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INTRODUCTION

The south-eastern part of the Baltic Sea is one of
the most interesting areas of this shallow closed ba-
sin, because here the processes of recent sedimen-
tation are mainly influenced by coast abrasion. Be-
sides, there are also some other sources of clastic
matter supply to this part of the Baltic Sea (ba-
ax4umuH, Yconuc, 1970).

The south-eastern part of the Baltic Sea inclu-
des the shallow zone near the coasts of Vistula
Spit, Sambian Peninsula and KurSiy Nerija (Cu-
ronian Spit) and the deep zone - the north-east-
ern part of Gdansk Depression. The Nida—Klaipéda
area of mapping studied by us belongs to the part
of KurSiai-Sambian Plateau and is located in the
most south-eastern part of the Baltic Sea at the
coasts of Lithuania (Figs. 1 and 2). It is a shal-
low zone which geomorphologically consists of
Kur$iai and Sambian elevations separated by the
Kursiai Depression. The KurSiai Elevation is the
main sea district of the Nida-Klaipéda mapping
area.
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Orographically, a great part of drainage area of
the south-eastern part of the Baltic Sea is represen-
ted by a slightly hillocky plain formed by glacial
and aqueoglacial accumulation processes. Rivers of
this region belong to the basins of two large arte-
ries: the Vistula and the Nemunas. According to
the available data (bnaxxuummn, Yconuc, 1970), the
surface run-off of solid material for all rivers of the
drainage area makes 4 mill. t/year, the most part of
which remains in the Vistula and Kursiy Marios la-
goons, where these rivers fall, respectively, and only
about 1 mill. t/year of this material gets into the
sea.

In the near-shore zone the distribution of sedi-
ments is controlled by the dynamics of the coastal
processes: in the accumulation subzone finer sedi-
ments accumulate, meanwhile in the abrasional su-
bzone only coarser sediments are redeposited almost
in situ, when finer ones are removed and transpor-
ted farther by waves and currents flowing along the
sea coasts.

The abrasional coasts of the Sambian Peninsula,
formed of Pleistocene moraines and intermorainic
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deposits, as well as of Paleogene sandy-aleuritic
rocks in some places are another source of ma-
terial. Besides, the foot of the KurSiy Nerija Spit
is washed out during storms. Supply of solid ma-
terial by coast abrasion processes is about 0.5
mill. t/year (bnaxunmmn, Yconuc, 1970).

A great amount of clastic material is thrown
out to the sea from an amber quarry in Sambian
Peninsula (settlement Palvininkai (Yantarnyj),
where the Paleogene amber-bearing deposits are
washed out, and barren rock is removed to the
sea. So, the contribution of the quarry is about
1.5 mill. t/year (braxuwmmmz, Yconue, 1970).

Transportation of sediments along the coasts
of the South Baltic Region is possible by the
current flowing from the North Sea.

Besides, the transportation, differentiation and
sedimentation of suspended matter in the near-
shore zone occur under conditions of constant
swell. During heavy storms, rolling of bottom se-
diments and their displacement occur to a depth
of 20-30 m (Dolotov, 1982).

According to literary sources (bmaxumims,
1998), two regions of recent sedimentation exist
in the Baltic Sea: a narrow shallow near-shore
zone and a deep offshore zone. They are sepa-
rated by a wide belt of no sedimentation and of
prevailing erosion of sea bottom. This belt wit-

hout recent sedimentation pre-
liminarily is subdivided into so-
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Nemunas subprovince. Accor-
ding to the literary data (bn-
axunmuH, 1976), accumula-
tion of increased concentra-
tions of amphiboles is charac-
teristic of the Nemunas sub-
province. The mineral complex
of the Nemunas subprovince
represents mainly the relict de-
posits of the old Nemunas val-
ley and less the recent river
drift, the main mass of which
is deposited in the KurSiy Ma-
rios Lagoon.

MATERIAL AND METHODS

A lot of samples of bottom se-
diments from the Nida-
Klaipéda area of the Baltic
Sea have been collected during
the marine expedition in 1998.
Seventy two samples of surfi-
cial bottom sediments (inter-
val 0-1 cm from the surface
of the sea bottom) from the
stations distributed more or
less at the same distance from
one another in the area were
selected for analysis (Fig. 2).

The first work was the grain size analysis, which
was carried out by elutriation and dry sieving met-
hods, using a set of 19 sieves and a Fritsch shaker.
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Fig. 3. Lithological scheme of bottom sediments: / — gravel, 2 — coarse sand, 3 —
medium sand, 4 — fine sand, 5 — coarse aleurite, 6 — fine aleuritic mud, 7 — aleu-
ritic-pellitic mud

3 pav. Litologinés dugno nuosédy sudeéties schema: 7 — zvirgzdas, 2 — rupus smeé-
lis, 3 — vidutinis smelis, 4 — smulkus smélis, 5 — rupus aleuritas, 6 — smulkus aleu-
ritinis dumblas, 7 — aleuritinis-pelitinis dumblas

Then the median (Md) and sorting coefficients (S)
were calculated. The results of this kind of analysis
proved that the most part of samples belonged to
the group of fine sand (Fig. 3, Table).

