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Lithological and palynological stud ies of Paleogene siliciclastic de pos its from the Yantarny P-1 bore hole lo cated on the west -
ern coast of the Sambian Pen in sula (Kaliningrad re gion, Rus sia) show that the suc ces sion is char ac ter ized by nu mer ous
sed i men tary dis con ti nu ities re lated to lithification ho ri zons and ero sional sur faces. Sed i men tary gaps are emphasised by
hardgrounds. Palynological data sug gest the Selandian–Priabonian age of the suc ces sion and in di cate a num ber of sig nif i -
cant strati graphic gaps. An im por tant change in heavy min eral com po si tion is rec og nized be tween the Paleocene and
Eocene de pos its in the area stud ied. A sig nif i cant num ber of re worked Cre ta ceous microfossils is ob served in the Selandian
part of the suc ces sion stud ied.
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INTRODUCTION

Paleogene de pos its of the Sambian Pen in sula (Kaliningrad
re gion) have been rec og nized in sev eral bore holes and
opencast am ber mines (Zagorodnykh and Kunayeva, 2005).
Up per Cre ta ceous (mostly Campanian) de pos its con sti tute the
sub-Ce no zoic plat form cover in the area. The top sur face of the
sub-Ce no zoic suc ces sion is lo cated be neath 60 m b.s.l. The
area is ex ten sively cov ered by Paleogene, Neo gene and Qua -
ter nary sed i ments (Zagorodnykh and Kunayeva, 2005).

Zaddach (1867) pre sented the first out line of the geo log i cal
set ting of Sambia and named the am ber-bear ing de pos its as
“Blue Earth” (“Blaue Erde”). The dis tri bu tion of Eocene de pos its 
was de scribed by Jentzsch (1876) and sup ple mented by
Kaunhowen (1914). Later, stud ies of Paleogene de pos its fo -
cused mostly on the palaeo ge ogra phy and lithostratigraphy
(Noetling, 1888; Eisenack, 1954; Katinas, 1971; Blazhchishin,

1974; Krasnov and Kaplan, 1976; Kaplan et al., 1977; Grigelis
et al., 1971, 1988; Kosmowska-Ceranowicz et al., 1997;
Standke, 1998). The first dinocyst stud ies in Sambia were
made by Al fred Eisenack (1938, 1954). Later, a few
palynological stud ies were made in 1970–1980s (Zatula, 1973;
Grigelis et al., 1988). A de tailed palynological in ves ti ga tion of
the suc ces sion stud ied has pre vi ously been made by
Alexandrova and Zaporozhets (2008a, b).

Heavy min er als anal y sis plays sig nif i cant role in
palaeogeographic anal y sis here, par tic u larly in search ing for
source ar eas of the am ber-bear ing de pos its (Katinas, 1971;
Kosmowska-Ceranowicz et al., 1997). A syn thetic lithostra -
tigraphic scheme for the Paleogene of the Sambian Pen in sula
was pro vided by Zagorodnykh et al. (2001).

An up dated study of Paleogene de pos its is im por tant for the 
re con struc tion of the Paleogene palaeogeography and
palaeoenviroments of the Sambian Pen in sula; Paleoce -
ne– Lower Eocene de pos its are not ex posed along the coast
here and may be in ves ti gated only in bore hole cores.

In this study we pro vide a com bined biostratigraphic and
min er al og i cal anal y sis of Paleocene–Eocene de pos its from the
bore hole P-1 lo cated on the east ern mar gin of the Gulf of
Gdañsk.
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GEOLOGICAL SETTING OF THE EASTERN
MARGIN OF THE GULF OF GDAÑSK

Campanian–Maastrichtian strata in the south ern part of the
study area (from the Vistula Spit), rep re sented by marls and
siltstones, com pose the sub-Paleogene bed rock of the east ern
mar gin of the Gulf of Gdañsk. Paleocene and Eocene de pos its
are known from the east ern part of the study area, be ing eroded 
closer to the cen tre of the Gulf of Gdañsk. They were de pos ited
in the far off shore zone of the shal low siliciclastic shelf of an
epicontinental sea (e.g., Katinas, 1971; Kasiñski and
Kramarska, 2008; Kramarska et al., 2008). From the Lutetian
there be gan an in ter val of coast line os cil la tions as a re sult of mi -
nor ma rine trans gres sions and re gres sions, re corded by sed i -
men tary cyclicity within the Mid dle and Up per Eocene strata.
Am ber oc cur rence is re lated to the de po si tion of fine to me -
dium-grained clastic sed i ments. Am ber dis tri bu tion seems to
have been af fected by along shore cur rents, that caused
redeposition of the am ber-bear ing sed i ments (Krasnov and
Kaplan, 1976; Kasiñski and To³kanowicz, 1999; Knox et al.,
2010; Kasiñski and S³odkowska, 2014). In turn, other in ter pre -
ta tions have con nected the or i gin of the am ber-bear ing de pos -
its with the de vel op ment of large del tas (Katinas, 1971;
Jaworowski, 1987).

The Paleogene suc ces sion in the east ern part of the Gulf of
Gdañsk is rep re sented by four lithostratigraphic units (from
base to top).

The Lubava For ma tion (Kaplan et al., 1977) com prises cal -
car e ous siltstones and partly decalcified with glauconite and mus -
co vite, which are lo cally si lici fied. It is over 13 m thick, rep re sented
by grey-green ish glauconitic-quartz mudstones with mus co vite
and foraminifers, ce mented with clay/car bon ate. Based on
foraminiferal data, this for ma tion was at trib uted to the mid
Paleocene (Selandian). The li thol ogy of the Lubava For ma tion is
di verse and so an equiv a lent Romanovo For ma tion is dis tin -
guished, with the hypostratotype de fined in bore hole No. 3 in
Romanovo near Pionersk (Zagorodnykh et al., 2001). The Lubava 
For ma tion is >13 m thick, rep re sented by grey-green ish
glauconite-quartz mudstones with mus co vite and foraminifers, ce -
mented with clay/car bon ate. Ac cord ing to Katinas (1971), the
heavy min eral as sem blage is dom i nated by gar nets. The Up per
Paleocene on the Sambian Pen in sula com prises dark grey and
black mudstones. Sim i lar de pos its are 11.3 m thick and were doc -
u mented in bore hole No. 2 drilled in the vil lage of Zaostrovie.
These have been de fined as the Zaostrovie For ma tion of
Thanetian age (Zagorodnykh et al., 2001).

The Sambian For ma tion, ~44 m thick, with its stratotype in 
the Vistula Spit es tab lished by Baltakis in 1966 (fide Grigelis,
1996), is com posed of sandy claystones with glauconite and
phos phatic con cre tions. The low er most part con tains frag -
ments of si lici fied rocks. The trans par ent heavy min eral as sem -
blage is dom i nated by epidote (Katinas, 1971). The Sambian
For ma tion con tains traces of ben thic fos sils, di a toms and
sponge spicules and is at trib uted to the Ypresian. Ac cord ing to
some au thors (e.g., Zagorodnykh et al., 2001), a lithological un -
con formity is rec og nized at the top of the Sambian For ma tion,
in di cat ing a pos si ble strati graphic hi a tus.

The Alka For ma tion es tab lished by Grigelis et al. (1971),
gen er ally 10–20 m (up to 46 m) thick, con sists of grey-green ish
glauconite-quartz sands with silt in ter ca la tions, with quartz and
phos phatic grav els at the base. The for ma tion was sub di vided
into three lower-rank lithological units: Lower Wild Earth, Lower
Blue Earth and Lower Quick sand, and at trib uted to the
Bartonian (Zagorodnykh et al., 2001).

The Prus sian For ma tion was es tab lished by Baltakis in
1967 (fide Grigelis et al., 1971) within the Primorskiy opencast
am ber mine in the Yantarny set tle ment (Fig. 1). The thick ness
of the for ma tion usu ally var ies from 20–30 m, lo cally >40 m. It is
sub di vided into four in for mal lithological units: Up per Wild Earth
con sist ing of coarse-grained quartz sands with quartz and
phos phate grav els; Up per Blue Earth, de vel oped as sandy and
clayey silts/siltstones with glauconite and am ber; Up per Quick -
sand, in clud ing a fa cies re ferred to as “Krant”, com posed of
fine-grained glauconite-quartz sands with quartz grav els; and
“White Wall”, com posed of finely lam i nated silt with mus co vite
and fine am ber de bris. De pos its of the Up per Wild Earth con tain 
a zir con-epidote heavy min eral as sem blage with an da lu site,
whereas the up per units are dom i nated by an epidote as sem -
blage (Kosmowska-Ceranowicz et al., 1997). Based on
microfaunal data, the age of the for ma tion cor re sponds to the
Late Eocene (Priabonian; Zagorodnykh et al., 2001). Stud ies by 
Kosmowska-Ceranowicz et al. (1997) of the Up per Wild Earth
and Up per Blue Earth de pos its from the Primorskiy opencast
am ber mine have in di cated the pres ence of dinoflagellate as -
sem blage D12.

Microfaunal re mains in the Prus sian For ma tion of the
Kaliningrad re gion are ex tremely rare and so far no in dex taxa
have been found (Kharin and Lukashina, 2002). There fore,
there are con trast ing opin ions about the age of this for ma tion,
ei ther Mid- to Up per Eocene (Grigelis et al., 1971) or only Up per 
Eocene (e.g., Alexandrowa and Zaporozhets, 2008a, b). Ac -
cord ing to Kharin and Lukashina (2002), the age of the Prus sian 
For ma tion is doubt ful, be cause no microfaunal in dex spe cies
were found there. The first K-Ar datings of glauconite pointed to
an age of 35–41 Ma, cor re spond ing to the Bartonian (Kaplan et
al., 1977; Zagorodnykh et al., 2001). How ever, the age of the
glauconite from the Blue Earth was sig nif i cantly ear lier, at 44.1
±1.1 and 47.0 ±1.5 Ma, cor re spond ing to the Lutetian
(Ritzkowski, 1997). The lat ter sug ges tion seems to con tra dict
the idea that the ma rine sed i men ta tion in this area was in ter -
rupted dur ing the Lutetian (Zagorodnykh et al., 2001).

