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MINERAL PIGMENTS OF GRECO-ROMAN AND BYZANTINE AGES FROM
DOBROGEA

NICOLAE BUZGAR!, ANDREI BUZATU?, ANDREI IONUT APOPEI*, VASILE
COTIUGA?, FLORIN TOPOLEANU?

L«Al. I. Cuza” University of Iasi, Department of Geology, 20A Carol I Blvd., 700505 Iasi,
Romania; e-mail: nicolae.buzgar@uaic.ro
2¢AL 1. Cuza” University of Tasi, Department of History, 20A Carol I Blvd., 700505 Iasi,
Romania
® Institute of Eco-Museal Research Tulcea, 1 bis 14 Noiembrie Str., 820009, Tulcea,
Romania

The purpose of the present paper is to identify the mineral pigments used in the
painting of religious, military or administrative buildings from the Greco-Roman and
Byzantine ages of Dobrogea through Raman spectroscopy. The buildings belong to the
fortresses of Beroe, Argamum (Orgame) and Noviodunum, located on the right bank of the
Danube river. Red ochre and hematite (red), black carbon + siderite (black), lazurite ( blue),
verdigris (green) and natrojarosite (brownish yellow) have been identified. The black
pigment does not contain black carbon only on a single fragment of a painted wall; instead,
anglesite was identified, which leads us into believing that the pigment used was galena.

The building painted with natrojarosite certainly dates from the Greek age, as this
pigment was mainly used during the maximum development period of Athens, being
brought from the Pb mines of Attica.
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MAFIC AND FELSIC MAGMA INTERACTION IN GRANITES: THE EOCENE
HOROZ GRANITOID (NIGDE, TURKEY)

KERIM KOCAK!, VEYSEL ZEDEF*

! Selcuk University, Department of Geological Engineering, Konya, 42075, Turkey; e-
mail: kkocak@yahoo.com; vzedef@selcuk.edu.tr

Keywords: Horoz, petrology, enclave, granitoid, Turkey.

The Eocene Horoz granitoid contains leucogranite and granodiorite, with mafic
microgranular enclaves (MMESs). The leucogranite is relatively finer-grained than the
granodiorite, which has relatively larger grains and more frequent MMEs. Generally,
MMEs have very different sizes (from several cm up to several meters) and shapes (ellipse /
round - cornered). The geometry of the MME — host contact varies from sharp to crenulate.
MMEs usually exhibit a fine-grained margin against the host rock. Small blisters (1-10 cm
in diameter) of the host rocks are incorporated into the MMEs.

The MMEs are characterized by the existence of resorbed, sieved-textured plagioclase,
ocella quartz, poicilitic K-feldspar, magnesiohornblende with inverse chemical zoning, and
acicular apatite, all of which are suggestive of a mingling between felsic and mafic
magmas.

The granitoids and their enclaves contain low up to intermediate Nb (11-19), Zr (106-
234 ppm), Y (10.2-33.7) ppm) and Zr/Nb (6.4-13.8), and low TiO, (0.15-0.48) contents,
which are typical for calcalkaline associations. All samples display a K,O-rich composition,
and, consequently, plot mostly on the fields of calcalkaline to high-K calcalkaline in
composition. The felsic granites display, however, a considerably more potassic character
by plotting high-K calcalkaline and shoshonite fields. Most of the samples have ASI values
(Aluminium Saturation Index) < 1.1, limit between | and the S-type granitoid. MMEs and
granitoids (granite and granodiorite) display distinct ranges of SiO, contents (56-63, 64-74
wt%, respectively); no overlap exists between the MMEs and their hosts. In Harker
diagrams, SiO, increases with the decrease of Al,Os, CaO, MgO, FeO,, TiO,, Co and Eu,
suggesting the fractionation of hornblende (pyroxene + olivine), plagioclase, sphene and
ilmenite. All samples generally display enrichment in large ion lithophile elements (LILES),
e.g. Cs, Rb and K, and depletion in high field strength elements (HFSESs), such as Y or Lu.
MMEs and their host rocks have negative Nb, Ta and TiO, anamolies, which are
characteristics of subduction-related magmas.

The REE patterns of granite and granodiorite are almost comparable, slightly concave-
upward, and characterized by enrichment in Light REEs (LREEs) and depletion in Heavy
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REEs (HREEs) contents, resulting in high (La/Lu)y ratios (7.6-17.2). The existence of a
slightly negative Eu anomaly (Eu/Eu*: 0.67) suggests the fractionation of plagioclase
crystals in the host magma. Compared with the host rocks, the enclaves have slightly lower
(La/Lu)y ratios (1.8-12) and a higher HREE content, with a more pronounced negative Eu
anomaly (Eu/Eu*: 0.53). Compared with granitoids, the enclaves are usually enriched in P,
Ti, Y, Nb, and HREESs, probably due to the selective interdiffusion of these elements into
the less polymerized magma.

Major, trace and REE data suggests that MMEs and their hosts may have derived from
an enriched mantle, but more likely have also suffered crustal contamination. MMEs were
possibly formed through injection of successive pulses of basic magma into upward mobile
magma chambers containing cooler, crystalline granodiorite magma.
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THE FORMATION OF CONGO DIAMONDS WITH HALITE AND CARBON-
BEARING MICRO-GRAINS

YASUNORI MIURA!, TAKAO TANOSAKI?

! Yamaguchi University, Yoshida 1677-1, Yamaguchi, 753-8512, Japan; e-mail:
yasmiura@yamaguchi-u.ac.jp,
2 Central Research Lab., Taiheiyo Cement Co. Ltd., Sakura, Japan

Keywords: Congo diamond, halite, limestone, carbon-bearing grains, sea-water effect.

Introduction

Diamonds with large crystal planes, collected on the surface of the crust, are thought to
have been formed within the deeper mantle, under high pressure, with xenolith grains of Fe
and Mg and Si-rich grains, although such light elements of carbon or carbon dioxide gas
were difficult to move deeper within the mantle after the formation of the planet Earth.

A detailed investigation carried out through ASEM (Analytical Scanning Electron
Microscopy), however, revealed that micro-xenoliths of halite and calcite of carbonates
mainly supplied from shallow origins (Miura et al., 2010; Miura and lancu, 2009; Miura et
al., 2009) have recently been found in DR (Democratic Republic) Congo diamonds by the
senior author. As a result, the main purpose of the present paper is to elucidate the issue
through in-situ ASEM analyses (Miura et al., 2010).

Samples used in the present study, compared with the Kimberlite diamond

We collected several large pieces of Congo diamonds from central Africa, which
display round or irregular shapes (fig. 1), and we compared the results obtained on them
with those obtained on the Kimberlite diamond in South Africa, which displays clear
shapes of diamond crystal planes. We noticed the following:

1) Congo diamonds from the Congo (Democratic Republic of Congo): (right in fig.1).

Xenoliths with fine grains and shallow places and with a round and irregular shape (left
in fig. 2)

2) Kimberlite diamond (South Africa): Xenoliths with fine grains and deep place
information (right diagram in fig.2).

16
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Fig. 1 Sample location on the geographical map (left; Map of Africa, 2005) and Congo
diamonds (right) dealt with in the present study.

Fig. 2 SEM electron micrographs of diamonds of the DR of Congo with irregular shapes
(left) and of the South African Kimberlite with sharp crystal planes (right). The scale bar is
0.1mm.

In-situ analyses of the Kimberlite diamond

In-situ analyses using the FE-SEM with EDS analyzer indicate that Kimberlite
diamonds from South Africa have foreign xenolith micro-grains of Fe, Mg-rich silicates
and Ca, Fe and Mg carbonates (without any Na or CI). It is believed that Kimberlite
diamonds are direct remnants of deep mantle sources with Fe and Mg-rich micro-grains,
although there are Ca-bearing micro-grains with carbon formed by metamorphic calcite-
like grains, which are deficient of Al due to the little Ca from the anorthite component in
the Earth’s crust.

17
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Congo diamonds with halite crystals

According to in-situ FE-ASEM observation and analysis, the Congo diamonds contain
the following micro-grains (fig. 3 and 4):

1) Nano-particles of calcite carbonates, carbon and gypsum in composition.

2) Halite (NaCl) crystals (fig.5) and Fe-silicate grains (without Mg).

3) Fine and irregular carbon-bearing grains (100nm in size), which are completely
covered on the halite crystal plane formed after the formation of halite (fig. 5).

This indicates that there are dynamic explosions that destroy the original diamond
crystals and mix them with the following quenched materials (Miura et al., 2010; 2009):

1) Carbon and carbonates (from limestone rocks) due to high Ca contents.

2) Halite (probably from salty water) due to high contents of both Na and CI.

3) Carbon-bearing nano-particles due to high-temperature CO, explosions.

As, according to the ASEM data related to these samples, there is little akaganeite for
chlorine sources, the explosion in the formation of the Congo diamond is not the normal
type of meteoritic impact with fusion crust.
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Fig. 3 In-situ analytical diagram with scanning electron micrograph (FE-ASEM) of the
DR of Congo, Africa. There are diamonds with xenoliths of calcite, halite, gypsum and
FeCO:s.

Processes involved in the formation of Congo diamonds

The present results indicate the following two steps in the formation of Congo
diamonds:
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1) Firstly, Congo diamonds are believed to have been formed at depth due to high
pressure conditions. The first supply of carbon dioxide at depth is generated by massive
impact processes during the primordial period in the history of the Earth (if there are any
giant impacts).

2) The up-lift of Congo diamonds from the depth is triggered by a larger impact on the
surface, meant to form a circular basin structure, where the crystalline surface of the
original diamond is broken by dynamic high pressure and temperature. The second process
through which present-day diamonds form at shallow depth is known through experimental
results by a) the rounded and irregular surfaces of diamonds, b) shallow sedimentary rock
remained as calcite carbonates with Ca, C and S elements, and c) the coating of irregular
carbon-bearing micro-grains triggered by shallow explosion processes at the depth of the
crust to halite crystal planes formed in the cavity and grains of Fe-silicates without Mg
(probably caused by explosions in the presence of underground salty water).

[

- _
COMPO 150kV X16000 1um WD 7.3mm

Fig. 4 Electron micrograph of the FE-ASEM data of the Congo diamond. The bar in the
micrograph is 1pm in scale. The coated whitish grains are CO,-rich materials found on the
halite and on other grain surfaces in the cavity of diamond grains.

Recent geological setting of the African continent

The recent geological study of districts around the DR of Congo in Africa suggests the
following:

1) The African continent is not a single geological unit, but several smaller continental
units combined by continental drift. The DR of Congo consists of many geological units
where there is impact signature at the end of the Permian (Fildani A. et al, 2009; fig. 1).

2) The districts around the DR of Congo display lower circulated basins, where the
diamonds are mainly collected from the southern rim of the basin structure.
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3) The relatively smaller circular structures found north-east of the DR of Congo are
reported as impact craters ca.40km in diameter (Monegato G. et al., 2010); the DR of
Congo also has relatively small impact craters.

Summary

The results of the present study can be summarized as follows:

1) According to in-situ FE-ASEM investigation, Congo diamonds contain nano-
particles of calcite with halite crystals as remaining grains.

2) The Congo diamond is thought to be broken by explosions during up-lift process
that occur at shallow depth, in the presence of salty liquid, and are probably accelerated by
impact processes on the surface, which is estimated from the remaining circular basin.
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Introduction

The impact processes and carbon sources of surface and underground rocks in the Ries
crater, Germany, are not well known. This is mainly because there are few carbon sources
on granitic target rocks at the surface, and carbon elements are considered extraterrestrial
elements (rather than part of Earth’s crust) in cosmic elemental abundances (Univ.
Sheffield, 2006). The purpose of the present study is to show the carbon (C) contents and
chlorine (CI) distribution for surface samples and cores drilled from depths ranging
between 300m and 1,000m (fig. 1), which have kindly been provided by the Ries Museum
(Miura, 2007a).

Petrologic optical microscopy of surface suevite rocks

In thin sections of suevite (impact breccias) on the surface (0 m in depth), there are the
following dynamic flow textures caused by impact process (fig. 2):

1) Irregular and different-sized spherules formed through quenching from impact
vapors and liquid states

2) Few matrix textures

3) Duplicated textures of breccias in breccias and the core-mantle.

4) Fine cavity and vacancy with spherules and matrix with iron and carbon formed by
impact quenching of explosions.
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Fig. 1 Sample locations and core drilled at a depth of 500m within the Ries crater, Germany.
On the geological map, the reddish (OET sample) and bluish (WMD sample) colors are
granitic and limestone rocks, respectively.

X-ray fluorescence (XRF) analyses of suevite with carbon content

In order to investigate the carbon contents of surface and drilled cores, the X-ray
fluorescence (XRF) analyses of suevite using the Rigaku instrument are obtained through
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the in-situ method as a whitish crystalline part and a black-matrix part of the sample found
at a depth of 500m (right sample in fig. 1):

Fig. 2 Optical micrographs of surface suevite with dynamic flow and quenched
textures in the Ries crater, Germany. The scale bar is 0.1mm. Cross and open Nichols.

1) Both the whitish (crystalline) part and the black (matrix) part contain carbon (7 to 11
wt.% CO,) as a plagioclase-like composition, as remnants of impact explosion products
(fig. 3).

2) The whitish part formed by higher temperatures with a slower cooling history has a
lower carbon content, whereas the black matrix part formed by quenched processes
contains a relatively higher carbon content with many Ca ions (fig. 3).

Drilled core samples used in the present study

The following five drilled cores with 6 samples (300m grey, 500m white, 500m black
matrix, 700m reddish grey, 900m grey and 1000m grey) have been used for carbon
distribution by comparing them with two grey surface samples (Wemding WMD, and OET
Oettingen) obtained through carbon-detective XRF data, with the following results (fig. 3):

1) There are few regular changes of eight oxides (C, Ca, Na, Mg, Al. Si, S and K) from
the surface to the depth (1000m), which is caused by the impact mixing of the samples even
at depth.

2) The suevite composition of sample Oettingen QET (0m), with high Si and Al
contents, is abundant in wide areas of the samples collected from 300m, 500m, 900m and
1000m, which are considered of mixed granitic composition. This indicates that suevite
impact breccias are mainly impacted granite in composition.

3) High Ca and C contents with lower Si contents are obtained at the surface (WMD
sample) and at a depth of 700m, which are considered a mixture of limestone with hot
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carbon dioxide. This indicates that limestone-rich breccias are mixed with major limestone
and minor granitic rock through impact mixing.

4) Based on the present XRF data with carbon analyses, both impacted rocks of suevite
and limestone-rich breccias are impact mixing rocks, which cannot be explained by a
relatively slow magmatic separation of magma.

70

60 K
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50
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30 /
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Fig.3. XRF compositional comparisons of 9 samples collected from the surface and depths of up
to 1000m in the Ries crater, Germany. The samples are separated into granitic and limestone-rich
breccias.

Carbon abundances of the impacted matrix

Both the whitish crystalline part and the black matrix have different contents of Ca and
C at surface level and in sample drilled at a depth of 500m (Miura, 2009; Miura et al., 2009;
Miura, 2007a,b).

1) The suevite compositions of granitic rocks are a mixture of granitic (ca.70-85wt. %)
and limestone (ca.11-17wt. %) during impact processes.

2) In the limestone-like composition of the suevite breccias, Ca combined with CO,
remains, though almost all of the carbon dioxide escapes during impact processes.

Chlorine contents of the drilled cores

The chlorine contents of bulk samples are obtained as follows (fig. 6; Miura, 2009;
Miura and lancu, 2009; Miura, 2007c¢):
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1) The Na and CI contents of surface samples are relatively lower (due to weathering
processes), whereas the Na contents of the drilled cores are relatively higher in the granitic
composition of suevite breccias, rather than those in limestone-like 700m samples.

2) The chlorine contents in the drilled cores are relatively lower due to few effects of
sea-water impacts, whereas those in the black matrix (500m in depth) show relatively
higher stored contents of gas states of C and CI during impact quenching.

Elements Ni and Co of impact origin

Refractory elements of Fe and Ni, Co and Cu are obtained at the bottom of the impact
crater (Miura and lancu, 2009; Miura, 2007c). In fact, there are sharp peaks of Fe and Ni
contents at a depth of 700m, which is the crater bottom where impact materials are
concentrated and where a similar increase of CO, contents is obtained.

Summary

The results of the present study can be summarized as follows:

1) In-situ XRF analytical data from the surface and cores drilled at depths up to 1000m
indicate that suevite and limestone breccias show impacted granite-rich and limestone-rich
breccias, respectively.

2) The Ca and C contents are increased by limestone-rich target rock.

3) The ClI content is lower due to dry land impact, with little relation to Na.

4) Fe and Ni contents (as well as Co, Cu and C contents) are increased exclusively in
cores drilled at a depth of 700m, which is considered the probable crater bottom for impact
accumulation in the case of the present samples.
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Introduction

A spherule texture can be formed in dynamic reaction during any meteoritic impact in
the air of the Earth (Miura et al., 1995). However, there are few reports on nano-bacteria-
like (i.e. spherule-chained) textures of akaganeite with iron (and nickel) oxides (with
chlorine) in composition and micro-texture with 100nm in order in an iron meteorite
(Miura, 2008, 2009).

The purpose of the present study is to elucidate the spherule-chained texture with
micro-texture of 100nm in order found in the Kuga iron meteorite, in lwakuni, Yamaguchi,
Japan.

Fine bacteria-like textures in the Kuga meteorite

The Kuga iron meteorite, found in Kuga, Iwakuni, Yamaguchi, Japan, reveals an
irregular spherule-chained texture with a Fe and Ni-rich composition, 10um in size, where
each spherule contains a “long micro-texture 100nm in size” (fig. 1). The complex texture
of flow and chained shapes can be found in the fusion crust of the iron meteorite formed by
quenched and random processes with vapor-melting processes in the air of the Earth
(Miura, 2008, 2009). The FE-ASEM with EDX analyses based on in-situ observation
indicate that the matrix of the spherule-chained texture with Fe, Ni and O-rich (with minor
Cl) composition is a carbon-rich composition formed through impact reactions in the air.

Difference between textures with an akaganeite composition in the meteorite

Akaganeite is found in the fusion crusts of meteorites. In fact, it is obtained through in-
situ FE-SEM investigations on the fusion crusts of Nio (fallen in Yamaguchi, Japan),
Mihonoseki (Matsue, Japan) and Carancas (Peru) as rosette (flake) texture.

The main difference between the akaganeite found in meteorites is the micro-texture
with carbon contents at nano-bacteria-like and rosette textures. The rosette texture is cause
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by chlorine gas explosions while the meteorite is burning in the air, whereas the nano-
bacteria-like texture can be found mainly in carbon-rich grains during the melting of the
meteorite at high temperatures in the air.

Fusion crust

Collection site

Fig. 1 Sample location of the Kuga iron meteorite found in Kuga, Yamaguchi, Japan (above), and
electron micrograph (FE-SEM) of the Fe-Ni-Cl-rich texture of akaganeite with spherule-chained and
long shapes in the Kuga iron meteorite (below).
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Comparison with the Martian meteorite

Remnants of life in the ocean are indicated by mineralized fossils, which can be found
in the Martian meteorite ALH84001 as bacteria-like chained texture of magnetite in
composition (100nm in order) around carbonate spherules (McKay et al., 1996). The
similarity in the bacteria-like texture of the ALH84001, compared with that of the Kuga
iron meteorites in the present study, is the Fe-rich, C-bearing composition and the small-
sized chained texture being replaced by a Fe and O-rich composition in the air.

The major difference between these textures is the absence of carbonate minerals in the
Kuga iron meteorite, compared with the Martian nano-bacteria texture, as listed in Table 1,
although there are many carbon grains in Kuga iron meteorites. This indicates that the
impact reaction of the iron meteorite and the atmosphere cannot form double-staged
textures of Fe-O fossils and carbonate spherules of the Martian meteorite ALH84001
(Miura, 2009).

Tab. 1. Main characteristics of the fine-bacteria-like texture of Kuga iron meteorites (Miura,
2008, 2009).

Fine-spherule chained texture: 10pm in size

Nano-bacteria texture: 100nm in order

Fe, Ni-rich, C, Cl-bearing grains: Akaganeite-like composition (grain) and C-rich (matrix)

No carbonates: Few carbonate formations without a Ca or Mg source
Summary

The results of the present study can be summarized as follows:

1) A spherule-chained texture of nano-bacteria-like grains with Fe, Ni, C and Cl can be
found at the fusion crusts of the Kuga iron meteorite found in Japan, which are completely
different from the double-stage textures of the Martian meteorite ALH84001.

2) The nano-bacteria-like texture of the Kuga iron meteorite is a significant example of
how fine nano-particle coexisted with carbon-rich grains.
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Geological setting

The Manaila mineralization is located in the Crystalline-Mesozoic Zone of the Eastern
Carpathians, in the Tulghes terrane. The geological formations from this area were formed
during Precambrian to Upper Cretaceous. Most of the geological formations are composed
of metamorphic rocks. Sedimentary rocks occur to a small extent, and igneous rocks occur
only occasionally.

The Tulghes terrane displays a complex lithology (Balintoni et al., 2009). This
Ordovician metamorphic unit was subdivided by Voda (1993) into four formations, (from
bottom to top): (1) the Caboaia sub-unit (Tgl) — Quartzitic formation,(2) the Holdita sub-
unit (Tg2) Quartzitic-graphitic formation,(3) the Lesu Ursului sub-unit (Tg3) — Volcano
(rhyolitic)-sedimentary formation, and (4) the Arsifa Rea sub-unit (Tg4) — Phyllitic-
quartzitic formation. Only the third sub-unit occurs in the Manaila area and consists of a
metamorphosed sedimentary volcanogenic sequence, made up of two prevailing rock types
— quartzites and quartz-feldspathic rocks (lancu and Popa, 2010). They contain an
important accumulation of a stratiform sulphide ore (Balintoni, 1997).

The carbonate rocks are poorly represented; they crop out especially in the Holdita sub-
unit, where a characteristic association is found: black quartzite, white quartzite, carbonate
rocks, chloritic and feldspar-rich green rocks, which represent sedimentary rocks whose
origin was favored by the presence of iron. Metabasites are either scarce or absent
(Balintoni, 1997).
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Samples and methods

Five metamorphic rock samples from the Mandila area were analyzed by different
methods (optical microscopy, XRD, XRF) in order to establish their nature and
mineralogical composition.

Thin and polished sections were prepared at the North University of Baia Mare.

The analyses were performed in the laboratories of the Institute of Geology and
Mineralogy at the University of Cologne, Germany.

A short description of the samples is provided below. Thus, sample no. 1 is a sericite-
quartzite rock, gray-green in color, slightly brittle. Sample no. 2 is a quartzitic sericite-
chlorite schist, white-gray to greenish-gray in color, slightly brittle. The third sample
represents a quartzitic sericite-chlorite schist with feldspar, a rock with a clear schistosity, a
greenish-gray color . Sample no. 4 is a compact pyrite ore, and sample no. 5 is represented
by a quartzite sericite-chlorite schist, white-gray in color, weakly greenish, slightly brittle.
All samples exhibit a lepidogranoblastic texture.

Fig. 1 Optical micrographs in reflected light of the main sulphides from the Ménaila area. A
pyrite (py) crystals fissured by metamorphism; B bornite (bn) and chalcocite (cc); C
tetrahedrite (td) crystal associated with chalcopyrite (ccp) and galena (gn); D sphalerite (sp)
crystals associated with chalcopyrite. The lengths of figures are displayed in the bottom-right
corner of the photos.
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Results and discussions

The association of ore minerals and their proportions compared to rock-forming
minerals, allowed us to set up three economic important layered accumulations: (i)
compact ore, (ii) semi-compact ore and (iii) disseminated ore altogether closely associated
revealing gradual transitions from one texture to the other . The mineralogical composition
common to all three types of ore is relatively simple: pyrite, chalcopyrite, sphalerite,
galena and tetrahedrite, respectively (Fig. 1) in paragenesis with quartz, chlorite and
muscovite. Pyrite is the major metallic ore which can be found as euhedral crystals (Fig.
1A). It contains small inclusions of bornite (Fig. 1B), commonly associated with covellite,
sphalerite, chalcopyrite (Fig. 1D) and sometimes small grains of galena.

Tetrahedrite is represented by arsenic end member and intermediate arsenic-antimony
member (Damian et al., 2005).

The main minerals pyrite, chalcopyrite, quartz and muscovite were identified by XRD
analysis: (Fig. 2).
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Fig. 2 Diffractometry of the main components of the Manaila ore deposit (sample 4b: pyrite-
peaks 4, 6, 12, chalcopyrite-peaks 7, 8, 9) (Radiation CuKy, A = 15406 A) (By courtesy of
Prof. Bohaty, Kéln)

In order to determine the major elements, five rock samples were analyzed by using
XRF.
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The results contained in Table 1 highlight a wide range of variations of SiO, and Al,O;
in the analyzed rocks.

Such high values can be found in quartzitic sericite schists (from 55.29 to 80.65%,
samples 1a and 5a), while lower are found in sericite-chlorite schists.

Comparing the content of major elements of samples from the studied area with those
of similar petrographic types, we notice that certain values are similar to the Kuroko-type
deposits of Honshu, Japan. (SiO,: 0 to 82.0%, Fe,0s: 1.1 to 52.3) (Glasby et al., 2008).

Conclusions

According to microscopic studies the ore consists predominantly of pyrite and
chalcopyrite. The XRD determinations of quartz, pyrite and chalcopyrite were performed
with a reasonable accuracy.

Tab. 1 The chemical composition of the Méanaila schist

. Samples

Oxides (%) la 2a 3a 4a 5a

Sio, 80.65 14.21 9.68 3.81 55.29
Fe,0s 8.94 57.05 68.25 75.93 30.96
Al,O4 7.29 9.17 7.36 1.45 7.57
TiO, 0.04 0.05 0.03 0.04 0.04
CaO 0.03 0.02 0.01 0.02 0.02
MgO 0.49 8.16 6.31 1.14 0.98
MnO 0.00 0.05 0.04 0.01 0.01
Na,O 0.31 0.34 0.10 0.32 0.30

la — quartzitic-sericite schist; 2a — quartzitic sericite-chlorite schist; 3a —
quartzitic sericite chlorite schist with feldspar; 4a — compact pyritic ore; 5a
— quartzitic sericite-chlorite schist

The metamorphosed ore paragenesis is most likely of an initial vulcanogen Kuroko
type and it consists of pyrite, chalcopyrite, some sphalerite, galena and tetrahedrite.
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The southern Neotethyan oceanic basin was active during the Triassic-Miocene period,
between the Tauride platform to the north, and the Arabian platform to the south (Sengdr
and Yilmaz, 1981). The remnants of Neotethys are characterized, in a descending structural
order, by ophiolites, metamorphic soles and ophiolitic mélanges. The ophiolites and related
subduction-accretion units were generated during the closing stages of Neotethyan oceanic
basins since the Late Cretaceous (Pearce et al., 1984; Yalimiz et al., 1996, 2000; Robertson,
2002, 2004; Parlak et al., 2004, 2009; Robertson et al., 2006, 2007). The late Cretaceous
Kdémirhan ophiolite is located west of the Hazar lake, in the Elazig region. It is one of the
best ophiolitic bodies, showing the characteristics of the emplaced Neotethyan oceanic
crustal remnants from the eastern Taurides in southeastern Turkey. This ophiolitic body has
a genetic link with the Ispendere ophiolite to the west, and the Guleman ophiolite to the east
(YYazgan, 1984; Yazgan and Chessex, 1991; Beyarslan and Bingol, 1996, 2001; Rizaoglu et
al., 2006, 2009). In the north, the Kémiirhan ophiolite is tectonically overlain by the
Malatya-Keban platform, and is intruded by an Andean-type volcanic arc granitoid (Baskil
granitoid), whereas in the south it thrusts over the Middle-Eocene Maden Complex
(Rizaoglu et al., 2006, 2009).

The Komurhan ophiolite is characterized by a complete oceanic lithosphere succession
and consists of mantle tectonites, ultramafic to mafic cumulates, isotropic gabbros, a
sheeted dyke complex, plagiogranite, volcanics and associated volcano-sedimentary units.
A thin slice of metamorphic sole rocks, showing inverted metamorphism (green-schist
metamorphic facies at the bottom and amphibolite facies at the top), can be noticed at the

35


mailto:tamer@ksu.edu.tr

AUI-G, 2010, Special Issue, GEO IASI — 2010

base of the tectonites. The cumulate rocks display cumulate structures such as igneous
lamination and cross-and graded bedding. Petrographically, ultramafic cumulates are
represented by wehrlite, whereas mafic cumulates are represented by olivine-gabbro,
gabbro, gabbro-norite and amphibole-gabbro. The wehrlitic cumulates have an intrusive
contact with the gabbroic cumulates. The wehrlitic rocks exhibit mesocumulate to poikilitic
textures, and are represented by xenomorphic olivine (60-70 vol.%) and clinopyroxene (20-
30 vol.%) as the main mineral phases. Limited amounts of chromites (1-2vol.%) are seen as
dispersed crystals in the mass of variably serpentinized olivines and pyroxenes. All mafic
cumulate rock types display granular to poikilitic textures. The olivine-gabbro comprises
olivine (Fos3.76; 20-30 vol.%), plagioclase (Ang,.qs; 50-80 vol.%), clinopyroxene (Enge.
70W025.07FS4.6; 5-30 v0l.%), orthopyroxene (En7g.77W0q 6.0.7FS20-23; <5 vol.%), chromite and
Fe-Ti oxide minerals. Serpentine, chlorite, talc, epidote and amphibole appear as secondary
phases. The gabbro-norite is characterized by clinopyroxene (Engg_s;\W0,1_44FS7.06; 20-30
vol.%), orthopyroxene (Ens;.e;WO013.22FS37-40; 10-15 vol.%), plagioclase (Ansz7; ~ 50
vol.%) and opaque minerals. The gabbro is characterized by plagioclase (60-80 vol.%),
clinopyroxene (15-20 vol.%), orthopyroxene (1-2 vol.%) and amphibole (3-5 vol.%);
secondary phases consist of kaolinite, sericite, chlorite and magnetite. The mineralogy of
amphibole-gabbro is represented by plagioclase (An,s_s7; 80-85 vol.%), amphibole (10-15
vol.%), biotite (2-3 vol.%) and opaque minerals (1-2 vol.%).

The crystallization order of the cumulus and intercumulus phases is olivine £ chromian
spinel, clinopyroxene, plagioclase and orthopyroxene. In the gabbroic cumulate rocks of the
Komirhan ophiolite, the crystallization of clinopyroxene before plagioclase, the presence
of highly calcic plagioclase, as well as highly magnesian clinopyroxene and olivine are
common characteristics of the rocks. All these data indicate that the Kémurhan ophiolite is
compositionally similar to those observed in modern island arc tectonic settings. All data
derived from the cumulate rocks of the Kémirhan ophiolite suggest that they formed in a
tectonic setting of suprasubduction zone, during the Late Cretaceous, and display similar
features to other ophiolites in the southern Neotethys (Parlak et al., 1996, 2000, 2004, 2009;
Beyarslan and Bingdl, 2000; Bagc1 et al., 2005, 2006, 2008; Dilek and Furnes, 2009;
Robertson, 2002, Robertson et al., 2006, 2009; Yaliniz et al., 1996, 2000).
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The granitoid complex of Astaneh is located in the west of Iran, next to Broujerd and
within the frame of the 1:100000 scale of Broujerd’s geological map.The lithostratigraphic
units of the region essentially belong to the Sanandaj-Sirjan Zone (SSZ), and are almost as
old as Eocene and Oligocene. Rocks including quartzdiorites, granodiorites, monzogranites
and aciditic dikes (aplites and pegmatites) were observed in the area. Geochemical studies
indicated that this complex is sub-alkaline and it displays features of I-type granites.
Moreover, the studied showed that some mafic rocks contain Mg, Fe, Ca, Cu and Zn due to
the separation of mafic minerals from the magma during the early stages of crystallization,
and K, Na, W, Sn and Sb due to their intergration into felsic minerals at the end of the
crystallization.The results also showed that the Astaneh granitoid complex has been
enriched with elements such as Ba, Rb, K, and a Nb, Sr and Ti depletion could also be seen.
In terms of magmatic series, the rocks of the region belong to the calc-alkaline category,
which in turn confirms the occurrence of subduction in the continental margins (CAG).
From the point of view of the economic potential, the mineralization of skarn, Fe, Cu, Pb,
Zn and non-metalic minerals, such as kaolinite, is considerable.
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As in all Western and Central Europe, the complex Upper Paleozoic evolution of
Eastern Europe was controlled by extensional tectonics. The continuous convergence
between Laurasia and Gondwana generated a conjugate dextral — sinistral shear fault
system adjacent to the Tornquist — Teisseyre Line (Ziegler, 1990), which induced the
fragmentation of the Variscan fold belt. This resulted in the formation of many
transtensional pull-apart continental-lacustrine sedimentary basins and intra-continental rift
areas associated with widespread intrusive-extrusive magmatism along active deep crustal
fractures. From climatic points of view, the main consequence of the continuous
convergence between Laurasia and Gondwana is the transition from a relatively wet during
the Pennsylvanian to an arid regime during the Lower Permian, especially for the peri-
equatorial basins (Schneider et al., 2006).

The volcanic activity in the Sirinia and Presacina Upper Paleozoic domains belonging
to the Danubian realm is rhyolitic and a direct consequence of post-Variscan extensional
tectonic activity starting in the Upper Carboniferous and reaching up to Middle Permian
times.

In the Sirinia basin, the Lower Permian is represented by lacustrine-fluviatile
sedimentary deposits (red beds) with a basement provenance, which contain the rhyolitic
volcanic clasts, associated with limnic carbonatic rocks, up to 200 m thick. The presence of
rhyolitic clasts suggests the inception of volcanic activity. This entire assemblage was
affected by the syn- and post-depositional tectonic events in transtenssive-transpressive
regime (fig. 1).

In spite of folding processes associated with the Alpine tectogenesis, the volcanic
deposits in the Sirinia domain are rather well preserved and encompasses a mountain area
which rises up to 600 m above the surroundings, has an estimated dimension of 6 x 10 km
and a thickness of around 1000-2000 m. The Permian volcanic deposits represent ~ 90% of
the all types of deposits, the others being terrestrial sedimentary. The main volume of
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erupted magma has generated many subaqueous effusive domes surrounded by extensive
hyaloclastic breccias as a result of the direct contact of magma with water (fig. 2).

Fig. 1 Large- to meso-scale dip-slip synthetic and antithetic normal faults showing a
conjugate geometry, typical for the extensional evolution of the Early Permian basins (south
of the emergence of Staristea river into the Danube — Sirinia Basin; the stick is 1 m long).

Fig. 2 Fig. 3

Fig. 2 Hyaloclastic breccia including cm-sized rhyolite clasts of various color (massive and flow
banded); the smaller green clasts are chloritized — Danube River-Sirinia Basin;

Fig. 3 Succession of fine and coarse fallout tuffs variably rich in accretionary lapilli with impact
sags generated by one centimeter-sized massive, angular juvenile clasts; the tuffs are covered by a
microbreccia of angular massive rhyolite fragments — Danube River-Sirinia Basin.

The result of this activity is most impressive, draping the former morphology
represented by terrigeneous deposits as red beds. Plenty of secondary epiclastic deposits
have also been formed, as turbidites or debris flow deposits (Cas et al., 1990).

The end of volcanic activity in the southern part of the basin was partially subaeriall,
partially subaqueous, represented by phreatomagmatic deposits or effusive domes, marking
the final filling stage of the basin. Proximal pyroclastic flow (dominantly non-welded and
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welded ignimbrites), pyroclastic surge and fallout (with rare impact ballistic structures), all
rich in accretionary lapilli, are characteristic to the area (Kokelaar et al., 1985) (fig. 3).

Compared to the Sirinia basin, in the Presacina basin the terrigenous siliciclastic red-
bed deposits are dominant. The sedimentary deposits are lacustrine-fluviatile, represented
by polygenetic conglomerates (in the base), up to 300 m, which are covered by sandy —
conglomerates and muddy — sandstone of variable thickness, up to 500 m (fig. 4).

In the Presacina domain, the Permian volcanism was also rhyolitic and subaqueous and
generated effusive domes, however of much less volume, compared with Sirinia (~30%).
The margins of the domes are bordered, as in Sirinia, by hyaloclastic breccias (fig. 5) and
secondary epiclastic deposits. No subaerial volcanic deposits were found.

Fig. 5

Fig. 4 Successions of sandstone and conglomerate in terrigeneous deposits, affected by NNE-SSW
directed compression tectonics, illustrated by en echelon Riedel fractures filled with calcite —
Tardastita valley-Presacina Basin;

Fig. 5 Hyaloclastic breccia including cm-sized glassy reddish rhyolite clasts (massive); — Iardasgita
valley-Presacina Basin.

Unlike Sirinia, where the end of volcanic activity in the southern part was partially
subaerial, partially subaqueous, represented by phreatomagmatic deposits or effusive
domes, marking the final filling stage of the basin, the Presacina basin most probably did
not reach the filling stage during the Permian times. Late fluvial erosion and deposition
dominated by rhyolitic clasts completed the evolution of the emerged part of the basin.

The similarities and differences in volcanic activity in the studied basins help and
improve the geodynamic reconstruction linked to the generation of extensional basins
during Paleozoic times, emphasizing the tectonic factors that allowed melting processes and
magma generation.

The present work was funded through a PALEOCLIM project (grant ANCS — PN2, 31-
063/2007), which is gratefully acknowledged.
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The East Slovakian Neogene volcanic bodies contain crustal xenoliths of various types.
The chemical and mineral compositions of the xenoliths were studied through the use of
several analytical methods. The xenoliths (enclaves) contain rare acid vulcanites, but are
rich in intermediary and more basic volcanic rocks, such as andesites or basaltic andesites.
Rhyodacites from the Zemplin tectonic Isle contain magmatic enclaves that display features
of argillitization, silicification and K-metasomatism. The xenoliths from the andesites and
their endogenous terms of the Slanské vrchy Mts. represent rocks of sedimentary and
metamorphic origin, and some magmatic enclaves, as well. Interesting types of such
enclaves are the pre-Tertiary Ca - skarn xenoliths with minerals such as wollastonite,
danburite, datolite and hedenbergite.

