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CRYSTALLINE FORMATIONS IN CENTRAL REGION OF THE DNIESTER RIVER BASIN
Valerian CIOBOTARUY", Aurelia POPUIAC?
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Abstract: In the central region of the Dniester River Basin — the NNE part of the Republic of Moldova -
petrological studies have been carried out in order to detail the lithology of the crystalline rock complexes, to assess
their origin and the prospecting areas with possible ore accumulations. These crystalline rocks are Archean to early
Proterozoic in age and can be divided into several formations: Gneisses formation (upper Archean),
Enderbitesformation (upper Archean — early Proterozoic), Alaskites formation (early Proterozoic) Metasomatites
formation, Dinamomorfites formation. Concentrations of La and Ce have been detected, exceeding the geochemical
background. Probably significant accumulation of REE can be found in the basal layers of platform sedimentary
cover in detrital aureoles consisting of zircon and monazite - the main sources of REE in this area.

Keywords: metamorphism, ultrametamorphism, metasomatism, geological formations, zircon, monazite, REE.

I. Introduction

During the second half of the last century, in the north-east of the Republic of Moldova, the study
of the structure and geological evolution of the crystalline formations, covered by a much younger
complex sedimentary cover were carried out (Geru, 1987). Economically, this study solves the problem of
location in space of the areas most promising for precious metals deposits, REE, radioactive elements and
zirconium (Lvina, 1972).

The study of the crystalline successions, mostly Archean and early Proterozoic, that make up the
basement of the investigated area, poses many difficulties, being a permanent subject of debate. The
formations of the crystalline basement from the middle part of the Dniester River are constituted of rocks
composed largely of variable ratios of the same minerals; therefore, their stratigraphic sequence is often
arbitrary. For example, some metamorphic varieties can be separated only based on auxiliary criteria:
accesory minerals, presence or absence of specific geochemical aureole, petrophysical properties etc.
Other rocks, frequently found in zones of metasomatic processes also have similar features.

11. Geological background

The study of the crystalline rocks, in most cases of Archean and early Proterozoic age, located in
the crystalline basement, was and remains a difficult problem and presents a topic of permanent
discussion. Crystalline basement formations from central region of Dniester River basin are constituted of
rocks with almost similar mineralogical composition, and, on this account, stratigraphic sequence can be
tackled in an arbitrary way. For example, some metamorphic varieties differ from each other only on the
basis of auxiliary indexes - accessories mineralization, the presence or absence of specific geochemical
aureoles, petrophysical properties, etc. Other rocks, frequently found in the regions affected by
metasomatic processes, have similar characteristic features.

In the central region of the Dniester River basin, crystalline rocks of basement can be divided into
several formations, which differ from one another by petrographic compositions, age and origin: Gneisses
formation (upper Archean), Enderbites formation (upper Archean - lower Proterozoic), Alaskites
formation (lower Proterozoic) Metasomatites formation, Dinamomorfites formation (Zaharov et al.,
1987). The main geological - structural element in the north — eastern part of Republic of Moldova is
presented by Dniester Fault. In many publications, this area appears under the name of "Dniester
Aulacogen”, which also emphasizes the structural graben aspect of this area.

I11. Petrography

1. Gneisses formation. The most important feature of Gneisses formation is the polyfacial
character of all rock varieties and it is of note that the progressive and retrogressive metamorphic
processes throughout the area took place at different times.



The main minerals, usually biotite - pyroxene - amphibole — plagioclase, show broad variation of
their proportion in rocks; accessory minerals are represented by garnet, cordierite, apatite, zircon,
ilmenite, and magnetite.

The mineralogical and chemical composition of the rocks from gneisses formation corresponds
with metamorphic rocks with a low content of SiO, (crystalline schist) and rocks containing normal or
saturated with SiO, (gneisses).

2. Enderbites formation. Some researchers include the enderbites in a general formation known
as the charnockites formation (Dmitrov, 1977). Local geologists, examining enderbites only in relation
with the rocks rich in sodium, highlight enderbites formation as an independent unit.

Specific features of the enderbites formation in Dniester River region are:

- Presence only in early Precambrian formations;

- Associative relations with crystalline schists or hypersthene gneisses;

- Structural relations concordant with host rocks (crystalline schists and gneisses);

- Variable mineralogical composition, characterized by broad modal variation of each individual
component;

- Various grain size; variability of structures and textures, some of which are specific of igneous rocks.

In the central zone of the Dniester River basin the enderbites formation contains the following
rocks: enderbites (including cordierite enderbites) plagiogranite (biotite, with garnet, with cordierite),
plagiomigmatite (biotite, pyroxene, with garnet, with cordierite), plagiopegmatite (including
plagiopegmatite with hypersthene), pyroxenite and pyroxene amphibolite, gabbronorite. These are
genetically related to the earliest metamorphic formations, are characterized by a relatively high sodium
content (Na,O 4,3-5,4%), have specific structural features and textural and mineral associations of
different origins and ages.

In terms of mineralogical composition, the rocks in the enderbites formation are quite varied, but
all have relatively high concentrations of plagioclase with oligoclase to andesine compositions (An;s.40),
which makes up most of the rock mass. Beside hypersthene, in rare occasions, another monoclinic
pyroxene may be present - green diopside with pale shade, which practically makes it difficult to
distinguish from hypersthene in hand specimens.

Separate bands enriched in accessory minerals (magnetite and apatite), are present together with
chlorite and biotite in areas with poor cohesion between plagioclase and quartz crystals or in rock
fissures. Magnetite has the average content of about 3000 g / t, and apatite — the average is approximately
500 g / t; other accessory minerals (garnet, monazite and zircon) are present in small quantities. At the
same time, in some biotite - plagiogranite, the concentration of zircon is 331 g / t, monazite - 211 g / t,
garnet - 20 759 g / t. Some rocks of the formation contain ilmenite in relatively low concentrations.

3. Alaskites formation. Rock varieties of alaskites formation - alaskites, leucogranites, and
granodiorites (pure or garnet-bearing) are most commonly found in the Dniester river basin region in
comparison with other formations of crystalline basement; they form quite thick sequences. Alaskite
bodies are relatively diverse and are represented by veins, lenses, thin inclusions in gneiss or
charnockitoides, zones with xenoliths of older rocks or extended zones homogeneous in terms of their
petrography. Some pegmatoides or metasomatic rocks are also present in the alaskite formation.

The place of alaskites formation in he sequence o the crystalline basement is determined by
geological processes in the final stages of cratonization, which manifested by ultrametamorphism of
earliest rocks from gneisses formation and of relatively young rock of enderbites formation.
Simultaneously, a silicic - potassic metasomatism process took place, which have led to the formation of
microcline granite varieties.

In the rocks of the alaskite formation, the paragenetic associations are relatively simple and differ
from one another only in general mutual relations (structural and quantitative) of the main minerals -
potassium feldspars (microcline) and plagioclases (Anyg 30, lacking polysynthetic twinning). Rocks with
garnet and cordierite also occur in this formation. Apart from alaskites — leucogranites, some rocks of
pneumatolitic - metasomatic origin were identified as pegmatoides.

Unlike enderbites, in alaskites, the quartz is present in two modifications - "foreign" quartz
brought from other areas of the background, and quartz deposited during granitoids formation.

Most rocks of the alaskite formation are distinguished by their typical porphyroblasts.
Porphyroblasts composed of plagioclase and microcline occur in a fine-grained mass with feldspathic
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composition. At the same time, some varieties of alaskites are distinguished by hypidiomorphic granular
structure.

In terms of chemical composition, the rocks of the alaskites formation are relatively
homogeneous. High concentrations of SiO, in rocks: 74 % alaskite, 72 % leucogranite, and 71% in
migmatite is explained by the action of silica flux brought from other areas of the underground.

If we compare the associations of accessory minerals of rocks from alaskites formation with the
gneisses and enderbites formations we find the same assemblages consisting of magnetite, zircon,
monazite, apatite and garnet. Zircon and monazite concentrations in granitoids formation can be quite
high. In some varieties is observed a high concentration of garnet, which can become a major mineral. It
is possible that the accessory minerals are not genetically related to their actual host rocks, being inherited
from some protoliths.

Most varieties of crystalline rocks in alaskites formation composition contain magnetite; its
relatively high concentrations were detected in some wells and due to metasomatic processes occurred in
the final stages of formation establishment.

4. Metasomatites and dinamomorfites formations. The regions of metasomatic processes in the
central region of the Dniester river basin related to disjunctive tectonics orientated to the north-west and
north-east directions or with some geological boundaries, which demarcate the rock formations. These
rocks are located mostly in tectonic areas with weak cohesion; metasomatites are in spatial correlation
with dinamomorfites; often metasomatic rocks and dinamomorfites are indivisible.

Majority of metasomatic formations are characterized by a complex zonality, reflecting a regular
event of the process. Since the beginning is formed specific products of iron - magnesium metasomatism,
then potassium, and in the final stages - silica. Usually, in the final stage of metasomatism enriching
material space with quartz and simultaneously, reduces the concentration of accessories minerals in the
rock.

Because of the complex mineralogical composition, metasomatites systematization poses many
difficulties. All granitization cycles that took place in the slope region of Ukrainian Crystalline Shield,
including the middle zone of Dniester River basin, were achieved by a metasomatic process that
introduced plagioclase in the composition of enderbites formationand pegmatiods in alaskites formation.

In active tectonic regions, during long geological periods, metasomatites are in genetic relations
with tectonic breccia, cataclasites and milonites from faults zones; called by many geologists rocks of
dynamic stress, highlighting the variety of stress granite, stress enderbite, etc. (Geru, 1987). Injection of
high-temperature fluid solutions in falling-out areas generated a very complex rocks variety. The
compositional variations of the metasomatites in those areas was induced by the combined effect of the
fluids and the composition of the original rocks.

A special feature of calcium - magnesium - iron metasomatism from the study area is manifested
by the formation of so-called calciphyre, in the composition of which, in addition to calcite (> 95%) are
also present pyroxenes.

IV Premises of prospecting for rare earth elements

In the research done by several generations of Moldavian geologists within the territory of the
Republic of Moldova, namely in the central region of the Dniester river basin - northern and north-eastern
part of the republic, in geological formations at depths of 50-400 m, mineralizations of zircon, monazite,
xenotime and coffinite were detected. Based on spectrographic analysis in different petrologic varieties of
the crystalline basement and terrigenous layers situated in the deposit directly on the aureoles of REE of
the crystalline basement,, with quite high concentrations were determined. Thus, in granitoides of
alaskites maximum concentrations of Lanthanum reach about 120 g / t and Cerium - 80 g/ t.

The local sedimentary concentration of REE, significantly exceeding their contents in the source
rocks, is related to the presence of monazite and zircon. Remarking the high correlation coefficient
between zircon and monazite (p = 0.73), and satisfactory degree of correlation (n = 8.6> 3) (Popuiac,
2013), we can assume that these two minerals, in terms of geology, are syngenetic, and probably, as
accessory minerals, were formed simultaneously in the same petrologic formation (Zaharov et al., 1987).
At the same time, analyzing mineralogical data of the crystalline formations mentioned above, it is
determined that monazite, unlikezircon, occurs later in the sequence, i.e. zircon is present in practically all
rock types, including those of Archean age, while monazite occurs in rocks of early Proterozoic age.



REE concentrations in crystalline rocks, are generally insignificant. According to some
researchers, relatively high concentrations of these elements, which would present a practical interest,
can be found in the basal layers of platform sedimentary cover, where were discovered relatively high
amounts of monazite( from 5.0 to 10.2 kg / t) and zircon (from 4.9 to 13.4 kg / t), products of the
disintegration of the crystalline basement rocks. In almost all mineralogical samples, a fairly stable
relation was observed, with zircon concentration exceeding monazite concentration. Nevertheless, the
results of the spectrographic analyses, showed that the REE in the monazite fraction may be higher than
in the zircon fraction. In areas with significant zircon and monazite mineralization, the concentrations of
cerium and lanthanum (C., . c.) determined based on spectrographic analyzes, can be up to 0.2%
(Popuiac, 2013).

V. Discussions and conclusions

Several researchers consider that the metamorphic rocks of gneisses formation are derived from basic
volcanic protoliths, montmorillonite and vermiculite clays genetically related to the mafic volcanics and
some subordinate quantities of polymictic and grauwacke sandstones. On the basis of the existing
theoretical concepts it is assumed that the paragenetic association commonly found in the gneisses
formation was generated at temperatures of about 600-750° C under the conditions of overburden
pressure of about 4 to 8.5 kbar (Zaharov et al., 1987). At the same time, the rocks in the gneisses
formation can be seen as raw material for the rocks generated by later ultrametamorphic processes.
Probably, because of their refractory behavior, the accessory minerals were inherited without significant
changes from their source rocks. This is supported by the geochronological research data conducted by
Ukrainian geologists. In the south-west slope regions of Ukrainian Crystalline Shield - neighboring area
of Dniester river basin - zircon age found in the Archean, early Proterozoic and late Proterozoic
formations is practically one and the same, of about 3000 million years.

It is not excluded that metasomatic processes in the Dniester basin region, according to regional tectonic
evolution, were produced repeatedly.

Being established in the early Archean, the portion of the crust studied here ended its tectonic
evolution approximately at the beginning of the early Proterozoic. Probably, during that period, in this
zone, magmatic processes were accompanied by horizontal and vertical movements of the basement,
which led to the formation of the Dniester graben, poorly outlined because of a series of transverse faults.
The tectonic features of the basement have influenced the sedimentogenesis processes that took place in
the Riphean and early Vendian, and the basal layers, consisting of terrigenous lithological varieties, are
almost entirely correlated with the petrographic composition of the basement, reflecting the mineralogy of
the the most elevated paleomorphologic structure of the basement. This explains the relatively great
thickness of sedimentary layers along the Dniester fault and, most important, the generation, in some
places, of detrital aureoles rich in monazite and zircon, which are reflected gochemically by REE
geochemical anomalies, especially rich in Lanthanum and Cerium.
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Abstract: Saint Etienne (France) has a large industrial and mining history. The end of these activities has given way
to industrial wasteland and mine dumps. Leaching caused by rain, industrial and mining waste may generate a very
large urban pollution. Rivers (Ondaine and Loire) and lakes (Saint-Victor-sur-Loire) downstream of this zone are
highly polluted by heavy metals. The study has focused freshwater mussels to determine the risk of water pollution.
We have shown that freshwater mussels are a good bioindicator for monitoring over time, this type of water
pollution due to their ability to filter water from the river. The entire food chain (freshwater mussels, mollusk,
shrimp, fish, birds and humans) is affected by the pollution.

Keywords: freshwater mussels; heavy metals; bioaccumulation; bioindicator.

1. INTRODUCTION

Due to their industrial and mining history, several agglomerations in the Rhdne-Alpes region have
mining and industrial wastes containing several metals pollution sources of groundwater, public health
and urban management problem of some sites.

The study of pollution of the Saint-Victor-sur-Loire Lake lacks. Indeed, considering the difficulty of the
collection of valid samples for trace metal analysis in water as well as the low spatial and temporal
representativeness of these, the use of the quantitative bioindicators of the chemical contamination attracts
more and more attention in ecotoxicology.

