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Lithological and palynological studies of Paleogene siliciclastic deposits from the Yantarny P-1 borehole located on the west-
ern coast of the Sambian Peninsula (Kaliningrad region, Russia) show that the succession is characterized by numerous
sedimentary discontinuities related to lithification horizons and erosional surfaces. Sedimentary gaps are emphasised by
hardgrounds. Palynological data suggest the Selandian—Priabonian age of the succession and indicate a number of signifi-
cant stratigraphic gaps. An important change in heavy mineral composition is recognized between the Paleocene and
Eocene deposits in the area studied. A significant number of reworked Cretaceous microfossils is observed in the Selandian
part of the succession studied.
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INTRODUCTION

Paleogene deposits of the Sambian Peninsula (Kaliningrad
region) have been recognized in several boreholes and
opencast amber mines (Zagorodnykh and Kunayeva, 2005).
Upper Cretaceous (mostly Campanian) deposits constitute the
sub-Cenozoic platform cover in the area. The top surface of the
sub-Cenozoic succession is located beneath 60 m b.s.l. The
area is extensively covered by Paleogene, Neogene and Qua-
ternary sediments (Zagorodnykh and Kunayeva, 2005).

Zaddach (1867) presented the first outline of the geological
setting of Sambia and named the amber-bearing deposits as
“Blue Earth” (“Blaue Erde”). The distribution of Eocene deposits
was described by Jentzsch (1876) and supplemented by
Kaunhowen (1914). Later, studies of Paleogene deposits fo-
cused mostly on the palaeogeography and lithostratigraphy
(Noetling, 1888; Eisenack, 1954; Katinas, 1971; Blazhchishin,
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1974; Krasnov and Kaplan, 1976; Kaplan et al., 1977; Grigelis
et al., 1971, 1988; Kosmowska-Ceranowicz et al., 1997,
Standke, 1998). The first dinocyst studies in Sambia were
made by Alfred Eisenack (1938, 1954). Later, a few
palynological studies were made in 1970-1980s (Zatula, 1973;
Grigelis et al., 1988). A detailed palynological investigation of
the succession studied has previously been made by
Alexandrova and Zaporozhets (2008a, b).

Heavy minerals analysis plays significant role in
palaeogeographic analysis here, particularly in searching for
source areas of the amber-bearing deposits (Katinas, 1971;
Kosmowska-Ceranowicz et al., 1997). A synthetic lithostra-
tigraphic scheme for the Paleogene of the Sambian Peninsula
was provided by Zagorodnykh et al. (2001).

An updated study of Paleogene deposits is important for the
reconstruction of the Paleogene palaeogeography and
palaeoenviroments of the Sambian Peninsula; Paleoce-
ne—Lower Eocene deposits are not exposed along the coast
here and may be investigated only in borehole cores.

In this study we provide a combined biostratigraphic and
mineralogical analysis of Paleocene—Eocene deposits from the
borehole P-1 located on the eastern margin of the Gulf of
Gdansk.
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GEOLOGICAL SETTING OF THE EASTERN
MARGIN OF THE GULF OF GDANSK

Campanian—Maastrichtian strata in the southern part of the
study area (from the Vistula Spit), represented by marls and
siltstones, compose the sub-Paleogene bedrock of the eastern
margin of the Gulf of Gdansk. Paleocene and Eocene deposits
are known from the eastern part of the study area, being eroded
closer to the centre of the Gulf of Gdansk. They were deposited
in the far offshore zone of the shallow siliciclastic shelf of an
epicontinental sea (e.g.,, Katinas, 1971; Kasinski and
Kramarska, 2008; Kramarska et al., 2008). From the Lutetian
there began an interval of coastline oscillations as a result of mi-
nor marine transgressions and regressions, recorded by sedi-
mentary cyclicity within the Middle and Upper Eocene strata.
Amber occurrence is related to the deposition of fine to me-
dium-grained clastic sediments. Amber distribution seems to
have been affected by alongshore currents, that caused
redeposition of the amber-bearing sediments (Krasnov and
Kaplan, 1976; Kasinski and Totkanowicz, 1999; Knox et al.,
2010; Kasinski and Stodkowska, 2014). In turn, other interpre-
tations have connected the origin of the amber-bearing depos-
its with the development of large deltas (Katinas, 1971;
Jaworowski, 1987).

The Paleogene succession in the eastern part of the Gulf of
Gdansk is represented by four lithostratigraphic units (from
base to top).

The Lubava Formation (Kaplan et al., 1977) comprises cal-
careous siltstones and partly decalcified with glauconite and mus-
covite, which are locally silicified. It is over 13 m thick, represented
by grey-greenish glauconitic-quartz mudstones with muscovite
and foraminifers, cemented with clay/carbonate. Based on
foraminiferal data, this formation was attributed to the mid
Paleocene (Selandian). The lithology of the Lubava Formation is
diverse and so an equivalent Romanovo Formation is distin-
guished, with the hypostratotype defined in borehole No. 3 in
Romanovo near Pionersk (Zagorodnykh et al., 2001). The Lubava
Formation is >13 m thick, represented by grey-greenish
glauconite-quartz mudstones with muscovite and foraminifers, ce-
mented with clay/carbonate. According to Katinas (1971), the
heavy mineral assemblage is dominated by garnets. The Upper
Paleocene on the Sambian Peninsula comprises dark grey and
black mudstones. Similar deposits are 11.3 m thick and were doc-
umented in borehole No. 2 drilled in the village of Zaostrovie.
These have been defined as the Zaostrovie Formation of
Thanetian age (Zagorodnykh et al., 2001).

The Sambian Formation, ~44 m thick, with its stratotype in
the Vistula Spit established by Baltakis in 1966 (fide Grigelis,
1996), is composed of sandy claystones with glauconite and
phosphatic concretions. The lowermost part contains frag-
ments of silicified rocks. The transparent heavy mineral assem-
blage is dominated by epidote (Katinas, 1971). The Sambian
Formation contains traces of benthic fossils, diatoms and
sponge spicules and is attributed to the Ypresian. According to
some authors (e.g., Zagorodnykh et al., 2001), a lithological un-
conformity is recognized at the top of the Sambian Formation,
indicating a possible stratigraphic hiatus.

The Alka Formation established by Grigelis et al. (1971),
generally 10—-20 m (up to 46 m) thick, consists of grey-greenish
glauconite-quartz sands with silt intercalations, with quartz and
phosphatic gravels at the base. The formation was subdivided
into three lower-rank lithological units: Lower Wild Earth, Lower
Blue Earth and Lower Quicksand, and attributed to the
Bartonian (Zagorodnykh et al., 2001).

The Prussian Formation was established by Baltakis in
1967 (fide Grigelis et al., 1971) within the Primorskiy opencast
amber mine in the Yantarny settlement (Fig. 1). The thickness
of the formation usually varies from 20—30 m, locally >40 m. Itis
subdivided into four informal lithological units: Upper Wild Earth
consisting of coarse-grained quartz sands with quartz and
phosphate gravels; Upper Blue Earth, developed as sandy and
clayey silts/siltstones with glauconite and amber; Upper Quick-
sand, including a facies referred to as “Krant”, composed of
fine-grained glauconite-quartz sands with quartz gravels; and
“White Wall”, composed of finely laminated silt with muscovite
and fine amber debris. Deposits of the Upper Wild Earth contain
a zircon-epidote heavy mineral assemblage with andalusite,
whereas the upper units are dominated by an epidote assem-
blage (Kosmowska-Ceranowicz et al., 1997). Based on
microfaunal data, the age of the formation corresponds to the
Late Eocene (Priabonian; Zagorodnykh et al., 2001). Studies by
Kosmowska-Ceranowicz et al. (1997) of the Upper Wild Earth
and Upper Blue Earth deposits from the Primorskiy opencast
amber mine have indicated the presence of dinoflagellate as-
semblage D12.

