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Pliocene deposits of RiSiiovce Depression - Volkovee Formation

INGRID TOROKOVA

Geologickal Survey of Slovak Republic, Mlynska dolina 1, 817 04 Bratislava, Slovakia

Abstract. Sandy deposits of the Pliocene Volkov Formation in the Ri3fiovce Depression were studied at the
localities of Dolné Otrokovice, Dolné Trhoviste, Tepli¢ky and Pieso¢nica near Behynce (Fig. 1). They pro-
bably represent sandy deposits of rivers entering a fresh-water lake. Palaeoflow direction, detected from vec-
tor measurements of cross lamination, is from NW to SE. Heavy mineral analysis suggests two possible
. source areas. Rutile, zircone, ilmenite and garnet suggest the crystalline source area, which according to the
palaeoflow direction (from NW to SE) is located in the PovaZzsky Inovec Mts. The occurrence of B quartz
suggests a source area with volcanic material which might have been delivered by tributaries from the Rus-

kovce Formation found in the Banovce Depression.
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Introduction

The sedimentary fill of the Ri3fiovce Depression con-
sists of Neogene deposits transgressively and discordantly
overlying pre-Neogene rocks. Regional geologic investi-
gation supported by stratigraphic study of borehole pro-
files (Maglay et al., 1997) is being conducted in the study
area.

The Pliocene Volkovce Formation and the Pontian
deposits crop out at several localities in the study area.
They are composed of variegated calcareous clay contai-
ning a variable sand admixture and variegated sand inter-
layers. Older authors refered to them as the variegated
series. They were correlated with the G-H Zone of the
Panonian, later with the Pontian and finally they were
assigned to the Pliocene (Priechodska and Har¢ar, 1998).

Deposition prevailingly occurred in the river-domina-
ted environment. We did petrographic, sedimentologic
and grain-size analysis of the deposits.

Geologic background of the study area

According to the regional-geomorphologic division of
the Slovakia the study area is a part of the Danube low-
land. It occurs in the sub - units present in the Nitra Hills
and the Nitra flood plain (Mazlr and Lukni§ 1978). Fol-
lowing the regional geologic division of Slovakia the area
is a part of the Ridfiovce Depression belonging to the Da-
nube Basin (Vass et al. 1988).

The Early to Middle Miocene represents an extensio-
nal synrift stage of the Danube Basin development
(Kova¢ and Barath 1995; Kové¢ et al., 1997). During the
Middle Miocene the subsidence of the Risfiovce Depres-
sion was controlled by normal NE-SW trending faults.
The sedimentary fill is mostly composed of sandy-clayey
marine deposits commonly containing a tuff admixture. In
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the northern marginal area deltaic and brackish deposits
occur (Vass et al., 1990). A sea-level fall connected with
the erosion of older deposits is documented in the area of
the Alpine-Carpathian junction (Hudackova and Kovac
1993). Marine transgression during the Late Sarmatian
resulted in formation of depocenters in the N and NW
parts of the Danube Basin. The Rislovce Depression,
with prevailing deltaic deposition, represents one of these
depocenters. The brackish development of the Sarmatian
sea was caused by opening of the Badenian seaways to
the Mediterranean area. The Panonian and Pontian subsi-
dence, representing a postrift stage of the Danube Basin
development, was still controlled by normal faults of the
extensional regime along the northern margin of the ba-
sin. The deposition during the Late Miocene was influen-
ced by a deltaic environment developing into a limnic
estuary (Jificek 1990).

The sedimentary fill of the Ri3flovce Depression con-
sists of the Badenian, Sarmatian, Panonian, Pontian and
Dakian (Tab. 1), eventually also of Romanian deposits
(Buday et al., 1962, Vass et al., 1990).