We have elaborated this work to estimate the degree of the metal contamination at the level of the Saint
-Victor-sur-Loire Lake and Ondaine river mouth this by dosage of seven trace metals (Cu, Mn, Fe, Co, Cr, Pb
and Cd) in freshwater Anodontes mussels. In fact, freshwater mussels have been found to be suitable
indicator species for trace metals (Goldberg, 1975; Phillips, 1976; Phillips, 1977; Brown & Luoma, 1995;
Jumshamn & Grahl-Nielsen, 1996). It is capable to accumulate trace metals such as cadmium, mercury and
lead to a larger extent than for example fish and algae (Jumshamn & Grahl-Nielsen, 1996; Riget et al., 1996;
Airas et al., 2004).

2. CONTEXT

Saint Victor Lake is bordered by two castles; it is a reservoir of 66 million m* of volume, 3.65 km?
surface, built in 1957. Decennial drains in 1977, 1987 and 2000 were not performed. They were
conducted between 2011 and 2012. Saint Victor Lake is located downstream of Aurec-sur-Loire (Haute-
Loire) and upstream of Saint-Just-Saint-Rambert (Loire). The density of carp is low but includes catfish,
crayfish and mussels. In March 1995, the volume of sludge deposited at Ondaine mouth was estimated at
40 000 m®. The cost of sludge removal was evaluated then at € 2 million. The total volume of sludge
deposited across the Grangent dam was between 1.5 and 2 million m® which represents 1.3 Mt. Two-
thirds of the sediment would have been deposited by the Loire River and a third by tributaries (primarily
Ondaine). Among the sediments, there were found metal oxides in significant quantities. The thickness of
the sediment was about 5 meters at the confluence of Ondaine-Loire. Water quality is still a major
problem for the Saint Victor Lake. Indeed, during the heart of the great industrial period, Ondaine brought
20,000 tonnes of materials such as iron, manganese, zinc and nickel.

Ondaine is an affluent of the Loire River, crossing several small towns. The Ondaine River itself
has several tributaries: The Cotatay has long time been renowned for the quality of its waters. Twenty-
two ancient factories located on its shores, ended their industrial activity. The Egotay’s Ondaine tributary
was also renowned for the quality of its waters. Many laundresses and Unieux washerwomen were
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washing their line basins using its waters. Since the late 1960, the quality of rivers has deteriorated. In
November 2002, the Egotay was still receiving Charles’s area wastewater and the ones of Beaulieu town,
located in the town of Roche-la-Moliére, and domestic discharges of Bécizieux, the small town of Saint-
Victor-sur-Loire via a collector of sewage and other agricultural and industrial untreated waste. The first
traces of pollution of the Gampille tributary of the Ondaine were identified in 1964. In 1989, the Agency
of Loire-Brittany Basin is committed to the Department of the Haute-Loire to stop the pollution problems
of the Gampille and its tributary Combobert, caused by the waste disposal of Saint-Just-Malmont and the
malfunction of the treatment plant.

The causes of "historic™ pollution of the Ondaine river have many origins: Industrialization of the
valley, receives, without any treatment, waste waters from many industrial plants; tailing mine and
industrial waste; direct discharges of wastewater into the river; the small size of the watershed that
provides the preponderance of urban discharges during low flow periods and the excessive and
uncontrolled use of pesticides also contributes to the degradation of Ondaine and Loire water quality.

The mines are no longer operating in the Ondaine Valley since 1983. The basement of the valley
contains 304 galleries. Mine wastewater was pumped by the Charbonnages de France Company but
rejected in part on the bed of the Ondaine watercourse. The slag wastes are still important. The
management of these historical slag wastes still constitutes to be a major problem for the region. For 150
years, many companies operated production of special steels but dairy has accumulated in many slag
wastes. The sources of pollution of the river were still potentially important in 2003. Industrial equipment
is not completely waterproof. Wastes were sometimes stored near watercourses. A preliminary study by
Geosciences & Environment department of Ecole Nationale Supérieur des Mines de Saint Etienne of a
one hundred samples showed that the soils of the Ondaine valley are very rich in metal oxides, especially
those growing on industrial waste. Industrial waste and harvested soils are highly reactive (Figure 1) and
metal oxides are mobilized and easily pass into solution. Water filled metal oxides exceed safety
standards. Leaching tests conducted in the laboratory have shown that water charged resided 3-4 days,
depending on the location, before returning to the streams and Ondaine River.

100

[ Slag
B Slag altered

* Soil

Mo ng/g

0.1

10 100 1000 10000
Cr ng/g

Figure 1: Mo versus Cr content from slag, altered slag and soil of Ondaine valley.

2. METHODS AND MATERIALS

The sampling of freshwater mussels was elaborated at four stations belonging to the mouth of the
Ondaine estuary and Saint Victor Lake.

The shells were carefully opened so as not to damage the tissues. The samples were conserved in
sterilized petri dishes, weighed and stored at a temperature of -18 °C. The adopted procedure for the
preparation of mussels was as follows: lyophilization during 48 hours under vacuum and a temperature of
-50 °C, and under a pressure of about 4000 bar; grinding of each sample in a porcelain mortar until the
obtaining of a fine powder; Addition of 3 ml of concentrated HNO; (69°C) in each bomb to solubilize the
metals and 1 ml of H,O, to oxidize the organic matter and digestion at high pressure and high
temperature. Analyses of the final solutions were done for all trace elements detected by ICP-AES and
Atomic Absorption Spectroscopy in graphite furnace. The results are expressed in pg/g of dry weight
(ppm).

Scanning electron microscopy (SEM) coupled with energy dispersive spectroscopy (EDS).
Observations and elemental analyzes were performed on a scanning electron microscope Jeol JSM 6400
coupled to an Oxford EDS analyzer (ENSM-SE). Observations were carried out on secondary electrons
mode in the case of granular raw unpolished samples and backscattered electron mode. To obtain
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comparable results, all analyzes were performed under identical conditions with an accelerating voltage
of 20 kV. Chemical analyzes are semi-quantitative. Mappings XR heavy metals helped to highlight their
distributions in mussel shells. Previously, samples were metallized with carbon or gold depending on the
type of observations and analyzes made.

3. RESULTS AND DISCUSSION

The organic portion of these freshwater mussels is richer in metals than the shell (Figure 2). The
freshwater mussels filter the water of the river and therefore concentrate metals in the organic part. Metal
concentrations are above the safety and health standards (Bilal, 2013). Ondaine Valley drains the major
part of the heavy metals that we find in freshwater mussels. The contents of heavy metals in both cases,
Loire River and at the mouth of Ondaine, are comparable. The same pattern is found in the freshwater
mussels of the Ribeira de Iguape River in Brazil and the freshwater mussels from Sebu River in Morocco.
The processes of accumulation in tissues are extremely complex and depend on several factors, including
the properties of the receiving tissue (Maury & Engrand, 1986); the nature of the contaminant and the
intra and extracellular environment (Bowen, 1966). Contrary to fishes, the organs of the freshwater
mussels are all exposed to chemical pollutants suspended in the water; direct contamination could have
the same significance as the trophic contamination.

Heavy metals are in relationship with different pollution incidents and continuous leaching of
industrial and mining waste. Mo, V and Co get to permanently control the composition of mussel’s shells.
Fe, Mn, Ni appear sporadically (Figure 3) and indicate an occasional pollution. The striations of these
shells show growth and it represents a very good bioindicator to monitor the pollution of water.

ug/g Heavy metal in Andonata mussel
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Figure 2: Distribution of metals in freshwater Andonata mussels at the Saint Victor Lake, Loire river (Shelll, organs
1), at the mouth of Ondaine, Shell 2 and organs 2 (Bilal, 2013) and freshwater mussels at the Ribeira de Iguape
River, organs RIR, Brazil (Rodrigues et al., 2013) and green: Organs from Sebou River Morocco (Bounakhla et al.,
2011).

4. CONCLUSION

Understanding the phenomenon of bioaccumulation of heavy metals in living substance is of
extremely complex. This is due to the interpenetration of several parameters which influence the
bioaccumulation namely in general: the physico-chemical characteristics of the environment, the
chemical properties of the contaminant and the biologic factors of the organism. The freshwater mussels
are reliable as bioindicator and easy to use to track the evolution of water pollution.

This study showed that all measured heavy metals are higher than normally permitted levels and
reveal a health hazard for the population. Notably, Saint-Victor-sur-Loire Lake is a station where take
place a lot of nautical activities and swimming from spring to late summer.

In conclusion, the results of this study show the persistent degradation of the Ondaine Valley and
Loire River as a result of industrial, mining, agricultural and domestic discharges, which it would increase
if no strategy of protection of this environment by concerned authorities, is developed and implemented.
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Figure 3: SEM image and heavy metals distribution in the shells of freshwater mussels by XR mapping (Bilal,
2013). Fe, V - yellow, Mn, Mo, Ni - white; Co, Cu - green and Zn - grey.
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Abstract: During his entire history, in Romania, 82 mineral and power substances were exploited at the surface, in
over 3478 identified quarries and open pits. Exploitation period began timidly in the Primitive Commune. In
Antiquity, it was done at a moderate rate in the Dacian Kingdom period and at high level in the Roman Empire time.
Surface mining have regressed in first part of the Middle Ages (the migration period) but, in the second part, the
mineral resources exploitation grew. However, the biggest intensity of surface mining and mineral production, the
most numerous mineral resources (81), quarries and open pits (3,383) are observed in Modern Ages. In all times,
98,6 % (3427 quarries and open pits) from the identified surface exploitations had extracted 78 non-power mineral
resources and 1,4 % (51) had exploited 4 power resources. There were 3,301 non-metallic surface exploitations and
only 6 metallic mineral resources were exploited in 126 quarries. The non-renewable resources type (79 substances)
were extracted in very large quarries and open pits number: 2,390 (68.8 %).

Keywords: surface mining, Romanian surface mining, mineral resources exploitation, Romanian quarries,
Romanian open pits.

INTRODUCTION

Mineral and power resources are of fundamental importance for economic development of all countries.
Although Romania is not a big country, due to the very complex geological structure 110 mineral and
power substances have been identified and quantified as resources and reserves (Marinescu, 2003). In
time, the most numerous (82) from these substances were exploited at the ground surface (the statistics go
back to the year 2000).

Currently, Romania ranks 10" in the world in terms of the diversity of minerals produced in the country.
Around 60 different mineral commaodities are produced in Romania (Taylor and Francis, 2007, from
Wikipedia). The surface mining is a very old occupation for our people and its real size is not properly
known. In time, this presentation must to be continuously improved, especially with new archaeological
data and old documents studies.

1. FAVOURABLE FACTORS FOR THE SURFACE MINING

Located between the latitude coordinates of 43°37°07" and 48°15°06" North and longitude coordinates of
20°15°44" and 29°41°24" East, Romania is an intersection point for commercial roads, from North to
South of the Europe and From East to West (Eurasian Steppe Route from Silk Road) but also to
numerous neighboring peoples. The country extends approximately 300 miles North to South and 400
miles East to West and have a surface of 237,500 km?. In time, the population was numerous, with a good
density, laborious, stable. On this territory, very old civilizations existed.

New archaeological discoveries on the Sibiu —Orastie highway show 8,000 — 10,000 years old habitation.
The Tartaria tablets indicate the oldest writing in the world (7,300 years old). The Cucuteni Civilization
is 7,000 years old (some hundred years before the first localities in Sumer and Egypt), Boian Civilization
is 6,500 years old, Gumelnita Civilization is 6,000 years old, Hamangia Civilization is 5,500 — 6,000
years old. On the Romanian Territory, there was a non-intermittent civilization (population continuity on
5,000 years to present).

The economic development was uninterrupted in time but with increase and decrease periods. The relief
variety (mounts, hills, plaines and plateaus) and dense hydrographical network had permitted quarries,
respectively sand pit, gravel pit or ballast pit existence. The geological structure was mainly determined
by:

- many and different geo-structural units: Eastern Carpathians, Southern Carpathians, Apuseni
Mountains, Moldavian Platform, South-Dobrogean Platform, Central Dobrogean Massif, North-
Dobrogean Orogen, Transylvanian Depression, Pannonian Depression etc.

- long geological evolution in time, with many orogen cycles: pre-Assyntic, Assyntic, (Cadomian),
Caledonian, Hercynian (Variscan), Alpine;




- presence of 110 mineral and power substances, identified and quantified in resources and reserves; the
most numerous (82) of these were at the surface and at small depth.

2. SURFACES MINING ON HISTORIC EPOCHS

2.1. SURFACE MINING IN THE PRIMITIVE COMMUNE

Of course, the surface mining was practiced in primitive manner. Archaeological data indicate as certain
only 4 exploited mineral substances: firestone (extensively exploited but the archaeologists discovered
exploitations only at Bercea Mare, Lesnic and Roscani), quartzite (Cernat Hill), limestone (Gura Vaii),
sand and gravel (Ghioroc).

Surface mining was practiced in other numerous, but unknown today sites, especially firestone and
quartzite, on Darjovului Valley, Oltului Valley, Dambovnicului Valley, Lupului Valley, Prutului Valley
(Marinescu, 2013).

2.2.SURFACE MINING IN THE ANTIQUITY

In the Dacian Kingdom period andesite quarries existed at Uroi Hill (Simeria town) and Pietroasa Hill
(Deva city). Limestone quarries are known at Magura Hill (on Streiului Valley), Célan and Ardeu. Sand
was exploited in Ghenetea open pit. Gold was extracted from gold sands (in many unknown river
exploitations) (Marinescu and Bogatu, 2005). Using andesite from Pietroasa Hill, the well known
sanctuaries from the Sarmizegetusa Regia have been constructed.

The archaeologists (Boroneant, 2000) speak about indeterminate rocks exploitations at Bejan Hill (near
Deva city), Dugau Hill (lonesti), Faget and Gradistea (Sf. Maria de Piatra) quarries. We think many of the
remains of the Dacian quarries have disappeared because the exploitation have continued, with increased
intensity, in Roman times.

In Roman Empire period, the number of identified quarries and open pits is 53. Limestone quarries were
identified at Magura Hill (Calan), Carpinis, Geoagiu, Pesteana, Strei (Calan), Valea Sangiorgiului
(Calan), Ampoita, Ighiu, Albesti, lablanita, Ruschita, Rusca Montana, Bahna, Gura Vaii I, Gura Vaii Il,
Véciorova and Dinogetia (Garvan). Large quantities of marble were extracted at Paraului Valley (Cristur),
Ruschita and Rusca Montana (possible, Bucova as well). Andesite quarries are known at Petris-Uroi
(Simeria city), Pietroasa Hill and Pietroasa 2 (both near Deva city).

The andesite from Petris-Uroi was used for buildings from Ulpia Traiana Sarmizegetusa, Micia and other
roman localities (Boroneant, 2000). Sandstone was exploited in quarries at Petnic, Rusca Montana,
Verendin; dacite at Creaca Ticlar and travertine at Breznita and Geoagiu. Sand and gravel were probably
extracted in many places but only Ghioroc open pit is known.

Surface mining of the iron was done at Teliucu Inferior and other unknown exploitations. Gold surface
mining was very intense. It was extracted in Rosia Montana, Magura Tebei, Vulcoi — Corabia, Botes
quarries or from alluvia, in non-identified places on the rivers Aries, Mures, Crisul Alb, Jiu, Olt, Caras,
Nera. From this period, the archaeologists indicated many indeterminate rocks quarries: Deva, Sfanta
Maria de Piatra 1 and 2 (Calan), Carjiti 1 and 2, Banita, Bejan, Sacel, Sfanta Maria Orlea, Strei,
Streiséngiorgiu, Valea Sangeorgiului (Calan), Dealul Dugau (lonesti), Cernavoda Pod, Baciu, Urisor,
Podeni, Sandulesti (Turda), Vodita.