Microfaunal remains in the Prussian Formation of the
Kaliningrad region are extremely rare and so far no index taxa
have been found (Kharin and Lukashina, 2002). Therefore,
there are contrasting opinions about the age of this formation,
either Mid- to Upper Eocene (Grigelis et al., 1971) or only Upper
Eocene (e.g., Alexandrowa and Zaporozhets, 2008a, b). Ac-
cording to Kharin and Lukashina (2002), the age of the Prussian
Formation is doubtful, because no microfaunal index species
were found there. The first K-Ar datings of glauconite pointed to
an age of 3541 Ma, corresponding to the Bartonian (Kaplan et
al., 1977; Zagorodnykh et al., 2001). However, the age of the
glauconite from the Blue Earth was significantly earlier, at 44.1
+1.1 and 47.0 +1.5 Ma, corresponding to the Lutetian
(Ritzkowski, 1997). The latter suggestion seems to contradict
the idea that the marine sedimentation in this area was inter-
rupted during the Lutetian (Zagorodnykh et al., 2001).

Oligocene (Rupelian) deposits are represented by the
Palveska Formation, which includes the Green Wall unit
(Kaplan etal., 1977). This comprises brownish-green and bright
green glauconite-quartz sands with a clayey basal horizon. The
heavy mineral assemblage is dominated by garnets and
epidotes with zircon (Kosmowska-Ceranowicz et al., 1997).
The dinoflagellate cyst assemblage corresponds to zones
D12/13 (op. cit.). The Chattian part of the Palveska Formation is
usually 5-12 m thick (Zagorodnykh et al., 2001) and represents
the highest part of the Paleogene succession on the eastern
margin of the Gulf of Gdansk.

A review of previous studies, including the geological setting
and stratigraphy, and palaeontological data on dinoflagellate
cysts, spore and pollen grains, foraminifers etc., was published
by Aleksandrova and Zaporozhets (2008a).

MATERIAL AND METHODS

The Polish-Russian studies, described here, were made on
the Yantarny P-1 core section, drilled in 2001 in the Sambian
Peninsula coastal zone (Fig. 1A), and on the exploitation
groove samples taken from the eastern slope of the pit in the
Primorskiy opencast amber mine (Fig. 1B). The Yantarny P-1
borehole, 75 m deep, is located on an anthropogenic dump
separating the abandoned Plyazhevy amber mine from the
open sea. A lithological field description was made directly after
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Fig. 1A — location of the Yantarny P-1 borehole and Primorskiy opencast mine (54°52.2’N; 19°55.9’E);
B — groove No. 224 of the Primorskiy opencast mine

the drilling by Russian (Atlantic Branch of the Shirshov Institute
of Oceanology, Kaliningrad) and Polish geologists (see for de-
tails Kramarska et al., 2004).

A multidisciplinary study of this section, including detailed
lithological analysis, heavy mineral analysis, palynological and
micropalaeontological (foraminifers), was carried out by an in-
ternational group of Polish and Russian geologists.

Lithological characteristics of the deposits (including the
grain-size distribution) of 56 sediment samples were deter-
mined by the sieve-laser method, after removal of organic mat-
ter from the samples using hydrogen peroxide. Samples were

separated into fractions in every ¢'/,, using grain classes ac-
cording to Wentworth (1922). The carbonate content was de-
fined in 10 samples from the Cretaceous rocks and 56 samples
from the Paleogene deposits. The CO, volume generated after
sediment/HCI reaction was measured in a Scheibler's
calcimeter.

Heavy mineral analyses. Study of heavy minerals from 33
samples was performed on the 0.125-0.063 mm fraction as
only this fraction was present in all lithostratigraphic units. The
heavy mineral fractions were separated in an aqueous solution
of sodium polytungstate with a density of 2.90 g/cm®. Up to 300
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transparent grains (all grains in cases of low frequency) were
counted in each sample. The percentages were calculated for
genetic groups of minerals, and separately for transparent and
opaqgue minerals, as was done previously for the Paleogene de-
posits in the Gulf of Gdansk region (e.g., Kosmowska-
Ceranowicz, 1987; Kosmowska-Ceranowicz et al., 1997).

Palynological studies. 58 samples from the Yantarny P-1
borehole and 13 samples from the Primorskiy opencast amber
mine were studied palynologically. These samples were col-
lected from a 60 m thick interval from the depth interval of
9.8-63.9 m in the Yantarny P-1 borehole and from a 4 m thick
interval (14.2-19.0 m depth) on the eastern slope (exploitation
groove No. 224) of the Primorskiy opencast amber mine.

Palynological samples were processed in the laboratory of
the Polish Geological Institute — National Research Institute,
Marine Geology Branch in Gdansk. Carbonates were removed
with 10% HCI and humic acids, using 7% KOH. Next, the min-
eral components were eliminated using heavy-liquid separation
(CdJ, + KJ; density 2.21 g/cm®). The samples were sieved on a
10 um nylon mesh. Later, the organic content was processed
according to a modified Erdtman’s acetolysis method (Moore et
al., 1991). Palynological slides were made from each sample,
using glycerine as the mounting medium; a full spectrum of
palynological material: palynomorphs (sporomorphs, phyto-
plankton and zoomorphs) and palynoclasts (phytoclasts and
mineral debris) was examined.

Dinoflagellate cysts, acritarchs, prasinophytes, green al-
gae, and spore and pollen grains were identified in detail. Each
slide was reviewed in order to identify the age-diagnostic index
species present in the assemblage. The taxonomy of
dinoflagellate cysts follows Williams et al. (2017a, b). Spore and
pollen grains were identified using a combined morphological
and natural taxonomy (Stuchlik et al., 2001, 2002, 2009, 2014).
Palynomorphs were photographed using a Leitz Aristplan mi-
croscope coupled with Orthomat E equipment.

MICROFAUNAL ANALYSIS

Microfaunal studies were carried out on 27 samples from
the Yantarny P-1 borehole. Some microfaunal remains —
foraminifers, diatoms, sponge spicules and fish teeth — were
observed in the succession (Olszewska and Garecka in
Kramarska et al., 2004; Lukashina, 2010).

RESULTS

LITHOLOGICAL DESCRIPTION

The interval of borehole P-1 studied is as follows (from base
to top; Fig. 2).

Cretaceous deposits (66.4—75.0 m depth) are represented
by marls with intercalations of silicified siltstone. Foraminifers
and nanoplankton (Olszewska and Garecka, in Kramarska et
al., 2004), and dinoflagellate cysts (Aleksandrova and
Zaporozhets, 2008a, b) indicate an Early Campanian age for
this part of the succession.

All Paleogene lithostratigraphic units (Lubava, Sambian,
Alka and Prussian formations) have been recognized in the
Yantarny P-1 borehole section (Fig. 2; Kramarska et al., 2004).
In turn, only the Prussian Formation was indicated in exploita-
tion groove No. 224 of the Primorskiy opencast amber mine.
The boundaries of the units were established based on
lithological features, heavy mineral composition and
palynological assemblages.

The Lubava Formation (51.7-66.4 m depth; Fig. 2) is com-
posed of carbonate-free and low-carbonate siltstones with
greenish-grey and grey clayey and sandy silts, mostly
quartz-glauconitic, occurring at the base of the unit. The depos-
its are mostly sandy, with silicified, locally bioturbated horizons
(Fig. 3A). The silicified horizons are quartz-wackes, generally
containing angular pelite to psammite grains. Only a few grains
of K-feldspar and plagioclase were observed. Muscovite and bi-
otite flakes, green sponge spicules filled with silica, and iron hy-
droxides are common. Single granitoid rock fragments and
clasts of claystone with glauconite are present. The matrix is
basic in character, composed of olive-coloured clay minerals
(chlorite?), impregnated with semi-crystalline silica, iron hydrox-
ides, and partly also with pyrite (Maliszewska in Kramarska et
al., 2004). There are local concentrations of silica without clay
minerals. Decalcifield siltstones occur at the depth of
56.0-57.0 m; their silty and sandy fractions consist of transpar-
ent, usually well-rounded quartz grains (with a few milky grains)
and a few muscovite flakes. Locally, indistinct horizontal lami-
nation is observed within silty clays. Strongly silicified deposits
with bioturbated horizontal lamination, phosphorite nodules and
beds of phosphatic sand occur in the upper part of the section.
The top of the formation is marked by a hardground with a con-
centration of phosphates (Fig. 3B).