Badenian: Deposition in the Ri$ilovce Depression
commenced by the Middle Badenian Spagina Formation
(Jificek 1985) transgressively and discordantly overlying
the pre-Neogene deposits composed of the Mesozoic
rocks of the Tatricum and Fatricum (Fusan et al. 1987).
Spacina Formation consists of clayey-sand, sand and mi-
nor gravel deposits (Biela 1978).

The Late Badenian is represented by the Madunice
Formation (Jificek 1978), consisting of grey clay and cal-
careous clay with sand layers.

Sarmatian: The Sarmatian deposits represent the
equivalent of the Vrable Formation (Harcar et al., 1988)
and they can be divided into conglomerate-sandy, sandy-
clayey and clayey development.
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Panonian - Pontian: During the Panonian and Pontian
deposition continued in a fresh-water environment. The
Panonian (Zone A-E, Papp 1951) sediments are the ana-
log of the Ivanka Formation (Har¢ar et al. 1988) and they
are mainly known from the western part of the study area.
They are mainly of a sandy-clayey character. Zone A,
with Miliamina subvelatina and Trochamina kobleri, is
several meters thick and is composed of clay with a sand
admixture. Zone B, with Hungarocypris auriculata -
Amplocypris globosa, is represented by grey calcareous
pelites. Zone C is biostratigraphically documented in the
Ripiiany - 1 borehole (Gaza 1968) and consists of grey
sandy clay with layers of calcareous sand. Besides the
clay and sand, the formation also contains layers of dark
grey and black clay. Microfaunally it is characterized by
the ostracod genus Pontionella acuminata and Cyprideis
ventricea. The Panonian zones C - D - E are documented
by an abundant fauna of limnocardium - Limnocardium
conjugens  (PARTSCH),  Limnocardium  brunense
(HOERNESS). Ostracoda are represented by Pontionella
acuminata and Cyprideis Ventricae.

The Beladice Formation consists of deposits assigned
to the Panonian Zone F (Papp 1951). They were assigned
to the Pontian in the past. They are the analog of the beds
commonly called coal series and they are characteristic by
clayey-sandy layers containing lignite lenses. The Zone F
is stratigraphically documented by boreholes Topol¢any
1 - 6 drilled east of the study area (Lunga 1965). Zone F
is biostratigraphically documented by the occurrence of
the macrofauna tests with preserved forms of
Limnocardium conjugens (PARTSCH) and Congeria
czejiki.  Also, beds containing plant remnants
Glyptostrobus europaeus (BGT) Hoer and fragments of
oogonia characea. Melanopsis bauei (FER.) and fragments
of Bithynia tentaculata (L.), Congeria neumayrii
(ANDR.), Planorbis sp. were identified from the basal part
of the Zone F. The plant remnants are represented by
oogonia fragments of Chara meriani (UNGER).

The Hlavina Member (FORDINAL and NAGY 1997) is
assigned to the Panonian H Zone (PAPP 1951). The depo-
sits are characterized by the occurrence of freshwater and
limnic limestone associated with gravel, sand and clay
deposits.

'°°"; °° Gravels

Sands

Freshwater limestones
Clays

Lignites

Mesosoic limestones

glineR:Re

Tab. 1. Lithostratigraphic column of the neogene deposits of the Risnovce Depression. (compiled by Fordindl 1997).
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Tab. 2. Opinions of the different authors on subsumption zones into stages, an overwiev. (compiled by Fordindl & Nagy 1997).

Pontian: Deposits of commonly called clay series of
the Zone F or Beladice Formation were assigned to the
Pontian in the past (Priechodskd & Harcar 1988). Beca-
use the deposits are assigned to the Panonian, sensu For-
dinal and Nagy (1997), the up to now nameless fresh-
water deposits in the basin overlying the deposits of
Hlavina Member, are assigned to the Pontian.

Dacian: The Pliocene is only represented by the Vol-
kovce Formation in the study area. The deposits of the
formation are mostly covered by the Quaternary sedi-
ments (Priechodska and Harc¢ar 1988) and crop out only
in scattered sites. They occur together with the Pontian
deposits mainly in the western part of the area.

