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Foreword

The Symposia organized by the Society for Economic Geology of Romania and by the Department of
Mmmlng}* at the University of Bucharest haveé reached. their third edition. The Symposium we
organize this year is dedicated to Prof. Dr. Doc. Gtauan Cioflicd — Honorary Fresident of the Society

for Economic Geology of Romania — on the occasion of his 75% anniversary and of more than 50 vears
of didactic activity and geological research,

The sertlement of the Society for Economic Geology of Romania is linked to the name and activity of
Prof. Cioflicd, the first president of this society.

The Symposium entitled “Alpine Metallogenesis in the Romanian Carpathians and Adjoining Areas™
and the papers we introduce here, represent a recognition of the special merits of Prof. Cioflicd in the
research of the metallogenesis belonging 1o the Alpine structures in our country, an activity reflected
by tens of papers presented and published along the last decades.

His contributions focused especially on the Alpine ophiolitic formations in the Carpathians, whose:
petrology. and metallogeny were treated with predilection. Prof, Cioflich also distinguished himself
through his remarkable studies on skams and the laramian metallogenesis in the Banatitic area.

In this anniversary year - 2002 — we also celebrate 75 years since the senlement, within the present the
location, of the Department of Mineralogy. a veritable “High values producing institute”; until 1927,
the Department had functioned in improper establishments with peripheral positions within the
Universily. We dedicate this Sympostum also to this event.

[t i5 our pleasure to mention that a large number of Romanian research scientists — especially from the
field of economic geology - have responded (o the invitation to participate inte the Symposium. Our
satisfaction is even greater seeing that numerous scientists from Germany, ltaly, Serbia, Hunva}r.
Israel, Iran. Jordany and USA, take part into this Symposium, each presenting valuable papers in the
field of mineralogy, geochemistry and economic geology. In this context, the participation of Prof,
Karamata from Serbia, and of Prof. Giovanmi Ferraris from lialy, is to be dignified.

These constitute implicitly a recognition of the value of the scientific work of Prof. Cioflick, and it is
our pleasure 10 relieve it

We are convineed that also on this occasion, the Society for Economic Geology of Romania will offer
a favorable framework for the exchange of uselul ideas in the hield of ore deposits research and

exploitation. ideas that are especially necessary in this period of reassessing this domain of Geology in
QUF COUNITY.

Prof, Gheorghe C. Popescu
President of the Society for Economie Geology of Romania



NEOGENE SILICEOUS DEPOSITS RELATED TO FOSSIL GEOTHERMAL
SYSTEMS IN ROMANIA

CIOFLICA' Gratian, JUDE' Radu, PERRY® R.V., BERBELEAC® Ion, SEGHEDI' Ton, SZAKACS
Adexandru, UDUBASA' Sorin Silviu

Introdiction

In Romania, as in the other countries with active or fossil volcanic areas (Island, Russia,
Japan, Taiwan, New Zealand, US A, Chile etc) the surface and sub-surface deposits of geothermal
system manifestations are very common. These manifestations can take the form of hot water seeps,
hot springs; geysers, and hydrothermal acid alteration,

According to the temperature the geothermal systems are either hot water systems (HWS) or vapor
dominated systems (>85% wvapor, VDS). The surface manifestations of geothermal systems are
represented by hot springs and geysers. Compositional varieties of surface deposits from hot springs
and geysers include siliceous . deposits, carbonatic deposits and ferruginous deposits. Siliceous
deposits are mainly represented by silica sinter. Travertines are typical carbonatic sinters.

Sub-surface manifestations of geothermal systems include hydrothermal alterations of rock bodies
through which the geathermal fluids (hot waters and vapors) circulate. They are most common in the
central core-complex areas of voleanic edifices. There are vanations of hydrothermalized rock bodies
from veins, wveinlets, lenses, breccia pipes up to diffuse peérvassive alteration zones of vanous
intensities. Acid lesching may result in formation of “secondary quanzites” by removal of most
chemical components of the host rocks and local concentration of silica. Sometimes is difficult 1o
distinguish such kind of silica bodies and surface deposited silica sinters,

The presence of these deposits in volcanic areas can stimulate exploration activities and must
be taken in consideration when the geothermal potential is evaluated. In spite of their great varieties
and extent, no modern investigations has been undertaken for these deposits in Romania, which
probably covered much larger arcas than today, Here we descnibe the siliceous deposits seen as
products of fossil geothermal systems related to Neogene voltanism in Romania

Some general features of surface manifestation of geothermal systems

The reservoirs of hot-springs and geysers are different and their charactenistics are controlied
by temperature, discharge rates, host rock type and structural factors, The surface manifestations of
geothermal system are conditioned by the presence of permeable rocks and the system of fissures and
faults which allow the fluid and gas circulations. Hydrothermal engine is driven by a decper heat
source represented by either magma chamber of cooling intrusive bodies. The surface hot spring
discharges can directly overlie a heat source:driven a geothermal system or they can be located
laterally from it. The reservoir temperature of HWS can be low (<90°C), intermediate (90-150°C) and
high (150-240°C), Nete that this kind of hydrothermal system will not exceed the boiling temperature
of water at the elevation of spring. The VDS oceur in very high heat flow areas (e.g. California, New
Zeeland, Montana-Wyoming etc) and low water recharge. In the HWS, sub-surface gases from VDS,
flow along the conduits, condense, form acid springs, and leach the rocks round the spring area.
Bieached rocks, acid-sulfate springs, without chloride waters, mudpots, geysers and fumarcles are
characteristic for these areas. A geyser can be defined as: 1) a hot spring that in time is
hydrodynamically and thermodynamically unstable, while the common hot spring shows a
continuous hot water flow; 2) a fountain (pool) of hot water from which, at some time intervals, blobs
of superheated water suddenly rise to the surface and explosively flash, and 3) cones of silicic sinter
built up above subsurface conduits: The geyser eruption mechanisms show a cyelic behavior: 1) the

' University of Bocharcst, Faculty of Geology & Geophysics, Dept. of Mineralogy, 1, N Baleeseu Blv, RO-70111
Buchargst, Romania; c-mail; wdubasy#peo-edu, ro

* Gold Discovery Company, Golden, 16622 W, 36" Dr,, 80403, Co, USA, e-mail: bperny@ easy.net

Yegabba 5. Stefinescu” Institute of Geodynamics of the Romanian Academy, 19-21, 1L Calderon Str.. 70201-Bucharest,
Ronania, ¢-mall: doresugriigeodin ro
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conduits are filled with water that periedically flashes to steam, 2) emptying the conduits and 3)
refilling (after some time) of the underground system.

Romanian Neogene siliceous occurrences

Romanian Neogene siliceous occurrences may represent fossil hot spring and geyser deposits
or sub-surface hydrothermal alteration of host rocks. They are known in the East Carpathians cale-
alkaline volcanic arc (between Badenian-Upper Pleistocene), a region with subduction-related mantle
origin of the magmas and in the South Apuseni Mountains voleanic area with extension-related
magmatism (14.8-1.6 Ma), (Fig.1). In both regions, the andesite 15 the dominant rock type.

East Carpathians Meogene siliceous occurrences are known in northwest (Oas-Gutai Mts), in
the northern part of Calimani-Gurghiu-Harghita volcanic chain and southerm part of this chain.

In Oas Mits. the “siliceots formiation” or “acid-sulphate alteration™ has been recognized at
Tarna-Turt aréa where opal, chalcedony + quartz, pynite and marcasite veins and veinlets or silicified
breccia bodies related to advanced ergillic alteration, are present, They usually appear-as irregular
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Fig 1 - Tertiary voleanic arvas and ntaln Neogene fossi! siliceois
deposity of geotherimal nxiens in Romania

clongated bodies on E-W fractures, range up to 1 5km long/ tens of meters wide and thick and are
situated outwards or out of ore vein fields

In Gutai Mits Sarmatian-Pannonian siliceous occurrences are preserved as white-yellow
bedded silica sinters with plant casts (Piatra Malnas), breccia “pipe” (Cavnic Valley), veins and
fissures filled with chalcedony and quartz. Breccified and limonitezed porous rock ledges
(eristobalite, tndymite, opal, kaolinite, alunite, marcasite, melnicovite) within of a large (1-2Kn/100-
300m/tens meters thick) acid—sulfate advanced argillic alteration area are present at Jereapan-Varatec

In Calimani caldera, at Negoiul Romanesc - lancului Brook (up to 1 km*/80m thick) and at
periphery of it, at Bradu Ciont - Puturosu Valley (up 0.5 km®/ 200m/tens m thick) a large silicic
alteration arc¢a is present, previously known as “silicifications - gyserites”, “silificated pyroclastics”
and “secondary quartzites” They are younger than the existing volcanic rocks (Pontian) and
represent a white-yellow and brown-redish to dark brown siliceous deposit of an important solfatarian
system. Close to actual surface were recognized lenses, beds, irregular veins and fissures with
bedded, massive, compact or porous mass of opal, quartz, tridymite, sulphur, Fe hydroxides + alunite,
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barite, gypsum, jarosite, marcasite, melnicovite, et¢. An inherited alternation of fine silica and Fe
hydroxides lenses or beds are characteristic for Negowl Romanesc siliceous deposit. Below
mentioned deposit an advanced acid-sulfate alteration with native sulphur, marcasite, melnicovite,
clay minerals assemblages, do occurs

South of Calimani Mountains, as related to andesitic volcanics generated dunng Dacian-
Romianian, the siliceous occurrences are products of “acid-sulfate alteration” in Fancel-Lapusna
(Gurghiu Mts) and Varghis-Harghita Bai - Madaras-area. Have also been described ‘as “silicifications
-gyserites” in Homorod Mic Valley “gyeiserites” with traces of plants and gasteropade casts north of
Filia (limonite+opal) and Herculian areas (alternation of opal and silicecus limonite thin beds in
pyroclastic rocks), “opalizations” in Chirui Valley and at Sugo-Var Valleys (Madaras) (cristobalit,
alunite, kaplinite),

South Apuséni Neogene siliceous deposits are known as “jasperoids™ at Vulpus Hill (Draica -
Saliste Area) and “jaspers” at Sanatoriu Hill (Brad Area) in Metalifen Mts, “sinters” in Cremeneasa
Valley and products of “acid-sulfate alteration” in Talagiu Area (Zarand Mis). Jaspers and sinters
were unanimously considered as geyser products.

Al Vulpus connected to Upper Badenian andesite intrusion, along E-W roughly vertical
contact between ophiolites and Upper Jurassic, gray-white, gray-blackish and yellow-brown irregular
bodies, nets, veins and veinlets of quartz, tridymite, barite + alunite, clay minerals, pyrite, marcasite,
realgar etc, are present. Many sinters-like blocks:can be seen on Draica Valley and it tributaries and
toward south of Rea Valley,

Sanatorului Hill jaspers are undoubtedly the most characteristic Romanian sinter deposit, It

includes multi-stages polychromatic chalcedony and opal sinter lenses (red, red-brownish, brown,
yellow, white-yellow, ochre, white, blue-grey, black etc), hosted by Upper Sarmatian andesitic
pyroclastics. The deposit les at 5 km north from Brad Neogene volcanic-subvolcanic and
metallogenetic area. Crisul Alb fault controlled lenses of sinter distribution which cover an area up 1o
0.01 Km *, have 10-30m thick and represent terrace-like deposits with banded, massive, spongious
and sometimes breccious mass. They preserve allobtonus Badenian fauna, flora, fungi hiphae,
bacteria and nannoplancton and poligenetic detrital fragments Cristobalite-trydimite, opal-quartz and
chalcedony-cristobalit-tridimit-quanz are the dominant mineral assemblages:
In Zarand Mits. silicic deposits are related with Sarmatian volcanic and metallogenetic activities at
Talagiu and Gura Vaii-losasel arcas. At Talagiu within an advanced —argillic alteration siliceous, Fe
hydroxides + barite (Vacide-sulphate”) bodies and veins and veinlets of jasper (chalcedony and
quartz, Bratosin Adit) are known Here the thickness of acid-sulfate altération usually does not
exceed téns of meters, ravely 100-200m and it is superposed on propylitic, adular-sericite and
feldspathic alteration or occur outward of this. At Gura Vaii — losasel Area mn upper pant of
Cremeneasa Valley many blocks of polychromatic chalcedony-guartz-opal sinters, some of them with
water plant remainders and many gas globular voids, do appear. They cover up tolkm® area with
advanced argilhic alteration erass-cutted by numeérous sub-surface veins and veinlets of jasper. In this
area cinpabar occurrences are present,

Summary and genefic model

The Romanian Neogene stliceous deposits represent surface and sub-surface manifestations of
hydrothermal system associated with Neogene-Pleistocene: cale-alkaline volcanic activity. They can
be considered the products of hot springs and geysers, as well as refated to sub-surface hydrothernial
alteration of host rocks. Hot spnngs and geyser type deposits have reliably been identified in a
number of occurrences in the East Carpathians (Piatra Malnas, China, Filia-Herculian) and in the
South Apuseni Mountains (Sanatorslsi Hill, Gura Van-losasel). They all display unequivocal
evidence of surface deposition (preferentially occurr at lateral locations with respect of central
voleanic edifices, have terrestrial plant remainders, show layering and typical textural features of
siliceous sinter deposits). Other occurrences can be assigned to sub-surface hydrothermal alteration
processes (acid—sulfate alteration) related to central type volcanic structures or intrusive bodies.
Sometimes they are celated to epithermal mineralizations. Typical examples are: Tama-Tun,
Jereapan- Varatee, Calimani, Fancel-Lapusna, Vargis-Harghita Bai, Madaras from the Eastern
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Carpathians and Talegiu and Gura Vaii-losasel from the South Apuseni Mountains. A third category
of occurrences include those siliceous deposits whose ongin as surface or sub-surface deposition is
uneertain according to the present level of knowledge.
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Fig2 - Schewmatic cross-section showing environmenis for the formation of porphyry tipe, epithermal deposits and
geothermal deposits (adapted from Healey (1955} and Hedenguist & L entstern, 1984, with modifieations),

This is the case of Brada, Rachitele, Calimani and Sugo-Var from Eastem Carpathians:A schematic
genetic model to explain the genesis of these deposits: siliceous deposits related to hot springs and
geysers and siliceous deposits related with sub-surface acid-sulfate hydrothermal alteration is
presented (Fig 2).