The Sambian Formation (37.2-51.7 depth) begins with a
thin bed of phosphatic-quartz fine gravel occurring above the
hardground surface of the Lubava Formation. The upper part of
the formation is represented by carbonate-free, quartz sandy
silts and silty sands, grey-greenish, dark grey and black in col-
our, with glauconite admixture, and intercalations and laminae
of grey and green clays (Fig. 3C). Quartz grains are well-
rounded; evidence of transportation scratches and traces of
collision are visible on the surfaces of coarser grains. Very fine
glauconite aggregates occur throughout the entire formation;
moreover, a small admixture of dispersed muscovite flakes is
present at the base of the formation. The distinctly laminated
clay and silt deposits are frequently bioturbated. Some burrows
of benthic organisms tend to be filed with coarser
quartz-glauconitic sand (Fig. 3D). Thin intercalations of black
silt, horizontally laminated, occur among these lighter silt-sand
sediments. Numerous small core fragments were lithified
(Fig. 3E); microscopically they represent quartz-glauconite
wackes, composed mainly of angular to subrounded quartz
grains, usually 0.15 mm (up to 0.70 mm) in diameter. A few
small grains of feldspars, muscovite and green biotite flakes,
fragments of crystalline schist, and sponge spicules are pres-
ent. Cracks in the quartz and feldspar grains are filled with par-
tially recrystallised glauconite. The matrix of the wackes is com-
posed of clay minerals, presumably illite and chlorite, and
cryptocrystalline silica. It is locally impregnated with brown iron
compounds and contains also fine pyrite nodules.

The Alka Formation (18.5-37.2 m depth) is subdivided into
three units (Fig. 2). The lowermost unit, i.e. the Lower Wild Earth
Member (35.9-37.2 m depth, 1.3 m thick), is represented by very
fine-grained, silty quartz sands, faintly laminated horizontally,
with lenses of coarse-grained glauconite-quartz sand with fine
quartz gravel. The quartz grains (both transparent and dull) are
subrounded to rounded but poorly sorted. In the background oc-
cur phosphate concretions and scattered milky quartz grains,
3-5 mm in size. An erosional surface, emphasised by a concen-
tration of quartz grains up to 4 mm in diameter, is visible at the
depth of 36.7 m. Above this there are six simple sedimentary cy-
cles (fining-upward sequences) with a layer of quartz gravel at
the base of each cycle; the deposit is highly bioturbated. A thin
cemented layer of clayey-siliceous glauconite-quartz sandstone
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Fig. 3. Lithology of Paleogene deposits in the P-1 borehole section

A — greenish-grey sandy silt with light grey very fine glauconite-quartz sand, biotubated (Paleocene, Lubava Formation,
depth 53.6 m); B — very fine and silty sand, glauconite-quartz, greenish-grey, strongly bioturbated, a hardground with fine
phosphates and quartz (grain size up to 5 mm) is visible in the lower part (Paleocene, Lubava Formation, depth 51.7 m);
C — greenish-grey glauconite-quartz silty sand, strongly bioturbated (Eocene, Sambian Formation, depth 49.2 m); D —
grey silty clay, bioturbated; large burrows filled with light grey clayey silt, in the top part light grey sandy silt, strongly
bioturbated (Eocene, Sambian Formation, depth 41.8 m); E — glauconite-quartz wackes — levels of lithification within silty
sandy deposits (Eocene, Sambian Formation, depth 38.4 m); F — grey-greenish glauconite-quartz sand of variable grain
size with green clay intercalations, strongly bioturbated (Eocene, Sambian Formation, depth 35.5 m)

occurs in the top of the Lower Wild Earth: the sandstone matrix is
dominated by clay minerals with cryptocrystalline silica. The
Lower Blue Earth Member (32.5-35.9 m depth), >3.4 m thick, is
composed of greenish-grey glauconite-quartz sand of variable
grain size. Very fine-grained and silty sands with thin green clay
intercalations prevail in the lower part of this interval (Fig. 3F).
Quartz grains are subrounded to rounded but poorly sorted;
scratches, traces of collision and corrosional bays are visible on
the surfaces of coarser particles. The sediment was primarily
horizontally laminated, but the lamination has been strongly dis-
turbed by extensive bioturbation. The Lower Quicksand Mem-
ber, 14.9 m thick, occurs between18.5-32.5 m b.s.|. It consists of
grey-greenish quartz sands of variable grain size with glauconite
admixture and thin intercalations of sandy silt. Quartz grains
(mostly transparent) belong to two populations: coarser grains

are well-rounded and finer grains (very fine fraction) are more an-
gular. Surface scratches, traces of collision and corrosion bays
are visible on the coarser particles. Strongly bioturbated layers
occur also in the Lower Quicksand Member.

The Prussian Formation (9.3—18.5 m depth; Fig. 2) is rep-
resented by two units. (1) The lowermost unit is known as the Up-
per Wild Earth Member, 3.7 m thick. It consists of horizontally
laminated heterolithic deposits comprising glauconite-quartz
sands and sandy silts with an admixture of glauconite and mus-
covite, locally with quartz and phosphate gravels. In the bottom
part of the unit, an erosional surface occurs at the top of one of
the silty sand beds. Quartz grains (mostly transparent ones) are
usually well-rounded, and some scratches and traces of collision
are visible on the surfaces of coarser grains. Some dispersed
fragments of amber, 1-10 mm in size, occur in this unit. (2) The



Paleocene and Eocene deposits on the eastern margin of the Gulf of Gdansk... 35

Upper Blue Earth Member, up to 5.5 m thick (9.3-14.8 m depth)
is composed of blue-greenish silty sands with intercalations of
light grey fine-grained quartz sand, and dark blue and black silty
clays with frequent amber grains (grain size ~7 mm, up to
30x20x5 mm). Quartz grains (milky and transparent ones) repre-
senting finer fractions are well-rounded and the coarser fractions
are usually poorly rounded; the surfaces of many grains show
collision traces. These deposits contain a significant admixture of
muscovite, aggregates of glauconite and individual sandstone
lithoclasts. Coaly clay laminae and concentrations of coalified
plant detritus also occur.

Deposits of the Prussian Formation (Upper Blue Earth
Member) are recognized also in the exploitation groove sample
No. 224 taken from the Primorskiy opencast amber mine in the
interval 14.2-19.0 m b.sl. They include glauconitic,
brown-greenish silts with a varying admixture of sand. Sandy
mudstones occur in the interval of 18.7-19 m b.s.l. (in the bot-
tom of the exploitation groove), with a thin level of phosphatic
nodules and dispersed, well-rounded quartz grains at the base.
Several bioturbated horizons, related probably to the activity of
mud-eaters, were noted within 16.7-18.7 m b.s.I. At the level of
15.8 m b.s.l. there is a horizon with dispersed fine-gravel quartz
grains. In the upper part of the section (depth interval
14.2-15.3 m) there are several intercalations of glauconite-
quartz sand.

GRAIN-SIZE COMPOSITION AND HEAVY MINERAL ASSOCIATIONS

Yantarny P-1. A variable grain-size composition and as-
semblages of heavy minerals have been distinguished within
the Paleogene deposits from the Yantarny P-1 borehole section
(Fig. 4).