Table. Concentration (per cent) of heavy minerals in the fine sand fraction (0.25-0.1 mm) of bottom sediments

Lentelé. Dugno nuosédu smulkaus smélio frakcijos (0,25-0,1 mm) sunkiuju mineraly koncentracija %

No. | Station Depth, Sed. | Median, S, Heavy minerals, %

m type mm (Trask) Tr Alm Rt Ep IIm Mag | Zrn

1 2 3 4 5 6 7 8 9 10 11 12 13
1 03/02 56.6 CA 0.092 1.21 36.9 6.6 13.7 23.1 9.9 3.0 3.0
2 03/09 53.8 FS 0.105 1.18 24.9 11.1 25.3 20.0 3.0 8.2 3.0
3 03/17 50.9 FS 0.113 1.17 30.1 8.5 19.1 23.2 9.4 3.0 <3.0
4 03/21 49.1 FS 0.124 1.19 16.5 154 15.3 25.1 9.2 8.0 <3.0
5 03/29 47.8 FS 0.129 1.22 15.1 19.7 16.5 23.6 10.0 6.9 3.0
6 03/36 45.3 FS 0.148 1.32 16.8 20.5 12.6 24.7 6.5 84 <3.0
7 03/41 43.5 FS 0.119 2.48 45.5 10.2 9.8 17.7 7.2 30 <3.0
8 03/50 38.9 FS 0.124 1.18 27.8 13.3 9.2 25.1 8.1 6.1 <3.0
9 03/75 6.7 FS 0.121 1.14 21.9 10.2 19.2 23.9 7.2 7.2 3.0
10 09/03 63.1 CA 0.080 1.21 27.2 6.9 10.6 33.2 5.2 5.2 4.8
11 09/13 56.6 FS 0.107 1.15 22.2 16.6 15.8 35.2 3.0 3.0 3.0
12 09/21 52.0 FS 0.124 1.26 24.4 11.2 14.8 23.9 7.2 8.0 <3.0
13 09/30 49.3 FS 0.123 1.20 16.5 17.6 17.0 24.4 7.7 6.5 3.0
14 09/40 49.3 FS 0.197 1.75 16.5 29.8 8.7 20.5 8.0 5.7 3.0
15 09/58 33.3 FS 0.114 1.20 16.2 17.9 10.9 32.7 6.3 8.0 <3.0
16 09/66 27.5 FS 0.111 1.33 19.4 16.2 8.1 45.9 3.0 30 <3.0
17 16/14 61.4 FS 0.104 1.17 12.3 23.9 15.9 37.7 3.0 3.0 3.0
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Table (continyed)