Selected References:
Henlep 8. IV, {1985} Reviews in Economic Deposits, 2, p 2904,
Hedenguist J. W, Lowenstern J. B. (1994} Noture, 370, p 519:327.

DISCOVERY OF ULTRAMAFIC-XENOLITHS LAYER
IN THE TEPHRA SUCCESSIONS OF JABAL ARITAIN-5, JORDAN,

AL-MALABEH' Ahmad

Numerous occurrences of ultramfic-xenoliths outcrops have been described by the author in
Harat Al-Jabban the Jordanian part of the large intercontinental alkali olivine basalt field of Harrat
Al-Shaam that extends from northern Syria up to southern Saudi Arabia through Jordan,
A 150 em thick layer of of ultramafic-xenoliths has been discovered in the volcanic succession of the
Srombolian volcanic cone of Jabal Aritain-5, Jordan. This layer is portray for the first time in this

! Hashemite Unl";trsily- Depariment-of Eanth and Envitonmenial Sciences, PO, Box 1504539, Zarka 13115, Jerdan
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voleano and represents a distinguished worldwide record. These xenoliths are of oval to spherical in
shape, and of 20-50 cm in long diameter.

Modal variation indicates that the studied xenoliths are mostly spinel lherzolite and spinel
dunites. The xenoliths show protogranular and porphyroclastic textures. They formed of four
anhydrous phases, olivine (60-75%), onthopyroxene (15-18%), clinopyroxene (9-15%) and spinel
(~4%) and one hydrous phase of phlogopite (- 6%%),

The xenoliths are of Cr-diopside group and characterized by high content MgO (41-45 %) and Cr
(1830-2443 ppm). Mineral chemistry shows that the xenoliths are of Mg-Cr-rich spinel ‘and Mg-rich
olivine.

The oecurring of phlagopite represents as key indicators for mantle modal metasomatism
related to the percolation alkaline melts. The absence of the other MARID hydrous mineral phases in
the studied xenoliths indicating the limited degree of metasomatism
Thermobarometry of the investigated xenoliths indicate temperatures: 980-1220°C. and pressures: 14
—16Kbar which represents a depth of about 45 km.

ATTEMPT TO CORRELATE THE “WIDTH" AND THE SHIFT OF A FAULT

BARBIR' Gabricl Diinug

The tectonic and structural festures represent the most important indication concerning the
distibution #nd location of metallic ores {especially uranium) in metamorphic rocks: A wvery
important practical problem is to determine the shift of the faulted ore bodies. In order to achieve this,
it is imperiously necessary to asses the correlation between the “width” of the fractured zone (g) and
the shift of the fracture (2:d;,) The example described. uses two real faults, with different positions,
thickness and shifis:

- the incipient fault with 2:d= 0.1mand g; = 2+, macroscopically unobservable;

- the more evolved fault, within which the shear generated a shift of 2:dy= =1.0318mand g; =
0.0668m,

The problem to be solved out is'whether there i% any correlation between the width of the
fracture and the associated shifi,

marker

' CNU-S.A Bucharest, Suceava Branch, Calea Burdujeni , ne.7, bl.82 , ap 20, Suceava. Romania
Priniag SO Praspecim 54 -]



For the given starting datg the assumption has been made that the movement along the
fracture determines an increase in the temperature which is directly proportional with the shifi
According to the conservative non-stationary thermal conduction equation:

ar a'r 1 "
H-gﬂ.&__n_p_n 10°% m* s — thermal diffusion coefficient

oné can deduce the time necessary to seftle a transverse geothermal gradient across the fault, by
taking a range of temperatures between 363,15 and 647,15 K. By solving the equation, we get:

T, 36315
= = T s
k{z:ﬁan ] T, 64715

0.0334

11107 -1 ]L‘riﬁc&

0,0334
2. L1100,
1; =1508.255 = 25,14 min

By knowing the time necessary for completing the shift and also, its value, as directly
observed, one can deduce the initial speed (v,), the final speed (v) and the acceleration in the final
moment of fractuning, In order to solve this, we suggest the following equation

e 1L
o= “ﬂ- ! 1_£-l-l'-l' =5

=041

a ’ i dy 05159
gt =Yook 2T Y 150828

==226-10"m/s’

3 -7 52
|"'¢l'| ayd | 22610705189 o 0a
g E.,i',' 4y 1.1 -I,n—i £ 12600700002

T 14307
vy =, '[‘ —e' i = 550,107 [ | g 1NN | =3 43.10% m/ s

Assuming that the fracturing took place in adiabatic conditions, the speed for shifling the
isotherms perpendicular to the shearing is approximately constant:

Vy=x2 = 0.0334/1508: 15 221107 mis

Vi =5/ = x =221 10 Iy

As an application, the case of a fracture with a shift equal 1o 2-d; has been taken 1o deduce the
acceleration —ay, the fracture width — gy, the time — fp-and the temperature = Ty

6 Printing 5.0, Prospectiani 5A.
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This calculation approximates satisfactorily the parameters to be determined for shear faults
with shifts of upto 1 m,

GRANITIC MASSIVE OF NORTHERN DOBROGEA ~ BUILDING MATERIAL DEPOSITS
OR PROTECTION AREA?

CETEAN' Valentina, MARICA ® Silviana-

Introduction

The Macin Mountains are the oldest mountaing in Romania, which have been transformed in 2
hundred thousand years of erosion and tectonic movements. Today they aren’t mountaing anymore,
but is the mountain’s root, representing the ruing of the original mountain of a hundred millions years
ago. Their peaks have been eroded almost to their base by the winds and arid climate. The yellow
dust covers irregularities in the ground. They stand above the Danube bed with shout 300 - 400
metres. Macin Mountains have NW-SE direction, almost 500 square meters area and the maximum
width is 24 kilometres, '

They are composed of paraliel summits, more numerous in the south-south-western side. The
main summit of Macin Mountains (467 meters in Tutuiatu peak) go on - in the NW and SE - with the
other parallel summits, what are constituted preponderantly of granitic rocks. The secondary summit,
parallel with the' main summit to, is constituted of more massifs with an island character
Morphological limit with the geotectonic eastern unit corresponds with an overlapping tectonic
line. The Macin Mountains represent the most evidently local example of hercinic orogenesis from the
end of Palacozoic. They show a characteristic morphological structure, with a total concordance
between the main fines of relief and geological composition. The morphological aspect of the Macin
Mountains, being near the Danube and the existence of a unique flora and fauna contributed to the
inclusion of this area into a reservation. '

The Geology and the Genesis of Magmatic Rocks

The Macin Mountains originated into rifting cratonic area. The principal structure of these
mountains finalized by orogenetic movements of hercinic (Upper Palacozoic) period, Concomitant
with these movements was formatted a large granitic volume More of 80 percent of actual Macin
area Tepresent granitic roeks. Hercinic magmatie rocks are following deposit’s shapes: batholith with
many apophysisiss and dykes; sills, laccolite.

' PROCEMA S A, 136 Calea Grivitel, Bucharest, e-mail: valentina.cetcaniixnct ro
* PROCEMA S.A, 136 Cailea Grivitel, Buchareit e-mail: georokid xnel.ro
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These pranites were breaking Palacozoic beds, what are metamorphosed at contact. In .
Northern part of these mountains exist a great laccolite - 6 km diameter. The most important types of
rocks are representing by calc-alkaline and alkaline granites. Generally, these rocks are massive, but
there is an alteration zone in the upper part of granitic area of 5-15 meters thickness, The magmatic
source had an acid character, with distinct separations what formed similar mineralogical zones and
different colours. The magmatic source had a strong acid character, with separations that determined
the formation of granites, granodiorites, diorites, tonalities, gabbros and quartzitic porphyries. The
calc-atkaline granites have a typical development in the Northern part of Macin Mountains and in the
central part of mountains (Pricopan summit). In the Southwestern part, the granites have a light
foliation and, sometimes, microgranulation character.

The Tectonic of Deposit

Such majority others granites deposits, Macin Mountains® granites have a primary fissuring
due to the ceoling of magmatic chamber and secondary, - tensional fissuring due to two factors:
involving granitic massif in tectonic movements and supergene alteration phenomena meet only in
upper part of massif. Predominating fissures due to the cooling process of magmas have NW-SE or
NME-SSE direction and were recognized in deep, near to the limit of electrometer and ‘drilling
investigations. The representation of fissuring measurements achieved individual, for the
predominant strikes (Fig.1) and layer’s inclinations (Fig.2).

Fig 1, 2« Roxe dragramys of predmminant strikes and predominant lavers inclination in e AMacin
Muountates

Sharing fissures have a differemt orientation; NNE-SSW, NNW-SSE and NW-SE. These
fissures determined turning and meoving off of granitic blocks. The corneean rocks fill the most part
of such fissures. They formed at contact between granitic magma and subsequent metamorphic rocks.
The unloading fissures (“sheet structure™) are, in principal, p::;gi:ndinﬂar on mnrphufq'Fil':ﬂi surface
(70°-88"70°-90" and secondary almost horizontal on surface (40"-75%/2%-20, 90°-95%10"-30%),
Tensional fissures associate with shearing phenomena and forms typical surfaces limits by 40-50 m®
with chloritic minerals and fraction -glasses. Tensional fissures appear sometimes associates with

shearing fissures. All types of fissures limit useful blocks for ornamental tiles. Maximal volume of
these blocks rich at 1.8 2.5 m",

Mincralogy of Granifes

The large part of the Macin's rocks is granite with biotite, what appearing in two varieties:
rose and reddish granite, medium crystallized, grey — bluish granite, small crystallized. Percentage
mineralogical compositions of Macin Mountains’ granite are;. Quartz 25-40%, Feldspar 50-72%,
Ferromagnesian minerals 3-8%, Accessory minerals 3 -8%, Opaque minerals 1 -2%,
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The both varieties have a vanegated-aspect due to elongated c.r;mals of hmm Thc gntmlu: mcks haw:
h-_..rptdmmnrphm {subhedral) holocrystalline  structure LIPS &
and massive slowly orientate texture (Fig 3)

(xidic compositions of granites

The wvalues of the Niggh's parameters are
indicating the Macin Mountains granites™ affiliation at
the chalcoalkaline magmas orgmnale at  depths:
engandinite-granite ‘and type yosemite-granite. The
chemical analyses on different samples demonstrated
simifar values of studied granites: Fes(;- 1.32-2.69,
Al:Ony-12.85-13.22, TiOs - 0.18-0.28, CaQ- 0.72-2.92,
MgO - 0.35-0.84, NayO- 3.93-3.78, K;0 - 3.42-5.75,
510z - 73.07-74.68.

FPhysical and mechanical characteristics

The granites have good physical and mechanical eharacteristics. reason they are able to use in
the ornamental stone industry, for outside or inside plating (slabs). Also, the granite of Macin is good
for roads, hydrotechnical works (crushed rocks) and for building industry (stone blocks, selt stones,
J:ru:h:lm_gs. slabs, rubble stones, building' s foundations), The charastenstics are: density -2.709-2.720
Kg /dm’, apparent density -2.64 Ko/dm', total porosity-2.35-3. 19%, apparent porosity-0.22-0,25%,
water abs_-nrptmn at normal pressure-0.08-0.14 %6, water absorption through boiling -0.15-0,19%,
coeffictent of frostelefiness - 0,03-0,04%, compression strength- 12541403 daMN/em®

Considerations about granites exploitation in the Macin Mountaing

In 2001 it was inventoned approximately 40 quarniés for granites and granodiorites (Fig 4),
but presently only 3 are in operation the production of crushed rocks blocks. For a good utilization of
the Macin granite is necessary to adopt modern mining and processing methods what can reduce the
big volume of stenle and the impact on landscape. Because the Macin are old mountaing, they were
suffering intense erosion. This reason and —
¢xploitation with explosives determined & {3
big fissuring and alteration of rocks
The cover of deposits varies between 5 and
15 metres and - sometimes, the
recuperation of the blocks is only 5%. A
thousands cubic meter remaned in the
waste-dumps, in each area where exploited
the granites. The extraction of the Macin
zranite no affect the water level or people
life, but easy access, lintle altitudes and the

Flg 3- Fﬂmgmpmwr tvpe-of the Migern

Aountalng pramite

absence of big vegetation determined a gt =t fasnised-guar [ e AOpIN Sien iy
irrational  exploitation of these raw
materials.