2.3.SURFACE MINING IN THE MIDDLE AGES

In the first part of Middle Ages (migration period) there was not a strong state in any of the Romanian
provinces and identified surface mines are very few. However, in the second part, the exploitation
intensity increased and the identified quarries and open pits are about 25.

In this period were exploited: limestone (Ardeu, Ruschita, Rusca Montana, Malu Rosu, Jucu de Sus,
Podeni, Sandulesti Nord, Gura Vaii, Ogradena Veche, Dinogetia), chalk (Murfatlar), marble (Ruschita
and Rusca Montana), sandstone (Luncavita, Mehadica, Rusca Montana and Verendin, calcareous tuff
(Toplet, llisova, Maceris, Svinita, Pescari), argillaceous schist (Baile Herculane), iron ore (Teliucu
Inferior) (Marinescu, 2013).

2.4. SURFACE MINING IN THE MODERN AGES

In the presented historic epochs, the number of identified quarries and open pits do not exceed 95 (and the
number of mineral substances have exceeded 15) but in reality, logically, there must have been several
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thousands which we do not know about. In Modern Age (the research goes back to the year 2000) 3,383
quarries and open pits, identified up to now, have extracted approximately 82 of mineral substances.

Due to the biggest economic development in the 1947-1989 period there were registered the most
numerous quarries and open pits. If it is to compare 95 locations with 3,383 surface mines, the conclusion
is evident: all surface mining statistic is approximated by the modern age statistics!

3. SURFACE MINING ON RESOURCES GRUPES

Only 4 power substances were exploited at the surface of the ground, in 51 quarries: lignite (45 quarries),
pit coal (3), bituminous schist (2) and bituminous sand (1). Most substances (78) were non-power and for
their extraction was used a very large number of identified open pits and quarries: 3,427 (Marinescu,
2013). 6 metallic mineral substances, misnamed metallic ores, were exploited: ferrous ores (9 quarries),
manganese ores (4), copper ores (4), bauxite (101), gold-silver ores (6), complex (lead, zinc, copper) ores
(2). The total number of metallic ores quarries was 126. The most exploited substances (77) were non-
metallic and for their extraction have been used a very large number of identified surface exploitations:
3,378 (Marinescu, 2013). In 1088 open pits were extracted 4 mineral substances, supposed renewable:
sand (172 open pits), gravel (127), sand and gravel (789) and ballast (sand + gravel + boulder; 8). The
exploited non-renewable type (79 substances) was extracted in very large number: 2,390 (68.8 %)
quarries and open pits.

4. SURFACE MINING ON COUNTIES

Due to the different geological conditions and economic development, the surface mining in 41 actual
counties (in time, Romania lost many counties from his territory) and the Bucharest capital is very
unequal. In each county, the number of the quarries and open pits (the substances number in parenthesis)
are the following: 294 (38) Hunedoara, 220 (19) Bihor, 216 (25) Tulcea, 180 (15) Constanta, 173 (27)
Cluj, 162 (21) Maramures, 148 (27) Arad, 133 (14) Suceava, 132 (14) Covasna, 124 (16) Brasov, 113
(29) Caras Severin, 105 (19) Harghita, 101 (10) Gorj, 96 (18) Salaj, 94 (19) Alba, 85 (12) Prahova, 84 (6)
lasi, 81 (22) Mehedinti, 78 (11) Arges, 78 (7) Buzau, 74 (8) Dambovita, 73 (14) Satu Mare, 67 (13) Sibiu,
57 (10) Bistrita-Nasaud, 56 (13) Valcea, 55 (6) Bacau, 52 (11) Timis, 50 (5) Vrancea, 44 (7) Mures, 39
(8) Botosani, 34 (1) Giurgiu, 30 (6) Neamt, 26 (4) Dolj, 25 (3) Olt, 17 (3) Galati, 16 (4) llfov, 16 (3)
Teleorman, 14 (3) Ialomita, 14 (6) Vaslui, 11 (2) Calarasi, 8 (4) Bucuresti, 4 (2) Braila.

5. SURFACE MINING ON MINERAL AND POWER SUBSTANCES

There is a big discrepancy between surface mining on mineral substances groups, generally, and on
mineral and power substances, especially. 3086 quarries and open pits have exploited rocks, 215
industrial minerals, 126 metallic minerals and only 51 power resources (Fig.1).

From all substances, the first five (sand and gravel, limestone, common clay, andesite, sandstone) were
exploited in 2072 quarries and open pits and the remaining 77 substances in only 1406 (Fig.2).
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5.1. SURFACE MINING OF THE ROCKS
5.1.1. Sedimentary rocks exploitations

Surface mining of sedimentary rocks (76 %) was the most
important among all rocks (see Fig.3). With 789 quarries and open
pits, sand and gravel were not only the most exploited sedimentary
rocks but also the most exploited mineral substances. Practically,
they were extracted in open pits. The most important rivers where
sand and gravel open pits existed are: Somes, Tur, Crasna, lza
Mara, Lapus, Viseu, Bistrita, Suceava, Siret, Jijia, Prut, Somesul
Mare, Somesul Mic, Aries, Mures, Tarnava, Olt, Crisu Negru,
Crisu Pietros, Crisul Repede, Mures, Strei, Dunare, Cerna, Nera,
Moldova, Trotus, Ozana, Milcov, Topolnita, Gilort, Motru,
Sohodol, Amaradia, Topolog, Valsan, Arges, Raul Doamnei, Fig. 3. Rocks surface exploitations
lalomita, Cricovul Dulce, Prahova, Teleajen, Dambovnic, percents on sedimentary D),
Ciorogarla, Buziau, Ramnicul Sarat, Siret and Ialomita rivers. The =~ magmatic (2) and metamorphic (3).
limestone (common and ornamental) was the second exploited

mineral substance. It was extracted in many counties and the number of quarries is very large, too: 599.
Out of these, 14 have extracted ornamental limestone. The quarries are distributed only in the mountain,
hill and plateau area of the counties.

Five kinds of clays were exploited in all times, but the common clay (252 quarries in 38 counties and
Bucharest) was the most important. Remaining types of clays will be discussed at industrial minerals. 214
surface mining of the sandstone were registered in 31 counties, with two varieties: common (213
guarries) and ornamental (1). 172 open pits and quarries in 33 counties and Bucharest, have exploited
sand. Approximately 2/3 of sand surface exploitation were open pits and they have been worked along the
rivers in 31 counties and Bucharest. The remaining 60 sand surface exploitations were quarries. From all
gravel surface exploitations, in 25 counties, 109 were open pits and 18 quarries.

More dolomite-limestone and less dolomite, were extracted in 46 identified quarries, from 11 counties.
Other sedimentary rocks exploitations were on: sandstone and conglomerate (32 quarries), marl (24),
conglomerate (17), chalk (12), loess and loessoid clay (15), travertine (21), diatomite (11), calcareous tuff
(8), marl-limestone (1), clay-schist (1).

5.1.2. Magmatic rocks exploitations

In all times, surface exploitations of these rocks represented 17,8 % from all surface mining of the rocks
(Fig.3). The andesite is the most exploited magmatic rock. It was extracted in 133 of identified quarries
from 14 counties, located in the Apuseni Mountains, Eastern Carpathians (Oas, Gutai, Tibles, Rodna,
Bargau, Calimani, Gurghiu, Harghita Mountains) and in South Carpathians. Supplementary, some
(identified 3) surface mining for ornamental andesite existed.

After exploitation intensity, at big distance from andesite dacite tuff follows, extracted in ten counties. It
is the most exploited tuff (60 quarries) comparatively with other tuffs: andesite tuff (5) and basalt tuff (4).
Apuseni Mountains, South Carpathians and North-Dobrogean Structogen are known with many granite
resources. Common granite quarries were registered in 8 counties with 50 identified surface exploitations.
The ornamental granite quarries, were identified only in Tulcea county, at Dealul Serparu and Greci.

At small distance are situated the dacite (47 quarries from 6 counties) and basalt (41 from 10). The dacite
was described for the first time as a volcanic rock type in Romania, at Poieni, which is the “locus tipicus”.
Supplementary, the old varieties of basalt, named diabase, were extracted in 10 quarries from 5 of the
counties. The granodiorite resources are located in Apuseni Mountains, Southern Carpathian and North-
Dobrogean Structogen. Common granodiorite was exploited in 21 quarries from 7 counties. The rock
extracted at the Piatra Tmbulzita quarry, near Greci locality (Tulcea counties), was used as ornamental
stone.

The rhyolite resources exist in the following geostructural units: Apuseni Mountains (Vladeasa Masiff),
Eastern Carpathians and North-Dobrogean Structogen. It was extracted in 20 identified quarries, in 5
counties, especially in Tulcea county. It is known that the diorite resources were located in Apuseni
Mountains (Zarand, Banatului, Meses, Poiana Rusca, Bihor Mountains), Southern Carpathians (Vulcan
Mountains) Northern Carpathians (Oas Mountains), and North-Dobrogean Structogen geostructural units
(Marinescu, 2013). 18 quarries in 6 counties extracted diorite. Other magmatic rocks surface exploitations
were: perlite (11quarries), andesitic agglomarate (4), gabbro (3), basaltic scoria (2), sienite (2), dolerite
(2), peridotite (1), trachite (1).
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5.1.3. Metamorphic rocks exploitations

Marble and crystalline limestone resources exist in metamorphic formations of the Apuseni Mountains,
Eastern Carpathians (Lapus, Maramures, Bistritei, Rodna, Gurghiu Mountains), South Carpathians
(Fagaras, Poiana Rusca, Lotrului, Capatanei, Almaj and Cindrel Mountains) and North Dobrogea Plateau
(Tulcea Hill). They were continuously exploited, from old times. Their surface mining is known in 17
counties (98 quarries). Quartzite resources exist in many areas with crystalline formations of the Eastern
Carpathians, Southern Carpathians, Apuseni Mountains and in the Triasic or Devonian formations from
North-Dobrogean Structogen. They were extracted in 24 quarries from 7 counties, especially in Tulcea
county.

The greenschists are specific for the Central Dobrogean Massif geostructural unit. Accordingly, they
were extracted in 23 surface exploitation, only in the two counties from this unit: Tulcea and Constanta.
The gneiss resources are widespread in areas with crystalline formations, expecially in Southern
Carpathians geostructural unit (Fagaras, Cozia, Cibin, Sebes, Lotru Mountains etc.).

Here they were exploited in 17 quarries from 7 counties. Other metamorphic rocks surface exploitation
were: mica-schist (12 quarries), serpentine (12) and amphibolite (10).

5.2. SURFACE MINING OF THE METALLIC ORE RESOURCES

Surface mining for metallic ores resources was done for iron ore, gold-silver ore, copper ore, bauxite,
complex ore and manganese ore. In time, iron ore (siderite) was extracted in many unidentified old
quarries from Poiana Rusca Mountains (Hunedoara county) but known quarries are only Teliuc I-V,
Teliucu inferior, Ghelari and VVadu Dobrei. At Capus deposits (Cluj county), oolite iron ore was extracted
in some perimeters but the number of quarries is unknown.

Gold-silver ore quarries existed in Alba (Magura Tebei, Botes), Hunedoara (Certej, Rosia Montana,
Vulcoi-Corabia) and Maramures (Suior and possible Baia Sprie) counties. Copper ore was extracted in
Alba (Rosia Poieni quarry), Caras Severin (Moldova Noua) and Hunedoara (Deva, Valea Morii) counties.
The bauxite data are not very sure about the quarries number. These existed and were exploited only in
Bihor and Hunedoara counties, in approximately 100 quarries. Surface mining for complex ore existed
only in Hunedoara county (Coranda-Hondol, Valea Morii quarries) and manganese ore only in Suceava
county, in small quarries (Arsita, Capraria, Dadu, Oita.

5.3. SURFACE MINING OF THE INDUSTRIAL MINERALS RESOURCES

22 industrial minerals resources were exploited in 204 quarries. After all data, gypsum resources were
identified in the Transylvanian Basin, South Carpathians, Eastern Carpathians and in Moldavian Platform.
It was extracted in 44 quarries from 9 counties. Very important were the infusible clay, exploited with 39
quarries from 11 counties. Surface mining for bentonite and bentonite tuff was done in 26 quarries from 8
counties. Colored earths are clays with iron and manganese oxides in their composition. They were
extracted in 14 quarries from 8 counties.

Other industrial minerals surface exploitations were: kaolin clay (13 quarries in 4 counties), kaolin sand
(4; 1), perlite (11; 1), common kaolin (8; 4), pegmatite feldspar (8; 3), baryte (6; 2), pegmatite mica (6; 3),
quartz (4; 4), talc (4; 2), kaolin sand (4; 1), aragonite (2; 2), graphite (2; 1), alabaster (2; 1). At small scale
(single quarry) were extracted: calcite (Valea Ponor quarry), sulphur (Negoiul Romanesc), celestite
(Copaceni), magnesite (Tisovita) and asbestos (Eibenthal).

5.4. SURFACE MINING OF THE POWER RESOURCES

The lignite quarries (Marinescu, 2013) were and are located in Arges (Pescareasa), Bihor (Voievozi),
Covasna (Varghis, Racos, Sfantu Gheorghe), Gorj (Tismana I-1l, Pesteana Sud, Jilt Nord, Jilt Sud,
Vulcan, Moi, Pinoasa, Runcurel, Matasari, Meris 2, Balta Unchiasului, Cicani, Géarla, Beterega I-II,
Poiana, Lupoaia, Pesteana Nord, Rosia de Jiu, Horezu, Aninoasa, Bustuchin, Farcasesti, Plostina Nord,
Plostina Sud, Rovinari Est, Rosiuta, Ruget, Tehomir, Timiseni-Pinoasa, Valea cu Apa, Urdari), Mehedinti
(Husnicioara, Husnicioara Est, Husnicioara Vest), Prahova (Malu Rosu, Filipesti), Valcea (Alunu,
Berbesti, Oltet) counties. Pit coal was extracted in Hunedoara (Uricani, Campul lui Neag I-1l quarries),
bituminous schist in Caras Severin (Anina, Doman) and bituminous sand in Prahova (Matita) counties.
Some prown coal quarries have existed but they are unknown.
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6. ACTUAL SURFACE MINING

In February 2014, the National Agency for Mineral Resources (NAMR) published on the internet the
exploit permits and licences for all mineral and power substances. In 2014, pursuant to these documents,
private and state companies will exploit 52 mineral substances (andesite, ornamental andesite, alabaster,
anhydrite, amphibolites, basalt, bentonite, calcite, kaolin clay, kaolin sand, common clay, copper ore,
dacite, diabase, diatomite, diorite, dolomite, gypsum, gold-silver ore, granite, granodiorite, green schist,
limestone, limestone with brucite, ornamental limestone, loess, marble, marl, marl-limestone, mica-schist,
pegmatite with feldspar, perlite, quartz, refractory clay, rhiolite, sand, sand and gravel, siliceous sand,
serpentine, slate, therapeutic mud, travertine, tuff) and power substances (brown coal, lignite, peat) in
1252 quarries and open pits from 39 counties (internet data, after NAMR). It will also be exploited the
mining waste.

From these permits and licences, 892 represent exploit permits for 29 mineral and power substances (686
for sand and gravel) and 360 exploit licenses for 48 mineral and power substances (87 for sand and
gravel).