Oligocene (Rupelian) de pos its are rep re sented by the
Palveska For ma tion, which in cludes the Green Wall unit
(Kaplan et al., 1977). This com prises brown ish-green and bright 
green glauconite-quartz sands with a clayey basal ho ri zon. The
heavy min eral as sem blage is dom i nated by gar nets and
epidotes with zir con (Kosmowska-Ceranowicz et al., 1997).
The dinoflagellate cyst as sem blage cor re sponds to zones
D12/13 (op. cit.). The Chattian part of the Palveska For ma tion is 
usu ally 5–12 m thick (Zagorodnykh et al., 2001) and rep re sents
the high est part of the Paleogene suc ces sion on the east ern
mar gin of the Gulf of Gdañsk.

A re view of pre vi ous stud ies, in clud ing the geo log i cal set ting 
and stra tig ra phy, and palaeontological data on dinoflagellate
cysts, spore and pol len grains, foraminifers etc., was pub lished
by Aleksandrova and Zaporozhets (2008a).

MATERIAL AND METHODS

The Pol ish-Rus sian stud ies, de scribed here, were made on
the Yantarny P-1 core sec tion, drilled in 2001 in the Sambian
Pen in sula coastal zone (Fig. 1A), and on the ex ploi ta tion
groove sam ples taken from the east ern slope of the pit in the
Primorskiy opencast am ber mine (Fig. 1B). The Yantarny P-1
bore hole, 75 m deep, is lo cated on an anthropogenic dump
sep a rat ing the aban doned Plyazhevy am ber mine from the
open sea. A lithological field de scrip tion was made di rectly af ter
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the drill ing by Rus sian (At lan tic Branch of the Shirshov In sti tute
of Oceanology, Kaliningrad) and Pol ish ge ol o gists (see for de -
tails Kramarska et al., 2004).

A multidisciplinary study of this sec tion, in clud ing de tailed
lithological anal y sis, heavy min eral anal y sis, palynological and
micropalaeontological (foraminifers), was car ried out by an in -
ter na tional group of Pol ish and Rus sian ge ol o gists.

Lithological char ac ter is tics of the de pos its (in clud ing the
grain-size dis tri bu tion) of 56 sed i ment sam ples were de ter -
mined by the sieve-la ser method, af ter re moval of or ganic mat -
ter from the sam ples us ing hy dro gen per ox ide. Sam ples were

sep a rated into frac tions in ev ery j1/2, us ing grain classes ac -
cord ing to Wen tworth (1922). The car bon ate con tent was de -
fined in 10 sam ples from the Cre ta ceous rocks and 56 sam ples
from the Paleogene de pos its. The CO2 vol ume gen er ated af ter
sed i ment/HCl re ac tion was mea sured in a Scheibler’s
calcimeter.

Heavy min eral anal y ses. Study of heavy min er als from 33
sam ples was per formed on the 0.125–0.063 mm frac tion as
only this frac tion was pres ent in all lithostratigraphic units. The
heavy min eral frac tions were sep a rated in an aque ous so lu tion
of so dium polytungstate with a den sity of 2.90 g/cm3. Up to 300

Fig. 1A – lo ca tion of the Yantarny P-1 bore hole and Primorskiy opencast mine (54°52.2’N; 19°55.9’E);
 B – groove No. 224 of the Primorskiy opencast mine
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trans par ent grains (all grains in cases of low fre quency) were
counted in each sam ple. The per cent ages were cal cu lated for
ge netic groups of min er als, and sep a rately for trans par ent and
opaque min er als, as was done pre vi ously for the Paleogene de -
pos its in the Gulf of Gdañsk re gion (e.g., Kosmowska-
 Ceranowicz, 1987; Kosmowska-Ceranowicz et al., 1997).

Palynological stud ies. 58 sam ples from the Yantarny P-1
bore hole and 13 sam ples from the Primorskiy opencast am ber
mine were stud ied paly no logi cal ly. These sam ples were col -
lected from a 60 m thick in ter val from the depth in ter val of
9.8–63.9 m in the Yantarny P-1 bore hole and from a 4 m thick
in ter val (14.2–19.0 m depth) on the east ern slope (ex ploi ta tion
groove No. 224) of the Primorskiy opencast am ber mine.

Palynological sam ples were pro cessed in the lab o ra tory of
the Pol ish Geo log i cal In sti tute – Na tional Re search In sti tute,
Ma rine Ge ol ogy Branch in Gdañsk. Car bon ates were re moved
with 10% HCl and humic ac ids, us ing 7% KOH. Next, the min -
eral com po nents were elim i nated us ing heavy-liq uid sep a ra tion 
(CdJ2 + KJ; den sity 2.21 g/cm3). The sam ples were sieved on a
10 µm ny lon mesh. Later, the or ganic con tent was pro cessed
ac cord ing to a mod i fied Erdtman’s acetolysis method (Moore et 
al., 1991). Palynological slides were made from each sam ple,
us ing glyc er ine as the mount ing me dium; a full spec trum of
palynological ma te rial: palynomorphs (sporomorphs, phyto -
plankton and zoomorphs) and palynoclasts (phytoclasts and
min eral de bris) was ex am ined.

Dinoflagellate cysts, acritarchs, prasinophytes, green al -
gae, and spore and pol len grains were iden ti fied in de tail. Each
slide was re viewed in or der to iden tify the age-di ag nos tic in dex
spe cies pres ent in the as sem blage. The tax on omy of
dinoflagellate cysts fol lows Wil liams et al. (2017a, b). Spore and 
pol len grains were iden ti fied us ing a com bined mor pho log i cal
and nat u ral tax on omy (Stuchlik et al., 2001, 2002, 2009, 2014).
Palynomorphs were pho to graphed us ing a Leitz Aristplan mi -
cro scope cou pled with Orthomat E equip ment.

MICROFAUNAL ANALYSIS

Microfaunal stud ies were car ried out on 27 sam ples from
the Yantarny P-1 bore hole. Some microfaunal re mains –
foraminifers, di a toms, sponge spicules and fish teeth – were
ob served in the suc ces sion (Olszewska and Garecka in
Kramarska et al., 2004; Lukashina, 2010).

RESULTS

LITHOLOGICAL DESCRIPTION

The in ter val of bore hole P-1 stud ied is as fol lows (from base 
to top; Fig. 2).

Cre ta ceous de pos its (66.4–75.0 m depth) are rep re sented
by marls with in ter ca la tions of si lici fied siltstone. Foraminifers
and nanoplankton (Olszewska and Garecka, in Kramarska et
al., 2004), and dinoflagellate cysts (Aleksandrova and
Zaporozhets, 2008a, b) in di cate an Early Campanian age for
this part of the suc ces sion.

All Paleogene lithostratigraphic units (Lubava, Sambian,
Alka and Prus sian for ma tions) have been rec og nized in the
Yantarny P-1 bore hole sec tion (Fig. 2; Kramarska et al., 2004).
In turn, only the Prus sian For ma tion was in di cated in ex ploi ta -
tion groove No. 224 of the Primorskiy opencast am ber mine.
The bound aries of the units were es tab lished based on
lithological fea tures, heavy min eral com po si tion and
palynological as sem blages.

The Lubava For ma tion (51.7–66.4 m depth; Fig. 2) is com -
posed of car bon ate-free and low-car bon ate siltstones with
green ish-grey and grey clayey and sandy silts, mostly
quartz-glauconitic, oc cur ring at the base of the unit. The de pos -
its are mostly sandy, with si lici fied, lo cally bioturbated ho ri zons
(Fig. 3A). The si lici fied ho ri zons are quartz-wackes, gen er ally
con tain ing an gu lar pelite to psam mite grains. Only a few grains
of K-feld spar and plagioclase were ob served. Mus co vite and bi -
o tite flakes, green sponge spicules filled with sil ica, and iron hy -
drox ides are com mon. Sin gle granitoid rock frag ments and
clasts of claystone with glauconite are pres ent. The ma trix is
ba sic in char ac ter, com posed of ol ive-col oured clay min er als
(chlorite?), im preg nated with semi-crys tal line sil ica, iron hy drox -
ides, and partly also with py rite (Maliszewska in Kramarska et
al., 2004). There are lo cal con cen tra tions of sil ica with out clay
min er als. Decalcifield siltstones oc cur at the depth of
56.0–57.0 m; their silty and sandy frac tions con sist of trans par -
ent, usu ally well-rounded quartz grains (with a few milky grains)
and a few mus co vite flakes. Lo cally, in dis tinct hor i zon tal lam i -
na tion is ob served within silty clays. Strongly si lici fied de pos its
with bioturbated hor i zon tal lam i na tion, phosphorite nod ules and 
beds of phos phatic sand oc cur in the up per part of the sec tion.
The top of the for ma tion is marked by a hardground with a con -
cen tra tion of phos phates (Fig. 3B).