The deposits were only identified as the variegated
series by the older authors and they were correlated to the
Panonian Zones G - H, later to the Pontian and recently
they were assigned to the Pliocene (Dacian). The deposi-
tion occurred in freshwater, either in a lacustrine or a flu-
vial environment. The deposits of the Volkovce
Formation are represented by variegated calcareous clay
with a variable admixture of sand grains. Layers of grey
calcareous sand as much as 10 m thick and locally also
layers of sandy gravel occur in the clay. Immediately be-
neath the Quaternary deposits grey fine- and coarse-grai-
ned calcareous, yellowish-gray and brownish-yellow sand
with layers of weakly consolidated sand occur. This sand
contains irregular layers of fine-grained gravel. According
to Elec¢ko (Pristas et al., 1998) the deposits originated in
alluvial fans and deltas.

Suggestions concerning the stratigraphic division of
the Panonian or Pontian are summarized in Table 2. The
lithostratigraphic division of the Panonian - Pliocene de-
posits, considering the latest suggestions (Fordinal and
Nagy 1997) is following;:

1. Ivanka Formation - Panonian (Zones A - E)
2. Beladice Formation - Panonian (Zone F)

3. marginal Hlavindi Member - Panonian (Zone H)
and its equivalent in the basin

4. Volkovce Formation - Dacian

Methods

Sediment analyses in the study area are based on field
processing represented by a detail sedimentologic docu-
mentation of the outcrops and samples. The samples were
later processed in laboratories.

Methods of grain-size analysis, hydraulic methods for
measurement of the smallest grain size fraction, heavy
mineral analyses aided by X - ray and DT analysis were
applied. The X - ray analyses from five samples taken
from the clay rip-up clasts were done at the Geologic
Survey of Slovak Republic. The RTG diffractograph
DRON - 3 CuK alpha radiation, filter Ni associated with
the program for powder analysis by the ZDS system were
used for the RTG analysis of clay minerals.

The samples with a grain-size fraction below 0.002
mm were processed in the laboratory. The samples were
diluted by distilled water and after addition of 15% HCL
solution they were scrubbed 2 - 3 minutes by ultrasound.
The mixture, homogenized by ultrasound, was dropped
on a mount and thin sections were made. The samples
were saturated by ethylenglycol.

Heavy minerals from the grain-size fraction in the
0.25 - 0.1 mm and the 0.1 - 0.05 mm ranges were separa-
ted in bromoform (gauge mass 2.88 kgm™). The separated
heavy fraction was divided by a magnet in to a magnetic
fraction and further, by an electromagnet, into a dia-mag-
netic fraction and para-magnetic fraction.

Lithology

The deposits of Volkovce Formation are well exposed
near of Dolné Otrokovice, Dolné Trhoviste, Tepli¢ky and
Pieso¢nica all near Behynce in the area of the Nitra Hills
(Fig. 1).

The section of Dolné Otrokovice DO/1, DO/2, is
shown in figures 2 and 3. It is exposed in a sand pit that
lies 500 m NW of the village. The outcrop mainly con-
sists of coarse-grained sand (the sand content in the sam-
ple is 69.93%), fine-grained sand and silt. The coarse-