CONCLUSIONS

Due to the very complex and favourable geological structure, Romania has 110 mineral and power
substances identified and quantified in resources and reserves. In time, from the Primitive Commune to
present, the most numerous (82) from these substances were exploited at the ground surface, in over
3,478 of identified quarries and open pits. Of course, the real number of surface mines is bigger and
unknown, especially for the old times.

According to the existent permits and licenses, in 2014, private and state companies will exploit 52
mineral and power resources, in 1252 quarries and open pits from 39 counties.
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Abstract: Obsidian is widely considered an ideal material for geological source tracing using elemental methods of
analysis. To identify the sources for obsidian prehistoric tools in Transylvania, Banat and Southern Muntenia, XRF
(X-Ray Fluorescence) and milli-PIXE (Proton Induced X-ray Emission) methods were used to detect Rb, Sr, Y, Zr,
Ti, Mn, because their values strongly differ from one source to another. The majority of Transylvanian Neolithic
samples fit the Carpathian Il pattern (Hungarian Tokaj Mountains). The Carpathian | pattern (Slovakian Tokaj
Mountains) can be attributed to the Neolithisation period samples both for Cuina Turcului (Southern Banat — Iron
Gates) and Magura (Southern Muntenia — Teleorman County). For Cuina Turcului Mesolithic samples the situation
is special, they could fit Carpathian Il pattern but two of them are close to Melos values, so, more samples from this
category must be analyzed and an archaeological discussion is necessary.

Keywords: Obsidian geological sources, Neolithic tools, X-Ray Fluorescence, milli-PIXE.

Introduction
Obsidian is a natural volcanic glass (http://www.mindat.org/min-8519.html), widely used for
prehistoric stone tools and traded over long distances. In Romania, obsidian archaeological items were
found in Transylvania, Banat - near Danube border with Serbia, and Southern Muntenia. Their geological
sources are supposed (Biré and Dobosi, 1991) to be Tokaj Mountains (now in Hungary and Slovakia),
Greek Aegean Islands, Lipari Island, Armenia or Anatolia where are situated the closest obsidian deposits

(Fig. 1).
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Fig. 1. Geographical locations of archaeological sites and geological obsidian sources.

Obsidian is known from several volcanic regions in Europe, some of them still active as obsidian mining.
Greek islands - situated in the Aegean Sea, the most famous source of obsidian is Melos, lying closest to
the mainland.

Asia Minor - Western and Central Anatolia. Several obsidian sources spread on the Anatolian peninsula;
in the Caucasus, literally mountains of high quality volcanic glass crop out, serving as raw material for
Armenian settlements since the Lower Palaeolithic.

Italy — obsidian was formed during several periods of the Pleistocene due to active volcanism in the
Tyrrhenian Sea (Sardinia, Palmarola, Lipari).

Carpathian basin - three occurrences of obsidian are known along the north-western side of Neogene
volcanic chain from Eastern Carpathians which are now spread on the territory of three countries
(Slovakia, Hungary, and Ukraine), as follows:
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Slovakia (Carpathian 1): the source of obsidian is situated on the eastern margin of the Tokaj hill built
up of the so-called Zemplen rhyodacite of 15-16 Ma (Dobosi, 2011). Obsidian from this source is of very
good quality for stone tools. Obsidian occurs as nodules embedded in rhyolite tuffs.

Hungary (Carpathian 11): in the southern part of the Tokaj-Presov Mts. there are two obsidian sources
related to 9-10 Ma volcanic eruptions. These obsidian occurrences are of secondary origin, with obsidian
nodules spread over the surface.

Ukraine (Carpathian I11): this obsidian location is situated in the Vihorlat-Gutin Mts. According to
Dobosi (2011), obsidian is genetically linked to the fourth orogenic phase in the formation of these
mountains, roughly contemporaneous with the Carpathian Il obsidian. The primary obsidian source is
located between Rokosovo and Malyj Rakovec in rhyolite tuffs. Dobosi (2011) states that the above
mentioned three sources can be differentiated on the basis of age, geochemical features as well as
physical properties like colour and transparency.

Obsidian is widely considered an ideal material for source tracing using elemental methods of
analysis (Tykot, 2004). Many trace elements in obsidian are related to the gross composition of the parent
magma. Many “incompatible” elements are not entering in early solid magmatic minerals, and
accumulate in the liquid fraction of the magmas (e.g. Sr, Ba, Rb, Cs, La, Ce, Y, Ti, Zr, P, Ta, Nb, Be, B
and Li). The evolving nature of magmas, which may incorporate country rocks during crystallization,
results in changing patterns of absorbtion by different minerals. Both differential crustal contamination
and fractional crystallization of the magmatic melt contribute to create considerable differences in the
concentrations of the incompatible elements in volcanic flows, and these elements are thus particularly
useful for obsidian provenance studies. Although surface water can exchange Sr, Na, K and other
elements with the volcanic glasses, this effect is much more pronounced in devitrified glass or volcanic
ash than in obsidian. Despite the advances in obsidian hydration dating (Friedman et al., 1997), many
archaeometrists - e.g. Tykot (2004) — consider the discrepancies between geological specimens and
archaeological artifacts deposited under different environmental conditions for the last several thousand
years insignificant.

As mentioned by Tykot (2004), the first successful provenance study of Mediterranean obsidians
relied on trace elements (Ba, Zr, Nb, Y) measured by optical emission spectroscopy. In Romania, our
previous work used as provenance fingerprints rubidium, zirconium, barium, cerium, titanium, and
manganese, measured by PIXE and XRF (Constantinescu et al., 2002), and rubidium, zirconium,
titanium, manganese measured by milli-PIXE (Constantinescu et al., 2014). For Southern Italy, rubidium,
strontium, zirconiums, measured by PIXE were used by Quarta et al. (2011).

Materials and methods

Archaeological samples i.e. Neolithic obsidian tools (Fig. 2) were obtained from “Tara Crisurilor”
Museum, Oradea, Transylvania’s History National Museum, Cluj-Napoca and from Institute of
Archaeology ‘‘Vasile Parvan”, Bucharest. The studied samples are from archaeological sites within
Oradea region (Seleus, Bucin, Tasad), Cluj area (Iclod, Taga, Turda, Silagiu), Iron Gates on Danube area
(Cuina Turcului) and Teleorman area near Danube (Magura). Geological obsidian samples originate in
Hungary (Tokaj Mts.), Slovakia (Vinicki, Tokaj Mts.), Melos Island (Greek Island — Aegean Sea),
Armenia (Aragats and Jerevan), Lipari, India, Arizona, Mexico (Teotihuacan) and Peru were also
analyzed (Fig. 3). Both archaeological and geological samples were analyzed using XRF and milli-PIXE.

XRF measurements were performend using X-MET-TX3000 portable spectrometer with the X-
ray beam generated by a 40 kV — Rh anode tube. The detection system is a PIN silicon diode detector
with Peltier cooling. The resolution of the detector is 270 eV for the K, line of Mn (5.89 keV). The
measurement spot size is about 30 mm?. The spectrometer has a Hewlett-Packard (HP) iPAQ personal
data assistant (PDA) for software management and data storage.

Milli-PIXE measurements were performed at the 5 MV Van de Graaff accelerator of the Institute
of Particle and Nuclear Physics, Wigner Research Centre of the Hungarian Academy of Sciences. The
properly collimated proton beam of 3MeV energy was extracted from the evacuated beam line to air
through a 7.5 um thick Kapton foil. A target-window distance of 10 mm was chosen where the beam
diameter was found to be about 1 mm. For the analyses the external beam intensity was varied from 1 to
10 nA depending on the actual total X-ray count rate. The obsidians were fixed to a micro-manipulator
allowing for an accurate three-dimensional positioning. The final target positioning was achieved using a
mechanical “aiming pin pointer”. X-ray spectra were collected by using a computer controlled Amptek X-
123 spectrometer with an SDD type detector of 25mm? x 500 um active volume and 8 um thick Be
window. The detector with an energy resolution of 130 eV for the Mn Ko line was positioned at 135°
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with respect to the beam direction. The target-detector distance was 25 mm. The net X-ray peak
intensities and concentrations were calculated subsequently with the GUPIX program package. In order to
arrive at the final conclusions our PIXE results were compared to data from the literature obtained on
samples from the same geological sources using different analytical techniques.

(a)

1cm
Fig. 2. Archaeological obsidian samples from Melos Fig. 3. Geological obsidian samples from
or Carpathian 11 type (a) and Carpathian I type (b). Vinicki or Carpathian | (a) and Lipari (b).

Results

The Rb-Sr-Y-Zr X-rays pattern is specific for each obsidian geological source (Fig. 4) and
consequently it can be used as provenance marker.

To have a complete picture on the obsidian provenance in Prehistoric Romanian sites,
archaeological samples from Iron Gates (Cuina Turcului site), Teleorman (Magura site), Oradea and Cluj
regions attributed to different prehistorical periods were analysed. Selected analytical results are
presented in Fig. 5.

Data from previous works (Bellot-

ek e e Tonr. Melatyne Gurlet et al., 2008; Perles et al., 2011; De
o . N o a Francesco et al., 2008; Eder et al., 2011;
Ne T3 fs t N fsov /A Oddone et al., 1999) and our data (XRF and

| \Lfrnvf’\/ bt .ﬂ/ \/WMM j Ww W h milli-PIXE) were projected in a dimensional
W o W scatter plot of Ti/Mn versus Rb/Zr (Fig. 5).
[Obsidian “India] As shown in this figure the majority of
. ® i Transylvanian Neolithic samples fit the
A | , ‘[;‘ » ;1 /‘n”'vk - Carpathian Il pattern excepting Seleus 4 and
AL AV AR A Bucin 11. The Carpathian | pattern can be
Ao /o | attributed to the Neolithisation period
opeiEn -Hexe samples both for Cuina Turcului (CT311,
WS . I‘ Rog & CT33, CT27, CT23, CT30) and Magura
’ZY\«/\WM M W (Magura 4, Magura 5, Magura 11, Magura

) I/\‘N V:"u\(w""«“ v . A] 12). For Cuina Turcului Mesolithic samples
‘ b o CT22, CT26, CT32, CT 31, and CT20 the
Fig. 4. Patterns of different obsidian geologic sources. situation is special, they could fit Carpathian

Il pattern but two of them are close to Melos
values, so, more samples from this category must be analyzed and an archaeological discussion is
necessary. On the basis of our classifications, the majority of the Transylvania's obsidian prehistoric tools
both from Cluj and Oradea areas were determined as coming from Hungarian Tokaj Mountains —
Carpathian 11 patern.

Conclusion
Our study demonstrates that minor and trace elements as Rb, Sr, Y, Zr, Ti, Mn, can be
successfully used to determine the provenance of archaeological obsidian, i. e. to identify the geological
obsidian deposits.
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Abstract. Amber and amber-like material are often found our days in the Romanian gemstone exhibitions. Fake
amber is more and more difficult to detect, because modern manufactured products made of natural resins and/or
polymers are so perfect, that they can produce same esthetic effects of the transparent and colored-like amber
pieces. Macroscopically, they can not be separated from amber without a good personal experience or only applying
gemological classic tests. So, modern physico-chemical methods, as Fourier transform infrared spectroscopy (FT-
IR) and X-ray diffractometry (XRD) are applied, for discriminating amber and forgeries.

Key words: Baltic amber, romanite, copal, rosin, modern resins, Romanian gemstone market, Fourier Transform
Infrared spectroscopy, X-ray diffraction, ageing study

1. INTRODUCTION

In Romania amber is treated as gemstone, including both commercial advantages and the risk of fake
industry. Watching the gemstones events, shows and exhibitions organised in Romania especially after
the 2000’s, obviously raw amber and amber products are highly desirable. A large number of European
amber varities are exposed, both raw amber for the needs of manufacture or for the collectors, and amber
objects: necklaces, pendants, pearls, islamic rosaries, earrings and finger rings with silver. Amber art is
installed for good on the Romanian market, most of the objects being jewellery and religious creations. A
larger project started in 2010, with the aim of establish the amber varieties and amber-like materials found
on the Romanian gems market applying analytical techniques (Fourier Transform Infrared spectroscopy
and X-ray diffraction). Gems from the exhibitions organized by the Geological Institute of Romania
(GIR) (2011-2013) (Fig. 5, 8), Museum of Mineralogy in Baia Mare (MMBM) (2013) (Fig. 1), Museum
of Gold in Brad (MGB) (Fig. 2, 5), from a gift shop from Bucharest (2012) (Fig. 4, 6), and amber gems
given by a popular mineralogical magazine (2012) (Fig. 3) were included in this study. In all investigated
situations, amber-like material was sold or just exhibited as worldwide genuine amber varieties, e.g.,
Baltic Countries, Poland, Ukraine, Russia, Romania, Dominican Republic, Italy, Brazil, Myanmar, or as
copal from Madagascar and Indonesia. Some interesting data have already been published, regarding
discrimination of amber from substitutes, or the characterization of modified amber due to natural
processes or ‘gemological’ treatments (Neacsu et al., 2010, 2013). Other information is referring to the
relationship between the environment where resins, subfossil resins and amber have lain during the
geological ages and the gemological properties of material, adding to previous studies of Neacsu and
Dumitras (2008). Finally, there is a special concern over ageing studies, which might contribute to a
better understanding of degradation mechanisms of amber and amber-like materials used in gemology.
The circumstances of ageing experiment show that visible light, atmospheric oxygen and the increase of
air temperature give spectroscopic changes after three months (April, May and June 2012) consequently
of free external atmospheric exposure of amber and angiosperm resins in the temperate-continental
climate of Bucharest, Romania (Neacsu et al., 2014).

1. EXPERIMENTAL PROCEDURES

Fourier Transform Infrared spectroscopy was performed in the Department of Mineralogy of the Faculty
of Geology and Geophysics, University of Bucharest, using JASCO's FT-IR microscope system equipped
with FT-IR 4100 spectrometer (DLATGS detector with Peltier temperature regulation, beam splitter
substrate material Ge/KBr, resolution 0.9 cm™, spectral range 7,800 to 350 cm™, Jasco software), and
Irtronp (IRT-1000) Microscope (objective mirror 8X cassegrain, manual exchange of objective with no
alignment required, minimum measurement area 100 um* DLATGS detector, sample observation area
1.2x0.9 mm; independent X and Y variable aperture; ATOS). FT-IR absorbance spectra (FT-IRA) were
recorded for this study. Infrared spectra were also recorded in Geological Institute of Romania, using a
Bruker Tensor 27 FT-IR spectrometer, using ATR accessory (DTGS detector, KBr beamsplitter, spectral
range 7,500 to 370 cm™, resolution +1 cm™, 2 cm™ OPUS software).
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X-ray powder diffraction analyses were performed at the Geological Institute of Romania on a Bruker D8
Advanced automated diffractometer equipped with a graphite-diffracted beam monochromator (Cu Ka
radiation, A = 1.54056 A), at an operating voltage of 40 kV and a beam current of 40 mA.

Fig. 3. Commercial “Indonesian copal” Fig. 4. Commercial amber identified as modern
identified as rosin (scale in centimeters). Angiosperm resin (scale in centimeters).

I1l. RESULTS AND DISCUSSION

Fourier-transform infrared spectroscopy (FT-IR) and X-ray diffractometry (XRD) were employed on very
small amounts of amber-like materials found as gemstone, art and religious objects, or different
ornamental products, to look if they are natural or synthetic substitutes.