Lentelé (tesinys)
1| 2 | 3| a4 | s | 6 | 7] 8| 9| w|]u|n|nB
18 16/34 49.0 FS 0.131 1.23 24.1 11.7 17.9 24.1 12.2 3.0 3.0
19 16/73 15.9 FS 0.113 1.20 33.6 9.4 12.6 23.8 10.9 3.0 3.0
20 19/26 55.0 FS 0.124 1.21 31.7 12.0 16.3 20.9 9.3 30 <3.0
21 19/43 44.0 FS 0.125 1.21 21.8 14.3 15.0 26.1 9.1 30 <3.0
22 19/53 36.6 FS 0.128 1.22 15.1 10.3 5.8 36.6 5.8 30 <3.0
23 19/63 35.1 FS 0.108 1.17 32.0 16.7 12.3 18.6 10.7 30 <3.0
24 23/72 17.8 FS 0.114 1.29 33.0 16.0 11.4 20.5 9.5 3.0 3.0
25 25/16 64.1 FS 0.103 1.18 18.4 333 17.9 10.4 10.1 3.0 3.0
26 25/34 50.9 FS 0.140 1.27 22.5 25.6 10.8 30.9 3.0 30 <3.0
27 25/47 40.6 FS 0.122 1.20 10.0 12.8 17.7 32.7 3.0 11.6 3.0
28 25/58 30.8 FS 0.138 1.24 41.9 11.9 10.8 18.6 6.9 30 <3.0
29 25/65 27.6 FS 0.123 1.34 423 15.5 12.3 14.2 6.0 3.0 3.0
30 25/74 9.6 FS 0.132 1.17 27.0 18.3 6.8 19.8 3.0 11.5 6.7
31 32/08 64.4 FS 0.104 1.22 20.5 17.0 14.8 21.3 8.1 8.0 3.0
32 32/18 63.6 FS 0.099 1.27 27.0 13.8 17.4 18.4 13.6 30 <3.0
33 32/35 52.6 FS 0.149 1.39 32.1 8.4 14.0 26.9 8.8 3.0 3.0
34 32/45 43.4 FS 0.140 1.29 27.5 8.3 15.1 30.6 8.8 3.0 3.0
35 32/54 322 FS 0.146 1.25 344 12.5 13.5 22.0 8.0 30 <3.0
36 32/66 26.7 FS 0.202 1.37 16.2 38.6 8.6 17.0 3.8 5.1 3.0
37 32/74 8.0 FS 0.131 1.18 27.1 8.5 23.6 20.4 10.7 3.0 3.0
38 40/10 56.6 FS 0.156 1.20 37.8 10.6 14.6 16.7 10.3 3.0 3.0
39 40/25 57.6 FS 0.142 1.18 37.8 6.9 19.7 17.9 8.0 30 <3.0
40 40/33 53.9 FS 0.129 1.16 18.5 14.0 11.6 27.4 10.7 7.5 3.0
41 40/49 36.7 FS 0.232 1.35 36.4 19.3 9.3 19.3 5.9 3.0 3.0
42 40/72 9.2 FS 0.136 1.18 30.3 24.2 11.9 23.8 3.0 3.0 3.0
43 44/08 42.1 MS 0.275 1.28 24.3 16.2 9.0 29.8 54 5.0 3.0
44 44/18 54.2 FS 0.152 1.21 39.0 8.5 15.4 19.4 7.8 30 <3.0
45 44/28 61.8 MS 0.302 1.73 24.6 21.0 10.2 18.8 7.1 83 <3.0
46 44/38 47.2 FS 0.138 1.14 223 13.3 13.2 21.6 12.4 6.9 3.0
47 44/45 24.0 MS 0.332 1.35 25.1 21.9 14.4 21.8 7.1 3.0 3.0
48 44/71 8.9 FS 0.137 1.18 35.6 17.5 8.9 28.0 3.0 3.0 3.0
49 48/01 39.3 CS 0.517 1.41 20.5 29.8 8.7 15.3 10.3 53 3.0
50 48/15 49.9 FS 0.157 1.17 21.4 10.5 13.2 26.2 10.3 82 <3.0
51 48/23 52.1 FS 0.139 1.15 21.4 12.0 9.2 30.7 8.2 8.1 3.0
52 52/69 9.9 FS 0.120 1.17 32.0 17.8 11.7 17.9 5.6 39 3.0
53 56/12 36.8 CS 0.803 2.07 27.1 22.5 14.0 15.1 11.5 3.0 3.0
54 56/20 36.0 FS 0.249 1.24 29.3 25.6 10.3 17.7 6.8 30 <3.0
55 56/35 33.0 MS 0.335 1.31 32.7 18.0 12.1 19.6 7.9 30 <3.0
56 56/53 34.2 FS 0.117 1.24 43.7 10.3 9.3 16.2 10.5 3.0 3.0
57 60/66 12.1 FS 0.118 1.16 37.0 6.3 17.9 22.3 6.4 3.0 3.0
58 64/24 29.8 CS 0.636 1.54 10.3 38.0 10.2 20.5 5.9 4.7 3.0
59 64/30 31.0 FS 0.184 1.21 40.2 16.5 7.1 26.3 3.0 30 <3.0
60 64/35 32.0 FS 0.183 1.25 20.3 13.2 10.2 34.4 12.3 30 <3.0
61 64/43 31.6 MS 0.390 1.35 18.6 23.0 9.0 23.4 8.7 73 <3.0
62 64/56 24.2 MS 0.361 1.27 20.5 29.7 11.7 21.4 6.9 3.0 3.0
63 64/64 14.7 FS 0.109 1.21 27.2 6.6 18.8 22.8 14.8 3.0 3.0
64 68/53 329 MS 0.354 1.11 47.9 9.6 13.4 10.1 9.1 3.0 3.0
65 68/64 8.3 FS 0.149 1.17 435 6.9 13.5 20.5 5.9 3.0 3.0
66 70/35 26.8 MS 0.353 1.45 14.4 37.7 7.9 18.3 6.5 49 <3.0
67 70/43 26.6 CS 0.597 1.47 25.5 22.7 17.4 19.1 5.5 30 <3.0
68 74/54 25.6 FS 0.129 1.26 40.7 8.4 11.1 20.2 9.7 30 <3.0
69 76/45 28.2 FS 0.188 1.25 16.8 22.2 8.1 27.9 8.2 6.6 <3.0
70 76/61 6.5 FS 0.149 1.18 25.2 16.3 12.6 35.9 3.0 3.0 3.0
71 78/56 22.7 FS 0.114 1.24 27.4 6.8 16.3 29.5 10.4 30 <3.0
72 82/57 12.8 FS 0.115 1.15 35.6 9.6 12.9 24.5 8.0 3.0 3.0

Note: CS — coarse sand, MS — medium sand, FS — fine sand, CA - coarse aleurite. Tr — tremolite, Alm — almandine,

Rt - rutile, Ep — epidote, Ilm — ilmenite, Mag — magnetite, Zrn — zircon.

Pastaba: CS - rupus smélis, MS — vidutinis sméelis, FS — smulkus smélis, CA — rupus aleuritas, Tr — tremolitas, Alm —

almandinas, Rt — rutilas, Ep — epidotas, [lm — ilmenitas, Mag — magnetitas, Zrn — cirkonas.
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The fraction of fine sand (0.25-0.1 mm) as the
most representative in the area under investigation
was chosen for mineralogical analysis. With the help
of Tule heavy liquid (specific weight 2.9) this frac-
tion of sediments was subdivided into two subfrac-
tions: light and heavy. The light subfraction was not
analysed by us, because, as far as was known from
previous works, it consisted mainly of quartz (85-
90%) and feldspar (about 10-15%). The mineralo-
gical composition of the heavy subfraction was most
interesting and most informative, so it was studied
by XRD semi-quantitative mineralogical method wor-
ked out by the authors (Simkevicius, Apanaviditte,
1999), using literary sources (3eBuH, 3aBbsioBa, 1974
and oth.).