References

Cox, K.G., Bell, J.D., Pankhurst, R.J., 1993. The interpretation of igneous rocks. Chapman & Hall, London, 450p.

Deer, W.A., Howie, R.A., Zussman, J., 1992. An introduction to rock-forming minerals. 2™ edition, Longmans,
London, 1696p.

Kali¢iak, M., Zec, B., 1995. Review of Neogene volcanism of Eastern Slovakia. Acta Vulcanologica, 7/2, 87— 5.

Ludhova, L., Jandk, M., 1999. Phase Relations and P-T path of Cordierite-bearing Migmatites, Western Tatra
Mountains, Western Carpathians. Geologica Carpathica, 50/4, 283-293.

Yang, W., Rosenberg, P.E., 1995. The free energy of formation of datolite. American Mineralogist, 80, 576-584.

43






Geochemistry






AUI-G, 2010, Special Issue, GEO IASI — 2010

SPECIATION OF SILICA AND ALUMINIUM IN HORTIC ANTHROSOILS -
PEDOGEOCHEMICAL IMPLICATION

DUMITRU BULGARIUY, NICOLAE BUZGAR?, FEODOR FILIPOV?, LAURA
BULGARIU®

1 ALL Cuza” University of Tagi, Department of Geology, 20A Carol I Blv., 700505 Iasi,
Romania; e-mail: dbulgariu@yahoo.com; nicolae.buzgar@uaic.ro
2 lon Ionescu de la Brad” University of Agricultural Sciences and Veterinary Medicine
Tasi, Faculty of Agricultury, Romania; e-mail: ffilipov@uaiasi.ro
® Technical University ,,Gheorghe Asachi” of Iasi, Faculty of Chemical Engineering and
Environmental Protection, Department of Environmental Engineering and Management,
Romania; e-mail: Ibulg@tuiasi.ro

Keywords: speciation processes, hortic anthrosoils, silica.

The objectives of the present study were the following: (i) the determination of the total
content and extractable fractions, the forms of speciation and the occurrence of silica (SiO,)
and aluminium; (ii) the estimation of the potential risk of aluminium; (iii) the mechanisms
involved in the speciation processes of silica (SiO,) and aluminium, and their influences on
pedogenetical processes, under hortic anthrosoil conditions (soils from glass houses and
solariums).

The studies were conducted on soil samples from the Copou-Iasi glass house, and they
included the following: (i) the determination of the total content and extractable fractions of
silica and aluminium, through atomic absorption spectrometry and UV-VIS molecular
spectrometry, after the extraction with: (a) 0.3 M ammonium citrate (sodium dithionite,
bicarbonate buffer, pH = 7.3), (b) 0.2 M oxalic acid - ammonium oxalate (pH = 3.0), (c)
sodium pyrophosphate 0.2 M (pH = 10), (d) 0.5 M NaOH, (e) 0.4 M oxalic acid —
ammonium oxalate (pH = 3.2) (f) dissolution with HNO; and HCIO, conc. (Borlan and
Rauta, 1981; Quevauviller et al., 1994); (ii) the identification of the speciation and
occurrence forms, of the parageneses and specific associations for silica and aluminium
through chemical analyses, optical microscopy, X-ray diffraction, Raman spectrometry, IR
and UV-VIS (Cady et al., 1986; White and Roth, 1986); (iii) the thermodynamic and kinetic
modeling of the speciation processes of silica and aluminium (Bethke, 1996).

The results of the study indicated the following: (i) the contents of amorphous silica
and aluminium are unexpectedly high (amorphous SiO, is 16.16-71.65% of free SiO,), and
they present specific trends of accumulation in Aho2k(x) (content maximum) and lower
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horizons; (ii) the predominant forms of occurrence are: alumosilicious gels (upper
horizons), silica-alumo-phosphates gels, and organic-mineral complexes (Aho2k(x)
horizon), SiO,.xH,0, Al,03.xH,0, and (S, Al)-organic complexes (lower horizons); (iii)
some particular remarks, such as: (a) wide variety of speciation forms and occurrence of
aluminium; (b) high contents of silica and aluminium from organic-mineral complexes
(22.36-48.71% from amorphous silica, and 17.65-30.19% from extractable aluminium
included in organic-mineral complexes); (c) presence of silica and aluminium in the
Aho2k(x) horizon, as silica-alumo-phosphate solid solutions of the metastable type
(SiO2)x(Al,03)y(PO4), [x/z=(10-16)/1; y/z=(3-5)/1], with three-dimensional structures; (d)
the risk potential of aluminium is significant, given the high weight of mobile fractions — as
an average, 29.16% of the total amount of aluminium is directly accessible to plants (major
risk potential), and 70.84% is indirectly accessible to plants (latent risk potential).

The financial support for the studies was provided by the Romanian Ministry of
Education through grant PNCDI II, no. 51-045 / 2007.
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The objectives of the present study are the following: (i) describing the
pedogeochemistry and mineralogy of pedogeochemical segregation horizons (fragipans),
occurring in hortic anthrosoils; (ii) identifying the influence of pedogeochemical
segregation horizons, on the physico-chemical properties of soils; (iii) identifying the
conditions and mechanisms involved in the formation of fragipan horizons; (iv) establishing
the relative indicators for diagnosing and differentiating fragipan horizons.

The studies were conducted on soil samples from glass houses in lasi-Copou, Baciu
and Bérlad, and they included the following: (i) standard soil analyses - soil key indicators
were measured (Borlan and Rauta, 1981); (ii) mineralogical analyses - minerals and organic
components of soils, forms of occurrence, parageneses, and specific natural associations of
these components were determined (Cady et al., 1986; Dean, 1995); (iii) geochemical
analyses - the contents for the main macro- and micronutrients, the distribution of natural
tendencies and the association with soil components were determined (Dean, 1995; Gill,
1997).

The results of the study indicated the following: (i) the hortic anthrosoils are
characterized by high values of base saturation, available phosphorus and high ratios of
huminic acids and fulvic acids; (ii) the specific hortic anthrosoils show: major changes
through the profiles, wide variability of mineralogy and chemistry, salinization processes of
the upper horizons, the formation of a horizon of pedogeochemical segregation (fragipan) at
a depth of about 50 cm; (iii) the fragipan horizons determine the pedogeochemical
segregation of soil profiles, as suggested by: (a) the discontinuity of the water movement in
the soil profile; (b) the contrast between the physico-chemical conditions in the upper and
lower horizons, as follows: upper horizons reveal slightly oxidizing conditions, neutral-
slightly alkaline pH (7.61-8.04), high salinity (315.51-675.49 mg/100g of soil), and
humidity; lower horizons display intense biological activity, slightly reducing conditions,
weak acid pH (5.87-6.95), low salinity (152.95-288.38 mg/100g soils), and humidity; (c) a
typical evolution of the organic matter, the distribution and speciation processes of trace
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elements; (iv) a rapid degradation of physical and chemical properties of the soil; (v) as our
experimental data revealed, some aspects have crucial roles in the formation of fragipan
horizons: (a) the accumulation of fine particle fractions and of the amorphous mineral
forms in these horizons; (b) the high amount of smectites, iron oxi-hydroxides, amorphous
silica and organic matter in the composition of the soil aggregates; (c) high content of Si,
Al, Fe, phosphorus, and organic-mineral complexes; (vi) the fragipan horizons display high
contents of organic phosphate, as inositol-phosphoric esters, fulvic acids, and organic-
mineral complexes.

The financial support for the present study was provided by the Romanian Ministry of
Education through grant PNCDI 11, no. 51-045/2007.
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Description of Study Area

The studied area is located in the central-northeastern part of Romania (fig. 1), in the
Outer Eastern Carpathians. Downstream Izvorul Muntelui Lake, the Bistrita basin spreads
over an area of approximately 2960 Km? (42% of the entire Bistrita basin). The geological
background is represented exclusively by sedimentary formations with various degrees of
consolidation, namely different types of limestone, sandstone, clay, sand, silt etc. (Grasu et
al., 1988).

The river water in this sector is a mix of run-off water from Izvorul Muntelui Lake
(Gassama et al., 2009; Apetroaei, 2003) and a number of tributaries with variables river
flows. In this sector, some features of the Bistrita River (water and stream sediment) are
induced by the existence of several dams.

Sampling and preparation of sediment samples

Sampling points were located along the river, at a distance of 5 km each, yielding a
total of 18 initial samples. The sampling process was carried out according to Salminen et
al. (1988) — the <0.5 mm fraction was retained for further analysis. In the laboratory, the
initial samples were dried out at 105°C, then granulometrically separated for each location,
resulting 5 fractions (500-250 um, 250-125 pm, 125-63 pum, 63-45 um and <45 um); the
analysis of the active stream sediment was performed on these samples.
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Fig. 1 Location of study area

Analysis of sediment samples

The mineralogy of the sediment samples was determined on the <45 pum fractions of
the samples within the Department of Geology in Ljubljana, Slovenia, through X-Ray
powder Diffractometry using a Philips PW 3710 diffractometer and CuKa radiation. The
results were analyzed using PC-Automatic Powder Diffraction (PC-APD) Philips software
(Philips, Eindhoven, 1996). The diffraction patterns were identified using the data from the
Joint Committee on Powder Diffraction Standard (JPDS standard-1977). Quantitative
determinations of the trace metals were carried out within the Department of Geology of
the “Al. 1. Cuza” University of lasi, using X-Ray Fluorescence Spectrometry (ED-XRF
Epsylon 5).

Results and Discussion

The granulometric spectrum of the active stream sediment in Bistrita is controlled by
several dams located along the river. The coarser fractions are the main constituents, the
particles larger than 63 pm always exceeding 96%. The <45um fraction never exceeds 3%.
Related to these values, the clay fraction appears to be totally subordinated within the
granulometric composition of the sediment.

XRD analysis performed on the <45um fraction showed a high homogeneity of the
mineralogical composition (fig. 2). Quartz, albite, anorthite and calcite were identified as
major components; minor components are dolomite, chlorite, illite and mica. Apart from a
relative increase in the quartz content, there are no changes in mineralogical composition in
the river profile.

Fe, Mn, Cr, Zn, Ni and Cu were determined as total content. The values of their
distribution (tab. 1) have highlighted the following features:
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Fig. 2 Characteristic X-ray powder diffractogram of Bistrita active stream sediment

- along the river profile there is a slight increasing trend of the contents in each
fraction, from upstream to downstream. The increase is higher in the finest fractions,
although it is inferior to other values mentioned in the literature (Brekhovskikh et al., 2002,
Saulwood et al., 2002, Sakan et al., 2007): in the case of the Bistrita sediment, the EF
(enrichment factor) is 1.2-1.5 for Fe, Mn, Cr and Zn, while for Ni and Cr it is 2.0-2.1; in the
case of the tributaries, the EF values are lower: 1.0-1.2 and 1.6-1.8, respectively.

EF = Conc(elem)<ss,m / Conc(elem)sqo-250,m

- there is no significant correlation between trace elements and organic matter, most
likely due to the existence of small plant fragments within the samples;

- with two exceptions (Fe-Zn, Fe-Ni), the correlation coefficient matrix (tab. 2) shows
weak or no significant correlations. The main cause seems to be the low range of content
variations and the relatively small length of the river in the studied area;

- in various studies (Robinson, 1981, Mielke, 1979 in Salminen, 2005), the sedimentary
formations from the geological background have been characterized by low contents of Cr,
Zn, Ni and Cu. In the Bistrita basin, Grasu et al. (1988) report high quantities of organic
matter, which appear as intercalations within shales, limestones, sandstones etc., with
higher contents of trace element (Ni up to 138 mg/kg, Cr-275 mg/kg, Cu-140 mg/kg, Zn-
400 mg/kg). The lower stability of these compounds in the case of alteration processes
(Reuter and Perdue, 1977) makes the stream sediment appear enriched in relation to
“standard” sedimentary formations;

- compared to maximum values accepted by the Romanian legislation for river
sediment quality, the contents determined on fractions < 63 pum are placed differently: zinc
is under the limit (150 mg/kg), Cr and Cu are close to their respective limits (100 mg/kg
and 40 mg/kg), and Ni exceeds the value of 35 mg/kg;
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- the geochemical mobility of the trace elements is strongly reduced by the physico-
chemical characteristics of surface water, especially its pH, which is slightly alkaline, and
the close to zero values of the Eh (Grigoras, 2009).

Tab. 1 Concentrations of trace elements: minimum, maximum and average values

Bistrita tributaries

min max avg min Max avg

500-250 um 1.84 4.93 3.20 3.03 4.99 4.02

250-125 um 1.76 5.02 3.49 3.39 4.98 4.09

Fe (%) 125-63 um 1.83 4.83 3.80 3.36 4.84 3.86
63-45 um 2.95 5.27 4.29 3.69 5.03 4.38

<45um 3.18 5.50 4.64 4.32 5.59 4.89

500-250 um 487 1316 763 840 1246 1026

250-125 um 565 1283 823 814 1259 989

Mn (mg/kg)  125-63 um 585 1043 882 794 1092 890
63-45 um 718 1087 940 829 1083 922

<45um 768 1168 1024 874 1071 989

500-250 um 51.15 129.85 89.10 77.00 13325 107.84
250-125 um 4420 168.55 98.45 63.80 156.90 108.71

Cr(mg/kg)  125-63 um 7395 166.35 11335 84.90 142.80 11464
63-45 um 83.00 14365 11253 79.80 18695 117.79
<45um 7005 162.60 10527 9470 169.90 121.41

500-250 um 50.55 98.50 68.01 61.45 82.95 71.07
250-125 um 44.80 94.55 73.20 58.65 88.70 76.73

Zn (mg/kg) 125-63 pm 4295 111.00 82.07 63.95 112.80 76.42
63-45 um 5490 109.55 90.17 75.95 114.10 88.12
<45um 63.85 123.70 101.79 90.60 113.45 100.04
500-250 um 5.25 64.25 22.50 18.65 31.00 25.68
250-125 pum 9.35 75.75 28.49 19.70 43.95 33.15
Ni(mg/kg)  125-63 pm 410 5045 3007 1710 5255  33.18
63-45 um 3.25 67.55 38.46 20.05 60.55 41.42
<45pm 16.50 67.30 46.76 20.05 80.65 43.79
500-250 um 9.85 47.90 22.24 18.55 31.00 25.39
250-125 pum 11.25 49.00 23.48 18.70 32.25 26.11
Cu(mg/kg)  125-63 um 1200 4375 3003 1855 4355 2570
63-45 um 26.90 53.15 37.54 27.00 38.30 31.99
<45pm 29.00 81.40 44.35 32.30 49.25 39.81
Conclusions

The total contents determined for Fe, Mn Cr, Zn, Ni, Cu and their variation within the
basin does not suggest a significant anthropic contribution.
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Although the rocks from the geological background are mentioned in the literature as
having low concentrations of trace elements, the presence of numerous intercalations of
organic matter leads to a significant increase of average contents.

Tab. 2 Correlation coefficient matrix for selected trace element in the active
stream sediment of Bistrita and its tributaries

Fe Mn Cr Zn Ni Cu
Fe 1
Mn 0.34 1
Cr 052 -0.18 1
zZn 0.80 031 0.39 1
Ni 090 045 042 0.59 1
Cu 038 050 017 058 0.33 1

Different partitioning processes of trace metals mentioned in the literature are barely
visible or not visible at all: the only process which is highlighted is the influence of particle
size. The organic matter is not mature enough for us to be able to determine its influence on
the concentration levels.

The presence of some complex mineralisations in the upper sector of the Bistrita basin
is not felt in the lower sector, 1zvorul Muntelui Lake representing a geochemical barrier.
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Abstract

Archeo-metallurgical investigations related to the tin smelting site in the Early Bronze
Age have been focused on the Go6l Tepe, located in the Nigde province, Central Anatolia,
Turkey. The geology of the G6l Tepe consists of Paleocene-Eocene-aged sandstones and
sandy limestones. Tin backgrounds lower than 1 ppm have been found in these rocks. On
the other hand, the tin contents of the G&l Tepe soils range from 7 to 244 ppm (n= 48,
average 95 ppm). These values are at least 95 times higher than the local sandstone and
sandy limestone background (lower than 1 ppm). The enrichment factors of the Cu, Au, Pb,
Zn, Ni, Co, As and Sb of the soils, compared to the local sandstone and sandy limestone
background, are 3, 16.1, 5.2, 2.6, 3.11, 3.5, 20.4, and 28.3, respectively. The high
enrichment factor of Sn, compared to that of the other elements (such as Cu, Au or Pb),
along with the occurrence of tin values in the Gl Tepe soils and the gradual increase in tin
content from the bottom to the top of the hill, clearly indicate the fact that the Gl Tepe was
a tin processing site in the Early Bronze Age, rather than one for Cu, Au and Pb.

Keywords: tin, soil geochemistry, Early Bronze Age, GOl Tepe, Anatolia.

Introduction

The GOl Tepe, located in the southeast of the Nigde province (fig. 1), elicited the
interest of archeo-metallurgists, and excavations were carried out between 1987 and 1997
(e.g. Yener, 1989; Yener and Vandiver, 1993). After the excavations revealed ore
processing materials (such as crucibles, crashing and grinding stones; fig.2) and tin-rich
artifacts (such as rings, awls, pins and necklaces) (Yener 1989; Yener, 2009), the following
questions arose: Was this location a processing centre for tin or other metals such as Au or
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Cu? Where is the source of the tin? In order to answer the first question, we carried out a
geochemical investigation of the soil and local rocks in the Gol Tepe site. For this purpose,
3 local rocks and 48 soils were sampled and analysed. The second question, on the other
hand, has recently been discussed by several authors (e.g. Oztiirk and Hanilgi, 2009; Yener,

2009).
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Fig. 1 Location map of the Gol Tepe (Nigde-Turkey) tin smelting area

Preliminary Findings

Preliminary findings show that the Sn contents of 48 soil samples in the Gol Tepe
range are between 7 and 244 ppm. However, the Sn contents of 3 sandstone (local rocks)
samples in the same site are lower than 1 ppm. The average Sn content of the soil samples
is 95 ppm (n=48), and the Sn enrichment is at least 95 times greater than that of the local
rocks (sandstones). We accepted the Sn values of the local rocks (lower than 1 ppm) as a
threshold and created a tin anomaly map of the G&l Tepe site. It is clear that the Sn values
increase from the bottom to the top of the hill where archeo-metallurgical excavations were
done.

The values of the Cu, Au, Pb, Zn, Ni, Co, As, and Sb of the soil samples are 34.4, 10.2,
18.7, 56.6, 75.3, 16.3, 146.5, and 2.8 ppm, and those of the sandstone (local rocks) samples
are 11.4, 0.6, 3.6, 21.7, 24.2, 4.73, 7.2 and 0.1 ppm, respectively. The enrichment factors of
these elements in the soil, compared to the local rocks, are 3, 16.1, 5.2, 2.6, 3.1, 3.5, 20.4,
and 28.3, respectively. These data indicate that the ore material which processed in the Gol
Tepe site should contain these metals. Yet, if we compare the enrichment factors of the
examined elements, it is clear that the ore material processed especially for Sn, rather than

Au, Cu or Pb.
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®)

Fig. 2 A grinding stone with central hallows on facet (a), grinding and crashing materials (b) in the
GOl Tepe tin smelting site

References

Oztiirk, H., Hanilgi, N., 2009. Metallogenic Evaluation of Turkey: Implications for Tin Sources of Bronze Age in
Anatolia. Turkish Academy of Sciences Journal of Archeology, 12/200, 105-116.

Yener, K.A., 1989. Kestel: An Early Bronze Age Source of Tin Ore in the Taurus Mountains, Turkey. Science,
244, 200-203.

Yener, K.A., Vandiver, P.B., 1993. Tin processing at Gol Tepe, an Early Bronze Age site in Anatolia. American
Journal of Archeology, 97, 207-238.

Yener, K.A., 2009. Strategic Industries and Tin In the Ancient Near East: Anatolia Updated. Turkish Academy of
Sciences Journal of Archeology, 12, 143-153.

59



AUI-G, 2010, Special Issue, GEO IASI — 2010

NATURAL RADIOACTIVITY IN SOIL SAMPLES FROM THE AREA BETWEEN
BISTRITA AND TROTUS VALLEYS

ADRIANA ION*, SERBAN ANASTASE*

! Geological Institute of Romania-Bucharest, 1, Caransebes Street, 012271 Bucharest,
Romania; e-mail: adriana.ion@igr.ro

Keywords: natural radioactivity, soil, gamma-ray spectrometry, HPGe detector.

Introduction

Natural radionuclides in soil generate a significant component of the background
radiation exposure of the population. The terrestrial component of the natural background
is dependent on the composition of the soils and rocks which contain the natural
radionuclides. Natural and artificial radionuclides are retained by many environmental
materials, including soil. The level of the uptake depends on the physical and chemical
properties of radionuclides and also on the environmental matrix of interest (Shender,
1997). A significant contribution to total dose from natural sources comes from terrestrial
radionuclides such as *®U, %2Th and “K.

The present preliminary study deals with the measurement of decay products of the
uranium and thorium series, as well as of the primordial radionuclide “°K, in soil samples
collected at the surface from the area between Bistrita and Trotus Valleys. (Andér and Ion,
2002). The baseline data of this type will almost certainly be of importance in making
estimations regading the exposure of the population.

Experimental

The surface soil samples were collected from representative areas during the summer
of 2005. The sampling areas include urban sites close to highways and an industrial
activity zone; 80 soil samples were collected from the central-eastern Eastern Carpathians.
Soil sampling was carried out following a network of probation, so that a sample is
representative for an area of approximately 100km?®. The sampling stations are illustrated
in figure 1. Grass and pieces of woods were manually eliminated and stored in plastic
bags prior to the analyses. Because ?*®U, #**Th and “°K are long-life isotopes, the soil
samples were measured in 2009. All soil samples were dried at 110°C for 2 hours and
kept in air-tight containers (Marinelli beakers) for about 40 days, so as to guarantee that
the radionuclides ?’Ra and “®Th attained radioactive equilibrium with their daughter
products (IAEA, 2003).
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Fig. 1 The location map of the area under study and sample locations

The samples were analyzed non-destructively, using gamma-ray spectrometry with a
high purity germanium (HPGe) detector. The detector has a relative efficiency of 27%, a
resolution of 1.90keV and a peak/Compton ratio of 56:1 at 1.33MeV, and it is coupled to
conventional electronics connected to a multichannel analyzer card (MCA- DSPEC jr.2.0 -
ORTEC), installed in a PC computer. The detector was shielded from the background
radiation using a 10cm-thick lead, which was internally lined with a 2mm copper foil. A
software program called MAESTRO — 32 was used to accumulate and GAMMYVISION —
32 for analyzing data. The analyses were carried out using a gamma library that includes
over 300 nuclides and 4000 gamma lines. The system was calibrated for energy using
radioactive standards of known energies, such as “*Am, **’Cs and ®°Co. For an efficient
calibration, a multi-element standard, containing radionuclides with known activities was
used. The standard has the same size and geometry as the sample under study. Each
sample was counted for 80,000s. The background correction was accounted for by
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measuring a distilled water sample spectrum in the same geometry, and was subtracted
from each spectrum.

Results and discussion

The activity concentrations of the uranium series were determined using gamma-ray
emissions of 2°U at 63.29 keV (3.9%), ***Pb at 351.921 keV (37.1%) and 295.213 keV
(19.3%), ***Bi at 609.31 keV (46%) and 1120 keV (15.1%), for “Ra 186 keV (33%). In
the 22Th series, the emissions of 2°Ac at 338.4 keV (12.01%) and 911.2 keV (29%) were
used as a measure for ?®Ra, while ?°Ra was determined from emissions of ??Pb at 238.6
keV (43.1%), ??Bi at 727 keV (6.65%), and 2Tl at 583 keV 86%). For the actinium
series, “®Ra was determined from its emission at 154 keV (5.2%). “°K activity
concentration was determined directly from its emission at 1460 KeV.

The results of measurements for 80 soil samples collected at different locations in the
area under study were in the range of 7.54 to 57.25 Bq/kg for 22U, of 3.14 to 70.11 Bg/Kg
for **Th, and from 150.15 and 742.74 Bg/Kg for “°K.

Tab. 1 Concentrations of the natural radionuclides in soil samples (in Bg/kg) from different
East European countries, compared with those of the present study

East Europe Concentration in soil (Bg/Kg)

Country 28 Range Z2Th Range “K Range
Bulgaria 8-190 7-160 40 - 800
Hungary 12 - 66 12 - 45 79 -570
Poland 5-120 4-77 110 - 970
Russian Federation 0-67 2-79 100 - 1400
Slovakia 15-130 12-80 200 - 1380
Present study 7.54 - 57.25 3.14-70.11 150.15-742.74

Higher values of specific activity (for the ?*Th series) were observed within the range
measured in soil samples from Bistricioara (102 Bq/Kg), Grinties (124 Bq/Kg), Tulghes
(111 Bg/Kg) and Bicazul Ardelean (116 Bg/Kg) points. The #**Th content of soils reflects
the average “?Th content of the rocks from which they are derived (metamorphic rocks)
(Dickson and Scott, 1997). Table 1 presents the average value of the specific activity
regarding the natural radionuclides in soil samples from different East European countries,
compared with those of the present study. The data of table 1 show a normal distribution.
The measurements show that the values of specific activity in the soils from the
investigated area are comparable with the limit recommended by the United Nation
Scientific Committee on the Effect of Atomic Radiation (UNSCEAR, 2000).

Conclusion

The measurement of the natural radioactivity in soil plays a crucial role in the
assessment of the changes occurring in the natural background in time, as a result of
radioactive release. Monitoring all releases of radioactivity into the environment is
important for environmental protection. An important radiological concentration
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consequence of the natural radioactivity in soil is the effect of y- rays on the human body.
The concentrations of 28U, #?Th an “’K are comparable to the reported East European
range. The activity of “°K is much higher than that of 2*U and #Th.
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Abstract

55 samples of asphaltites from 12 different veins in the Sirnak area and two oil samples
from the Raman and Dinger Oil fields in Southeast (SE) Turkey have been analyzed
through a series of organic geochemical methods (TOC, rock-eval pyrolysis, gas
chromatography of saturated fractions, gas chromatography-mass spectrometry and stable
carbon isotope). The TOC contents in the asphaltites range from 12 to 65%. The Tmax
values range between 428°C and 465°C. The hydrogen index (HI) values vary between 270
and 531 mg HC/g TOC. The levels of biodegradation of the asphaltites were studied
through GC analyses of the saturated fractions and none to moderate biodegradation has
been found. The maturity of the asphaltite samples was assessed using biomarker ratios
provided by GC-MS analysis. Stable carbon isotope (**C) analyses of the Raman-Dincer
oils yielded values of about -27 per mil. and the asphaltene fractions of the asphaltite
samples led to similar values, of about 26.8 per mil. It is presumed that the asphaltites are
of oil origin and have solidifed in veins close to the surface, and the geochemical
correlation does suggest similarities between the Sirnak area asphaltites and Raman-Dinger
oils.

Introduction

Asphaltite is a petroleum-origin rock. It is formed from liquid or semi-liquid asphalt
material present at depth, which is placed in splits, cracks and empty spaces through
transportation with effects such as pressure, gravitation and temperature. Due to the
investigation of coal or petroleum-origin bitumen and pyrobitumen-containing formations
found throughout the world as an alternative in the production of liquid/gas fuel and
chemical raw material, this subject gained importance in Turkey, and the number of studies
dedicated to the recognition and evaluation of asphaltite has increased (Bartle et al., 1981).
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In the study area, the asphaltic veins are located at high angles in fractures of the
bedding of the Campanian-Maestrihtian Germav Formation, the Paleocene-Lower Eocene
Gerglis Formation and the Jurassic-Triassic Cudi Group units. The asphaltic veins
investigated were Seguriik, Avgamasya, Seridahli, Nivekara, Milli, Ispindoruk, Anilmis-
Karatepe, Rutkekurat, Ugkardesler, Harbul, Silip, and Ortabag-Ortasu, a total of 12 veins
(fig. 1).
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Fig. 1 Location map of investigated asphaltites

Given the varying descriptions of asphaltites, as well as of their origin and formation
mechanisms, previous researchers have investigated the origin of avgamasya asphaltite
through different methods, and have tried to compare asphaltites with nearby oil
occurrences in order to discover whether asphaltite is petroleum-originated or not. For the
comparison with petroleum, they have chosen very heavy and viscous Raman and Dinger
oils; API Gravity (13 and 15) Sulfur (wt.% 5.5 and 6.1). Other studies have noted chemical-
compound similarities between asphaltite taken from only one vein of the Avgamasya
region in Sirnak, and oils from the Raman and Dinger fields, suggesting similar origins
(Akrami et al., 1997; Erdem et al., 1991; Kavak and Yal¢in., 2003; Kavak, 2007; Kavak,
2009). Furthermore, E. Muller et al. analyzed nine asphaltite sample from only one vein of
SE Turkey, named the Seridahli vein, and five crude oils from 5 different reservoirs
(Celikli, Garzan, Raman, South Dinger, West Raman Field) in the Southeast (SE) of
Turkey, with the aim of relating the oils and asphaltites of SE Turkey (Muller et al., 1995).
The samples collected from 12 different asphaltite veins of the Sirnak area have been
described by using organic geochemical methods (Kavak et al., 2010).

The aim of the present study is to compare 12 asphaltite veins in the Sirnak area
(including the Avgamasya area), two of which, namely the Kumgcati and Silip veins,
possess oil seeps, with Raman and Dinger petroleum, and to search for any clue that may
indicate that asphaltite has any relation with these oils seeps found in the Kumgat: and Silip
veins (Kavak et al., 2009; Kavak et al., 2010; Kavak and Connan, 2005) (fig. 2).
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Tab. 1 Quantity, yield and gross composition of the CH,Cl, extract from asphaltites 3**C of asphaltenes and biomarker ratios

Location  %EO (weight%) I;Z(;:a;(sli % EO/TOC Extract ppm Saturates % Aromatics % ReosA: ns Asphal-tenes % aspha16 (1;0 PDB) Ts/Tm 03%2\/5 I
Seguruk 5.29 40.7 13.0 53 5.8 231 343 36.8 -26.8 0.04 0.007
Avgamasya 7.52 442 17.0 75 8.3 41.7 35.8 14.2 -26.8 0.05 0.007
Seridahli 2.08 38.7 54 20776 30.6 46.3 18.4 4.7 - - -
Nivekara 1.93 43.9 44 19348 26.3 49.2 211 34 - - -

Mili 3.40 34.1 10.0 34 8.3 38 339 19.8 -26.6 0.49 0.02
Karatepe 2.05 39.7 52 20535 41.1 38.7 18.1 21 - - -
Kartaltepe 11.39 475 24.0 114 3.3 274 31.8 37.5 -26.8 0.05 0.007
Harbul 21.67 49.6 43.6 217 4.1 27.2 36.2 325 -26.9 0.015 0.005
Kumcati 241 39.5 6.1 24086 6.9 324 26.5 34.2 -26.8 0.17 0.014
- not determined
Tab. 2 Biomarker ratios and isotope values of asphaltites
. _ 313C whole TsTm  s/Tm peal Hopane / Hopane + Hopane / Hopane + 22S/22S + 22R 225/22S +22R
Vein Location asphaltite (%o (surface area) _height C30Moretane (surface C3OMorgtane (peak  (C3laBHopane ) surface (C31<xBHo_pane ) peak
/PDB) area) height) area height

Seguruk -25.7 0.07 0.04 0.88 0.91 05 0.54
Seguruk -23.6 0.47 0.3 0.89 0.94 0.6 0.6
Avgamasya -23.6 0.21 0.18 0.84 0.92 0.52 0.55
Avgamasya -24.8 0.15 0.14 0.72 0.88 0.55 0.57
Ciftciler -23.3 - 0.06 0.87 0.9 0.54 0.55

- not determined



AUI-G, 2010, Special Issue, GEO IASI — 2010

Fig. 2 Kumgati-Silip Asphaltites Viens and Oil Seeps

Methods

We carried out the organic geochemical evaluation of 55 asphaltite samples collected
from 12 different veins of the Sirnak area, and petroleum samples taken from running oil-
wells in the Raman and Dincer fields in SE Turkey. In order to investigate the organic
geochemistry of the asphaltite veins, TOC-Rock-Eval pyrolysis, GC, GC-MS and isotope
analyses were performed on the selected samples.

Results and Discussion

TOC and Pyrolysis Analyses

As one would expect, the amount of TOC is high for asphaltites, varying between 12
and 65% (tab. 1). The average TOC value for the 55 samples collected from 12 different
veins of the Sirnak area is 42.2%. Significant differences in TOC for asphaltites indicate
that they were not extensively invaded with bitumen during the filling of the vein. Natural
asphalt did not penetrate into the host rock due to its low porosity.

The interpretation of Rock-Eval data was based on parameters and experimental limits
documented by Espitalie et al. (1985) and Peters (1986). For the samples studied, HI values
are quite high, the average being 309 mg HC/g TOC, whereas Oxygen Index values are
very low, contrary to expectations generated by the published papers (4 mg HC/g TOC on
average). Tnax Values range between 440 and 479°C (446.2°C on average). A value of
609°C, recorded in a sample taken from the Segurik vein, belongs to a single sample that
underwent high temperatures through natural burning. This value is, therefore, not
representative for the asphaltite of this seam. In the T...-HI diagram, the asphaltites are
classified as Type-Il kerogen. (fig. 3). The asphaltites were determined as mature to post
mature according to the T, values.

Extraction and Group Analyses

The GC analyses showed that the saturated fractions were biodegraded in all
asphaltites. For this reason, no evaluations related to the pristane-to-phytane (Pr/Ph) rate,
carbon preference index (CPI), and n-alkan distribution were carried out. However, Bartle
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et al. (1981) reported that asphaltite Pr/Ph rates were lower than 1, and that the source rock
of the main asphaltite had settled in an anoxic area.

Nevertheless, parameters determined from hopane biomarker analysis, such as H/H+M,
Ts/Tm, 20S/20S+20R, and 22S/22S+22R, which were detected at the end of the GC-MS
analyses, and sterane biomarkers C,7, C,g, and Cyg —Sterane abundances were used for the
maturity and interpretation of the depositional environment. The resulting sterane
isomerization (20S/20S+20R) and bishomohopan isomerization (22S/22S+22R) rates
indicated that the isomerization was completed (fig. 4).
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Fig. 4 GC-MS analysis of C15+saturates: TIC,
terpane (m/z191) and sterane (m/z 217) mass
fragmentograms of an asphaltite (Kavak et al.,
2010).

The above result is supported by the low ratio (<0.9) of Hopane/Hopane + Moretane.
The Ts/Tm value of >1 showed that the probable main rock had a clay-rich lithology. The
normal sterane percentages of C,;,, Cy, and C, indicated a marine depositional
environment. However, the average C,y value of approximately 40% implied a land organic
matter input (tab. 2). Regarding the maturity, a moderate one is indicated. Analyses of
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Raman-Dinger oils resulted in pr/ph rates <1, suggesting that the source rock of these oils
was deposited in an anoxic environment (fig. 4).

Stable carbon isotope (*3C) analyses of both oils of the Raman Dinger and asphaltite
samples revealed a value of -27 per mil for the Raman Dinger oils, and values between -
23.5 and -25.7 for the asphaltites (tabs. 2, 3). Considering that the asphaltite was exposed to
biodegradation, the asphaltite and Raman Dinger petroleum can be said to have the same
origin, in agreement with previous studies based on different methods (Akrami et al., 1997;
Erdem et al., 1991; Kavak et al., 2007) (fig. 4).

Conclusions

The asphaltite and Raman Dinger petroleum can be said to have the same origin, in
agreement with previous studies based on different methods. New studies at local and
regional levels are needed, especially regarding the settlement mechanisms of asphaltites.
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Abstract

In the present paper, the carbon content of meteorite debris located near the village of
Lehri in the Jhelum district, Pakistan, has been determined through combustion analysis.
This carbon abundance has been compared with the carbon weight % value of a certain type
of meteorites, to establish the origins of the parent body of this particular meteorite debris.

Background Information

Meteorite ablation debris has been identified near the village of Lehri (33°09'09"N;
73°33'35"E), in the Jhelum district, Pakistan (Kayani, 2009). The elemental and mineral
composition of this meteorite debris have been determined using combined XRD-XRF
analysis. Although X-ray fluorescence (XRF) spectrometry has become a fairly reliable
method for elemental analysis, it can still miss on many lighter or trace elements like
carbon and sulphur. As discussed in the next section, carbon abundance plays a significant
role in the identification of the formation process and evolutionary stages that took place
throughout the life span of a particular meteorite and its parent body.

In the present study, the total carbon content of the meteorite debris has been
determined and this abundance has been compared with values reported in the literature in
an attempt to identify the origins of the parent body of this meteorite debris.

Testing and Analysis

Carbon is one of the most important elements in nature. It can exist in many stable
forms and the chemical structure of carbonaceous matter depends upon available
environmental conditions. The abundance, composition and structure of carbon can be
analyzed to gather information about the initial formation process and the environmental
changes undergone by the carbonaceous matter (Murae et al., 1993). In carbon rich
chondrites (stony meteorites), carbonaceous matter has been identified as graphite,
amorphous, kerogen-like, in some cases diamond, and mostly as a structurally unclear
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insoluble high molecular organic compound. In iron and stony-iron meteorites, carbon is
found as graphite or less ordered graphitic matter (Murae et al., 1993; Swart et al., 1983;
Amari et al., 1990).

In light of the above, it seems that carbon abundance can serve as a useful clue in the
identification of the nature and origin of a particular meteorite. Furthermore, it can be used
to detect alterations in the structure of the original matter (of the meteorite) due to impacts,
collisions etc. (In this regard, a very interesting study has been presented by Weller and
Wegst (2009), in which the initial carbon abundance in a chondrite, detected using
spectroscopic analysis, was further explored through Fe-C Snoek peak analysis, and it was
determined that the structure of the chondrite has been altered because of local heating
effects in a collision.)

For the meteorite debris under study, the XRD analysis has detected magnetite and
wustite as predominant iron phases (Kayani, 2009). The presence of wustite shows a reducing
environment which may have existed either due to the collision of the parent body with
another celestial object, or to high pressure and temperature caused by resistance against the
atmosphere of Earth. As the meteorite debris has been found lying over the site in the form of
small stones, it seems that, upon its entrance into Earth’s atmosphere, the parent meteoroid
succumbed to increasingly high pressure and temperature, and, at a certain height, exploded
into innumerable small pieces that came to rest on this particular site. This kind of behavior is
typically observed with chondrites, as they are more vulnerable to high pressure and
temperature effects due to their composition and structure.