Building materials deposits or protection area?

The area of the Macin Mountzins is one of the most important granite résources for
ornamental building industry, The red and blue granites have a very beautiful aspect and good
properties. Usual thickness of slabs is 1 centimetre and the edges are rights: On the Remanian
omamental stone market, Macin's granite has an important place. Besides, in the Eastern part of
Romania (Dobrogea), the Macin Mountains are the only deposits for ormamental granites and they
have a big economical importance.

‘Macin Mountaing are’ a beautiful area for tourism, oo (Fig3) The typical flora and fauna (eg
tortoises) and morphologic aspect so different, with megalithic forms (Fig.¢), determined the
inclusion of Macin Mountains into protected area. In present, the granite's exploitation cammies oul
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only the permit of Biosphere reservation Tulcea, the national organism what protect and The Danube
Delta

Fig 5 - Lamdscape in the profeéction area of the
J'l-.u"-:!“{"-'-'r A fﬂﬂﬂ‘fﬂrﬂj

Figts = Lomdscape i the Macin Mouriains,
A witnezy over g 300 85 vears

For geologists and for the mature lovers; the Macin Mountains remain an open book of
geological and morphological history. A story, an invitation

COMPARISON OF SPECIATION OF Bi-SULPHOSALT ASSEMEBLAGES
IN UPPER CRETACEOUS ‘BANATITIC' AND NEOGENE MINERALISATION
IN ROMANIA

ANU' Cristiana L., COOK' Nigel J., KISS® Octavian

Many of the foremost ocourrences of Bi-sulphosalts (Bi-ss) worldwade are found in the
Romanian segment of the Banatitic Magmatic and Metaliogenetic Belt, BMMB (Ciobany et al.
2002). A broad vanety of Bi-sulphosalts have been reported from all skarns, except for the Fe-skam
at Biligoars, and lesser occurrences are known from porphyry deposits within the belt, e g, Moldova
Moul, Sulphosalts have been descnbed in many dozen publications over the past 125 vears (eg
Cioflica & Viad 1979, Cioflica et al. 1990, 1995, 1997; llinca 1998 Mumme & Zik 1985; Zak et al
1994, Ciobanu & Cook 2000, 2002), Indeed, the *banatite’ metaliogenetic province has provided type
localities for two new species, padiraite and makovickyite and both old and new samples from
iocalities in the belt will surely continue 1o provide new insights for future ore mineralogists.

Minerals trom each of the pnncipal Bi-sulphosalt groups bismuthinite derivatives [BIY),
pavonite, lillianite and junoite homologous series, cuprobismutite group elc, are present at Blifa
Bihor, Qcna de Fier and Oravija-Ciclova, as well as in many smaller occurrences, e.g. Tincova. A
similar range of Bi-sulphosalts is known from vein and skarn deposits within the Bulgarian segment
of the belt. In fact, the pronounced Bi-nich character, along with a pronounced eanchment in Au, Ag,
Te, Se and Co 15 one of the characteristic features of the belt {Cook et al. 2002). Additional species
and new occurrences have been deseribed with some regulanity in recent years, due 1o increased
access Lo electron microprobe and single crystal diffraction techniques.

' Geological Survey of Norway, N-7491 Trondheim, Norway
= &M Baijn Bihor, 5101, Ronunia
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In this presentation, we review a range of newly described occurrences and assemblages containing
Bi-ss from both the Upper Crétaceous and Neogéne mineralisation in Romania, the implications
which these rare minerals have for understanding the processes of magmatic-hydrothermal
mineralisation, ‘and stressing the value of continued mingralogical studies from the perspectives of
both systematic mineralogy and applied science,

A key feature of Bi-ss assemblages in the BMMB is that assemblages vary considerably from
occurrence to occurrence and, significantly, within zones of individual deposits, The zoned skarn
deposits formed at a broad range of moderate to high temperatures, a variety of environments in
J82/f0; space, and not least, highly localised fluid evolution and cooling patterns, have caused great
variation in ‘assemblage and paragenesis: within individual deposits, and indeed, within samples
spaced just a few metres apart,

Assemblages within the Ocna de Fier-Dognecea skarn can be used to illustrate this point.

Previously, we have described Bi-ss assemblages dominated by BDs with accessory lillianite
homologues from the Fe-zone of the deposit (Ciobanu & Cook 2000), with emphasis on the intricate
intergrowth patterns between coexisting minerals. Within the same zone, two further assemblages are
identified: (1) complex intergrowths of cuprobismutite, padéraite and hodrushité at various scales
within matrix BDs in the range gladite-bismuthinite (Cook & Ciobanu in press) and (i) Bi-ss
including lillianite-gustavite solid solution (Gua-Guss), felbenalite, a Bi-rich phase with a
composition ¢lose to eclante, and accessory tetradymite as inclusions within prograde pyrite, garnet
and magnetite. Other assemblages containing Bi-ss are evident elsewhere in the system. We have
recently investigated samples preserving relicts of a rich Bi-ss association in magnetite from distal
skarn at Ocna de Fier and note that the entire prograde assemblage is crosscut by later pm-scale traids
of one-, two- or three-component blebs with curvilinear boundaries between phases consisting of
native-Au, -Bi, maldonite and Bi-tellurides/sulphotellurides with Me/(Te+SetS) =1 (hedleyite,
Joséite-B) with tetradymite and bismuthinite. A further “new’ assemblage consists of matildite, the
Ag-tellurosulphide cervellite, and a range of as-yet unidentified Bi-ss.
Similarly, in Baia Bihor, our investigations of bornite-rich ores currently under underground
exploitation have revealed assemblages not recorded in either museum or dump material by other
workers and which have, untl now, formed the basis for most research identifying and
characterisation of new species. Although prevailing wittichenite in the bomite ores appears to
preclude formation of other Bi-s5, we note the widespread occurrence of berryite, associated with
aikinite and malena within Pb-Zn ores in the same zone In all investigated occurrences and
associations, we note that Bi-ss commonly occur together with Ag- and Au-minerals, lending the
assemblages an economic significance. Bi-ss (or associated Bi-tellunides and tellurosulphudes) are a
guide to Au-enriched parts of the ore.

In contrast to the abundance of Bi-ss throughout the BMMB, few have been previously
reported from Meogene mineralisation in the Carpathian Arc. Indeed, with the exception of Bi-
sulphosalts within the Biliuj-Viratec and Toroiaga deposits of the the Baia Mar¢ and Baia Borga
districts in northern Romania (Cook 1997, 1998), the only other known occurrence of Bi-sulphosalts
in the Romanian Neogene is from the Larga hydrothermal system, South Apuseni Mis. Here, Bi-ss:
are found within veins and skarn-like bodies in the Larga hydrothermal system. Largs; with Faja Biii,
Hanes, Breaza & Trimpoiele, constitutes a major orefield at the SE end of the Zlatna-Stanija voleanic
zone. Exploitation of the Larga deposit concentrated on 3 lenses of high-grade gold-pyrite ore at the
contact of Paleogene Faja Baii conglomerate and Badenian shale. Dense, NW-SE sinking, <500 m
long veins of the Faja B group occur in conglomerate at similar levels, 500 m to NW. Geld, both as
native-Au and a5 Au-and Au-Ag-tellundes is abundant. Our sample material comes from ores
accessible from the Horea exploration gallery, 250 m below exploited ores at Larga and Faja Baii and
representing the median part of 2 1km column of epithermal mineralisation consisting of massive
sulphides and veins at upper levels, complemented by skarn-porphyry mineralisation at depth. Bi-
sulphisalts are rare but persistent accessories of both vein and skamn ores outcropping on the Horea
leved (+516 m), where they oceur as <100 pm inclusions within pyrite. Lillianite homologues are the
dominant -sulphosalis- and all (lllianite, gustavite, heyrovskyite) display variable contents of Se
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(Se/Se+S up to 0.22) and Sb (SB/Sb+Bi up 10 0.34) in many studied cases. In addition, an unusual
oceurrence of treasureite is noted, exsolved in hessite and intimately associated with tetradymite, BDs
(aikinite, krupkaite, bismuthinite) are minor components and appear as inclusions within lillianite
Cosalite is-a minor phase.

This eccurrence, both in the dominance of lillianite homologues, typical oecurrence within
Au-enriched pyrite (% arsenopyrite) ores, and variable but persistent substitution of Se and Sb shows
sharp similarities with the Bi-sulphosalts described from the Baia Mare/Baia Borsa districts (Cook
1997, 1998). Their oceurrence in the vein type deposits is controlled by the parameters of the pyrite-
buffered environment. Co-existing tellundes and tellurosulphides (hessite, tetradymite, tsumoite)
have Me/Te(+5e+5)=1. Such assemblages indicate high f5; conditions are indicated, coupled with
relatively high fTe:. The association between tetradymite and Bi-ss (aikinite-bismuthinite -and
lilianite series is significant, since synthetic experiments show extensive solid solution in the BiS;-
BiiTey system, e:g. 43-66 mol % Bi;Te; at 500°C (Yusa et al. 1979). The presence of minor Pb within
the “droplets’ encapsulated in pyrite favours formation of Bi-ss and/or Bi-sulphotellurides since
characteristic order-disorder (OD) mechanisms in these minerals can be accessed to accommodate
non-stoichiometry (c.f Bayliss 1991). Both Bi-sulphotellurides and sulphosalts are commonly non-
sivichiometric, & fact that can be comelated with OD in both series. If tetradymite is absent,
equilibrium formation of Bi-s5 is normally precluded.

Discussion and conclusions

Bi-ss are highly sensitive to local eavironments of formation, highly localised domains of
chemical equilibration, compositional factors and distinct cooling path histories, thus explaining the
plethora of different assemblages, each of which points to a defined point on a petrogenetic grid. The
high temperatures of formation (up to 650 °C) of some of the Romanian skarns aliows phases to
erystallise that may othérwise not form as stable minerals. In addition, the skam environment is
ideally suited for the development of intergrowths disordered on scales down to the unit cell, such as
that between cuprobismutite, padéraite and hodrushite from Ocna de Fier. The Romanian deposits
offer excellent possibilities for the discovery of new minerals (for example; additional homologues in,
the pavonite, cuprobismutite and junoite homologous series) Also, as more assemblages are
characterised, it is to be hoped that it will be possible to establish the extemal controls upon
assemblages. The underlying reasons for the extraordinary enrichment in Bi requiré verification, a$
do the charactenstics of the mineralising fluids that have so efliciently led to the variety of Bi-ss
bearing assemblages within the BMMB. In contrast, the number of occurrences within Neogene
mineralization will probably remain limited to volumetnically insignificant occurrences buffered by
pyrite and controlled by local variance in fTeé/fS,.
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THE Bi-Te-S¢-5 SYSTEM: PROBLEMS, OPPORTUNITIES AND IMPLICATIONS
COOK' Nigel J., CIOBANU' Cristiana L., WAGNER® Themas

Mineral compounds of bismuth with tellurium and/or selenium and/or sulphur are found n &
wide range of magmatic, hydrothermal or metamorphogenic Au-, Cu-Au ores and base metal ores
with by-product Au of all ages. These minerals can be sub-divided into seven sub-groups according.
to stoichiometry (Table 1). Despite more than 300 publications devoted to their nomenclature,
compositions and occurrence over the past 100 years, systematic relationships remain obscure for
same sub-groups, €.g. the ‘simple’ Bi-Te system. In particular, uncertainties exist about the extent of
solid solution andfor isomorphism between members ‘of individual sub-groups (e.g BiTe;-BliSes-
BisS;y or BiyTey-Bi:Se;-Bi;Sa), the crystal chemistry and compositional fields of some of the less
well-characterised members of the group, eg ‘protojoséite’, and the extent of elemem
ardering/disordering that can be structurally accommodated inte mingrals such as tsumoite, ingodite
ar nevskite. More complex still, are the further group of compounds within the five-component sub-
system Bi-Pb-Te-Se-5, the natural occurrences of which remain very restricted in number.