The Sambian For ma tion (37.2–51.7 depth) be gins with a
thin bed of phos phatic-quartz fine gravel oc cur ring above the
hardground sur face of the Lubava For ma tion. The up per part of
the for ma tion is rep re sented by car bon ate-free, quartz sandy
silts and silty sands, grey-green ish, dark grey and black in col -
our, with glauconite ad mix ture, and in ter ca la tions and laminae
of grey and green clays (Fig. 3C). Quartz grains are well-
 rounded; ev i dence of trans por ta tion scratches and traces of
col li sion are vis i ble on the sur faces of coarser grains. Very fine
glauconite ag gre gates oc cur through out the en tire for ma tion;
more over, a small ad mix ture of dis persed mus co vite flakes is
pres ent at the base of the for ma tion. The dis tinctly lam i nated
clay and silt de pos its are fre quently bioturbated. Some bur rows
of ben thic or gan isms tend to be filled with coarser
quartz-glauconitic sand (Fig. 3D). Thin in ter ca la tions of black
silt, hor i zon tally lam i nated, oc cur among these lighter silt-sand
sed i ments. Nu mer ous small core frag ments were lithified
(Fig. 3E); mi cro scop i cally they rep re sent quartz-glauconite
wackes, com posed mainly of an gu lar to subrounded quartz
grains, usu ally 0.15 mm (up to 0.70 mm) in di am e ter. A few
small grains of feld spars, mus co vite and green bi o tite flakes,
frag ments of crys tal line schist, and sponge spicules are pres -
ent. Cracks in the quartz and feld spar grains are filled with par -
tially recrystallised glauconite. The ma trix of the wackes is com -
posed of clay min er als, pre sum ably illite and chlorite, and
cryptocrystalline sil ica. It is lo cally im preg nated with brown iron
com pounds and con tains also fine py rite nod ules.

The Alka For ma tion (18.5–37.2 m depth) is sub di vided into
three units (Fig. 2). The low er most unit, i.e. the Lower Wild Earth
Mem ber (35.9–37.2 m depth, 1.3 m thick), is rep re sented by very 
fine-grained, silty quartz sands, faintly lam i nated hor i zon tally,
with lenses of coarse-grained glauconite-quartz sand with fine
quartz gravel. The quartz grains (both trans par ent and dull) are
subrounded to rounded but poorly sorted. In the back ground oc -
cur phos phate con cre tions and scat tered milky quartz grains,
3–5 mm in size. An ero sional sur face, emphasised by a con cen -
tra tion of quartz grains up to 4 mm in di am e ter, is vis i ble at the
depth of 36.7 m. Above this there are six sim ple sed i men tary cy -
cles (fin ing-up ward se quences) with a layer of quartz gravel at
the base of each cy cle; the de posit is highly bioturbated. A thin
ce mented layer of clayey-si li ceous glauconite-quartz sand stone
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oc curs in the top of the Lower Wild Earth: the sand stone ma trix is 
dom i nated by clay min er als with cryptocrystalline sil ica. The
Lower Blue Earth Mem ber (32.5–35.9 m depth), >3.4 m thick, is
com posed of green ish-grey glauconite-quartz sand of vari able
grain size. Very fine-grained and silty sands with thin green clay
in ter ca la tions pre vail in the lower part of this in ter val (Fig. 3F).
Quartz grains are subrounded to rounded but poorly sorted;
scratches, traces of col li sion and corrosional bays are vis i ble on
the sur faces of coarser par ti cles. The sed i ment was pri mar ily
hor i zon tally lam i nated, but the lam i na tion has been strongly dis -
turbed by ex ten sive bioturbation. The Lower Quick sand Mem -
ber, 14.9 m thick, oc curs between18.5–32.5 m b.s.l. It con sists of 
grey-green ish quartz sands of vari able grain size with glauconite
ad mix ture and thin in ter ca la tions of sandy silt. Quartz grains
(mostly trans par ent) be long to two pop u la tions: coarser grains

are well-rounded and finer grains (very fine frac tion) are more an -
gu lar. Sur face scratches, traces of col li sion and cor ro sion bays
are vis i ble on the coarser par ti cles. Strongly bioturbated lay ers
oc cur also in the Lower Quick sand Mem ber.

The Prus sian For ma tion (9.3–18.5 m depth; Fig. 2) is rep -
re sented by two units. (1) The low er most unit is known as the Up -
per Wild Earth Mem ber, 3.7 m thick. It con sists of hor i zon tally
lam i nated heterolithic de pos its com pris ing glauconite-quartz
sands and sandy silts with an ad mix ture of glauconite and mus -
co vite, lo cally with quartz and phos phate grav els. In the bot tom
part of the unit, an ero sional sur face oc curs at the top of one of
the silty sand beds. Quartz grains (mostly trans par ent ones) are
usu ally well-rounded, and some scratches and traces of col li sion
are vis i ble on the sur faces of coarser grains. Some dis persed
frag ments of am ber, 1–10 mm in size, oc cur in this unit. (2) The

Fig. 3. Li thol ogy of Paleogene de pos its in the P-1 bore hole sec tion

A – green ish-grey sandy silt with light grey very fine glauconite-quartz sand, biotubated (Paleocene, Lubava For ma tion,
depth 53.6 m); B – very fine and silty sand, glauconite-quartz, green ish-grey, strongly bioturbated, a hardground with fine 
phos phates and quartz (grain size up to 5 mm) is vis i ble in the lower part (Paleocene, Lubava For ma tion, depth 51.7 m);
C – green ish-grey glauconite-quartz silty sand, strongly bioturbated (Eocene, Sambian For ma tion, depth 49.2 m); D –
grey silty clay, bioturbated; large bur rows filled with light grey clayey silt, in the top part light grey sandy silt, strongly
bioturbated (Eocene, Sambian For ma tion, depth 41.8 m); E – glauconite-quartz wackes – lev els of lithification within silty 
sandy de pos its (Eocene, Sambian For ma tion, depth 38.4 m); F – grey-green ish glauconite-quartz sand of vari able grain
size with green clay in ter ca la tions, strongly bioturbated (Eocene, Sambian For ma tion, depth 35.5 m)
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Up per Blue Earth Mem ber, up to 5.5 m thick (9.3–14.8 m depth)
is com posed of blue-green ish silty sands with in ter ca la tions of
light grey fine-grained quartz sand, and dark blue and black silty
clays with fre quent am ber grains (grain size ~7 mm, up to
30´20´5 mm). Quartz grains (milky and trans par ent ones) rep re -
sent ing finer frac tions are well-rounded and the coarser frac tions
are usu ally poorly rounded; the sur faces of many grains show
col li sion traces. These de pos its con tain a sig nif i cant ad mix ture of 
mus co vite, ag gre gates of glauconite and in di vid ual sand stone
lithoclasts. Coaly clay laminae and con cen tra tions of coalified
plant de tri tus also oc cur.

De pos its of the Prus sian For ma tion (Up per Blue Earth
Mem ber) are rec og nized also in the ex ploi ta tion groove sam ple
No. 224 taken from the Primorskiy opencast am ber mine in the
in ter val 14.2–19.0 m b.s.l. They in clude glauconitic,
brown-green ish silts with a vary ing ad mix ture of sand. Sandy
mudstones oc cur in the in ter val of 18.7–19 m b.s.l. (in the bot -
tom of the ex ploi ta tion groove), with a thin level of phos phatic
nod ules and dis persed, well-rounded quartz grains at the base.
Sev eral bioturbated ho ri zons, re lated prob a bly to the ac tiv ity of
mud-eat ers, were noted within 16.7–18.7 m b.s.l. At the level of
15.8 m b.s.l. there is a ho ri zon with dis persed fine-gravel quartz
grains. In the up per part of the sec tion (depth in ter val
14.2–15.3 m) there are sev eral in ter ca la tions of glauconite-
 quartz sand.

GRAIN-SIZE COMPOSITION AND HEAVY MINERAL ASSOCIATIONS

Yantarny P-1. A vari able grain-size com po si tion and as -
sem blages of heavy min er als have been dis tin guished within
the Paleogene de pos its from the Yantarny P-1 bore hole sec tion 
(Fig. 4).

The lower part of the sec tion, cor re spond ing to the Lubava
For ma tion (51.7–66.4 m depth) is dom i nated by very fine clastic 
de pos its, com posed mostly of silty clays with an ad mix ture of
very fine-grained sand. The max i mum par ti cle size is
0.125 mm. Chlorite flakes, char ac ter is tic of the silty-sandy fa -
cies, rep re sents 10 to >70% of the to tal min eral com po si tion.
Note wor thy is also the high con tent of glauconite, ag gre gates of 
which show no traces of chem i cal weath er ing and trans for ma -
tion. This min eral com prises on av er age 39.4% of the to tal
heavy min er als (14.7–57.7%). The con tent of opaque min er als
rarely ex ceeds 10%, whereas the con tri bu tion of trans par ent
min er als usu ally reaches sev eral per cent. The per cent age of
min er als rep re sent ing both groups slightly in creases in the up -
per part of the sec tion. More over, in fre quent sid er ite frag ments
oc cur there, which in di cates poor sort ing. The con tent of
poorly-re sis tant min er als, rep re sented mainly by am phi boles
(mostly green ish hornblende), var ies from 16–54% (av er agely
29.2%). These are ac com pa nied by py rox enes reach ing up to
1.0–8.5%. There is also a con sid er able amount of bi o tite (at
only two lev els: 38.7 and 25.0%) in this part of the sec tion. The
epidote con tent var ies from ~10–20% of to tal trans par ent min -
er als (av er age 13.7%). The con tent of gar nets is from
5.0–17.6% (av er agely 10.0%). Tour ma line, with a con tri bu tion
from 6.0–15.3%, slightly dom i nates among the re sis tant min er -
als. In the lower part of the for ma tion, the disthene con tent
(8.5–12.0%) is sim i lar, de creas ing to 4% in the up per part. The
zir con con tent is low, usu ally ~1%, to reach >5% only in the mid -
dle part of the for ma tion.

In the up per part of the P-1 bore hole sec tion, from the depth
of 51.7 m to the top of the Eocene de pos its, an epidote as so ci a -
tion of heavy min er als was de fined, lo cally with an in creas ing
con tent of re sis tant min er als, par tic u larly zir con and disthene.
The lower part of this in ter val, cor re spond ing to the Sambian
For ma tion, is rep re sented in the bot tom and top parts by silty

sands and in the mid dle part by clayey sandy silts. The low er -
most part of this for ma tion (51.4–47.0 m) is dom i nated by
fine-grained sands with a small amount of coarse sand and
gravel. Its mid dle part is char ac ter ized by a prev a lence of silty
clay with ~25% of very fine-grained sands. The top of the for ma -
tion is again dom i nated by fine-grained sand (50–65%) but
with out coarse sands and grav els.