Slovak Geol. Mag., 5, 4(1999), 281-295

284 |
( Ni/ ™ Y e
(= =\ " 5.7 /\ i~ \
i ‘ X } 5 . | \ \
A ¥ N L
—- M Lsowyasm \_,_‘\ { N
ﬁ SN YV
Ve A}
% azakar/ru ’”
i s
2208 e ,.7’//"
-3 $\N-tr Blatnica
| # 7 1 7 Sokolovece T =~
/ { i
- . f o —~
3 » /':)‘ B i
~ e
& S N
s
/ %
L /
o5y S ( 2
: SR
\\
S o
; vy N
4 .'-'. Jalsové 2 -
S
/ - oD T
c < ( ™~ o
3 . 432
Y
a3 N, "u:;;u £ h
\ \ o
¢ )\ Hor. Otokovce % -
. 7 ' ® ‘
o ROCLT i "« I o \ wuu-r_m,‘
MAadunice 7 '\ gt o : R
- y 4
/_/_3:; gl gt Abarm A
GAE <+ 1Ko lotovce ~N g W
i T ke s
; ; W / Jar
i o4
Hor Sadads T TN
I e ) ety \
—_— s Ji ’LDO' Trhovidta s \ Zm.2 arsvyryt
P Telenavs Skl 4 \M Zaluzz
L Y \ : s
A
N Pastuchov “ ; Y
1743 / A
-/_ ~ :.‘11"1 \/\’
/‘\ / \' ‘\\ /-I ,.‘4 T T W
~ N Neo L
. ’ .. amd AN e
.z e

Fig. 1: Schematic map and location of the studied localities
Piesocnica near Behynce (P).

grained sand commonly contains an admixture of fine-
grained gravel (11.96%) with clasts up to 1 cm. The
admixture of fine-grained sand is 12.16% and silt admix-
ture is 12.73%. The sand is yellow, ocherous-yellowish
and brown. Sand grains are medium sorted.

The section of Dolné Trhoviste DT/1 is shown on
figure 4. It is situated on slope Dingov in the middle of

2000 m C 2 4km

of Dolné Otrokovce (Do), Dolné Trhoviste (DT), Teplicky (TE),

the field about 1 km E of the village of Dolné Trhoviste.
It consists mainly of fine-grained sand (64.01 %). The
medium-grained sand is present to 10.19%, the coarse-
grained sand comprises 4.57 % and fine-grained gravel
makes up 0.07 %. The mean silt content is 17.2 %. The
sand is medium sorted and is grayish-white, white, dark-
yellowish and rusty-brown.



Térokova, 1.: Pliocene deposits of Rishovce Depression — Volkovce Formation

x 0

2 > % wJ

[Ls} = O

& LITHOLOGY S |=3

Wi w -~

v 28 gs S |E=

wXx hd x = s

< o352 = = e
Z|E | CLAY SILT SAND GRAVEL =

Hll(ﬂ
1ean
1ah
~ [uhah

L0-9%90
)
Q

Al
o

7 | 38 = £
iy, 2
w 2 W/
i =
e L
L | 20 — N QE
I 85

11520
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Legend to Fig. 2—6

I — oolitic limestone, 2 — massive carbonate beds, 3 — porous
carbonate, travertine, 4, 5 — fine-grained carbonate with cal-
careous matrix, 6 — greyish clay, 7 — lake marl, 8 — conglomer-
ate, 9 — fine-grained conglomerate, 10 — gravelly loam con-
taining occasional pebbles, 11 — coarse-grained sand, 12 —
medium-grained sand, 13 — fine-grained sand, 14 — massive
sand without lamination, 15 — calcareous crust, duricrust,
16 — CaCO; content, 17 — MgCO; content, 18 — calcite
content, 19 — CaO content, 20 — MgO, 21 — horizontal bedding,
22 — cross bedding, 23 — ripple-cross lamination

Sedimentary features to the Fig. 2-6 w
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The upper part of the outcrop consists of more conso-
lidated calcareous deposits - duricrust, which probably
originated during an arid climate.

The section of Teplicky (TE) is shown on figure 5.
The section occurs west of the village in the valley about
500 m from the church. The outcrop consists of coarse-
grained sand layers and fine-grained gravel. Pale-brown
and brown coloured fine-grained gravel contains clasts up
to - 1.5 cm. The sand contains interlayers of lithified
conglomerate with carbonate clasts up to 5 cm in
diameter, clay intraclasts of ocherous-yellowish colour
and spheric concretion of Fe up to - 0.5 cm, too (Fig. 4).