There have also been very few attemipts to characterise these mineral groups in terms of their
paragenctic position within magmatic-hydrothermal  systems, or to examine, subjectively and
comparatively, phase relationships between co-existing minerals. This is despite the fact that this
group of minerals occurs as accessory phases commonly intimately associated with native gold or
Au-/Ag-Au-tellurides in, among others, Au skarns, porphyry Cu-Au deposits, epithermal massive
sulphides, metamorphosed stratiform salphides and in the Au-enriched parts of Fe- or Cu-deposits

Problems )

Although relatively abundant, these minerals rarely form grains of appreciable size, and most
described occurrences are <100 pm. The complexity of some of the mineral groups is such that
electron probe microanalyses may not be sufficient to characterise or identify the phase in question
For example, in the Bi-Te sub-system, where, tsumoite (BiTe) may be sufficiently disordered (ie.
variation in Bi:Te), such that the compositional range extends over that of other members of the class,
e.g hedleyite and pilsenite (Bayliss, 1991, Dobbe, 1993) A second example would in be in the
BiaTey-BisSes-BisS; sub-system, in which re-examination of type laitakante {Ciobanu et al, 2002)
revepls ambiguities regarding the possible existence of two minerals (dimorphs?) with the

! Geotogical Survey of Norway, N-7491 Trondheim, Normay
* Dept of Earth and Planctary Seiences, MeGill University, Montreal, Quebee. Canada
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composition BlsSe; and Biu(Se=S);, possibly analogous 1o guanajuatite/ paraguanajuatite in the
BiyTer-BizSes-BiaSy sub-system. A third example is protojoséite, which although widely deseribed,
remains a non-approved species, without agreement on an accepted and without the structure having
been defined
The literature also contains reference to an appreciable number of species that are inadequately
defined, generally because of small grain size. Because of the lack of sufficiemt X-ray data, the extent
of solid solutions and the possible existence of dimorphic relationships are often poorly understood
Furthermore, experimental data, e.g in the 'simple’ Bi-Se system is commonly in conflict with
abservations of compositional variation in natural samples, and the patural analogues of numerous
synthetic phases have not been identified.

Opportunitiey

Microanalytical and paragenetic data has been compiled from the literature and also from the
natural ocourrence of these minerals in 2 variety of mineral deposits particularly rich in these systems.
These include the selenide-dominant deposits of Orijarvi and liljarvi (Finland, Ciobanu et al 2002),
Lega Dembi (Ethiopia, Cook et al, 2001), Maiskoe (Ukraing, Cook et al, 2002b) and Au-rich

telluride-selenide SUILES from Glava (Sweden). Numerous
A. Bi tellurides {Bi-Te system) D), Phases with Bi:(TeSe,Sy1, but  with
Hedleyite Bi:Te, trig. R3m considerable non-stoichiometry.
(Pilsenite) BiTe; trig. Rim Ingodite Bi(Te,3) hex. P3m
Tsumoits BiTe trig. Piml Nevskite Bi{Se,5) trg. P3ml
Sulphotsumonte Bi; TeS, tig. Piml Telluronevskite Bi;TeSex
{Tellurcbismuithite) BiyTes trig. R3m
E. BiyS,-BiySe,-BiyTe, sub-system
B. Bi.5:-Bi:Sea-Biy T'ey sub-system Rucklidgeite (Bi,Pb);Te, trig. R3m
Tetradymite Bi;Te;:S  trig: R3m ‘Poubaite (Bi,Pb)s(Se, Telatriy.  R3m
Skippenite Bi;Se;Te trig. Rim (") . E
Eawazulite BizTe,5¢.5) trig. Rim (7) F. Oiher stoichiomelries
Tellurobismuthite Bi;Tey trig. R3m Baksanite Bi,Te;S, (*1996) trig. P3ml
Paraguanajuatite  Bij(Se;8)  tng. R3m Vikorlatite Bry. (8e, Te,8) 10 trig.
Bismuthinite Bi,S,: orth. Pbnm (not IMA-approved)
Cuanajuatite BiSe; orth. Pnna
G. Further  minmerals with  variable

C. Bi,S;-Bi.Ses-Bi,Te; sub-system stoichiometry and containing essential Pb
Littabiaia Bi(Se,S)  tig. Rim Bah’lmﬂ: Pbll.'_.!;{S,Su]: tng. P3m
Joskite-A BiTeS;  tig R3m Aleksite PoBiTeS;  hex. (1)
Josdite-B BiTe:S  tig Rdm Kochkarite ~ PbBuTe, trig. Pml

. A : Poubaite (Bi,Pb);(5e,Te)y tng. R3m
Tkonolite BifS,Se); trig R3m o R i<t on gl
(Pilsenite BuTe; trig. R3m) . L i o
Protafosdite BisfTe.8), iy

{not IMA-approved)

Table 1. Principal named Bi-Te-S&-8 svstem minerals, divided into sub-classes on a stoichiometric basis.

Romanian deposits are particulady well endowed with minerals of the Bi-Te-Se-S system (eg
Cioflica et al., 1995). Here, our work is focussed on the telluride-dominant hydrothermal system at
Larga, South Apuseni Mis., in which the speciation of Bi-teliurides and tellurosulphides over a depth
of 1 km reflects changing physical-chemical conditions of ore formation (Cook et al, 2001).
Investigation of the Upper Cretaceous skarn deposits; particularly Baita Bihor and Ocna de Fier (e.g
Cook & Ciobanu 2001), has also yielded an appreciable number of previously unreported
assemblages and new information (Cook ¢ al. 2002a), Microanalytical investigation of Bi-Te-Se-3
minerals in natural occurrénces representative of a broad spectrum of Au-bearing deposits allows
criteria to be identified that govern their distributions (Ciobanu & Cook, 2002; Cook & Ciobany,
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2002). Comparison of assemblages in individual deposits allows for modelling of mineral paragenesis
in terms of fTeq, fSes, /S: and fO, '

Implications

Natural compounds of Bi with Te and/or Se in particular, although rarely present in ores in
major amounts, are recognised as valuable petrogenetic indicators in a range of Au-deposits. Mutual
relationships are sensitive 1o temperatures of crystallisation, fTes, /52, f3e; and fO: and also other
physico-chemical parameters and can therefore provide information on the sequence and evolution of
mineralising events. Tellurides, selenides and related compounds are good tracers of f04/f5; buffered
reactions during ore formation (e.g magnetite-hematite, pyrrhotite-pyrite). Furthermore, COmparison
of assemblages containing Bi-Te-Se-5 phases-allows identification of trends across the magmatic-
hydrothermal-metamorphic spectrum and correlation of disparate assemblages in terms of fluid
evolution, Far from being random, the mineralogy of minerals in the Bi-Te-Se-S system in a given
deposit can be broadly predicted from the prevailing f0:-/3; environment.

Associations of Bi-tellurides/selenides are thus highly relevant for Au deposition, and
especially where Bi-sulphosalts are also present, can be highly determinative ina paragenetic sense.
In the simple Bi-Te system, increasing fTe; controls the stability of Bi-telluride formation in the
sequence: native-Bi — hedleyite — pilsenite — tsumoite —+ rucklidgeite — tellurobismuthite —»
native-Te, reflected by decreasing BiTe ratio. Although complicated by addition of /S; in the temary
Bi-Te-5 system, Bi-sulphotelluride formation i$ configured in a similar way (joséite-Aljoséite-B —
ingodite/sulphotsumoite —  tetradymite, with S-dominant minerals (joséite-A, sulphotsumoite)
favoured -at elevated f3:/fTe; The buffering host assemblage and its position in fOx-/5; space
constrains the assemblage of Bi-tellurides/sulphotellurides (tselenides, seleno-sulphides) in each
field At higher fD.-(fS;) (hematite and pyrite stability, approaching the stability field of native-Te,
Bi-tellurides/sulphotellurides with BUTe(+SetS)=l will be stable (for example, the relatively
widespread ‘assemblage tellurobismuthite-tetradymite (£ kawazulite, if Se is available), In such
systems with reduced BiTe{+Se+S), an affinity between tetradymite and wvarious Bi-sulphosalts
(aikinite-bismuthinite and lillianite series) is not uncommon and can be efficiently explained in terms
of nen-stoichiometry being readily incorporated into the sulphosalts phases because characteristic
order-disorder (OD) mechanisms for these minerals can be accessed. Similarly, in systems with
Me/Te+S+5e21, stability of Bi-sulphotellurides can be readily attairied, as these phases (e.g. joséite-
A, jostite-B, and especially, the poorly characterised 'protojoséite’), are commonly non-
stoichiometric, a fact that can be easy correlated with OD, particularly if co-existing with Bi-
sulphosalts. A parallel issue concems the stabilities and petrogenetic significance of the Pb-bearing.
Bi-Te-Se-5 minerals (aleksite, babkinite, etc.), including the occurrence of Pb-bearing tetradymite in
some deposits and the unnamied phase, Pb;BiTeS; identified in the lilijirvi deposit, Finland (Ciobany
et al 2002). OF relevance here are relationships between these minerals and coexisting galena (+Bi-
stulphosalts) in what appears restricted to Cu-deficient environments.
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THE NEOGENE METALLOGENESIS OF THE CENTRAL WESTERN AREA
OF THE BAIA MARE DISTRICT (GUTAI MTS — EAST CARPATHIANS)

DAMIAN! Gheorghe, DAMIAN' Floares, ISTVAN® Dumitru

The Neogene magmatic arc and the associated metallogenesis from the Eastern Carpathians i3
refated to the final stage of evolution of the Tethys Ocean between Africa and Eurasia. Among the
magrmatic arc of the Eastern Carpathians, the metallogenetical district Oas — Baiz Mare is the most
productive. Tt contains base metal ore deposits subordinately vein gold of epithermal type and rarely
gold ore deposits. The location of the Neogene magmatites and of the metallogenesis is controled by
the Dragos — Vodd crustal fracture (E-W), (Popeseu C. Gh., 1986).

In the Baia Mare area the migration of the magmatism has been noticed from east to west,
Thus, in the western part there are the oldest magmatic products, and in the east the YOUNger ones.
The subduction that generated this magmatism first occurred in stress conditions with comprehensive
rendencies followed by extentional conditions, (Popescu C. Gh,, 1994). The existence of a subduction
at the beginning of the Miocene is believed to have led to the forming of & magma reservoir at the
crustal level which afterwards has been activated through the colision of the intracarpathian
microplate with the east-european one when they became intracrustal

The central-western area of the southern part of the Guidi Mts is chiaracterized by an elevated
Preneogene fundament in the central arez (the Rising of the Southern Gutai - R.5.G). This rising can
be observed from Chiuzbaia to Firiza (Roman Vailey) — Ulmoasa — Nistru — liba (Mesteacin Valley).
This rising is characterized by the lack of the sedimentary formations from the lower Badenian,
Sarmatian and lower Pannonian The Preneogene formations belong to the transcarpathian flysch,
(Sindulescu 1980). In the north and south of the R.5.G,, the volcanic rocks increase their thickness
and the succession of the sedimentary deposils from the lower Badenian to the upper Pannonian is
complete. The limit between the trancarpathian flysch and the north — tansilvanian subasment Is
situated in the southern part of the area (at south of R.8.G ) and it is afected by profound crustal
fractures (Dragos-Veda) or North-Transilvanian and Bogdan-Voda.

According to Giuscd et al, (1973) and Borcos et al,, (1973), the volcamic activity from the
Gutii Mts took place in three stages: the first stage in the Badenian ~ Buglovian with acide character
and other two in the Sarmatian — Pontian and Pontian — Pliccene with intermediary character,
(binstratigrafical dated) Based on the absolut data base (K-Ar) the volcanites are. of 4 lower
Sarmatian — upper Pannonian age, 13.4-9.0 Ma, (Edelstein et al,, 1992). The voleanic activity has an
initial acid character leading to a voleano-clastic complex of lower Badenian-Sarmatian @ge, largely
developed between Racsa and Firiza Valley. Largely spread are the Sarmatian  volcanic
mianifestations represented by the pyroxene andesites from Seini. The Panonian eruptive formations
are represented by pyroxene andesites of Ilba, hyalodacites with pyroxenes of Sindileu, the quartz-
andesites complex, the dacites from Dinesti, the andesites with pyroxenesthomblende from Dealul
Crucii — Baia Sprie; the andesites with pyroxenesthornblende from Finza and Pietroasa. The
samplex of lava flows is acompanied by various intrusive bodies present in R.3.G. or in the sinked
levels with thick lava and in volcanic structures.
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The intrusive magmatism has a subvolcanic and intravolcanic character. The spatial
relationships sugest an ultenior emplacement of the intrusive bodies raported to the lava flows
(especialy the sarmatian ones). They are represented by microdiorites and quariz diorites, quartz
menzonites, microgranodiorites, tonalites, Such intrusions appear in areas like Herja, Nistru, lba -
Valea Mesteacanului, (Paulin et al, 1984). A lot of smaller intrusions were detected by dnllngs in
Deéalul Crucii, at Aurum, Sofia, Wilhelm, and Tyuzosa These intrusions have an esential rol in the
genesis of the ore deposits from the central-western part of the Gutii Mis.