In con trast to the Lubava For ma tion, the Sambian For ma -
tion con tains an in creased share of opaque min er als in re la tion
to trans par ent min er als. The con tent of other min er als is lower
(there is a small ad mix ture of glauconite, and chlorite oc curs
only spo rad i cally). The max i mum con tent of ore min er als
(>50%) within the to tal amount of heavy min er als was noted in
the low er most part of the for ma tion, where small phos phate
con cre tions are also pres ent. The glauconite con tent is the low -
est in this part of the suc ces sion (a few per cent), to rise higher
upsection (>40%; av er age 19.2%). In clayey sandy silt the con -
tent of chlorite is low, and rare sid er ite and cal cite grains oc cur.
The av er age con tent of trans par ent min er als is ~45%. The
lower part of the for ma tion is dom i nated by an epidote–zir con
min eral as so ci a tion. The con tent of these two min eral groups is
subequal – the epidote con tent is ~30% and the zir con con tent
is 20–30%. Tour ma line and epidote dom i nate in the up per part
of the sec tion, reach ing up to 60% of the to tal heavy min er als.
Lo cally, an ad mix ture of bi o tite is clearly vis i ble. The dis tri bu tion
of other com po nents is rel a tively even and does not show large
fluc tu a tions, ex cept for staurolite and tour ma line, the con tent of
which in the cen tral part of the for ma tion in creases to sev eral
per cent.

The up per part of the bore hole sec tion cor re sponds to the
Alka For ma tion. De pos its of the Lower Wild Earth and the lower
part of the Lower Blue Earth mem bers have a silt/clay con tent of
~15–35%. Grain frac tions 0.125–0.063 mm and 0.25–0.125 mm
pre dom i nate within the to tal sand frac tion. A high con tent (up to
~55%) of coarser par ti cles with di am e ters at 1–2 mm was noted
lo cally. The com po si tion of heavy min er als from the lower part of
the Alka For ma tion is very sim i lar to that from the up per part of
the Sambian For ma tion, both with re spect to the min eral groups
and the trans par ent min eral as so ci a tion.

A mo not o nous se ries of sands of vari able grain size with a
pre dom i nant frac tion of 0.5–0.25 mm, reach ing up to 40%,
builds the up per part of the Alka For ma tion. It cor re sponds to
the Lower Quick sand Mem ber. A coarse frac tion ad mix ture,
from a few per cent to ~20%, in creases up wards in the suc ces -
sion. The con tent of the 0.25–0.125 mm frac tion fluc tu ates from 
~20% up to >30%. The 0.125–0.063 mm frac tion con sti tutes a
few per cent. The con tent of the silt-clay frac tion (<0.063 mm)
rarely ex ceeds 15%. The min eral com po si tion is dom i nated by
the car bon ate group (36.6–72.3%),  mainly sid er ite and in di vid -
ual rhombohedral cal cite crys tals, which is re flected in a slightly
higher car bon ate con tent in the Lower Quick sand Mem ber
com pared with the other parts of the suc ces sion. The con tent of 
CaCO3 var ies from 1.23 up to 4.10%, and is sig nif i cantly higher
than in other units, where it is <1%. In re la tion to the lower units
of the Alka For ma tion, in the group of trans par ent min er als, the
Lower Quick sand Mem ber is char ac ter ized by a de crease of
the epidote con tent (av er age 20%), an in crease of disthene and 
zir con, and also of staurolite in the up per most part of the for ma -
tion.

The grain size dis tri bu tion of the up per most de pos its in the
bore hole, rep re sent ing the Prus sian For ma tion (Up per Wild
Earth and the Up per Blue Earth mem bers), re cords sev eral
sed i men tary cy cles. Me dium and coarse sand frac tions dom i -
nate in the lower part of each cy cle and while the silt-clay frac -
tions build their up per parts. This part of the sec tion is char ac -
ter ized by the max i mum con tent of epidote, from 44–70% (av -
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er age 55.7%), and the low est con tent of re sis tant min er als. De -
pos its of the Up per Wild Earth Mem ber con tain an in creas ing
ad mix ture of am phi boles (mostly green ish hornblende), ac com -
pa nied by a low con tent of pyroxene.

Primorskiy opencast am ber mine – ex ploi ta tion groove
No. 224. The grain-size com po si tion and the con tent of heavy
min er als in the de pos its ex am ined in ex ploi ta tion groove
No. 224 are very sim i lar to those from the up per part of the P-1
sec tion, cor re spond ing to the Prus sian For ma tion (Fig. 5). De -
pos its from the ex ploi ta tion groove rep re sent a silty sand
lithofacies with a slight pre dom i nance of the sand frac tion in the
lower and up per parts, and of silt and clay in the mid dle part.
Trans par ent min er als (42.9–64.3%) pre dom i nate among the
heavy min er als. The con tri bu tion of opaque min er als, usu ally at
26–29%, is fairly even. The glauconite con tent is vari able
(5.0–24.3%). The chlorite con tent reaches a max i mum of 2.6%
in the lower part of the pit and ex ceeds 5% in its higher part. The 
car bon ate con tent is 2–4% in the lower part of the pit.

Trans par ent min er als are rep re sented by the epidote as so -
ci a tion, as in the up per part of the P-1 bore hole sec tion. The
epidote as so ci a tion (mainly epidote sensu stricto, rarely zoisite
and clinozoisite) com prises 49.7–57.7% of to tal trans par ent
min er als. The con tent of gar nets oc ca sion ally ex ceeds 10%,
and the con tent of am phi boles to gether with py rox enes is sim i -
lar. The con tent of re sis tant min er als reaches 20–30%.

PALYNOLOGY

Palynofloral as sem blages in the sam ples are rich, di verse
and well-pre served. They are dom i nated by dinoflagellate
cysts, while spores and pol len grains are scarce in most of the
Paleocene–Eocene sam ples. In to tal, 161 phytoplankton and
143 sporomorph taxa have been rec og nized in the suc ces sion
stud ied. The strati graphic dis tri bu tion of dinoflagellate cyst taxa
is shown in the Ap pen dix 1*. The most char ac ter is tic taxa are il -
lus trated in Fig ures 6–12. Phytoclasts, rep re sented by brown
and black wood frag ments and cuticule, were also ob served.
Foraminiferal or ganic lin ings also oc cur. Sin gle glauconitic ag -
gre gates were noted among the in or ganic com po nents.

Five suc ces sive palynological as sem blages were rec og -
nized within the in ter val of the Yantarny P-1 bore hole stud ied,
from base to top.

Yantarny P-1. Palynomorph as sem blage from the low est
part of the Paleogene in the Yantarny P-1 bore hole sec tion
(52.0–67.0 m depth) is dom i nated by ma rine phytoplankton.
The low er most part of the Paleogene sec tion of the Yantarny
P-1 bore hole sec tion (Lubava For ma tion) yields a pol -
len-phytoplankton spec trum in dic a tive of the Selandian (Mid dle
Paleocene; S³odkowska, 2008). The pres ence of Alisocysta
margarita, Alterbidinium circulum, Fibradinium annetorpense,
Isabelidinium viborgense, Palaeotetradinium minusculum,
P. silicorum and Spinidinium densispinatum al lows at tri bu tion of 
this part of the sec tion to the dinoflagellate cyst zones D3–D4
(Powell, 1992; Köthe, 2012), in di cat ing a mid-Paleocene
(Selandian) age  (Ta ble 1; Figs. 6–8 and 12). The oc cur rence of 
Cre ta ceous dinoflagellate cysts Isabelidinium bujaki,
I. cooksonii, Odontochitina sp. and Senoniasphaera rotundata
in the same as sem blage sug gests their re work ing from Cre ta -
ceous strata. The mid Paleocene age is ad di tion ally con firmed
by the pres ence of the Normapolles group pol len grains, in par -
tic u lar Pompeckjoidaepollenites platoides, Oculopollis baculo -
trudens and Trudopollis classotrudens.

Abun dant and well-pre served ma rine palynomorphs were
found at 36.3–51.0 m depth in the Sambian For ma tion. The
palynological as sem blage from the Sambian For ma tion con -
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tains stratigraphically im por tant dinoflagellate cysts Eato -
niacysta ursulae, Deflandrea oebisfeldensis, Hystricho sphae -
ridium tubiferum and Rottnestia borussica, in di cat ing an Early
Eocene (Ypressian) age. The tax o nomic com po si tion of this as -
sem blage is sim i lar to that of zone D7 (Powell, 1992; Köthe,
2012) of Ypresian age. Among the con ti nen tal palynomorphs,
the pol len grains of thermophilous plants and fairly abun dant
pol len from the Normapolles group, es pe cially Extra -
triporopollenites clarus, Pompeckjoidaepollenites pene -
perfectus, Trudopollis cf. bulboformis and T. ordinatus, are
noted (Ta ble 1 and Fig. 9). Phytoclasts are sparse; foraminifer
lin ings were ob served in all sam ples.

In the up per part of the bore hole sec tion, Alka For ma tion
(depth 18.6–35.6 m), a rich but not very di ag nos tic
palynomorph as sem blage was found (Ta ble 1): ma rine paly -

nomorphs are rep re sented by taxa with a broad strati graphic
range: Corrudinium incompositum, and other taxa, such as
Cordosphaeridium fibrospinosum, C. funiculatum, Phthano -
peridiunium crenulatum, Lingulodinium machaero phorum and
Charlesdowniea sp. Re worked taxa from older Paleocene as -
sem blages were also pres ent. Pol len grains were in fre quent,
among them sin gle Normapolles grains ap peared. Phytoclasts
and foraminifer lin ings were rare; sin gle glauconite ag gre gates
also oc curred. This as sem blage is ten ta tively at trib uted to the
dinoflagellate cyst Zone D9 (Powell, 1992; Köthe, 2012) of
Lutetian age.