At the base of the outcrop consolidated coarse-
grained sandstone occurs. It consists of quartz and
feldspar clasts lithified by calcite. Locally mica and
calcite clasts also occur. Organic matter does not occur
in the sandstone.

The section Pieso¢nica near Behynce (P) is shown
figure. 6. The outcrop occurs about 1.5 km SW of the
village of Behynce. It is the largest and most extensive
outcrop in the area with coarse- to fine-grained sand beds.
The sand is gray-white and ocherous-brown and is me-
dium sorted. Black claystone intraclasts occur between
the beds No. 10 and 11.

The upper part of the outcrop consists of fine-grained
gravel containing quartz and carbonate clasts, kaolinized
rocks and calcareous concretions (Photo 8).

Sedimentologic features, transport directions

The Volkovce Formation consists of gravelly and
sandy fresh-water sediments deposited from suspension in
lacustrine and fluvial environments. Sedimentary structu-
res are mainly represented by cross bedding and less by
trough bedding.

The deposits are conspicuously cross- and trough
bedded at outcrops nearby Dolné Otrokovice (DO/1,
DO/2, Figs. 2 and 3, Photos 2 and 3). The dip direction of
inclined laminae in the cross-laminated deposits suggests
transport direction from NW to SE. The laminae dip
varies from 15° to 25°.

At the outcrop DO/1 in the bed No. 6 (Fig. 2), 30 cm
deep and 1.10 m wide erosional channel was found
(Photo 1). The channel axis has a 28° dip, the direction of
the axis is from NW to SE. The channel is filled by me-
dium-grained sand with occasional floating clasts (relict
of lag deposits) passing in the upper part of the channel
into fine-grained sand. The internal structure of the chan-
nel comprises conspicuous trough cross bedding. Loading
is frequent on the lower bed planes of coarse-grained
sand.

Hydroplastic deformation manifested by water-escape
structures occurs on the right side of the sand pit. Most
likely it reflects passive liquefaction in unconsolidated
sediment which could be triggered by minor tectonic acti-
Vity.

On the left side of the sand pit a layer consisting of
medium-grained, weakly-consolidated sandstone overlies
fine-grained gravel. At the base of the bed small clasts up
to 1.5 cm in diameter and rip-up clasts of greyish clays-
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Fig. 3 Section of Dolné Otrokovice DO/2

tone occur. The sandstone layer has an irregular channel
form and it probably originated by erosional action of a
stream on an at yet not consolidated underlying gravel,
resulting in scour formation.

The deposits occurring at the Tepli¢ky (TE) outcrop
are characterized by faint normal grading shown by a pre-
vailing coarse-grained sand of light-brown colour in the
upper part of the profile and a fine-grained gravel having
the clasts up to - 1 cm in diameter in the lower part . The
fine-grained gravel is matrix-supported. The matrix is
composed of medium-grained sand. The deposits are ho-
rizontally and cross laminated (Photo 4).

According to the direction of the cross laminae, the
palaeoflow direction was from NW to SE. The laminae
dip varies from 12° to 22°.

A subtle normal gradation occurs in individual beds.
Chaotically arranged calcareous concretions up to 5 cm in
size (Photo 4), Fe concretions, clay intraclasts and rip-up
clasts originating from thin layers torn by water flow oc-
cur throughout the entire outcrop.

At the base of the outcrop or beneath the outcrop well-
rounded clasts of weakly consolidated coarse-grained
sandstones up to 15 cm in diameter occur.

At the sand pit of Pieso¢nica sand is horizontally and
planar cross bedded (Photo 5). In the thick layers of sand
trough cross bedding is locally preserved. Herring-bone
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Photo. 1. Erosive channel. (profile
DOV/1, layer 6).

Photo 2. Cross - bedding.
(profile DO/1 layer 1,2 and 3).