The mineralizations are distributed in an areal with a higly tectonitized Preneogene subasment
which has spatial relationships with volcanic edifices and subvolcanic intrusions. In this areal we can
distinguish more types of mineralizations, (Fig. 1),

A The copper mineralizations (Cu+Py) appear in a small areas at Ilba and Nistns. The best
example in this case 1s Mihai Nepomue, (Jude R., Popescu R., 1987). The mineralization is disposed
on a high!}' fractured area which is included in ‘an intensely adularized and argillized zone The
Venera vein (Ilba) has a copper mineralization which becomes a predominantly gold one tawards the
upper parts, In the Nistru area, the Mihai Nepomue, Domnigoars, Anton, 144 veins are copper veins
associated with a monzodioritic intrusion. In the upper part they are rich in gold. An interesting
paragenesis with chalcopyrite — native gold — Bi sulphosalts, (Damian F., 2000) octurres within these
mineralizations (vein 144),

B. The base-metal minerahzations are the most frequent. These are represented by two
different types, Cu+Pb+Zn and Pb+Zn, which, in the upper parts; become a gold mineralization
developed on a restrained level, The Cut+Pb+Zn mineralizations are associated in depth with
subvolcanic structures and they have formed during three stages of mineralization. The wvertical
zonalily, also described in other areas of the Baia Mare metallogenetic district can be recognized at
these mincralizations, (Giusc et al, 1973), In this type we can include the mineralizations from Sofia
(Mistru — 9 Mai), Firizan, Valea Ardeleand, Creasta Fata Mare, Fifutoaia — Speranta from Ilba.

Fig 1= Geological stereh of the. central-weatern part of the Bara Alare metatlogenetic d)strict
!, Quarermary; 2a, -Pannonian andestte; 26, - Pannonion dacife; 3. -Sarmolion’ pyrogene andexite 4, -Baderian
rhyvodacite; 5. -Neagene sedimentary rocks; & -Paleogene sedimentary rocks; 7. -Fein group; 8 ~Grological limit; §. -
Zonirg miineralizaton; 10 <Fauli; 11, =Caldera limif

The Pb-Zn mineralizations are very numerous; they are charactenized by high contents in Pb-
Zn with a Au-Ag level in the upper part. Towards the lower parts they become 2 disperse pynite
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mineralization. Some mineralizations of this type develop on a high level as the ones at Herja and
which are associated with intrusions. In this type are included the mineralizations from Colbului
Valey, Alunig, Cicirliu = Nucuf, Nistru (11 Iunie), Tyuzosa, Simion - Trei Stejan, Herja and Piatra
Albd Gallery. _

C. Base-metal mineralizations with gold and silver content. These are characterized by the
Au-Ag level, highly developed at the surface, and ‘which in depth s continued with a Ph+Zn
mineralization. In this type are included the mineralizations from Purchret, Valea Baii Nord, Florian,
Aurum, Dealul Crucii, Emenica, Firiza. In the lower parts, these mineralizations are associated with
the apexes of the subvolcanic intrusions,

D. The Au-Ag mineralizations are typical for S3sar area The mineralizations from Sofia,
Valea Rogie, Adam Cremeneca, Borzas, Wilhelm, Valea Cipitanulul are included here. These
mineralizations are also frequent in the Nistru area: the vein group Lipusna — Galbena, Mihai, Tarnia
— Dubugiu, Coroana de Aur — Laurentiu. In the Iiba area, such mineralizations appear a1 Valea Biilor
from Racsa, Valea Seinel, Valea Bradului from Sibisa.

In the lba — Nistru area the mineralizations are associated with two sinking zones and in the
Sksar area the mineralizations are associated with caldera type structure, (Popescu C.Gh., 1986), In
the sinking zones from lba — Mistru area the copper mineralizations are developing in connection
with intrusions. The CutPb+Zn+AutAg mineralizations are associated with these sinking zones. The
Pb+Zn and Pb+Zn+Au+Ag mineralizations are distributed around these sinking zones; and typically
epithermal Aut+Ag mineralizations are disposed at the exterior around the sinking areas and at great
distances away from the magmatic intrusions.

Most of the mineralizations from Sdsar area are placed in 2 low area with thick volcanic
deposits and which can be interpreted as a caldera type structure. Inside this structure AutAg
mineralizations are developed on great hight and from which some of them become typically Pb+Zn
mineralizations towards the lower parts. In the marginal areas of the caldera there are the Pb+Zn
mineralizations from Simion - Trei Stejari and Bartosa, At the north of the caldera Authg
mineralizations. appear having a reduced development s the ones from Valea Chpitanului in
Ulmopasa. In the easthern part of the caldera in R 5.G., the predominantly Pb+Zn minéralizations are’
developed at Herja, Piatra Alb& Gallery, Firiza, Ludovica - Emerica-and Tyuzosa.

The mineralizations from the central-western part of the Guidi Mts have developed in three
distingt stages, The first stage is represented by copper mineralizations, the second by base-mietal
mineralizations with Au and Ag and the final stage by Au-Ag epithermal type mineralizations. The
metallogenetical unity of this area has been confirmed by the mineralogical and sulphur isotopes data
The genetic connection between the mincralizations from Dealul Crucii and Herja has been
previously demonstrated, (Borcos et al, 1973} All mineralizations have high contents in FeS in
sphalerite, including the ones from Sisar area. The pyrrhotite and the ilvaite are present in the
mineralizations from Here, Ilba, Nistru. The presence of the sulphosalts: 1etrahednte, semseyite,
bournonite, proustite — pyrargyrite has been noticed in all the mineralizations. The fineness of the
native gold 1s low in all the mineralizations; including the ones from Herja. The mineralizations from
Herja and Piatra Albd are completely different from the ones in Baia Sprie due to the content of FeS
from the sphalerite (the low content for Baia %Pnc and high content for Herja and Piatra Albd). The
sulphur isotopes data (Damian ¢t al | 1998) (67'5=-10 — +8 ) demonstrates the metallogenetical unity
of this-area
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THE WILDFLYSCH — OLISTOSTROMA ~ TECTONOSTROMA CONCEPT EVOLUTION
IN THE SOUTH APUSENI MOUNTAINS SUTURE ZONE (ROMANIA)

DORDEA' Dorin Gheorghe, SPRINCEANA® Viorel Cristian

The South Apuseni Mountain (SAM), covering an area of about 3,300 km®, are composed
by J = Ky N-type MOREB sequences of ultramafic-mafic isotropic cumulates of gabbros and diorites /
sheeted dykes / pillow lava forming an ophiolitic complex (Saccani et al,, 2001) and voleanic 1sland
arc-rocks (Savu, 1995; Savu et al, 1988, Savu etal, 1991, Savu et al, 1992a; Savu et al, 1992b,
Savu et al, 1992¢; Cioflica G. et al,, 2001; Saccani et al,, 2001) of J; and K, age. The geologic setting
of SAM is completed by a variety of ] - K sedimentary deposits which compose, together with the
Mesozoic magmatic suites, the so considered nappe structiere. Different interpretations of this nappe
structure have been advanced, the most comprehensive belonging to Sandulescu (1984). Balintoni
and Berza (2001) consider this mappe system: of Laramian age. The present structure of SAM i3
accomplished by Laramian magmatics, by Miocene sedimentary deposits and Sarmatian-Quaternary
calc-alkaline / alkaline volcanics. The arguments for a nappe structure are. stratigraphycal
discordances mapped in different outcropping locations, different composition of ophiolites (namely
the presence of spilitic rocks in certain nappe units — Sandulescu, 1984), the presence of olistolithes
and the prevalence of specific rocks like ophiolites and flysch-rocks (Sandulescu, 1984) A lot of
unclear issues still persist on nappe postilare because:

- There 15 no detailed mapping to discnminate O, IAV the Mesozoic sedimentary deposits

(generally covered with soil and vegetation),

- Mo detailed photogeological mapping was performed till now,

- Widespread opluolitic tectonic breceras occurring within Capalnas-Techereu Nappe has been

considered cartographically as " pyroclasics” (Borcos, M. et al, 1981)

- Breccias-type of the limestone olistolithes 1s entirely ignored.;

- The olistolith elongation of few kilometers, despite the narrow width, of hundreds of meters, is

also ignored,

- The obvious recurrence of some discordant stratigraphic successions (Fenes area - Dambait) are

inerpreted as successive faulting,

- The presence of crystalline rocks in the Capalnas-Techereu unit {(mainly ophiolitic) still remains

exotic, unaccountable in a unitary remnant of ocean floor crust.
The nappe units of SAM surround the North Apuseni Mountains (Internal Dacides) by their southemn
and eastern sides: Grosi unit, Crisu,, Bucium v, Capalnas-Techeéreu u., Curechiu-Stanija u,, Fenesu,,
Trascau (Bedeleu) u,, Fundoma u., Boyes u., Cabest u., Bejani u.

The photogeplogical interprefation reveals the development of some long, imbreicate shdes on

the entire Transilvamides area The shides are formed exclusively of Mesozoic rocks (fig. Z)
Suceessive slides of ophiolites, limestone and flysch rocks, as well a3 successive ophiolitic and island
arc voleanic rocks may develop. Only the thickness of the hmestone slides may exceed 200-300 m.
Within the: ophiolitic slides; the typical succession of an ophwolite complex
(penidotite/gabbro/sheeted dikes/pillow lava) cannot be distinguished, though the specific ophiolitic
types have been randomly described all over the Apusenide area However, the basaltic pillow-lavas
prevail, though frequently transformed imo tectonic breccias. Both the carbonatic and the carbonatic -
ophiolitic “olistolithes” develop lincarly &s continuous or discontinuous slides, being certainly the

' 5.C. Prospectiun 8.A, | Caransebes Strvel, 78344 - Bucharest, ROVIANLL  Eanal: prospee P swis reero
s Prospectiuni 5 A, E-mall. v aprinceara@kiro

Frirging S0 Frospichunm 54, |2



result of a tectonic process, not of the development of olistostrome or wildflysch, The slides design of
the Mesozoic rocks is- quite significant and it is slightly disturbed by the Banatitic volcanism
(Laramian), the Neogen voleanism or by the Neogen sedimentary deposits. It subsequently develops
along major E-W direction on the South segment of the Apusenides (the Capalnas -Techereu ares.
the Ampoi basin) and along SW-NE direction in the ¢astern segment (Trascau Mountains), following
the major suture line of the continental blocks of the Intemal Dacides (ID)/ Median Dacides (MD),

Geophysical data: The magnetic and the gravity mass contrast between ophiolites and its
lithological background, allow their regional cutlining both to NE (beneath the Transilvanian basin)
and to SW (beneath the Pannonian basin} to be defined (fig. 2). The NE extremity of the SAM (The
Trascau Mountains) seems to represent a past-subduction zone between an oceanic plane (which
remnant generates the maximum aeromagnetic anomaly from the western part of the Transilvanian
basin) and the continental plate of Internal Dacides. The stréssed minimum gravimetric zone from
Turda — Aiud — Alba Iubia area, NNE — 55W onented, corresponds to a maximum thickness of
Sennonian — Paleogene sedimentary deposits. In the south pant of the SAM, the fractural directions
and the major contacts between formations with differemt physical properties (the maximum
horizontal derivative lines) are ENE - WSW (E — W) preferential oriented, parallel 1o the suture line
between the two continental blocks (ID / MD), sugzesting 8 NINW — SSE oriented collision. The
western zone of the SAM, according to the gravimétric images, includes mainly ophiolites (and
partially crystalline formations); advancing eastwards, the maximum gravimetric effect is maintained,
but its intensity degreases, indicating probably a preponderence of island arc magmatics. Both the
ophiolites and the island arc magmatites form a continuous belt of aeromagnetic maximum, that may
be fallowed eastward and northward up to the Trascau Mis (fig. 1 and 3)

Within the alignments of regional maximum gravity, associated mainly to the ophiolitic piles,
the subsequent detailed measurements (upon the Luncoms - Valisoara area) have revealed a saccession
of gravity maximum and munimum relative parallel to the main direction (WSW - ENE) of the
ophiolites. The relative gravity minimum may be associated either to the presence of island arc
voleanics, or to sedimentary rocks. This alternation is better reflected by the horizontal gravity
gradient (fig. 5), which suggests a possible suture structure.

Conclusions

The entire area between the ID and MD represents a suture mélange formed by shides of
oceanie crust (equally eomposed by ophiolites and sedimentary rocks), which randomly solders to the
continertal margins-at north and at south, The design of the majority of the mappes forchead,
represented cartographically, may constitute ‘2 structurdl local reality, but the real nature of the
nappes, 25 a whole, represents in fact, a recurrence in an uncountable number of such phases.
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APFPLIED MINERALOGY IN USE OF INDUSTRIAL OFFALS
AND MINING STERILES.

DUCA' Voicu, DUCA® Mihaela

In the synthesis of Di masses, we performed a series of experiments in the temperature range
980°C -1100°C. Five starting compositions were used to cover this fields (CaO-50%; AlOy-10 %;
MgO-~-10%0; Si0y43 %).