An abun dant and di verse dinoflagellate cyst as sem blage
was rec og nized in the Prus sian For ma tion (9.8–18.3 m depth),
con tain ing the stratigraphically im por tant spe cies Areosphae -
ridium michoudii, A. diktyoplokum, Cerebrocysta bartonensis,
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Fig. 6. Cre ta ceous taxa – re worked

A – Spinidinium clavum Harland 1973, Yantarny P-1, depth 59.0 m; B – Isabelidinium bujakii Marheinecke, 1992; C
– Odontochitina sp., Yantarny P-1, depth 57.0 m; D, E – Isabelidinium cooksoniae (Al ber ti, 1959) Lentin & Wil liams, 
1977, Yantarny P-1, depth 59.0 m (D) and 58.0 m (E); F – Laciniadinium sp., Yantarny P-1, depth 54.0 m; G –
Chattangiella cf. tripartita (Cookson & Eisenack, 1960) Lentin & Wil liams, 1976, Yantarny P-1, depth 53.5 m; H –
Senoniasphaera rotundata Clarke & Verdier, 1967, Yantarny P-1, depth 56.5 m
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Fig. 7. Phytoplankton as sem blage – Mid dle Paleocene (Selandian)

A – Chattangiella sp., Yantarny P-1, depth 56.0 m; B – Alterbidinium circulum (Heilman-Clausen, 1985) Lentin & Wil -
liams, 1989, Yantarny P-1, depth 60.0 m; C – Apectodinium hyperacanthum (Cookson & Eisenack, 1965) Lentin &
Wil liams, 1977, Yantarny P-1, depth 60.0 m; D, E – Fibradinium annetorpense Morgenroth, 1968, Yantarny P-1,
depth 56.0 m (D) and 56.5 m (E); F – Palambages morulosa Wetzel, 1961, Yantarny P-1, depth 55.0 m; G, H –
Cerodinium diebelii (Al ber ti, 1959) Lentin & Wil liams, 1987, Yantarny P-1, depth depth 56.0 m (G) and 59.0 m (H)



Talladinium? clathratum, Charlesdowniea coleotrypha, Cordo -
sphaeridium funiculatum, Deflandrea heterophlycta, Gla phy -
rocysta texta, Heteraulcacysta porosa, Cordosphaeridium
funiculatum, Deflandrea heterophlycta, Enneadocysta
pectiniformis, Glaphyrocysta semitecta, Thalassiphora
fenestrata and Rhombodinium porosum (Ta ble 1 and
Figs. 10–12). Re worked pol len grains from the Paleocene were
also found. The pol len grains were not very fre quent and the
Normapolles group was rep re sented by a few dam aged spec i -
mens. Phytoclasts were sparse, and or ganic foraminifer lin ings
were quite fre quent. Based on the pres ence of Rhombodinium
porosum, the lower part the Prus sian For ma tion (10.8–18.3 m
depth) is re ferred to the dinoflagellate cyst Zone D11 (Powell,
1992; Köthe, 2012) of Bartonian age. The palynomorph as sem -
blage from the up per most part of the bore hole sec tion
(9.8–10.5 m depth), is gen er ally sim i lar to the un der ly ing one

(Ta ble 1; Figs. 11 and 12). Phytoplankton are very com mon and 
in clude Thalassiphora fenestrata which more of ten oc curs in
the Priabonian. Among the rather in fre quent spores and pol len
grains, pol len of thermophilous plants play an im por tant role.
Phytoclasts, or ganic foraminifer lin ings and glauconite ag gre -
gates are rather rare. This com mu nity may prob a bly be at trib -
uted to the Up per Eocene (Priabonian) dinoflagellate cyst Zone
D12.

Primorskiy opencast am ber mine – ex ploi ta tion groove
No. 224. (14.2–19.0 m b.s.l.). The palynological as sem blage is
dom i nated by dinoflagellate cysts and con tains such spe cies as 
Areosphaeridium diktyoplokum, A. michoudii, Charlesdowniea
clathrata, Cordosphaeridium funiculatum, Deflandrea
heterophlycta, Enneadocysta pectiniformis, Glaphyrocysta
semitecta, G. texta, Hetraulacacysta porosa, Microdinium
reticulatum, Paucilobimorpha incurvata, Pterospermella helios,
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Fig. 8. Phytoplankton as sem blage – Mid dle Paleocene (Selandian)

A – Fibrocysta ovalis (Hansen, 1977) Lentin & Wil liams, 1981, Yantarny P-1, depth 67.0 m; B – Samlandia sp.,
Yantarny P-1 depth 53.5 m; C – Spinidinium echinoideum (Cookson & Eisenack, 1960) Lentin & Wil liams, 1976,
Yantarny P-1, depth 67.0 m; D – Palaeotetradinium silicorum (Deflandre 1936) Deflandre & Sarjeant, 1970, Yantarny
P-1 depth 58.0 m; E – Palaeotetradinium minusculum (Al ber ti, 1961) Stover & Evitt, 1978, Yantarny P-1, depth 57.0
m; F – Alisocysta margarita (Harland, 1979) Harland, 1979, Yantarny P-1, depth 67.0 m; G – Damassadinium
californicum (Drugg, 1967) Fensome et al,. 1993, Yantarny P-1, depth 54.0 m; H – Caligodinium aceras (Manum &
Cookson, 1964) Lentin & Wil liams, 1973, Yantarny P-1, depth 59.0 m; I – Isabelidinium ? viborgense
Heilmann-Clausen, 1985, Yantarny P-1, depth 60.0 m
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Rhombodinium porosum and Rottnestia borussica. It is sim i lar
to that of the Prus sian For ma tion in the bore hole P-1 (D11–D12
Zone in ter val), in di cat ing the Bartonian and prob a bly
Priabonian age of these de pos its. Con ti nen tal palynomorphs
are not abun dant, but are rep re sented by dif fer ent
thermophilous taxa: Araliaceoipollenites euphorii,
Castaneoideaepollis pusillus, Engelhardtioipollenites puncta -
tus, Fususpollenites fusus, Intratriporopollenites insculptus,
Monocolpopollenites, Platanipollis ipelensis, Quercoidites
microhenrici, Sapotaceoideaepollenites, Tricolporopollenites
megaexactus, T. liblarensis, T. pseudocingulum and
T. staresedloensis (Ta ble 2; Figs. 10 and 11). A few
phytoclasts, sev eral or ganic foraminifer lin ings and nu mer ous
glauconitic ag gre gates were also noted (Fig. 12).

MICROFAUNAL ANALYSIS

Microfaunal re mains, mostly glauconitised frag ments of the
Nodosariide, si lici fied sponge spicules and radio lar ians are rare 
in the Paleogene de pos its. A few re de pos ited Up per Cre ta -
ceous foraminifers rep re sent ing Eponides cf. grodnoensis
Akimetz and Osangularia cf. cordieriana d’Orbigny were found
in the in ter val 57.5–36.3 m in the P-1 bore hole sec tion
(Olszewska and Garecka in Kramarska et al., 2004). Nu mer ous 
radio lar ians, es pe cially rep re sent ing the ge nus Spumellaria,
oc cur at a depth of 57.5 m b.s.l.

In the in ter val of 52.0–67.0 m depth ( Lubava For ma tion),
microfaunal re mains were ob served only in the up per most part.
Di a toms, si li ceous sponge spicules, small bones and fish teeth

Fig. 9. Phytoplankton as sem blage – Lower Eocene (Ypresian)

A, B – Hystrichosphaeridium tubiferum (Ehrenberg, 1838) Deflandre 1937, emend. Davey & Wil liams 1966, Yantarny P-1, depth
40.5 m (A) and 49.0 m (B); C – Deflandrea oebisfeldensis Al ber ti, 1959, Yantarny P-1 depth 59.0 m, Yantarny P-1, depth 40.5 m;
D – Corrudinium incompositum (Drugg, 1970) Stover & Evitt, 1978, Yantarny P-1, depth 51.0 m; E – Cordosphaeridium min i mum
(Morgenroth, 1966) Benedek 1972, Yantarny P-1 depth 48.2 m; F – Kallosphaeridium sp., Yantarny P-1, depth 51.0 m; G –
Cordosphaeridium funiculatum Morgenroth, 1966, Yantarny P-1, depth 40.5 m
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were found at 52.0–60.8 m depth. A few poorly pre served
foraminifers of the gen era Anomalina and Psammosphera oc -
cur at depth 60.8 m (Lukashina in Kramarska et al., 2004). A
sin gle re de pos ited test of the plank tonic foraminifer
Globigerinella aspera was noted at 60.0 m depth.

A few ag glu ti nated foraminifers of the fam ily Ammo -
disciadae with si li ceous test walls, such as Ammodiscus sp.,
Glomospirella sp. and Glomospira sp. were found at
37.0–52.0 m depth (Sambian For ma tion). Some plank tonic cal -

car e ous foraminifers Tappanina selmensis (Cushm.), Bolivina
sp. and Globigerinella micra (Cole) were also recognized here.

At 18.5–37.2 m depth (Alka For ma tion), six plank tonic
foraminifer taxa were found: Globigerina danvillensis, G. prae -
bulloides, G. eocaena, G. sp. and Acarinina rotundi marginata at 
20.6 m depth, at trib uted to the plank tonic foraminifera zones
PF12–PF14 (Lukashina, 2010).

The up per most de pos its of the Alka and Prus sian for ma -
tions yielded no microfaunal re mains.