Tab. 1 Carbon and Sulphur Abundance

Element Abundance (wt%)
C 0.43
S 0.04

In order to determine the abundance of carbon and sulphur in the meteorite debris, a
specimen was tested through combustion analysis using the facilities available at the
Petroleum Geochemistry Laboratory of the Hydrocarbon Development Institute of Pakistan
in Islamabad. In the combustion analysis of meteorites, carbon is released over three
different heating ranges. Recent contaminants are detected below 500°C, while weathering
products (i.e. carbonates) decompose around 1000°C. The spallogenic components (from
metals and silicates) are identified during melting. Heating up to 1000°C is used to
determine the weathering age, whereas the melt is analyzed to establish a terrestrial or
residence age for the meteorite. The testing results are included in table 1.

The carbon abundance for this meteorite debris is in conformity with the median
carbon abundance value for enstatite chondrites (i.e. 0.4 wt%), as reported by Moore and
Lewis (1965). This carbon value, along with the elemental composition determined through
XRF analysis by Kayani (2009), supports the idea that the parent meteoroid body of this
debris may have been an enstatite chondrite. Enstatite chondrites have a high iron content
(up to 30 wt%), and contain a magnesium-silicon mineral enstatite (Mg,Si,Og). The silicon
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and magnesium abundance values detected through XRF analysis are 3.93 wt% and 0.342
wt%, respectively (Kayani, 2009). The increased relative abundance of iron (56.28 wt%) in
the meteorite debris is attributed to ablation effects experienced by the parent meteoroid
body upon its entry into Earth’s atmosphere and its subsequent explosive disintegration into
small meteorites. This meteoroid may be related to a primitive undifferentiated parent body
or an asteroid. Such asteroids represent the earliest rocky bodies that originated within the
solar system. Most of these asteroids float around the Sun within the orbits of Mars and
Jupiter (the so-called “asteroid belt”).

Conclusion

Based on the analyses included in previous section, the meteorite debris is identified as
enstatite chondrite in nature. The parent body of this meteorite debris may have originated
from the “asteroid belt.” It may have been hurled (as a result of a collision with a
neighboring celestial object) into a trajectory that ultimately brought it into close proximity
with Earth, and was finally pulled down by Earth’s gravity, causing it to crash on this
particular site. Because of technical limitations, attempts for radiocarbon analysis were not
successful. As a result, a terrestrial age for the meteorite could not be established as of now.
(the terrestrial age being the age or time elapsed since the meteorite landed on Earth and
started absorbing **C.) Further testing using the thermo-luminescence (TL) analysis is
proposed for this purpose.
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The central neck of a parasitic andesite volcano, exposed at the eastern margin of the
Slanske vrchy Mts., is found in the locality of Vechec; it belongs to a group of Neogene
composite volcanoes developing in Eastern Slovakia. Pyroxene-bearing andesites
(55.91+57.51% SiO,, 3.81+4.29% Na,0+K,0) are well-known for their content of
tridymite and rare minerals, such as tobermorite, gyrolite, apophyllite etc., filling the cracks
and cavities of the andesites; some carbonates (e.g. calcite, aragonite) and zeolites (e.g.
stilbite, heulandite; Kosuth, 1999) may also be identified in various enclosed xenoliths. The
andesites were developed as a product of a relatively dry, Ca-alkaline, arc-type magma that
enclosed a wide range of basement rock fragments.

Among the xenoliths from the studied andesites, the dark, cordierite-bearing ones, are
the most interesting; the xenoliths of bluish-black, hornfels-like rock are mostly compact,
homogeneous, without a distinct granular fabric. Using thin section microscopy and XRD
(the powder technique), the petrographic features and the polymineral character of the
xenoliths were studied. Selected cordierite and other mineral particles were identified
through the WDS-EPMA technique. The samples consist mostly of a-cordierite and
plagioclase, associated with disseminated Fe-spinel. More detailed investigations have also
revealed the presence of ilmenite, biotite, K-feldspar, apatite, ankerite, and andalusite; an
amorphous glassy-phase was identified as well. Apart from this mineral composition,
zeolitization processes or the magma caustic effect may also be assumed. The xenoliths
belong to the CHA type and display a highly aluminous character, with just 45% SiO,. The
Mg vs. Fe ratio indicates the prevalence of cordierite over the sekaninaite end-member. The
analysis of anhedral plagioclases shows the presence of the oligoclase term (Abg, 5 74.90); all
K-feldspars are of the anortoclase type, with the albite/sanidine mutual ratio close to 1:1.
The mentioned spinels are either highly ferous, with 0.65+0.69 (Fe+Mn)/(Mg+Fe+Mn), or
they belong to the hercynite term.

The low contents of some elements such as Ni and Cr (less than 0.06%), and some
contamination with alkalis (Na,O up to 0.38%, and K,O up to 1.28 %), point to the origin

74



AUI-G, 2010, Special Issue, GEO IASI — 2010

of its protolith from the upper crust. We assume that the sample VX7 is the only relevant
protolith; it appears as a dark grey laminated xenolith with spinel and a MgO+Fe, content
similar to that of the cordierite-bearing xenoliths. Based on its XRD patterns, the protolith
is an An-plagioclase-bearing rock, with minor to accessory sanidine, ilmenite, titanite,
clinopyroxene (Di+Hd with around 16.5 to 23.0% CaO), and fluorapatite. Medium Mg-Fe?*
spinels differ from those from the cordierite xenoliths; an amount of around 12.5% MgO
yield a (Fe+Mn)/(Mg+Fe+Mn) ratio within the 0.493+0.508 range. The thin sections
scanned showed calcite and younger feldspars crossing the cementing spinel.

Due to the magma caustic imprint and to additives, we assume the partial melting of
such an An-plagioclase+spinel-bearing rock, which leads to an Al-Fe-Mg(Ti)-rich melt. We
suggest that the compact fabric of the cordierite xenolith may be the consequence of a
gradual crystallization from the dark Al-glassy phases (relics confirmed by EPMA). The
appearance of cordierite through devitrification has already been proven (e.g. Grapes, 1985;
Renzulli, 2003), and is often present in the fabrication process of industrial cordierite
ceramics (Kobayashi, 2000; Shu et al., 2002). Thus, we assume that the a-cordierite from
the VX7 protolith was formed in the magma chamber through equations similar to those of
the artificial sintering:

Melt/Al-glass + Na",K* — Crd. + PI; K-Fs. + Fe-Sp. + lIm. + AlSiOs

Fe-cordierite usually originates at about 850-900°C, through amorphous glassy stages
or from intermediate silicate phases with spinel (McRae-Nesbitt, 1980). Asociated with the
hercynite end-member and with CI+F fluid additives (relic contents confirmed), it may
originate at temperatures of even 700°C.
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Introduction

The main material indicators of impact-related mineral material are studied using
optical microscopic observation on impacts on dry lands as remnants of Earth, the Moon,
asteroids and Mars. Almost all ocean impact materials (including meteorites) are
considered to be broken to melt away on the water-planet Earth. The main purpose of the
present paper is to find any microscopic electron evidences of ocean impacts, which are
solidified to other combined materials with supplied elements (a metamorphosis) during
impact processes.

Samples of impacts on dry rocks and oceans

The remnants of impact materials which have been studied extensively in previous
papers are mainly metamorphic solids (after high pressure) of dry target-rocks as silica-rich
rocks (silicates or oxides) and carbon-rich rocks (limestone or carbonates), together with
meteoroid projectiles as iron-rich oxides etc., which have so far been found on Earth, the
Moon, asteroids and Mars (Miura et al., 1995).

However, meteoroids (asteroids) which collide with oceans (ca.70 vol.% of the Earth’s
surface) are almost completely broken and melted away in the water after the impact,
together with the target rocks. In this respect, previous material evidences on “ocean
impact” are summarized as follows (Miura et al., 1995; Miura and lancu, 2009; Miura et
al., 2009):

1) “dark-brownish thin-layer of geological boundary” (the 65Ma KTB or 250Ma PTB)
with iron-rich oxides or sulfides of heavy elements;

2) “bulk elemental concentration” of Pt-group elements (including Ir) after the impact,
during the formation of geological boundaries;

3) remaining metamorphic materials of spherule glasses and minerals of graphite-
diamond carbon, shocked quartz, shocked calcite or zircon, which are mainly based on
target rocks from the bottom of the ocean if the impact is massive.
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There is little direct information on the above-mentioned impact-related materials and
ocean impact. This is mainly because these materials are based on re-formed materials of
meteoritic or dry target rocks, except ocean or ocean-sedimentary rocks.

Impact glasses and breccias that record information on ocean impact

After the ocean impact, in which almost all fragments are broken immediately in the
water, the only materials remaining after the ocean impact are investigated by using data
related to a) impact glasses and spherule quenched processes during impact, b) nano-grains
(as 100nm aggregates composed of 10nm grains), and c) halite (solidified from the ocean)
or calcite carbonates (from shallow ocean-bottom rocks) through quenching processes, as
shown in Fig.1 (Miura, 2008, 2009b, c).

—o— Halite grain
W@ o

C02 Na20 si02 [e] K20 Cr203 FeO

Fig. 1 The ASEM electron-micrograph (left) and compositional diagram (right) of the
LDSG (Libyan Desert Silica Glass from Africa), with 100nm-sized fine grains of halite
(NaCl) in cracks solidified from quenched water at impact. The scale bar is 200nm.

Chlorine-bearing materials resulted from impacts

Significant amounts of chlorine are found in solidified materials of fine halite (NaCl)
remained in the quenched glass from the salty ocean (Fig.1). This can be clearly
distinguished from chlorine-bearing minerals resulted from the direct collision of
meteoroids in the air, which show akaganeite with Fe, Ni and CI (without Na) in
composition, supplied directly from meteoritic projectiles (Miura, 2008, 2009a, b; Miura et
al., 2010).

Carbon-bearing materials resulted from impacts

Fine particles with carbon-bearing materials in LDSG impact glasses display the
following characteristics: a) irregular shapes and nanometer sizes; b) various aggregates
with sizes ranging from one micrometer to 100nm, which indicate metamorphosed
limestone resulted through rapid cooling during the impact from target rocks of carbonates
at shallow ocean-bottom sediments (Miura, 2009a; Miura et al., 2010).

In this respect, nano-sized carbon-bearing particles with irregular shapes are thought to
be formed through ocean impact, together with chlorine-rich halite with fine nano-particles
(without any Fe ions), by quenching in the ocean (Fig.2).
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Fig. 2 The ASEM electron-micrograph (left) and compositional diagram (right) of the
LDSG tektite sample of fine Ca-carbonate calcite, which represents aggregates of nano-
particles (10nm in size) resulted from quenching in the ocean state. The scale bar is
100nm.

Impact carbon- and chlorine-bearing particles in other impact sites

Fine carbon- and chlorine-bearing particles (without Fe) are found in samples of the
ocean-impacts of the drilled core and glasses, as follows (Miura, 2008, 2009a,b; Miura et
al., 2010; tab. 1):

1) Takamatsu (Kagawa, Japan) breccias in drilled grains near the crater bottom;

2) the Akiyoshi (Yamaguchi, Japan) Palaeozoic breccias in the drilled core;

3) Libyan desert silica glasses LDSG (Libya, Africa) in cavity or vein;

4) Congo diamond (DR of Congo, Africa) in vein and cavity;

5) the KT and PT geological boundary samples (Spain, and Meishan, China).

Tab. 1 Origins of carbon & chlorine in ocean-water impacts (Miura et al., 2010)

Carbon: Shallow origin from carbonate rocks (calcite etc.)
Deep origin from the ocean (carbonate ions etc.)
Chlorine: Solidified halite (cf. akaganeite from sources resulted from meteoritic collision)
Summary

The present study is summarized as follows:

1) Material evidences of ocean impact are obtained as carbon-bearing fine-particles
with irregular shapes supplied from carbonate rocks (with calcite) or the deep ocean,
together with fine halite particles supplied by the chlorine-bearing ocean, although
chlorine-bearing meteoritic sources are found as akaganeite phases with Fe ions.

2) Similar materials of fine carbon- and chlorine- bearing particles are found in the
Takamatsu breccias(Japan), the Akiyoshi limestone breccias (Japan), the Libyan glasses
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LDSG (Libya, Africa), Congo diamonds in cavity, and the KT and PT geological samples
in spherule glasses (Europe, China etc.), which are related mainly to ocean impact.
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Cambrian to Miocene magmatic, metamorphic and sedimentary rocks were observed in
the area developed between Cariksaraylar and Kozlucay that is located about 50km
northeast of Isparta; the perimeter covers an area of about 80km?. There are at least two
autochthonous bauxite levels in the Islikayatepe volcanic rocks. These lateritic bauxite
occurrences, generally aligned SE-NW, were observed around Kislatepe, Muratbagi,
Islikayatepe, Ortatas Hill, Uckardesler Hill, Hatibinagil Hill, and Kizil Hill. In the present
study, three of them (Muratbagi, Uckardesler-Hatibinagil Hill and Kislatepe) were
investigated geochemically. All three lateritic bauxite levels occur at the top of the
Islikayatepe volcanic rocks and show an autochthonous character. The three profiles are
103m, 167m and 120 m thick, and are represented by basic volcanic rocks, partly weathered
volcanic rocks (saprolite) and bauxite levels, respectively. The bauxite levels occur between
Mezardere formation (on the bottom), represented by dolomite and dolomitic limestone,
and Aktassirti Limestone (on the top), represented by limestone and dolomitic limestone.
The chemical composition of the three different bauxite occurrences is presented in table 1;
the means of the major oxide composition of these lateritic bauxites are as follows: 42.01%
Al,0O3, 26.03% Fe,03, 5.10% TiO,, 12.35% SiO,, 1.00% CaO, 0.78% MgO, 0.09% Na,0,
and 0.46% K,0.

Tab. 1 The composition of the major oxides of Kislatepe, Muratbagi and Uckardesler-Hatibinagil
bauxite occurrences

Chemical composition (Wt %)
A|203 Fe,04 T|02 SlOZ CaO MgO Na,O K,0O
Kislatepe 4265 25.87 491 115 1.22 0.78 0.04 0.10
Muratbagi 39.98 25.22 5.61 14.19 131 0.76 0.12 0.26
Uckardesler - Hatibinagil ~ 43.55 27.0 4.79 1136 0.48 0.81 0.11 1.02

Occurrence (location)
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The mineralogical composition of the bauxite levels is represented by diaspore,
hematite, boehmite, kaolinite, saponite, nontronite and anatase. The bauxites were classified
as “autochthonous lateritic ferruginous bauxite”, according to their chemical composition
and their geological settings.

References

Arik, F., Bozkir, Y., Ozturk, A., 2009. Geochemical Investigation of Basic Volcanite-Hosted Lateritic Bauxite
Occurrence in Muratbagi (Isparta-Turkey) (In Russian). Mafic-ultramafic complexes of folded regions and
related deposits Institute of Geology and Geochemistry UB RAS, Kachkanar-Ekaterinburg, Russia.

Bozkir, Y., 2007. REE and formation conditions of bauxites between Cariksaraylar and Kozlucay (Sarkikaraagac-
Isparta). MSc Thesis, Selcuk University, Konya, Turkey, 105p.

Bozkir Y., Ayhan A., Arik F., 2008. Geological Investigation of the Cariksaraylar-Kozlucay area (Isparta-
Turkiye). 8th International Scientific Conference, Bulgaria, 1, 75-80.

Bozkir, Y., Ayhan, A., Arik, F., 2009. Geologic and Geochemical Characteristics of Basic Volcanite-Hosted
Lateritic Bauxite Occurrence in Uckardesler-Hatibinagil Hill (Isparta-Turkey). Mafic-ultramafic complexes of
folded regions and related deposits Institute of Geology and Geochemistry UB RAS, Kachkanar-Ekaterinburg,
Russia.

81



AUI-G, 2010, Special Issue, GEO IASI — 2010

GEOCHEMICAL CHARACTERIZATION OF MARINE SEDIMENTS AND
RECENT FORAMINIFERA IN SERIK, EAST ANTALYA, TURKIYE

SEYDA PARLAR!, MUHITTIN GORMUS?

! Selcuk University, Faculty of Engineering and Architecture, Department of Geological
Engineering, 42075 Konya, Turkey; e-mail: sparlar@selcuk.edu.tr
2 Suleyman Demirel University, Faculty of Engineering and Architecture, Department
of Geological Engineering, 32260 Isparta, Turkey; e-mail: muhittin@mmf.sdu.edu.tr

Keywords: heavy metals, marine sediments, foraminiferal test, trace elements, Serik.

Geochemical analyses of sediments and foraminiferal tests could provide data for
environmental interpretation. For this purpose, surface sediments collected from the
shoreline area, along with sediments obtained by core drillings in Serik, were analyzed in
order to determine their textural and compositional characteristics. Geochemically, the
sediments have been compared in terms of the concentration of major and trace elements.
The results indicate that the sediments have generally normal levels of heavy metals.
However, a few samples display high Pb, Zn and Cu values, which suggest that the metals
were transported away from the rock sources by rivers. Moreover, the results of
compositional analysis reveal the relatively high amounts of organism remains. The semi-
quantitative analysis of foraminiferal tests indicates that most of the tests have normal
levels of heavy metals; just a few examples display relatively high values of Pb, Fe, Mn,
Cr, Ni, Zn, Hg and Cu. The temperatures of seafloor water have been determined based on
the Mg/Ca ratios of shells of foraminifera. Mg/Ca ratios vary between 2.123 and 129.74,
and temperatures vary between 4.37 and 45.94°C. The values of 6"°C - §'%0 have provided
information about the depositional environments of sediments. The results indicate that the
sediments are of marine origin. The analyses of the grain size of these sediments have been
performed in order to characterize the sediments and to acquire data about their
depositional environment. All results of the present study provide useful information for
ongoing scientific research.
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The magnesite mineralization is located in the Margi village of Eskisehir (NW Turkey).
The magnesite deposits lie in serpentinized peridotite of Alpine-type ultramafic rocks, as
individual veins and stockworks. The contacts between the magnesite veins and the host
rocks are irregular and sharp. The veins display a NW-SE orientation. The thickness of the
veins ranges from a few centimeters to 20 cm, and the length ranges between 3 and 9 m.
Both types of magnesite are generally hard, have a conchoidal fracture and a white,
porcelanous luster, and contain small amounts of Mn.

The analyses of the thin sections indicate that magnesite has a cryptocrystalline
structure, as all ultramafic-related magnesite displays; it has a brecciate texture, which is
not visible macroscopically. Thin section and XRD analyses reveal that some samples
consist mostly of magnesite, some calcite and dolomite, and, only accidentally, serpentine.

The major, trace and rare earth element contents of magnesite were analyzed in the
Canada ACME Analytical Laboratories Ltd. by means of the ICP-MS, Fire Assay, and ICP-
ES methods. The major-oxide contents of magnesite are the following: MgO (46.04%),
SiO; (1.41%), CaO (0.97%), Fe,O; (2.91%), Na,0O (0.015%), Al,O; (0.048%); this
chemistry is specific to magnesite that may be used as a sinter. In the study area, the
amount of the minor elements is as follows: Ni (85-164ppm), Cr (123-6,844ppm); Co (0.5-
13.3ppm); Cu (0.2-5.4ppm); Fe (419.58-9930.06ppm); Mn (77.45-1239.35ppm). The
amount of Sris 1.7-17.7ppm, and that of Ba ranges between 2.4 and 9.2ppm. The amounts
of Hg and Ti are below the detection limit.

The Rare Earth Element (REE) amounts of magnesite show positive anomalies of La,
Nd, Eu, Tb, Ho, Tm, and Lu, and negative anomalies of Pr, Ce, Sm, Gd, Dy, Er, and Yb,
which indicate oxidizing conditions during deposition, and low temperature environments.
Bau and Mdller (1989) suggested that the positive Eu anomaly indicates a secondary
mobilization of the mineral, at temperatures of 200-250°C. The magnesite in the study area
displays Cr, Ni, Co, Cu, Fe, Ba, Ti and REE contents specific to magnesite from altered
ultramafic rocks.
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A C and 'O isotope study has been carried out on the magnesite samples at the
Geoscience, Isotope Geochemistry Laboratory of Arizona University (USA), in order to
explain the source of carbon and oxygen, and to estimate the temperature of magnesite. The
magnesite of the study area displays & *C (PDB) values ranging from -7.6 %o, to -11.2 %o,
and & *0 (SMOW) values ranging between 27.8 %o and 30.8 %o. Based on these isotopic
data, the source of oxygen is the marine limestone and metamorphic rocks (Criss, 1999),
while carbon originates from atmospheric CO,; the dissolved inorganic carbon is derived
from the underground, i.e. freshwater carbonates or the carbonates of mantle origin (Clark
and Fritz, 1997). According to these data, in the study area, the mineralization of the
magnesite probably occurred after the serpentinization processes, near the earth surface, at
low temperature; these conditions are rather similar to those which lead to the formation of
other altered ultramafic-related magnesite deposits, in Turkey and Europe.
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Fishes, as fossils, are almost exclusively authochthoneus, and, thus, best suited as direct
indicators of aquatic vertebrate life and vertebrate biodiversity in the past.

The main steps taken during the present project towards the establishment of extant
Atlantic Ocean and Mediterranean Sea, as well as Indo-Pacific area fish fauna, shall rely on
comparative investigations carried out on important fossil fish asemblages in the Eastern
Carpathians (Romania), Northern Caucasus (Russia), Menilitic Formation of the Outer
Carpathians (Zdanice-Subsilesian Unit), Moravia (Czech Republic), and Frauenweiler, on
the Rhine Valley (Germany) (fig. 1). The faunas and localities under consideration are well
representative for different developmental stages of the Paratethys Sea, reaching from the
Lower Oligocene to the Middle Miocene (34-16 M.a.). Many of the respective taxa have
been described previously only on the basis of comparatively poor materials of synonymies,
resulting from widespread scattering of type specimens over various collections. Therefore,
critical revisions concerning the morphology, taxonomy and relationships of various fish
groups are needed.

The effects of the African—Arabian—Eurasian collision, uplifting in the Alpine Foldbelt,
along with the eustatic sea-level drop during the terminal Eocene, caused the separation of
the northern basins from the Tethyan Realm. From the beginning of the Oligocene, these
intercontinental domains with specific paleo- and biogeography, hydrological regime, and
dynamics of sedimentation, were collectively named the Paratethys (Baldi et al., 1980). The
Paratethys was subdivided into the Central European basin (Alpine-Carpathian) and the
Euxinian-Caspian basin.

The isolation of the Paratethys, along with the cooling in the terminal Eocene, and the
changes to mesophilic humid climatic conditions with intensive runoff, as well as the
deepening of the basin bottom, led to thermohaline water stratification and to a primarily
estuarine water circulation pattern, eventually resulting in recurrent episodes of stagnation
and, consequently, to the accumulation of dysoxic to anoxic sediments. Such sediments
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were predominant during the Oligocene and Lower Miocene, and are referred to as
"maykopian and menilitic facies" in the Paratethys (from the beginning of NP22) (fig. 1).

AFRICA

Fig. 1 Paleogeographic map of the Paratethys during the Early Oligocene 34-32 Ma (after
Popov et al., 2004). The distribution and the influence of the fish fossil fauna during the
Early Oligocene.

Significant Oligocene fish fauna has been collected from the Piatra Neamt area,
situated in the Eastern Carpathians, Romania. Most of the type specimens and numerous
additional materials from this area were deposited in the paleontological collections of the
Natural Sciences Museum of Piatra Neamt, as well as those of the Department of Geology,
"Al. I. Cuza" University of lasi. These fishes are well preserved, and the Lower Oligocene
collections to date contain specimens of more than 50 species representing about 20
families. The most important species include sardines (Clupeidae), bristlemouth
(Gonostomatidae),  hachetfishes  (Sternoptychidae), lightfishes  (Photichthyidae),
lanternfishes (Myctophidae), codlets (Bregmacerotidae), squirrelfishes (Holocentridae),
dories (Zeidae), boarfishes (Caproidae), shrimpfishes (Centriscidae), bigeyes
(Priacanthidae), sharksuckers (Echeneidae), jaks and pomparos (Carangidae), pomfrets
(Bramidae), snake mackerels (Gempylidae), cutlassfishes (Trichiuridae), mackerels and
tunas (Scombridae), driftfishes (Nomeidae), lefteye fluoders (Bothidae), and triplespines
(Triacanthidae).

The Agarcia occurrence of Oligocene fishes near Piatra Neamt is known in the
literature (Constantin, 1999); however, regular excavations were carried out for the first
time in the area by the author, in 2002. The excavated specimens have shown that the
systematic composition of the marine fish fauna of Agércia differs from those of the other
coeval localities of the Piatra Neamt area (Pietricica and Cozla); the fishes from these
occurrences have been described by several authors (Cosmovici, 1887; Simionescu, 1904;
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Pauca, 1931; Ciobanu, 1977; Baciu and Chanet, 2002). Unlike the Pietricica and Cozla fish
faunas, in the Agércia ichthyofauna the fishes of the genus Bregmaceros are rather
abundant (these are absent in the other localities of the Piatra Neamt area); the species of
the genera Digoria, Zenopsis, and Seriola are also recorded, as well as a number of new
taxa belonging to the orders Gadiformes and Perciformes. The meso-batypelagic
Sternoptychidae, Gonostomatidae and Myctophidae (characteristic for the Pietricica
Mountain) have not yet been found in the Agarcia assemblage; neither has the pelagic
predator Palimphyes, which is abundant in the Cozla Mountain.

The field excavations of 2002, carried out with the support of the National Geographic
Society (project no. 7312-02), have yielded perfect results, published in two scientific
papers, as follows: Baciu and Bannikov (2003), where a new genus and species of
Bramidae were described, and Baciu and Bannikov (2004), that described two new genera
and three new species of Ariommatidae and Centrolophidae. Specimens discovered in 2002
were also described in other two monographs on the revision of the Caproidae and Zeidae
families (Baciu et al., 2005).

The Tethyan ichthyofauna of the second half of the Eocene is much less studied than
that of the first half of the Eocene and the younger Oligocene fauna, and the Gorny Luch
locality in the North Caucasus covers, to some extent, the gaps in the intervals in which the
Tethyan fishes are poorly known. The excavations in the North Caucasus, carried out in
July-September 2003 and 2007, and supported by the National Geographic Society, yielded
more than 258 specimens of teleostean fishes, 2 shark teeth, a bird bone, and 7 imprints of
bugs in the Gorny Luch locality. A number of specimens represent the first discoveries of
the corresponding fishes in the Gorny Luch locality; apparently, all of them belong to new
taxa, as follows: pipefish belonging to the Syngnathidae family; crestfish belonging to the
Lophotidae family; two different rabbitfishes belonging to the Siganidae family;
champsodontid fish representing a new species; juvenile specimens of leatherjacket
belonging to the Balistidae family. Some new forms have not yet been identified. The bird
femur bone also undoubtedly belongs to a new taxon.

In the West, outside the Carpahians and the Caucasus, fish facies have developed in the
Rhine Graben. There are, among others, two important localities: Froidfontaine, on the
French side, and the German locality of Frauenweiler (e.g., Micklich and Parin, 1996;
Micklich, 1998; Pharisat and Micklich, 1998).

The field excavations of 2009, supported by the National Geographic Society, have
yielded perfect results. The fossil site (official designation: "Grube Unterfeld") is the very
last outcrop of a series of ancient clay pits and brick stone quarries in the Wiesloch and
Rauenberg areas (Baden-Wirttemberg, S Germanyy), as well as in the Mayence Basin and
complete Upper Rhine Valley. Here, the Oligocene "Rupelton”-deposits are still accessible
for scientific excavations today. Only recently has it became famous for the world’s oldest
record of a fossil hummingbird. Aside nice plant, invertebrate and vertebrate fossils, it
revealed a rather rich and well-preserved fossil fish fauna, which has been the subject of
several publications since the beginning of the 20th century. Presently, apart from some
"strange" taxa (e.g., Elopidae), the general composition of this fauna does not strikingly
differ from contemporaneous fish associations of former outcrops in the Upper Rhine
Valley, (e.g., Froidefontaine clay pit, Alsace, France). Nevertheless, many of the
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Frauenweiler taxa are "waste paper" groups, which most likely consist of more than the
actual nominal genus or species, and the ichthyofauna must, therefore, be expected to be
much more diversified than is currently known.

According to the Frauenweiler fossil fish record, the scenario of Weiler (1966), who
assumed a quiet, shallow and nutritious bay with some kind of shelter from the open sea,
still seems to be a highly appropriate one. Although there are several fishes which must be
considered demersal or deeper water inhabitants, some of their extant representatives are
very flexible concerning their life-style; occasionally at least, they also occur in surface
and/or inshore waters. In addition, there is a considerably large number of principally
inshore, shallow water fishes, some of which clearly do not occur in depths greater than
20m (e.g., Hemiramphidae, Centriscidae, Synganthidae). Furthermore, there are several
taxa which are reported to occur in brackish waters or even to enter river mouths and/or
estuaries. It must also be taken into consideration (and is probably under-estimated in many
correspondent publications, which mainly refer to the living habits of the adult) that most of
the Frauenweiler fishes are either post-larval individuals, or at least early juveniles. Such
developmental stages are not only distinctively smaller than the adults of the respective
taxa, but their living habits may also strikingly differ from those of the latter. Coastal,
shallow water sea grass meadows, estuaries, and mangrove swamps are well-known as
nursery grounds for a large variety of different marine fish species (e.g., Laegdesgaard and
Johnson, 2001; Cocheret de la Moriniére et al., 2002). Therefore, they may be the favorite
approximates for the reconstruction of the palaeoenvironment around the present-day fossil
sites.

The list of the fish fauna for paleoecological analysis is based on published data (e.g.,
Gregorova, 1997) that summarize the distribution of fish taxa from the Moravian localities,
Czech Republic, and on the unpublished material from the localities Litendice and
Bysttice/Olsi.

The analysis of whole shark and fish assemblages from the Menilitic Formation of the
Zdanice-Subsilesian Unit was used for subsequent larger paleoecological, biostratigraphical
and paleogeographical interpretations. The assemblages were considered separately in the
Subchert Member, Chert Member, Dynow Marlstone and Sitbofice Member.

In the Subchert and Chert Members, the fish fauna is sparse, but brings very important
data about the fish assemblage evolution, and shows the necessity to focus future research
on these horizons. The following taxa were recorded in the Subchert Member from the
pteropod horizon (the Liten¢ice and Moutnice localities): Cetorhinus parvus, Clupea,
Vinciguerria, Anenchelum, Gadidae, Palimphyes, and Myctophidae. Despite the sparse
material, this assemblage represents a marine environment without brackish or freshwater
components.

The fish assemblage of the Dynow Marlstone consists mainly of different quantities of
representatives of bathy-mesopelagic photophore-bearing fishes of the families
Myctophidae, Gonostomatidae and Photichthyidae, the bathybenthic trichiurid Anenchelum,
and the pelagic Glossanodon and Paleogadus; the remaining taxa are only represented by a
low rate. The assemblage illustrates a bathy-mesopelagic, benthopelagic environment and
no brackish fauna makes part of the assemblage of the Dynow Marlstone.
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The assemblage of the Sitbotice Member, on the contrary, represents the onset of a new
fish fauna, which reflects, on one hand, the open sea, and, on the other, the estuarine
environment. The last one can be supported by the presence of the salinity tolerant Alosa,
Syngnathus, Oligolactoria, Hemiramphus, and Echeneidae. All these taxa are absent in the
Dynow Marlstone, which could suggest some environmental changes. Photophore-bearing
mesopelagical fishes are represented by photichtyids (Vinciguerria), myctophids
(Eomyctophum), and gonostomatids (Kotlarczykia), and by the first appearance of another
mesopelagic family — Sternoptychidae (Argyropelecus). Clupeids also form a more
significant part of the assemblage in the Sitbofice Member than in that of the Dynow
Marlstone.

From a paleogeographical point of view, all teleostean genera and families from the
Menilitic Formation of the Zdanice-Subsilesian Unit are present in the Pshekian horizon
(NP 21 —NP 22 - 23) of the Caucasus and other parts of the Carpathian (Poland and
Romania).

The study of fish fossils will help clarify the phylogenetic and biogeographic
relationships of the Oligocene-Miocene ichthyofauna of the Paratethys Sea, and of the
genera and families of marine fishes, now found in the Atlantic and Indo-Pacific oceans and
in the Mediterranean Sea.
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The present paper deals with the development of a database which allows the
informatization of the data for the Radiolarian Assemblages from the Jurassic Cherts of
Albania in order to facilitate the use of this data by different users. Radilaria are protozoic
organisms with siliceous shells, abundant in the sedimentary rocks lying above the
ophiolites found throughout the Tethys realm. This data is collected from several chert
sections. Some sections belong to the siliceous sedimentary cover of the ophiolites of the
Mirdita Zone (Kalur Cherts), while other sections belong to the carbonate successions
deposited on the continental margin of the ophiolites. This abundant information must be
represented electronically in order to manage it simply and quickly. The database is
developed through the application of the MS-ACCESS program and it allows us to perform
many operations. One of them is entering the data for Radiolarian Assemblages from the
Jurassic Cherts of Albania, for example entering all the data about different sections, the
description for each of them, their location, their orientations, the graphics for each section,
the general data for each sample, the section from which they are taken, the radiolarian
assemblage in each sample, and the age of sections, samples and species. The database also
allows us to edit all the data in a simple way. Furthermore, we can use different queries to
search for the data needed by different users and print them according to the interests of the
former. Moreover, the database will be used by geologists in order to better understand the
timing of the beginning of the siliceous sedimentation in different parts of the Albanian
Ophiolites, from north to south and from west to east. Apart from this, the database
represents a basis for the development of the Jurassic radiolarian biozonation for the
Albanian territory.
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Geological settings

The studied area belongs to Moldavian Platform, which represents the western part of
the East European Platform. The Moldavian Platform is composed of a crystalline basement
and a sedimentary cover. The deposits identified belong to the third stage of the Upper
Badenian-Meotian sedimentation (lonesi, 1994).

The studied outcrop is located near the city of Falticeni, in the western part of the
Moldavian Platform (fig. 1).

Falticeni — Boroaia Formation

According to Tibuleac (1998), the Ciofoaia brook represents the eastern limit of the
Falticeni-Boroaia Formation, which is of Volhynian age. For the Falticeni — Sasca —
Raucesti area, the author divides the interval between Volhynian and Basarabian into 4
lithological units: the lithological unit of pelites, the lithological unit of pelites and
psamites, the Falticeni-Boroaia Formation, and the Valea Moldovei Formation. The present
study is focused on deposits from the Falticeni-Boroaia Formation. Lithologically, this
formation consists of marls, clays, sands, sandstones and interbedded tuffs.

The outcrop from the Ciofoaia brook

The geographical coordinates of the studied outcrop are: N 47°26'47.2", E 26°25'06.4".
12 samples have been collected from the outcrop, out of which 4 have been used for
palynological investigations (Fig. 3). The geological succession is the following: at the
base, between 297 and 299 m altitude, we have identified a succession of sands with layers
of sandstone. In the geological column, between 299 m and 306 m, we have identified
marls with Cerithium and thin layers of coal. 4 palynological samples collected from this
interval have been analyzed: P 321 (300.5 m), P 322 (301.5 m), P 323 (302.5 m), P 324
(303.5 m).
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Palynological assemblage

Among the samples analyzed, we observed a higher taxonomic content in sample P321.
The percentage of the organic matter in this sample is 15% (according to the diagram of
Shvetsov, 1954).

Based on this study, we have divided the playnological content identified in the
samples collected from the Ciofoaia brook into marine and continental assemblages.

Marine assemblage (Marine domain). In the samples from the Ciofoaia brook
outcrop we have found many dinoflagellates: Homotryblium sp., Tytthodiscus sp.,
Spiniferites ramosus, Operculodinium centrocarpum, Polysphaeridium sp., Lingulodinium
machaerophorum,  Systematophora cf. placacantha, Lingulodinium polyedrum,
Botryococcus braunii, Wetzeliella sp. (reworked).

The shelf zone is the source area for dinoflagellates, with a higher percentage in sample
P 321 (300.5 m). As we can see, it is a proximal shelf area (inner neritic — outer neritic)
with lower water depth, where we have found Spiniferites and Operculodinium taxa. In the
inner neritic area, species such as Homotryblium are also present. Species such as
Homotryblium have also been related to the area with reduced salinity conditions located
near the shore (Dybkjear, 2004). In other studies (Sluijs et al., 2005), representatives of the
latter genus have been interpreted as characteristic for high salinity or as lagoonal settings.

A similar dinoflagellate assemblage was presented by Chirila and Tabara (2008) for the
outcrop from the Tiganca brook. Both outcrops, from the Ciofoaia brook and from the
Tiganca brook, belong to the same stratigraphic unit: the Falticeni-Boroaia Formation
(Tibuleac, 1998). The sedimentation environment is near the coast, a fact emphasized by a
higher percentage of spores and pollen (continental organisms) and the predominance of
terrigenous organic matter.

Paleoecological interpretation based on dinocysts association:

Lingulodinium machaerophorum (topical species) can be considered a temperate to
tropical, coastal euryhaline species present in regions with summer sea-surface temperature
(SST) exceeding 12°C (Marret and Zonneveld, 2003). It is distributed within a very broad
salinity range and has been recorded in environments ranging from brackish to marine, with
salinity between 16.9 — 36.7 %y,

Operculodinium centrocarpum is generally reported as a cosmopolitan species that
might have low relative abundances in the tropical area and high relative abundances in
regions with cold/temperate waters, such as the North Atlantic (Wall et al., 1977; Marret
and Zonneveld, 2003). This species is distributed within a very broad range: temperature (-
2.1°C and 29.6° C) and salinity (16.1 — 36.8 %q).

Homotryblium sp. is frequent in sample P321. This taxon is characteristic for marginal
environment or lagoonal settings (Dale, 1966; Sluijs et al., 2005). Homotryblium have been
cited in Denmark by Dybkjeer (2004), being characteristic for the low salinity environment
from Oligocene — Lower Miocene deposits.