The Di-glasses (CMAS system) comtained a Cr;0; as nucleating agent. The samples were
drown from each of melts by conventional glass working techniques and were allowed to cool rapidly
in air. The melting was performed at temperature between 1400-1450°C.

The addition of Cr:0y decreases the dimension of crystals and increases the samples mechanic
resistance. In the system LMAS (Li;0-44.8 %; MgO-5 %; AlLOy~15 %; 510565 %) the optimum
erystallization temperature bie between 750°C-810°C,

The final glass-ceramics contained spodumen & (mainly), cucriptite, AT and “O silica™.

Ti0; and ZrSi0, are nucleating agents.

MONITORING OF WHEATERING CAUSES OF BUILDING MATERIALS AT SOME
HISTORICAL MONUMENTS OF TRANSYLVANIA

DUCA' Voicu, DUCA® Mihaela

There are related the principal types of extant deterioration in some monuments from Cluj,
Brasov and present information will be completed with petroarchaeometrical analyses from German
medieval monuments such as Sighisoara, Valea Viilor, Medias, Saschiz. Data are regorted from a
preliminary evaluation of damage forms through long-term exposure to natural, industrial and traffic

ollution.
¢ The paper presents the development of crusts, patinas and some weathering processes, as
consequence of activity of salts transported by solution, SOyand NO; dissolved in rain, ash particles,
clie

The use-of the Portland cement desiroys the monuments because salts from cement are a very
important source of alteration In all cases of the southern walls appear large exfoliation and
alveolisation, flaking, scaling and granular disintegration. Varations in decay processes demonstrate
that mineralogical and textural heterogeneity is an important factor in rock weathering.

PETROARCHAEOMETRICAL RESEARCH
OF SOME HISTORICAL MONUMENTS OF CLUJ-NAPOCA.

DUCA' Voicu, DUCA® Mihaeln

In a first phase are analysed the sources of rocks used for building of some monuments from
Cluj-Napoca. '

Orne correlates the chemical weathering forms with damages that occur at S Michael
Cathedral, Reformed Church and 2-nd Defense Wall,

For all this monuments are examined the efflorescence, the black / white crusts, new formed
minerals in exfoliation planes, etec. The analytical methods are optical microscopy, DTA, chemical
analysis, RX '

' Dept, of Mincmlogy, Babos_Belval University,Cluj-Napoca
= Instinsic of Experimental and Interdisciplinary Reascarch, Cloj-Napoc
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The ecryswallization of sulphate and altermation of the thaw-frost are pmdumng the
disintegration of building materials as & consequence of mechanical pressures up to 500 daNfem®,

The lichens are generating oxalate which make a layers with wawelite and weddelite,

The roots of plants are generating a pressure of 10-15 daN/em® — all this factors affect the
stability and integrity of the walis.

The paper analyses the results of some inadequate restoration works and suggests the
recommendation for conservation and restoration activity.

LEOCOPHOSPHITE AND TARANAKITE IN THE BAT-GUANO DEPOSIT FROM
LAZULUI CAVE (MEHEDINTI MOUNTAINS)

DUMITRAS Delia-Georgeta'; MARINCEA Stefan', DIACONU Gabriel®

Two NHi-substituted K- and Al-bearing hydrated phosphates, namely leucophosphite and
taranakite, were identified during routine X-ray powder diffraction studies of the bat guano deposit in
the Lazului Cave (Mehedingi Mountains). Both minerals occur in small quantities, as authigenic, early
diagenetic, phases, Assomated minerals include calcite; alpha (low) quartz, h}rdmx].!"]apati.tn; brushite,
ardealite, illite and interstratified kaolinite-illite, The present paper aims to give short descriptions of
the two phosphate species, together with a brief report on other associated phosphates,

The Lazilui Cave is located on the right slope of the Motru Sec Valley, at about 150-m
downstream from its junction with the Sohodoalele Mici Valley, Geographically, the cave is situated
in the northern part of the Mehedingi Plateau, near its limit with the Mehedingi Mountains The cave is
developed in Barremian-Aptian reef (micritic) hmestones with rare calcarenite levels. The altitude of
the entrance is 370 m_The cave is temporarily water-laden, being a part of a karst system of 4201 m
in length (3201 according to Goran, 1982), The samples used for this study were collected from a
guano-beanng room of about 30 x 20 x 8 m, located at about 100 m from the entrance and
corresponding to a dry level of the cave

Leucophosphite, ideally KFe' 3(PO.)(OH)2ZH,O, is mentioned for a first time from a
Romanian cave, Its presence, tentatively supposed after XRD and optical observations, is supported
by wet-chemical data on impure matenal, which helped 1o discriminate between leucophosphite and
spheniscidite. The mineral occurs as cream-brown, earthy crusts located at the center of 2 guano mass
admixed with clay matertal. The crusts are composed of very fine-grained (up to 25 pm in length and
10 pum in width) reddish-brown, platy crystals closely associated with illite and low (alpha) quarntz.
The mean unit-cell parameters, taken as average of the values obtained by least-squares refinements
from two sets of X-ray powder data (81 and 87, respectively, reflections unequivocally attributable to
leucophosphite) are a = 9.760(9) A, b = 9.651(3) A, £ = 9.742(1) A and = 102.36(1 )",

A wet-chemical analysis was performed on a carefully handpicked, illite-exempted separate,
in order to-avoid the analytical interferences. This analysis, recaleulated at 100 % afier subtraction of
admixed quartz (29.38 wt.%6) gave (in wi.%) K0 = 1044, Na:O = 031, (NHahO = 0.03, MnO =
0.08, MgO = 1.07, Ca0 = 0,64, FeD = 0,67, AlzOy = 9.40, Fe;0y = 25,14, Ps0s = 18.26, H;0" (as
caleulated) = 2,17, H:O" (obtained as difference between the total water measured by the Penficld
method and the caleulated H2O') = 993, This composition, normalized on the basis of 2 P and 9
{0,0H} in the anhydrous part of the compound, leads to the chemical-structural formula:

(Ko aau}m YoiooaCaaoaMgnoeMnnond(Fe' y iasAliosi Tio usF e 0ss)(POYrosDu iz O ogrse
2.045H;

The chemical refractive energy (K.) based on the formula given before and the Gladstone-
Dale constants given by Mandarino (1981} 15 0. 243 24, The calculated density for Z = 4 unit cells per
formuta (Dick & Zeiske, 1997) is D, = 2.772 glem’, which agrees perfectly with the measured value,

' Geologieal Institme of Romania, Buchorest, RO-T3844, Romania, e-mail; marincea@igr.ro
* “Emil Racovifd™ Institute of Speleology, 11 Frumasd Str., RO-78114, Romanka
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determined by sink-float in Clerici solution diluted with toluene [D = 2.770(5) giem']. Taking into
account the calculated deénsity and the value of K., a mean index of refraction 7 gp = 1.674 may be
caleulated. This value is lower than that deduced from the refraction indices given by Lehr et al
{1967) for the stoichiometric leucophosphite {r: = 1.722), which agrees parﬁ:c:hr with the chemical
data. In fact, leucophosphite from Lazului is an intermediate member in the leucophosphite —
tinsleyite solid solution series, containing 36.93 mol.% tinsleyite in solid solution; hence the lower
refraction indices 3

XRD reveals that leucophosphite is typmali_}r associated only with low (alpha) quanz [a =
49150(5) A, e = 5.4049(1) A and ¥ = 113.07(2) A’, as determined by Jeast-squares refinement for a
representative sample]. Some of the samples mmam admixed illite (the 2 M; polytype) and
interstratified kaolinite-illite. These assemblages correspond to a possible reaction in the natural
guano - clay system upon decomposition of illite, as stated by Marincea eval. (2002) for unsleyite.

Taranakite, ideally (K NH:)AL(HPO,):(POu)s18H;0, occurs as eanthy white crusts of
chalky appearance scatiered locally on the ferrg rossa mass. The taranakite masses are soft, earthy-
looking and porous.

A wet-chemical analysis of a represemtative sample (L 4) yielded (in wi'%) KO = 8 29,.,
Na:0 = 0.22, (NH:):0 = 0.80, MgO = 0.14, Ca0 = 0.24, A0y = 1851, Fe;0; = 0,61, P;05 = 42.10,
H:O = 29.32, total 10023, The resulting chemical-structural formula, caleulated on the basis of basis
of 8 P and 32 (0) in the-anhydrous part of the compound, is:
[KyaraMagseslNHadoar:Cag oseMEo o) Aly sorFeq 100)(POs)a ool HP O s 000 18.172 H10,

The unit cell parameters calculated by least-squares refinement from three sets of XRD
powder data obtained from representative samples of taranakite are given in Table 1

Table 1. Celf parameters of taranakite from Lazului

Sample  a(A) ¢ (A) F AT ac o NP
LZA 8.716(4) 96.12(13) 6324.1(82) 0091:1 3 29
L2B §.690(6)  9645(22) 63204(93) 00901 3 28
L4 $.691(5)  9582(13) 6267.6(88) 00911 3 28

(1) number of least-squares refining cycles;
{2} number of reflections in the 20 range 5 - 46" used for refinement

The average cell pammtltr:i obtained on the basis of the data in the table ar¢ a = 8.702(13) A,
e =9613(32) A, ¥¥=6304.0(32) A’. Even if @ compares favorably, the ¢ cell parameter is larger than
thase reported by Dick et al (1998) for the synthetic KaAL(HPOJs(PO:): 18H:0 [a = 5702511 A,
¢ = 95.05(1) A as refined from X-ray powder data and a = 8 6882(3) A, ¢ = 94, 5‘3{1} A as refined
from neutron-diffraction data), which accounts for an ml:reawd influence of the cations substituting
for K in the ten-fold coordinated structural sites,

The density of Sample L 4, measured by the sink-foat rrmhnd using @ pycnometer and
bromoform diluted with acetone as dnsplaecmen: fluid, is 2 12(1) glem’. The measured value agrees
favorably with the caleulated value of 2.125 g/em’, obtained on the basis of the chemical analysis and
cell parameters in Table |, for Z = 6 (Dick et al. 1998). Both values of density are smaller than that
calculated by Dick et al {IQBEJ for the synthetic K3Aly(HPO)(POJz 18H:0 (D, = 2.145 glem’),
which essentially dccounts for superior degrees of P protonation and sample hydration

The Ca-bearing phosphates are more common in the bat-guano deposit from the Lazului
Cave,

Ardealite occurs s irregular crusts composed by crystalline aggregates that generally
u-.rergmwths hydroxylipatite, near the limit between the bat guano deposit and the moonmilk flows.
The crusts are composed of very fine, acicular spravs of erystals of maximum 20 pm in length and up
to | pm wide: The unit-cell parameters, caleulated by least-squares refinement from 62 reflections
taken off from the most representative diffraction pattern, are. ot = 5. 722(2) A, b =31012(12) A, ¢ =
6:252(2) A, f= 1172501y
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Brushite occurs as snow-white powdery coating on hydroxylapatite or as nodular earthy
masses (several mm to 2 e¢m in diameter) in the bat guano groundmass, in the areas composed
principally by hydroxylapatite. The cell parameters of a representative sample (L 7), calculated by
least-squares refinement on the basis of 54 X-ray powder reflections, are @ = 5811{1) A, & =
15.194(3) A, ¢ = 6.247(1) A, B = 11641(1)°. They are close to those of synthetic brushite [a =
S.812(2) A, b= 15.180(3) A, c =6239(2) A, = 116.43(3)° according to Beevers, 1958 or Curry &
Jones, 1971], indicating that the structural formula of the analyzed sample is reasonably close 10 the
ideal composition.

Hydroxylapatite occurs as dull-cream to off-white: ¢rusts of few milimeters to 1 cm thick,
disposed directly on the moonmilk flows or on the carbonatic: subbasement. The samples show
reasonable crystalinity, The cell parameters of a representative sample (L 7), as refined by least
squares from 29 X-ray powder reflections, are a = 9.430(3) A, c = 6.860(3) A, V = 528 3(3) A3.
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DISCOVERING OF DIAMONDIFEROUS ASSOCIATION IN THE MAKHTESH RAMON
AREA, NEGEV DESERT (SOUTHERN ISRAEL)

EPPELBAUM' Lev, VAKSMAN® Viadimir, KLEPATCH® Claude, KOUZNETSOV Sergey, SURKOV
Alexander, SMIRNOV? Sergey, KOROTAEVA® Natalia, MODIN' Igor, BEZLEPKIN' Boris

Surrtmiry

Field geological and mineralogical investigations as well as geophysical data analysis have
been recently applied in the western part of Makhtesh Ramon area (central Negev, Israel), The aim of
this investigation was searching of proposed kimberlite pipes (diamondiferous associations) of the
Cretaceous age, Interpretation of geophysical data and space image analysis allowed to identifying a
few objects favorable for detailed investigation. Mineralogical analyses of selected samples and their
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clectronic imaging permitted to classifying a lot of the most imporant indicator munerals of
diamondiferous association and more than 400 microdiamonds.