FT-IR absorbance spectra for amber-like samples are very similar to the previously reported by Beck et
al. (1965), Kucharska and Kwiatkowski (1977), Kosmowska-Ceranowicz (1999), Banerjee et al. (1999),
Pakutinskienne et al. (2007), Kosmowska-Ceranowicz and& Wagner-Wysiecka (2013), allowing the
identification of Romanite (RO) and Baltic amber (Fig. 5). Kosmowska-Ceranowicz (1999), Guiliano et
al. (2007), Abduriyim et al. (2009), and Schollenbruch (2013), give additional information for copal
identification (Fig. 8), which is sometimes identified by mistake with amber (Neacsu et al., 2013).
Another unexpected surprise is the recent identification of burmite on the Romanian market (Fig. 7),
based on spectral analysis of Kosmowska-Ceranowicz (1999). Modern resins are sometimes
macroscopically identified as amber; consequently they could be sold as amber. After a comparison of
their own spectral database and the atlas of Hummel and Scholl (1969), Neacsu et al. (2013) could
identify Rosaceous resins as commercial ‘amber’ (Fig. 6). Based on the IR characterization of amber-like
materials of Yoshihara (2009), rosin was identified after it was sold as Indonesian copal together with a
popular mineralogical magazine.

There are few interesting regions on the IR spectra considered characteristic for amber in literature,
consequently they are investigated for identifying amber and substitutes: near 890 cm™, 995 +15 cm™,
1250-1150 + 15 cm™, 1375 + 5 cm™, 1450 + 20cm™, 1600-1650 cm™, 1735-1700 cm™, 2962-2853 + 10
cm™, 3048, 3095 and 3100-3700 cm™. The 3700-3100 cm™ region indicates a decrease of free water
proportion to romanite in comparison with Baltic amber. The fingerprints area of Baltic amber presented
the characteristic Baltic ‘shoulder’ (1250-1150 cm?, -CO-0 of succinate) (Beck et al., 1965, Pastorelli,
2009). IR analyses demonstrate that romanite has more carboxylic groups than Baltic amber (see the band
of 1735-1700 cm™, >C=0 stretching of esters and acids, which increases in intensity to romanite) (Fig. 5).
To distinguish amber from copal, the regions between 1700-800 cm™ and 3100-2800 cm ™ are important
(Fig. 8), where the vibrations of various C—O and C—H bonds, also C=C double bonds become visible
(Schollenbruch, 2013). Our data show that the band 1650-1600 cm™ related to >C=C< (non-conjugated)
IS missing at romanite, probably consequently to its geological origin (Neacsu, 2006). ‘Modified amber’
(ageing amber due to natural or artificial processes) and ‘modified copal’ (treated) could be identified
among commercial amber objects, and described by Neacsu et al. (2013) based on the comparison of IR
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Fig. 7. FT-IRA spectra of amber identified as

{ Fig. 8. FT-IRA spectrum of amber identified as
burmite (GIR).

Madagascar copal spectrum (Neacsu et al., 2013)
(GIR).

spectral analysis with those of Pastorelli (2009), Kosmowska-Ceranowicz and Wagner-Wysiecka (2013),
and Schollenbruch (2013). Also Dominican amber was identified, by confronting the FT-IRT spectra with
those presented by Abduriyim et al. (2009), and Yoshihara et al. (2009).

In some cases, the records of amber-like materials exhibit the same XRD pattern as for Baltic amber, with
a broad peak centered at 26 ~ 15°, indicating an amorphous state (Yoshihara et al., 2009) (Fig. 10). Some
crystalline components of material e.g., quartz, or the substitution of organic matter by minerals give rise
to diffraction patterns in all spectra (Fig. 9).

-

Fig.10. X-ray diffraction of Lithuanian amber
(Neacsu et al., 2013)
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Fig. 9. X-ray diffraction of romanite (Neacsu et
al., 2013)

These assumptions are confirmed by the microscopic studies of romanite and succinite (Neacsu, 2006;
Neacsu & Dumitras, 2008; Teodor et al., 2009; Neacsu, 2010 - www.romanit.ro).
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IVV. CONCLUSIONS

None of the XRD records show any internal organizing tendency. These results contrast with previously
published papers, where the XRD records indicate some internal organizing tendency for romanite,
confirmed by the already mentioned microscopic studies. So, the possibility of using X-ray diffraction as
a diagnostic method for romanite is not sustained for the moment.

All investigated materials presented FT-IR spectra that were compared with the already reported IR
characteristic bands of amber and amber-like materials, confirming that this method is an excellent mean
to detect fake amber. The IR analyses demonstrate that romanite has more carboxylic groups than Baltic
amber, so romanite is strongly oxidized. The loss in C=C groups is an effect of maturation or ageing of
amber (Shashoua et al., 2005). In sum, an older supposition that romanite could be ‘aged’ Baltic amber
may be take into consideration.

XRD remains a valuable complementary method, for revealing an internal organizing tendency of
material, or minerals trapped inside it.

REFERENCES

Abduriyim A., Kimura H., Yokoyama Y., Nakazono H., Wakatsuki M., Shimizu T., Tansho M., Ohki S., 2009.
Characterization of ‘Green Amber’ with Infrared and Nuclear Magnetic Resonance Spectroscopy. Fall 2009
Gems & Gemology 45 (3), p. 158-177.

Banerjee A., Ghiurca V., Langer B., Wilhelm M., 1999. Determination of the provenance of two archaeological
amber beads from Romania by FTIR- and solid-state-Carbon-13 NMR Spectroscopy. Archdologisches
Korrespondenzblatt, 29, heft 4. Verlag des Rémisch-Germanischen Zentralmuseums, Mainz, p. 593-606.

Beck C.W., Wilbur Elizabeth, Meret Silja, 1965. Infra-red spectra and the origin of amber. Nature, 201, 256-257.

Guiliano M., Asia L., Onoratini G., Mille G., 2007. Applications of diamond crystal ATR FTIR spectroscopy to the
characterization of ambers. Spectrochimica Acta, p. A, 67, Elsevier, p. 1407-1411.

Hummel D.O., Scholl, F., 1969. Infrared analysis of polymers, resins and additives. AnAtlas. V. I, part 2, New
York, London, Sydney, Toronto

Kosmowska-Ceranowicz Barbara, 1999. Succinite and some other fossil resins in Poland and Europe. Estudios del
Museo de Ciencias Naturales de Alava. 14, p. 73-117.

Kosmowska-Ceranowicz Barbara, Wagner-Wysiecka Ewa, 2013. Modified Baltic amber identified in transmission
and reflectance IR spectra. Proceedings of “The Amber. Research-Collections-The Market Symposium”.
International Amber Researcher Symposium Gdansk, March 22-23, 2013, p. 60-62.

Kucharska Matgorzata, Kwiatkowski A. 1977. Research methods of chemical composition of fossil resins and origin
problems of amber. Prace Muzeum Ziemi, Z. 29. Warsaw

Neacsu Antonela, 2006. Remarks on the geological origin of romanite. Acta Universitatis Szegediensis Acta Miner.-
Petrogr., 5, p. 83.

Neacsu Antonela, 2010. Ageing experiment of known geological origin amber (in Romanian). www.romanit.ro

Neacsu Antonela, Dumitrag Delia Georgeta, 2008. Comparative physico-mineralogical study of romanite and baltic
amber; preliminary FT-IR and XRD data. Romanian J. of Mineral Deposit & Romanian J. of Mineralogy
Joint Volume, v. 83, ed. GIR, p. 109-115.

Neacsu Antonela, Dumitras Delia Georgeta, Cioacd Mihaela Elena, 2010. Amber on the Romanian market. X1Xth
Congress of the Carpathian—Balkan Geological Association Thessaloniki, Greece, 23-26 September 2010.
Geologica Balcanica, Abstracts volume, 39/1-2. Ed. Bulgarian Academy of Sciences, Sofia 2010, p. 269-270.

Neacsu Antonela, Dumitras Delia Georgeta, Cioaca Mihaela Elena, 2014. Sunlight exposure as ageing process of
modern and fossil resins; physic-chemical data. 21st General Meeting of the International Mineralogical
Association (IMA), 1-5 September 2014, Sandton Convention Centre, Gauteng, South Africa

Neacsu Antonela, Dumitrag Delia Georgeta, Cioacd Mihaela Elena, Anason Angela Maria, 2013. Amber and amber-
like materials on the Romanian market. Goldschmidt 2013 Conference, August 25-30, 2013, Florence, Italy

Pakutinskienne 1., Kiuberis J., Bezdicka P., Senvaitiene J., Kareiva A., 2007. Analytical characterization of Baltic
amber by FTIR, XRD and SEM. Canadian Journal of Analytical Sciences and Spectroscopy, v. 52, No.5, p.
287-293.

Pastorelli G., 2009. Archaeological Baltic amber: degradation mechanisms and conservation measures. PhD Thesis,
Universita di Bologna, Italy.

Schollenbruch K., 2013. Green Amber - a current challenge for gemmologists. Proceedings of “The Amber.
Research-Collections-The Market Symposium”. International Amber Researcher Symposium Gdansk, March
22-23,2013. P. 43-45.

Teodor Eugenia, Litescu Simona Carmen, Neacsu Antonela, Truicd Georgiana, Albu Camelia, 2009. Analytical
methods to differentiate Romanian amber and Baltic amber for archaeological applications, Central European
Journal of Chemistry, 7(3), Springer, p. 560- 568.

Yoshihara A., Maeda T., Imai Y., 2009. Spectroscopic characterization of ambers and ambers — like materials.
Vibrational Spectroscopy, 50, Elsevier, p. 250-256.

22



Rom. J. Mineral Deposits, vol. 87 (2014), No. 2, p. 23-26
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Abstract: Ways were looked for reducing synthetic diamonds consumption when cutting ornamental rocks (Toplet
granite, Ruschita and Moneasa marble). Experiments performed with supertough ST diamonds embedded in
different sintered metallic binders pointed to a better efficiency when using a Cu80-Sn20 bronze binder in
comparison with a hard Widia type binder. For a better retention of the ST diamond crystals in the binder their
perfect planar cube-octahedral faces have been corroded in an oxidizing fused NaNO; bath. The cutting behavior of
the least perfect FM brittle diamond crystals embedded in a polymeric binder was improved by a surface treatment
intended to envelop each crystal in a metallic Ni cage. SEM electron micrographs and cutting tests have attested the
efficiency of both surface treatments.

Key words: saw grit synthetic diamonds, surface treatment of diamond crystals, improved retention in the binder

Introduction

Diamond, the cubic variety of crystalline carbon, is the industrial mineral used in the smallest amount but
with enormous economic benefits. The applications mainly come from the hardness of diamond which is
the highest among all known substances. Its unique position comes from the type of hybridisation of the
valence orbitals (2s’p®) in carbon. As depicted in figure 1a four molecular orbitals (having identical
energy and geometry) result when the unique 2s orbital and the three 2p orbitals (px,py,p.) of the carbon
atom merge together. Thus, each carbon atom in diamond is bonded by four ¢ covalent bonds to its
neighbors (figure 1b). The tetrahedral coordination is seen in the crystal structure of diamond (figure 1c).
The covalent bonds in diamond are very strong as reflected by their short length equal to 0.154 nm
(Petrescu and Fecioru, 2002; Petrescu, 2004).
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Fig. 1. a. Four degenerated sp® orbitals; b. Tetrahedral Fig. 2. Major diamond producing countries
coordination of carbon atoms; c. Diamond crystal structure 1996-2012

About half of the natural diamonds from a total world production of 144 million carat or ~ 28.8 tons at
2010 level, according to United States Geological Survey Mineral Resources Program
(minerals.usgs.gov), are not suitable for gems and are of industrial grade. The main producers of natural
diamonds in 2012, as listed by Geoscience News and Information (Geology.com) are Botswana, Russia,
Canada, Angola, Congo, South Africa and Australia (figure 2). Since 1955 a new source became available
for industrial diamonds, namely synthetic diamonds first put on the market by General Electric Comp. -
USA. In 2010 the world production of synthetic diamonds reached an impressive value of 4380 million
carat, from which 91% were produced in China (indexmundi.com). Since 1974 up to 2007 the RAMI
Dacia Company in Romania was a producer of synthetic diamonds (micropowders and saw-grit type) and
a producer of diamond inserted cutting tools.

As synthetic diamonds are identical in structure and properties to natural diamonds and as the raw
material for their synthesis is graphite (a largely available material), prospects exist of sure and unlimited
supply of synthetic diamonds for industrial applications. High-grade saw grit synthetic diamonds (up to
700 micron size) for cutting tools are industrially made by high pressure - high temperature synthesis
(about 5 GPa and 1300°C). In such conditions graphite undergoes a reconstructive allotropic
transformation and changes its simple hexagonal crystal lattice into a diamond cubic lattice accompanied
by a change in hybridization of the valence electrons from sp? to sp®. To lower the pressure-temperature

23



parameters at reasonable levels metallic catalysts are used in the industrial process. A liquid solvent
consisting of transition metals (Fe, Ni, Co) dissolves the graphite crystals and re-precipitates the diamond
crystals. The catalytic role of the metallic solvent is mainly exerted by lowering the surface tension in the
nucleation and growth process of diamond.

Due to their hardness industrial diamonds find application in drilling hard rocks in mining and oil
extraction as well as cutting hard materials such as reinforced concrete or ornamental rocks (Wilks and
Wilks, 1994).

This paper contains experiments performed with view to achieving the best use of synthetic diamonds
when cutting ornamental stones (granite and marble) with minimum consumption of saw grit diamonds
whose price is very high (tens of $ per gram). Marble and granite have been cut in blocks or carved in
statues since ancient times but what is new with diamond tools is the possibility of high speed cutting and
polishing of large and thin marble and granite tiles for buildings facades and floors whose luster lasts for
ever. This is done by using cutting disks provided with diamond inserted segments instead of metallic
tools. The experiments in this paper were carried out with various binders (metallic or polymeric) for
embedding diamond crystals in the cutting segments, as well as with various surface treatments applied to
synthetic diamond crystals in view of improving their retention in the binder.

Results and Discussion

Synthetic diamonds produced in Romania have been used in this research. Their shape perfection is
depicted in the series of SEM electron micrographs in figure 3 (recorded by means of a Tesla 300
instrument). For each class we have measured the toughness expressed as percentage of unbroken
diamond crystals after subjecting a 50 carat sample (1carat=0.2 g) to 2kg/cm?® striking force (by means of
a RO-TAP instrument). The experimental results presented in the legend of figure 3 show that decreasing
the shape perfection from ST class to the least perfect FM class decreases the toughness and increases the
friability by ~four times.