The lower part of the section, corresponding to the Lubava
Formation (51.7—66.4 m depth) is dominated by very fine clastic
deposits, composed mostly of silty clays with an admixture of
very fine-grained sand. The maximum particle size is
0.125 mm. Chlorite flakes, characteristic of the silty-sandy fa-
cies, represents 10 to >70% of the total mineral composition.
Noteworthy is also the high content of glauconite, aggregates of
which show no traces of chemical weathering and transforma-
tion. This mineral comprises on average 39.4% of the total
heavy minerals (14.7-57.7%). The content of opaque minerals
rarely exceeds 10%, whereas the contribution of transparent
minerals usually reaches several percent. The percentage of
minerals representing both groups slightly increases in the up-
per part of the section. Moreover, infrequent siderite fragments
occur there, which indicates poor sorting. The content of
poorly-resistant minerals, represented mainly by amphiboles
(mostly greenish hornblende), varies from 16-54% (averagely
29.2%). These are accompanied by pyroxenes reaching up to
1.0-8.5%. There is also a considerable amount of biotite (at
only two levels: 38.7 and 25.0%) in this part of the section. The
epidote content varies from ~10-20% of total transparent min-
erals (average 13.7%). The content of garnets is from
5.0-17.6% (averagely 10.0%). Tourmaline, with a contribution
from 6.0-15.3%, slightly dominates among the resistant miner-
als. In the lower part of the formation, the disthene content
(8.5-12.0%) is similar, decreasing to 4% in the upper part. The
zircon content is low, usually ~1%, to reach >5% only in the mid-
dle part of the formation.

In the upper part of the P-1 borehole section, from the depth
of 51.7 m to the top of the Eocene deposits, an epidote associa-
tion of heavy minerals was defined, locally with an increasing
content of resistant minerals, particularly zircon and disthene.
The lower part of this interval, corresponding to the Sambian
Formation, is represented in the bottom and top parts by silty

sands and in the middle part by clayey sandy silts. The lower-
most part of this formation (51.4-47.0 m) is dominated by
fine-grained sands with a small amount of coarse sand and
gravel. Its middle part is characterized by a prevalence of silty
clay with ~25% of very fine-grained sands. The top of the forma-
tion is again dominated by fine-grained sand (50-65%) but
without coarse sands and gravels.

In contrast to the Lubava Formation, the Sambian Forma-
tion contains an increased share of opaque minerals in relation
to transparent minerals. The content of other minerals is lower
(there is a small admixture of glauconite, and chlorite occurs
only sporadically). The maximum content of ore minerals
(>50%) within the total amount of heavy minerals was noted in
the lowermost part of the formation, where small phosphate
concretions are also present. The glauconite content is the low-
est in this part of the succession (a few percent), to rise higher
upsection (>40%; average 19.2%). In clayey sandy silt the con-
tent of chlorite is low, and rare siderite and calcite grains occur.
The average content of transparent minerals is ~45%. The
lower part of the formation is dominated by an epidote—zircon
mineral association. The content of these two mineral groups is
subequal — the epidote content is ~30% and the zircon content
is 20-30%. Tourmaline and epidote dominate in the upper part
of the section, reaching up to 60% of the total heavy minerals.
Locally, an admixture of biotite is clearly visible. The distribution
of other components is relatively even and does not show large
fluctuations, except for staurolite and tourmaline, the content of
which in the central part of the formation increases to several
percent.

The upper part of the borehole section corresponds to the
Alka Formation. Deposits of the Lower Wild Earth and the lower
part of the Lower Blue Earth members have a silt/clay content of
~15-35%. Grain fractions 0.125-0.063 mm and 0.25-0.125 mm
predominate within the total sand fraction. A high content (up to
~55%) of coarser particles with diameters at 1-2 mm was noted
locally. The composition of heavy minerals from the lower part of
the Alka Formation is very similar to that from the upper part of
the Sambian Formation, both with respect to the mineral groups
and the transparent mineral association.

A monotonous series of sands of variable grain size with a
predominant fraction of 0.5-0.25 mm, reaching up to 40%,
builds the upper part of the Alka Formation. It corresponds to
the Lower Quicksand Member. A coarse fraction admixture,
from a few percent to ~20%, increases upwards in the succes-
sion. The content of the 0.25-0.125 mm fraction fluctuates from
~20% up to >30%. The 0.125-0.063 mm fraction constitutes a
few percent. The content of the silt-clay fraction (<0.063 mm)
rarely exceeds 15%. The mineral composition is dominated by
the carbonate group (36.6-72.3%), mainly siderite and individ-
ual rhombohedral calcite crystals, which is reflected in a slightly
higher carbonate content in the Lower Quicksand Member
compared with the other parts of the succession. The content of
CaCO; varies from 1.23 up to 4.10%, and is significantly higher
than in other units, where it is <1%. In relation to the lower units
of the Alka Formation, in the group of transparent minerals, the
Lower Quicksand Member is characterized by a decrease of
the epidote content (average 20%), an increase of disthene and
zircon, and also of staurolite in the uppermost part of the forma-
tion.

The grain size distribution of the uppermost deposits in the
borehole, representing the Prussian Formation (Upper Wild
Earth and the Upper Blue Earth members), records several
sedimentary cycles. Medium and coarse sand fractions domi-
nate in the lower part of each cycle and while the silt-clay frac-
tions build their upper parts. This part of the section is charac-
terized by the maximum content of epidote, from 44—70% (av-
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erage 55.7%), and the lowest content of resistant minerals. De-
posits of the Upper Wild Earth Member contain an increasing
admixture of amphiboles (mostly greenish hornblende), accom-
panied by a low content of pyroxene.

Primorskiy opencast amber mine — exploitation groove
No. 224. The grain-size composition and the content of heavy
minerals in the deposits examined in exploitation groove
No. 224 are very similar to those from the upper part of the P-1
section, corresponding to the Prussian Formation (Fig. 5). De-
posits from the exploitation groove represent a silty sand
lithofacies with a slight predominance of the sand fraction in the
lower and upper parts, and of silt and clay in the middle part.
Transparent minerals (42.9-64.3%) predominate among the
heavy minerals. The contribution of opaque minerals, usually at
26-29%, is fairly even. The glauconite content is variable
(5.0—24.3%). The chlorite content reaches a maximum of 2.6%
in the lower part of the pit and exceeds 5% in its higher part. The
carbonate content is 2—4% in the lower part of the pit.

Transparent minerals are represented by the epidote asso-
ciation, as in the upper part of the P-1 borehole section. The
epidote association (mainly epidote sensu stricto, rarely zoisite
and clinozoisite) comprises 49.7-57.7% of total transparent
minerals. The content of garnets occasionally exceeds 10%,
and the content of amphiboles together with pyroxenes is simi-
lar. The content of resistant minerals reaches 20-30%.

PALYNOLOGY

Palynofloral assemblages in the samples are rich, diverse
and well-preserved. They are dominated by dinoflagellate
cysts, while spores and pollen grains are scarce in most of the
Paleocene—Eocene samples. In total, 161 phytoplankton and
143 sporomorph taxa have been recognized in the succession
studied. The stratigraphic distribution of dinoflagellate cyst taxa
is shown in the Appendix 1*. The most characteristic taxa are il-
lustrated in Figures 6—12. Phytoclasts, represented by brown
and black wood fragments and cuticule, were also observed.
Foraminiferal organic linings also occur. Single glauconitic ag-
gregates were noted among the inorganic components.

Five successive palynological assemblages were recog-
nized within the interval of the Yantarny P-1 borehole studied,
from base to top.

Yantarny P-1. Palynomorph assemblage from the lowest
part of the Paleogene in the Yantarny P-1 borehole section
(52.0-67.0 m depth) is dominated by marine phytoplankton.
The lowermost part of the Paleogene section of the Yantarny
P-1 borehole section (Lubava Formation) yields a pol-
len-phytoplankton spectrum indicative of the Selandian (Middle
Paleocene; Stodkowska, 2008). The presence of Alisocysta
margarita, Alterbidinium circulum, Fibradinium annetorpense,
Isabelidinium  viborgense, Palaeotetradinium minusculum,
P. silicorum and Spinidinium densispinatum allows attribution of
this part of the section to the dinoflagellate cyst zones D3-D4
(Powell, 1992; Kothe, 2012), indicating a mid-Paleocene
(Selandian) age (Table 1; Figs. 6-8 and 12). The occurrence of
Cretaceous dinoflagellate  cysts  Isabelidinium  bujaki,
1. cooksonii, Odontochitina sp. and Senoniasphaera rotundata
in the same assemblage suggests their reworking from Creta-
ceous strata. The mid Paleocene age is additionally confirmed
by the presence of the Normapolles group pollen grains, in par-
ticular Pompeckjoidaepollenites platoides, Oculopollis baculo-
trudens and Trudopollis classotrudens.