Introduction

Effect of the Mid-Cretactous tectonical-thermal activization (125 + 80 Ma) 1s known in many
regions of the world. In the context of the principles of rotational geodynamies it 15 an epoch of the
maximum stretching the Earth's equatorial segment Larson (1991) suggested a model of convective
geodynamics (rising flows) named as “Mid-Cretaceous Superplume”. Theoretical calculation
conducted by Ringwood et al (1992) and some other authors supported the hypothesis and later
Larson (1995) put forward the main conclusion of the theory — extremely high dévelopment of
dismond-bearing kimberlites during the Mid-Cretaceous period.

In Israel, the Cretaceous magmatic-activity is well known in the central Negev, The first
diamond in Israel was found in the Negev desert {Flaxur et al., 1988) in the Maastrichtian below the
K/T boundary. The mentioned authors associate its ongin wuh an extraterrestrial event, However, a
form, dimension as well as accessory minerals of the microdiamond (these peculiarities were
described in detail in the above-mentioned works) -allow to suggesting that the microdiamond was
moved from the buried diamond-beaning placer.

Field investigations in the Makhtesh Ramon area

Makhtesh Ramon 15 the largest of three erosional valleys formed along anticlinal axes in the
central Negev desert (southern Israel) The Ramon erosional depression is a major geomorphic
feature in this region, forming & deep feather valley, 40 km long and up to 12 km wide, surrounded by
steep cliffs up 10400 m high (Ben-David et al, 2002). The Makhtesh Ramon depression is, in some
sense, & closed structural-geomorphologic system, in which the product of destruction of all volume
of geological rocks available within the territory has been accumulated

The field investigations were initiated, besides the common geological conclusions (Katz
and Eppelbaum, 1998) by applying dowsing procedures and advanced analysis of magnetic data and
space image processing (Eppelbaum et al, 2001,2002). Favorable results obtained at these stages
allowed recommending performing detailed geological and mineralogical investigations in the
Makhtesh Ramon depression

Al this area about 80 kg of geological associations have been selected from the near-surface
laver for subsequent mineralogical-geochemical- analyses. The following minerals of the anticipating
diamondiferous association were revealed in the selected samples: (first group) - chrome-diopside,
orange garnet, bright-crimson pyrope, picroilmemte, moissanite, corundum, black spinel, olivine,
anatase and tourmaline (including black samples), Chrome-diopside as an indicator mineral may be
found only in the neighboning zone of basic pipe occurrence. Orange gamnet, bright-cimson pyrope
and tourmaline also are essentigl indicators of the presence of diamondiferous association in the
studied district. Moissanite and corundum are the rarely occurring minerals indicating presence of
buried kimberlite pipes. These minerals do not rolled and oxidized that is. additional evidence of the
neighboring ogccurrence of the indigenous rocks. Data of electronic microscopy show that the grains
of (1) picroilmenite and (2) pyrape contain, réspectively: (1) cobalt, chrome, magnesium and nickel
and (2) chrome, magnﬁs:um and aluminum. These data indicate that both picroilmenite and pyrope
have the hyper-abyssal origin that also is an indicator of the possible occumng of diamondiferous
pipes. Besides above mentioned minerals; list of determined minerals in the samples (second group)
includes, hexagonal quartz, feldspars, pyroxenes (black, green, dark-green, gray-green, brown-green),
magnetite, hematite, ilmenite, galenite, pyrite; imonite, small magnetic spheres (quant. matter), mica,
hydro-mica, chromite, leucoxene, zrcon, rutile, secondary minerals of cuprum (green and blue),
calcite, ete. These minerals {by their considering with the first group) are also indicators of diamond-
bearing of the studied area. It should be noted that the amount of these minerals is extremely high: in
80 kg of the investigated geological concentrate {selected from the loose deposits and conglomerate)
till the present time altogether more than 8,000 grains of the proposed diamondiferous association
have been detected,

Identification of small plates of 4o and Ag-as well as La, Ce, Th, Nb and [o (rare earth
clements) also maybe associated with the nearest kimberlite rock occurrence (Griffin and Ryan, 1995;
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McDonald et al., 1995). The recent mineralogical analyses signify to discovering of quasi-kimberlite
rock (meimechite). Finally, the total number of recognized diamonds (on June 25, 2002) is more than
400 units (size of the most large crystals exceeds | mm) (technological scheme of diamond
recognition in geological concentrate is presented in Figure 1), ' '
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Fig. 1. Fractionation of samples of ftanomognetite association: Technological schenme

The visual and qualitative analysis of the studied polymineral fraction has been performed
using electronic scanning raster microscope CAMSCAN-4DY with energy-dispersion Roentgen
micro-analyzer Link AN10000, Image of microdiamond No. 226 in back scattered electrons and its
electrodispersion spectrum are presented in Figure 2a and 2b, respectively,

Ciomelusion

Integrated mineralogical (main), geological and geophysical analyses unambiguously indicate
presence of diamondiferous associations within the Makhtesh Ramon erosional depression.
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MICAS AND Al:SiOw- POLYMORPHES IN SCHIST
FROM BOBOLOS LOCALITY OF EASTERN SERBIA

ERIC! Suzana, BABIC' Danilo

Abstract

In southern part of the Proterozoic crystalline complex of eastemn Serbia (buill mainly of
gneisses, mica schist and amphibolites), near Bobolos lecality occur kyanite - corundum schist which
is exposed as a Sx4x3 m block, than andalusite schist and muscovite - paragonite schist as thin zones
underying kyanite-corundum schist.

Museovites and paragonites from investigated mineral assemblages show clear differences m
their chemistry -and unit cell parameters. These differences are ascribed to different PT conditions
during their genesis. Also unit cell parameters of kyanite from kyanite-corundum schist are higher
than in kyanite from muscovite-paragonite schist, This difference 15 mostly expressed on axs ¢, and
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slight lower on axis a and axis b, what could be result of higher temperatures origin of kyanite-
corundum schist,

The existence of both micas (determined in all mineral ‘assemblages from locality Bobolos)
eniabled caleulation of their equilibration temperature and gave following results: for kyanite-
corundum schist 662 £ 60°C, for andalusite schist 576 % 60°C and for muscovite-paragonite schist
5814 60°C.

GEOLOGICAL SETTING

This area is structurally related with the Gethian nappe that consists of different metamorphic
rocks Proterozoic in age (gneisses, mica schists and amphibolites), as well as of granites,
serpentinites, greenschists and sedimentary rocks of Middle and Upper Jurassic in age: According to
Bogdanovic et al. (1980) this complex is thrusted over the autochthonous Palaeozoic, Hercynian
granites and Jurassic and Cretaceous sedimentary and volcanic rocks Thorthonian in-age.

MINERAL ASSEMBLAGES

Kyanite-corundum schist (kyanite 75-80 vol%, corundum 15-20 vol%, rutile, paragonite,
muscovite and chlorite - up to 5 vol%, ‘as well as rare staurolite and tourmaline) is grey-bluish to
dark-grey rock, displaying banding structure with alternating easily visible layers of corundum (0,5-
1,3em thick dark layers) and kyanite (gray-bluish layers up to 10cm in thickness).

Kyanite is & dominant mineral and form euhedral to subhedral grains while the corundum is
present in unusual pseudolamellar grains. Small leafs of paragonite and muscovite are observed at the
rim of both minerals, sometimes on the whole erystal. Rutile grains are irregular, up to 0 4mm in size
and mainly are present as inclusions in kyanite, rarely in corundum grains.

Andalusite schist is grey-greenish, with megascopically visible prismatic pinkish crystals of
andalusite, from 1 to 1,5cm in size. It is composed essentially of lath-like muscovite rarely developed
in laths longer than Zx0.6mm. Andalusite crystals are idiomorphic and their basal sections exhibit two
cleavages at an angle ranging from %07 to 102° Along these cleavages small laths of muscovite are
also noted while around some andalusite grains radial aggregates of chlorites were developed. The
boundary between these minerals 1s sharp.

Muscovite-paragonite schist is grey-whitish in color with well-formed and easily visible
needle-or pole-shaped kyanite porphyroblasts up to Ix3mm in size, randomly distributed through the
rock mass. Perfect cleavage could be often seen on pnsmatic crystals. Muscovite and paragonite,
forming intergrowths of uUny micaceous plates of up to 1,5x04mm in size, are optically
indistinguishable. These two minerals are usually orientated along the schistosity direction of the
rock. Average chemical composition (mucroprobe analysis) of Al:S10s polymorphes and micas from
the three types of schists are given in table 1.

X- RAY ANALYSIS

Extremely low content of muscovite in Kyanite-corundum schist and paragonite in andalusite
schist (<1%) disabled determination of their unit cell parameters. According 1o data from ASTM -
files (12-187) for paragonite; (6-263) for muscovite, (11-46) for kyanite and (39-376) for andalusite
as initial values, their elementary umit cells were equaled using the programme LSUCRIPS (Garvey,
1986), and they are presented on the table 2
Unit cell parameters of kyanite from kyanite-corundum schist are higher than in kyanite from
muscovite-paragonite schist. This difference is mostly expressed on axis ¢ (5.573>5554), and slight
lower on axis a (7, 106=7.092), and axis b (7.8345>7 834}, what could be resuli of higher temperatures
of kyanite-corundum schist arigin.

EQUILIBRATION TEMPERATURE FORMATION OF MICAS

Data on the Na-K compositions of both micas (Pg and Ms) were used for determination of
final equilibration temperature (Ty), in:seventecn of the Pg-Ms pairs- from all investigated minerals
-assemblages. This was attained with paragonite-muscovite solvus: thermometry (PMST), on the basis
of equations 9-11 (Blencue et al., 1994), that conform to the following guidelines:
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Table 1. Average microprobe analyses of kyanite, muscovite, paragonite and andalusite

ek kvanile-rorandum whis wydalusii schind prscovite pasagonite shid
minsrad panils mueovie | peragonite | endaesse | muscovite | paragonie | hyssie pasvite | paripoaite
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1} The:mol% of margarite (Mrg) in Pg is less than 3%, Higher cancentrations of Mrg have a marked
effect on Pg-Ms solvus relations, '

2} .‘E.[Mg+Fc"+Fe}'}{=Fm content) in Ms is low, as indicated by Siformula unit =6.2 andior
T (Mg+Fe)=0.35/formula unit (22 oxygens, anhydrous basis). These values are typical for the degree
of phengite substitution in muscovites for Al-saturated rocks that equilibrated at p=8kbar (Guidot,
1924, Guidotti et al., 1992)

Average equilibration temperatures:

Kyanite-corundum schist-T{ ™= 662 + 60°C; T¢™ = 657 £ 50°C; T¢"™'= 668 £ 60°C;

Andalusite schist- T =511 £ 60°C; T = 585 .4 50°C; T, = 567 £ 60°C,

Muscovite-paragonite schist- T ¥ =372+ 60°C; T/™ = 604 + Sﬂ"{_‘,;_Tr""“"‘ = 559+ 60°C;

Practical applications of Pg-Ms solvus thermometry are restricted to quasthinary Pg-Ms pairs that
equilibrated at pressures between approximately 2 and 3 kbar (for investigated minerals assembiage
p=4-Tkbar, Eric, 1998)
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ROCKS WITH POZZOLANIC PROPERTIES USABLE
IN THE CEMENT INDUSTRY

FECHET' Roxana, JUNGHEATU" Vasilica, AMZICA' Florin

(reneral

During the last yeirs, due to the inéreasing energy cnisis, several programs have been drawn
up and put into practice in the cement industry (cement, lime, plaster) in various countries regarding
the rational use of existing raw materials and minimising the use of high-energy-consuming
materials, such as cement clinker. In this context, an efficient way tackled by researchers and cement
manufacturers has been the use in cement manufacture of a kind of rocks which due to their
pozzolanic properties can substitute clinker in certain proportions in cement,

' Pozzolanic properties signify the aptitude of a finely ground raw material to bind the calcium
oxide in the presence of water, at normal temperature, with formation of compounds with hydraulic
properties. According to SR 3832-10, pozzolamic matenals, ecither natural or artificial, consist
essentially of reactive 5i0; and reactive AlQhy, Reactive Si0; is that part of silica dioxide that
becomes after treatment with HCI soluble in KOH T:m::-ughl to a boil,

Matural pozzolana cement 15 standardised in all countries with well-developed cement
industries. In most cases, the maximom admissible ratio of natural porzolana matenial is of 40%,
although there are countries where hugher proportions are allowed. Thus, China produces cement with
50% porzolana, the USA and Yugoslavia, with 83% pozzolana, and Ttaly—the pozzolana
homeland—produces a wide range of cement sorts with pozzolana matenals.

In Romania, the pozzolanicity of a natural or artificial material is established in conformity
with standard SR 3832/1998 and 1aking into account the physicochemical charactenstios shown in
Table 1.