Photo.3. Planar cross — bedding.
(profile DO/ layer 5).
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Photo. 7. Imbrication of clay galls. (profile P, layer 8).

Photo. 8. Fine — grained gravels interlaminated with sands.
Rip — channel and synsedimentary tectonic are visible.
(profile P, layers 11 — 15).

Photo. 9. Synsedimentary faults. (profile Dolné Trhoviste).

cross bedding also occurs. It originated by flows with dif-
ferent orientation resulting in bidirectional appearance
(Fig. 6, beds No. 2 — 3 and 8 - 9, Photo 6).

The transport direction is from NW to SE. The lami-
nae dips vary from 12° to 20°. Imbricated clay
intraclastsindicate transport consistent with the direction
of cross laminae (Photo 7).

Interesting is the occurrence of liesegang rings over
the entire outcrop. They originated during diagenetic pro-
cesses by reduction of Fe oxides and they colour sand into

ocherous-yellowish and brown colour. Clasts of black
claystones containing organic plant remnants were found
between the beds 10 and 11. In the left part of the outcrop
the upper section is composed of fine-grained, clast-sup-
ported gravel alternating with layers of coarse-grained
sand. The base of the sand beds is loaded with hydroplas-
tic deformations resulted from water escape.

The section near Dolné Trhoviste (DT/1) consists of
prevailingly horizontally laminated deposits, only the
sand in the beds No. 6 and 7 is cross-bedded (Fig. 4).
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The dip direction of the cross laminae is toward the
SE. At the base of the beds No. 5 and 6 rip-up clasts of
ocherous-yellowish colour occur. The beds commonly
contain small concretions (max. 0.3 c¢cm) of Fe oxides
colouring the sand to an ocherous-yellow. Horizontal
lamination of sand is emphasized by an alternation of
pale-brown, ocherous and grey coloured laminae. The
colour is determined by the heavy mineral (ilmenite and
limonite) content.

In the left part of the outcrop sand beds are deformed
by synsedimentary faults with small throws suggesting
minor tectonic activity (Photo 9).

Grain-size analysis of sand

Sand consists of fine- to coarse-grained fractions. The
grain-size analyses showed occurrence of fine-grained
gravel (0.07 - 23.28%) and coarse-grained sand (0.05 -
46.39%). The essential part of the sand is composed of
medium-grained (1.02 - 74.83%) and fine-grained sand
(7.41 - 72.16%). The silt content is 6.7 - 24.1%. Clay ad-
mixture is absent.

The grain size parameters (Mz, So, Sk, Kg) were cal-
culated according Folk and Ward (1957). The median
was calculated after Trask (1930).
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Fig. 8 Cumulative curver of sediments from localities at Dolné Otrokovce, Dolné Trhoviste and Piesocnica.

The mean grain size (Mz) is 4.1 - 0.93 ¢, the values in
mm varies from 1.56 - .1 mm.

The median (Md) varies from 0.097 to 0.68 mm. The
median shows mean grain size of deposits because the
half of grains is smaller and the half of grains is larger
than the grain size represented by median value. We
infer it by reading of 50-percentile on cumulative curve.

The sorting coefficient (So) ranges from 1.1 to 2.08.
According to cumulative curves the studied sand is of
average sorting (Fig. 8).

Positive values of asymmetry (Sk) of the cumulative
curve determine fine-grained and the negatively coarse-
grained part of the sample. The positive values of the
curve asymmetry range from 0.3 to 1.15 and they suggest
fine-grained deposits. The curtisoity (Kg) of the curve,
showing grain size distribution, is defined by the ratio
between the spread in its central and marginal part. If the
curve is steep (leptocurtic), fine grained clasts prevail in a
coarse-grained fraction. On the contrary, if the curve is
flat (platycurtic), fine-grained clasts prevail. The values
of curtisoity range from 1.14 to 4.15, and they suggest
leptocurtic to extremely leptocurtic curves. The higher
degree of sorting may suggest an admixture of sandy de-
posits, which was already reworked before in a water en-
vironment somewhere.