Spiniferites ramosus is present in low percentage in the palynological assemblage
identified in the samples from the Ciofoaia brook. This taxon is an indicator for outer
neritic settings, together with Lingulodinium div. sp., Operculodinium centrocarpum and
Systematophora cf. placacantha.
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Continental assemblage (Continental domain). Based on the palynological
assemblage, we have separated the following biocenosis for continental palynomophs:
swamp assemblage, mixed mesophytic forest, and terrestrial herbs (Fig. 4).

The swamp assemblage is represented by aquatic plants such as Typha, and green algae
such as Botryococcus, which indicate the presence of freshwater in the depositional
environment.

The mixed mesophytic forest is well represented by species of fossil pollen, such as
Carpinus, Quercus, Ulmus, Betula, Carya or Acer. Pinaceae species are also very abundant
in the mesophytic forest. The ground cover vegetation of the mixed forest is made up of
herbaceous plants, and the presence of ferns indicates humidity (Leiotriletes,
Laevigatosporites, Polypodiaceoisporites a. 0.).

The terrestrial herbs consist of seven taxa, mainly constituted of ground-cover
vegetation in the mesophytic forest. Chenopodiaceae are the dominant groups in this
assemblage.

Palynofacies analysis

Quantitatively analyzed samples preserved in organic matter have values between 10
and 30%, according to the diagram of Shvetsov (1954). A higher percentage of organic
matter was observed in P323 (approx. 30%). In this sample, the main components are small
phytoclasts, black coal remains, yellow-brown fragments of tissue and cuticle. The
Amorphous Organic Matter (AOM) represents maximum 5% of the total content of
kerogen. The Thermal Alteration Index (TAI) established on the continental palynomorphs
is between -2 and 2. The kerogen determined on optical criteria is type Ill. It can be
concluded that the palynofacies analyzed from the Volhynian deposits of the Filticeni-
Boroaia Formation is in an immature stage of hydrocarbon generation.

Paleoclimatical interpretation

In order to reconstruct the paleoclimate based on palynological records, the
“Coexistence Approach” (CA) (Mosbrugger and Utescher, 1997) method was applied. This
method was frequently used for the reconstruction of the European tertiary paleoclime.

In the present study, we have calculated 4 paleoclimatic parameters: Mean annual
temperature (MAT), Mean annual precipitation (MAP), Mean annual temperature of the
warmest month (WMT), Mean annual temperature of the coldest month (CMT).
Estimations of MAT and MAP have been obtained on 38 palynological taxa identified in 4
samples analysed from the Ciofoaia brook outcrop.

The values calculated by us, using the “Coexistence Approach” method are the
following (Fig. 5): MAT 15.7 -16.7 °C, MAP 1300 — 1355 mm/yr, WMT 21.7 — 27.8 °C,
and CMT -0.3 — 7°C. The lower limit for MAT (15.7°C) is given by Araliaceoipollenites
edmundi, and the upper limit (16.7°C) is marked by Sciadopityspollenites sp. For MAP, the
lower limit (1300 mm/yr) is also given by Sciadopityspollenites sp., and the upper limit
(1355 mml/yr) belongs to Carpinipites carpinoides. The lower limit for WMT (21.7°C) is
given by Pterocaryapollenites stellatus, while the upper limit (27.8°C) is attributed to
Sciadopityspollenites sp. For the CMT, the lower limit (-0.3°C) belongs to Cedripites sp.,
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and the upper limit (7°C) is given by Sciadopityspollenites sp. As we can see, the

Sciadopityspollenites sp. taxa are important elements in the paleoclimatic interpretation.
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Fig. 4 Graphical representation of the continental and marine domain. Fig. 5 Estimation of the MAT,
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The palaeoclimatic parameters calculated by us (Fig. 5) are similar to those calculated
for the Tiganca brook outcrop by Chirild and Tabara (2008): MAT between 15.3-16.6°C,
and MAP between 1300-1355 mm/year. This is understandable, given the fact that the
outcrop from the Ciofoaia brook is 20 km from the Tiganca brook outcrop, and both belong
to the Falticeni-Boroaia Formation. This type of assemblage present in the outcrops from
the Tiganca and Ciofoaia brooks was not identified in any other outcrop from the
Moldavian Platform that has been studied. Therefore, the outcrop from the Ciofoaia brook
represents the most eastern part of the Filticeni-Boroaia Formation.
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Geological settings

The studied area is located in the Moldavian Platform, which represents the western
part of the East European Platform. The Moldavian Platform is composed of a crystalline
basement and a sedimentary cover. The deposits identified belong to the third stage of
sedimentation ranging between Upper Badenian and Meotian (lonesi, 1994). The samples
analyzed in this study are from the Baia borehole, which is located near Falticeni city, in

the western part of the Moldavian Platform (fig. 1).

The lithology consist of sands/sandstone, claystone and shale. In this study, 16 samples
from the 290-1050 m interval of the Baia borehole have been analyzed with the purpose of
palynofacial interpretation.

Tab. 1 The results for TOC and H percentage of Baia borehole samples

Sample no. Depth (%) TOC (%) H Hydrocarbon potential
160 540 m 0.75 0.342 Fair
161 560 m 1.236 0.595 Good
162 580 m 0.778 - Fair
163 710 m 0.998 0.722 Fair
164 720 m 0.593 0.265 Fair
165 810 m 0.82 0.301 Fair
166 930m 0.873 - Fair
167 940 m 0.756 - Fair
168 960 m 1.156 - Good
169 1010 m 0.708 - Fair
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Fig. 1 Location and lithological column of the Baia borehole. The geological map is according to
lonesi (1994), with alterations.
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Results

In the present study, 10 samples from the Baia borehole have been studied for TOC
analysis. The results are presented in Table 1. The hydrocarbon potential has been
established according to Tissot et Welte (1984) and Bordenave (1993). Samples 161 (560
m) and 168 (940 m) have a good hydrocarbon potential, while the other analyzed samples
have a fair hydrocarbon potential.

In order to establish the type of kerogen for samples 160 (540 m), 163 (710 m), 168
(960 m) and 169 (1010 m), we have calculated the H/C and O/C ratios. The results are
presented in Table 2. The values for the H/C ratio are between 0.8228 and 0.9272, the
highest value having been calculated for sample 160. The values for the O/C ratio are
relatively similar, being comprised between 0.2283 and 0.2758.

Tab. 2 The result for N, C, H, S, O percentages and H/C and O/C ratios

Sample no. (%) N ®WC ®H (%)S (%) O H/Cratio O/C ratio
160 2.804 54.059  4.177 - 19.880 0.9272 0.2758
163 2.743 56.106  4.192 - 17.155 0.8965 0.2293
168 2.199 51.131  3.506 - 16.840 0.8228 0.2470
169 - 65.263  4.554 145 19.871 0.8373 0.2283
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Fig. 2 The H/C and O/C ratios plotted in a van Krevelen diagram
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The results obtained for kerogen analysis have been plotted in Figure 2. The kerogen
type resulted on this diagram is type Ill. This type of kerogen has a low H/C ratio (<1.0)
and a high O/C ration (up to ~0.3) (Peters and Moldowan, 1993). Such low hydrogen
organic matter is polyaromatic and derived mostly from higher plants. Type Il kerogen is
the chemical equivalent of vitrinite, telinite, collinite, huminite, and so-called humic or
woody kerogen. It produces natural gas and, occasionally, associated condensate if the
thermal maturation is adequate.
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During the development of the Geobiohas Project (ANCS/CNMP CTR 31-059/2007), a
new paleontological discovery was made in the conglomeratic deposits from Cheile
Bicazului - Hiasmas National Park (CBHNP). The precise location is N 46° 45,456 E 25°
47,231 (GPS data), on the right slope of the Haghimasului Valley (i.e. Oii Valley), near the
confluence with the Ciofronca Valley. These conglomerates appear continuously
throughout a large area in this median portion of the valley, and can be seen over a distance
of almost 700 m in length, near the road. These deposits are stratified and an alternation of
ruditic and psephitic layers can be noticed; all these deposits are slowly declined with 30
degrees to the NE.

These conglomeratic deposits were considered a part of the Barremian - Albian
Wildflisch Formation by Sandulescu, 1975 (Fig. 3).

We analised the fossil material through many points of observation and we summarized
the analyses performed on the rock layers (Fig. 6). All biostratigraphic observations are
sinthesised in Table 1 and Fig. 4.

Here are some of the observations: the ruditic layers contain sorted elements as various
as crystalline schists, Triassic dolomites, Jurassic limestones or sandstones, even
Cretaceous marls or lime. The elements are no larger than 10 cm in diameter. Layers with
small breccious elements, many sandy and, rarely, marl interbeds are also present. In the
psephitic layers, fossils are very frequent: small gastropods and, rarely, bivalves, better
preserved than the medium- or large-sized ones, which are many times more fragmentary.
Very rare levels, such as that with Bakevellia and that at the top of this described
succession, preserve big shells, corals or bio-casts (such as Palaeodyction). The differences
in the preservation of some shells (gastropods and bivalves mostly) and a few corals reveal
a marine shallow water range for these deposits.

The assemblage is characteristic for the Aptian — Albian interval.
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Fig. 5: Bakevellia cf. ominensis: a) lateral view; b) frontal view; c) dorsal view

Species Age Samples Fig. 9
Microschizia (Cloughtonia) scalaris (Conrad, 1852) Apt - Alb 0-15 e f
Gymnentome (G.) cf. zebra Gabb, 1869 Apt - Alb 0-17 g
Lunatia pedernalis (Roemer, 1852) Alb 0-25 c
Trochocyathus conulus (Miller, ) Apt - Alb 0-27 b
Pyrazus (Echinobathra) valeriae (Vemeuil and Apt - Alb 0-28 -
Loriere, 1868)

Natica conradi (Hill, 1888) Apt - Alb 0-30 -
Diptyxis alsusensis Pcelintev Apt - Alb 0-45 d
Bakevellia cf. ominensis Nakazawa and Murata, 1966 Apt — Alb 0-12 Fig. 5
Conglomerate with remains of conch Apt — Alb 0-60 Fig. 6
Sandstone with Bakevellia Apt — Alb 0-13 Fig. 7
Coral and Diptyxis sp. Apt - Alb 0-48 Fig. 8
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Fig. 6
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Fig. 9 (See the table)
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In eastern Romania, illustrative Meotian (Middle Miocene) exposures can be followed
on the Scythian Platform; they refer mainly to continental sequences. Sometimes, fossil
vertebrates are present, like in Pogana (Vaslui district, Romania), on the left bank of Tutova
River. There, grey clay, as well as cineritic sandstone documents fluvial environments, with
ponds and, perhaps, even small lakes. Invertebrate fossils concern molluscs (various
unionidae). The majority of fossil bones were roughly rolled before burial, being broken
and exposing rounded margins. Among these fossils, the most relevant are some lower and
upper rhinoceros teeth, belonging to Chilotherium. In Moldova, this genus is known from
Bacau (Early Meotian), in association with Aceratherium incisivum, Choerolophodon
pentelici, Hipparion sp., Palaeotraginae cf. Samotherium sp. The species C. cf. sarmaticum,
is reported from Reghiu-Scruntar (Late Kersonian/Early Meotian; Radulescu et al., 1995;
Stiuca, 2003), in a mammalian assemblage very similar to the one of Bacau. The presence
of Chilotherium around the Sarmatian/Meotian boundary in Moldova reveals an intrusion
of these rhinoceros, as newcomer immigrants of eastern origin.
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The studied material, presented as petrified trunks, is part of the Collection of the
Geological Museum of the “A.I. Cuza” University (AICU) of lasi. Some small samples
were either kindly offered by our colleagues, interested to know more about those samples,
or collected over the previous years, during field trips carried out in the Moldavian Area.
Standard-oriented polished sections were prepared and studied under a reflecting-light
microscope, in order to observe special structural details and to identify the original tree.
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Ulmoxylon sp.
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Previous studies on Tertiary fossil wood from the Moldavian Area (between the
Eastern Carpathians and Dniester) have been carried out by Cantuniari (1935), Starostin
and Trelea (1969, 1984), Lupu et al. (1984, 1985, 1987, 1993), and lamandei et al. (2001,
2005, 2006, 2007, 2008). All the taxa identified contributed to the reconstruction of the
fossil vegetation; more information was added through the results of the studies on fossil
plant parts, i.e. leaf or fruit imprints, pollen and spores. Such studies also contributed to the
interpretation of the palacoenvironment and the palaeoclimate.

As a result of the present study, the taxonomic identification of two new specimens of
Conifers and Dicots has been carried out; the figures of the present paper include
microphotographs of the two new identified species: Taxodioxylon and Ulmoxylon.
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Over the last years, a collection of petrified woods coming from Solesti, Vaslui
County, housed by the “A. Fatu” Botanical Garden in Iasi, was studied (Iamandei et al.,
2001, 2008). Seven large trunks were properly exhibited close to the administrative
building; recently, we found them moved to another location, without any protection. All
of them represent morphospecies of fossil Quercus (oak).

During a recent field trip in the Solesti area, we identified the place of their origin and
we also found new samples; by extending the research to other perimeters, we discovered
new specimens, which were studied and identified as species of Dicots and Conifers. This
fact increases the initial number of taxa considered within the Sarmatian oak forest of the
Solesti area, and shows its mixed mesophytic character. Nevertheless, Quercus remains
the dominant taxon in numerous other points where Sarmatian plant remains have been
described (Starostin and Trelea, 1969, 1984; Givulescu, 2001).

Quercoxylon sp.
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During the execution of a foundation for a six-floor building in the Pacurari area (Iasi),
we took micropaleontological and lithological samples, and we collected fauna from the
artificial outcrops or from the soils taken from the drilling operations carried out with this
occasion.

From a lithological point of view, the material found in the artificial outcrops (over 8m
high) and in the drillings (5m deep) consists mostly of clay deposits with a sand-gravel
layer (20 — 30cm thick), and other millimeter-sized interlayers of sand. Generally, the
colour of these deposits ranges from yellow to grey.

The main criterion used in separating Sarmatian formations from the Quaternary
formations was the presence of the Cryptomactra pesanseris Mayer-Eymar taxon. The first
occurrence of this taxon was noticed at a depth of over 6m from the soil surface.

In the Sarmatian deposits, apart from Cryptomactra pesanseris (Mayer-Eymar), we
identified foraminifera (Porosononion subgranosus subgranosus (Egger), Porosononion
subgranosus umboelata (Gerke), Porososnonion martkobi (Bogdanowicz), Elphidium
macellum (Fichtel et Moll), Nonion bogdanowiczi Voloschinova, Quinqueloculina
akneriana (d’Orbigny), Mysid statoliths, ostracods etc. The fossils were found both in
yellow and grey clays.

Generally, the Quaternary deposits are barren or very poor from a faunistic point of
view. Nevertheless, we identified some Quaternary samples with rich microfaunistic
content, like those from the Sarmatian; this can be explained by a resuming of microfauna
sedimentation during the Quaternary landslides. We presume that during these landslides,
the fragile valves of Cryptomactra pesanseris (Mayer-Eymar) did not resist, and, as a
result, their presence was not reported.

The occurrence of the landslides is also confirmed by the sliding surface that we
identified in the artificial outcrop.

In addition to the sliding planes from the outcrop, a discordant surface, which is
overlain by a gravel-sand level, has been identified. Given that this level is approximately
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1m above the first occurrence of the Cryptomactra pesanseris taxon, we believe that it can
represent the boundary between the Sarmatian and the Quaternary formations.
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A significant biotical turnover accompanied the deposition of the Oceanic Anoxic
Events (OAE2), mirrored in the diversity and composition of the marine planktonic faunas
and floras, especially of calcareous nannofossils. This group of organisms is very sensitive
to palaeoenvironmental changes, being affected both by oceanic and atmospheric
modifications.

We have studied the fluctuation pattern of calcareous nannofossils in sections from the
European Tethys Realm (Southern Carpathians, Romania, and NE Spain), during the
OAEZ2, anoxic event that is placed within the Cenomanian-Turonian boundary interval. The
above-mentioned interval is known as one of the major Cretaceous carbon-cycle
perturbations that included warming, sea-level rise and extinction.

In the studied sections, below the OAEZ2 interval, the calcareous nannoplankton
assemblages contain a diversified and abundant nannoflora, dominated by two taxa, namely
Watznaueria barnesiae and Eprolithus floralis, both know to be solution-resistant forms. In
fact, these two nannofossils represent around 50 % of the encountered nannofloras.

An increase in the abundance of Biscutum constans was noticed just below the interval
that contains the positive excursion of the [1*3C isotope, which marks the beginning of the
OAE2. This nannofossil is known as a fertility proxy, blooming under mesotrophic
conditions of surface waters.

At the beginning of the OAEZ2, in both studied sections, peaks of Zeugrhabdotus
erectus reflect changes in the primary productivity of the surface waters, from a
mesotrophic setting (prior to the OAE2) towards an eutrophic setting (at the debut of the
OAE2), preceding the instauration of an anoxic regime.

The bloom of Zeugrhabdotus erectus is followed by another bloom, of Biscutum
constans, towards the lower part of OAE2. This trend presumably indicates high fertility
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episodes, but also cooling intervals, as the nannofossil Biscutum constans seems to be more
related to cooler-surface waters.

Above the interval that contains blooms of nannofossil high fertility proxies, a
significant increase of the dinoflagellate genus Thoracosphaera was recorded within the
middle part of the OAE2. This nannofossil event, synchronous with the occurrence of
scarce nannofossil assemblages, of low abundance and diversity, is linked to the
establishment of stressful marine conditions, together with a high nutrient supply in surface
waters.

Blooms of Thoracosphaera, often called the “disaster” taxon, were identified during
several critical intervals of our planet’s history, i.e. from the base of the Danian, just above
the Cretaceous/Paleogene boundary event, or across the Paleocene/Eocene boundary
interval. The Thoracosphaera bloom is coincident, in the studied sections, with the
temporary disappearance of the two high fertility proxies — Biscutum constans and
Zeugrhabdotus erectus. Upwards, within the upper part of the OAE2 intervals, three
successive blooms of the nannofossil Eprolithus floralis were remarked, possibly related to
the instauration of an oligotrophic palaecoenvironment.

Hence, the critical interval of the turnover is characterised by the successive blooms of
Cyclagelosphaera margerelii, Biscutum constans, Eiffellithus turriseiffelii, Zeugrhabdotus
erectus, Thoracosphaera spp., Erolithus floralis, and Prediscosphaera spp., followed by
secondary peaks of Biscutum constans and Thoracosphaera spp. No record of high-
productivity nannofossils such as Zeugrhabdotus erectus, Cyclagelosphaera margerelii or
Biscutum constans was made towards the top of the interval containing the OAE2.

Above the OAE2 interval, a first step of ecosystem recovery was noticed. Thus, the
nannofloral abundance and diversity increased, but it did not reach the record of the interval
placed below the instauration of the OAE2.

As elsewhere, the Cenomanian/Turonian boundary interval, where the OAE?2 is placed,
is characterized by a significant nannofloral turnover. As a result, five last occurrences
(LO) and four first occurrences (FO) were noticed. The recorded nannofossil events are the
successive LOs of Corollithion kennedyi, Axopodorhabdus albianus, Lithraphidites acutus
and Rhagodiscus asper, followed by the FOs of Quadrum intermedium, Eprolithus
octopetalus, Quadrum gatneri and Eiffellithus eximius.

Concerning the productivity of surface-waters, this seems to be increased through a
short period preceding the critical turnover episode, but quickly the ecosystem becomes
starved as blooms are less relevant, and mesotrophic or eutrophic components, e.g. B.
constans and Z. erectus, disappear from the record. These nannofloral events indicated the
fact that the calcareous nannofloral ecosystems show evident signs of instability.

To sum up, the record of nannofossils shows a turnover coeval with the OAE2, with a
stressed environment whose critical scenario is coincident with anoxic and disoxic facies,
synchronous with the minimum of the absolute abundance and diversity of nannofossils,
and blooms of the disaster dinoflagellate genus Thoracosphaera. The floral turnover was
extended during the entire OAE2, with 5 extinctions and 3 taxon appearances. Even within
a reduced time scale, it is still possible to distinguish short periods of relative high
productivity linked to the temporary instauration of mesotrophic and eutrophic
environments. Therefore, the surface-water productivity seems to be increased during a
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short period preceding the critical turnover episode, but quickly the ecosystem becomes
starved, as blooms are less relevant, and mesotrophic or eutrophic components, e.g. B.
constans and Z. erectus, disappear from the record. The relative high percentages of
Thoracosphaera spp. could indicate restricted or somehow critical environmental
conditions prior to the development of the OAE2, leading to the occurrence of calcareous
nannofloral ecosystems with evident signs of instability.
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Silurian deposits characterized by different facies features are present in the Podolia
region, located in the W-SW of the East European Platform. The Silurian sedimentary basin
is located in the vicinity of the Teisseyre-Tornquist (TTZ) mobile area. The Dnestr River
and its tributaries flow across the sedimentary paleobasin, outcrops showing the sequence
of Silurian deposits.

Our studies were made on two important areas where the Silurian deposits have been
identified:

- the Zhvanets locality area, located on the left side of the Dnestr River (N 48° 32’
47,9, E 26° 29’ 13,3”).

- the Smotrich brook (a left-side tributary of the Dnestr River) area, near the Kamenets
Podolsky locality (N 48° 40’ 26,5°*; E 26° 34’ 10,4”")

The lithostratigraphic log of the Silurian from the studied region is represented by two
formations:

1. the Malynivtsy Formation, of Middle-Upper Ludlowian age.

2. the Skala Formation, of Upper Ludlowian age (Kaljo et al., 2007; Fig. 1).

The Malynivtsy Formation from the Podolia region covers the entire development
area of a sedimentary paleobasin from the eastern part of the Teisseyre — Tornquist area
(Skompski et al. 2008).

An outcrop in which we identified this formation is the Smotrich brook (near the
medieval fortress of Kamenets Podolsky), where we intercepted nodular limestones which
gradually pass into dolomites and dolomitic marl (Fig. 2). These rocks are attributed to the
Sokol Members of the Malynivtsy Formation, which has a thickness of approximatively 50
m. The fauna contained by this formation consists of tabulate and rugose corals,
stromatoporoids and brachiopods characteristic for a Ludlowian age (Tsegelnjuk et al.,
1983).

From the studied outcrop we collected samples PS112 and PS114 from nodular
limestones with stromatoporoids and corals, and sample PS111 from the basis limestone of
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the outcrop. Sample PS113 comes from dolomitic marl interbedded between the limestones
(Fig. 2).

The palynological analysis of these rocks emphasized specific Ludlowian chitinozoan
species, such as: Eisenackitina bohemica Eis., E. lagenomorpha Eis., Urnochitina urna
Eis., Angochitina echinata Eis., Eisenackitina barrandei Paris & Kiiz, Belonechitina
latifrons Eis., Angochitina cf. tsegelnjuki Paris & Grahn or A. elongata Eis. (Table 1). The

frequency of these species is high enough, the former being present in all the samples
analyzed.
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Fig. 1 Silurian geological sketch map of Podolia outcrop along the Dnestr tributaries (after Teller,
1997; Skompski et al., 2008; modified).

Among acritarchs, only the Dictyotidium cf. dictyotum Eis. species is present (PS114).
Miospores are represented by a few species, such as Ambitisporites avitus Hoffmeister and
Archaeosporites chlus (Cramer) Rich & Lister, which were noticed only in sample PS112.
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The Skala Formation. The boundary between the Skala and Malynivtsy Formations
was established in the location of the samples taken from Zhvanets, on the left side of the
Dnestr River (Fig. 1). The samples collected by us (RN103 - RN109) come from the
location "at pillbox™" (about 300 m downstream the Dnestr River, from the bridge at
Chotin). They are attributed to the Isakivtsi Member (RN105, RN106) from the basis of the
Skala Formation, and the Prygorodok Upper Member (RN103 - RN109) (Fig. 3).

Alt,
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Fig. 2 Lithological log of a Sokol Member, Smotrich brook outcrop, near the Kamenets Podolsky
locality.

The Isakivtsi Member (from the base) outcrops on a thickness of 10-15 m, consisting of
hard gray dolomite.

The Prygorodok Member is represented by gray dolomite, which is hard and arranged
in 10 - 15 cm - thick plates with polygonal dry traces on the contact surfaces. These rocks
alternate with blackish dolomitic marl, with a schistuos aspect. Towards the top of this
lithological member, the thickness of dolomite interbedded in the plates decreases. The
thickness of this member is of about 20-23 m.
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Table 1 Taxonomical list with the palynomorphs from analyzed samples.

Middle Ludlow Upper Ludlow
Age of lithological formations and Malynivtsy Form. Skala Formation
members analyzed Sokol Member ':Aa';'r‘:és' Prygorodok Memb.

Location and number of collected Kixr:;itcshng‘;‘i:ky D”ESt;;D':r:e'éﬂ side

samples and name of identified BS PS S BS RN RN RN RN RN RN RN

species 111 112 113 114 105 106 104 109 107 108 103
Chitinozoans

X

Belonichitina latifrons Eisenack

Conochitina turis Taugourdeau

Eisenackitina lagenomorpha Eisenack

Eisenackitina bohemica Eisenack

Eisenackitina aff. Elongata Eisenack

Urnochitina urna Eisenack

Angochitina echinata Eisenack

Eisenackitina barrandei Paris & Kfiz

Eisenackitina philipi Laufeld

Angochitina cf. tzegelnjuki Paris & Grahn

Angochitina elongata Eisenack

Conochitina cf. parvicola Taugourdeau X

Angochitina cf. echinata Eisenack X

Rhabdochitina magna Eisenack X

Linochitina klonkensis Paris & Laufeld X

Eisenackitina cf. barrandei Paris & Kfiz X

Eisenackitina elongata Eisenack

Eisenackitina cf. lagenomorpha Eisenack

Eisenackitina cf. philipi Laufeld

Clathrochitina aquitanica Taugourdeau

Sphaerochitina cf. sphaerocephala Eisenack X

Fungochitina kosoviensis Paris & Kiiz X

Vinnalochitina suchomastiensis Paris &

Laufeld

Angochitina cf. capillata Eisenack X

Conochitina cf. decipiens Taug. et De

Jekhowski

Eisenackitina intermedia Eisenack X
Acritarchs

Dictyotidium cf. dictyotum (Eis.) Eisenack X

Clypeolus tortugaides (Cramer) Miller et al. X

Pterospermella onondagensis Deunff X

Pterospermella hermosita Cramer X

Eupoikilofusa cf. striatifera (Cramer)

Cramer

Moyeria cf. cabottii (Cramer) Miller &

Eames

Leiofusa striatifera Cramer X
Miospores

Ambitisporites avitus Hoffmeister X X X X X

Archaeozonotriletes chlus (Cramer)

Richardson & Lister

Cymbosporites cattilus Allen X X

x
XX XX

x

<

x

X X X X X X X X X X X
x

x
x
x

X X X X

X X X X

The age of the lower part of the Skala Formation is Upper Ludlowian.

As in analyzed samples from the Smotrich Brook, chitinozoans such as Eisenackitina
lagenomorpha Eis. prevail (Table 1). In addition to this species, Linochitina klonkensis
Paris & Laufeld, Eisenackitina barrandei Paris & Kfiz, E. elongata Eis., E. bohemica Eis.,
and Urnochitina urna Eis. have also been identified.

Between the two formations analyzed, Malynivtsy and Skala, no important differences
have been noticed between the chitinozoan assemblages identified, both formations being
of Ludlowian age. The frequency of species from the Skala Formation is much lower than
that of those identified in samples from the Malynivtsy Formation. The richest sample is
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PS111, with 10 species, followed by samples PS112 and PS113, all of the Ludlowian from
the Smotrich Brook. Some samples from the left side of the Dnestr River (RN106, RN109)
contain 8 species of chitinozoans, the rest being poor in fossil content, but the acritarch
microflora is more abundant in all the samples from the Dnestr River. We determined the
following acritarch species: Pterospermella onondagensis Deunff, P. hermosita Cramer,
Eupoikilofusa cf. striatifera Cramer, Moyeria cf. cabottii (Cramer) Miller & Eames, and
Leiofusa striatifera Cramer (Table 1).
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Fig. 3. Lithological section of Isakivtsi and Prygorodok Members (Skala Formation), left Dnestr
River, south of the Zhvanets locality.

Miospores, like acritarchs, are more frequent in the samples from the Dnestr River,
with the following species: Ambitisporites avitus Hoffmeister, Archaeozonotriletes chlus
(Cramer) Rich & Lister, and Cymbosporites cattilus Allen (Table 1). Generally, it can be
noticed that miospores and acritarchs are less represented than chitinozoans, in both
locations of the two formations analyzed.

Interpretation of paleofacies and paleoenvironment

The biostrome complex with stromatoporoids, corals and crinoids that appears on the
Smotrich brook indicates a shallow water marine environment with sandbanks, barrier coral
reefs and a flat bottom. Moreover, the presence of ostracods in limestone deposits indicates
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an environment between intra- and supratidal zones, characteristic for the Silurian from
marginal marine areas (Skompski et al., 2008).

The limestone lithological complex was formed directly from reef biostromes, or
through the accumulation of reworked limestone particles resulting from erosion.

Near the shore, through changes in the marine level, lagoon and swamp deposits with
shallow water were formed, where a mixed vegetation, of both marine and continental
types, has developed.

Benthic organisms (chitinozoans) and planktonic ones (acritarchs) developed under
these paleofacies and paleoenvironment conditions.

Chitinozoans, which prevail in the samples analyzed, prefer open marine or lagoon
areas with fine sands, limestone or marl clay on the bottom, and shallow, clear and
transparent water, where they receive light and food. Acritarchs, as planktonic organisms,
prefer marine photic zones, near the shore, where they can obtain their food. Miospores
prove the presence of swamp facies, where the primitive plants which accepted such
environment conditions lived.

Dolomitic marl and limestone deposits indicate, through their thickness, long periods of
open sea or lagoon, in which these lithological formations were deposited. The presence of
interbedded dolomitic marl, sometimes sandstone, indicates fluctuations in water depth,
through a phenomenon of subsidence.

The analysis at depth of the marine bottom development (Kaljo et al., 2007) indicated
that, predominantly in limestone and dolomite rocks, a Sokol Member of a Malynivtsy
Formation (Ludlowian) was formed under environmental conditions of relatively deep
marine waters, with a marine bottom composed of fine sediments, where chitinozoans were
predominant. Our analysis of the Smotrich brook confirmed this hypothesis.

During the sedimentation of the Isakivtsi and Prygorodok Members from the Skala
Formation (Upper Ludlowian), the environmental conditions changed. The marine waters
were shallow, with episodes of change in sedimentary facies, from a limestone-reef facies
to a lagoon and swamp facies. Therefore, thinner limestone deposits alternate with marl
deposits (Prygorodok Member). In this case, the organisms have diversified: apart from
chitinozoans, less abundant acritarchs, miospores, along with a larger amount of
Amorphous Organic Matter, have also developed.

Conclusion

Our palynological and palynostratigraphical studies were focused on geological
formations of Middle-Upper Ludlowian age from the Dnestr River basin (Zhvanets locality
area) and the Smotrich Brook (Kamenets Podolsky locality).

The rocks analyzed are generally limestone with dark dolomitic marl interbedded.
These rocks belong to the Sokol Member of the Malynivtsy Formation, and the Skala
Formation with the Isakivtsi and Prygorodok Members.

Calcareous rocks of the Smotrich Brook contain a rich fauna, with stromatoporoids,
tabulate and rugose corals, and brachiopods, which give them a knotty aspect. Limestones
on the left side of the Dnestr River contain fauna comsisting of brachiopods, ostracods and
dasycladaceae algae, typical for a lagoon facies. The Prygorodok Member found in this
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outcrop contains a sequence of limestones and dolomitic marls, indicating an alternation of
a lagoon with a swamp facies. This member lacks fauna.

The chitinozoan assemblage is typical for the Middle and Upper Ludlowian, with
species such as Eisenackitina lagenomorpha, E. barrandei, E. bohemica, Linokitina
klonkensis, Urnochitina urna etc. (Table 1). Acritarchs, less represented in the
palynological assemblage, are identified only through a few species of the genera
Pterospermella, Eupoikilofusa, Dictyotidium, and Leiofusa. Miospores are also less
represented, being identifyable through the genera Ambitisporites and Archaeozonotriletes,
which are characteristic of the late Silurian. They come from the first land plants that
evolved in a marsh environment.

The end of the Silurian is a significant step towards the reduction of acritarch and
chitinozoan species across all the regions of the globe, therefore their number in the
samples analyzed by us is not very high.

The palynofacies of the rocks analyzed consist of an Amorphous Organic Matter
(AOM) that sometimes constitutes the majority, in association with black and brown
phytoclasts (in small amounts). Optically, the largest amount of organic matter could be
observed in samples PS113 and PS114, taken from the outcrop of the Smotrich Brook. In
sample PS113, the content of AOM (approximatively 90-95%) shows a brown color, being
grouped in agglomerations, while in sample PS114 black and brown phytoclasts, probably
coming from a continental source, prevail. These phytoclasts have small sizes. The samples
of the Dnestr River are low in organic matter, with the exception of samples RN106 and
RN108, in which light-colored particles of AOM could be observed in association with
black phytoclasts.

The present paper contains analyses of Total Organic Carbon (TOC), an index for the
possible hydrocarbon potential from Silurian rocks. Of the two outcrops studied, the only
rocks in which a TOC content was established are dolomitic marls arranged in plates from
the Dnestr River outcrop (Skala Formation, Prygorodok Member) (Fig. 3). The TOC
content varies between 1,108 to 1,224, indicating a fair/good hydrocarbon potential.
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In the present study, foraminiferal fossil assemblages of marine sediments were
analyzed in detail and taxonomic, quantitative and paleoecological analyses were made in
order to obtain environmental information. For this purpose, a total of 144 drilling samples
and 76 surface samples were used. The fossil contents, dominant species and assemblages
were determined for all samples. A total of 56 species and 109 genera were determined
from these samples. According to grain-size analysis, the average grain size of the
sediments was determined. The marine sediments are generally characterized by
unchoosive coarse to thin sands of sediments. Three types of shell-wall composition were
observed; porcellanaceous and hyaline foraminifera were widely recorded, whereas
agglutinated foraminifera were recorded only rarely. The AMS dating (radiocarbon
analysis) method was carried out on marine sediments. Planktic and benthic foraminifer
contents were compared. Apart from this, the relationship of ground grain sizes with the
organisms was discussed. Consequently, all the data obtained was used for environmental
interpretation.
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The Porava section belongs to the western continental margin of the Mirdita ocean. This
section is located in Northern Albania, about 1 km south-southwest from the Porava village
(Puka town). From bottom to top, the lithostratigraphic column of the Porava section consists
of the following:

o A terrigenous detritic sequence (Verrucano type) probably of P-?Tr; age (thickness

of about 10 meters);

o Grey yellow thickly bedded dolomitic limestones (about 30-40m thick);

¢ Reddish nodular limestone, related to the Anisian age, with ammonites (thickness of
about 3-4 meters); in some rare areas, these limestones are accompanied by rift
related volcanics;

¢ Reddish radiolarian cherts belonging to the Anisian/Ladinian boundary (thickness of
3-4 meters);

o Pelagic cherty limestones (about 150m thick). These deposits are related to the
Middle Triassic-Lower Jurassic age, based on conodonts and Involutina liassica
(Xhomo et al., 2008). At this level, inserted layers of turbiditic limestone are also
present.

e This succession is topped by radiolarian cherts (about 12 meters thick) and
conformably overlaid by a mélange of the block-in-matrix type.

In this section, the samples collected for the analyses of radiolaria belong to the level of
radiolarian cherts, situated on the top of the section. The samples PM1 (10 cm from the
mélange of the block-in-matrix type) and PM4 (6 meters from the mélange) yielded the
following radiolarian assemblages:

Sample PM1: Eucyrtidiellum unumaense s.I. YAO, Parvicingula sp., Stichocapsa
japonica YAO, Theocapsomma cordis KOCHER, Tricolocapsa plicarum YAO,
Tricolocapsa sp. M. (Baumgartner et al., 1995), Unuma sp. A. (Baumgartner et al., 1995),
Williriedellum sp. A. sensu Matsuoka. The age of PM1 is related to 5-6 U.A.Z. (Late
Bajocian-Early Bathonian to Middle Bathonian) due to the coexistence of Theocapsomma
cordis and Unuma sp. A. (Baumgartner et al., 1995).
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Sample PM4: Eucyrtidiellum semifactum NAGAI & MIZUTANI, Eucyrtidiellum
unumaense s.I. (YAO), Parvicingula dhimenaensis s.I. BAUMGARTNER, Theocapsomma
cordis KOCHER, Tricolocapsa conexa MATSUOKA. The age of PM4 is related to 5-7
U.A.Z. (Late Bajocian-Early Bathonian to Late Bathonian-Early Callovian) due to the
presence of Theocapsomma cordis and Eucyrtidiellum semifactum.

In conclusion, the age of radiolarian cherts situated on the top of this section can be
related to ages ranging from the Late Bajocian-Early Bathonian to the Middle Bathonian.
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Albanian tectono-stratigraphic terranes include continental margin sequences, rift
assemblages and ophiolites. The eastern peripheral units belong to the Korabi zone, which
represents the western part of the Pelagonian microplate (Kodra and Gjata, 1989; Shallo,
1992). From west to east, 3 tectonic units can be distinguished on the Albanian territory,
namely the Mbasdeja unit, the Gjallica unit, and the Korabi unit; they belong to the Korabi-
Pelagonian microplate. The relationships between the ophiolites and the western flank of the
Korabi-Pelagonian microplate (Mbasdeja unit) are characterized by mainly subvertical
tectonic contacts.

In the Mbasdeja unit, radiolarian cherts lie above the Middle Triassic-Lower Jurassic
pelagic cherty limestones (the Hallstat facies) and are topped by an olistostrome formation
(mélange of the block-in-matrix type). This mélange shows a fabric that includes blocks
ranging from several centimeters to several hundred of meters in size set in a well foliated
shaly matrix. The lithology of the blocks includes rocks derived from both continental and
oceanic environments.

The formations of the Gjallica unit are well-spread over the Albanian territory, from north
to south. In these formations, radiolarian cherts lie over the Upper Triassic-Lower Jurassic,
platformal, thick-bedded, massive limestones. In some places, condensed Lower/Middle
Jurassic, nodular limestones are also present at the bottom of the radiolarian cherts.
Radiolarian cherts are topped by ophiolitic breccias.