Abundant and well-preserved marine palynomorphs were
found at 36.3-51.0 m depth in the Sambian Formation. The
palynological assemblage from the Sambian Formation con-

* Supplementary data associated with this article can be found, in the online version,
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Fig. 5. Granulometry and heavy minerals assemblages in groove No. 224

Other explanations as in Figures 2 and 4
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Fig. 6. Cretaceous taxa — reworked

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 (Alberti, 1959) Lentin & Williams,
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 & Williams, 1976, Yantarny P-1, depth 53.5 m; H —
Senoniasphaera rotundata Clarke & Verdier, 1967, Yantarny P-1, depth 56.5 m

tains stratigraphically important dinoflagellate cysts Eato-
niacysta ursulae, Deflandrea oebisfeldensis, Hystrichosphae-
ridium tubiferum and Roftnestia borussica, indicating an Early
Eocene (Ypressian) age. The taxonomic composition of this as-
semblage is similar to that of zone D7 (Powell, 1992; Kdthe,
2012) of Ypresian age. Among the continental palynomorphs,
the pollen grains of thermophilous plants and fairly abundant
pollen from the Normapolles group, especially Extra-
triporopollenites  clarus, Pompeckjoidaepollenites  pene-
perfectus, Trudopollis cf. bulboformis and T. ordinatus, are
noted (Table 1 and Fig. 9). Phytoclasts are sparse; foraminifer
linings were observed in all samples.

In the upper part of the borehole section, Alka Formation
(depth 18.6-35.6 m), a rich but not very diagnostic
palynomorph assemblage was found (Table 1): marine paly-

nomorphs are represented by taxa with a broad stratigraphic
range: Corrudinium incompositum, and other taxa, such as
Cordosphaeridium fibrospinosum, C. funiculatum, Phthano-
peridiunium crenulatum, Lingulodinium machaerophorum and
Charlesdowniea sp. Reworked taxa from older Paleocene as-
semblages were also present. Pollen grains were infrequent,
among them single Normapolles grains appeared. Phytoclasts
and foraminifer linings were rare; single glauconite aggregates
also occurred. This assemblage is tentatively attributed to the
dinoflagellate cyst Zone D9 (Powell, 1992; Kothe, 2012) of
Lutetian age.

An abundant and diverse dinoflagellate cyst assemblage
was recognized in the Prussian Formation (9.8—18.3 m depth),
containing the stratigraphically important species Areosphae-
ridium michoudii, A. diktyoplokum, Cerebrocysta bartonensis,
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Fig. 7. Phytoplankton assemblage — Middle 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 &
Williams, 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 (Alberti, 1959) Lentin & Williams, 1987, Yantarny P-1, depth depth 56.0 m (G) and 59.0 m (H)
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Fig. 8. Phytoplankton assemblage — Middle Paleocene (Selandian)

A — Fibrocysta ovalis (Hansen, 1977) Lentin & Williams, 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 & Williams, 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 (Alberti, 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 & Williams, 1973, Yantarny P-1, depth 59.0 m; | — [sabelidinium ? viborgense

Heilmann-Clausen, 1985, Yantarny P-1, depth 60.0 m

Talladinium? clathratum, Charlesdowniea coleotrypha, Cordo-
sphaeridium funiculatum, Deflandrea heterophlycta, Glaphy-
rocysta texta, Heteraulcacysta porosa, Cordosphaeridium

funiculatum,  Deflandrea  heterophlycta, = Enneadocysta
pectiniformis, — Glaphyrocysta  semitecta,  Thalassiphora
fenestrata and Rhombodinium porosum (Table 1 and

Figs. 10-12). Reworked pollen grains from the Paleocene were
also found. The pollen grains were not very frequent and the
Normapolles group was represented by a few damaged speci-
mens. Phytoclasts were sparse, and organic foraminifer linings
were quite frequent. Based on the presence of Rhombodinium
porosum, the lower part the Prussian Formation (10.8-18.3 m
depth) is referred to the dinoflagellate cyst Zone D11 (Powell,
1992; Kothe, 2012) of Bartonian age. The palynomorph assem-
blage from the uppermost part of the borehole section
(9.8-10.5 m depth), is generally similar to the underlying one

(Table 1; Figs. 11 and 12). Phytoplankton are very common and
include Thalassiphora fenestrata which more often occurs in
the Priabonian. Among the rather infrequent spores and pollen
grains, pollen of thermophilous plants play an important role.
Phytoclasts, organic foraminifer linings and glauconite aggre-
gates are rather rare. This community may probably be attrib-
uted to the Upper Eocene (Priabonian) dinoflagellate cyst Zone
D12.

Primorskiy opencast amber mine — exploitation groove
No. 224. (14.2-19.0 m b.s.l.). The palynological assemblage is
dominated by dinoflagellate cysts and contains such species 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. 9. Phytoplankton assemblage — Lower Eocene (Ypresian)

A, B — Hystrichosphaeridium tubiferum (Ehrenberg, 1838) Deflandre 1937, emend. Davey & Williams 1966, Yantarny P-1, depth
40.5m (A) and 49.0 m (B); C — Deflandrea oebisfeldensis Alberti, 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 minimum
(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

Rhombodinium porosum and Roftnestia borussica. It is similar
to that of the Prussian Formation in the borehole P-1 (D11-D12
Zone interval), indicating the Bartonian and probably
Priabonian age of these deposits. Continental palynomorphs
are not abundant, but are represented by different
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 (Table 2; Figs. 10 and 11). A few
phytoclasts, several organic foraminifer linings and numerous
glauconitic aggregates were also noted (Fig. 12).

MICROFAUNAL ANALYSIS

Microfaunal remains, mostly glauconitised fragments of the
Nodosariide, silicified sponge spicules and radiolarians are rare
in the Paleogene deposits. A few redeposited Upper Creta-
ceous foraminifers representing Eponides cf. grodnoensis
Akimetz and Osangularia cf. cordieriana d’Orbigny were found
in the interval 57.5-36.3 m in the P-1 borehole section
(Olszewska and Garecka in Kramarska et al., 2004). Numerous
radiolarians, especially representing the genus Spumellaria,
occur at a depth of 57.5 m b.s.l.

In the interval of 52.0-67.0 m depth ( Lubava Formation),
microfaunal remains were observed only in the uppermost part.
Diatoms, siliceous sponge spicules, small bones and fish teeth
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Fig. 10. Phytoplankton assemblage — Middle 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 & Williams, 1971, groove No. 224, depth 15.81-16.21 m; D — Wetzeliella simplex (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 & Williams, 1995, Yantarny P-1, depth 15.6 m; | — 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

were found at 52.0-60.8 m depth. A few poorly preserved
foraminifers of the genera Anomalina and Psammosphera oc-
cur at depth 60.8 m (Lukashina in Kramarska et al., 2004). A
single redeposited test of the planktonic foraminifer
Globigerinella aspera was noted at 60.0 m depth.

A few agglutinated foraminifers of the family Ammo-
disciadae with siliceous test walls, such as Ammodiscus sp.,
Glomospirella sp. and Glomospira sp. were found at
37.0-52.0 m depth (Sambian Formation). Some planktonic cal-

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

At 18.5-37.2 m depth (Alka Formation), six planktonic
foraminifer taxa were found: Globigerina danvillensis, G. prae-
bulloides, G. eocaena, G. sp. and Acarinina rotundimarginata at
20.6 m depth, attributed to the planktonic foraminifera zones
PF12-PF14 (Lukashina, 2010).