Fig. 10. Phytoplankton as sem blage – Mid dle Eocene (Bartonian)

A – Spiniferites pseudofurcatus (Klumpp, 1953) Sarjeant, 1970, Yantarny P-1 depth 17.5 m; B – Cordosphaeridium
funiculatum Morgenroth, 1966, groove No. 224, depth 14.17–14.42 m; C – Cordosphaeridium gracile (Eisenack,
1954) Davey & Wil liams, 1971, groove No. 224, depth 15.81–16.21 m; D – Wetzeliella sim plex (Bujak, 1979) Lentin
and Vozzhennikova, 1989, groove No. 224, depth 15.30–15.81 m; E – Rhombodinium porosum Bujak, 1979,
Yantarny P-1 depth 14,7 m; F – Areosphaeridium diktyoplokum (Klumpp, 1953) Eaton, 1971, Yantarny P-1 depth
14.3 m; G – Spiniferella cornuta (Gerlach, 1961) Stover & Hardenbol 1994, Yantarny P-1, depth 15.6 m; H –
Enneadocysta pectiniformis (Gerlach, 1961) Stover & Wil liams, 1995, Yantarny P-1, depth 15.6 m; I – Samlandia cf.
chlamydophora Eisenack 1954, groove No. 224, depth 18.68–18.88 m; J – Thalassiphora pelagica (Eisenack 1954)
Eisenack & Gocht 1960, Yantarny P-1 depth 13.0 m
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DISCUSSION

The in ter val of 51.7–66.4 m depth in the Yantarny P-1 bore -
hole sec tion has pre vi ously been at trib uted to the Maastrichtian
Chattangiella vnigrii and Cerodinium diebelii dinoflagellate cyst
zones (Aleksandrova and Zaporozhets, 2008a, b).

Based on our palynological re sults, we do not agree with
this opin ion, ev i denc ing the pres ence of phytoplankton spe -
cies char ac ter is tic of the mid-Paleocene: Alisocysta
margarita, Fibradinium annetorpense, Isabelidinium
viborgense, Palaeotetradinium minusculum, P. silicorum and
Spinidinium densispinatum. These spe cies oc cur in situ, ac -

com pa nied by Cre ta ceous phytoplankton taxa and Up per Cre -
ta ceous foraminifers that were re de pos ited from older sed i -
ments (Olszewska and Garecka in Kramarska et al., 2004;
Lukashina, in Kramarska et al., 2004). The dinoflagellate as -
sem blage from the Lubava Fm. (Yantarny P-1 bore hole,
51.7–66.4 m depth) cor re sponds to the D3-lower D4 zones in -
ter val (Köthe, 2012), in di cat ing a Selandian age. The Paleo -
gene age of the Lubava For ma tion was ear lier sug gested by
Kaplan et al. (1977). The pol len as sem blage within this in ter -
val is char ac ter ized by a large con tent of palaeotropical taxa.
A sim i lar palynomorph as sem blage has been rec og nized in
de pos its from other parts of the Kaliningrad Dis trict (bore -

Fig. 11. Phytoplankton as sem blage – Up per Eocene (Priabonian)

A – Enneadocysta pectiniformis (Gerlach, 1961) Stover & Wil liams, 1995, groove No. 224, depth 16.21–16.71 m; B –
Paucilobimorpha incurvata (Cookson & Eisenack, 1962) Prösl, 1994, Yantarny P-1, depth 15.7 m; C –
Areosphaeridium michoudii Bujak, 1994, groove No. 224, depth 18.34–18.68 m; D – Cordosphaeridium gracile
(Eisenack 1954) Davey & Wil liams 1966, groove No. 224, depth 18.68–18.88 m; E – Deflandrea phosphoritica
Eisenack, 1938, groove No. 224, depth 18.68–18.88 m; F – Cordosphaeridium funiculatum Morgenroth, 1966,
Yantarny P-1, depth 13.3 m; G – Talladinium?clathratum (Eisenack, 1938b, p.187; text-fig.5) Wil liams, Damassa,
Fensome and Guerstein in Fensome et al., 2009, Yantarny P-1, depth 13.3 m
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Fig. 12. Sporomorphs, zoomorphs and non-or ganic re mains from the Paleogene de pos its

A – Pentapollenites sp. Krutzsch, 1958, Yantarny P-1, depth 59.5 m; B – Pseudoculopollis sp., Yantarny P-1, depth
60.0 m; C – Pompeckjoidaepollenites platoides (Pflug) Krutzsch, Yantarny P-1, depth 53.5 m; D –
Extratriporopollenites clarus Pflug, 1953, Yantarny P-1 depth 53.0 m; E, F – Foraminiferal lin ings, Yantarny P-1,
depth 59.0 m (E), groove No. 224, depth 14.78–15.30 m (F); G, H – Trudopollis cf. parvotrudens Pflug, 1953,
Yantarny P-1, 56.0 m (G) and 60.0 m (H); I – Duplopollis myrtoides Krutzsch, 1959, Yantarny P-1, depth 53.0 m; J –
Vacuopollis cf. percentus Pflug, 1953, Yantarny P-1, depth 60.0 m; K – Nudopollis simmetricus (Krutzsch) Krutzsch,
Yantarny P-1, depth 60.0 m; L – nu mer ous glauconite grains, groove No. 224, depth 18.88–18.98 m
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Depth [m]

Age
Sig nif i cant phytoplankton taxa Sig nif i cant sporomorphs

9.8–10.5

Priabonian

Areosphaeridium michoudii,

Charlesdowniea clathrata,

Deflandrea heterophlycta,

Enneadocysta pectiniformis,

Glaphyrocysta semitecta,

Cordosphaeridium funiculatum,

Thalassiphora fenestrata 

Castaneoideaepollis pusillus,

Fususpollenites fusus,

Intratriporopollenites insculptus,

Platanipollis ipelensis,

Quercoidites microhenrici,

Tricolporopollenites megaexactus,

Triporopollenites robustus

10.8–18.3

Bartonian

Heteraulacacysta porosa,

Rhombodinium porosum,

Areosphaeridium michoudii,

Areosphaeridium diktyoplokum,

Charlesdowniea clathrata,

Charlesdowniea coleotypha,

Cordosphaeridium funiculatum,

Enneadocysta pectiniformis,

Cerebrocysta bartonensis,

Glaphyrocysta texta

re worked Paleocene taxa:

Cerodinium speciosum

Arecipites

Castaneoideaepollis pusillus,

Engelharedtioipollenites qui etus,

Fususpollenites fusus,

Milfordia min ima,

Myricipites rurensis

Platanipollis ipelensis,

Platycaryapollenites,

Quercoidites microhenrici,

Quercoidites henrici,

Sapotaceoideaepollenites, 

Tricolporopollenites staresedloensis, 

Tricolporopollenites megaexactus, 

Triporopollenites robustus

Normapolles: 

Nudopollis, 

Trudopollis

18.6–35.6

Lutetian

Corrudinium incompositum,

Cordosphaeridium
fibrospinosum,

Cordosphaeridium funiculatum,

Phthanoperidiunium
crenulatum,

Lingulodinium
machaerophorum,

Charlesdowniea sp.

re worked Paleocene taxa:

Paleocystodinium minusculum

Cerodinium speciosum

Fibradinium annetorpense

Palambages morulosa

Castaneoideaepollis pusillus,

Fususpollenites fusus,

Intratriporopollenites insculptus,

Platanipollis ipelensis, Platycaryapollenites miocaenicus,

Quercoidites henrici,

Sapotaceoideaepollenites,

Tricolporopollenites fallax,

Tricolporopollenites liblarensis,

Tricolporopollenites megaexactus,

Tricolporopollenites staresedloensis,

Normapolles:

Pompeckjoidaepollenites subhercynicus, 

Nudopollis, 

Trudopollis

36.3–51.0

Ypresian

Cordosphaeridium funiculatum,

Deflandrea oebisfeldensis,

Eatonicysta ursulae,

Hystrichosphaeridium
tubiferum,

Rottnestia borusica,

re worked Paleocene taxa:

Palambages morulosa

Cerodinium striatum

Spinidinium clavum

Isabelidinium sp.

Palaeocytodinium minusculum

Alisocysta margarita

re worked Cre ta ceous taxa:

Odontochitina sp. 

Paucilobimorpha apiculata

Castaneoideaepollis pusillus,

Myricipites rurensis,

Platanipollis ipelensis,

Platycaryapollenites miocaenicus,

Sapotaceoidaepollenites,

Slowakipollis,

Symplocoipollenites,

Triporopollenites robustus,

Tricolporopollenites staresedloensis

Normapolles: 

Complexoipollenites, Extratriporopollenites clarus,
Nudopollis, 

N. cf. thiergartii, 

Oculopollis suboculus, 

Plicatopollis plicatus, Pompeckjoidaepollenites, 

P. peneperfectus, 

P. subhercynicus, 

Pseodoculopollis, Stephanoporopollenites, 

Trudopollis, 

Trudopollis cf. articulus, 

T. cf. bulboformis, 

T. ordinatus, 

Vacuopollis

T a  b l e  1

Palynomorphs of the Yantarny P-1 bore hole 
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holes: Kharkovskoye, Krasnovka, Rodniki), in Lith u a niaholes: Kharkovskoye, Krasnovka, Rodniki), in Lith u a nia
(Kalvarija bore hole – Grigelis, 1996; Kasiñski and Piwocki,
2004), in the vi cin ity of Tuchola (S³odkowska, 2004), and in the 
north east ern part of the Pol ish Low lands, in the Klucznik and
Wysoka Wieœ bore holes in north ern Po land (S³odkowska,
2009; S³odkowska and Ga³¹zka, 2015). The mid Paleocene
age of the Lubava Fm. al lows cor re la tion with the up per part of
the Pu³awy For ma tion in the Pol ish Low lands.

The Sambian For ma tion (Yantarny P-1 bore hole,
35.9–51.7 m depth) re vealed a dinoflagellate cyst as sem blage
cor re spond ing to Ypresian (Early Eocene) D7 Zone in ter val
(Köthe, 2012) and a pol len as sem blage with a large con tent of
palaeotropical el e ments. This im plies an im por tant strati graphic 
hi a tus be tween the Lubava and Sambian for ma tions, cor re -
spond ing to the Thanetian–ear li est Ypresian.

Sed i ments cor re spond ing to the D7 dinoflagellate cyst Zone 
are not known in ad ja cent north east ern Po land, though this
dinocyst zone D8 is rec og nized in NE Po land (S³odkowska and
Ga³¹zka, 2015).