In the Korabi unit, the radiolarian cherts have a limited exposure. They lie above the
cherty, pelagic limestones, and are covered by a mélange of the block-in-matrix type.

The age of radiolarian chert formations in the above-mentioned tectonic units can be
related to the Middle Jurassic.
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The radiolarian assemblages described in the present paper come from the Derstila
section, which belongs to the continental formations located at the western periphery of the
Shpati ophiolitic unit. This perimeter is situated at about 30-40 meters north of the Derstila
village (near the Elbasani town, Albania). The section consists of the following:

1. Platformic Upper Triassic-Lower Jurassic limestones;

2. Red, nodular, Lower-Middle Jurassic limestones (with Involutina liassica);

3. Red radiolarian cherts (about 1.5 meters thick)

4. “Blocks in matrix” mélange.

Samples D 0.44 and D 0.44/1 are taken from level (3), at 0.2m and 0.9m from the contact
with the nodular limestones. The samples have been etched with hydrofluoric acid at different
concentrations. In the present paper we adopted the radiolarian zonation based on Unitary
Association Zones (U.A.Z) proposed by Baumgartner et al. (1995). The complete faunal
assemblages from the examined samples are as follows:

Sample D 0.44: Tricolocapsa plicarum ssp. A. (Baumgartner et al., 1995); Transhssum
maxwelli gr. (PESSAGNO); Tricolocapsa plicarum s. I. YAO; Zhamoidellum ventricosum
DUMITRICA,; Sethocapsa sp. cf. S. funatoensis AITA; Protunuma (?) ochiensis
MATSUOKA,; Unuma sp. A. (Baumgartner et al., 1995); Eucyrtidiellum unumaense
pustulatum BAUMGARTNER.

Sample D 0.44/1: Parvicingula cappa DUMITRICA; Transhssum maxwelli gr.
(PESSAGNO); Unuma sp. A. (Baumgartner et al., 1995); Zhamoidellum ventricosum
DUMITRICA,; Tricolocapsa plicarum s. . YAO; Protunuma (?) ochiensis MATSUOKA,
Sethocapsa sp. cf. S. funatoensis AITA.

The age of Sample D 0.44 is 5 U.A.Z. or Late Bajocian-Early Bathonian due to the
coexistence of Protunuma (?) ochiensis, Eucyrtidiellum unumaense pustulatum and
Tricolocapsa plicarum ssp. A.

The age of Sample D 0.44/1 is 5-6 U.A.Z. or Late Bajocian-Early Bathonian to Middle
Bathonian due to the presence of Protunuma (?) ochiensis and Unuma sp. A. (Baumgartner et
al., 1995).

The age of the Derstila section can be related to the Late Bajocian-Early Bathonian to
Middle Bathonian.
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Abstract

Throughout the decades of research, the Mesozoic fauna of both par-autochthonous and
allochthonous rocks which build the sedimentary infill of the Rardu Syncline has provided
holotypes for new taxa/parataxa. These will all be recorded in the present paper, followed
by several critical annotations.

Keywords: Rarau Syncline, Mesozoic new taxa and parataxa, inventory.

Introduction

The Rarau Syncline represents a structural unit of the so-called Median Dacides (sensu
Sandulescu, 1984) developed in the northern part of the Eastern Carpathians.

It has of a crystalline basement, a Mesozoic sedimentary infill (toppedd by the Early
Cretaceous wildflysch), and magmatic rocks (known only as allochthonous blocks). Only
Bucovinian Nappes (par-autocthonous rocks) and Transylvanian Nappes (allochthonous
rocks) occur here.

Historical overview of the paleontological research

Beginning with the second half of the XIX-" century, the paleontological valencies of
the Mesozoic rocks from the Rardu Syncline were emphasized by the geologists from the
famous “geological school of Vienna.” Mojsisovics (1874, 1882, and 1893), Uhlig (1900),
Volz (1903), Kittl (1912) have added valuable data on new fossil taxa. Furthermore,
Romanian researchers have outlined the outstanding paleontological heritage of the Rarau
Syncline, new taxa being described by Patrulius (1965) and Turculet (a series of papers
from 1964 until today); the Polish researcher ElZbieta Morycowa (1971) has also brought
new data about the corals.
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Fig. 1 Geological setting of the Rardu Syncline. A Geological map of the Rarau Syncline (after
Turculet, 1971) and the main fossiliferous outcrops: 1. Tatarca strem; 2. Timon klippe - Ciungi,
Fundu Moldovei; 3. Maces hill - Sadova; 4. Paraul Cailor klippe; 5. ,,Apthychus” Formation -
Pojorata; 6. Runc hill; 7. Pragca klippe; 8. Valea Seaca stream; 9. Izvorul Alb stream; 10. Rarau
Plateau. 11. Piatra Zimbrului. B. Geological map of Romania (after Gheuca, internet).

New taxa and parataxa described

Specimens of algae, foraminifera, poriferans, cnidarians, cephalopods, aptychi,
gastropods, bivalves and brachiopods have been selected as holotypes for the description of
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new species/para-species and subspecies/para-subspecies. Moreover, after the studies
performed on several fossil taxa from the Rarau Syncline, new genera—para-
genera/subgenera — para-subgenera were established. By summarizing the data, tens of new
genera/subgenera and species/subspecies were described throughout the decades of
research. The most important groups will be summarized further on.

Fossil cnidarians (colonial corals) are common records in the Mesozoic klippen and
exotic blocks of the Early Cretaceous wildflysch, but they cannot be observed in properly
exposed patch reefs. Several authors, such as Volz (1903) and Morycowa (1971) have
emphasized the taxonomical importance of the coral fauna from the Rardu Syncline. The
corals belong to Zoantharia — Scleractinia and Octocoralia — Alcyonida. Volz (1903)
described 9 new species, Early Cretaceous in age, from the Izvorul Alb, Valea Seacid and
Izvorul Malului streams, and also from the Rarau Plateau. Morycowa (1971) also published
an important paper on the coral records collected by Patrulius from the Early Cretaceous
rocks of the Rarau Syncline. The author encountered several of Volz’s species, but also
described  four new genera  (Pseudomyriophyllia,  Hidnophoromeandraraea,
Trochoidomeandra, and Pseudopolytremacis) and 22 new species/subspecies from the
Izvorul Alb and Valea Seaca streams, the Rardu Plateau, and Pictrele Albe. Generally, the
taxa were largely adopted by paleontologists, being cited in many parts of the world
(Poland, Serbia, Spain, Mexico, Afghanistan etc.).

Ammonoids have been studied extensively throughout the years, but only one new
genus and subgenus have been described from the Rarau Syncline rocks.

Firstly, Mojsisovics (1893) proposed the Eremites genus, having as type species
Trachyceras orientale, also a new species signaled by Mojsisovics (1882) from the
Transylvanian Triassic of the Pardul Cailor Klippe. The genus was included in Moore’s
Treatise (1957), and has been cited in different part of the world (e.g. Laws, 1982; Hallam
and Wignall, 2000).

The new subgenus of Harpophylloceras and Bucoviniceras, respectively, was proposed
by Turculet (1970 a), who noticed the fact that the species Harpophylloceras bucovinicus
(UHLIG, 1900) shows features that are intermediary between those of the
Harpophylloceras, Meneghiniceras, and Juraphyllites genera. Uhlig’s species being quite
strange and rare, the validity of the subgenus was not disputed until now.

The new described ammonoid species, of Triassic and Early Jurassic ages, are more
nuMerous.

From the Triassic, Mojsisovics (1882) described several new prolecanitids and
ceratitids (all of them from the Paraul Cailor Klippe), more frequently cited in the papers
being Sageceras walteri, (e. g. Tatzreiter, 1986; Cataloi-Dobrudja — Turculet, 2009).
Several authors adopted the Siminonescu’s point of view, who considered S. walteri
synonymous with the relative S. haindingeri HAUER.

Subsequently, Turculet (2000) selected specimens for two new species — Paratibetites
carpathicus and Halorites excentricus — from the Timon/Timen Klippe (Tabel 2), which are
stored in the Museum of Paleontology and Stratigraphy of the Department of Geology of
the “Alexandru Ioan Cuza” University of lagi. Paratibetites carpathicus is of a special
interest because it shows an evidence for the connection between Carpathian and
Himalayan areas at this stratigraphic level — the Norian.
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Uhlig (1900) described five new ammonite species, from the Sinemurian of the Prasca
Klippe (Transylvanian Nappes). As was mentioned above, |, Rhacophyllites” (=
Harpophylloceras or Juraphyllites) bucovinicus requires special attention as regards its
morphological convergences with Harpophylloceras eximius, Meneghiniceras lariense, and
Juraphyllites mimatensis. The other four species belong to the Paltechioceras genus, the
most widely quoted being Paltechioceras romanicus. Several authors (e.g. Blau, 1998)
considered the other Paltechioceras species (P. waehneri, P. boesei, and P. herbichi)
synonymous of P. romanicus. The main part of Uhlig’s collection from the Prasca Klippe is
stored in the Museum of Geological Survey of Austria (Vienna).

A new species of Leioceras (L. giganteum) was described by Turculet (1982) from the
Aalenian blocks which are to be found near the Pojorata village (Transylvanian Nappes). It
was described based on a single specimen of big dimensions which preserves only the body
chamber, and consequenly the validity of the taxon is not very precise. The specimen is
hosted in the Museum of Paleontology and Stratigraphy, Geological Department,
,Alexandru Ioan Cuza” University of Iasi.

New sub-paragenera, para-species and para-subspecies of aptychi were described by
Turculet along last four decades in a series of papers. Several syntheses of his papers were
published in the last part of that period (Turculet, 1994; Turculet, 2000). Thus, Turculet
(1994) proposed four new sub-paragenera for Lamellaptychus, following the basic
arrangements of the ribs as in the types of Trauth and Gasiorowsky:
Beyrichilamellaptychus, Lamellosuslamellaptychus, Thorolamellaptychus,
Didayilamellaptychus; moreover, Turculet and Avram (1995) wused the name
Beyrichipunctaptychus for several species of punctaptychi with trajectories of the ribs
similar to those in Beyrichilamellaptychus. This proposal represents “a new stage in the
classification of aptychi” (Méchova et al., 2010), and several authors assumed it (with
several additions and changes), trying to adopt and improve a new systematics of aptychi
(Méchova et al., 2010).

Turculet (1964, 1971, 1973, 1989, 1992-1993, and 2000) described as well twelve new
para-species and para-subspecies from the so-called “Aptychus” Formation of the Rarau
Syncline, which are the valid para-taxa encountered in the different regions of the Alpine
chain.

Bivalves are, likewise, common mollusks in the Mesozoic rocks of the Rarau Syncline.
A highly important contribution was Turculet’s proposal for the five new subgenera of
Daonella (Mousonella, Grabella, Arzelella, Loemelella, Pichlerella), which was largely
adopted by researchers. This proposal (Turculet, 1972) emerged as a result of the studies
performed on the daonellid from the klippen of Paraul Cailor, Piatra Soimului, Piatra
Zimbrului, and lzvorul Malului stream.

Using the same reasoning as in the Daonella case, and based on the fossil records from
Rardu Syncline, Turculet adopted the same sub-genera separation for the halobiids and
monotids: Dispersehalobia, Styrihalobia, Austrihalobia, Carlyhalobia, Halorihalobia,
Norihalobia, Salihalobia, Radihalobia, and Rugohalobia (Turculet, 2002), respectively
Scutimonotis, Ochotimonotis, Zabaikalimonotis, and Salimonotis (Turculet, 2005). The
bivalve collected during the time by Turculet are stored in the same museum of University
AL 1. Cuza” Iasi.
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Furthermore, several new bivalve species/subspecies were proposed by Mojsisovics
(1874; Kittl 1912; and Turculet (1990, 1998, 2002, 2004 a, b, 2005) from the Triassic of the
Paraul Cailor Klippe, lzvorul Malului stream, Runc hill Klippe, and from the Middle
Jurassic autochthonous rocks of the Tatarca stream. In addition to the new described
bivalve taxa, it should be mentioned that there were not made ontogenetic observations on
the morphological changes, the specimens being sometimes incomplete or not well
preserved; consequently, the new named taxa could be affected by a future taxonomical
revision in this dynamic process which is the systematics of fossil fauna.

Conclusions

The Mesozoic sedimentary rocks of the Rarau Syncline provided a rich and attractive
Mesozoic fauna. Throughout the decades of research, foreign and Romanian
paleontologists have selected specimens as holotypes for tens of new species-
subspecies/para-species, and, consequently, as type species for over twenty-five
genera/para-genera. Given their importance, several outcrops were protected by law (Péaraul
Cailor, the “Aptychus” Formation at Pojordta), and many others were proposed for
protection (Timon Klippe—Fundu Moldovei), Runc hill, Piatra Zimbrului and Prasca
klippen, Tatarca stream etc).

Future taxonomical revisions could affect the new taxa and para-taxa from the
Mesozoic sedimentary rocks of the Rardu Syncline, as well future researches could enlarge
the amount of the new described taxa. This inventory represents different stages in the
knowledge of the fossil fauna and in the paleontological researches, in general.
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The Hateg Country is a region famous worldwide for the Dinosaur Geopark, which
contains many sites of continental macrofaunal assemblages. In particular, it includes one
of the latest assemblages of dinosaurs in the world, Late Campanian-Maastrichtian in age,
enclosing endemic species (Grigorescu, 1983, 2010; Csiki et al., 2010), known as the
"dwarf dinosaurs of Transylvania". Apart from the above-mentioned continental sites, the
region exposed Upper Cretaceous marine sites, yielding significant fossil assemblages of
fauna and flora (Pop et al., 1973; Stilla, 1985; Grigorescu and Melinte, 2001; Neagu, 2006;
Melinte and Bojar, 2008).

In the NW part of the Hateg Basin, the Upper Cretaceous marine deposits are
characteristic for an outer shelf developed up to a deep-water palaeosetting, while in the SE
part, the palaeoenvironment of Late Cretaceous age was infralittoral, occurring up to an
inner shelf (Melinte-Dobrinescu, 2010). Due to this setting, the Late Cretaceous marine
macrofauna-rich assemblages are present only in the SW region of the Hateg Country.

Our studies revealed that two particular Upper Cretaceous marine exposures in the SE
of the Hateg Basin contain significant macrofaunal assemblages, and could be included as
protected palaeontological sites of the Hateg Country Geopark. These sites are Ohaba-
Ponor and Strei.

The Ohaba-Ponor site studied (known also as the Dealul cu Melci from Ohaba-Ponor)
is placed aside from the road towards the Ohaba-Ponor village, along a path that follows the
right (western) bank of the Ohaba-Ponor brook. The base of the outcrop is composed of the
lacustrine-deltaic sandstones of the Federi Formation. This unit is overlain by the Valea
Dreptului Formation, which is divided into the following three members: Slatina, Ohaba-
Ponor and Coroi.

The oldest deposits of the Slatina Member consist of calcarenites, with rudists and
gastropods. The latter macrofaunal group is mainly represented by the taxa of the
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Actaeonella and Itruvia genera (Lupu, 1966), found in a large number, and displaying a
good preservation. Other encountered gastropods are Nerinea incavata and Nerinea
caucasica. Rudist taxa, such as Durania conectens LUPU 1966, Eoradiolites triangularis
d’ORBIGNY 1842, Neocaprina gigantea GEMMELLARO 1865, Sauvagesia praesharpei
TOUCAS 1909, Praeradiolites fleuriaui d’ORBIGNY 1842, Sphaerulites foliaceus
LAMARCK 1815 and Sphaerulites astrei LUPU 1966, are commonly present.

The Slatina Member is overlain by the Ohaba-Ponor Member, which consists of
fossiliferous marls, including ammonites, bivalves (mainly inoceramids) and gastropods.
Notably, the macrofaunal assemblages contain significant biostratigraphical ammonites,
such as Acanthoceras rhotomagense, Acanthoceras jukes-brownei and Eucalycoceras
pentagonum (Szasz, 1976), which are index species of the Middle Cenomanian ammonite
zones.

The youngest deposits that crop out in the Ohaba-Ponor Site belong to the upper Coroi
Member of the Valea Dreptului Formation, being composed of grey-yellowish clays,
alternating with thin calcareous sandstones and grey marls. The features of the exposed
sequence indicate significant palaeoenvironmental changes that occured within the Late
Albian-Coniacian interval, from a lacustrine setting to an infralittoral-littoral, eventually
passing to an outer shelf towards the top.

The site with Rudists from Strei is placed on the right bank of the Strei Valley,
upstream its confluence with the Ohaba Valley. This is the single place in the Hateg
Country where marine (infralittoral to littoral) deposits, probably placed in the Campanian-
Maastrichtian boundary interval (according to Melinte-Dobrinescu, 2009), occur. Hence,
the site contains the youngest Cretaceous marine sediments of the region, overlaying the
turbidites of the Pui Formation. The site contains a macrofaunal assemblage unique in the
Hateg basin, mainly enclosing the species Hippurites gosaviensis and Actaeonella gigantea.

The two above-described sites are representative for the geodiversity of the Upper
Cretaceous marine deposits of the Hateg Country. They are important for the
palaeontological heritage of this region, and improve the knowledge on the geological
evolution of the Southern Carpathian area.
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In the Geobiohas Project a new geological collection was founded in Cheile Bicazului -
Hasmas National Park (CBHNP) Administrative Headquarters from Izvorul Muresului
locality. These collections comprise 400 samples of rocks and fossils and separately
inventoried (45 of rocks and 355 fossils). Many of this were already studied and described
in scientific paper or are in work at this moment. All are representing petrographic and
palaeontologic heritage of the CBHNP. Are represented different type of rocks and a part of
paleontological heritage, from the must important paleontological sites of this Park.

The aim of this collection was that of a well founded patrimony of this area.

The petrographic collection comprises: Haghimas Granite, Barnadu Conglomerate,
different limestones from the region and other types of rocks, of different age which are
registrated as in the following table.

Inv.  Rock Age Location Observation
Gl Dolerit - Piatra Singuratica Olistolite from wildflysh
G2  Haghimas Granite Palaeozoic Verescheu Valley From an pit
G3 Sandstone with
belemnites Dogger Ghilcos Valley F5 Site
G4 Quartzite conglomerate Seisian Suhardului Valley (the oldest sedimentary

rock from CBHNP)
G5 Carbonaceous sandstone Early

with ammonites Kimmeridgian Ghilcos (north) F2 Site
G6 Limestone with Early
Lacunosella Kimmeridgian Fagu Oltului Valley F12 Site
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G7

G8
G9

G10
Gl1

G12
G13
G14
G15
G16
G17
G18
G19
G20
G21
G22

G23
G24

G25

G26

Limestone with crinoids

Limestone with Nerinea
Limestone with algal
nodules

Jasper (red)

Green nodular limestone
with ammonites

Red nodular limestone
with ammonites
Glauconitic sandstone
with ammonites and
plant remains

Breccias

Oolith limestone with
belemnites

Dolomite

Serpentine

Jasper (green — grey)

Ocular Gneiss

Quartzite

Limonite (“Klauss Beds”)
Marls (brawn)

Micro-conglomerate
Reccifal limestone

Bio-accumulate limestone

Marls with Myophoria
costata

Kimmeridgian -
Tithonian
Berriasian
Early
Cretaceous
Oxfordian
Early
Kimmeridgian
Early
Kimmeridgian

Early Tithonian
Early Liassic

Liassic
Anisian

?Callovian -
Oxfordian

Bathonian
Early
Cretaceous
?Cenomanian
Barremian -
Aptian
Tithonian -
Berriasian
Werffenian
(Triassic)

Suhardul Mic
Ghilcos (northern route)

Ghilcos (northern route)
Piatra Siguratica

Ghilcos (north)
Ghilcos (west)
Ghilcos (west)
Oii Valley

Oii Valley

Oii Valley
Piatra Altarului
Oii Valley
Balan

Balan

Suhard Valley

Bicajel Valley
Cherec Valley

Ghilcos (north)
Bicaz Gorges

Lazar resurgence

F26 Site
F29 Site

F28 Site
F17 Site

F2 Site
F1 Site
F1 Site
F Site
F Site
F Site
G Site
G Site

G Site
G Site

F Site

F28 Site

F Site

The paleontologic specimens from this Collection are representing some of the studied
sites, presented in a recent paper (Grigore et Al, 2009); they proceeds from:
- Ghilcos kimmeridgian ammonites from northern site (F2)

- Ghilcos kimmeridgian ammonites from western (walls) site (F1)

- Ghilcos cretaceous reef (F28)
- Liassic from Ghilcos Valley (F5-6)
- Liassic from Oii Valley (F10)

- Kimmeridgian with Lacunosella from Fagu Oltului Valley (F13)

- Berriasian with Nerinea from Ghilcos northern site (F27)
- Aptian from Cherecului Valley (F7)
- Liassic from Licag Valley (F29)

- Kimmeridgian ammonites from Cheia Valley (“Ciofronca”) (F17)

- Lower Cretaceous (Berriasian — Valanginian) Nerinea beds from Cherec.

In the following table are exemplified some of the specimen inventoried here:
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Inv. Species Max. size Age Site
P1 Sowerbiceras tortisulcatum (d’Orbigny, 1840) 60 km

P2 Calliphylloceras manfredi (Oppel, 1865) 30 km;

P3 Aspidoceras cf. acanthicum (Oppel, 1863) 75 km

P4 Calliphyloceras manfredi (Oppel, 1865) 34 km

P5 Lythoceras polycyclum polycyclum Neumayr, 1871 70 km

P6 Taramelliceras (T.) pseudoflexuosum (Favre, 1877) 29 km

P7 Aspidoceras binodum (Oppel, 1863) 18 km

P8 Calliphyloceras manfredi (Oppel, 1865) 14 km

P9 Nebrodites heimi (Favre, 1877) 40 km

P10 Aspidoceras sp. 12 km

P11 Taramelliceras cf. pseudoflexuosum (Favre, 1877) 124 km

P12 Taramelliceras cf. trachinotum (Oppel, 1863) 16 km

P13 Phylloceras sp. - km

P14 Orthaspidoceras lallerianum (d’Orbigny, 1848) - km 2
P15 Laevaptychus sp. - km

P16 Ardescia sp. - km

P17 Lythoceras montanum (Oppel, 1865) 41 km

P18 Taramelliceras (Taramelliceras) compsum (Oppel, 1863) 151 km

P19 Orthosphinctes (Progeronia) triplex (Quenstedt, 1888) 46 km

P20 Lythoceras polycyclum polycyclum Neumayr, 1871 106 km

p21 Nebrodites favaraensis (Gemmellaro, 1872) 34 km

P22 Calliphylloceras benacense (Catullo, 1847) 60 km

P23 Sowerbyceras silenum (Fontannes, 1876) 59 km

P24 Taramelliceras cf. pseudoflexuosum (Favre, 1877) 83 km

P25 Aspidoceras binodum (Oppel, 1863) 135 km

P26 Taramelliceras (T.) compsum kochi (Herbich, 1878) 96 km

P27 Taramelliceras cf. platyconcha (Gemmellaro, 1872) 135 km

P28 Aspidoceras cf. acanthicum (Oppel, 1863) 131 km

P29 Sowerbyceras silenum (Fontannes, 1876) 40 km; F17
P30-36 Cyclothyris lata (d’Orbigny) - br-ap

P37-40 Cyrtothyris moutoniana (d’Orbigny) - br-ap

P41-56 Trochocyathus conulus (Michelin, 1840) - br-ap

P57 Microphyllia cf. undans (Koby, 1887) br-ap

P58 Flexigyra patruliusi Morycowa, 1971 br-ap F28
P59-60 Actinastrea pseudominima (Koby, 1896) br-ap

P61-62 Diplogyra lamellosa Eguchi, 1936 br-ap

P63-66 Heliocoenia cf. carpathica Morycowa, 1971 br-ap

P67 Pseudomelania cf. jaccardi Pictet & Campiche, br-ap

P68-80 Nerinea silesiaca (Ziettel, 1873) - be

P81-94 Lacunosella arolica (Oppel, ) - km; F13
P95-100 Septaliphoria moravica (Uhlig, ) - km,
P101-104 Sutneria eumela (d’Orbigny, 1847) - kmy

P105 Presimoceras sp. - km;

P106 Nebrodites cf. agrigentinus (Gemmellaro, 1872) - km; F2
P107 Aspidoceras acanthicum (Oppel, 1863) - km;

P108 Laevaptychus latus (Parker) - km,
P109-110 Lamellaptychus sparsilamellosus Guembel - km,

P111 Phylloceras saxonicum Neumayr, 1871 - km,

P112 Phylloceras consanguineum Gemmellaro, 1872 - km;

P113 Pygope janitor (Pictet) - km,

P114 Phylloceras ptychoicum (Quenstedt, 1845) - th, F1
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P115 Taramelliceras (T.) cf. trachinotum (Oppel, 1863) 122 km;
P116 Taramelliceras (T.) cf. compsum (Oppel, 1863) 75 km;
P117 Taramelliceras (T.) cf. compsum (Oppel, 1863) 119 km; F1
P118 Taramelliceras (T.) compsum kochi (Herbich, 1878) 54 km;
P119 Calliphylloceras benacense (Catullo, 1847) 75 km;

Many of the paleontologic specimens were already analysed in Geological Institute of
Romania and Geological Faculty of Bucharest University laboratories. At this moment in
the inventoried CBHNP Collection are included: Upper Jurassic ammonites (studied —
Grigore, 2002, 2009a, b), Liassic belemnites, Kimmeridgian and Barremian - Aptian
brachiopods (Lazar et al. 2009 and other in work), Barremian - Aptian corals (in work),
Jurassic and Cretaceous gastropods (in work), Oxfordian - Tithonian crinoids and Mesozoic
bivalves.

Some of the specimens are special for its preservation or other qualities (as dimension,
rarity...): specimens of Sutneria - only here abundant from all Romanian sites; a huge
specimen of Aspidoceras acanthicum (Oppel) — over 300 mm in diameter; rare specimens
of Lacunosella; well preserved specimen of cretaceous corals and others.

This collection serves for future studies and as a public museum, for the area of
CBHNP.
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Introduction

Concentration of heavy metals due to human activities and their impact on the
biosphere represent extremely studied processes of the geochemical cycle. Implicitly, the
optimization of sampling networks must provide the necessary information with maximum
economic efficiency within the limits of acceptable errors (Zorilescu, 1986; de Fouquet,
1997; van Groenigen et al., 2000; Hengl et al., 2003; Lamé et al., 2005; Webster and
Oliver, 2007).

Materials and Methods

Investigated area

Being located in northeastern part of Romania, lasi City, which is the second largest
city of Romania, was highly industrialized until 1989 due to its metallurgic and heavy
equipment industry, chemical industry, pharmaceutics, textile industry, food industry,
energetic industry and furniture industry. lasi City has shown a permanent decrease of the
industrial activity during 1991-2010.

Geologically, lasi City belongs to the Moldavian Platform, which, according to lonesi
(1994), is made of a basement and a sedimentary cover (deposits belonging to the Upper
Vendian, Palaeozoic, Cretacic, Palaeocene, Eocene, Upper Badenian, Sarmatian and
Meotian periods), at which the quaternary deposits are added.

In the studied perimeter, that occupies an area of 25,576 km?, protisols (39%), cernisols
(38%), anthrisols (9%) and soil complexes (14%) represent the soil type.

Sampling and Analysis

In the examined perimeter it was harvested a total of 1,030 soil samples from a depth of
0.00 — 0.30 meters of a quadratic network nodes, whose side has been
establishedempirically to 500 m.
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The weight of one sample varies between 1.5 and 2.5 kg.

Once the samples were air-dried and crumbled into fragments < 0.2 mm, there were
determined the total heavy metal content through the atomic absorption spectroscopy (AAS
Solar type), in air-acetylene flame, in the hydrochloric solution obtained after digestion
with a concentrated nitric and perchloric acid mixture (ICPA-Bucharest methodology).

Statistical treatment

In order to establish the main characteristics of the populations of heavy metals, we
determined the main statistical perimeters, the Pearson correlation coefficients and the rank
correlation coefficients.

Informational characteristics

In order to optimize the sampling equidistance there were calculated the information
entropy, the information energy, the informational center of gravity and relative errors for
different sampling equidistances (500 m, 1,000 m, 1,500 m, 2,000 m, 2,500 m, 3,000 m,
3,500 m).

Informational entropy

Considering a finite probability field consisting in a complete system of elementary

events

As, Ao, .., Ay With the probabilities Py, Py,... Py (Pi2 0,1 =12..n5 3P =1),
i=1
then the informational entropy (Shannon, 1948; Zorilescu, 1986; Lee, 1998; Baltrunas,
Gaigalas, 2004; Mogheir et al., 2004), defined as a measurement of the degree of
indeterminacy of a field of probability or as a measurement of the amount of information
contained by a finite probability field can be defined as:

H=H(P,P,,..,P)=-)log,P,
i=1

In practice, instead of P; probabilities, relative frequencies f — M will be used, where
" N

n; are empirical absolute frequencies and N is the total volume of empirical selection
(Zorilescu, 1986).
Informational energy
The informational energy (Onicescu, Stefanescu, 1979; Zorilescu, 1986, Pardo,
Menéndez, 1992) of a finite states system (elementary events)A;, A, ...., An, which are
produced with the probabilities P;, P,,..., P, and which verify the conditions P;=> 0 si
Z”:Pi _1 Is given by the relation:

i=1

E=E(P,P,...P)=) P?

In practice, instead of P; probabilities, relative frequencies f = M will be used, where
N

n; are empirical absolute frequencies and N is the total volume of empirical selection
(Zorilescu, 1986).
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Informational center of gravity
It characterizes a states system or a system of elementary events that occur with certain
probabilities, by coupling the average value of the random variable attached to the system
with its informational energy.
Relative errors
Two sampling networks can be considered equivalent if, within the limit of some
acceptable errors, they lead to similar values of informational characteristics.
In order to determine the rational sampling network (Zorilescu, 1986), there are
calculated the relative errors &, (h)between the values Z(h;) determined for the

equidistance h; and the value Z(h;) corresponding to the initial equidistance h; with the
relation:

|Z(h)—=2Z(h)|
Z(h)
and they are compared to an accepted g error. If §,(h)<dg,then the sampling

network of h; equidistance can be considered equivalent to the initial network of
equidistance h;.

6,(h)=

Results

Statistical results
The statistical parameters determined for heavy metal contents from soils of lasi City
indicated wide variation fields, the mean values of Zn, Cu, Pb, Ni and Cr contents
exceeding the normal values from soils. The variation coefficients had high values,
especially for Zn, Pb and Cd. The skewness values especially in case of Zn, Pb, Cd, Ni and
Co, indicated the high weight of small contents compared with the total number of studied
samples. The evaluation of correlation coefficients has shown very weak links for most of
pairs of elements, except Ni and Cr, where a weak positive correlation was found. The
correlation coefficient of ranks, which is much less influenced by exceptional samples,
indicates significant positive link between Zn-Cu, Zn-Pb and Ni-Cr.
Informational characteristics results
By determining the values of Z(h):

[H(h)=-3 plog p
E(h)=Yp
Z(h)=yx=p f(x)
DN LGOI
| > b f(x)

for different sampling equidistances (500 m, 1,000 m, 1,500 m, 2,000 m, 2,500 m, 3,000 m,
3500 m), the relative errors &, (h,)indicated, in the case &, (h)and &.(h) optimal

sampling equidistances that range between 500 m (Mn) and 1,500 m (Zn, Cu, Pb, Co, Ni,
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Cr) for an accepted error §, =10%. In the case besides &, (h.)and &, (h,) there are also
used & _(h)and &, (h) as optimization criteria of sampling equidistance, its values record

pronounced variations, and this aspect can be confirmed with the presence of exceptional
samples.

The criterion of the gravity informational center suggests values around 1,500 m as the
optimal sampling equidistances for chemical elements in the soils studied in Iasi City.

Conclusions

Although there were not used the traditional methods of sampling networks
optimization, informational characteristics have proved an opportunity to establish
reasonable equidistance of soil sampling in order to determine the contents of heavy metals.
Thus, it can be considered that the sampling equidistance of 1,500 m is equivalent to the
sampling equidistance of 500 m, providing the necessary information with a maximum
economic efficiency within the limit of an acceptable error.
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The objectives of the present study were the following: (i) to determine the total
contents of minor elements (Cr, Cu, Mn, Zn, Cd, Pb, Co, As, Ni and Fe) in samples of
tailings dissolved using HNOj3; and concentrated HCIO,, (ii) to determine the pH of the
samples in both aqueous and saline suspensions, (iii) to determine the Eh of the samples
and (iv) to calculate the correlation factors between the minor elements, the pH and Eh.

The studies were conducted on a series of 22 samples collected from the surface of the
Dealu Negru mine tailings, Fundu Moldovei area, Romania. The total concentration of
minor elements was determined by using Atomic Absorbtion Spectrometry after treating
the samples with HNO; and concentrated HCIO, (Borlan and Rauta, 1981). The pH was
determined by using the potentiometric method in both aqueous and saline suspensions,
while the Eh was determined directly in aqueous solution (Florea et al., 1986; Bloom,
2000). The data obtained up to that point was summed up and projected onto concentration
maps and spatial distribution diagrams for each minor element, as well as for the pH and
Eh. The concentration maps and 3D-diagrams were built by using Golden Software’s Surfer
9.7.543 and Visual Basic scripts applied to it. The 3D surface of the mine tailings was
approximated by using the same software. The correlation matrices between the minor
elements and the values of the pH and Eh were obtained by using StatSoft’s Statistica 8.0.

The results of the study have indicated that, while the concentrations of Zn, Cu, Fe, Pb,
Co, Cr, Cd and As tend to increase in the proximity of the top of the mine tailings, the
higher concentrations for Ni and Mn correspond to the samples collected from the bottom
of the tailings. The highest pH values were also determined for the samples collected from
the top of the mine tailings. A possible explanation for this phenomenon would be the
presence of a draining pool that dried out some 5 years ago.

The work on which the present paper is based was supported by the European Social
Fund in Romania, under the responsibility of the Managing Authority for the Sectoral
Operational Programme for Human Resources Development 2007-2013 [grant
POSDRU/88/1.5/S/47646].
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Introduction

The aim of the present work is to establish the efficiency of natural zeolites in soil
remediation, and is based on an experimental approach under laboratory conditions. In
order to achieve it, soil collected from the mining perimeter of Bélan and zeolites from the
Dej tuffs, which occurr over large areas in theTransilvanian Basin, were used.

The reliability of the study is sustained by: (i) the structural features of zeolites, which
enable ion exchanges with the environment and, thus, the extraction of polluting elements
from soils and/or waters; (ii) the high regeneration capacity of zeolites after being used in
decontamination activities; and (iii) the use of zeolites on a relatively long period of time in
various fields, for example in reestablishing the geoecological balance in areas with
environmental issues.

Chemical and structural features of zeolites

Zeolites are tectosilicates with tridimensional structures, constituted of (Si,Al)O,
tetrahedra, every oxygen atom belonging to two adjacent tetrahedra. This structure leads to
the formation of a lattice with internal cavities, often called “supercages,” allowing intakes of
large radius cations, such as Na*, Ca**, K* Ba”™*, and, rarely, Li*, Rb* and Cs".

Such channels are usually larger than the size of ions that can penetrate them, allowing
the accumulation of organic molecules or inorganic compounds (e.g. SO,,), and giving
zeolites the possibility of acting as ionic filters or as molecular sieves (Bedelean and Stoici,
1984).

The tetrahedral Si:(Si+Al) ratio has a major effect on the properties of zeolites. Thus, the
Al-Si substitution (or Fe**-Si) alters the chemistry and the charge of the framework structure
and, therefore, changes of the chemistry of the extra-framework cations occur (Bish and
Guthrie, 1993).

Research methodology and techniques

The experiment was carried out in the laboratory, under environmental conditions
(T=23+3 °C), on a zeolite sample collected from the Vultureni occurrence (Transilvanian
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Basin) and on a soil sample taken from an area of the mining perimeter of Bélan, where a
large number of mine shafts were reported; the zeolite and soil samples were prepared in
the laboratory and were subjected to analytical investigations.

The preparation of the zeolite sample included two stages: (i) a mechanical preparation,
consisting of grinding, mixing, reducing, milling, sieving, by using sieves in the range of
0.43-0.80mm; and (ii) a separation under a strong magnetic field, in order to extract
minerals with magnetic properties. For a more efficient extraction, the process was
repeated, in order to obtain a non-magnetic fraction that would be pure as possible. The soil
sample was submitted to a mechanical preparation only, the class with a diameter smaller
than 0.315 mm being used.

The chemical composition of the zeolites used in the experiment (tab. 1) is similar to
the theoretical one, where elements such as Al, Si, Na and Ca, as well as Fe** , Mg, and K,
are present, pointing out possible substitutions, such as Al-Fe**, Ca—Mg, and Na—K, in the
sites of the structural framework.

Tab. 1 Major chemical composition of the zeolite sample (wt.%)

Oxide SiO, Al,O4 Fe,0O3 CaOo MgO K,0 Na,O
Concentration 66.43 11.36 0.74 6.55 0.47 1.27 1.47

The physical methods of investigation consisted of X-ray diffraction, for the
identification of zeolite mineral species that occur in the sample. The analysis revealed a high
purity and crystallinity degree, and the presence of a mineral association consisting of
thomsonite—mesolite—clinoptilolite (tab. 2).