The mineralogical XRD analysis of the heavy sub-
fraction shows that the following 7 heavy minerals
may be defined in the analysed samples: zircon, il-
menite, rutile, magnetite, almandine, tremolite and
epidote, i.e., all minerals the concentration of which
makes approximately more than 3% of sample con-
tent. In the case when some of these 7 minerals
were “invisible” in a diffractogram, it was accepted
that their concentration was <3%.

Most of the results obtained by mineralogical
XRD analysis correspond with the data found in
literary sources (Stauskaite, 1962; Dolotov, 1982 and
oth.).

DISCUSSION

A simple and monotonous composition of heavy sub-
fraction depends on the following limited sources of
terrigenous material transported to the comparati-
vely small area of investigation:

1) abrasional coast of Sambian Peninsula and sub-
marine slope of coast (glacial and aqueoglacial Qu-
aternary deposits and terrigenous glauconitic Paleo-
gene rocks);

2) glacial and intermorainic Pleistocene deposits
occurring on the bottom of the Baltic Sea in the
areas of sea bottom elevations (KurSiai, Sambian,
etc.).

Diverse concentrations of each individual mine-
ral described below depend on the mineralogical
composition of source rocks, bottom relief, hydrody-
namics, as well as on their own properties (form,
specific weight, etc.).

According to literary sources, placers of titanife-
rous minerals (zircon, ilmenite and rutile) most of-
ten rest against the edges of ancient platforms. On
the one hand, it is explained by the fact that in
ancient platforms metamorphic, magmatic and sedi-
mentary rocks containing these minerals are found.
On the other hand, ancient platforms, particularly
shields, are elevated places where a crust of weat-

hering has been formed. They were washed out per-
manently, and their minerals were transported to
younger formations. Repeated redepositions of mi-
nerals derived from older rocks in younger ones re-
sulted in an increase of the concentration of heavy
minerals in the latter. All these three titaniferous
minerals are highly resistant to mechanical influen-
ce, and at it is owing to this property that they
could be transported by water currents at a distance
of hundreds of kilometers from denudation or abra-
sion areas. Thus, in our case, in the course of ge-
ological evolution most part of zircon, rutile and
ilmenite could be transported to the Nida—Klaipéda
area from the Baltic Shield by glaciers in the form
of tills which later were washed out and the mine-
rals distributed by waves and currents.

It is established by geologists that the main rocks
containing titaniferous minerals are as follows: gab-
bro, gabbro-norite, gabbro-anorthosite for ilmenite,
amphibolites and gneisses for rutile, granite and sie-
nite for zircon.

Distribution of zircon

Zircon is one of the main minerals found in be-
aches and in near-shore zones. However, almost eve-
rywhere in the study area, in the so-called Nemunas
subzone of amphiboles the concentrations of zircon
are very low — about 3%. In the area of the Baltic
Sea under investigation, slightly increased amounts
of zircon are distributed in two almost parallel lines
of plots oriented in the N-S direction (Fig. 4, Tab-
le). The eastern, nearshore line is related with the
active processes of hydrodynamic differentiation of
material washed out from the coast, as well as of
the terrigenous material transported north-eastwards
from the Sambian Peninsula by the nearshore cur-
rent. The highest concentration of zircon (up to
6.7%) is found in fine sand of this nearshore zone.

The western line of increased zircon concentra-
tion (up to 4.8%) is related with coarse aleurite in
the western part of the study area. There are two
versions explaining such a distribution of zircon. One
of them, according to Z. Gelumbauskaité and co-
authors (Temymbayckaiite u ap., 1991), is that 9-10
thousand years ago after the maximum transgres-
sion of the Yoldia Sea there had been a shallow
nearshore zone of this sea, where minerals with a
heavy hydraulic weight accumulated. Though at pre-
sent the depth of the sea reaches here 50-60 m, the
accumulation processes are absent, and the surficial
bottom sediments found here are the ancient near-
shore sediments of the Yoldia Sea.

Another version is that at present the current
washes out fine lighter matter of bottom sediments,

13

while heavy minerals, including zircon, remain “in
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Fig. 4. Map of areal distribution of zircon concentration (%): 1 — 0-3, 2 - >3

4 pav. Cirkono koncentracijos (%) pasiskirstymo Zemélapis: 1 — 0-3, 2 — >3

situ”. Besides, in this place the lithological compo-

sition of bottom sediments changes: fine sand is re-

placed by coarse aleurite and fine aleuritic mud.
Analysis of zircon concentrations compared with

the sorting of bottom sedi-
ments (Table) shows a connec-
tion between them: concentra-
tions of zircon are higher in
better sorted sediments.