The Alka For ma tion (Yantarny P-1 bore hole, 18.5–35.9 m
depth) con sists of three lithostratigraphic units: the (1) Lower
Wild Earth, (2) Lower Blue Earth, and (3) Lower Quick sand
mem bers and con tains a phytoplankton as sem blage cor re -
spond ing to the D9 Zone (Köthe, 2012), prob a bly in di cat ing a
Lutetian age. The pol len as sem blage here is still char ac ter ized
by a large con tent of palaeotropical el e ments. Thus, a sig nif i -
cant strati graphic hi a tus is rec og nized be tween the Sambian
and Alka for ma tions and cor re sponds to the mid Ypresian– lo -
wer Lutetian. Ac cord ing to our re sults, the Alka For ma tion can
be cor re lated with the lower part of the Pom er a nian For ma tion

Depth [m]

Age
Sig nif i cant phytoplankton taxa Sig nif i cant sporomorphs

52.0–67.0

Selandian

Alterbidinium circulum,

Damassadinium californicum,

Cerodinium diebelii,

Cerodinium speciosum,

Cerodinium striatum,

Spinidinium densispinatum,

Spinidinium clavum,

S. echinoideum

Fibradinium annetorpense,

Alisocysta margarita,

Isabelidinium viborgense,

Cladopyxidium sp.,

Paralacaniella sp.,

Palaeocystodinium minusculum

Palaeotetradinium silicorum, 

Caligodinium aceras, 

Fibrocysta ovalis, 

Palambages morulosa, 

Phanerodinium sp.

re worked Cre ta ceous taxa:

Isabelidinium cooksoniae

Isabelidinium bujakii

Chattangiella tripartita

Senoniasphaera rotundata

Laciniadinium

Odontochitina

Castaneoideaepollis pusillus,

Gothanipollis,

Myricipites rurensis,

Pentapollis,

Platanipollis ipelensis,

Platycaryapollenites le vis,

Quercoidites henrici,

Symplocoipollenites an nu lus/rotundus,

Tricolporopollenites dolium, Tricolporopollenites
mansfeldensis, 

Normapolles: 

Duplopollis myrtoides, Interporopollenites, 

Nudopollis terminalis, 

Oculopollis, 

O. baculotrudens, 

Pompecjoidaepollenites platoides,

Pseudoculopollis, 

Thomsonipollis, 

Trudopollis, 

T. classotrudens, 

T. cf. parvotrudens, 

T. plenus, 

Vacuopollis cf. parcentus 

Tabl. 1 cont.

Depth [m]

Age
Sig nif i cant phytoplankton taxa Sig nif i cant sporomorphs

14.17–18.98

Bartonian
and
Priabonian

Areosphaeridium diktyoplokum,

Areosphaeridium michoudii,

Charlesdowniea clathrata,

Chytreisphaeridia parva,

Cordosphaeridium funiculatum,

Deflandrea heterophlycta,

Enneadocysta pectiniformis,

Glaphyrocysta semitecta,

Glaphyrocysta texta,

Hetraulacacysta porosa,

Homotryblium pallium,

Microdinium reticulatum,

Rhombodinium porosum

Castaneoideaepollis pusillus,

Engelhardtioipollenites punctatus,

Fususpollenites fusus,

Intratriporopollenites insculptus,

Platanipollis ipelensis,

Quercoidites microhenrici, Sapotaceoideaepollenites,

Tricolporopollenites staresedloensis,

T a  b l e  2

Palynomorphs of groove No. 224 of the Primorskiy mine
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in NE Po land, close to the Kaliningrad re gion (Piwocki, 2004).
De pos its of the lower Pom er a nian For ma tion are lithologically
sim i lar to the Lower Quick sand Mem ber: they com prise
fine-grained, grey-green ish glauconite- quartz sand in the bot -
tom part of the for ma tion with an ad mix ture of fine quartz gravel
and sid er ite con cre tions.

Redeposition was not lim ited to the Lubava For ma tion, but
took place also dur ing the ac cu mu la tion of the Sambian and
Alka for ma tions, in di cated by the pres ence of Paleocene taxa
within the phytoplankton as sem blages. A dis tinct ad mix ture of
bi o tite is also ob served in the Sambian For ma tion, re sult ing
from the ero sion of clastic ma te rial from the Lubava For ma tion,
where bi o tite is very com mon.

The Prus sian For ma tion (Yantarny P-1 bore hole, 9.3–18.5 m 
depth) yielded a dinoflagellate cyst as sem blage (Ta ble 3) cor re -
spond ing to the D11–D12 zones in ter val (Köthe, 2012) dated to
the Bartonian–Priabonian. Based on these data, this for ma tion is
cor re lated with the up per Pom er a nian For ma tion in Po land. A
sim i lar palynomorph as sem blage was re corded in an equiv a lent
in ter val from the north east ern part of the Pol ish Low lands
(S³odkowska, 2009; S³odkowska and Ga³¹zka, 2015). The up -
per most units of the Prus sian For ma tion – the Up per Quick sand
and White Wall – were not rec og nized in the stud ied sec tions, but 
are known from the nearby Primorskiy opencast am ber mine
(Grabowska and Kohlman-Adamska in Kosmowska-Ceranowicz 
et al., 1997). Sim i lar de pos its oc cur also along the west ern mar -
gins of the Gulf of Gdañsk (Fig. 13): they were dis tin guished in
the Ch³apowo I, Ch³apowo II and Ch³apowo III bore holes
(Piwocki et al., 1985; Grabowska, 1987) and are com posed of
quartz sand and silt with glauconite and am ber and have a sim i lar 
palynological spec trum. These de pos its were also rec og nized in
the Cha³upy-92 and KuŸnica-92 bore holes on the Hel Pen in sula
(Kramarska, 2006, 2010) and are at trib uted to the up per most
Pom er a nian For ma tion, which is the ex act strati graphi cal equiv a -
lent of the am ber-bear ing de pos its of the Prus sian For ma tion.
How ever, the am ber-bear ing Paleogene strata along the west ern 
mar gin of the Gulf of Gdañsk are at a depth in ter val of 50–70 m
b.s.l., i.e. >50 m deeper than on the Sambian Pen in sula. This
might be the re sult of post-sed i men tary tec tonic ac tiv ity (Kaplan
and Krasnov, 1977; Kramarska, 2006).

Our multidisciplinary re sults al low re con struc tion of sev eral
changes in the sed i men ta tion re gime; in par tic u lar, we can ex -
am ine fluc tu a tions in the con tent of in di vid ual com po nents, no -
ta bly lithological fea tures and or ganic mat ter com po si tion of the
sed i men tary ba sin dur ing the Paleocene–Eocene and, hence,
re con struct its palaeo ge ogra phy (Ta ble 4).

The Paleocene–Eocene (Lubava–Prus sian for ma tions) in
the stud ied re gion is in com plete and con tains nu mer ous gaps,
re sult ing in sed i men tary dis con ti nu ities.

The first strati graphic gap, cor re spond ing to the Lower
Palaeo cene (Danian), is rec og nized be tween the mid
Paleocene Lubava Fm. and the Cre ta ceous rocks.

Sev eral gaps within the Lubava and Sambian for ma tions
are emphasised by ho ri zons of sil ica ce men ta tion. Pre served
frag ments with a coarse-grained tex ture in di cate that the ma trix
prob a bly orig i nated from the ero sion and redeposition of clays
(or claystones) within the same sed i men tary ba sin. A few
hardground sur faces were ob served on the top of some ce men -
ta tion ho ri zons. The most dis tinct hardground ho ri zon is rec og -
nized at the bound ary be tween the Lubava and Sambian for ma -
tions, where an im por tant strati graphic gap cor re spond ing to
the Thanetian–low er most Ypresian, is rec og nized (Fig. 14).

The Paleogene de pos its ac cu mu lated in the ma rine ba sin
dur ing a sin gle first-or der transgressive-re gres sive cy cle in a
shal low shelf en vi ron ment. Thus, de pos its of the Lubava For -

ma tion orig i nated in the in ner neritic zone (Ta ble 4). Af ter an im -
por tant gap cor re spond ing to the Thanetian–ear li est Ypresian,
shal low-ma rine sed i men ta tion was re stored dur ing the
Ypresian. An ero sional sur face marked with a basal con glom er -
ate com posed of a phos phate ho ri zon at the base of the suc -
ces sion is re lated to the next trans gres sion. At a depth of
36.7 m there oc curs the next ero sional sur face. Above that, six
sim ple sed i men tary cy cles (fin ing-up ward se quences) are vis i -
ble, with a layer of quartz gravel at the base of each cy cle;
more over, the sed i ments are highly bioturbated. The sed i ments 
of the Sambian and Alka for ma tions rep re sent mid dle neritic
sed i ments (Fig. 14).

The vari able heavy min er als com po si tion in di cates a
change in the source area, de pend ing on the lo ca tion of the ba -
sin shore line. In the lower part of the sec tion, the de tri tal ma te -
rial com posed of re sis tant min er als was prob a bly sup plied to
the Paleocene ba sin both from the de struc tion of older sed i -
men tary rocks (Ju ras sic and De vo nian) sur round ing the ba sin
to the north and north-east, as well as di rectly from crys tal line
rocks. In north ern Po land, Ju ras sic de pos its are dom i nated by
re sis tant min er als as so ci ated with am phi boles (hornblende)
and bi o tite, less of ten pyroxene (Radlicz, 1972). Gar net, zir con
and tour ma line pre dom i nate among heavy min er als in the De -
vo nian strata there (Järvellil et al., 2015). In the higher part of
the pro file, a dom i nance of the epidote is ob served, in di cat ing
the pro gres sive mi gra tion to the north of the Eocene ba sin
shore line and ad di tion of de tri tal ma te rial mostly from the crys -
tal line rocks of the Bal tic Shield.