A first run of experiments has been carried out in view of evaluating the efficiency of the cutting
segments as well as their consumption in the cutting process of various sorts of ornamental rocks (granite
from the Toplet quarry, marble from the Ruschita quarry, marble from the Moneasa quarry). The cutting
segments have been fabricated by embedding the synthetic saw grit diamond crystals in two different
powder binders, denoted BR80 (consisting of a two phase bronze 80Cu+20Sn) or A10 consisting of a
Widia type alloy (90% WC + 10% Co). With view to the harsh conditions during sintering the binder
powders (600-1000°C) the best diamonds class ST have been used. The segments were 7 mm in height
and have been mounted on the periphery of the cutting disk working at 30 m/s peripheric speed and
constant power (~0.35 kW). The results in figure 4a and figure 4b point to a correlation between the type
of binder and the type of processed ornamental rock. Figure 4a shows that the wear of the diamond
inserted tool is lower when using the Widia type sintered binder (A10) than when using the sintered
bronze binder (BR80) for all processed rocks. This is so because the A10 binder is itself very hard and
wears less than the softer BR80 binder. However, as shown in figure 4b, the efficiency of the cutting
process points to just the reverse behavior. When using the hard A10 binder the cutting efficiency is
lower for all investigated ornamental rocks in comparison with the softer BR80 binder. This is an
indication that the softer BR80 binder erodes itself in the proper manner to keep the diamond crystals in
place until they become completely blunt and this is the best way to take the maximum benefit from the
diamond crystals. On the contrary the poorer efficiency when using the hard A10 binder may be
associated with a less proper errosion rate resulting in the blunt diamond crystals not being properly
removed out of the binder matrix. Experimental data in figure 4b shows the influence of the mineralogical
nature of the processed ornamental rock on the cutting efficiency when the optimum binder (hamely
BR8O0) is used. Expectedly, the efficiency when cutting hard granite is lower than when cutting softer
marble. The difference in behaviour between Moneasa marble and Ruschita marble may be eventually
ascribed to their different degree of metamorphism and texture, the Ruschita marble being especially
compact and showing a sugar-like texture (Brana et al., 1986).

A second series of experiments was concerned with improving the retention of the ST diamond crystals in
the best binder (BR80). Because the bond between the diamond crystals and the binder is not chemical
but mechanical (interlocking mechanism) there is a risk for the ST crystals with very smooth faces (see
figure 3) to be prematurely pulled out before they become blunt. To obtain a certain roughness of their
surface we have applied a surface treatment consisting in immersion of the diamond crystals in a molten
salt bath (NaNO; at temperatures higher than 500°C). In the electron micrograph in figure 5a we shown
how the original perfectly smooth face of a diamond crystal class ST (see figure 3) has become rugged as
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a result of the oxidation process promoted by the decomposition of NaNOs. This demonstrates that the
diamond surface can be etched (Pipkin, 1980; Nishibayashi, 1993). As seen in figure 5b the better
retention of the corroded diamond crystals is clearly benefic for the cutting process.

Our results show that the oxidation-corrosion process is accompanied by a loss in weight (figure 6a) and a
decrease in toughness (figure 6b) for the ST diamonds subjected to this surface treatment. Both these
undesirable phenomena become worse when the temperature of the molten salt bath and the time of
immersion are higher. We have succeeded to minimize these phenomena by an addition of anhydrous
NaOH to the molten NaNO; bath as clearly indicated by the results in figure 6a and figure 6b. When
optimizing the physical and chemical process parameters of this surface treatment one has to take into
account the high price of the diamond crystals and not let the diamond losses exceed a value higher than
~2.5%.

A last set of experiments was concerned with synthetic diamond crystals embedded in a polymeric binder,
i.e. an Epoxi type resin. Such cutting tools are intended to work in less severe machining condition
diamonds of inferior quality (class FM) were used.

Fig.3. SEM micrographs:
ST - supertough diamond crystal; smooth and perfect cube-octahedral faces (toughness 95.5%)
T - tough diamond crystals; small imperfections on the cube-octahedral faces (toughness 88%)
R - class: large imperfections on some cube-octahedral faces (toughness 56%)
M- class: poorly developed cube octahedral faces, rounded edges, rough faces (toughness 40%)

FM - class: irregular shape, very rough faces (toughness 22%)
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Diamonds used in these tools are friable (toughness ~22%), but a cage of electrolytic Ni deposed on each
crystal is a good solution. The surface of such Ni coated diamond crystals and it proved to be very smooth
under SEM. We inferred that this is detrimental to a good retention of the diamond crystals in the binder
and carried out experiments to obtain a corrugated Ni cage. This was accomplished by combining the
electrolytic deposition of Ni (95%) with its chemical deposition (5%). As seen in figure 7 which
compares the cutting efficiency when using non-coated FM diamond crystals (tool A), 100%
electrolitycally coated (tool B) and 95% electrolytic +5% chemically coated diamond crystals (tool C) the
new procedure proved to be successful.

Conclusions

A quantitative correlation has been established between diamond crystal perfection (revealed by SEM
electron examination) and toughness. Cutting tests have indicated the superiority of a 80Cu+20Sn
sintered bronze binder over a Widia type (90WC+10Co) sintered binder when diamond inserted cutting
segments were used for machining Toplet granite, Ruschita and Moneasa marble. The cutting efficiency of
supertough diamond crystals embedded in 80Cu+20Sn sintered bronze binder was greatly increased by an
oxidative surface corrosion of the diamond crystals intended to improve their retention in the binder. For
less perfect diamond crystals embedded in a polymeric binder a surface treatment consisting in

encapsulating each diamond crystal in a Ni cage produced by electrolytic/chemical deposition proved to
be benefic.
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Abstract: Aggregates represent an engine of the economy. Almost 65% of the aggregates consumed in Europe
annually are used for building construction purpose. Aggregate production in Europe comes from quarries and pits.
European demand for aggregate will reach more than 3 billion tons in the medium term in central and South Eastern
Europe. In Romania, in 2012, there were 17 types of substances with 469 active and waiting licenses. The main
activities related to aggregate production are the exploitation in quarries and pits and the processing of the extracted
material. Quarrying management of the aggregates require a permanent equilibrium between pre-set regulations,
adapting to the local realities and the initiative of local operators of the quarry being worked. Many of the countries
within European Union have elaborated mineral plans in aggregate industry, a practice that should be adopted at a
regional scale.
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I. Introduction. Importance of aggregates in Europe

Without any doubt, the aggregates can be considered the star of non-metallic mineral resources
and representative of the most usable resources in the construction of buildings, roads and other
infrastructure facilities. The production of aggregates represents an engine of the economy and a factor of
living standard.

Almost 65% of the aggregates consumed in Europe annually are used for building construction
purposes. Some 90% of the overall aggregates production in Europe comes from quarries and pits. Other
remaining 10% of the European aggregates production comes from marine deposits and recycling of
industrial waste (UEPG report, 2011). 30,000 tons of aggregates are needed for the overall construction of
1 km of a national scale road. Quantities corresponding to 20% of the European consumption of
aggregates refer to construction of the road surface, runways, railways and waterways
(www.sarmaproject.eu).

Despite society dependence on natural aggregate, urban expansion often works to the detriment
of the production of those essential raw materials (Solar et al., 2004). In the advanced economies of
Europe, the annual aggregates demand reaches 12 tons per capita. The sector suffered under the economic
crisis since 2009, but, from 2012, increased again. European demand for aggregates will reach more than
3 billion tons in the medium term, driven mainly by economic growth in Central and South-Eastern
Europe (Fig.1).
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Figure 1. Aggregates production in South-East Europe in 2011- tones/capita
and GDP (Source: UEPG Report 2011)
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I1. Conditions available in the aggregates industry. Case study Romania

In 2000, in Romania, a country with a complex geological structure, there were over 750 known
deposits of natural aggregates. The placement of the exploitation and/or processing of stone units or
concrete and prefabricates factories is equilibrated relative to the national territory, with maximum 120
km to the initial deposit. In 2012, there were 16 types of substances with quarries of crushed stones
(www.namr.ro): amphibolite, andesite, basalt, limestone, dacite, diabase, diorite, dolomite, granite,
granodiorite, sandstone, micashist /gneiss, porphyries, serpentinite, green shists, tuffs and pits of sand
and gravel - table 1.

Table 1. Situation of the licenses for aggregates extraction in Romania currently and potentially available

Types of licenses Crushed stone Sand and gravel
Active licenses (current resources) 101 224
Licenses waiting approval (potentially available) 162 245
TOTAL 263 469

I11. Best practices in aggregates industry of South Europe countries

Although there is not widespread, the waste aggregate production began to be practiced at
increasingly large scale, even in South East Europe Europe (Blengini et. al, 2013). For the production of
aggregates in Europe some conditions need to be met:

- Sand, gravel or rock must exist in sufficient quantity to make mining worthwhile and must be
accessible;

- The property must be of sufficient size to locate a pit or quarry and processing equipment and be
owned by a person or company;

- The deposit must physically be able to be mined without causing unacceptable impacts to the
environment;

- The exploitation can take place without adversely affecting the environment or lifestyle of people;

- The operation must be profitable considering all costs: exploration, environmental controls and
transport.

The best practice for aggregates production applied in South East Europe countries are the
exploitation in quarries (often in strip banding quarries, see Fig. 2) and pits and processing of the
material. Crushed stone and sand and gravel commonly are obtained from dry pits or quarries, but in
some setting may be mined from water - filled excavations using dredges mounted on barges or with
draglines.

The crushed rock production activity involves infrastructure works on-site and off-site
(www.sarmaproject.eu), development of quarry structure, extraction of rock, necessary after blasting,
crushing and sieving, storage and transportation of the final products to market. Sand and gravel deposits
are exploited with excavators after removal of the soil cover and by dredging below the aquifer level.
After this distribution occur automatically sorts and sizes of aggregates required by the market.

Most of production from Romania (100 Mt, slightly less than 10-11 years ago), and generally in

South East Europe take place in pits utilizing earth-moving equipment. Mining crushed-stone generally
requires drilling and blasting of solid bedrock which breaks the rock into rubble of a size suitable for
crushing and often has a negative impact on the environment (Fig. 3).
In the last years, the use of the secondary and recycled aggregates was promoted, especially in the west
European countries. However, only when it is proved that the recovery /recycling process is both
economically and environmentally sustainable, in comparison with the use of natural aggregates, the
contribution of recycled aggregates can be considered net positive (Blengini et al., 2013).

Reclaiming aggregates operations or quarried sites has very high potential to improve the quality
of life, create wealth, increase biodiversity and restore the environment. Today, fulfilling demand for an
increasing aggregate exploiting requires (www.sarmaproject.eu, www.snapsee.eu):

- Efficient and sustainable supply chain (planning, extraction, transport, use and recycling);

- Socio-ecofriendly quarrying and planning aggregate vision.

The recovery of quarries means the multiplicity of desirable and feasible actions and objectives
that favor the restoration of the natural equilibrium in the belonging territorial areas
(www.sarmaproject.eu). To limit the negative impact of the mining works in the plans of development,
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Figure 2. Limestone aggregates Quarry from Slovenia, which uses strip banded method.
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Figure 3. Dacite quarry from Cluj County, Romania, with environmental impact
because of the slope found operating

the environment management of the companies must provide a number of measures of best practices
(Marica and Bindea, 2011). These include the necessary elements for a completely safe working from the
point of view of the protection and monitoring of the deposit, of labor and environment protection.

IV. Role of sustainable management of aggregates in aggregate planning

Sustainable aggregates resource management is an approach that supports development of
policies, which reflects good science in operations, public preferences and financial and social constraints
(Solar et al., 2004; www.sarmaproject.eu). The management of exploitation and sustainable management
of its resources require a complete knowledge from quarry design to its closure (Marica and Bindea,
2011).

Quarrying management requires a permanent equilibrium between pre-set regulation, adapting to
the local realities and the initiative of local operators of the quarry being worked. The environment
management system aims at supporting carrying out of all the industrial processes within an organization
in accordance with the European norm Standard 1SO 14001, in view of supplying elements of a new
efficient management system, structured and integrated in the global management activities of the
company in question.

Main objectives of the sustainable aggregates management should be the supply security and
resources efficiency (www.sarmaproject.eu), which can be achieved by:
 Extraction of the maximum possible amount of aggregates from a deposit;

» Use of the extracted aggregates for the most valuable application with respect to the aggregates
quality;
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» Tuning royalties and fees and fees on quarries to harmonize them with the surrounding areas and
promote re-use, recycling and efficient transportation
At the same time, it is necessary to increase knowledge of potential impact on local communities.
The aggregate industry needs to have access primarily to local resources. Access to land is in European
countries (increasingly in some SEE countries) limited not to geological reason but due to non-existing
land —use management principles related to aggregates (www.sarmaproject.eu).

V. Aggregate planning and the future in mineral resources

A minerals policy may be defined as a policy to secure the supply of the economy with mineral
resources by the entirety of action that a state can take to influence the supply of mineral resources on its
territory and beyond (Tiess, 2011). A national aggregates policy framework should include/provide a
mineral statement, objectives, strategies and action plan. Several countries within the European Union
(United Kingdom, Finland, Austria) have elaborated national mineral plans in the aggregate industry and
for all minerals in general, as key sectors contributing to jobs, wealth and a high quality of life for their
citizens. An innovative approach of the sustainable resource management and a defined plan inclusive of
Sustainable Supply Mix (SSM — SARMa Manual, 2011) is that it aims to ensure the supply with
aggregates resources on one hand as well as to improve efficiency and solve the problems of land use on
the other hand. In such terms it is important to use the recycled aggregates (Blengini et al., 2013).

In order to achieve transparency, stability and security for all concerned stakeholders of the
aggregates exploitation and supply chain, a necessary part of the each country mineral policy framework
has to be transferred in the regulatory framework where the Community aggregates policy and minerals
plans are for the first priority plan. Through these concepts and future rules, a major role is the
implementation of mineral planning in each country. Appropriate policies (including sectorial aggregates
planning) are required to enable the balance between supply, production and environmental impact,
infrastructure construction activities and climate protection (www.snapsee.eu).

These policies include: improvement of aggregates regulatory framework, clearly defined duties
and responsibilities, ensure major, regulatory body for the South-East Europe countries, coordination
between permitting procedure / authorities and land use planning management, strategic Environmental
Impact Assessment, nature conservation issues, Public participation with encourage community
consultation and involvement.

Demand forecasting is an important tool for establishing a mineral policy framework.

V1. Conclusions

In the present, crushed stone and river aggregates are first rank mineral resources, considering the
demand in the world and in Europe. The South Eastern European countries play an important role in
aggregate industry.

The principal objectives of sustainable aggregate resource management and supply security are
resources efficiency and environmental protection of post closure extracted areas.

Planning of primary and secondary aggregates in South East Europe countries must be carried out
in an integrated way because demand for aggregates used in the construction industry depends on
technical quality of products and end-uses.
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Abstract: The considerations which underlie the need of this work consisted in the regional economic development
in Transylvania in the construction materials sector, by designing works presenting national interest (expansion or
construction of highways, modernization of road lines, buildings) and the need to find solutions for re-training the
work force or the implementation of the normative regulations. The paper presents the main non-metalliferous and
non-combustible raw materials from Bihor county, covering not only dimension stone area, but also other industrial
areas for finished products: construction ceramic, sanitary or fine ceramic, binder, glass, precast.

Keywords: Economic geology, Bihor county, mineral deposits, exploitation.

INTRODUCTION

The present paper proposes an updated view on the mineral resources from Bihor county, in the context of an
increasing demand for aggregates for roads or other different raw material for building industry, also for finding
solutions for different demands of companies from industrial sector. The present stages of these were not detailed,
because year by year a lot of changes are counting. This information can be found on the National Agency for
Mineral Resources’ portal, with active licences.

The main non-metalliferous and non-combustible raw materials from Bihor county cover not only dimension
stone area, but also other industrial areas for finished products: construction ceramic, sanitary or fine ceramic,
binder, glass, precast (Table 1, Fig.1). The inventory involves deposits with confirmed reserves with exploitation
works, closed activity or just interest perimeters.

1. GENERAL FRAME

1.1. Administrative aspects and access to the facilities

Bihor County, with an area of 7,535 square kilometres and its capital at Oradea, is connected by road from
Romanian capital, Bucharest, from neighbouring counties, across the country and other European countries through
railways and roads with 1-3 lanes. The main railway line connects the capital Bucharest with Central and Western
Europe through Episcopia Bihor border point. The forest roads have also a significant role and facilitate the access
to perimeters with useful rocks, deposits or quarries.