From a geomorphological
standpoint, increased zircon
amounts concentrate in abra-
sional-accumulative and allu-
vial-accumulative zones. The
facts described above confirm
it: largest amounts of zircon
get into the sea during abra-
sion of the coasts of Sambian
Peninsula and KurSiy Nerija
Spit, as well as of the subma-
rine slope of the KurSiai-Sam-
bian Plateau. Probably they
are transported a little by the
southern current, but remain
in the near-shore zone.

Distribution of ilmenite

Ilmenite, like zircon, is a one
of main titaniferous minerals

34

of the near-shore zone. Incre-
ased concentrations of this mi-
neral (up to 10-15%) are di-
stributed along the coast of
KurSiy Nerija Spit of the
Nida—Klaipéda area and most-
ly in the southern half of the
aquatory studied, at a distan-
ce of 10-20 miles from the co-
ast, in the form of separate
small plots (Fig. 5). It is a re-
sult of active hydrodynamic
processes when during strong
storms the near-shore zone
and the most elevated areas of
the KurS$iai-Sambian Plateau
are washed out and the mat-
ter is transported by waves to
the sea, where heavy minerals
are distributed in an orderly
fashion depending on their
hydraulic weight. In this case,
such a distribution of ilmenite
may be related with its quite
large hydraulic weight, owing
to which the mineral precipi-

tates near its source. Prevailing concentrations in
the area are 6-10%.

From a geomorphological standpoint, the maxi-
mum amount of ilmenite is concentrated by a conti-
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nuous belt in the Pronemunas
delta and its old valley, i.e., in
alluvial deposits. Here the con-
centration of ilmenite reaches
even 13.6% (sample 32/18,
Table).

Lithologically, largest
amounts of ilmenite accumu-
late in coarse aleurite (avera-
ge 9.6%) in sediments of allu-
vial-accumulative genesis and
in coarse sand (average 8.0%)
related with abrasional proces-
ses. The ilmenite distribution
does not depend on the de-
gree of sediment sorting.

Distribution of rutile

Rutile is the third titaniferous
mineral widespread in near-
shore zone and beach. This
mineral is found everywhere in
the study area in prevailing
amounts 10-15%. An increase
of its concentration to more
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Fig. 6. Rutile concentration (%): 1 — 5-10; 2 — 10-15; 3 — 15-20; 4 — >20
6 pav. Rutilo koncentracija %: 1 — 5-10, 2 — 10-15, 3 - 15-20, 4 — >20

than 15% (even up to 25%) is observed in the north-  Distribution of magnetite

western part of the area studied, in the field of
coarse aleurite — fine sand distribution and in sepa-

rate small plots along the coast of KurSiy Nerija

Spit (Figs. 3 and 6). The least
amounts are found in the sout-
hern part of the area, where
the medium and coarse sand
predominates (Table).

Geomorphologically, it is
obvious that the largest
amount of rutile is concentra-
ted in the alluvial-accumulati-
ve plain. Its distribution resem-
bles a little the zircon distri-
bution (Figs. 4 and 6). Thus,
the increase of rutile amount
at a depth of 50-60 m of the
sea may be related with coast
fragments of the Yoldia Sea.
The distribution of rutile in
the nearshore zone of the
Yoldia Sea, as well as of the
present Baltic Sea may be ex-
plained by a high hydraulic
weight of these minerals,
which determined the short
distance of their transpor-
tation.
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Magnetite is a mineral placers of which are formed
near its source rocks. Its distribution is uneven —
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small plots with its highest

concentration (exceeding 8%

a5

and reaching up to 11.5%) are

located in the northern and
south-western parts of the stu-
dy area (Fig. 7, Table). They
are related a little with the
present near-shore zone and
mostly related with the delta
and old valley of Pronemunas
River which arose in the Lit-
torina period, when the Kur-

SFA

$iy Nerija Spit was already for-

med and the Pronemunas wa-
ter fell into the Baltic Sea by
the Klaipéda Strait. The pre-
sent relief of the sea bottom
reflects the location of the

Pronemunas valley. The pale-
odelta of the Nemunas River,
found in the southern part of

g 12 kin 7 ’

| : 5515

area, is marked by a bent form
of a 35 m isobathic line. Also,
an increased (up to 11%) con-
centration of magnetite is
found in the alluvial-accumu-
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Fig. 8. Almandine concentration (%): 1 — 5-10; 2 - 10-15; 3 — 15-20; 4 — 20-25;
5 —-25-30; 6 — 30-35; 7 — >35
8 pav. Almandino koncentracija %: 1 — 5-10, 2 — 10-15, 3 - 15-20, 4 — 20-25, 5

- 25-30, 6 — 30-35, 7 — >35

lative plain at a depth excee-

ding 40 m. The increased

amount of magnetite found in the northern part of
the area may be related with the dumping zone,
where the ground dug out during some works is
transported by barges and buried in the sea.

The magnetite concentration depends on the lit-
hologic types of sediments: its largest amount con-
centrates in fine and medium sand (4.6-4.7%) which
form the Pronemunas paleodelta and old valley; the
least amount is found in the relict Pleistocene de-
posits — coarse aleurite (Figs. 3 and 7).