Nu mer ous ce mented ho ri zons (Fig. 14) oc curred as a re sult
of in creased sil ica pre cip i ta tion dur ing upwelling pro cesses (cf.
Blazhchishin, 1999). The pre served el e ments of the
coarse-grained struc ture in di cate that the ce ment ma te rial prob -
a bly orig i nated dur ing di lu tion and redeposition of clay (or
claystones) in the same sed i men tary ba sin. Only rare pol len
grains reached this area from the dis tant land. Redeposition of
Cre ta ceous and Paleocene palynomorphs is re corded in the
Lower Eocene strata. De pos its from the up per part of the Lower
Eocene (dinoflagellate cyst Zone D8) were not found at the base
of the next sed i men tary pack age, cor re spond ing to the
dinoflagellate cyst Zone D9 (mid-Lutetian). There is a dis tinct
ero sional sur face marked by a con cen tra tion of coarse quartz
grains. This prob a bly cor re sponds to the next strati graphic gap,
en com pass ing the up per most Lutetian (dinoflagellate cyst Zone
D10). The up per most part of the mid-Eocene is rep re sented by
shal low-wa ter ma rine de pos its of the next transgressive-re gres -
sive cy cle. The “Up per Wild Earth” and the Up per Blue Earth
mem bers ac cu mu lated dur ing sev eral sed i men tary cy cles: me -
dium and coarse sand frac tions dom i nate in the lower part of the
each cy cle, and silty clay de pos its build their up per parts. A sed i -
men tary suc ces sion rep re sent ing re gres sive fa cies oc curs in the
up per most part of the sec tion (dinoflagellate cyst zones
D11–D12, Bartonian-Priabonian). Lev els rich  in am ber grains
are re lated to these fa cies. De pos its of the Prus sian For ma tion
formed in the in ner neritic zone: the lower part in intertidal con di -
tions, the mid dle part insubtidal con di tions and the up per part
again in intertidal con di tions (Ta ble 4).

The pre dom i na tion of gar nets over epidotes in the Lubava
For ma tion is not high enough to de fine it as dom i nant, which,
ac cord ing to Katinas (1971), is a char ac ter is tic fea ture of
Paleocene de pos its in the Sambian Pen in sula. This dif fer ence
oc curred prob a bly due to anal y sis of the min eral com po si tion of
dif fer ent frac tions. The 0.125–0.063 mm frac tion was ana lysed
herein, whereas the re sults of Katinas (1971) re ferred to the
0.25–0.1 mm frac tion, in which the re la tion of epidote to gar nets 
fa vours the lat ter heavy min eral.
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Dinoflagellata
zones

Sambian Pen in sula (nearby Yantarny P-1 bore hole) NE Po land

For ma tion Mem ber For ma tion

D 13 Palve Green Wall Lower Mosina

D 12
Prus sian

White Wall

Pomerania (up per part)
Up per Quick sand 

Up per Blue Earth

D 11 Up per Wild Earth

D 10

D 9 Alka

Lower Quick sand 
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Fig. 13. Lithostratigraphic cor re la tion of the Paleogene de pos its in the Gulf of Gdañsk area
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Age/lithostratigraphy Lithological fea tures Min eral com po si tion Palynological mat ter Sed i men tary en vi ron -
ment

Up per Eocene

Priabonian

D12

Prus sian For ma tion

Heterolithe of sand and
silty sand with dis -

persed coarse quartz
grains

epidote as sem blage;
sig nif i cant chlorite ad -

mix ture

Sporomorphs – sin gle;

Normapolles group – sin gle;

Phytoplankton – fre quent;

Dinocysts – com mon, gonyaulacoid
dinocyst morphotype pre dom i nated; 

Acritarchs – spo rad i cally;

Oth ers: foraminiferal lin ings – sin gle;

glauconite ag gre gates – sin gle

in ner neritic, intertidal 
zone, not too far from 

a shore line

Mid dle Eocene

Bartonian

D11

Prus sian For ma tion

silty sand, silt and clay
with am ber; laminae of

dark clay and
phytodetritus trans par ent min er als

pre dom i nantly of the
epidote as sem blage;
sig nif i cant glauconite

con tent

Sporomorphs – rare;

Normapolles group – sin gle;

Phytoplankton – com mon;

Dinocysts – abun dant, gonyaulacoid
dinocyst morphotype pre dom i nant; 

Acritarchs – fre quent;

Oth ers:
foraminiferal lin ings – sin gle;

glauconite ag gre gates – fre quent

in ner neritic, subtidal
zone more dis tant
from a shore line

Heterolithe of silty sand 
and silt; 

at the bot tom, an ero -
sional sur face

 in ner neritic,
intertidal zone, not

too far from a shore -
line

Mid dle Eocene

? Lutetian

? D9

Alka For ma tion

vari-grained sand,
bioturbated 

epidote as sem blage
with disthene and zir -
con; fre quent sid er ite;

sub stan tial cal cium
car bon ate con tent

Sporomorphs – rare;

Normapolles group – fre quent;

Phytoplankton – com mon; Dinocysts
– abun dant, gonyaulacoid dinocyst

morphotype pre dom i nant; 

Acritarchs – spo radic;

Oth ers:
foraminiferal lin ings – sin gle;

glauconite ag gre gates – sin gle

mid dle neritic, 
pe ri od i cally
shallowing

fine-grained sand

Heterolithe hic de pos its 
of me dium and coarse
grained sand; ero sional 

sur face at the top 

epidote as sem blage
with fre quent oc cur -

rence of zir con at the
bot tom; small

glauconite con tent in -
creases to wards the

top

Lower Eocene

Mid dle Ypresian

D7

Sambian For ma tion

silty sand, lam i nated
and bioturbated; 

lithified in ter vals of
quartz wacke are pres -
ent; clear ero sional sur -

face at the top

Sporomorphs – rare;

Normapolles group – fre quent;

Phytoplankton – com mon;

Dinocysts – abun dant, gonyaulacoid
dinocyst morphotype pre dom i nant; 

Acritarchs – spo radic;

Oth ers: foraminiferal lin ings – fre -
quent

silt and silty clay, lam i -
nated and bioturbated

silty sand, lam i nated
and bioturbated; 

lithified in ter vals of
quartz wacke are pres -

ent; thin phos phatic
layer and an ero sional
sur face at the bot tom

Mid dle Paleocene

Selandian

D3-D4

Lubava For ma tion

silified siltstone with
phos phates and phos -

phatic sand; 
two hardgrounds in side
the low er most in ter val pre dom i na tion re sis -

tant min er als and am -
phi bole; fre quent

chlorite and glauconite 

Sporomorphs – rare;

Normapolles group – sin gle;

Phytoplankton – com mon;

Dinocysts – abun dant, equal quan tity 
of mainly gonyaulacoid and
peridinioid morphotypes; 

Acritarchs – rare;

Oth ers:
foraminiferal lin ings – rare 

in ner neritic, grad u -
ally shallowing to -

wards the top 
decalcified siltstone; 
a hardground at the

bot tom

siltstone and silt, partly
bioturbated; rare ho ri -

zons of silification

T a  b l e  4

Depositional en vi ron ments in Paleogene based on lithological and palynological data
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Fig. 14. Sedimentological Log of the Yantarnyj P-1 bore hole

Explanations as in Figure 2
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CONCLUSIONS

The low er most Paleogene de pos its, over ly ing Up per Cre ta -
ceous marls, are rep re sented by siliclastic strata of Selandian
age, sug gest ing an im por tant strati graphic hi a tus cor re spond -
ing to the Lower Paleocene.

Suc ces sions of the Lubava and Sambian for ma tions con -
tain nu mer ous ho ri zons of sil ica ce men ta tion, which re sult from
upwelling events. Frag ments with a coarse-grained tex ture in di -
cate that the ma trix was prob a bly de rived from the ero sion and
redeposition of clays (or claystones) within the same sed i men -
tary ba sin. Sev eral hardground sur faces were ob served at the
top of cer tain ce men ta tion ho ri zons. The hardground ho ri zon at
the bound ary be tween the Lubava and Sambian for ma tions is
linked with a strati graphic gap cor re spond ing to the Up per
Paleocene-low er most Eocene. This strati graphic gap is rec og -
nized be tween the Sambian and Alka for ma tions (up per
Ypresian–lower Lutetian).

An other strati graphic gap cor re spond ing to the up per
Lutetian, but with out a ce men ta tion ho ri zon, is re corded be -
tween the Alka and Prus sian for ma tions. The li thol ogy of the
over ly ing Prus sian For ma tion in di cates a sub stan tial change in
the sed i men ta tion re gime. The grain size com po si tion and the
glauconite con tent is dif fer ent; sev eral phos phate ho ri zons and
fine quartz grav els oc cur in the lower part of the suc ces sion.
The palynomorph con tent and their tax o nomic di ver sity are also 
higher. Am ber lo cally ac cu mu lated in sig nif i cant amounts, be -
com ing one of the most im por tant lithological el e ments.

The Lubava, Sambian and Alka for ma tions, char ac ter ized
by palynological as sem blages dom i nated by ma rine
phytoplankton taxa, seem to have ac cu mu lated at a con sid er -
able dis tance from the shore line. Fluc tu a tions in the ra tio of
peridinioidean and gonyaulacoidean dinoflagellate cysts (see
Ta ble 4) sug gest mi nor sea level os cil la tions.

A large dom i nance of epidote over other min er als was com -
monly reg is tered in all sec tions of the Prus sian For ma tion stud -
ied (Katinas, 1971; Kosmowska-Ceranowicz and Müller,1985;
Kosmowska-Ceranowicz et al., 1997), as well as in the de pos its 
of the cor re la tive up per part of the Pom er a nian For ma tion in the 
Gdañsk and Olsztyn re gions in Po land. All these ar eas be long
to the same East ern Min er al og i cal Prov ince (Kosmowska-
 Ceranowicz, 1987), where an epidote min er al og i cal as sem -
blage pass ing into an epidote as sem blage with an up wards in -
crease in am ber is typ i cal of the Up per Eocene.
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