1.2. Geographic and geological framework

The mountainous territory of Bihor County belongs to the Apuseni Mountains (Mutihac et al., 2007):

1. the Sub-group of the Bihariei Massive (including SW corner of Bihor Mountains and the W part
of Vladeasa mountains); the structural unit of Bihor presents a subdivision into blocks and
supports the Western part of the Arieseni and Biharea canvas;

The Bihor Mountains are made up of Palaeozoic and Mesozoic sedimentary deposits,
covering an intensely fragmented epimetamorfic crystalline basement. Vladeasa Mountains
are made up of an important body of Banatite taphrolith (riolite, dacite, andesites,
granodiorites and porphyries), which pierces the upper Cretaceous cover or merging with it.

2. the Sub-group of marginal horsts is a lowered mountainous step, filled with alternate molassic
and Neogene deposits forming spurs which are extended to NW:

Codru-Moma Mountains - horst bordered on all sides by grabens, with a small granitic
massif on the NW, a large cover of Permian deposits and Triassic dolomite limestone.

Padurea Craiului Mountains - intensely fragmented and eroded horst, where the Mesozoic
sedimentary deposits and the karst were formed before Neocomian. The karst has a great
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extent and occupies a varied surface and underground relief (karstic sinkholes and
depressions), to which bauxites are genetically related.

Plopis Mountains (Lowlands) - made up of crystalline schists, belonging to the
mesometamorphic series of Somes and to the epimetamorphic Arada series.

The hills area is part of the hilly units, developed on crystalline-Mesozoic formations, fractured on
NW-SE and SW-NE directions, accompanied by volcanic massive, constituting the Western hills and
depressions. They fall into Sylvaniei depressions and hills (Marghitei, Crisanei). The external front is
found mostly on the NW side of the Plopis Mountains and on the W part of Padurea Craiului and Codru-
Moma Mountains.

The depression area stretches to the W of hilly region, with altitudes between 200-300 m, forming
Beiusului, Vad - Borod and Barcau Depressions.

The plain area is represented by the high plain of Valea lui Mihai, Salontei, Crisurilor, Barcaului and
lerului Plains as part of the Western Plain, composed of a crystalline and sedimentary basement (from
Palaeozoic to Palaesogene), with a changing cover composed of lacustrine deposits in the base and aluvio-
proluviale at the top, and wind deposits.

2. CURRENT SITUATION OF MINING OF MINERAL SUBSTANCES IN BIHOR COUNTY
2.1 Prospecting / exploitation permits and explorations / exploitation licenses. Other legislation

An inventory made in the last decade in Romania have counted more than 400 deposits for building
materials: aggregates and crushed stone, clayey resources for ceramic industry, dimension stone, stones
for binders and others (Marica et al., 2008). According to the evidence from National Agency for Mineral
Resources, 45 mineral substances are going to be extracted in 2014 in 328 quarries through exploitation
licences and other 890 perimeters received exploitation permits for 1 year for 27 raw materials (except the
waters and non-combustible materials).

From this total, almost 60 are located in Bihor county, including quarries, open pits or only as
perspective areas (Brana et al., 1986), corresponding to 14 types of mineral non-ferrous and non-
combustible resources (see Table 1). Most of them have extraction activity and official recording of the
resources and reserves, but nowadays less than 30% develop exploitation works.

There are only 5 quarries for dimension stone from Bihor county included in the Romanian Annex
(A.2.16) of European Standard for Denomination Criteria, SR EN12440:2008: Calugari - Ponoare, Camp
Vascdu and Lara - Camp Moti for limestone, Pietroasa SE for granite/granodiorite and Vintere for
sandstone (PROCEMA GEOLOGI, 2009).

2.2 Inventory of mineral resources and reserves exploitations and deposits

For a better understanding of economical values of resources in Bihor country, the deposits and
perimeters were grouped and listed depending of their final use (Table 1).

3. CONCLUSIONS

The information presented in this article aims to contribute to the knowledge of updated mineral
resources of the Bihor County by the regulatory bodies or those that promote territorial economic
development, by investors or other different users of information for project proposals, through (Cetean
et.al., 2006):

- structuring regional development programmes;

- the ranking of local opportunities to harness economic resources;

- presentation of general informative data in anticipation of the concession of deposits;

- establishing of the perspective perimeters by geological point of view, necessary to be explored
and/or establishment of the current economic and technical conditions of use (Cetean et al.,
2003);

- determining the opportunities for expansion of the areas of use of resources in order to increase
the profitability of mining, as well as the quantification of the monitoring programmes and
environmental restoration.
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Table 1: Listing of perimeters with non-metalliferous and non-combustible mineral resources from Bihor County
used for construction and sanitary industry

DIMENSION STONE: internal and external paving, modular tiles, ornamental works etc.

Dacite Soimi

Granite, granodiorite  Bradisoru de Jos — Perim. Il (Maidan), Pietroasa, Valea Lazului*

Limestone, marble Baita Plai, Borz — V. Armanului*, Chiscau Deal, Chiscau — Pietroasa — Beius, Cresuia —
Beiug*, Ponoarele (Calugari) — Carpinet, Suncuius, Tarcaita, Tarcaita — Valea Binselului
— Cresuia, Valea Mare — Codru, Valea Manioasa, Valea Seaca — Pietroasa, Vascau —
Camp, Vagcau Camp Moti Negaia, Vagcau Camp Moti Sat

Quartzite Soimi, Teaca, Urvis — Coasta Morii*, Vintere

Amphibolite Cuzap — Popesti, Rezu Mare*

Sandstone, +/- Butan, Coasta Morii — Urvis, Huta — Soimi, Urvis, Urvis — Coasta Morii, Vintere
conglomerate

Micaschist, gneiss Bistra Gruiu*, Rezu Mare*, Suplacu de Barcau, Voivozi

MINERAL RAW MATERIALS: crushed stone for road, railroad and buildings infrastructures, cement,

binder, raw, semi-fine (sanitary) and fine ceramic (porcelain)

Industrial limestone  Alesd (Alesd — Subpiatra*, Fisca — Alesd, Hotar — Alesd), Astileu — Valea Morilor,
Astileu - La Cruce, Baita Bihor*, Baita Plai, Banlaca — DI Magherus, Betfia, Borzi,
Bratca, Bratesti*, Budureasa, Calugari, Carpinet*, CAmp, Colesti, Corbilor, Cosdeni -
Pomezeu, Cristior, Hidis - Pomezeu, Hidiselul de Sus, Hodis, La Cruce, Lion*, Lorau,
Moti, Pestis, Pestera (DI Corbilor), Ponor, Remeti, Somlau, Suncuius, Uileac, Urvis (DI.
Osoiu, DI. Calugaru), Vad (Vadu Crisului), Vascau, Vida

Dolomite Baita Bihor*, Bratca - Lorau, Valea Mare — Budureasa (dolomite/limestone with
brucite)*
Refractory clay Borlaca, Borodul Mare, Brates, Bratca, Butan - Astileu (DI. La Fageti), Caramazan*,

Dealul Crucii, Lorau, Suncuius (Banlaca — Suncuius*, Damis, Dumbrava — Suncuius,
Rosia Albioara, Recea — Rujet, Tau Rosu — Suncuius)

Common clay, /- Alesd (Hotar* +Facsa), Beius, Biharia*, Buteni, Calea Clujului, Ceica, Cordau, Dealul

marl Craiului*, Dobresti, Episcopia Bihorului, Marghita, Saldabagiu, Suncuius — DI.
Simionului*, Oradea, Valea lui Mihai, Vad (Vadu Crisului), VValea Cristiorel*

Siliceous sand Alesd, Beius, Cetea, Cicfoias — Budisor, Episcopia Bihorului, Ineu, Oradea, Tinca,
Valea lui Mihai — Simian, Valea de Finat*

Sand and gravel Alesd*, Batar — Taut (R. Crisu Negru)*, Beius, Beius — Draganesti, Bella*, Bors —

Santau*, Draganesti — R. Crisul Pietros, Crisul Morii*, Daval Episcopia *, Episcopia
Bihorului*, Finis - Valea loanis*, Ineu*, Maredo*, Oradea, Poietari*, Ponoras*, Pradea
- Santaul Mic, Rosiori Barcau*, Santandrei — Tarian*, Santau — Valea Trandafirilor*,
Séantaul Mic — Gavella*, Santaul Mic — Simbac*, Soimi, Tarian — Bors*, Tarian Nord*,
Tileagd*, Tinaud (R. Crisul Repede), Tinca

OTHER USES (jewellery, ornamental objects)

Aragonite Suncuiug

* Open quarries and pits (48) in the evidence of National Agency for Mineral Resources for exploitation in 2014
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GENERAL MAP OF RESOURCES
IN BIHOR COUNTY
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Fig.1. General location of non-metalliferous and non-combustible raw materials perimeters in Bihor county.
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Abstract

Aim of this study is to determine geologic, mineralogic-petrografhic features and investigation of the usage building
stone of the Kizilkaya ignimbrite outcropping around the Sevingli (Aksaray) Town. For this purpose the geology of
Kizilkaya ignimbrite were defined and mineralogic-petrographic properties were examined at the polarising
microscope. In addition, in order to determine the physico-mechanical properties, testes were carried out from
Kizilkaya ignimbrite. Lower Pliocene Kizilkaya ignimbrite is acidic in composition, represented by welded tuff and
characteristic for pyroclastic flow unit. The Units were defined based on vitric tuff characteristics and vitrophyric
porphyric texture using petrographic study. Quartz and plagioclase are phenoclasts. Fine grained biotite, hornblende
and small amount of pyroxenes appears to be dispersed in volcanic glass. Volcanic glass shards are typical in the
matrix. We done an experimental works, using uniaxial compressive strength of 9.81 MPa, flexural strength of 4.06
MPa and compressive strength after frost of 9.11 MPa. Density of 2.58 g/cm® was established. Considering the
geological features, mineralogical-petrographical results, and the physico-mechanical properties of Kizilkaya
ignimbrite, it was found to be suitable for interior works as a building material in flooring.

Key Words: Ignimbrite, physical-mechanical properties.

1.Introduction

The study area is in the Aksaray province which is located
in the Central Anatolia Region (Figure 1). Studies on the
usage of natural building blocks of ignimbrites around the SEREFLIKOGHITAR \
Aksaray is extremely limited. In this study, the main purpose \
is to investigate mechanical and physical properties of
Aksaray-Kizilkata ignimbrite which is covering large area
around Aksaray.
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2.Geology of the study area

The study area is located in Aksaray and covers the area
between the Uriimdiigiin plateau, Sevingli and Bogazkaya
village (Figure 2). In the study area metamorphic and
magmatic rocks of the Central Anatolian Crystalline
Complex crop out and these rocks were overlied
unconformably by younger sedimentary and volcanic rocks. Fig.1. Location map of the studied area
Bozgaldag and Tamadag metamorphic rocks of the Central

Anatolian basement is the oldest unit with Pre-Mesozoic metamorphic rocks which outcrops of north-east
of Aksaray (Seymen et al.,1981a,b; Gonciioglu et al., 1993). In Tamadag the metamorphic rocks are
represented by schists and gneisses which including metacarbonate and metapelite layers. Bozgaldag
metacarbonate rock is represented by gray—dun colored and coarse calcite crystals with a thick solid
marble.The metamorphic rocks are cut by Upper Cretaceous gabbro, granite and granodiorite intrusive
igneous rocks belonging to Central Anatolia granitoids. The igneous rocks are divided into two sub-units
as Gucinkaya granitoids and Mamasun gabbros (Gullu et al., 2003). It is considered that the granitoids
are Upper Cretaceous in age (Gonciioglu et al., 1991). Upper Cretaceous Kiziltepe formation are
unconformably overlying the basement rocks of metamorphic and igneous rock. This formation consists
of conglomerate, sandstone and mudstone in alternation with loosely attached, lenticular and terrestrial-
origin clastics. Oligo-Miocene in age Mezgit formation is unconformably overlain by the Kizltepe
Formation (Ucar et al., 2008). Mezgit formation consist of conglomerate, sandstone,mudstone and
evaporites. It is considered that Mezgit formation was deposited in continental fluvial and temporary
lakes environments (Ugar et al., 2008). Upper Miocene Uzunkaya formation unconformably rest on the
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Mezgit Formation as well as Kizilkaya ignimbrites that cover it unconformably. Bottom level begins with
large size block material and towards the top continues as an alternation of coarse grained pebble and
fine-grained sandstone which reflects high and low energy periods. The Kizilkaya Ignimbrites has been
named by Beekman (1966) for the first time. It consist of white, off-white, light pink or gray in color and
exhibits a columnar structure due to the cooling cracks developing in the vertical direction (Figure 3). The
Kizilkaya ignimbrite is a product of acidic composition and show characteristic pyroclastic flow and
welded tuff. Kizilkaya ignimbrite range in age between 4.9 to- 5.5 £ 0.2 Ma according to K/Ar dating
and correspond to Lower Pliocene (Batum, 1981). In the study area Quaternary alluvial sediments are also
exposed in Uriimdiigiin plateau and Kegeli area and consist of volcanic-origin of fine grained silt and
clay materials. Actual Quaternary alluvial deposits consist of unconsolidated sand and gravel material.
This unit outcrop in the Aksaray plain, Hamambogazi creek and in the Uluirmak.
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Fig. 3. General view of the Kizilkaya ignimbrite
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3. Material and Methods

Investigation material is ignimbrite from Sevingli (Aksaray) area. Petrographic observations (optical
microscopy) in thin sections of fresh samples were used to establish textural properties and to identify
mineral species with Leica DM 2500 P polarizing in Aksaray University Geology Engineering
Laboratuary. Physical and mechanical tests on ignimbrite sample were performed in Afyon Kocatepe
University, Department of Mining Engineering Laboratory. Data on the physical and mechanical
properties obtained in experiment are given in Table 1. Interpretation of experiments given in Table 1
with related standards, besides these standarts TS 10449 standards and TS 6234 have also been used.

4. Physical and Mechanical Properties of ignimbrite

TS 2513 states that specific gravity could not be lower than 2.55 g/cm® for natural building stones.
Specific gravity of Sevincli region ignimbrites is 2.58 g/cm® and this value is close to standart as shown in
Table 1. TS 2513 indicate that apparent density of natural building blocks should be of 2300 kg/m® (2.30
glcm®), The apparent density of natural stone which used cover stone require up to 2550 kg/m® (2.55
g/cm®) according to TS 1910. Apparent density of Sevingli ignimbirites is 1,45 gr/cm® which is under the
accepted value (Table 1). Maximum porosity value of natural stone to be used for cover stone is 2%
according to TS 1910. Porosity value of study area ignimbrite is 25.5%, this value is very high according
to the standard value. On the other hand 25.5% porosity value of ignimbrites in the study area offer
possibility of evaluating the thermal insulation properties, since for thermal insulation, larger part of the
rock pores should be closed pores. According this the study area ignimbrite has an ideal thermal
insulation chareacteristic for buildings. Water absorbtion by mass should be lower then 0,75% according
to TS 2513. The high water absorbtion value of Sevincli ignimbrite indicates the high porosity of the
rock. This porous structure of the rock is a disavantage. Compressive strength of Sevincli area ignimbrite
has 9.81 MPa, as given in the Table 1. Uniaxial compressive strength of Sevingli area ignimbrite show
‘very low strength ' value according to to Deere and Miller (1966) , also it is lower then value for
metamporphic rocks (50 Mpa) given in TSE 2513. It can be concluded that high porosity of the rock
decrease the uniaxial compressive strength to 9. 11 MPa after freezing. Bending strength value of
ignimbrite is 4.06 MPa. Bending strength value of natural building stone should be 50 kgf/cm? (5 MPa) in
TS 2513. Accordingly, bending strength value of Sevingli ignimbrite is lower then given by TS. Ultra
sound velocity of the Sevingli ignimbrite has 2443 m/s, and the results are given in Table 1. The main
reason is due to the high porosity. By increase the porous structure within the stone, the sound wave
propagation and speed decreases. Schmidt hardness of the Sevincli ignimbrite was obtained as 29.56
(Table 1). According to Schmidt hardness classification value the Sevincli ignimbrite is a ‘less rigid” rock
(Brown, 1981).