Mineral content of sand

The sand clasts from the study localities are mainly
surrounded to well rounded. Quartz prevails among the
light minerals (55 - 90%). The quartz grains are coated
yellow limonite. Abundant mica is also visible macrosco-
pically. Feldspars abundance is 1.7 - 27.2%. The carbo-
nate content varies from 0.02 - 20%. The mineral content
suggest prevailing quartz and sublitic sand (Fig. 7) while

in the sublitic sand carbonate and mica prevail. According
to high content of quartz the quartoze sand represent a
mature sediment.

The sand of the study localities also contain B quartz,
indicating a volcanic origin. The closest occurrence of
volcanic rocks is in the Middle Miocene Ruskovce For-
mation (Kovac et al., 1993) in the Banovce depression
located N of the study area. Taking into account the
transport direction (from NW to SE), it is most probable
that that formation was the source area for § quartz

Heavy minerals in sand

The association of heavy minerals was analysed from
the samples taken from the localities of Dolné Otrokovce
and Pieso¢na near Behynce.

The total heavy fraction content ranges from 0.2 -
0.92% (Tab. 3, Fig. 9). The mean values of heavy mineral
content are shown in the table 4 and depicted in figure 10.
The magnetic fraction with magnetite is totally absent. In
the dia magnetic fraction rutile prevails from 7.1 - 23.4%.
Zircon is abundant - from 2.06 to 9.6%. Apatite (0.5 -
7.9%), silimanite (0.1 - 2.6 %) and disten (1.3 - 8.6%)
occur less frequently. In the para magnetic fraction ilme-
nite (5.3 - 90%) prevails. Tourmaline occurs in minor
amount (7.3 - 17.6%).

At Piesocnica garnet (18.1 - 24.7%) and epidote (14 -
20.4%) prevail. At other localities the garnet content was
lower (1.0 - 4.1%) and epidote was absent. Hematite was
only found at Dolné Otrokovice (4.8%).

We calculated the ZTR index from the percentual
content of zircon, tourmaline and rutile. The index shows
a mineralogic maturity of the heavy mineral associations
in sand. The ZTR index value is 42 - 96%, suggesting a
mature sand.
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Tab. 3. Content of heavy minerals in sands
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Pattern 1/DO 2/DO 3/DO 4/DO 1/DO2 2/D0O2 6a/DO 6b/DO 4/P 5/P
Fraction 0,25-0,110,25-0110,25-0,1]0,25-01 10,25-0,1(0,25-01 {0,25-0,1]0,25-01]0,25-0,1]0,25-01
Cont. of HM %| 0, 39 0,31 0,20 0,39 0,45 0,23 0,57 0,48 0,92 0,63
rutile 23.3 22 20 7| 10,5 23,4 22 23 18, 1 10,9
zircon 18,6 15 14 14,4 9,6 15,8 18,6 20,6 125 12.3
apatite 4 3 7,9 0,5 1,9 2 2,6 1.3 2.:X ) P
sillim. 2,4 0,1 2,6 0,6 0,8 0,7
distene 3 8,6 2,4 1,3 4 2 3,8
zaphire
gold
ilmenite 30,6 30 20 51,2 48 20,6 90 5.3 11,2 10,9
limonite 10 4,6 12.:1 3 7.6 11 10 27,3 9,4 6
tourm: 16, 6 12 17,6 16,9 16, 8 16,5 133 8,1 1,3
garnet 2 3,6 1 2,8 4,1 2.6 18, 1 24,7
epidote 15.5 20,4
hematite 4.8
ZTR index 89 78 81 96 83 88 90 49 42
Tab. 4
min | rutile | zircon | apatite | sillim. |distene |zaphire| gold |ilmenite|limonite| tourm. | garnet |epidote | hematite |magnetite| n
A 6,07 11,87 2.3 5,71 0,53 0,11 0,04 41, 64 16,3 3,46 6,9 3,93 0,41 4, 40 21
B 18,3 15,14 2.0 0,72 2,51 31,78 10,1 12,91 5,89 3,59 0,48 10