Tab. 2 Crystallochemical formulas and X-ray diffraction patterns [d(A)] of the zeolite sample

Mineral Theoretical formula* Calculated formula d(A)
Thomsonite Nacaz[A|5Si5020]'6Hzo (Nao_12K0_25C30_95Mgo_27) 3.27/3.18/2.86/
; 2.79/2.43/2.25/
Al 80F€0.17Si7.07 O20]-NH20
[ 2.80C0.17917.07 20] 2 2.09/1.95/1.75/
1.67/1.65
Mesolite Na15Ca15[AI438i72024o] 64H,0 (Na1,33K3_53C37,03Mgl,93) 3.08/2.87/2.5/
[A|24_37F81‘55Si94_310240] . nHzo 2.41/2.34/2.27/
2.05/1.95/1.75/
1.68/1.64/1.59/
152
Cllnoptllollte (Na,K,Cao_s,Sro_s,Bao_s,Mgo_s)s (Na()‘55K1_13C32,16Mgo,61) 7.9/3.12/3.07/
[AleSigoOn] "20H20 [A|2_55Feo_15 Si32_17 072]-nH20 2.87/2.73/2.44/
2.42/2.29

* after The Canadian Mineralogist (1997)

The experiment consisted of: (i) weighing of soil and zeolite samples and mixing with
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doubly distilled water and acid water, in well-determined proportions (tab. 3); (ii) stirring of
the mixtures with the stirrer of a pH-meter, 540 GLP, WTW Co. type, 2 hours daily, for 11
days; and (iii) monitoring the ionic exchange between: zeolites and distilled water, zeolites
and acid water, soil and distilled water, soil and acid water, soil-zeolites-distilled water, soil-
zeolites-acid water; the procedure was carried out by measuring certain parameters (pH,
conductivity, total dissolved solids) and highlighting the concentration of heavy metals (Cu,
Pb, Zn, Ni) in the above-mentioned solutions.

Tab. 3 Experimental methodology

Solution Soil (g) Zeolite () Water (ml) pH
A - 0.5 40 5.7
B - 0.5 40 3.2
C 5 - 40 5.7
D 5 - 40 3.2
E 5 05 40 5.7
F 5 05 40 3.2

Mixing the samples with doubly distilled water and acid water, respectively, had the
purpose of monitoring the changes of the soil sample under simulated common rain (by
mixing with distilled water) and acid rain (by mixing with acid water) conditions, and to
compare its behaviour in the presence or absence of zeolites. The acid water was prepared by
adding a very small volume of 96% H,SO, to the distilled water; the soil/zeolites ratio was
10:1.

The soil sample has been analysed during previous research regarding the heavy metal
pollution in the mining area of Balan (Balint, 2010). For the considered sample (number 49),
analyses of Cu, Pb, Zn and Ni were carried out, and the values are presented in table 4.

Tab. 4 Heavy metal ion concentrations in the analysed soil (Balint, 2010)

Heavy metal Cu (mg/kg) Pb (mg/kg) Zn (mg/kg) Ni(mg/kg)
Concentration 844.8 252.5 258.2 49.1

The soil sample was analysed using a X-ray fluorescence spectrometer (MINIPAL 4 -
PANalytical), and the solutions resulted by mixing the soil and zeolites with distilled water
and acid water, respectively, were investigated with an atomic absorbtion spectrometer,
through the graphite furnace technique (ZEEnit-700 - Analyticlena). The pH of these
solutions was determined using an Orion 210A+ (Thermo) pH-meter, while the conductivity
and the total dissolved solids were measured with an Orion 130A (Thermo) conductivity
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meter .
The data were processed using specific software (EXCEL).

Results and discussions

The first phase of the experiment consisted of: (i) blending 0.5g of zeolites with 40mL
of distilled water (pH 5.7) and 40mL of acid water (pH 3.2), respectively; and (ii) mixing
5¢g of soil with the same volume of distilled and acid water. The resulted mixtures were
stirred 2h/day, for 11 days, and the heavy metal content that the zeolites and the soil can
release into aqueous solutions was measured. The variation of pH, TDS and conductivity
were also determined. Finally, the interpretation of the results (tab. 5) pointed out the high
purity and alkalinity of the zeolite species, as well as the solubility of the studied metals and
the acidity of the soil.

Tab. 5 Heavy metal ion concentrations, pH, TDS and conductivity of solutions: zeolites-distilled
water (A), zeolites-acid water (B), soil-distilled water (C), and soil-acid water (D)

Sol. Cu(ugL) Pb(ug/L) Zn(ug/L) Ni(ugL) pH  TDS(mg/L)  C(mS/m)

A 0 3.4 0 4.4 7.04 47 0.114
B 0 3 0 4.4 6.82 56 0.131
o 2335.3 129 146.9 662.3 2.89 1844 431
D 2414 110.6 101 720.2 2.89 1801 4.22

The same parameters were determined in similar conditions for the soil-zeolites-
distilled water and soil-zeolites-acid water solutions, in order to establish the effect of the
zeolites on a polluted soil, during the event of common and acid rains; the measurements
were made on certain days during the experiment and the values are indicated in table 6.

Tab. 6 Heavy metal ion concentrations, pH, TDS and conductivity of solutions: soil-zeolites-distilled
water (E) and soil-zeolites-acid water (F)

Sol. Day Cu(ug/L) Pb(ug/L) Zn(pg/L) Ni(ug/L) pH  TDS(mg/L) C(mS/m)

3 2056.7 103.1 135.6 554.4 3.30 1411 3.20
5 1957.2 104.0 104.8 434.2 3.36 1441 3.17
E 7 1895.1 100.0 85.2 443.3 3.43 1476 3.30
10 1617.5 90.4 83.6 448.1 341 1525 3.44
11 1411.3 74.3 72.6 403.3 3.38 1565 3.60
3 2325.8 96.2 99.4 629.7 3.24 1447 3.22
5 2128.3 96.8 96.9 4422 3.31 1474 3.23
F 7 2057.4 93.7 82.5 456.8 3.37 1510 3.37
10 1775.0 86.6 78.5 544.9 3.38 1535 3.47
11 1665.1 78.3 77.9 561.7 3.38 1576 3.60
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A correlation of the analytical data (fig. 1) suggestively presents the variation in time of
copper, lead, zinc and nickel ions in the mixtures of soil, zeolites and distilled water, and
soil, zeolites and acid water. The concentrations specified for the first day of the experiment
resulted by investigating the soil-distilled water and soil-acid water solutions.

A descendant trend for Cu, Pb and Zn concentrations is highlighted, due to a gradual
sorption of these heavy metals by zeolites; Ni has a more peculiar behaviour, as a
desorption phase is well emphasized, much more obvious in the acid solution. Mentioned
also other authors as well (Sprynskyy et al., 2006; Wang and Peng, 2010), this aspect can
be considered normal for Ni and may accounted for by the selectivity of zeolites for H" and
other heavy metal ions.
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Fig.1 The variation of heavy metal amounts in solutions resulted by mixing soil with zeolites and
distilled or acid water

The pH of the solutions is more variable and the trend is different from one mixture to
another. The pH of acid solutions slightly increases with the addition of zeolites, but this
tendency is less obvious than in the case when only zeolites and acid water were mixed; the
pH of soil, zeolites and distilled water drastically decreases, from 5.7 to 3.30, although not
as much as when no zeolite was used. These variations could be caused by pollution, as
well as by humic acids.

Initial and final concentrations of heavy metals are summarized in table 7, the
following formulae being used to determine the sorption capacity of zeolites:
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. Ci B Cf
(%)adsorption = —c x100 D

i
where C; — initial concentration, and C; — final concentration (Erdem et al., 2004).

Tab. 7 Initial and final concentrations of heavy metals and the amount of sorption (%) by the zeolites

Cu (ng/L) Pb (ng/L) Zn (ng/L) Ni (ng/L)

S Sorbed .. . Sorbed . . Sorbed
Initial ~ Final Initial ~ Final

(%) (%) (%)

E 23353 1411.3 39.6 129 74.3 42.4 1469 726 50.6 6623 4033 39.1

F 2414 16651 31 1106 783 292 101 779 229 7202 5617 22

Sol. Initial  Final Initial  Final

orbe!
(%)

Conclusions

Natural zeolites are low cost and efficient materials in the retention of heavy metals
from polluted soils. The experimental study has emphasized the high reliability of zeolites
for soil remediation, as they decrease the heavy metal concentrations, both in distilled and
acid solutions, even when used in a multi-component system.

The process is influenced by the cation exchange capacity (CEC) of the zeolites and by
the pH of the solution, as there is an obvious ion selectivity and competitive adsorption
between heavy metals and H* ions, as well as between Cu®*, Pb*, Zn®*, and Ni?*; the
sorption efficiency is the following: Zn**>Pb?*>Cu?">Ni?".
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Introduction

The current paper suggests and tries to answer, through a very brief analysis, several
questions, such as:

— What is the geological environment?

— How does the geological environment generally interfere with the surrounding
environment and especially with the socio-economic development?

— When did the geological environment start to be viewed as a well-outlined entity of
the environment in general?

— Who are the managers of the activity of geological environment preservation and
what are their responsibilities?

Why is eco-economy a “must”? (Barbier, 1987; Brown and Merideth, 1988).

Geological environment

The geological environment clearly represents a part of the natural environment.
Therefore, it could be considered a part of the lithosphere, with which the living creatures,
particularly the human beings, and their activities come into contact, in order to provide the
necessary substances and energy supplies.

Considering the limits of the geological environment, we can define the upper limit as
being represented by the relief forms, ranging from the maximal altitude (8,849.86 km —
Everest, Himalaya Mountains) to the minimal altitude (minus 11,034 m, Mariana Trench,
Pacific Ocean) of the relief from the lithosphere. The lower limit of the geological
environment is determined by the technico-scientific development of the human society
(nowadays, about 15 km in one drilling from the Kola Peninsula).

The geological environment can be clearly outlined by specifying its evolution
conditions, namely the geologico-tectonical, hydrogeological, geomorphological,
geophysical, geochemical, biological systemic conditions, and even climatic conditions.
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Relating the technogenic activity to the above-mentioned conditions, one discovers that
it has influenced the evolution of the geological environment in effective time up to the
present level, when the human activity surpasses, several times in some cases, the natural
historical activity of the geological processes (Capcelea et al., 2000).

Exploitation in the geological environment

Geological research, along with the exploitation of deposits in all its stages, from
exploration to exploitation, imposes a more accurate knowledge of the physico-mechanical
properties of the rocks and of the useful mineral substances (Bancila et al., 1980).

Geological environment modeling

The problematic of geological environment modeling, with all its particularities, which
sometimes have a difficult-to-make-out complexity, starts with the detailed differentiation
of the geological environment.

This differentiation is based on the analysis of the researched technico-natural systems,
from the litho-stratigraphic spatial homogeneity to the structural one, or even a natural
climatic one, within the diversity of the technogenic activity. The geological environment
has several heterogeneities, compared to the biological or the geographical environment.
Therefore, the uncertainties (either natural, spatiotemporal or conceptual) determine the
imperfection of each model of the geological environment.

Nevertheless, in order to have an analysis lead to a proper geological model, an
evaluation of the possibilities for evolution within the limits of the geological and
technogenic processes that are dangerous for biodiversity must be performed.

Moreover, we must consider the socio-economic and the socio-ecologic aspects
(environmental preservation and protection), as well as the organizing, monitoring and
methodic aspects (Rojanschi et al., 1997).

Systems of the geological environment

The systemic organization of the geological environment represents its abstract
formulation and is a preoccupation which derives from the general theory of the systems
(lonescu, 2000).

Monitoring the geological environment

The monitoring process is defined as an integrate evaluation activity of the physical,
chemical and biological characteristics (geological environment) related to human activity.

The integrated approach in the management of the monitoring activity is imposed by
the construction of a system of active control, prediction and intervention (Horaicu, 2004).
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Abstract

In order to implement the Water Framework Directive 2000/60/EEC, Romania has
delineated, based on geological and hydrogeological criteria (fig. 1), 142 groundwater
bodies, out of which 17 are transboundary.

The delineation of groundwater bodies was made only for the areas in which there are
significant aquifers for water supply (yielding more than 10 cubic meters).

In Romania, porous-permeable, karstic, fissural and mixed groundwater bodies were
delimited. The most part of the groundwater bodies are of the porous-permeable type.

The groundwater dynamics and storage potential depend on the local/regional
hydrogeological conditions, such as lithology, aquifer spatial disposition and recharge.
These characteristics generally determine the hydraulic conditions, phreatic, middle-depth
or depth groundwater bodies being, thus, separated.

Phreatic groundwater bodies occur up to a depth of 30-50 meters, are generally
unconfined, directly influenced by meteorological factors, and in connection with surface
water. The middle-depth and depth groundwater bodies, which occur below the depth of
30-50m, are confined and isolated from the surface waters and the phreatic ones by
impermeable layers.

The National Institute of Hydrology and Water Management has undertaken the
following activities, concerning groundwaters in Romania:

- identification, delineation and characterization of the groundwater bodies based on
geological and hydrogeological criteria, and criteria related to the potential anthropogenic
influences on the quantitative and qualitative status of groundwater bodies, and to
sustainable water management;

- evaluation of anthropogenic impact on groundwater and establishment of the
groundwater bodies at risk;
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Fig.1 Groundwater bodies which were delineated in Romania

- establishment of the transboundary groundwater bodies, considered those with areas
exceeding 4,000km? and/or important for water supplying, and harmonization of the
characterization of important transboundary groundwater bodies between neighboring
countries;

- identification of protection areas for groundwater catchments.

In Romania, 17 transboundary groundwater bodies (Bretotean et al., 2006) shared with
the neighboring countries have been identified; through bilateral agreements, a number of 8
bodies were established as being important for a integrated management, as follows (fig. 2):

* 4 transboundary groundwater bodies with Hungary;

* 1 transboundary groundwater body with Serbia;

* 2 transboundary groundwater bodies with Bulgaria;

« 1 transboundary groundwater body with the Republic of Moldova.

The main characteristics of these transboundary groundwater bodies are presented in
the table 1.

According to Water Framework Directive 2000/60/EC, the groundwater monitoring
programmes must provide the information necessary to assess whether relevant
environmental objectives are performed, in particular the groundwater quantitative status,
the chemical status and significant long-term trends of the groundwater bodies resulting
from human activity.
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In our country, the monitoring of groundwaters is carried out through the following
networks:

National Hydrogeological Network, which follows:

- the knowledge of the spatial development of the shallow and deep aquifer structures,
and of their aquifer potential;

- the knowledge of groundwater level regime;

- the knowledge of groundwater physico — chemical properties.

This network is based on the monitoring of wells for shallow aquiferous strata (depths
of 20 -50m), and for deep aquiferous strata (depths of 50 — 400m).

Local Monitoring Network, which monitors the evolution of the water quality (local
pollution) in the case of certain pollutant objectives — factories, wastelands etc. (through
wells for shallow aquiferous strata), as well as the evolution of piezometric levels, in areas
of some important groundwater catchments (through wells with depths depending on the
catched aquifer).

The local monitoring networks and measurement programmes are accessed by the owners
of potential polluting objectives or the owners of the important catchments.

UKRAINE /7

y
with bilateral agreement ith Hungary

7 Transboundary groundwater body
iz with bilateral agreement wilh Serbia

D Transboundary groundwater body

with bilateral agreement with Moldova

Transboundary groundwater body
" bilateral agresment with Bulgaria

Fig.2 Transboundary groundwater bodies from Romania
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Tab. 1 General characteristics of the transboundary groundwater bodies

i inant li Thickness (m) Areal i
9 mean max (km?)
Holocene-Lower Holocene-Lower Upper Pleistocen — Lower
- Pleistocene alluvial . -
Somes/ Pleistocene - Holocene unconfined upper from East (Romania) to
sediments of sands, h 40 130 1390
Szamos Somes/Szamos clavey sands. aravels and part and the confined Lower West (Hungary)
alluvial fan yey 9 Pleistocene
even boulders
Pleistocene- . . Upper Pleistocen — Lower
Mures/ Holocene Alluwal_ sediments, Holocene unconfined upper .
predominantly pebbles, . 65 75 1690 from Romania to Hungary
Maros Mures/Maros part and the confined Lower
. sands and localy boulders h
alluvial fan Pleistocene
Sarmatian deposits, clay,
Pleistocene- marl, sand intercalations
Banat P B of calcareous sandstones Porous-permeable 30 350 11408 from Romania to Serbia
annonian - h
and limestones oolythics
inches
Pontian sediments from
. . the Central Moldovian
Prut ::\,/é 'gg;en Sarmantian Plateau, Porous-permeable 20 50 22194 Icrnolr‘\’nonll/;liio(\ga- (Sl\llz)i NW)
predominantly sands,
sandstones and limestones
Sarmatian deposits from . .
Sarmatian South Dobrodja, Oolitic sandstones 75 250 2178 from Bulgaria (SW-NE)
. fissured to Romania
Dobrogea predominantly sandstones
- Litoral Upper Jurassic — Lower from
Barremian-Jurasic Cretaceous from south Karstic-fissured 140 600 11320 Bulgaria (SW-NE)
Dobrodja, to Romania
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Since 2006, two new monitoring programmes have been developing in agreement with
the Water Framework Directive 2000/60/EC and Guide 15 (Monitoring guide. Monitoring
programs that apply in Romania (Bretotean et al., 2008)), as follows:

e Surveillance programme (S). This programme is applied to all groundwater
bodies, once every six years.

e Operational programme (O). This programme is applied to all groundwater bodies,
in areas with quantitative and qualitative risk.

In 2009, all groundwater bodies were monitored through wells or springs, as follows
(tab. 2):

Tab. 2 Monitoring programmes

Monitoring points Wells Springs Total
Quantitative programme 2880 24 2904
Chemical programme 1431 43 1474

An estimation of the qualitative status of the groundwater bodies in Romania was made
in 2008 (Bretotean et al., 2009). The chemical data obtained through the monitoring
programs in the 2006 and 2007 were compared with the threshold values (established for
NOs, NO,, NH,, PO, chlorides, sulfates, lead, cadmium, mercury, arsenic etc.).

During 2009, a Management Plan was developed for each river basin in Romania,
which was sent to the European Commission (General Direction of Environment) and to the
International Commission for the Protection of the Danube River in Vienna. This
management plan includes both surface waters and groundwaters, in each hydrographic
basin.

The National Management Plan of the waters in Romania is a component part of the
Management Plan of the Danube River Basin (MPDRB).

The objectives of the Management Plan are the following:

- the achievement of a good status of waters by 2015;

- the uniform protection of waters, from spring to river mouths;

- the insurance of the same living conditions, from the point of view of water
resources, for all Romanian citizens.
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Abstract

The present paper describes the geological and geomorphological outlines of the Etna
coast (fig. 1), together with a list of the main natural problems, which strongly affect its
stability.

Furthermore, the effects of a locally severe anthropic impact will be analyzed in order
to emphasize the risk of the possible permanent loss and/or irreversible degradation of
outcrops or of several beautiful sectors along the eastern coast of Sicily.

Introduction and objectives

Peculiar volcanological aspects (pillow-lavas, columnar basalts, spectacular abrasion
marine caves, cliffs etc.) and local sites of cultural/historical heritages allow us to
recognize, throughout the entire Etna coast, several geomorphosites, according to the
definition of Panizza (2001) and Reynard and Panizza (2005).

These volcanic landscapes are strongly affected locally by natural and/or anthropic
actions, which caused their environmental degradation. Several examples along this unique
coast will be described and analyzed.

The Castle Rock of Acicastello coast

This coastal sector is very important, due to the presence of pillow-lava, hyaloclastite,
columnar basalt and subaerial lava flow outcrops, located in a very urbanized area of
northern Catania.

In the Acicastello area, one can see the outcrops of the most ancient volcanic products
of Etna (Romano et al., 1979), intruded and/or overlying the most recent sediments of the
Etna basement, represented by the Early Pleistocene Blue Marly Clays (fig. 2).
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Fig. 1 Tectonic setting of eastern Sicily with the main volcanic areas. 1-buried Triassic volcanics near
Ragusa; 2-Cretaceous lavas and dykes; 3-volcanics of the Upper Cretaceous—Pleistocene in the
northern sector of the Hyblean Mountains and in the Catania Plain; 4-Quaternary volcanics of Etna;
5-Etna volcanic cone (modified from Rittmann, 1963).

Fig. 2 Geological sketch of the Castle Rock outcrop

The Castle rock of Acicastello, which holds the remnants of the medieval castle (fig.
3a), displays nearly vertical slopes, made up by volcaniclastic breccias and pillow-lavas
(Corsaro and Cristofolini, 2000) that belong to the so-called “Basal Sub-alkaline Lava
Flows” (Romano et al., 1979).

The changes induced by the anthropic activity in this area started at the beginning of
the seventies (Privitera, 2006; Trimarchi and Privitera, 2007) and increased yearly, as a
consequence of the development of the town of Catania, which is now in the very proximity
of the small town of Acicastello. Figure 4 displays the changes mentioned above.

In fact, the construction of the new harbour caused the near destruction of a wide
outcrop of columnar basalts, buried under the cement of the dock and under the adjacent
parking lot (fig. 4, right side).

174



AUI-G, 2010, Special Issue, GEO IASI — 2010

Fig. 3 The Acicastello Castle Rock and related abrasion platforms (southern view, a), showing
pillow-lavas (pl) (a, b and c) associated with hyaloclastites (hy in photo a). Columnar basalts of
the Cyclops’s stack, cropping out in the very vicinity of the Acicastello Castle Rock, are shown in

Fig. 4 Old and new harbour of Acicastello (left and right, respectively) showing the effect of the
anthropic activity.

Remnants of the causeways made of columnar basalts, once extending along the entire
shoreline, are shown in figure 5.
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Fig. 5 Columnar basalt, with details in the right side photo, showing the interstices filled by silty
and organic sediments.

Another example of the careless and unnecessary use of the coastal territory in the
study area is represented by the destruction of subaerial lava flows that, initialy, were
showing rare pahoehoe morphology and many other very interesting Hawaiian-like
structures (fig. 6, left).

The construction of small barracks and of a stairway necessary in order to reach them,
used only in the summer season, strongly changed the original shape of a peculiar pressure
ridge, without taking into account the enormous importance of these rare volcanic
morphologies (fig. 6, right).

Fig. 6 Big cement platform, obliterating the original pahoehoe morphology (left) and an anthropized
pressure ridge (right).

Conclusions

The examples of wasting and environmental degradation along the Etna coast of
eastern Sicily described above represent irreversible processes of “anthropic erosion,”
which progressively destroy important, rare and very special outcrops.
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At the moment, a rigurous count of the coastal geomorphosites, which represent very
attractive natural monuments, is still missing in Sicily. Such an approach is required by the
necessity to preserve the original landscapes within the framework of a sustainable
development of the territory, as an important natural and economic resource.
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The study of heavy metals (Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Zn) in the topsoil (0-25
cm) of the Falticeni municipality and some of its surroundings generally indicated the
presence of contents specific to the natural geochemical background; some interferences
were observed, associated with urban soils and areas covered with orchards or other crops,
on which fertilizers and pesticides are used intensively. The maximum values for Co do not
exceed the maximum accepted threshold (MAT) in Romania. For Cd and Cr, in small areas,
there are contents over the MAT in Romanian soils. Some of the concentrations obtained
for Cu, Ni, and Zn are above the alert threshold, but they are still far from the intervention
threshold for sensitive terrains. Pb is the only heavy metal with the maximum content
higher than the intervention threshold for a sensitive terrain; only one sample from the total
of 63 analyzed is over this threshold. Obviously, that is the case of a punctual
contamination with Pb. Along with the analysis of the chemical amounts of heavy metals,
the pH of the soil samples was also determined.
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Mine wastes are lasting sources of environmental contamination, mostly in the form of
acid mine drainage (AMD); as many scientific papers state (e.g. Lefebvre et al., 2001;
Sracek et al., 2004; Canovas et al., 2010), there are three general types of acid release from
mine wastes, namely iron sulfide oxidation, the dissolution of soluble iron sulfate minerals,
and the dissolution of less soluble sulfate minerals (i.e. the alunite/jarosite series). On the
other hand, there are two types of mine waste: (a) mine tailings, which are the final product
of ore processing and are composed of sand and silt-size particles; (b) waste rock, which is
the non-economic material removed from a mine in order to access the ore body (blocks
and fragments of disseminated sulfide-bearing rocks).

The present study deals with a mineralogical and geochemical approach undertaken on
excavation wastes (sulfide-bearing blocks and fragments of low-grade metamorphic rocks)
from the Eastern Carpathians, Romania (the Balan district), in order to determine the
mineralogical composition and the geochemical features of efflorescent aggregates
developed on the surface of rock debris through weathering processes; an attempt to assess
their role in the generation of acidity and the release of pollutants during acid mine drainage
(AMD) was made as well.

The study relies on the macroscopical and microscopical description of efflorescent
products, as well as on XRD analyses, chemical composition obtained through the SEM-
EDS technique and pH/Eh data on leachates evolved through the dissolution of efflorescent
materials.

The mineralogical and chemical composition of efflorescent products shows two
successive processes: (1) the alteration of in-situ sulfide-bearing schists that lead to the
development of an oxidation zone affecting the mineralization; (2) the weathering of
already oxidized fragments of sulfide-bearing rocks brought to the surface by mine works;
the minerals developed through the first processes are considered secondary, while mineral
associations developed through weathering (efflorescent sulfate aggregates) are tertiary.
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XRD analyses display the patterns of three groups of minerals with different origins:
(1) primary minerals (chlorite, sericite) which originate from the primary groundmass
minerals of schists; (2) secondary minerals, evolved from the oxidation processes affecting
the sulfides: limonite and lepidocrocite that appear on the account of pyrite, and/or
malachite and azurite, developed through the alteration of chalcopyrite; (3) tertiary minerals
(efflorescent Al-Fe-Mg sulfates) evolved from the weathering of sulfide-bearing schist
debris: alunogen, pickeringite, ferri- and magnesiocopiapite, halotrichite, apjohnite,
butlerite, rémerite, hexahydrite, rhomboclase. Patterns of jarosite, coquimbite, gypsum,
epsomite, brochantite, and chalcanthite were identified as well.

The efflorescent aggregates appear as yellow-brownish, yellow-greenish or yellow-
bluish materials, they are highly soluble in water, produce acid leachates (pH lower than
5.0) and consist mostly of sulfates; the high susceptibility to solubilization of the sulfates
results from their sizes of only tens of microns, which implies large surface areas.

According to the three-stage model of mineral formation under subaerial conditions
proposed by Velasco et al. (2005), most sulfates have formed during stage Il. Stage Il is
controlled by oxidation conditions and by moderate to low dehydration processes; the XRD
patterns of coquimbite, ferricopiapite, and rhomboclase confirm this assumption. The small
amounts of halotrichite and epsomite reveal local environments of relatively low humidity
and pore waters with low activity of aluminum. As some XRD patterns of gypsum, along
with the presence of pickeringite, show, there are indications of an evolution of weathering
processes towards a natural neutralization of the acid leachates (stage I11 of Velasco et al.,
2005).

The weathering of sericite, chlorite, and Na-feldspars from schists leads to a clay
fraction, as X-ray patterns of illite show; though discrete, patterns of chlorite-vermiculite
interlayered term were identified as well. The acid solutions of AMD processes act on
chlorite and release Mg responsible for the formation of Mg sulfates (pickeringite,
magnesiocopiapite, and hexahydrite). The dissolution of both K- and Na-feldspars from
schists, which is highly effective in low pH environments, can produce — beyond clay
mineral associations — amorphous Al hydroxides and/or Si-rich amorphous materials.

Chemical data on efflorescent materials confirm the mineralogical composition
determined through XRD, showing large amounts of SO3, Fe,O3; (as FeO+Fe,03), Al,Og,
and, to some extent, MgO; ratios between the contents of these oxides discriminate needle-
like mineral grains, probably formed from SOj-richer solutions, from the tabular-like
minerals which display genetic conditions controlled by higher amounts of Fe,Os.
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The acid mine drainage (AMD) is an important risk factor in the pollution of both
active and abandoned mining areas; its either solid or liquid products have a long-term
impact on the environment. The solid AMD products appear as efflorescent aggregates of
yellow-brown or blue-green color, developed on the surface of fragments of sulfide-rocks,
scattered in the open pits, quarries and mine wastes; mineralogically, the solid products
display intergrowths of hydrated sulfates, hydrated carbonates and oxides, and clay
minerals (Jambor et al., 2000). The liquid AMD products consist of acidic, heavy metal-
rich leachates, emerging from the mine wastes which underwent weathering processes.

The present study is focused on the mineralogical characterization of the clay fraction
formed as part of the efflorescent aggregates identified in the Wetter (Franz Johann) quarry,
metalogenic district of Balan (Romania). The solid products develop on the surfaces or
along the fractures of fragments and blocks of pyritexchalcopyrite-bearing schists (low-
grade metamorphic schists of the Tulghes Group, Bucovinian nappe — Berbeleac, 1988); the
complex mineralogy of the efflorescent products may be explained by oxidation, hydration
and even natural neutralization processes. Depending on factors such as temperature and
rainfall regime, these processes occur successively.

XRD analyses carried out on efflorescent aggregates revealed three generations of
minerals, as follows: (1) traces of remnant silicate minerals from the sulfide-bearing schists
(i.e. chlorite), which may be considered primary minerals; (2) hydrated oxides (goethite,
lepidocrocite) and carbonates (malachite, azurite) that belong to the oxidation zone
developed at the upper part of the in situ sulfide ore deposit (secondary minerals); (3)
intergrowths of hydrated sulfates and clay minerals, occurring through the weathering of
the sulfide-bearing schist debris brought at the surface by the quarrying works (tertiary
minerals).

In the attempt to understand the changes underwent by the primary minerals during
AMD, XRD analyses on unaltered schists of the Tulghes Group were performed as well.
Macroscopical and microscopical identifications and XRD patterns indicate large

182



AUI-G, 2010, Special Issue, GEO IASI — 2010

participations of quartz, sericite and feldspars; chlorite was also identified, while barite,
tourmaline, hematite, rutile, graphite appear as accessory minerals.

In order to separate the clay fraction from the solid AMD products, the samples were
ground until reaching a grain size of less than 0.4Mesh; afterwards, they were submmited to
chemical procedures in order to remove chemical compounds such as carbonates, bivalent
cations and Fe oxides. Each of the three samples used in the present study was split into
four fractions that undewent XRD analyses: an untreated fraction, a fraction treated with
ethylene glycol, and two fractions themally treated by heating at 330 and 550°C.

The XRD data of the clay fraction indicate a simple mineralogy, consisting mostly of
chlorite and illite; kaolinite appears as well, but only as an accessory mineral. As chlorite
was also identified in the fresh schist samples, it is likely that this mineral is a remnant of
the primary mineralogical associations of schists. By heating the samples at 550°C, some
XRD peaks (i.e. 14.10A, 7.05A, and 3.53A) underwent collapses and changes of intensity,
revealing the presence of the interstratified terms chlorite-vermiculite and chlorite-
kaolinite; the explanation may be found in the different degrees of chlorite alteration,
during the weathering processes. Although no other remnats from the primary schists were
identified, the presence of the clay mineral fraction suggests the weathering of feldspars
and sericite from the schists. Previous studies on the impact of clay minerals on the pH of
leachates emerged from the mining waste, carried out through AMD (Stumbea, 2010),
showed the acidity they induce in the environment.
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The study area is located northwest of the Kazdaglari, which is situated 8 km southwest
of Ezine (Ganakkale-Turkey). Magmatic and metamorphic rocks of Permian-Miocene age
crop out in the study area. The Middle-Late Permian Bozalan Formation consists of
recrystallized limestones. The Denizgoren Ophiolites of Cretaceous age thrust over the
Bozalan Formation and are generally observed as serpentinite in the study area. The Upper
Oligocene-Lower Miocene Hallaclar Volcanics are composed of altered andesite and
rhyolite. On the other hand, the Kestanbol Pluton, of the same age as the Hallaclar
Volcanics, consists mainly of quartz-monzonite, monzonite, monzodiorite porphyry,
syenite porphyry and quartz-syenite porphyry. The Ezine Volcanics, of Lower- Middle
Miocene age, are composed of pyroxene-andesite and trachyte.

The Hallaclar Volcanics and the Kestanbol Pluton were formed during the Late
Oligocene-Early Miocene. After the Middle Miocene period, the collisional regime was
followed by an extensional regime in the region; the Ezine Volcanics and the Bayramic
Formation developed during this period.

In the study area, the Hallaclar Volcanics and the Denizgoren Ophiolites were affected
by alteration produced by the intrusion of the Kestanbol Pluton. A skarn-type
mineralization developed north of Aladag, close to the contact points of the Kestanbol
Pluton with the carbonaceous rocks of the Bozalan Formation and the Denizgoren
Ophiolites. Pervasive clay alteration is observed near the contact of Hallaclar Volcanics
with the Kestanbol Pluton. As a result, Ca-silicates and some metallic enrichment, such as
iron, copper, zinc and lead, developed in the skarn zone. Malachite fillings are noticed in
the fractures of the pluton. Mainly garnet (grossular), tremolite/actinolite, epidote and
zoisite/clinozoisite paragenesis was observed, while minor amounts of talc, wollastonite,
augite, diopside were determined in thin section samples taken from the skarn
mineralization which is located north of Aladag. In addition, main ore minerals are
represented by magnetite, hematite, chalcopyrite, sphalerite, galenite, cerussite, covellite,
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digenite, malachite and pyrite; they have been observed in the polished section of samples
taken from the same location as the thin section samples.
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The metallogenetic activity in the Baia Mare district is associated to an intermediary
calc-alkaline magmatism of Sarmatian — Pannonian age. The metallogenesis would
correspond to a single stage for the entire district. Three phases of mineralization can be
separated within this stage: copper, base-metal and gold-silver. These phases are clear
within the polyascendent mineralizations and in the vein fields, where the zonality is well
expressed.

The mineralizations at Cisma are of the vein hydrothermal type, with a predominantly
copper character, and would correspond to the copper stage. The mineralization can be
found in paleogene sedimentary rocks, near the contact with intrusions of the microdioritic
type. The sedimentary rocks are only partially affected by thermal transformations, being
mainly affected by hydrothermal transformations, which do not exceed 2-3 m and consist of
silicification, argilization and chloritization. The Cisma main vein has a length of over one
km.

Pyrite and chalcopyrite are the dominant minerals, while galena and sphalerite appear
especially in the upper and lateral parts of the veins. Rarely, the following also appear:
stibnite, marcasite, arsenopyrite, oligist, magnetite, wolframite, tennantite-tetrahedrite,
realgar, orpiment, bornite, covellite, cobaltite, pyrrhotite, together with some sulphosalts:
semseyite, jamesonite, bournonite, boulangerite and native gold. Nonmetallic minerals are
represented by quartz, amethyst, chalcedony, calcite, siderite, dolomite, barite, chlorite, and
kaolinite. Native bismuth and bismuth sulphosalts have been emphasized through
microscopical investigations and microprobe analyses (JCXA 8100 IGEM RAS, Moscow).

Native bismuth appears as micronic inclusions in lillianite — gustavite, associated with
an intermediary component between galena and heyrovskite. The average composition of
native bismuth for 4 analyses is as follows: Bi = 98.37%, Ag = 0.04%, Fe = 0.35%, Cu =
0.69%, Se = 0.02%, Te = 0.02%, Sb = 0.06%, As = 0.01%, S = 0.49%. What can be
remarked is the high purity of native bismuth. The significant presence of copper and
sulphur is attributed to the fact that native bismuth is included in chalcopyrite. Native
bismuth is predominantly included in galenobismuthite, and to a lesser extent in lillianite —
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gustavite. Native bismuth can be formed as a result of an exsolution, especially if we take
into consideration the fact that the galenobismuthite has a bismuth shortage in its formula.

Bismuth sulphosalts are represented by lillianite — gustavite and an intermediary
component between galena and heyrovskite. These appear as acicular inclusions in
chalcopyrite, intimately overgrown between them, and they contain native bismuth
inclusions. The empirical formula of lillianite — gustavite is the following:
Pb1 14A00.78F€0.03C U1 07Bi2 58Sy 003S€0.23 T €0.02S5.74-

The formula for the intermediary component galena — heyrovskite is the following:
Pbs 286A00.22F€0.04C U0 1Bi0.895€0.15 T€0.006S5.82-

Two metallogenetic models of epithermal Low sulphidation have been conceived for
the Baia Mare district. These models do not contain the Cisma Poiana Botizei ore deposit.
The latter would correspond to an epithermal model, intermediary between High
sulphidation and Low sulphidation, due to the local context and to the mineralogical
composition.

The bismuth sulphosalts are mentioned for the first time at Cisma Poiana Botizei and
native bismuth is the first occurrence in the Baia Mare metallogenetic district.
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In the present paper we study the causes of amplitude anomaly observed on true
amplitude stacked seismic data in a southern Algerian gas field using AVO crossplot and
hodogram analysis. We present an example associated with Carboniferous gas sandstones
in the Sbaa basin.

The two factors that strongly determine the AVO behavior of sandstone reflections are
the normal incidence reflection R(0), called the intercept, and the relative change in
amplitude with incidence angle and offset expressed by the gradient (G) that mostly
depends on the contrast of Poisson’s ratio at the reflector.

Traditional methods are based on the deviation of gas sands from the wet-sand/shale
trend in an AVO crossplot, such as intercept and gradient. An inconvenience of this
approach is that it neglects the seismic wavelet. When a wavelet is convolved with the
reflection coefficients, each point on the AVO crossplot becomes a series of points, which
typically spread across all four quadrants of the crossplot. This process gives an AVO
hodogram in which the AVO particle motion is polarized along the background trend for
nonanomalous events, and is polarized at angles different from the background trend for
anomalous events. Consequently, it becomes apparent that the parameter defining an event
in the hodogram is its polarization angle. This approach directly identifies class 1-1V of
AVO anomalies.
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Abstract

The present study provides organic geochemical data on Tertiary subbituminous coal of
the Hafik area, the northwestern part of the Sivas Basin, Turkey. Rock-Eval analysis results
show type 1I/I11 and 111 kerogens. The Tma (°C) values range between 412 and 431 °C, with
an average value of 422 °C, indicating that the samples are immature to early mature. The
high proportions of long chain C,;-Cs; n-alkanes relative to the SOM contents of the n-
alkanes are typical of higher terrestrial plants, while short chain n-alkanes (<Cy), detected
in minor amounts, occur predominantly in algae and microorganisms. The organic
geochemical data of the studied coaly and organic-matter-rich samples indicate the fact that
the organic matter is present in sufficient amounts and that the samples are of the
appropriate type, but that the rocks are characteristic of the early-mature and diagenetic
stages.

Key words: Sivas Basin, Turkey, organic geochemistry, biomarker, Tertiary coals.

Introduction

Limited, small-scale coal resources in Turkey have been mined by private companies
but are insufficient to be exploited in an economic, industrial fashion. An ongoing increase
in energy demand and costs requires that local sources be utilized much more efficiently,
therefore geochemical studies aiming to determine hydrocarbon production capacities —
especially from coals — have acquired great importance in Turkey (Yalgin et al., 2007).