The sorting of deposits has a strongest influence
on the mode of magnetite distribution in them: in
well and very well sorted sediments (S, = 1.2-1.3,
according to Trask) of the Nida—Klaipéda area the
highest concentrations of this mineral are found
(Table).

Distribution of almandine

In the Nida—Klaipéda area almandine, the most wi-
despread mineral of the group of garnets, is found
everywhere. The concentration of this mineral ran-
ges in a very wide interval (from 6 to 39%) in dif-
ferent parts of the study area. Owing to the me-
dium hydraulic weight of almandine, in the near-
shore zone where the depth reaches 20 m, concen-
trations of this mineral are not high (5-10%); only
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in some samples they increase up to 33% (sample
25/16) and 38% (sample 32/66) (Fig. 8, Table). Lit-
hologically, highest concentrations of almandine (ave-
rage 28.3%) are found in coarse sand and a little
lower (average 22.1%) in medium sand (these two
types of sediments are distributed in the south-wes-
tern part of the area), meanwhile the least amount
of almandine concentrates in coarse aleurite (9.1%
in the north-western part) (Figs. 2 and 7). Accor-
ding to the degree of bottom sediment sorting, the
largest amounts of almandine accumulate in worse
sorted sediments (S, = 1.3-2.0) where the depth of
the sea is more than 25 m. According to marine
geologist A. 1. Blazhchishin (Braxunmmn, 1976), the
largest amount of garnets is concentrated in relict
Pleistocene sands found in the Upper Pleistocene
morainic plains in the southern part of the Nida—
Klaipeda area, where almandine is a product of was-
hing out. In this part of the area the maximum
amount of almandine is 35-40%. The increased
amounts of almandine in the Pleistocene deposits
may be related also with an influence of Paleogene
deposits.

Distribution of tremolite

Tremolite, a mineral of the amphibole group, is wi-
despread in bottom sediments of the Baltic Sea,
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Fig. 9. Tremolite concentration (%): 1 — 10-15; 2 — 15-20; 3 - 20-25; 4 — 25-30;

5 —30-35; 6 — 35-40; 7 — >40

9 pav. Tremolito koncentracija %: 1 — 10-15, 2 — 15-20, 3 — 20-25, 4 — 25-30, 5

- 30-35, 6 — 35-40, 7 - >40

particularly in the area called
the Nemunas Subprovince and
characterized by increased con-
centrations of amphiboles. Mi-
nerals of amphibole group are
characterized by the lowermost
hydraulic weight, thus they
may be transported to large
distances from their initial
sources. However, according to
the map of tremolite distribu-
tion (Fig. 9, Table), most of
its amounts accumulate in the
nearshore zone (mostly in the
southeastern part: up to 44—
48% in separate plots). Pro-
bably, part of this mineral got
to this zone as a product of
shore abrasion, another part
was a product of abrasion of
the KurSiai-Sambian Plateau,
and the third part was brought
by the near-shore current from
Sambian Peninsula. Increased
amounts of tremolite (up to
38%) are also found in the
Nemunas old valley. Conditio-

nally, the least amounts of
amphiboles are found in the
alluvial-accumulative plain (up
to 25%). The concentration of
tremolite depends on the lit-
hological composition of bot-
tom sediments: the largest
amounts (30.4-27.3%) are
found in coarse aleurite and
fine sand and the least ones
(20.9%) in coarse sand. Ac-
cording to the values of sor-
ting of bottom sediments (Tab-
le), the largest amounts of tre-
molite are concentrated in
well- and medium-sorted sedi-
ments (S, = <1.2-1.4), while
in those sorted worse (S, =
= 1.5-2.0) the percentage of
tremolite does not exceed
20%.

Distribution of epidote

Minerals of the epidote group
are semi-resistant to weathe-
ring or they occupy the posi-

S5

S50

RN

. 12 ken 7
| N S E— '

| : S51R

e i g

I

aron

AN

Fig. 10. Epidote concentration (%): 1 — 10-15; 2 — 15-20; 3 — 20-25; 4 — 25-30;
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tion between amphiboles and other minerals descri-
bed above. In the Nida—Klaipéda area of the Baltic
Sea, the epidote group of minerals is represented
by epidote. In the KurSiai-Sambian Plateau the con-
tent of epidote ranges from 15 to 25%. In several
separate small plots in the western, north- and south-
eastern parts of the area, including the old delta of
the Pronemunas River, the epidote content increa-
ses up to 30-35% and even to more than 40%,
because it is related with sediments of alluvial-accu-
mulation plain (Fig. 10, Table).

Lithologically, the largest amounts of epidote are
concentrated in coarse aleurite (average 24.9%), a
little less amounts are found in fine sand (24.3%),
the least amounts are observed in coarse sand
(17.5%). The percentage of epidote is related with
the degree of sediment sorting. Its largest amounts
are concentrated in well- and medium-sorted sedi-
ments (S, = <1.2-1.35, by Trask).

CONCLUSIONS

The areal distribution of heavy minerals in the sur-
ficial sediments of the Nida—Klaipéda area of map-
ping in the Baltic Sea is related with a number of
factors such as the mineral composition of source
rocks, transportation of their fragments by waves and
currents, lithological composition of sediments, sha-
pe and specific weight of minerals, bottom relief,
etc.

