quan tify the de lin eated fields. Con se quently, each field has
been as signed a depth sig na ture char ac ter ised by con tour val -
ues that pro vide a com pre hen sive over view of the chro no log i -
cal se quence of for ma tion of the in di vid ual “as sem blages”
(Fig. 12). Fields with higher sig na ture val ues are in ferred to
have been cre ated ear lier, with the old est field sig na ture at 200
and the youn gest at –90. These age dif fer ences are re flected in
the col our-coded sig na tures, where sig na tures with the same
val ues are as signed the same colours. This visu ali sa tion
method not only high lights the belt-like na ture of the des ig nated
fields, but also de scribes the se quence of their for ma tion and
gives them a strati graphic char ac ter (Fig. 13).

Con sid er ing that the pres ent-day po si tion of the Cre ta ceous 
top sur face is at least twice as deep, the ac tual
palaeobathymetric con di tions were prob a bly only half as shal -
low as shown here, im ply ing a drop in sea level of ~50 metres
dur ing the Late Eocene re gres sion phase in the north ern Lublin
re gion.
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Fig. 11. Se ries of palaeogeographic sec tions ex plain ing the or i gin and oc cur rence of am ber-bear ing de pos its (A–C); 
D – an at tempt to ap prox i mate the real re gional dip of the Cre ta ceous top in the Late Eocene

Fur ther ex pla na tions in the text



CONCLUSIONS

1. The anal y sis pre sented here fo cuses on the sed i men tary
con di tions of the Late Eocene am ber-bear ing de pos its and es -
tab lishes that ba sin mor phol ogy was an im por tant fac tor in the
for ma tion and dis tri bu tion of am ber geo log i cal re sources. The
Late Paleocene ba sin base ment in the north ern Lublin re gion
con sists mainly of Up per Cre ta ceous de pos its.

2. The de lin ea tion of am ber-bear ing fields de rived from the
anal y sis of Cre ta ceous top o graphic slope maps and quan ti ta -
tive palaeogeographic maps for the Late Eocene showed a
strong cor re la tion with the pro jec tions of de pos its ob tained from 
shal low bore hole data.

3. Through our anal y sis, we have iden ti fied 84 dif fer ent am -
ber-bear ing fields (Fig. 13), rang ing in size from 1.4 km2 to 38.2
km2. The cu mu la tive area of these fields to tals 891.5 km2, which 
cor re sponds to al most 14% of the study area in the north ern
Lublin re gion.

4. These re sults un der lined the im por tance of fur ther geo -
log i cal and ex plo ra tion ef forts aimed at val i dat ing the re sults
pre sented in this study.
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Fig. 12. Palaeogeographic map of the sed i men tary ep i sode (re gres sion phase of the Late Eocene), de fined by the ex tent of the
coast line “130”

Ex pla na tions in the text, but here note the lo ca tion of the am ber traps be low the isobath “130–20 = 110” and “am ber traps + 10”, 
which are al ready so close to the coast line that noth ing stands in the way of a sand sup ply from the land and the fill ing 

of the traps to pro tect against ero sion
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