Table 1. Standards used and results of the physical and mechanical properties of studied ignimbrite.

Test Name Standart No Result
Specific gravity (gr/cm®) TS EN 1936 2.58+0.02
Apparent density (gr/cm?) TS EN 1936 1.45+0.17
Water absorbtion (%) TS EN 13755 17.86+2.45
Open porosity (%) TS EN 1936 25.5+0.86
Compressive Strength (MPa) TS EN 1926 9.81+1.67
Ulrasound (m/sn) TS EN 14579 2443+476.31
Schmidt Hardness ISRM 29.56+3.94
Bending Strenght (MPa) TS EN 13161 4.06+0.48
Compressive Strength after freezing cycle (MPa) TS EN 12371 9.11+1.98

5. Conclusion

Mechanical properties of studied ignimbrites were compared with TS 10449, TS 1910, TS 2513 and TS
6234. The results are listed below:

- Specific gravity of ignimbrites is suitable for interior and exterior works in flooring according to the TS
2513.
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- Sevingli ignimbrites does not provide the necessary requirements given in TS 10449, TS 1910, TS
2513, TS 6234 on compresive strength, compresive strength after frezing, bending strength, Schmidt
hardness, porosity and weter absorbtion. Therefore, Sevincli (Aksaray) Kizilkaya region ignimbrites
showing low strength in terms of physico-mechanical properties can be identified as more suitable for use
in the interior works floors. In addition, because the high porosity value (25.5%) the ignimbrite in this
region should be investigated in detail to determine their characteristics for the thermal conductivity.
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Abstract. The Trés Marias Lake is an important water reservoir at the upper to middle Sdo Francisco River. It is
important for irrigation, drinking water supply, fish raising and tourism. Therefore the water contamination is a very
serious problem. The paper presents the connection between land uses/industry and water-/ sediment composition in
space and evolution in time.

It is to observe that industry is not more the principal contributor and is replaced by intensive agriculture activity in
the surroundings.

Key words: Water contamination, sediment contamination, agriculture, industry, environmental impact

Introduction

South of the city of Trés Marias a storage lake was installed and finished on 01.03.1963 to push the
industrial and agricultural evolution in the Sdo Francisco valley and to avoid future overflooding. The
lake is situated in the municipal district of Andrequicé and touches the districts of Lassance, Buritizeiro,
Sd0 Gongalo do Abaeté, Morada Nova de Minas, Felixlandia, Corinto, affecting their hydrological
situation and climate. The drainagearea of the lake is about 50,600 km? and its surface is of about 1,090
km? with a volume of 19,528 hm3.

The investigated area is situated in the central-western part of Minas Gerais State, about 270 km away
from Belo Horizonte, south of the city of Trés Marias. The access is by BR-040 in direction of Brasilia
(Figure 1).

The climate of the region is subtropical to tropical with clear defined rainy and dry periods (Ab”Saber,
1971). The vegetation is a transition between Cerrado (Savannah), Dry Forrest and Caatinga (IEF, 2005).
The lake shows distinct periods with high and low water levels (DNPM/MME, 1989), controlled by
natural input, evaporation and dam regulation of the output. From the 80s the effective water reserve
reduced to less than 40% in 2013.
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Figure 1. Localization map of the Trés Marias Lake with the different sampling areas due to present contamination
sources like river contribution, land use or other human influenced factors. (CPRM, 2003; modified).
1: North-western Valley — Family agriculture; 2: Eastern Margin — Traffic influence; 3: Morada Nova
Region — Settling, fish raising; 4: Extrema River — Forrest economy; 5: Paropeba River — Heavy
Industry, settling, forest economy; 6: S&o Francisco Valley — Extensive agriculture, forest economy.
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The system of the lake including the drained area is intensively used by agriculture activities like cattle
raising, seed production, forest exploitation for wood, charcoal and cellulose, extensive corn and cotton
production and fish raising.

Almost the whole shores of the lake are influenced by extensive tourism, bathing, intensive fishing and
boat traffic.

The nearby zones of the lake are influenced by heavy industry, agriculture, digging activities, sewage
water and other contaminating sources (Figure 1).

The changes in land use around the Trés Marias Lake are shown in Figure 2 (space images taken from
different years).

Figure 2. Space images showing the evolution of land use from 1990 up to 2010.
Left: Principally natural vegetation like savannah, dry forests and outcrops of sediments. Middle:
Beginning of agriculture activities and forests; Right: Intensive forests) and agriculture activities.

Activities

The method of field sampling and sample treatment was based on the guide by CETESB (CETESB,
1988).

Field work

The sampling of sediments has been done by Schimith from 2011 to 2012 (Figure 1; eight campaigns)
during six month and compared with data from Schilling (1991; one campaign) collected in 1990 and
Oliveira (2007).

The localization has been done by triangulation (first campaign; 1990) and by GPS-localization (last
campaigns; 2012). At the sampling points other physical-chemical parameters like temperature, pH,
conductivity, eH, color, turbidity and DOB of the water were determined.

Transport

The samples, water (11), sediments (1-2kg), were transported to the laboratories in Belo Horizonte,
sediment samples in plastic bags and bottles in cooling boxes. Then the samples were stored in freezers.

Laboratory stage

Preparation of the sediment samples

The samples were dried, sieved and the fine fraction was analyzed.

The extraction was done by water (pH of rainwater), weak acid (10% HNO3) and concentrated acid (conc.
HNO3).

Analytics

For analyzing the selected elements the equipment of XRF (ACME-Lab) and ICP-OES (NGgA-1GC) was
used with national and international standards.

Results

The analytical results from sediment sample show that soluble metal concentration changes significantly
from 1990 to 2012. The changes in concentration show the influence of increasing of environmental
protection activities and the changes in intensity, quality and output of the principal sources (Table 1)
together with the reduction of free metal ions in water samples and increase of clay- and oxide bounded
ions.
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Table 1. The average values of sediment data (all campaigns, 1, 2, 3, 4, 5, 6) in comparison with values and data
from before (Schilling, 1991; Lundhamer, 1991; Horn & Sgarbi, 1993; 1a, 2a, 3b,4a, 5a, 6a). Areas can
be seen on Figure 1.

Pb Cd Cr Co Cu Ni V Zn Sn Al
mg/kg gkg

1 85 1,5 234 9 160 39 110 45 8 9
1a 86 1.4 234 9 145 38 116 37 8 6
2 45 0,7 102 9 145 40 71 125 10 12
2a 53 0,8 96 8.5 130 37 70 130 10 8.9
3 125 7.5 850 33 195 12 240 85 35 16
3a 110 ) 720 30 180 9 235 75 40 14
4 160 1,2 170 8 185 40 115 140 20 25
da 158 1,2 168 7,1 53 43 120 157 19 20
5 70 0,4 150 7 38 40 110 140 18 20
Sa 83 0,9 93 7 36 33 93 125 23 12
6 45 1,6 94 9.1 144 28 25 32 0 4.8
6a 0 1.4 69 8.8 124 25 20 25 0 3.7

Table 2. Indication of obtained water concentration for selected elements (all campaigns, 1, 2, 3, 4, 5, 6) in
comparison data from previous works (Schilling, 1991; Lundhamer, 1991; Horn & Sgarbi, 1993; 1a, 2a,
3b,4a, 5a, 6a). Areas can be seen on Figure 1.

pH TCA Zn Cd Al Mn Ni As K Na
1 7.8 1 0 0 1 1 0 0 m m
1a 5.3 m 0 0 0 1 0 0 m nd
2 7.4 m 0 0 m 1 0 0 m m
2a 5,4 m 0 0 m 1 0 0 m m
3 8.1 h 1 1 h m 1 1 m m
3a 5,4 h 0 0 h 1 0 0 m m
4 6,9 h m m h m 1 1 h m
da 5.4 h 0 0 h 0 0 0 m m
5 6,9 h m 1 m m 1 1 m h
Sa 4,5 1 m 0 m 1 0 0 h h
6 7.8 m h m h h h 1 h h
6a 5.8 h 0 0 m 1 0 0 0 m

Note: nd= not detected; I= low; m= medium; h= high concentrations.

Interpretation

The comparison between the chemical data and other parameters of water and sediment samples shows
that the values change. The principal distribution of contamination is changing from punctual to diffuse
contamination (Table 2 and 3) and from Paraopeba to S&o Francisco River and the regions with
agriculture utilization.

Conclusions and discussion

Observing and interpreting the data from about twenty five years it can be concluded:

- The primary contamination caused by industries along the river reduces significantly;

- The change of the principal sources from the big industries to small and informal industries;

- The urban contamination increases from the past;

- The growing of agriculture, forest economy, fish raising in the Cerrado region is causing more and more
diffuse metal and organic contamination of water, this is less visible in the sediments.
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Sediment samples show the longtime contamination, indicating a reduction of the industrial participation
from 1990 till 2010 in contaminant liberation.

The parallel taken water samples supported these considerations and indicate a stronger contribution of
small industries, urban centers and agriculture activities (s.l.). The problem is the diffuse contamination
caused by these activities reaching more parts of the river and complication processes of auto healing.
The temperature, conductivity, pH and turbidity distribution show the recuperation and force of the lake
to recover or mitigate problems from the contributors to the dam.
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Abstract: Silicophytoliths are opal corpuscles formed by some plants. These particles can trap small amounts of
elements like Al and some undesirable heavy metals. In this paper elemental analysis of silicophytoliths of three
species grown on soils added with sewage sludge and heavy metal salts were performed in order to verify
amounts of heavy metals and Al they can trap. The results show that all studied plants can trap small amounts
of heavy metals in their opal structure and that the plants that produce high amounts of silicophytoliths can
clean soils fertilized with sewage sludge used in agriculture.

Key words: Phytoliths, sewage sludge, contaminated soils, phytoextraction, phytoremediation.

1. Introduction

Phytoextraction (phythoremediation) has been suggested as a viable alternative to traditional restoration
practices for heavy metal-contaminated soils in view of the lower costs and lower environmental impact
(e.g. soil fertilized with sewage sludge and land fill areas of mines). The heavy metals and aluminum that
plants extract are toxic, and the plants used for phytoextraction are known as hyper accumulators that
have the ability to sequester large amounts of toxic metals both in their organic and mineralized parts
(Olivaetal., 2011).

Mineralized tissues are common in animals and plants. In almost every phylum outside the animal
kingdom taxa can be found in which biomineralizaton also occurs. Silicon is omnipresent in soils in the
form of minerals and others, thus it is an element ubiquitous in the plant environment. Due to soil
conditions silicon dioxide and aluminum silicates are normally only slightly soluble forming free silicic
acid. The variations of Si-contents are low within a plant species. The Poaceae, generally have high
silicon contents (>4% dry weight) while many other plant families are poor in silicon (Bauer et al.,
2011).

Plants during their vegetative cycle absorb most of the Si as silicic acid [Si(OH),] which, during
transpiration and under polymerization process, is synthesized to opal silica (so called “plant-opal”,
SiO,-nH,0). They form small (50-2 um) opal corpuscles known as silicophytoliths which may also
contain significant concentrations of other elements (Wilding & Drees, 1971). Silicophytoliths, besides Si
and O, contain small amounts of Al, Fe, Mn, Mg, P, Cu, N and inorganic C ranging from 1% to 5% of
total phytolith weight (Bartoli & Wilding, 1980). These elements are present in the cytoplasm of living
cells and then retained when cells become impregnated with solid silica, becoming enclosed within the
silicophytolith (Wilding et al., 1977). These particles have important beneficial physiological functions
like the immobilization of plant toxic ions such as aluminum and heavy metals (Bujan, 2013).

After senescence and decomposition of plant debris, the silicophytoliths are dispersed in the soil where
they remain as one of their stable major components. Since the silicophytoliths have the ability to
sequester heavy metals, and because they remain unchanged by weathering in the soil for many years,
they can be used to recover contaminated soil with these elements through processes of
phytoremediation.

The objective of this work is to find out which elements and in which quantity the selected plants can
trap in their silicophytoliths. The plants were grown in soil with and without addition of sewage sludge
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(Ricinus comunis and Andropogon arundinaceus, an hyper accumulator) and with and without addition
of salts of heavy metals for Brachiaria decunbens.

2. Methodology

The experiments were conducted at greenhouses at the Institute of Agrarian Sciences of the UFMG

localized at Montes Claros.

Two distinct test series were realized:

1. The used soil was an Inceptisol. Leaf samples of the Poacea, Andropogon arundinaceus and of the
Euphorbiaceae, Ricinus communis grown on soil with and without addition of sewage sludge (dose:
30 t-ha; Table 1) were collected and submitted to phytolith separation using dry oxidation procedure
as described by Parr et al. (2001).

Table 1: Important elements of the sewage sludge composition (trace elements determined by ICP-OES and ICP-
MS analysis)

N P K Na Ca Mg S Fe Mn Zn Cu Cd Pb Cr Ni

% ppm
324 075 336 002 221 026 193 448 1950 6250 1475 1,27 365 50,0 247

2. The used soil material was sampled from the 10 and 30 cm depth of a medium textured Oxisol
(pH=4,8) with 20% clay. The neutralization of the soil acidity and fertilization was done according to
the recommendations of Malavolta (1980) for greenhouse tests. The amounts of the heavy metal salts
added (per kg of soil) were: BaCl, (0.2g); HgO (0.022g); Pb(CH;COO), (0.04g); Zn (CH;COO0), ;
MnO, (0.08g); Cu(CH3COO), (0.2g); FeCl; (0,14g). The tests were done in 14 pots each with 5kg of
soil. No heavy metal salts were added to the control pot and one pot was filled with a mixture of 50%
sewage sludge and 50% soil material. In every pot three plants of Brachiaria decumbens were planted.
The tests were done during the period of April to August with maintaining the soil humidity to 70%
field capacity. The whole plants were cut, washed, dryed; the silicophytoliths were extracted according
to the wet oxidation procedure described by Parr et al. (2001).

The elemental analysis was perfomed by the ICP-MS ( Indictively Coupled Plasma Mass Spectrometry)
Method.

3. Results

— The phytoliths of Andropogon arundinaceus (Poacea; MS e ed-XRF) show a significant presence of Si,
de S, K, Ca, Cr e Fe (>10mg-kg-1). Zn and Cu were found in concentrations near detection limit and Al
was not detected, fact that agrees with Carnelli et al. (2002) about the co-precipitation of Al and Si in
annual grasses.

— The phytoliths from Ricinus communis show high Al, Fe, Ti and K contents (>500 mg-kg-1). Only
slightly differences in element concentrations between th