The uppermost deposits of the Alka and Prussian forma-
tions yielded no microfaunal remains.
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Fig. 11. Phytoplankton assemblage — Upper Eocene (Priabonian)

A — Enneadocysta pectiniformis (Gerlach, 1961) Stover & Williams, 1995, groove No. 224, depth 16.21-16.71 m; B —
Paucilobimorpha incurvata (Cookson & Eisenack, 1962) Prosl, 1994, Yantarny P-1, depth 157 m; C —
Areosphaeridium michoudii Bujak, 1994, groove No. 224, depth 18.34-18.68 m; D — Cordosphaeridium gracile
(Eisenack 1954) Davey & Williams 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) Williams, Damassa,
Fensome and Guerstein in Fensome et al., 2009, Yantarny P-1, depth 13.3 m

DISCUSSION

The interval of 51.7-66.4 m depth in the Yantarny P-1 bore-
hole section has previously been attributed to the Maastrichtian
Chattangiella vnigrii and Cerodinium diebelii dinoflagellate cyst
zones (Aleksandrova and Zaporozhets, 2008a, b).

Based on our palynological results, we do not agree with
this opinion, evidencing the presence of phytoplankton spe-
cies characteristic of the mid-Paleocene: Alisocysta
margatrita, Fibradinium annetorpense, Isabelidinium
viborgense, Palaeotetradinium minusculum, P. silicorum and
Spinidinium densispinatum. These species occur in situ, ac-

companied by Cretaceous phytoplankton taxa and Upper Cre-
taceous foraminifers that were redeposited from older sedi-
ments (Olszewska and Garecka in Kramarska et al., 2004;
Lukashina, in Kramarska et al., 2004). The dinoflagellate as-
semblage from the Lubava Fm. (Yantarny P-1 borehole,
51.7-66.4 m depth) corresponds to the D3-lower D4 zones in-
terval (Kothe, 2012), indicating a Selandian age. The Paleo-
gene age of the Lubava Formation was earlier suggested by
Kaplan et al. (1977). The pollen assemblage within this inter-
val is characterized by a large content of palaeotropical taxa.
A similar palynomorph assemblage has been recognized in
deposits from other parts of the Kaliningrad District (bore-
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Fig. 12. Sporomorphs, zoomorphs and non-organic remains from the Paleogene deposits

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 linings, 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); | — 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 — numerous glauconite grains, groove No. 224, depth 18.88-18.98 m



Paleocene and Eocene deposits on the eastern margin of the Gulf of Gdansk...

45

Table

Palynomorphs of the Yantarny P-1 borehole

Spinidinium clavum
Isabelidinium sp.
Palaeocytodinium minusculum
Alisocysta margarita
reworked Cretaceous taxa:
Odontochitina sp.
Paucilobimorpha apiculata

Deztge[m] Significant phytoplankton taxa Significant sporomorphs
Areosphaeridium michoudii, Castaneoideaepollis pusillus,
Charlesdowniea clathrata, Fususpollenites fusus,
Deflandrea heterophlycta, Intratriporopollenites insculptus,
9.8-10.5 - ; L .
Priabonian Enneadocysta pect/n{form/s, Platar‘upollls /pelenSISi .
Glaphyrocysta semitecta, Quercoidites microhenrici,
Cordosphaeridium funiculatum, Tricolporopollenites megaexactus,
Thalassiphora fenestrata Triporopollenites robustus
Arecipites
Castaneoideaepollis pusillus,
Heteraulacacysta porosa, Engelharedtioipollenites quietus,
Rhombodinium porosum, Fususpollenites fusus,
Areosphaeridium michoudii, Milfordia minima,
Areosphaeridium diktyoplokum, Myricipites rurensis
Charlesdowniea clathrata, Platanipollis ipelensis,
Charlesdowniea coleotypha, Platycaryapollenites,
10.8-18.3 - . L . -
Bartonian Cordosphaeridium fu.n/.culatgm, Querco:dltfas' mlcrohe'n'r/CI,
Enneadocysta pectiniformis, Quercoidites henrici,
Cerebrocysta bartonensis, Sapotaceoideaepollenites,
Glaphyrocysta texta Tricolporopollenites staresedloensis,
Tricolporopollenites megaexactus,
reworked Paleocene taxa: Triporopollenites robustus
Cerodinium speciosum Normapolles:
Nudopollis,
Trudopollis
Corrudinium incompositum, Castaneoideaepollis pusillus,
Cordosphaeridium Fususpollenites fusus,
fibrospinosum, Intratriporopollenites insculptus,
Cordosphaeridium funiculatum, | pjataninollis ipelensis, Platycaryapollenites miocaenicus,
Phth;ggg?;;g#n/ um Quercoidites henrici,

Lin gulodiniu;n Sapotaceoideaepollenites,
18.6-35.6 machaerophorum, Tricolporopollenites fallax,
Lutetian Charlesdowniea sp. Tricolporopollenites liblarensis,

Tricolporopollenites megaexactus,
reworked Paleocene taxa: Tricolporopollenites staresedloensis,
Paleocystodinium minusculum Normapolles:
Cerodinium speciosum Pompeckjoidaepollenites subhercynicus,
Fibradinium annetorpense Nudopollis,
Palambages morulosa Trudopollis
Castaneoideaepollis pusillus,
Myricipites rurensis,
Platanipollis ipelensis,
Cordosphaeridium funiculatum, Platycaryapollenites miocaenicus,
Deflandrea oebisfeldensis, Sapotaceoidaepollenites,
Eatonicysta ursulae, Slowakipollis,
Hystrichosphaeridium Symplocoipollenites,
tubiferum, Triporopollenites robustus,
Rottnestia borusica, Tricolporopollenites staresedloensis
Normapolles:
36.3-51.0 reworked Paleocene taxa: Complexoipollenites, Extratriporopollenites clarus,
- Palambages morulosa Nudopoliis,
Ypresian Cerodinium striatum N. cf. thiergartii,

Oculopollis suboculus,
Plicatopollis plicatus, Pompeckjoidaepollenites,
P. peneperfectus,

P. subhercynicus,
Pseodoculopollis, Stephanoporopollenites,
Trudopollis,

Trudopollis cf. articulus,

T. cf. bulboformis,

T. ordinatus,

Vacuopollis
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Tabl. 1 cont.
Deitge[m] Significant phytoplankton taxa Significant sporomorphs
Alterbidinium circulum,
Damassadinium californicum,
Cerodinium diebelii, Castaneoideaepollis pusillus,
Cerodinium speciosum, Gothanipollis,
Cerodinium striatum, Mlyricipites rurensis,
Spinidinium densispinatum, Pentapollis,
Spinidinium clavum, Platanipollis ipelensis,
S. echinoideum Platycaryapollenites levis,
Fibradinium annetorpense, Quercoidites henrici,
Alisocysta margarita, Symplocoipollenites annulus/rotundus,
Isabelidinium viborgense, Tricolporopollenites dolium, Tricolporopollenites
Cladopyxidium sp., mansfeldensis,
52 0-67.0 Paralacaniella sp., ~ Normapolles: '
R Palaeocystodinium minusculum Duplopollis myrtoides, Interporopollenites,
Selandian Palaeotetradinium silicorum, Nudopollis terminalis,
Caligodinium aceras, Oculopollis,
Fibrocysta ovalis, O. baculotrudens,
Palambages morulosa, Pompecjoidaepollenites platoides,
Phanerodinium sp. Pseudoculopollis,
Thomsonipollis,
reworked Cretaceous taxa: Trudopollis,
Isabelidinium cooksoniae T. classotrudens,
Isabelidinium bujakii T. cf. parvotrudens,
Chattangiella tripartita T. plenus,
Senoniasphaera rotundata Vacuopollis cf. parcentus
Laciniadinium
Odontochitina
Table 2
Palynomorphs of groove No. 224 of the Primorskiy mine
Deztge[m] Significant phytoplankton taxa Significant sporomorphs
Areosphaeridium diktyoplokum,
Areosphaeridium michoudii,
Charlesdowniea clathrata,
Chytreisphaeridia parva, Castaneoideaepollis pusillus,
Cordosphaeridium funiculatum, Engelhardtioipollenites punctatus,
14.17-18.98 Deflandrea heterophlycta, Fususpollenites fusus,
Bartonian Enneadocysta pectiniformis, Intratriporopollenites insculptus,
?’?i%b onian Glaphyrocysta semitecta, Platanipollis ipelensis,
Glaphyrocysta texta, Quercoidites microhenrici, Sapotaceoideaepollenites,
Hetraulacacysta porosa, Tricolporopollenites staresedloensis,
Homotryblium pallium,
Microdinium reticulatum,
Rhombodinium porosum

holes: Kharkovskoye, Krasnovka, Rodniki), in Lithuania
(Kalvarija borehole — Grigelis, 1996; Kasinski and Piwocki,
2004), in the vicinity of Tuchola (Stodkowska, 2004), and in the
northeastern part of the Polish Lowlands, in the Klucznik and
Wysoka Wie$ boreholes in northern Poland (Stodkowska,
2009; Stodkowska and Gatgzka, 2015). The mid Paleocene
age of the Lubava Fm. allows correlation with the upper part of
the Putawy Formation in the Polish Lowlands.