The aims of the present study were to acquire detailed organic geochemical data
(especially biomarker data) from borehole and surface samples, to perform a geochemical
characterization of source-rock potential, and to determine the relationships between
organic-geochemical and hydrocarbon data for the Hafik coal sequences.
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Geological Setting

The Sivas Basin, one of the largest basin in central Anatolia, is located within a
collision zone; it developed mainly after the closure of the northern branch of Neotethys in
the Early Tertiary (Gorir et al.,, 1998). The Upper Paleocene-Lower Eocene Bahcecik
conglomerate rests unconformably on the Upper Cretaceous Tekelidagi mélange; these
units are overlain by the Hafik Formation (Fig. 1). The studied coal seams are located at the
base of the Bahcecik Formation. These are exposed in the Bahcecik village, northeast of the
town of Hafik (Fig. 1). The coal resources of this area are exploited through open-cast
mining.
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Sampling and Analytical Procedures

In order to define the organic geochemistry of the coals, TOC-Rock-Eval pyrolysis
studies were performed on selected samples. For biomarker analyses, four representative
coal samples were extracted for approximately 40 h using Dichloromethane in an ASE 300.
Following extraction, the yields were analyzed through Agilent 6850 whole-extract gas
chromatography (TPAO Research Group laboratories in Ankara, Turkey, according to
ASTM D 5307-97, 2002). The saturate fractions were also analyzed using an Agilent
7890A/5975C GC-MS spectrometer.
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Results

1. Organic Geochemical Determinations

TOC contents vary from 0.32 to 72.45 wt.%, with an average TOC content of 28.32
wt.%. The total organic-carbon contents of the shale and carbonate intervals are between
0.32 and 16.11 wt.%, while those of the coaly levels are between 38.42 and 60.70 wt.%
(Tab. 1).

2. Type of Organic Matter

Cross plots of hydrogen index and oxygen index on van Krevelen and HI vs T
diagrams (Fig. 2) prove that most of the samples are scattered in the type Il - 111 mixed and
type 11l areas (some marine/algal input). In particular, the coaly samples in Fig. 2 tend to be
different from the samples rich in organic materials, and are thus distributed especially in
the type Il kerogen and immature fields. In gas chromatograms, there is no evidence of
lower carbon n-alkane distribution and there are no n-alkanes of carbon number higher than
Cs, that would be indicative of both marine and terrestrial organic-matter input. Biomarker
analysis data indicate that n-alkane distributions are dominated by the occurrence of high
molecular-weight (C,o.) n-alkanes and a distinct odd-even carbon number preference over
the C,5-Cs; range typical of organic matter derived from higher terrestrial plants.
Furthermore, the predominance of C,y sterane over C,; and C,g indicates a terrestrial
source.

Tab. 1 Total Organic Carbon (TOC) and Rock - Eval pyrolysis results for the Hafik coal area

Sample TOC S1 S2 S2/S3 Trnax HI (0] Pl PY
H-1 16.11 0.32 46.97 4.7 430 292 62 0.01 47.29
H-3 26.31 0.56 68.20 4.65 430 259 56 0.01 68.76
H-5 8.03 0.20 30.98 7.83 431 386 49 0.01 31.18
H-9 10.26 0.77 10.67 3.95 423 104 26 0.07 11.44
H-10 43.59 1.13 50.54 5.68 417 116 20 0.02 51.67
H-16 0.75 0.03 0.75 1.15 426 100 87 0.04 0.78
H-19 40.58 0.93 54.68 6.82 418 135 20 0.02 55.61
H-22 70.49 1.07 108.54 8.85 412 154 17 0.01 109.61
H-25 60.57 1.45 78.30 5.48 418 129 24 0.02 79.75
H-29 23.75 1.18 95.49 19.5 426 402 21 0.01 96.67
H-31 14.18 0.54 62.73 18.24 429 442 24 0.01 63.27
H-34 63.76 0.81 69.25 4.7 424 109 23 0.01 70.06
H-37 57.25 1.20 97.66 8.3 419 171 20 0.01 98.86
H-39 72.45 1.15 125.85 10.5 417 174 16 0.01 127.0
K-6 0.32 0.01 0.07 0.13 418 22 172 0.15 0.08
K-8 0.51 0.02 0.21 0.48 426 41 86 0.08 0.23
K-10 0.48 0.03 0.08 0.11 416 17 152 0.31 0.11
K-12 0.41 0.02 0.09 0.1 418 22 210 0.02 0.36

3. Organic Maturity
The Tmax (°C) values range between 412 and 431 °C, with an average value of 422 °C,
indicating that the samples are immature to early mature. On the HI vs T, diagram (Fig.
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2), most of the samples plot in the early mature and immature zones. Moreover, the same
samples have Pl values < 0.10 and most of the samples suggest an immature-zone
assignment.

20(S)/(20S+20R), Sa (H), 14p (H), 17p (H) Cyg sterane and 5a (H), 14a (H), 170 (H)
Cyg sterane (affp / afp + aaa), CPI ratios indicate immature zone, and that observation is in
agreement with our T ., values.
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Fig. 2 Plots of Hydrogen Index vs Oxygen Index, b) Hydrogen Index vs. Tmax

4. Hydrocarbon Generative Potential

Generally, the samples are characterized by lower S1 and S2 values, on the order of 50
mg HC/g rock of sample. Potential yield values range between 0.1 and 127 mg HC/g rock.
S2/S3 values for five of the studied samples have values lower than 2, suggesting that the
samples may have extremely limited gas-generation potentials (Tissot and Welte, 1984;
Hunt, 1995). The S2/S3 values of the other samples are higher than 2 and their PI values
<0.1, indicating that the samples could produce liquid hydrocarbons, but that the T .
values indicate immaturity (Tab. 1).

5. Molecular Composition of Coals

In order to determine the biomarker characteristics of the aliphatic fractions, GC and
GC-MS analyses were performed on the studied samples. The relative proportions of the
hydrocarbons in the SOM from the samples are low (77-5412 ppm), consistent with the low
maturity of the organic matter. The SOM is mainly composed of resins and asphaltenes.
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The n-alkanes for the studied samples range from C,, to Ca,. In the present study, the
high proportions of long chain C,7-C3; n-alkanes relative to the SOM of the n-alkanes are
typical of higher terrestrial plants, while short chain n-alkanes (<Cy), detected in low
amounts, are predominantly found in algae and microorganisms. The studied samples are
dominated by intermediate- and high-molecular weight n-alkanes (C,;-55). These data
indicate derivation from terrestrial and lagoonal organic matter. According to Bray and
Evans (1961), our CPI values (C16-Cy) range from 0.94 to 2.74.

6. Steroids, Hopanoids

The major biomarkers are C,5 (22S+22R) Tricyclicterpane, C,4 Tetracyclicterpane
(seco), C,s 22R Tricyclicterpane and C,g Tricyclicterpane. The presence of these
triterpanoids in these samples supports their higher plant origins, and the presence of
gammaccerane also indicates a hypersaline depositional environment. From the m/z 217
mass chromatograms of our samples, the relative abundances of the Cy;, Cus, and Cyg
steranes and their 20S and 20R epimers have been determined (Tab. 2) (Fig. 3).

Tab. 2 Biomarker parameters calculated from m/z 191 and m/z 217 mass chromatograms

. Sample
Biomarker Parameters 22 H-32 039
Sterane/Hopane Ratio 0.14 1.72 0.71
C3, 225/(225+22R) Ratio 0.36 0.21 0.26
Moretane/Hopane Ratio 0.37 0.47 0.30
Co9/C3y Hopane Ratio 0.58 0.67 0.59
Ts/(Ts+Tm) Ratio 0.65 0.34 -
C,3/C,, Ratio 0.94 1.68 1.26
Gammacerane Index 1.04 1.64 2.21
Diasterane/Sterane Index 4.20 2.89 3.62
C,9 20S/(20S+20R) Ratio 0.29 0.44 0.27
% Cy7 43 40 48
% Cyg 14 14 20
% Cyg 44 46 32
Cy7/Cy 0.98 0.86 15
C,g/C,q Sterane Ratio 241 0.30 2.78
C5/Cy6 Tricyclic Terpane 1.11 1.07 0.9
ofp/(afftana) Sterane Ratio 0.11 0.13 0.11
CPI (Bray and Evans, 1961) - 0.94 2.74
Total extract (ppm) 5412 3999 4214

C,g steranes and C,g diasteranes occur in very low quantities (C,7>C,9>C,g). Algae
have been proposed as the predominant primary producers of the C,; sterols, while the Cyg
sterols are more typically associated with land plants (Peters and Moldowan, 1993).
Moreover, the richness in C,; indicates a lagoonal environment and algal organic material
in that environment. Cs, hopane is more abundant than C,g norhopane. Oleanane was not
detected, indicating that there was not a significant angiosperm contribution to the organic
matter (Peters et al. 2004).
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Conclusions

Organic geochemical investigations of the Tertiary Hafik coals (Sivas Basin, Turkey)
led to the conclusions that follow. High SOM contents were obtained from samples; the
SOMs comprise mainly resins and asphaltenes. The n-alkanes are the dominant components
of the saturated hydrocarbon fractions and range from C,q to Cs,. The presence of C,s, Cay,
Cys and Cyg triterpanoids and the predominance of C,q sterane over C,; and C,g indicate a
terrestrial source. The studied samples are dominated by intermediate- and high-molecular
weight n-alkanes (Cx-,5), and these data indicate a derivation from terrestrial and lagoonal
organic matter. Based on these data, the studied coals are believed to have been deposited
in a limnic environment which was periodically influenced by marine and fresh-water
sources. The organic geochemical data of the studied coaly and organic-matter-rich samples
indicate the fact that the organic matter is present in sufficient amounts and that the samples
are of the appropriate type, but that the rocks are characteristic of the early-mature and

diagenetic stages.
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Fig. 3 m/z 217 and m/z 191 mass chromatograms of investigated coal samples
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The present paper aims to identify and describe the sources of drinking water in the
Gaiceana and Glavanesti localities, located in the Bacdu county. Therefore, a borehole was
drilled and then investigated hydrodynamically in stationary and non-stationary flow of
aquifer water. As a result of the research, the hydrogeologic parameters were estimated, in
an attempt to avoid, through the “trial and error” method, any confusion that may occur in
estimating the “K” filtration coefficient and the radius of influence in stationary flow. After
the determination of the hydrological parameters, we proceeded to the estimation of the
optimal drilling flow and, implicitly, of the optimal level oscillation. In the end, the areas of
sanitary protection and the hydrogeological protection perimeter were established.
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Introduction

The Panzhihua-Xichang (Panxi) region is a tectono-magmatic province located in the
western part of the Yangtze craton (fig. 1). In its present-day configuration, the Panxi rift is
elongated on the north-south direction, from the north-western part of the Sichuan Province
to Vietnam. The interest for the Panxi region derives from its good potential for platinum
group elements (PGE), which resulted from the combined effects of magmatism and
tectonics.

Structure

The Panxi region is defined by NS-striking faults (fig. 2) and is considered a
continental rift (CGGCJ 1986; 1988; Zhang et al., 1990), with the major crustal extension
taking place in the Permian. It is notable that the Panxi region is superimposed on a late
Proterozoic back-arc extension. That older extension probably favoured the genesis of the
Permian rift, creating the tectonic lineaments and thinner crust that determined its location
and its geometry. After the Permian, the Panxi region was subjected to compression, which
determined the uplift of its central and western parts. Its most uplifted zone is known as the
Kangdian rise (fig. 2).

Magmatism

The most widespread and best known magmatic rocks associated with the Panxi region
are the Emeishan flood basalts, considered to make up a large igneous province. The
Emeishan basalts (260 Ma old) are up to ca. 6000 m thick and extend across an area
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considerably larger than the structural framework of the Panxi region (fig. 2). There are
numerous intrusions associated with the Permian crustal extension in the Panxi region and
with the Emeishan basalts. These Permian intrusions display varied petrography and
chemical compositions: peridotite, pyroxenite, gabbro, syenite, alkaline granite.
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Fig. 1 Location of the Panxi region in China

Mineralization

There are two types of magmatic deposits in the Panxi region: Fe-Ti-V oxide deposits
and Ni-Cu(-PGE) sulfide deposits. The Fe-Ti-V deposits (Panzhihua, Baima and Taihe) are
hosted in gabbroic intrusions. The Ni-Cu(-PGE) deposits (e.g. Yangliuping, Jinbaoshan,
Baimazhai and Limahe) are hosted by ultramafic intrusions (pyroxenite and peridotite),
sometimes with gabbro or diorite zones. There is evidence of the accumulation of the
ultramafic rocks and Ni-Cu(-PGE) ore in magmatic conduits (Wang et al., 2005; 2006; Tao,
2007; Zhu et al., 2007). Two intrusions (Hongge and Xinjie) contain both ultramafic rocks
with Ni-Cu-PGE sulfide ore, and gabbros with Fe-Ti-V accumulations.

Spatial distribution and genesis of ore deposits

There is a spatial separation between the Fe-Ti-V oxide deposits and Ni-Cu(-PGE)
sulfide deposits (fig. 2), which can be used to define an "iron zone" and a "base metal
PGE zone". It is notable that the Permian ore deposits occur within the structural limits of
the Kangdian rise and west of it (fig. 2), with no deposit east of the Kangdian rise. Such a
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distribution was induced by the tectonic uplift of the Kangdian rise and of the area west of
it.
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Fig. 2 The location of the Panxi region, Kangdian rise and main ore
deposits related to the Permian magmatism. Background tectonic

map of the western part of the Yangtze craton and adjacent areas
after Zhang et al. (1990), with simplifications

The Kangdian rise contains both sulfide and oxide deposits, emplaced in Proterozoic
country rocks; west of the Kangdian rise, only sulfide deposits occur, and these have
Paleozoic country rocks. Therefore, the oxide deposits are restricted to Proterozoic country
rocks, while the sulfide deposits are present both in Proterozoic and in Paleozoic rocks.
This suggests that the location of the oxide deposits at stratigraphic levels is somehow
lower than that of the sulfide deposits.

We infer that the oxide deposits were related to magmas that could not reach shallower
levels and solidified within Proterozoic rocks. The sulfide deposits would have been formed
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through the accumulation of mafic minerals and sulfide melt in wide zones of magmatic
conduits. Ascending rapidly through magmatic conduits, the magmas parental to the sulfide
deposits did not assimilate important volumes of crustal rocks deep within the crust, thus
reaching sulfide saturation only at relatively shallow depths. This allowed the preservation
of the initial PGE-undepleted character of the magmas and resulted in the numerous
intrusions with PGE-rich mineralization relatively close to the surface.
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The Bestepe-Mahmudia area is located in the eastern part of Tulcea county.
Geomorphologically, this area is situated at the boundary between the Tulcea Hills and the
Danube Delta. Geologically, in the Bestepe-Mahmudia area, Late Paleozoic magmatic rocks,
as well as Devonian, Triassic and Quaternary sedimentary deposits, crop out. Structurally, the
study area pertains to the northeastern extremity of the Northern Dobrogea Orogen (the
Tulcea Nappe subunit), in the proximity of its boundary with the Scythian Platform.
Hydrogeologically, the field investigations and analyses of the wells drilled in the Bestepe-
Mahmudia area have led to the identification of two formation types: aquiferous (interstitial
and fissural), and impervious. Based on data resulted from the wells, a confined aquifer
located in the Devonian and Triassic deposits, and a phreatic aquifer, hosted in the upper
levels of the Triassic deposits, as well as in the Quaternary ones, have been revealed. The
second aquifer displays a large surface, developing both in the hilly and in the meadow areas.
Referring to the regional flow of the phreatic aquifer, the drainage process towards the Sfantu
Gheorghe branch of the Danube river has been identified. Thus, the groundwaters flow locally
from south to north, namely from the Bestepe hills to the Danube Delta, with a higher
hydraulic gradient; the flow from northwest to southeast generally has a lower hydraulic
gradient.
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This paper presents the geochemical relationship between the alteration of copper
mineralizations and their contents of rare earth elements. In the studied area, ophiolitic
rocks of the Lycian Allochthon occur at the surface; however, the ophiolite sequence is
inverted as the higher hills of the perimeter is surrounded by ultramafic rocks, while the
lower slopes of the area are surrounded by a sheeted dyke complex, containing copper
mineralizations. This geological environment and the products of alteration of the copper
minerals (azurite, malachite) could imply a Cyprus-type copper deposit, even though
pillow-lavas, known as host-rock of this ore-type, are absent in the area of study. This area
gives important data regarding the lower parts of a Cyprus-type copper deposit.
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Fig. 1 Tectonic map of Turkey and the location of the studied area (modified from Okay and
Tiiysiiz, 1999, and Akbulut and Pigkin, 2008)
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Ore-rich and barren host-rocks are compared according to their rare earth elements
contents, and they showed different patterns. The data of non-altered host-rocks of the area
occupy positions in the upper part of the REE diagrams, as they show relatively higher
amounts of rare earth elements. These host-rocks have almost flat M-HREE patterns, with a
slight L-REE depletion for most of them.

The most notable anomaly is that of Eu and it is generally associated with the
crystallization of the plagioclase. The negative anomaly of Ce is notable for the copper-rich
samples, fact that is associated by Rigby et al. (2002) with altered oceanic crust or oceanic
sediments. The very high La content of sample 39A is associated with the talc mineral term,
which was identified in the petrographical studies.
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The study area, located southeast of Konya City, Bozkir County, in Central Anatolia,
covers a surface of approximately 250km?. In the region, the tectonostratigraphic sequence
includes, from bottom to top, the Geyikdagi, Bozkir and Bolkardag tectonic units. The
lowermost unit is the autochthonous unit of Geyikdagi, consisting of the Seydisehir
Formation (Upper Cambrian-Lower Ordovician), the Hacialabaz Formation (Upper
Jurassic), the Cokelen diabases (Upper Cretaceous), and the Saytepe Formation (Upper
Cretaceous). The Bolkardagi unit consists of the Hocalar Formation (Devonian-Lower-
Middle Carboniferous), the Taskent Formation (Upper Permian), and the Sinatdagi
formation (Jurassic-Upper Cretaceous); it rests allochthonously on the Geyikdagi unit. The
Bozkir unit (the Bozkir mélange of ophiolite and various aged carbonate blocks) is also
overthrusted by the Bolkardagi unit.

The Bozkir unit crops out along a NE-SW direction in the area, and it consists of the
Bozkir ophiolitic mélange (serpentinite, pyroxenite, gabbro, radiolarite, chert, limestone)
and of the Boyalitepe group (limestones with different lithologies, facies and ages). The
aim of the present study was the investigation of Rare Earth Elements (REE) in stream
sediment samples of the Bozkir ophiolitic mélange; for this purpose, 62 placer samples
were collected from the Bozkir ophiolitic mélange. During the sampling process, samples
of approximately 10-20 kg were taken from the main streams and branches close to the
main stream; a hand-type GPS was used as well.

After washing operations were performed on the samples, the latter were kept for 4
hours in an oven, at a temperature of 80°C. All samples were passed through a series of
sieves, of 0.5 mm, 0.425 mm, and 0.106 mm, respectively. Chemical analyses were
performed using the ICP-AES technique, at the ACME Analytical Laboratories of
Vancouver (Canada).

According to these analyses, the most REE-rich samples were accumulated in the
bottom pot (smaller than 0.106 mm); there were a total of 121.57ppm RRE (bottom pot),
117.37ppm RRE (0.106 mm sieve), and 116.64ppm RRE (0.425 mm sieve). In the bottom
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pot, the amount of light REE (LREE ,sn: 105.49 ppm) is 6.65 times greater than the
amount of heavy REE (HREEg,,: 15.85 ppm). The average REE of the placers is higher
than that of the standard reference rocks, such as peridotites, chondrites, primitive mantle,
upper crust, basalts and MORB. In addition, the average REE amounts of placers are lower
than those of NASC and PAAS. Some element ratios of placers were normalized with the
same elements of the peridodites and chondrites: (La/Lu)neridotitey = 6-05; (GA/YD)noeridotite)
= 119; (EU/EU*)N(Deridotite) = 0711 (Ce/Ce*)N (peridotite) — 0931 (La/Lu)N(chondrite) = 5441
(Gd/Yb)N(chondrite) = 122, (EU/EU*)N(chondrite) = 0781 (Ce/Ce*)N(chondrite): 0.96. The hlgher Eu*
and lower Ce* anomalies suggest that the placers from the studied area were affected by
surficial processes.
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The research documented in the present paper has highlighted the advantages of the
proposed “Monte Carlo” simulation method in estimating geological gas reserves. A
geological gas reserve can be considered proven only if it is estimated using the mass
balance method. However, the mass balance method cannot be applied at the beginning of
the exploiting process. This requires an analysis of the exploitation period of 5 + 10 years,
during which the necessary data is recorded to subsequently estimate the geological reserve.
In this case, the uncertainty of the geological reserves at the beginning of the operation may
lead to erroneous decisions in the allocation of funds necessary to exploit the gas reserves.
In order to solve this problem, we have used the “Monte Carlo” simulation method, which
allows, at the time of the reservoir opening, the assessment with certain probability (or risk)
of the value closest to the real value of the hydrocarbon reservoir called “the proven
reserve.”

In this context, we have tried to calculate the probability for which the value of free gas
reserve estimated through the “Monte Carlo” method is the same with the proven reserve,
determined through mass balance.

In order to illustrate the calculation procedure adopted, we have chosen the Deleni gas
reservoir as case study. This structure is located in the center of the Transylvanian Basin,
namely the Tarnavelor Depression. From an administrative point of view, the Deleni gas
reservoir is located in the Mures county, approx. 8 km SSE of the city of Tarndveni and
approx. 12 km NNW of Medias. The proven reserve for the Buglovian VII (Delenii-
Haranglab) gas accumulation, determined through the mass balance method, is Gy = 6.861
-10° mil. m%. By incorporating the results and using the “Monte Carlo” method, a reserve of
7.782 -10° mil. m? was estimated, corresponding to a probability of 85%.
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In order to reach the best results for the characterization of underground bodies of
water, one should use experimental pumping in the desired wells. Although pumping could
be executed in both stationary and non-stationary flow regimes, still, currently, they are
executed only in the stationary regime, in three or four steps of constant flow capacity. This
way, the values of the transmitivity of the acvifers (T) and the filtration cofficients (K) are
obtained.

Stationary pumping does not allow, however, the estimation of the storage and
diffusion coefficients. In order to find out what these quantities are, one should execute
pumping in non-stationary regimes, which implies additional expenses. In order to avoid
the latter, the present paper proposes a new method for the computing of the storage
cofficients (S) and diffusion coefficients (a), without using the non-stationary pumping
results.

In order to apply and validate the proposed method we study the case of the
hydrogeological drilling in Rosiori, Bacdu county, Romania.
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Romania is a gold producing country, ranking 5 among the world gold producers
before the closing of mines in 2005 (Tamas-Badescu, 2010). The richest and and the most
productive gold mines used to be those included in the Golden Quadrangle or Quadrilateral
in the Metaliferi Mts., where gold was mined since the Roman times and, most likely, even
before the Roman conquest of Dacia. In addition, gold as byproduct has been obtained from
base metal ores in the Baia Mare area and the Banat region; locally, gold has been
recovered from alluvial accumulations located on the southern slope of the South
Carpathians and in the Apuseni Mts. Second order gold ores are represented by several
shear-zone related gold occurrences, which did not, however, produce industrial gold,
except for Valea Iui Stan in the Capatana Mts. Relatively important from this point of view
was the Viliug occurrence in the Semenic Mts., with quite interesting reserves, but
containing too high As contents to be economically recovered.

Looking at all the gold mines (including those with gold as a byproduct) and gold
occurrences (alluvial ones included) over the territory of Romania, it appears that only the
NW part of the country contains significant gold, either magmatic, shear-zone related or
alluvial. The conclusion is that gold accumulated in certain magmatic rocks of K3 — Pg; in
Banat or of Neogene age in the Metaliferi Mts., and in metamorphic rocks in the South
Carpathians and the Apuseni Mts. The East Carpathians seem to be devoid of gold, as are
the geologic formations of Dobrogea.

By mapping the distribution of gold occurrences in Romania (acc. to Borcos et al.,
1984; Tamas-Badescu, 2010) as a function of the above mentioned factors, a gold peak or
gold spot in the Golden Quadrilateral can be delineated, followed by occurrences with less
and less gold. Therefore, the metamorphic rocks in the East and South Carpathians are
dissimilar as far as the presence of gold is concerned. Such a difference is also true for the
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Neogene volcanics bearing associated gold ores in the Metaliferi Mts. and in the Baia Mare
area, and practically lacking gold in the Calimani-Gurghiu-Harghita Mts.
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Abstract

Detailed mapping of Marmara Island at the northern edge of the Sakarya Zone
indicates that it consists of five lithodemic units. From south to north, these are the Permo-
Triassic (?) Giindogdu Metamorphics, the Erdek Complex, the Marmara Marble, the
Saraylar Complex, and the Eocene Ilyasdagi Metagranodiorite. The Giindogdu
Metamorphics is composed of pelitic and psammitic schists and marbles. This unit is
tectonically overlain by the Erdek Complex. The Erdek Complex comprises metabasites,
having intercalations of pelitic and psammitic schists and marble blocks. The Erdek
Complex is unconformably overlain by a thick marble (the Marmara marble). The Marmara
Marble is followed by the Saraylar Complex. It is composed of alternating beds of
metapelite, metapsammite and metacarbonate, and exotic marble and metaultramafic
blocks. In the central part of Marmara Island, the ilyasdagi Metagranodiorite is a SW-NE
trending sill-like intrusion that cuts the basement rocks.

These rock units were metamorphosed to greenschist-amphibolite facies, and they
deformed, generating four generations of structures. Index mineral assemblages of the
metamorphic units show that the degree of metamorphism increases from north to south in
the island. During its intrusion, the ilyasdagi Metagranodiorite gave rise to contact
metamorphic effects, locally in the contact aureole with metacarbonates of the Erdek
Complex and the Marmara Marble. This indicates that the imprint of the contact episode
was not obliterated by the latter high-grade regional metamorphism.

The deformation phases are the following: (1) schistosity and foliation planes; (2)
ENE-WSW trending folds, mineral and crenulation lineations, and mullion structures; (3)
NNE-SSW trending folds, crenulation cleavages, mineral and crenulation lineations, and
mullion structures; (4) WNW-ESE trending folds, crenulation cleavages and crenulation
lineations. This last deformation affected the folds developed during previous phases and
formed refolded-fold structures.
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Marmara Island is surrounded by several complex tectonic terranes. Undated basement
rocks make it difficult to determine to which terrane the rock units belong. Therefore, in the
present study, the timing of deformation and the tectonic history of the island remain
unanswered.

Location

Marmara Island is located in the southern part of the Marmara region, in northwestern
Turkey (fig. 1). It is an elevated metamorphic basement situated in the Marmara Sea. The
island is surrounded by different tectonic units.

Geological Setting

Rhodope-

Strandja Massif The geology of Marmara Island and the

surrounding areas records a complex history,
dominated by sedimentary, volcanic, plutonic and
metamorphic effects (Aksoy, 1995). Rock units
found in the island include metasedimentary,
metavolcanic and metamagmatic rocks (fig. 2). The
Giindogdu Metamorphics deposited on a continental
margin constitute the oldest unit in the island. This
unit is composed of micaschists, calcschists and
marbles. The pelitic schists have a mineral
assemblage consisting of quartz + muscovite +
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biotite + plagioclase + staurolite + kyanite + granat,
which represent the minerals of amphibolite facies.
ThE unit is tectonically overlain by the Erdek

Complex, consisting of volcano-sediments, mixed
with basic and ultrabasic rocks. This lihological
features suggest that the Erdek Complex was an
ophiolitic mélange before metamorphism. Pelitic and
psammitic schists of this unit have the same mineral
assemblages as the pelitic schists of the Giindogdu Metamorphics. The Marmara Marble,
deposited on a quiet shelf environment, unconformably overlies the Erdek Complex. It is
followed by the flyschoid Saraylar Complex, formed in a fore-arc or back-arc basin. It
consists of metapelitic and metapsammitic schists, metacarbonate and metachert
intercalations, originally having turbidite texture, exotic marble blocks and interbedded
basic and ultrabasic metavolcanics. The psammitic and pelitic schists have mineral
assemblages that consist of quartz + plagioclase + muscovite + biotite. Epidote + chlorite +
actinolite + tremolite + talc are the main mineral assemblages found in the metabasic rocks.
Both mineral assemblages suggest greenschist facies metamorphic conditions. All these
units were intruded, before the metamorphic events, by the calc-alkaline and metaluminous
ilyasdagi Metagranodiorite (Karacik et al., 2008). It includes numerous meta-aplitic, meta-
pegmatitic, meta-quartz and metagranitoid veins and dykes. Published data regarding the
K/Ar and U-Pb radiometric age of the metagranodirorite suggest the Eocene (Karacik et al.,
2008; Ustaomer et al., 2009). The most common mineral assemblages in the intrusion are

Fig. 1 Tectonic map of western Turkey
showing the location of the study area
(modified after Okay et al., 1996).
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quartz + feldspar + hornblende + epidote + biotite + muscovite + garnet. Typical
mineralogical changes of the metamorphic rocks determined in the island indicate that the
degree of metamorphism increases from north to south. Based on these mineralogical
changes, three metamorphic facies zones were distinguished. These are greenschist,
epidote-amphibolite and amphibolite facies. These facies zones generally run parallel to the
trend of the F,-fold axis, in the ENE-WSW direction.
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Fig. 2 Geologic map of Marmara Island
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During its intrusion, the Tlyasdagi Metagranodiorite gave rise to contact metamorphic
effects in the contact aureole with the Erdek Complex and the Marmara Marble. Here, the
metamorphism in the aureole was found to be in the pyroxene-hornfels facies (quartz +
feldspar + scapolite + diopside + idocrase + epidote + garnet).

Structural Geology

Mesoscopic structures observed and measured in the field include foliations, fold axis,
fold axial surface and lineations. Structural features within the metamorphic rocks show
four generations of structural elements. The first phase of deformation (F,) was the most
intensive. It obliterated the primary bedding planes (Sg) and generated the schistosity and
foliation planes (S;), which are the most penetrative structural element. The S; trends
indicate continuity across the boundary of rock units. This continuity, along with the
harmonious relationship of the schistosity and foliation planes, indicates that all the units
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were metamorphosed and deformed during the same stage. The second phase of
deformation (F,) is represented by: close to isoclinal, and gently to steeply inclined folds
(By), with fold axis plunging sub-horizontally to the northeast, mineral and crenulation
lineations, and mullion structures. The third phase of deformation (F3) formed isoclinal to
tight, and moderately to steeply inclined folds. Gentle, parallel and moderately to steeply
inclined folds and crenulation lineations characterize the forth phase of deformation (F,).
This deformation affected the folds developed during previous phases and formed type-1,
type-2 and type-3 (Ramsay, 1967) refolded-fold structures.

Conclusions

The detailed mapping of Marmara Island indicates that it is composed of five
lithodemic units. They are mainly made up of metapelitic and metapsammitic, metabasic,
metacarbonatic and metamagmatic rocks. The Giindogdu Metamorphics consist of
continental-margin sediments and structurally form the base of the units. The Erdek
Complex represents an ophiolitic mélange and tectonically overlies the Gilindogdu
Metamorphics before metamorphic events. All the lithodemic units were metamorphosed to
the greenschist-amphibolite facies and deformed by four generations of structures. The
foliation and mineral lineations of the ilyasdagi Metagranodiorite run parallel to adjacent
metamorphic units. The harmonious fabric relationship of these units indicates that all the
rock units were deformed and metamorphosed together, during the same stage.
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The present-day physiographic-tectonic features of the Central Mediterranean region are
the product of the geodynamic evolution in which a fundamental role is played by the
distribution of crustal components (Finetti et al., 1996) (fig. 1). The orogenic belt is located
between an old oceanic crust, the lonian basin, which has been partially consumed, and a new
oceanic crust, the abyssal plane of the Tyrrhenian basin. Moreover, the CROP-Mare project
(Finetti Ed., 2005) recognized a continental crust in the circum-Tyrrhenian margins associated
with migrated tectonic stacks that were colliding with the continental blocks of the Africa and
Adria plates.

Structural domains in the central Mediterranean

In the Central Mediterranean region, the orogenic belt originated during the Tertiary
through the convergence between the European margin and the Africa-Adria plates. The
recognizable structural domains are the following: the Foreland Domain, the Orogenic
Domain and the Hinterland Domain (Ben Avraham et al., 1990; Lentini et al., 1994, 2006,
and references therein) (fig. 2).

The Foreland Domain includes the still undeformed continental areas of Africa,
represented by the Pelagian Block, and that of the Adriatic microplate, consisting of the
Apulian Block, which is separated since the Mesozoic from the main Africa Foreland by
the oceanic crust of the lonian Basin.

The Orogenic Domain is composed of three main tectonic belts, the External Thrust
System (ETS), the Apenninic-Maghrebian Chain (AMC) and the Kabilo-Calabride Chain
(KCC), generated by the detachment of the internal sedimentary cover of the flexured
sector of the continental foreland, by the imbrication of the sedimentary sequences
belonging both to the oceanic crust-type sectors (Tethys and lonian basins) and to the
continental crust-type ones (inner carbonatic platform), and by the delamination of the
European margin, respectively.
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The Hinterland Domain is represented by the Sardinia Block and the Tyrrhenian Basin.
This latter is characterised by an oceanic crust, and its opening started in the Middle
Miocene (Lentini et al., 1995, 2002).

In the south Tyrrhenian area, the features of the Apenninic-Maghrebian Orogen are
controlled by the thickness of the crust of the Foreland Domain. The oceanic crust of the
lonian Basin is located between the continental crust of the Apulian Block to the north and
the Pelagian Block to the south-west. This morpho-tectonic shape influences the evolution
of the whole Calabrian Arc.

SoUtherm
Apannines

Fig. 1 Schematic representation of crustal domains in the central Mediterranean. The
foreland domains are characterized by the Adria and the Africa continental crust separated
by the old crust of the lonian Sea. At the present time, the subduction of the lonian crust is
active only beneath the southern Calabrian Arc. Remains of parts of the Paleo-lonian slab
are seismically recognizable between the deformed margins of the continental blocks and a
collisional crust (the Panormide crust). The Tyrrhenian Sea is constituted mostly of an
oceanic crust placed on a delaminated European crust, and the Panormide crust before the
forearc basin developed (after Lentini and Carbone, 2010)

The interpretation of regional profiles in Sicily and the Southern Apennines, based on
the crustal sections of the CROP-Mare project (fig. 3), show that both foreland blocks are in
collision with a continental crust, named the ‘“Panormide crust”, recognised in the
Tyrrhenian offshore of the northern coast of Sicily and of the Southern Apennines. This
crust has been interpreted as the original basement of the carbonate platforms (Panormide
and Apenninic Platform Units) (Lentini et al., 2006, 2009). The Meso-Cenozoic
sedimentary covers originally located on the oceanic area have been interpreted as a
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prosecution of the modern lonian Basin involved in orogenesis. They are completely
detached and tectonically rest on the ETS. These covers, named the Lagonegro and Imerese
Units in the Southern Apennines and in Sicily, respectively, are grouped into the lonide
Units (Finetti et al., 2005a, 2005b).

STRUCTURAL DOMAINS
IN THE CENTRAL MEDITERRANEAN
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Fig. 2 Structural domains of the central Mediterranean. The Foreland domain consists of
the Apulian Block (Adria crust) and the Pelagian Block (Africa crust), separated by the
oceanic crust of the lonian basin. The lowermost structural level of the orogen is an
External Thrust System: Atlas in North Africa, the Pelagian-Sicilian Thrust Belt in
Sicily and the Apulian Thrust System in the Southern Apennines. These are overlain by
the Apenninic-Maghrebian Chain, a roof thrust system generated by post-Oligocene
thin-skinned tectonics, underthrusted an edifice composed of basement nappes derived
through the Eocene-Oligocene delamination of the margin of the Europe Plate, the
Kabilo-Calabride Chain (after Lentini et al., 2006)

The peculiarity of the orogenic belt in the Southern Apennines, as well as in Sicily,
mainly lies in a general duplex geometry (fig. 3). The roof thrust system, several thousand
meters thick, is made up of the allochthonous units of the AMC, while the floor thrust is
represented by the ETS. This latter corresponds to the Apulian Thrust System in the
Southern Apennines, and to the Pelagian-Sicilian Thrust Belt in Sicily, and is composed of
more or less rooted carbonate units derived from the internal edge of the Adria and of the
Africa plates, respectively (Finetti et al., 2005a, 2005b).

223



AUI-G, 2010, Special Issue, GEO IASI — 2010

U

F—— os ]

NIVHO NYISINHO -0 yinNadY

NISYE D4VIH04

TIANNYHD ATIDIS AT1D18 _

V3S NVINTHHEAL

aaaaaa ] ) P e - |

Jreseenss) [ e—— R B L) ) R | zs%

5

=

¥3S NYINSHHHAL

— T
o v @

L OROYAYD W ONYEAOE "W
OeEpa0] AR NIVHO NVISISHoy -0y nNEdY

viandvy S3ININNILY NHIHLNOS

V3S NVINGHEEAL

MS

(B)

Fig. 3 Crustal profiles across (A) the southern Apennines and (B) central

Sicily (after Finetti et al., 20005a, 2005b, modified)

GV

224



AUI-G, 2010, Special Issue, GEO IASI — 2010

In the crustal profiles of figure 3, the continental crust of the Adria and Africa plates
extends beneath the orogenic belt, which characterizes the on-shore areas to the Tyrrhenian
shoreline. The Afro-Adriatic crusts show a progressive thinning and laterally grade into an
old lonian slab, completely subducted. The Panormide crust is currently colliding with the
Adria and Africa crusts, in the Southern Apennines and Sicily, respectively. The geological
evidences of this collisional setting are the NW-SE oriented transcurrent faults, sinistral in
the Southern Apennines and dextral in Sicily. This latter constitutes the South Tyrrhenian
System (STS) (Finetti et al., 1996), which affects both off-shore and on-shore areas of
Sicily. Of the South Tyrrhenian faults, the most relevant is the NNW-SSE oriented Vulcano
Line (fig. 2), that represents a boundary between the collisional setting to the west and the
still subducting lonian slab.