The wave abrasion of sea coasts formed of Qu-
aternary and Paleogene deposits and the distribu-
tion of material on the sea bottom by waves and
currents are the main factors which determined a
specific mineral composition in this part of the Bal-
tic Sea named the Nemunas subprovince, characte-
rized by increased amounts of amphiboles. Thus, the
concentrations of other minerals, except the epidote
and partly almandine, usually are low, not excee-
ding 10-15% of heavy fraction.

Increased concentrations of zircon, almandine and
other minerals are found near the coast of KurSiy
Nerija Spit and at a distance of 10-15 miles from
the recent sea coast. Probably they indicate the pre-
sence of the ancient sea coast of the Yoldia Sea.

The highest concentrations of zircon, magnetite,
tremolite and epidote are found in well- and me-
dium-sorted sediments; almandine is related with
worse-sorted ones, meanwhile ilmenite and rutile are
indifferent to sediment sorting. Also, highest con-
centrations of heavy minerals depend on grain size
of sediments where they accumulate. The highest
concentrations of many of them (zircon, rutile, tre-
molite and epidote) are related with fine sand and

38

coarse aleurite, of ilmenite — with coarse sand, of
magnetite — with fine and medium sand, of alman-
dine — with medium and coarse sand.

From the geomorphological standpoint, zircon is
a mineral of abrasional- accumulative zones, ilmeni-
te and magnetite are minerals of alluvial deposits of
the Pronemunas old valley and delta, almandine is
of morainic plains, and the rest (rutile, tremolite
and epidote) are minerals of alluvial-accumulative
zones.
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SUNKIUJU MINERALU PASISKIRSTYMAS NIDOS-
KLAIPEDOS NUOTRAUKOS PLOTO PAVIRSINESE
BALTIJOS JUROS DUGNO NUOSEDOSE

Santrauka

Tirtajame Nidos-Klaipédos nuotraukos plote rentgenofazi-
niu metodu atlikta 72 pavyzdziy smulkaus smelio sunkio-
sios frakcijos (0,25-0,1 mm) mineraloginé analizé. ISaiSkin-
ti 7 sunkiyjy mineraly: cirkono, ilmenito, rutilo, magneti-
to, granato almandino, amfibolo tremolito ir epidoto pro-
centiniai kiekiai ir jy koncentracijy pasiskirstymas plote,
kurj lemia daugelis veiksniy, pradedant motininiy uolieny
mineraline sudétimi, jy daleliy pernesimu bangomis bei
povandeninémis srovémis ir baigiant ty daleliy nusodinimu,
kuris priklauso nuo mineraly formos, jy lyginamojo svorio
ir nuo jiros dugno reljefo.

Juros bangy abraduojami krantai, sudaryti i§ kvartero
bei paleogeno nuoguly, yra pagrindiniai Sios Baltijos jiiros
dalies dugno nuosédy S$altiniai, 1éme¢ specifing jy minera-
ling sudétj. Kadangi $i Baltijos juros dalis priklauso Nemu-
no mineraloginei subprovincijai, pasizyminciai padidinta
amfiboly koncentracija, be tremolito, kity mineraly kiekiai,
iSskyrus epidota ir i§ dalies almanding, yra nedideli — pa-
prastai beveik nevirSija 10-15%.

Padidéje cirkono, almandino ir kity mineraly kiekiai,
randami ne tik prie KurSiy Nerijos kranto, bet ir 10-15 ji-
ros myliy atstumu nuo jo, galbiit parodo cia buvusia Jol-
dijos juros pakrantés ir kranto vieta.

Didziausi cirkono, magnetito, tremolito ir epidoto kie-
kiai randami gerai ir vidutiniSkai iSraSiuotose nuoseédose, al-
mandinas susijes su blogai iSriSiuotomis nuosédomis, o il-
menitas ir rutilas yra indiferentiSki nuosédy iSriiSiuotumo
laipsniui. Be to, didziausia sunkiyjy mineraly koncentracija
priklauso nuo nuosédy, kuriose jie randami, granuliometri-
nés sudeties. Cirkono, rutilo, tremolito ir epidoto padideje
kiekiai yra susij¢ su smulkiu sméliu ir stambiu aleuritu, il-
menito — su stambiu smeliu, magnetito — su smulkiu ir vidu-
tiniu sméliu, o almandino — su vidutiniu ir stambiu sméliu.

Geomorfologiniu pozitiriu cirkonas kaupiasi abraziné-
je-akumuliacinéje zonoje, ilmenitas ir magnetitas yra Pro-
nemuno senslénio ir deltos aliuvio mineralai, almandino
sankaupy randama moreningje lygumoje, o rutilas, tremo-
litas ir epidotas yra susij¢ su aliuvinémis-akumuliacinémis
Zonomis.