The Sambian Formation (Yantarny P-1 borehole,
35.9-51.7 m depth) revealed a dinoflagellate cyst assemblage
corresponding to Ypresian (Early Eocene) D7 Zone interval
(Kothe, 2012) and a pollen assemblage with a large content of
palaeotropical elements. This implies an important stratigraphic
hiatus between the Lubava and Sambian formations, corre-
sponding to the Thanetian—earliest Ypresian.

Sediments corresponding to the D7 dinoflagellate cyst Zone
are not known in adjacent northeastern Poland, though this
dinocyst zone D8 is recognized in NE Poland (Stodkowska and
Galgzka, 2015).

The Alka Formation (Yantarny P-1 borehole, 18.5-35.9 m
depth) consists of three lithostratigraphic units: the (1) Lower
Wild Earth, (2) Lower Blue Earth, and (3) Lower Quicksand
members and contains a phytoplankton assemblage corre-
sponding to the D9 Zone (Kothe, 2012), probably indicating a
Lutetian age. The pollen assemblage here is still characterized
by a large content of palaeotropical elements. Thus, a signifi-
cant stratigraphic hiatus is recognized between the Sambian
and Alka formations and corresponds to the mid Ypresian—lo-
wer Lutetian. According to our results, the Alka Formation can
be correlated with the lower part of the Pomeranian Formation
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in NE Poland, close to the Kaliningrad region (Piwocki, 2004).
Deposits of the lower Pomeranian Formation are lithologically
similar to the Lower Quicksand Member: they comprise
fine-grained, grey-greenish glauconite-quartz sand in the bot-
tom part of the formation with an admixture of fine quartz gravel
and siderite concretions.

Redeposition was not limited to the Lubava Formation, but
took place also during the accumulation of the Sambian and
Alka formations, indicated by the presence of Paleocene taxa
within the phytoplankton assemblages. A distinct admixture of
biotite is also observed in the Sambian Formation, resulting
from the erosion of clastic material from the Lubava Formation,
where biotite is very common.

The Prussian Formation (Yantarny P-1 borehole, 9.3—18.5m
depth) yielded a dinoflagellate cyst assemblage (Table 3) corre-
sponding to the D11-D12 zones interval (Kéthe, 2012) dated to
the Bartonian—Priabonian. Based on these data, this formation is
correlated with the upper Pomeranian Formation in Poland. A
similar palynomorph assemblage was recorded in an equivalent
interval from the northeastern part of the Polish Lowlands
(Stodkowska, 2009; Stodkowska and Gatgzka, 2015). The up-
permost units of the Prussian Formation — the Upper Quicksand
and White Wall — were not recognized in the studied sections, but
are known from the nearby Primorskiy opencast amber mine
(Grabowska and Kohlman-Adamska in Kosmowska-Ceranowicz
et al., 1997). Similar deposits occur also along the western mar-
gins of the Gulf of Gdansk (Fig. 13): they were distinguished in
the Chitapowo |, Chtapowo Il and Chtapowo Il boreholes
(Piwocki et al., 1985; Grabowska, 1987) and are composed of
quartz sand and silt with glauconite and amber and have a similar
palynological spectrum. These deposits were also recognized in
the Chatupy-92 and Kuznica-92 boreholes on the Hel Peninsula
(Kramarska, 2006, 2010) and are attributed to the uppermost
Pomeranian Formation, which is the exact stratigraphical equiva-
lent of the amber-bearing deposits of the Prussian Formation.
However, the amber-bearing Paleogene strata along the western
margin of the Gulf of Gdansk are at a depth interval of 50-70 m
b.s.l, i.e. >50 m deeper than on the Sambian Peninsula. This
might be the result of post-sedimentary tectonic activity (Kaplan
and Krasnov, 1977; Kramarska, 2006).

Our multidisciplinary results allow reconstruction of several
changes in the sedimentation regime; in particular, we can ex-
amine fluctuations in the content of individual components, no-
tably lithological features and organic matter composition of the
sedimentary basin during the Paleocene—Eocene and, hence,
reconstruct its palaeogeography (Table 4).

The Paleocene-Eocene (Lubava—Prussian formations) in
the studied region is incomplete and contains numerous gaps,
resulting in sedimentary discontinuities.

The first stratigraphic gap, corresponding to the Lower
Palaeocene (Danian), is recognized between the mid
Paleocene Lubava Fm. and the Cretaceous rocks.

Several gaps within the Lubava and Sambian formations
are emphasised by horizons of silica cementation. Preserved
fragments with a coarse-grained texture indicate that the matrix
probably originated from the erosion and redeposition of clays
(or claystones) within the same sedimentary basin. A few
hardground surfaces were observed on the top of some cemen-
tation horizons. The most distinct hardground horizon is recog-
nized at the boundary between the Lubava and Sambian forma-
tions, where an important stratigraphic gap corresponding to
the Thanetian—lowermost Ypresian, is recognized (Fig. 14).

The Paleogene deposits accumulated in the marine basin
during a single first-order transgressive-regressive cycle in a
shallow shelf environment. Thus, deposits of the Lubava For-

mation originated in the inner neritic zone (Table 4). After anim-
portant gap corresponding to the Thanetian—earliest Ypresian,
shallow-marine sedimentation was restored during the
Ypresian. An erosional surface marked with a basal conglomer-
ate composed of a phosphate horizon at the base of the suc-
cession is related to the next transgression. At a depth of
36.7 m there occurs the next erosional surface. Above that, six
simple sedimentary cycles (fining-upward sequences) are visi-
ble, with a layer of quartz gravel at the base of each cycle;
moreover, the sediments are highly bioturbated. The sediments
of the Sambian and Alka formations represent middle neritic
sediments (Fig. 14).

The variable heavy minerals composition indicates a
change in the source area, depending on the location of the ba-
sin shoreline. In the lower part of the section, the detrital mate-
rial composed of resistant minerals was probably supplied to
the Paleocene basin both from the destruction of older sedi-
mentary rocks (Jurassic and Devonian) surrounding the basin
to the north and north-east, as well as directly from crystalline
rocks. In northern Poland, Jurassic deposits are dominated by
resistant minerals associated with amphiboles (hornblende)
and biotite, less often pyroxene (Radlicz, 1972). Garnet, zircon
and tourmaline predominate among heavy minerals in the De-
vonian strata there (Jarvellil et al., 2015). In the higher part of
the profile, a dominance of the epidote is observed, indicating
the progressive migration to the north of the Eocene basin
shoreline and addition of detrital material mostly from the crys-
talline rocks of the Baltic Shield.