The identified association of heavy minerals is typical
for crystalline rocks. It is suggested by the occurrence of
rutile, zircon, silimanite, disten and by the prevailing epi-
dote and garnet in some samples. The increased content
of ilmenite, similarly to B quartz, also may show that the
source area had volcanic rocks.

apatite
distene
gold
limonite
garnet
hematite
cont.of h.m.

Fig. 9. Percentage histogram of heavy minerals in different
localities

X - Ray analysis of clay

Clay rip-up clasts, which occurred between beds at lo-
calities Dolné Trhoviste and Piesoénica, were RTG and
DTA analysed. Smectite prevails in samples 1/DT from
Dolné Trhoviste and 6/P and 2/P from Piesoénica. The

most abundant minerals are, then, illite and kaolinite. In
the sample 3/P (Piesocnica) illite prevails; less frequent
are smectite and chlorite. The sample 4/DT (Dolné Trho-
viste) contains smectite with an increased content of Na.
However, the Na content was probably caused by natrium
hexamethaphosphate added to the sample in order to pre-
vent coagulation. Other minerals are illite and kaolinite.

Conclusion

The deposits of the Pliocene Volkovce Formation, re-
presented by thick sand beds with a gravel admixture,
were studied at several localities in the NW part of the
Ridriovce Depression (Dolné Otrokovice, Dolné Trho-
vidte, Tepli¢ka and Pieso¢nica).

The sand is mainly medium to fine-grained and it is
well sorted (coefficient of sorting 1.1 to 2.08).

An imbrication of rip-up clasts occurs in the cross
bedded sand. Vector measurements of clay imbrication
support that the palaecoflow direction is from NW to SE.

Brown to ocherous coloured upper part of beds sug-
gest that the influence of oxidation due to water level fall.
Except for the rarely occurring redeposited clasts of black
claystones with a high content of organic matter, which
represent eroded swamp deposits, the deposits do not
contain any organic matter.

Cross bedding and trough cross bedding is typical for
the sand. Beds with horizontal lamination and scours also
occur. The direction of cross laminae show transport di-
rection from NW to SE. Locally found opposite orienta-
tion of herring bone cross laminae is caused by flows with
different direction.

From the viewpoint of mineral composition, smectite
prevails and kaolinite, illite and chlorite occur in lesser
amounts. Based on the mineral composition the sands are
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classified as quartz and sublitic sand with prevailing qu-
artz and lithic rock fragments.

The heavy mineral associations with rutile, zircon,
ilmenite, tourmaline, garnet, epidote, disten and silimanite
suggest that the source area had crystalline rocks. Accor-
ding to the palaeoflow direction (from NW to SE) it pro-
bably is represented by crystalline rocks of Povazsky
Inovec Mts. Most probably also rivers from Banovce
Depression, transporting B quartz and probably also illite
from Ruskovce Formation, represented the path of sedi-

3% 0,48%

6%

12%

10%

30%

ment transport. High values of ZTR index suggest a rela-
tively high sand maturity.

The continuing deposition, sufficient input of clastic
material and probably also the absence of tectonic activity
causing increased subsidence of the area of RiSiiov Dep-
ression, show a progradational character of the delta. The
delta probably joined south of the study area a lake occur-
ring in the central part of the Danube Basin. The characte-
ristics of the above described sandy deposits suggests their
origin was in the delta plain represented by a wide channel.

@rutile
mzircon

O apatite
18% sillimanite
mdistene
15% @zaphire
@ogold
ilmenite
m limonite

0,
2% 1% @ tourmaline
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Fig. 10. Average contents of heavy minerals in different localities
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