Honura Ananasu4iore, Ilarpac InmksaBu4IoC

PACITPEJAEJIEHUE TSKEJBIX MUHEPAJIOB B
MHOBEPXHOCTHBIX JOHHBIX OCAJKAX
BAJITUMCKOT'O MOPSI HA HUJA-
KJAWIEACKOM TUVIOMIAJA KAPTUPOBAHUSA

PeswowMme

Ha uccnenosannoit Huna—Knaitnenckoit nmmomanu kap-
TUPOBAHUS NPOU3BEAEH MHUHEPAIOIHYECKUH PEHTIEHO-
(azoBelil aHamu3 72 00pa3LoB TsDKENOH (Gpakiuu TOH-
ko3epHucToro necka (0,25-0,1 MM) HOHHBIX OCaJKOB.
BbIsSIBIEHO HPOLEHTHOE COACPXKAHUE 7 TSDKENBIX MUHE-
paJloB — IIUPKOHA, WIBMEHUTA, PYTHIA, MarHEHTUTA, Ipa-
HaTa ajaMaHuHa, aMpuboIa TPEMOJUTA U 3MUAO0TA U
pacipeieleHue UX KOHIIEHTpAIllMM Ha IUIOLIaau, KOTOpOe
3aBUCUT OT MHOTUX (haKTOpPOB, HAUMHASI ¢ MHHEPAJILHOIO
cocTaBa MAaTepPUHCKUX IOPOA, TPAHCIOPTUPOBKOH MX
YaCTUL[ BOJHAMH M IIOJIBOJHBIMU TEUCHUSIMH, U KOHYAs
OCAXKJIEHUEM DTUX YaCTHUIL[, KOTOPOE CBOUM YEPEIOM
3aBUCUT OT ()OPMBI MUHEPAJOB, UX YIEIbHOI'O Beca, a
TaloKe OT pebeda MOPCKOrO JHA.

AOpanupyeMble MOPCKUMHU BOJHaMH Oepera, clo-
JKCHHBIE YETBEPTHYHBIMU U N1AJE€OT€HOBBIMU OTIOXKEHUSIMU,
SIBJSIIOTCS OCHOBHBIMM HCTOYHMKAMU JIOHHBIX OCAaKOB B
stoil yactu bantuiickoro mops. IlockoinbKky 3Ta 4acTb
bantuiickoro Mopsa npuHaainexuT Hemanckoil mMuHe-
panoruueckoi CyONpOBUHIUU, XapaKTEPU3YyEeMOH MOBBI-
IIEHHOW KOHLeHTparueil ampubonoB, conepaHus APYrux
MUHEPAJIOB, 3a MCKJIIYEHHEM 3MHUA0TAa U YaCTUYHO
aJMaHIMHa, 0OBIYHO MoYTH He npesbimanT 10-15%.

VYBeIUYEHHbIE COJACPKAHUS LIUPKOHA, aIMAaHIUHA U
JpyrUX MUHEPAJIOB, YCTAHOBJIEHHBIC HE TOJBKO y Oepera
Kypuickoit kocsl, HO U Ha paccTostHuM 10-15 Mopckux
MUWIb OT HETO, BO3MOXHO, YKa3bIBAlOT Ha OBIBIIYIO IPH-
OpexHyto yacTb U O6eper MonpaneBoro Mops.

HauOonbliue KOHLUEHTpAaMM LIUPKOHA, MAarHETHUTA,
TPEMOJIUTA U 3IUI0TA COAEPXKATCS B XOPOIIO M CPEIHe
COPTUPOBAHHBIX OCaAKax, ajJIMAHAMH CBSI3aH C ILJIOXO
COPTUPOBAaHHBIMU OCAJKaMM, a WIBMEHUT U PyTHI — UH-
JudbepeHTHB! CTeneHu copTUpoBku. Kpome Toro, pacmpe-
JieNIeHHe HauOOJNBIINX CONEPHKAHUI TSKENIBIX MUHEPAIOB
3aBUCHUT OT I'PaHyJOMETPUYECKOIO COCTaBa JOHHBIX OTJIO-
JKCHUH. YBEJIMUYEHHBbIE COJEepXaHUs LHUPKOHA, pyTHUIia,
TPEMOJIMTA U 3MHUJ0TA CBA3aHbl C MEJIKO3EPHUCTHIM HECKOM
U KPYIHO3EPHHUCTBIM aJIEBPUTOM, MIBMEHUTA — C KPYIIHO-
3€pHHUCTBIM IIECKOM, MAarHeTUTa — C MEJKHM U CPEIHHM
IIECKOM, a aJIMAHAMHA — CO CPEAHE3EPHUCTHIM U KPYITHBIM
IIECKOM.

C reomopdonornyeckoit TOUKH 3peHUs UPKOH 0Opa-
3yeT MOBBIIIEHHBIE KOHLIEHTpaluu B aOpa3snOHHO-aKKy-
MYJSATHBHOM 30HE, WIBMEHUT U MAarHeTUT — aJUIIOBHAJIbHbIC
MUHepasbl CTapoi JOJNUHBI U AeibIbl p. [IpoHeMaH, anmaH-
JUH HakalllIUBacTCs Ha MOPEHHOH paBHUHE, a PyTul,
TPEMOJIUT U 3IUIOT CBA3aHBl C AJJIIOBHAIbHO-AKKY-
MYJISITUBHBIMHU 30HAMH.
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