Numerous cemented horizons (Fig. 14) occurred as a result
of increased silica precipitation during upwelling processes (cf.
Blazhchishin, 1999). The preserved elements of the
coarse-grained structure indicate that the cement material prob-
ably originated during dilution and redeposition of clay (or
claystones) in the same sedimentary basin. Only rare pollen
grains reached this area from the distant land. Redeposition of
Cretaceous and Paleocene palynomorphs is recorded in the
Lower Eocene strata. Deposits from the upper part of the Lower
Eocene (dinoflagellate cyst Zone D8) were not found at the base
of the next sedimentary package, corresponding to the
dinoflagellate cyst Zone D9 (mid-Lutetian). There is a distinct
erosional surface marked by a concentration of coarse quartz
grains. This probably corresponds to the next stratigraphic gap,
encompassing the uppermost Lutetian (dinoflagellate cyst Zone
D10). The uppermost part of the mid-Eocene is represented by
shallow-water marine deposits of the next transgressive-regres-
sive cycle. The “Upper Wild Earth” and the Upper Blue Earth
members accumulated during several sedimentary cycles: me-
dium and coarse sand fractions dominate in the lower part of the
each cycle, and silty clay deposits build their upper parts. A sedi-
mentary succession representing regressive facies occurs in the
uppermost part of the section (dinoflagellate cyst zones
D11-D12, Bartonian-Priabonian). Levels rich in amber grains
are related to these facies. Deposits of the Prussian Formation
formed in the inner neritic zone: the lower part in intertidal condi-
tions, the middle part insubtidal conditions and the upper part
again in intertidal conditions (Table 4).

The predomination of garnets over epidotes in the Lubava
Formation is not high enough to define it as dominant, which,
according to Katinas (1971), is a characteristic feature of
Paleocene deposits in the Sambian Peninsula. This difference
occurred probably due to analysis of the mineral composition of
different fractions. The 0.125-0.063 mm fraction was analysed
herein, whereas the results of Katinas (1971) referred to the
0.25-0.1 mm fraction, in which the relation of epidote to garnets
favours the latter heavy mineral.
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Table 3
Lithostratigraphic correlation of the Sambian Peninsula and NE Poland
Dinoflagellata Sambian Peninsula (nearby Yantarny P-1 borehole) NE Poland
zones Formation Member Formation
D13 Palve Green Wall Lower Mosina
White Wall
D12 ) Upper Quicksand )
Prussian Pomerania (upper part
Upper Blue Earth (upper part)
D 11 Upper Wild Earth
D 10
Lower Quicksand
D9 Alka Lower Blue Earth )
- Pomerania (lower part)
Lower Wild Earth
D8
D7 Sambian
D6
D5
D4 Odra
Lubava
D3
D2 Putawy
D1
grey — stratigraphic gap
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Fig. 13. Lithostratigraphic correlation of the Paleogene deposits in the Gulf of Gdansk area
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Depositional environments in Paleogene based on lithological and palynological data

Table 4

Agellithostratigraphy

Lithological features

Mineral composition

Palynological matter

Sedimentary environ-
ment

Upper Eocene
Priabonian
D12

Prussian Formation

Heterolithe of sand and
silty sand with dis-
persed coarse quartz
grains

epidote assemblage;
significant chlorite ad-
mixture

Sporomorphs — single;
Normapolles group — single;
Phytoplankton — frequent;

Dinocysts — common, gonyaulacoid
dinocyst morphotype predominated;

Acritarchs — sporadically;
Others: foraminiferal linings — single;
glauconite aggregates — single

inner neritic, intertidal
zone, not too far from
a shoreline

Middle Eocene
Bartonian

D11

Prussian Formation

siltz sand, silt and clay
with amber; laminae of
dark clay and
phytodetritus

Heterolithe of silty sand
and silt;
at the bottom, an ero-
sional surface

transparent minerals
predominantly of the
epidote assemblage;
significant glauconite
content

Sporomorphs — rare;
Normapolles group — single;
Phytoplankton — common;

Dinocysts — abundant, gonyaulacoid
dinocyst morphotype predominant;

Acritarchs — frequent;
Others:
foraminiferal linings — single;
glauconite aggregates — frequent

inner neritic, subtidal
zone more distant
from a shoreline

inner neritic,
intertidal zone, not
too far from a shore-
line

Middle Eocene
? Lutetian

? D9

Alka Formation

vari-grained sand,
bioturbated

fine-grained sand

epidote assemblage

with disthene and zir-

con; frequent siderite;
substantial calcium
carbonate content

Heterolithe hic deposits

of medium and coarse

grained sand; erosional
surface at the top

Lower Eocene
Middle Ypresian
D7

Sambian Formation

silty sand, laminated
and bioturbated;
lithified intervals of
quartz wacke are pres-
ent; clear erosional sur-
face at the top

silt and silty clay, lami-
nated and bioturbated

silty sand, laminated
and bioturbated;
lithified intervals of
quartz wacke are pres-
ent; thin phosphatic
layer and an erosional
surface at the bottom

epidote assemblage
with frequent occur-
rence of zircon at the
bottom; small
glauconite content in-
creases towards the
top

Sporomorphs — rare;
Normapolles group — frequent;
Phytoplankton — common; Dinocysts
— abundant, gonyaulacoid dinocyst
morphotype predominant;
Acritarchs — sporadic;
Others:
foraminiferal linings — single;

glauconite aggregates — single

Sporomorphs — rare;
Normapolles group — frequent;
Phytoplankton — common;
Dinocysts — abundant, gonyaulacoid
dinocyst morphotype predominant;
Acritarchs — sporadic;

Others: foraminiferal linings — fre-
quent

middle neritic,
periodically
shallowing

Middle Paleocene
Selandian

D3-D4

Lubava Formation

silified siltstone with
phosphates and phos-
phatic sand;
two hardgrounds inside
the lowermost interval

decalcified siltstone;
a hardground at the
bottom

siltstone and silt, partly
bioturbated; rare hori-
zons of silification

predomination resis-
tant minerals and am-
phibole; frequent
chlorite and glauconite

Sporomorphs — rare;
Normapolles group — single;
Phytoplankton — common;

Dinocysts — abundant, equal quantity
of mainly gonyaulacoid and

peridinioid morphotypes;
Acritarchs — rare;

Others:
foraminiferal linings — rare

inner neritic, gradu-
ally shallowing to-
wards the top
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CONCLUSIONS

The lowermost Paleogene deposits, overlying Upper Creta-
ceous marls, are represented by siliclastic strata of Selandian
age, suggesting an important stratigraphic hiatus correspond-
ing to the Lower Paleocene.

Successions of the Lubava and Sambian formations con-
tain numerous horizons of silica cementation, which result from
upwelling events. Fragments with a coarse-grained texture indi-
cate that the matrix was probably derived from the erosion and
redeposition of clays (or claystones) within the same sedimen-
tary basin. Several hardground surfaces were observed at the
top of certain cementation horizons. The hardground horizon at
the boundary between the Lubava and Sambian formations is
linked with a stratigraphic gap corresponding to the Upper
Paleocene-lowermost Eocene. This stratigraphic gap is recog-
nized between the Sambian and Alka formations (upper
Ypresian—lower Lutetian).

Another stratigraphic gap corresponding to the upper
Lutetian, but without a cementation horizon, is recorded be-
tween the Alka and Prussian formations. The lithology of the
overlying Prussian Formation indicates a substantial change in
the sedimentation regime. The grain size composition and the
glauconite content is different; several phosphate horizons and
fine quartz gravels occur in the lower part of the succession.
The palynomorph content and their taxonomic diversity are also
higher. Amber locally accumulated in significant amounts, be-
coming one of the most important lithological elements.

The Lubava, Sambian and Alka formations, characterized
by palynological assemblages dominated by marine
phytoplankton taxa, seem to have accumulated at a consider-
able distance from the shoreline. Fluctuations in the ratio of
peridinioidean and gonyaulacoidean dinoflagellate cysts (see
Table 4) suggest minor sea level oscillations.

A large dominance of epidote over other minerals was com-
monly registered in all sections of the Prussian Formation stud-
ied (Katinas, 1971; Kosmowska-Ceranowicz and Miiller,1985;
Kosmowska-Ceranowicz et al., 1997), as well as in the deposits
of the correlative upper part of the Pomeranian Formation in the
Gdansk and Olsztyn regions in Poland. All these areas belong
to the same Eastern Mineralogical Province (Kosmowska-
Ceranowicz, 1987), where an epidote mineralogical assem-
blage passing into an epidote assemblage with an upwards in-
crease in amber is typical of the Upper Eocene.
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