Palaeogeographic and geodynamic evolution

The lonian basin opened since the Permian-Triassic inside the Adria Plate, separating
the Apulian Block from the “Apenninic” Block. Northward along the Apennines, the
lonides, represented by the Lagonegro basinal sequences, progressively disappear. That
indicates that the lonian crust was narrowing and both continental blocks, the Apulian
Block and the “Apenninic” one, were joined in a unique continental plate: the Adria Plate.
Similarly, there is no continuity of the lonides toward western Sicily, and this may indicate
the progressive closure of the oceanic crust and the direct connection of both Apenninic
continental crusts: the Africa one and the Panormide one. An Alpine Tethys basin was
located between the Europa Plate and the Adria-Africa Plates.

The geodynamic evolution of the convergent system can be summarized into three
orogenic stages:

Eo-Alpine stage: this stage occurred during Late Cretaceous-Eocene times. Africa-
lonian-Adria, as unique block, and the Eurasian plate converged. Poor evidences of an eo-
alpine stage can be observed in western Calabria, in the Tyrrhenian basin and in the Alpine
Corsica. A tectonic wedge, made up mainly by Ligurides and by ophiolites-bearing
sequences, is characterized by a Europa vergence. In the Calabria-Lucania boundary,
Jurassic-Cretaceous ophiolites and low metamorphic rocks, belonging to the Ligurides, are
sealed by the Oligo-Miocene foredeep deposit. At the present time, they are completely
detached onto the Apenninic Platform or directly overlying the lonides tectonically, and
display an Apulian vergence originated during the following stages.

Balearic stage: This stage (Oligocene-Early Miocene) produced an orogenic belt with
opposite vergence, toward the Adria-Africa Block. In NE Corsica, the W-verging thrust
systems, which originated during the Eo-Alpine stage, have been successively affected by
Adria-verging low-angle thrust faults of the Balearic stage. Pre-rift, syn-rift and post-rift
sequences are seismically well defined. This stage allowed a further consumption of the
remnant of the Alpine Tethys oceanic crust and to the collision of the European Plate with
the Panormide crust. The consumption of the Tethys crust was contemporaneous with the
emplacement of extensive frontal nappes, with the opening of the Balearic back-arc basin,
and the counter-clockwise rotation of the Corsica-Sardinia Block, which ended at the
Burdigalian-Langhian boundary. The flysch-type successions of Late Oligocene to Early
Miocene age, characterized by tuffitic sandstones, indicate the presence of a volcanic arc,
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which belongs to the Alpine Tethys subduction complex. Contemporaneously, in the areas
of the lonian Foreland and partly on the carbonate platform itself, a pelitic-quartzarenitic
sequence of Numidian flysch and “epicontinental” glauconitic calcarenites and marls were
deposited.

Tyrrhenian Stage: Since the Burdigalian-Langhian boundary, the Apenninic-
Panormide Platforms were stripped off from their basement and were thrust over the
lonides. Later, the latter suffered a general décollement and overrode the External Thrust
System, with the consumption of the Palaeo-lonian crust originally interposed between the
continental crusts. In the Calabrian Arc, where the foreland is represented by the lonian
oceanic crust, the lonian pelagic sequence was stripped off from their subducting oceanic
basement and was transported eastward, forming most of the external wedge of the
Calabrian Arc. In the Southern Apennines, the Late Miocene external flysch deposited in a
basinal area, the Irpinian Basin, inherited by the lonides (Lagonegro sequence). At that
time, this basin represented the lonian foredeep, with an inner tectonic wedge in which the
topmost Tortonian levels of flysch-type deposits are tectonically overlain by a further nappe
of Tethydes that indicates the involvement of the foredeep successions in the lonian
subduction. This marked the consumption of the oceanic crust of a part of the lonian Paleo-
basin and, thus, the beginning of the phase that led to the opening of the Tyrrhenian backarc
basin and the emplacement of the Aeolian volcanic island arc.

On the African foreland, the crustal lineaments inherited from the Mesozoic
palaeogeography show an oblique direction with respect to that of the deformation front of
the chain, conditioning its advance and causing a diachronous collision from west to east.
This is expressed in the indentation of the continental margin and the formation of a
transcurrent junction oriented about NW-SE, which has been active since Early Pleistocene
times and indicates the cessation of the subduction process at this time in the Southern
Apennines and in Central-Western Sicily.
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The sedimentological characteristics of the Pliocene-Quaternary alluvial fan deposits
developed at southeast of Sizma, approximately 20km NW of Konya, Turkey, were
examined by measuring six sedimentological successions.

In the alluvial fan deposits, six different lithofacies were described and interpreted;
these are: the well cemented massive clasts of the conglomerate facies (Facies Gcecu); the
massive matrix of the conglomerate facies (Facies Gmu); the gray mud facies, bearing
lenticular sand horizons (Facies Fms); the massive mud facies, bearing red-brown
carbonate nodules (Facies Fm); the massive clasts of the conglomerate facies (Facies Gcu);
and the intermediate- to coarse-grained massive sand-gravel facies (Facies Gu). These
lithofacies were grouped into three facies associations: the proximal fan facies association,
which is represented by Facies Gccu, Facies Geu, and Facies Gmu; the mid-fan facies
association of the Facies Gu; and the distal fan facies association, represented by Facies Fm
and Facies Fms.

The development of these facies was mainly controlled by the subordinate faults of the
Konya fault zone (KFZ). Repetitive conglomerate facies are thought to be the result of an
uplift of the source area, following the fault reactivation.
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There are several synsedimentary structures in Jurassic sedimentary rocks resting with
angular unconformity on the low metamorphic rocks (Upper Triassic Karakaya Complex)
in the Ankara region (Turkey), offering clues regarding the development of the basin. These
are tectonic fractures, karstic dissolution voids, sediment types and filling styles in these
structures, slumps and paleofaults. Having very limited detrital facies at the basal part of
the Jurassic carbonates in the area and, the development of microbial facies (Sinemurian
Uzundere member), starting within the tectonic fractures in the basement rocks, indicates
that the base of the basin deepened rapidly under tectonic control.

Bedding

Fig. 1 Dissolution voids filled with laminated pelloidal sediments in microbialitic
limestone at the Kudret Pinari area, and the relationships between laminae
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The Karstic dissolution voids were formed in the intertidal zone, during the Early
Jurassic (Deli and Orhan, 2007), when the sea floor was under subaerial conditions. The
karstic voids were filled with pelloidal materials when they were inundated by the sea.
Laminae with differing dipping found in these fillings show the instability of the sea floor.
These microstructures can easily be determined on polished rocks and acetate peels (fig. 1).

During the non-seismic periods, due to stable conditions and the low sedimentation
rate, sediments were densely bioturbated, and ferriferous stromatoliths formed red-colored
hardground (fig. 2). The development of Neptunian dykes in Late Sinemurian microbial
carbonates, along with their coarse detritic fillings, point out the recurrence of the
extensional regime in the study area.

Fig. 2 A cutting of microbialitic limestone from Uzundere. A: The outcrop appearance of the
hardground surface B: The appearance of the hardground level in a hand sample cut perpendicularly
to the bedding and microbial mat in the voids.

There are large and deep Neptunian dykes cross-cutting bioclastic carbonates
(Pliensbachian Seyhlertepe member), indicating intense seismic activity during the Late
Pliensbachian-Early Toarcian. The tectonic fractures developed in the shallow bioclastic
carbonates were filled with pelagic mudstone. This indicates that the depositional
environment deepened rapidly. The presence of turbiditic sandstone and large and angular
blocks of shallow-water bioclastic carbonates in ammonitico rosso facies (Toarcian
Beytepe member) indicate the development, through faulting, of pelagic carbonate
platforms (Deli and Orhan, 2009). Turbiditic rocks (Upper Toarcian-Callovian Turnagesme
member) derived from basement rocks cover the post-Toarcian pelagic/hemipelagic
carbonates. After a tectonic quiescence period, synsedimentary faults and slump structures
were developed in mudstone and marl in relation to increasing seismic activity in the
Callovian (fig. 3). Shallow pelagic carbonate platforms (PCP; Santantonio, 1993) were
developed following the reshaping of the sea floor. On these uplifted surfaces, the
ammonitico rosso facies (Callovian-Oxfordian Cakirlardere formation) were deposited,
generally conformably, on the detritic facies. In some places, however, they developed
unconformably, directly on basement rocks. The Ammonitico rosso-type facies were drawn
by pelagic carbonates as a result of continuous deepening during the late Jurassic. The
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presence of slump structures at the lower part of pelagic carbonates shows the recurrence of
the seismic activity (fig. 4).

Fig. 3 Large Neptunian dykes in the Seyhlertepe member in the Angora evleri area, which
filled with red mud.

Fig. 4 Slump folding from the Cakirlardere formation at Basagactepe, in Ankara
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Abstract

The present paper emphasizes the presence of Early Cretaceous flysch in all the sectors
of the Alpine Tethys, from the Gibraltar Arc to the Balkans, showing the same geological
setting and analogies of sedimentary provenance.

These deposits and their tectonic framework indicate a common geological evolution in
all the oceans of the Alpine Tethys, also including the Maghrebian Tethys. The latter, in
particular, was affected by Meso-Alpine tectonic events, slightly diachronous with respect
to the oldest ones characterizing the easternmost and central oceanic areas of the Alpine
Tethys.

Keywords: Early Cretaceous flysch, sedimentary provenance, Maghrebian Chain, Europe
Alpine Chains, Cretaceous tectonics.

Introduction and objectives

Early Cretaceous flysch forms a distinct turbidite clan, which marks the boundary
between the internal and external areas for more than 7,000 km, from the Betic-Rifian
Chain to the Balkans (Fig. 1).

The deposition of these turbidite sequences, Middle Jurassic-Early Paleocene in age,
occurred in sedimentary basins (oceanic or not) connected with the break-up of Pangaea
and successively affected by a Late Cretaceous-Early Tertiary convergence (Stampfii,
2000).

Thus, because of this middle-Late Cretaceous plate tectonic re-organization, which
involved almost all of the oceanic basins of the Alpine Tethys s.s. and of its easternmost
sectors (e.g. the present Carpathian-Balkan orogenic system), the Early Cretaceous flysch
was deformed.

In fact, the different areas of the Alpine Tethys include the following:

¢ the Ligurian-Piedmont and the Valais Oceans (or simply the Ligurian Ocean, Fig. 2;

Plasienka, 2003; Schmid et al., 2008),
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o the Magura Ocean and other minor basins (the Severin-Ceahldu Ocean and the “Nish-
Troyan flysch trough” in the Carpathians and Balkans, respectively), located in its
easternmost sectors (Oszczypko, 1992; 1999; 2006; Sandulescu, 1994),

o collateral branches of the main Tethyan Basin, such as the Vardar and Pindos Oceans,
which were also sedimentary basins of Early Cretaceous flysch (Boeothian and
Bosnian Flysch in the Hellenides and Dinarides, respectively).

Nevertheless, the westernmost segment of the Alpine Tethys (the Maghrebian Basin,
Fig. 2) seems to have not been involved in Middle-Late Cretaceous tectonics or, on the
contrary, similar events have not yet been recognized or, again, they have often been
neglected and/or not sufficiently emphasized (Puglisi, 2009).

The aim of the present paper is to check the tectonic framework of all the Early
Cretaceous flysch of the Maghrebian Chain and to compare it with other coeval turbidite
deposits from the central Europe Alpine Chains, in order to emphasize the existence of the
same tectonic evolutionary scheme.

Location of Early Cretaceous flysch in different
sectors of the western and central Europe Alpine
Chains, from the Gibraltar Arc to the Balkans

@ W9 ’ P P I"dnnonmn

- Basin
) ' Mmsldn
. - Plate
Balkanides (8)

Rhodopean

Gibraltar Arc

Rf‘v . M -a i Calabria-Peloritani Arc  *
EhrLbJan Ch"
Early Cretaceous flysch of the:
I-to-3- Rifian, l«.u» and M aghrebian Chains (Los Nogales, Jebel Tisiréne, Guerrouch and Monte Soro Flysch, in Spain,
A ctively);
4: (“Liguride™ pre-flysch, i. . Frido and Crete Nere Formations);
50 an (South-Penninic Ocean, i. ¢. Palombini Shales with calcarcous turbidites, Mt. Gottera Unit);
6: Ocean (north-Alpine flysch of the North-Penninic Ocean, i. ¢. Gault, Vorarlberg and Prittigau Flysch);
7: Median Dacides (Bucovinian Nappe) and External Dacides (Black Flysch and Baraolt Flysch in the Eastern Carpathians;
erin and Sinaia Flysch in the Southern and Eastern Carpathians, respectively, representative of the Ceahliu-Severin Ocean);
8: “Nish-Troyan Flysch Trough” (north of the Moravian-Rhodopean Zone);
9: Dinarides and Hellenides, Bosnian (or Vranduk) and Boeothian Flysch, respectively.

Fig. 1 Early Cretaceous flysch in the western-central Europe Alpine Chains (from Puglisi,
2009; modified after Durand-Delga, 1980)

Early Cretaceous flysch of the Betic-Maghrebian Chain

The east-west-trending Betic-Maghrebian Chain extends along the North African coast
from the Gibraltar Arc to the Calabria-Peloritani Arc (southern Italy, Fig. 3). This chain is
formed by the superimposition of several nappes related to Internal, External and Flysch
Domains, the latter located in an intermediate position.
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The flysch successions (Early Cretaceous to Early Miocene) form a tectonic edifice,
piled up and overthrusted onto the external deposits, made up of different tectonic units
usually re-grouped into two clans (Bouillin et al., 1970): Maurétanien and Massylien
flysch, of internal and external provenance, respectively.

The Maurétanien deposits comprise Cretaceous Variegated Clays evolving to
Oligocene turbidites, tectonically overlain by Early Cretaceous flysch [Los Nogales Flysch
in the Betic Cordillera (Puglisi and Coccioni, 1987), Jebel Tisirene Flysch in the Rif
(Durand-Delga et al., 1999), Guerrouch Flysch in Algeria (Raoult et al., 1982) and Monte
Soro Flysch in the Sicilian Maghrebian Chain (Puglisi, 1981)].

This Early Cretaceous flysch is tectonically overlain by Hercynian crystalline units [i.e.
the Internal Zones of the Betic-Maghrebian Chain, known as the Betic-Rif-Alboran Realm,
the Kabylian and Calabria-Peloritani landmass (Mauffret et al., 2007) or as the AlKaPeCa
Block (Alboran, Kabylides and Peloritani + Calabria terranes, Bouillin et al., 1986)],
belonging to the southern Iberian palacomargin (Stampfli et al., 1998; Sanz de Galdeano et
al., 1993; Rosenbaum et al., 2002; Schettino and Turco, 2006).

Large-scale palacogeographic reconstruction of the western-central
Europe and Africa Plates for Tithonian - early Cretaceous times
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Fig. 2 Late Jurassic-Early Cretaceous palaeogeography (from Puglisi et al.,
2010, modified by Channell and Kozur, 1997; Csontos and V6rds, 2004)

Finally, the following results represent the main conclusions regarding the Early
Cretaceous flysch of the Maghrebian Chain:
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e its provenance is linked to the erosion of the Hercynian crystalline basement and its
Early Mesozoic carbonate cover (Puglisi, 1981; Raoult et al., 1982; Cassola et al.,
1990),

o the absence of a Tertiary cover (locally, small and thin Paleocene-Eocene remnants)
suggests the deformation of the Early Cretaceous Maurétanien flysch and their local
underthrusting beneath the internal Hercynian crystalline units of the southern
paleomargin of the AlKaPeCa Block in Sicily [“mesoalpine” event by Cassola et al.
(1992) and Puglisi (1992)], as well as in Algeria [“Late Lutetian phase” by Raoult
(1975) and Vila (1980)].

5 10°]

5 lb\.rmnh)rdand 0° |
MEDITERRANEAN SEA

5° Foreland ™ | 50|

--EI:I-:I =

1- Internal Domain Units, 2- “Dorsale Calcaire”™ Units, 3- Flysch Domain Units (mcludm& the Early
Cretaceous flysch in the uppermost structural position), 4- Betic and Maghrebian External Units, 5-
Apenninic External Units, 6- Foredeeps and Forelands.

Fig. 3 Location of the Early Cretaceous flysch in the Maghrebian Chain (1, Los Nogales
Flysch; 2, Jebel Tisirene Flysch; 3, Guerrouch Flysch; 4, Monte Soro Flysch)

The Ligurian Tethys and the Western Alps

A first oceanic branch of the Alpine Tethys (the Ligurian-Piedmont or South-Penninic
Ocean) is related to the pre-Jurassic rifting and Late Jurassic spreading, occurred in the
central Atlantic as a consequence of the passive extension of the Europe-Adria (Africa)
continental lithosphere (Dal Piaz, 2001; Dal Piaz et al., 2003). A Cretaceous plate
convergence regime led to the subduction of the oceanic crust under the Adriatic margin
and dismembered the oceanic lithosphere to form ophiolitic bodies within the orogenic
system of the Western-Central Alps, the Northern Apennines and the Alpine Corsica (Dal
Piaz et al., 2003).

The Jurassic ophiolitic and cherty-calcareous stratigraphic succession of the internal
sector of this basin grades upwards to Late Cretaceous-Early Paleocene siliciclastic
turbidites (Gottero Sandstones, Auct.).

The second oceanic branch of the Alpine Tethys (the Valais or North-Penninic Ocean)
opened during the Early Cretaceous times, cutting off the Briangonnais microcontinent
from South-Western Europe. Its detrital sedimentation continued until the Middle Eocene
(the Rhenodanubian Flysch group, such as Gault, Voralberg and Prattigau Flysch), while
the former one was completely closed in the Early Tertiary.
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Dinarides and Hellenides

The Boeothian and Bosnian Flysch of the Hellenide and Dinaride Chains, respectively,
have recently been referred to the clan of the Early Cretaceous flysch of the Tethys Realm,
deposited on the Pindos Ocean and on the western Vardar Ocean, respectively, and
connected to the Cretaceous tectonics of their internal domain (Puglisi et al., 2009; 2010;
Kyriakopoulos et al., 2010).

The provenance of both these types of flysch, in fact, derives from the dismantling of
the Hercynian Pelagonian and/or Serbo-Macedonian terranes and their Mesozoic carbonate
platforms, and from ophiolitic complexes, obducted since Late Jurassic from the western
margin of the adjacent VVardar Ocean (Fig. 2).

Carpathians and Balkans

The Magura and Ceahlau-Severin Oceans, opened during Early-Middle Jurassic times
as an eastern prolongation of the Ligurian Ocean (Csontos and Véros, 2004; Oszczypko,
2006), are located in the northern side of the Tisza-Dacia Blok (Fig. 2), already separated
from the AlCaPa microplate (Schmid et al., 2008).

Cretaceous compressive events, probably connected with the movement of the Moesian
microplate, led to a considerable crustal shortening in the Carpathian area.

Mid- and Late-Cretaceous deformations, in fact, affected the Median and External
Dacides (Eastern Carpathians), both are also characterized by Early Cretaceous flysch, as
well as the Severin Nappe (Southern Carpathians), whose deposits are considered to be
equivalent to the former ones (Sandulescu, 1994).

Analogously, intense Mid- and Late-Cretaceous deformations, connected with an
extensive northeast-vergency thrusting of the Serbo-Macedonian massif over the
Rhodopean region (north-east of the Vardar Ocean, Balkan area; Zagorchev, 2001), caused
closure of the “Nish-Troyan flysch trough”, located between the Rhodopean Massif and the
Moesian Plate (Minkovska et al., 2002 and references therein).

Conclusions

The present paper emphasizes the significant palaeogeographic continuity between the
Maghrebian Basin and other oceanic areas of the Alpine Tethys during Mesozoic times, and
the occurrence of an Early Cretaceous flysch family showing a very similar structural
setting and provenance linked to the dismantling of internal areas. Thus, it is possible to
consider only one sedimentary basin (Alpine Tethys s.s.), subdivided into minor oceanic
areas, with a similar geological history.

Late Cretaceous or slightly more recent deformations, in fact, diachronously affected
the Maghrebian Basin (“Mesoalpine” stage) during its progressive closure, and the
Cretaceous plate tectonics triggered one (or more) tectonic phases, well recorded in all the
sectors of the Alpine Tethys (“Eoalpine” stage).

In conclusion, it is possible to emphasize that the Maghrebian Tethys did not escape
similar tectonic events, as suggested during the 70s (Raoult, 1975; Vila, 1980) and
confirmed at the beginning of the ‘90s (Cassola et al., 1992; Puglisi, 1992), but,
unfortunately, neglected in many recent geological studies.
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The GIS technology, meant to create a database of geological maps, associated with
information displayed on Internet technologies, has resulted in a webGIS application able to
display and query the information contained in the geological map. The server side contains
a PostgeSQL / PostGIS database, Mapserver, an Apache web server and a GUI application,
written using PHP programming language associated with PHPMapScript functions. Thus,
the client may view and query geological map using a web browser. Currently, the
geological map of Romania at the 1:1 million scale was used, but information from maps at
various scales may also be included.
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Introduction

In order to support the theory of the paleoseismic origin of the trovants that we have
advanced (Ticleanu et al., 2008), a deeper analytical study was required. In the Carpathian
area, we have examined trovants bearing levels ranging from the Upper Cretaceous to the
Pleistocene. This fact determined us to consider that the phenomena leading to the
appearance of the trovants, as well as the conditions necessary for their formation, were
repeated more often than we can now imagine. Currently, we can review, from old to new,
the stratigraphic levels containing trovants: Cenomanian, Lower Eocene, Oligocene
(Rupelian), Oligocene — the Fusaru Sandstone, Upper Oligocene - the Kliwa Sandstone,
Lower and Upper Burdigalian, Upper Badenian, Lower Sarmatian, Upper Sarmatian,
Meotian, Pontian (Middle and Upper), Lower and Upper Dacian, Lower Romanian, Lower
and Upper Pleistocene. The study of the ellipsoidal "concretions"” that can be found in the
Badenian tuff in the Iza Basin, corroborated with the documentation on these "concretions"
found at this stratigraphic level (the Dej Tuff), suggests that the dynamic conditions
requested for the building of proper trovants (the spherical sandstone "concretions™ in sand
deposits) can also produce similar effects in very different natural deposits.

The description of the trovants found in the Carpathian area

The following description orders the trovants chronologically (from old to new) and
stratigraphically.

The Vraconian-Cenomanian trovants are known at the stratigraphic level of the
Valea lui Paul Beds (Ampoi Basin). These beds contain compact, coarse or fine friable
sandstones, including clay and micro-conglomerates lenses. The sandstone levels may
contain trovants. A very good outcrop can be seen on the left side of the Ampoi valley,
across the church in the Galati village. In this place, the sandstones are poorly consolidated
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and contain, along the stratification lines, many big trovants. On the left bank of the Ampoi,
along the Fenes creek, spherical trovants can be found here and there, in the floodplain. The
presence of these Cretaceous trovants was reported by Lupu et al. (1967) in the notes
accompanying the Turda map.

The Eocene trovants. They are known in the deposits known as the Tarcau Sandstone,
especially in the central part of the Eastern Carpathians (at the border of the Comanesti
Basin). Such trovants have also been reported in the Ursei area (along the Cricovul Dulce).

The Eocene trovants in the Tarciu Sandstone. In the Eocene sandstone deposits of
the Comanesti Basin area, the trovants have a simple, quasi-spherical shape and large
diameters. We observed these trovants right in their place along the Pacurii valley. What
must be remarked is that these trovants could be taken over in newer deposits, such as in
the Sarmatian conglomerates found in the southern part of the Comanesti Basin (Dofteana
valley).

The Eocene trovants of the Cricovul Dulce Basin. These trovants are connected with
the Eocene deposits exposed over a restricted surface along the upper course of the
Cricovul Dulce. They were reported by Popp (1939), near Ursei. These trovants are also
big, simply-shaped, quasi-spherical. Their material is micaceous sandstone, which is often
fine, rarely coarse.

The Eocene trovants in the Bran area. From the lithological point of view, north of
Bran the exposed Eocene deposits vary very much. The trovant-bearing sandstones have
medium granularity, which is finer or coarser here and there, and they are yellow or
yellowish in colour. The trovants are often ellipsoidal, and they may be brittle or very hard,
well cemented. On the Brasov map, the Eocene deposits north of Bran are considered
Lutetian-Priabonian. If we take into consideration the Tarcau Sandstone age (Paleocene-
Lutetian), we could admit the Lutetian age of the trovants from Bran.

The Oligocene trovants. In the sandstone-sandy banks of the Pucioasa-Fusaru facies,
more precisely in Fusaru Sandstone facies, there are trovants with various shapes and sizes.
This situation can be found between the Talomita and Cricovul Dulce valleys. Better known
are the trovants at Bela and Miculesti (north Pucioasa), the trovants on the Valea Rea, and
those at Visinesti. They are placed in fine or coarse, grey and yellowish sands. Generally,
these trovants are large: their diameter is often over 1 m. In many cases, the concentric
internal structure is obvious. Oligocene quasi-spherical trovants can also be found in the
Cetate Beds (Rupelian) around Treznea (Silaj district). Oligocene trovants made of fine,
grey-white sandstones are driven by the water along the Sibiciu valley (Buzau district),
which goes through a region with exposed Oligocene deposits. These trovants are large and
spherical. It is more than likely that these trovants are connected with the Kliwa Sandstone
facies of the external margin of the Tarcau Unit, more precisely with the Upper Kliwa
Sandstone horizon, in some cases poorly cemented or even sandy. Near Coltii de Jos
village, to the east, the whitish sandstone banks contain trovant-like forms or even trovants
having great sizes.

The Lower Burdigalian trovants. On the surface covered by the Cluj map
(Dumitrescu, 1968), east of the Clit village, there are Chattian-Burdigalian deposits
(excluding the old "Helvetian" deposits), including the Buzas Beds and the Chechis Beds.
The Buzas Beds are comprised of a sandstone and sand complex with marl intercalations in
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its lower part, and sandstones with "ellipsoidal concretions” in its upper part. Above all
these, there are the Chechis Marls, considered ,Helvetian”. If we include the ex-
"Helvetian" deposits, in the actual Burdigalian stage we can appreciate the "ellipsoidal
concretions" as Lower Burdigalian. The Chattian-Burdigalian deposits of the Transylvanian
slope of the Hudin and Tibles Mountains are made of an alternation of sandstones and
marls containing, at different levels, "spherical sandstone concretions". In the Lapus valley
basin, the Chattian-Burdigalian deposits are represented by an alternation of fine or coarse
sandstone with numerous "concretionary and trovant-like forms". As a result, during the
lower part of the Burdigalian stage, it seems that there are a few levels with trovants or with
trovant-like "concretions”. Thus, we could speak about Lower Burdigalian trovants. The
same age can be attributed to the trovant-like forms and to the trovants of the Corbi
Sandstone, exposed at Corbii de Piatra, on the Doamnei River.

The Upper Burdigalian trovants. Across the surface covered by the Bacau map, at
the level of the ex-Helvetian stage, there are sands with "sandstone concretions". This upper
horizon of the "Helvetian" is also known as the "upper variegated sandy series" (Mirauta,
1969). The upper part of this "horizon" is a sandy complex well developed in the Poduri-
west Berzunt and Ardeoani-Tarita-Pirjol-Cimpeni sectors. This is made of sands (with
"sandstone concretions™), gypsum, calcareous schists, tuffs and marls. As a result, we could
speak about trovants which could be Upper Burdigalian. At the same level of the ex-
Helvetian stage, some marl levels with "sandstone concretions” were also reported, such as
north Olteni (Olt valley) and, to the east, north Godeni. The "Helvetian" series starts with
conglomerates, fine gravels, sandstone sands and argillaceous marls. This series ends with
sandstone sands, gravels and marl levels with "sandstone concretions".

The Upper Badenian trovants. In the south-western part of the Odorhei map, in the
Transylvanian Depression, in the upper part of the ex-"Tortonian" deposits, there are "sands
with trovants". Here, above the Salt Formation, there are argillaceous marls, sands with
trovants, sandstones and marlaceous clays. In the Ciocadia-Piticu area, there are clays with
concretions (presumably trovants) and marly limestone with sandstone lenses. Above these
deposits, there are marls and marly limestone with Spiratela, which in turn are covered by
Sarmatian marls.

The Sarmatian trovants. In the Orman valley area (west Gherla), east of Ocna
Dejului, and in the Cojocna area, there are deposits considered to belong to the past Upper
Buglovian. These deposits are placed between the Iclod Tuff, at the bottom, and the Ghiris
Tuff. The lithology consists in a series of marls with sandy intercalations containing
concretions. We could consider these trovants "Buglovian®, in order to distinguish between
them and the newer Volhinian trovants. At this level, we can mention the sandstone
concretions described by Larisa Ungureanu (fide Vancea, 1960) in the Cenade-Sorostin-
Seica Mare area. Here, under the Ghiris Tuff, there are three whitish, fine sand
intercalations with concretions. Under these deposits, in another marl series, three yellow
sand intercalations contain "big sandstone concretions”. In the same area, L. Ungureanu
reported that, above the Ghirig Tuff, a 35m-thick lithologic complex contains "big shapeless
concretions"”. Sandstone concretions were reported by L. Ungureanu in the Veseud, Agnita
and Dealu Frumos areas. Near Dealu Frumos (not far from Agnita), a little sand quarry
exposed a lot of big well-individualized trovants. With the same age (Volhinian), there are
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trovants in the small sand quarries near Casolt and Cornatel. In the quarry near Casolt,
along ~8m, a succession of sand and gravels contain trovants with diameters generally
under 1 m. In this outcrop, there are also "soft trovants" made of local accumulations of
manganese and iron oxides, some of them with a ferruginous, limonite shell. Near Cornatel,
a smaller sand quarry contains big spherical trovants and trovant-like forms. In this quarry,
there are also some big "soft trovants" whose colour is different, compared with the
surrounding sand. In the north of the Transylvanian Basin, above the Ghiris Tuff, Vancea
(1960) reported "spherical concretions” in an alternation of marls and sands. In this area,
we can mention the outcrop with trovants north of Domnesti. Here the sands and sandstones
contain levels with single or twinned trovants with very complicated shapes. The trovant-
like forms are rounded at the lower part. In the western part of the Transylvanian Basin, llie
M. D. (quoted by Vancea, 1960) reported the existence of “sands with concretions" in the
Sarmatian deposits around Aiud, Cojocna and Turda. Very well known Sarmatian trovants
deposits are placed in the area of Feleacu, near Cluj. These trovants were described as far
back as in 1898 and 1900 by A. Koch. Moreover, he mentioned the sandstone concretions
near Aiudul de Sus, Girbova de Jos, Teius, Stremt and Galda de Jos. Koch quoted other
authors on the "big concretions of sandstone spheres" in the area of Daia Saseasca and
Cornatel. In the area of Feleacu, the best-known trovants are to be found along the
Caprioara valley, in few cases in their original places. Their dimensions vary very much
and they are often perfectly spherical. In many places, they can be found as various twinned
or mameloned masses. The trovants are made up of fine or medium grey sand, but there are
also levels of small gravels caught in their mass. They are contained in a marl-sandy series
with sandstones and tuff intercalations, placed above the Ghiris Tuff. Ciupagea et al. (1970)
mentioned the presence of the "spherical concretions" in the sand deposits of the
Transylvania Basin as an "extremely interesting and frequent peculiarity".

In Mountenia, Sarmatian trovants are described as well: along the Lupa valley (near
Campina), and along the Gresarea creek (a tributary of Luncavat), at Otesani. The trovants
of the Lupa valley are often spherical, with small to a-few-decimeter diameters, but trovants
with complicated forms can also be found here. Along the Gresarea valley, the trovants are
made of a grey, well-cemented sandstone. Huica and Dicea (1964) noted that the Lower
and the Middle Sarmatian in an area between the Buzdu and Zimbroaia valleys would be
characterized by the presence of trovants. These authors also mentioned a paper by Saulea
(1956), who recorded the presence of trovants in the lower part of the Sarmatian deposits in
the Odaile synclinal. Large trovants and trovant-like sandstone blocks can be seen south of
Bozioru, on the way to Cozieni. Between the Dimbovita and lalomita valleys, in an
alternation of Sarmatian sands, sandstones and grey marls, Patrulius et al. (1968) noted the
presence of "spherical concretions". In the Trotus-Naruja area, Bancild (1958) recorded
"concretionary forms (trovants)" in calcareous, odlitic or conglomerate-like sandstones. For
the Platform area, trovants and trovant-like sandstone forms were reported as far back as
the XIX" century. In 1883, G. Cobalcescu described sandstone concretions in the Lower
Sarmatian deposits of Moldavia. In 1894, Sabba Stefanescu reported the presence of
"concrétions de gres" in the bulk of the Sarmatian sands at Lespezi (by Siret) and at
Halaresti, Mircesti and Floresti. Chintdoan (2004) wrote about "sandstone fossiliferous
concretions” in the Sarmatian deposits at Izvoarele (Dobrogea). At Andreiasu de Jos, in
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yellowish or grey fine Sarmatian sands, there are small, spherical or ellipsoidal trovants.
Upper Sarmatian trovants can be seen on the right side of the Silei valley, north of Panatau.

The Meotian trovants. The well-known trovants of this age are those at Costesti
(Oltenia). One of the features of those trovants is the presence of numerous spherical
tubercules on the surface of the great trovants. Apart from the big trovants, there are
numerous smaller, imperfect ones, but with a clear tendency toward sphericity. All these
trovants are placed in yellow fine, medium or coarse sands also containing fine gravel
levels. West of th Olt river, the trovants can be found in the upper horizon of the Meotian.
To the east, over the surface covered by the Tirgoviste map, there are exposed Upper
Meotian deposits formed of sandstones with spherical concretions, sands with marl
intercalations, and grey marls. In the Drajna synclinal axis, exposed Meotian deposits
formed by sandstones with trovants appear here and there. In the Mio-Pliocene area outside
the Carpathians, and in the Platform area, over the surface covered by the Bacau map, in the
upper part of the Meotian deposits, there are sandstones with frequent "spherical
concretions".

The Pontian trovants. In the drainage area of the Doftinet and Mislea valleys, in the
Middle Pontian sand banks, there are trovants with different sizes and shapes. The sand
levels contain quasi-spherical trovants with small diameters. In the Mislea valley, there are
several distinct trovant-bearing levels. These Pontian concretions are big and flattened,
made mostly of marl with sandstone content; generally, only the sandstone concretions are
spherical. Some trovants contain Congeria shells indicating the Portaferrian. Small trovants
are to be found in a quarry near Cohani (SW Marghita). In our opinion, the deposits here
are newer than Pannonian s. str., consequently they could be Pontian. The Pontian-Dacian
deposits in the Birlad Depression are made up of three distinct horizons. The middle, sandy
horizon contains Pontian trovants The best outcrop in this area is located between Cabesti
and Ivesti.

The Lower Dacian (Getian) trovants. In the upper part of the Lazu Sands (near
Bistrita), we could find small trovants with a diameter of 7-8cm, seldom 20cm. They can be
found in a grey, yellowish-grey or white fine, medium or, rarely, coarse sand. Similar
Getian trovants were recorded north of this perimeter or south, at Hinova. In the Slanic
valley (tributary of Buzau), there are ellipsoidal sandstone forms in the lower part of the
sand banks placed under thick marl layers.

The Upper Dacian trovants. On the left bank of the Milcov, between Mera and
Sindrilarii de Jos, there are exposed banks of yellowish sandstone with trovant-like forms
and big trovants. The stratigraphic position of this outcrop in not quite certain, but for the
time being we appreciate it as Upper Dacian.

The Romanian trovants. In the western part of Oltenia, at the base level of the Lower
Romanian deposits on the left side of the Blahnita valley, there are small (1-2cm) quasi-
spherical trovants. From the sand deposits of the same age, in the Husnicioara quarry,
several agglomerations of different-size trovants have been collected and can be seen at the
Iron Gates Museum in Tr. Severin (Diaconu, 2001). The conservation of the lamination in
these trovants is obvious, in spite of their trovant-like development. In the area covered by
the Birlad map, the upper part of the Pliocene (classic acceptation) contains a fine or coarse
sand horizon with "sandstone concretions".
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The Lower Pleistocene trovants. Near Matca, on the Corozel valley, east of Tecuci,
under the Upper Pleistocene loess deposits, there is a 15-18m sand level with cross-
bedding. These sands are sychronous with the "Villafranchian™ (Lower Pleistocene) sands
described north-east of Matca, between Corod and Blinzi. In the sand, there are small
ellipsoidal trovants (1.5-4cm). The trovants generally preserve inside the lamination of the
surrounding sands. Only in the case of the imperfectly spherical trovants is the lamination
blurred. The bigger (5-8cm) trovants are rare.

The Upper Pleistocene trovants. In the bulk of the Mostistea Sands placed under the
Upper Pleistocene loess beds, small trovants formed in the grey or yellowish sand can be
found (the youngest trovants of the entire Carpathians area). The trovants appear as simple
individuals or as aggregates, never complicated.

Conclusions

From the present study have resulted the following clarifications: (1) The stratigraphic
intervals with trovants are much more numerous than it was previously thought; (2) Most of
them are connected with the Eocene-Pleistocene interval; (3) This high frequency proves
that the dynamical conditions requested for the genesis of the trovants are pretty common in
the geodymanic evolution of the Earth; (4) This point of view is sustained by the existence,
in other parts of the world, of other deposits with trovants, older than the Upper Cretaceous;
(5) Numerous outcrops of different ages contain the trovants in their original place and, as a
result, their study is much facilitated; (6) These exposures show all phases between clear
bedding and its complete blurring, with the apparition of trovants with concentric
structures; (7) The presence of certain-age trovants on vast areas excludes the idea of local
causes; (8) The thickness of the deposits with trovants may reach tens of meters, and this
indicates that thick layers of sediments may support the same diagenetic factors
simultaneously (strong paleoseisms); (9) In many outcrops, the trovants are associated with
levels of sandstone containing trovant-like forms, with "soft trovants" and with different
types of spherical and ellipsoidal concretions, and this leads us to the conclusion of a
common origin; (10) The extension of our study to other texture forms with sphericity
tendencies found in a variety of rock types (limestone, tuffs) suggests that the trovants
could be nothing more than a particular case; (11) For the future, the detailed study of the
"concretions™ in tuff or in limestone becomes imperative.
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