In 1996, a significant result was the drawing up and taking effect of the standard SR 1500,
which stipulates production of Portland cement with a single addition of natural pozzolana in ratios of
6-20% (type IVA-P) and 21-35% (type IVB-P), as well as composite Portland cement (type 1I/A-M
and I/B-M), pozzolana cement (type IV/A), and the composite cement {type V/A), where natural
pozzolana matenals concur beside other active additions (granulated blast furmace slag, thermal
power station fly ash) and/or hmestone.

Table 1
ER 3832/1998 Requirements
Characieristics (%)
S0 content
= fotal =50
= redctive = 94
Physical activily index (1) = 85
| Chemical activity index cxpressed by the insoluble residue (RI) <35

As is well known, the activity of natural or industrial pozzolana materials is determined in
principal by their content in vitreous phase whose free energy is higher than the crystalline phase and
gives a pregnant instability to the system. The vilreous phase may have a silica, alumino-silica or
ferrite-aluminate-silica nature,

Natural pozzolana matenials can be uncrystallised voleamic rocks (vitrophyre, retinite, ubsdnm, perlite,
and pumice stone) consisting of voleanic glass, as well as pyreclastic rocks containing in part a vitreous phase
of volcanic origin. Among sedimentary rocks, pozzolanic materials are silicolite and diatomite rocks
cottaining amorphous silica of chemical precipitation or organic ongm, respectively, Besides volcanic and
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sedimentary rocks containing uncrystallised phases, also as natural pozzolana matenals are recognised a
nurnber of sedimentary rocks of special mineralogical composition. These kinds of rock contain in significant
proportion minerals with high absorption capability and high level of ion exchangeability, such as zoolite and
montmonilonite

Experimental investigations

During the last years, the National Institute of Cement has carmied out extensive investigations
to characterise from the pozzolanicity peint of view a large number of rocks to be employed as raw
materials in the cement industry,

The investigations have focused on more than 50 varicties of rock originating from perimeters
a3 close as possible to cement plants, such as vitroclastic tuff (Slanic-Piatra Verde quarry, Mirsid
quarry, Paglisa Cetate-Deva quarry), vitrocrystalioclastic wuff (Borsa-Apehida, Hadareni, Cleja-
Bacau), ignimbrite (Pojoga, Baipa-Barbura), coarse pyroclasts (Baita—Craciunesti, tuff (Ciugud-Alba
lulia), bentonite (Gurasada and Mihaesti-Diobra), diatomite (Urluia-Adamclisi, Patarlagele-Buzau),
radiolarite (Paulis-Deva), porcelanite (Pinoasa-Targu Jiu and Berbesti lignite quarries), etc

Chemical and mineralogical analyses and pozzolanicity tests of essential mpnnm in
determining the activity of the rocks under investigation have been carried out according to SR 3832,
Pozzolana rocks corresponding to the requirements in SR 3832 were used in obtmning laboratory
cement sorts according to SR 1500. The cements obtained were tested as to their chemical, physical
and physicomechanical characteristics. At the same time, the grindability of cements with natural
pozzolana has been determined as compared to the cements containing granulated blast furnace slig
addiion.

Results and interpretation

Table 2 shows the results of chemical analyses on several kinds of pozzolanic rocks..

Table 2

Tipe of rocks/Locarion Chemical characteristics, (%) ]
Si0- ALDy | Fe:Dy Cald MO K0 MasO

[Zealitic vilroclastic tuff 6149 | 11,44 | 1,60 348 0,20 | Z68 | 0,86

Skinic-Piatra Verde quarry

Zeohitic vitrockastic Wl 67,95 1231 1.04 i 0,39 .81 0,53

Dij-Mirsid quarry -

Vitrocnosialloclastic tufl 6768 1304 1,60 5,55 0,58 2,76 0,32

Borsa-Apahida '

Ignimbnite 5367 13,53 1,20 1.3 0,00 2861 1,34

Pes

Diatomaie TH.O6 532 .51 0,540 1,08 052 0,40

Urluia-Adamolisi guarry .

Bentondic 74,02 12,62 155 1.90 143 2945 0,85

Gurasada quarry

Table 3 shows the results of the chemical analyses and pozzolanicity determinations as
compared to the requirements in SK 3832/1998,

Table 3
Type of rocksLecation Si0: twtal | Reactive | Chemical aetivity index | Physieal activity
&) Siek: (2ap | finsoluble residue) (25) imdex (%)
_Requirements SR 3832 min. 50% | min, 25% mux.35% min.85%%
Feotitic witroclastic tull 6749 6346 B.20 127,90
- SHinic-Piatra Verde quarry
Froliticvitrockistic tufl 67,95 63,69 7.35 133,02
| Dcj-Mirsid quarry
Vitrocrssalloclastic 1efl 6768 3048 18,80 BE 58
Borsa-Apahida
lgnin-krm-: 59,67 57,35 2875 8277
Diatommite. TH 66 56,02 14,58 03,62
Urhgio=Ackimelisi. guary L
Bewtopte 74,02 45,25 23,71 B1.04
Crurasada quarry
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The results show that the investigated pozzolana rocks correspond to the requirements in SR
3832 regarding the pozzolanicity tests.

Cements type IVA-P obtained using investigated pozzolana rocks in ratios of up to 15-20%
correspond to the requirements in the standard and classify into the resistance class 32,5, Also,

satisfactory results have been obtained on cements type L/B-P with 25-30% tuff addition from
Slanic-Piatra Verde and Mirsid. With a 35% wf¥ addition form Slanic, cements resistant to
aggressive medioms have been obtained

In terms: of grindability, for a fineness of Rys = 10%, the cement with natural porzolana
addition required a lower specific power consumption than in the case of a blast furnace slag addition,
as shown in Table 4.

Table 4
Clinker Cement with addition of Specific power consumption in
kWit at a fineness of
Slanic tuff Galati slag Raogs = 10%
= : - 43,07
Fieni 43,50
42,30
£ 13 %

Allowing for the obtained results, natural pozzolana complying with the requirements in SR
3832/1998 can be used to obtain cements IVA-P and IVB-P as per SR 1500/1996. Cements type
IVA-P and I/B-F may be employed both as masonry mortar and rendering plaster as well as for
works in aggressive mediums:

Conclusions

Diversification of the range of natural pozzolana materials recommended for manufacturing
cements with natural pozzolana addition has led to involving in the economi¢ cycle of natural
resources less utilised at the moment and to an increasing incentive for companies in the binder
industry field concerned with reducing of production costs.
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TITANOSILICATES: FROM A CHALLENGE IN MINERALOGY
TO AN OPPORTUNITY IN MATERIALS SCIENCE

FERRARIS' Giovanni, GULA® Angela

Several achievements of the modemn technology have their roots in the sbservation and
understanding of natural phenomena and matenials. In particular, some key products for materials
science are either minerals or have been synthesised starting having minerals as model, Zeolites
represent a well known example; because of their microporous properties, these alununosilicates play
crucial roles in very different fields such catalysis, agronomy and horticulture {controlled release of
fertilizers and water) and animal nutrition (e.g., regulation of digestion fermentation). Other groups of
minerals possess channels and cavities and poteptially can act as porous material: labuntsovites
(Chukanov et al 2002), eudialytes (Johnsen & Grice, 1999) and tobermorites (Merlino er al. 1999)
-are some examples. The presence of cations like Ti and acidic OH groups increases the catalytic
possibilities of microporous materials In this context the titanosilicates have attracted the attention of
matérials scientists and some compounds of technological interest have been synthesised having
natural structures as model (see Rocha & Anderson, 2000; Saxton, 1999). The technological interest
of these microporous materials is enhanced by the possibility of incorporating heteroatoms into the
framework thus allowing 2 fine-tuning of physical and chemical propertics in the fields of
optoelectronics, non-linear optics, batteries, magnetic materials and sensors.

(Hyperjagpaitic rocks oceurring in famous complexes like those of Kola Peninsula (Russia,
Khomyakov, 1995, Pekov, 2000), llimaussaq (Petersen & Secher, 1993), Mont Saint-Hilaire
(Horvath & Gault, 1990) are a major source of complex titanosilicates (Sarensen, 1997). These rocks
are not common but the presence of rare elements (Li, Be, Rb, Ga, REE, Nb, Ta, Hf, Zn, Sn, U, Th)
and the high contents of Na, Zr, Cl and F have favoured the formation of a huge amount (more than
500 species;, some 150 new species) of minerals Some of these minesals show complex and
characteristic crystalline structures that offer a wide pattern of opportunities to materials scientists.
The: structural variability depends also on a similar crystal-chemical role of Si-tetrahedra and Ti-
octahedra, This role is based both on dimensional (0. O distances) and bonding aspects, In fact &
{Ti0;) ociahedron bears a formal negative charge 8-, 4- or 2- according it is isolated, shares 4 or 2
corners. Thus, in the order, an octahedron can supply the same bonds as 2(5i0.)", (8i04)" or 2
(5105)" group in a pyroxene-like chain In particular, the introduction of Ti-octahedra in a silicate
structure can lead to a framework structure as illustrated in some examples given below, As a matter
of fact, more than 1/3 of the new mineral species reported from the mentioned localities are
represented by titanosilicates

" The characterisation of several titanosilicates occurring in the agpaitic rocks:is a challenge
even for the modern analytical methods mainly because of their defect crystallinity. The morphology
is often fibrous and single-crystals suitable for classical X-ray structural analysis areé missing
Transmission Electron Microscopy (TEM) and structural modelling based on the concepts of moduiar
erystallography (Merlino, 1997), like polysomatism and OD theory, are sometimes the only way to
obtain key information for the charactenisation of these minerals. But even when an X-ray crystal
structure determination is possible, a wide possibility of isomorphous substitutions together with the
presence of partially occupied sites and widespread disorder require a skilled structural and crystal-
chemical analysis in order to properly describe the phase Typical examples are the labuntsovites and
cudinlytes, two groups of minerals known since long time and which are now rapidly expanding aftes
that subtle features of their structures have been recently unravelled.

| Dpt. Sciense Mincralogiche ¢ Parologiche, Univ, Toring, and Istituto di Geosticnad ¢ Georisorse. ONR - Via Valperga
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Some examples shall be shown and discussed particularly for layer titanosilicates
[heterophyllosilicates polysomatic series (Ferraris er al, 1936), bafertisite mero-plesiotype series
(Ferraris e7 al. 1997, Ferraris er al, 20014, 2001b)). Further examples are eudialytes (Gula et al. 2001
Johnsen & Grice 1999), labuntsovites (Chukanov ef al. 2002, Khomyakov ef al. 2001) and seidite-
(Ce) (Khomyakov ef al. 1998),

The hﬂlHD-Ph}f“ﬂE'll'lﬁTB_‘S. have formula .."!j-.qFh]n[Ti:fﬂ'J:[-.FSiqi-.-_uﬂ[.t.mTl{ﬂ'j:-h where 4 =
interlayer citions, ¥ = octahedral cations, € (bonded to Ti) and & (belonging to the octahedral O
sheet) can be oxygen, OH, F or Hz0, the 14+10n oxygen atoms are bonded to Si. The value of p (0, 1,
2) depends on the coordination number and edge/corner sharing of the Ti coordination polyhedron
The structure is based on three different types of HOH layers; H (hetero) is a sheet which may be
derived from the tetrahedral sheet 7 of the phyllosilicates by inserting 6- or 5-coordinated Ti (or other
vicariant cations like Nb and Zr), O is an octahedral sheet like those occurring in the phyllosilicates.

Labuntsovites have general formula ABC [ D0(H0,0H) M (0, 0H) [ S04 ]y nH0 and their
erystal structure is built up by a three-dimensional framework of M(= Ti"", Nb"*}-octahedra and Si-
tetrahedra where 4, B, Cand D cavities host various alkaline, earth-alkaline, other bivalent extra-
framework cations and water molecules,

A general formula [MUNQNEINMEONSLIMO MO BMERMEMDZL[5:010":  holds
for eudialytes, N = Na, K, Sr, REE, M{1a) ¢ M(15) = Ca, Mn, REE; M(2) = Fe, Mn; M(3) = Nb, Ti,
W, Mid) = 51, 2 = Zr, Ti; O, X' = O, OH, Hy0, Cl, F, COy. The structure may usefully be seen asa
three-dimensional framework where channels and cavities host different cations in the sites N, @' and
A,

The structure of seidite-(Ce), Nay(Ce,Sr)a{ TIOH):(Sis0r:) }(0,0H,F)s5H:0, has been
obtained for comparison with miserite, KCas(Si:07)(Sk045)(OH)F. Since both these minerals show
zeolite-like exchange properties, partially successful attempts of synihesis have already been
attempted by some research groups (e.g. by M. § Dadachov, K. Okamoto & X D. Zou; Struckural
Chemistry Department, Stockholm University, private communication) afier the publication of
seidite-(Ce) as a new species,
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SOME CONSIDERATIONS REGARDING INTEGRATED STRATEGIC ANALYSIS
IN METALLOGENY

FLAUT'® Constantin, CALIN® Nicolae, COSTIN' Dan, POP' Sorin, BOLCHIS™ Radu

The aim of the paper is to propose the usage of Integrated Strategic Analysis (1SA) in the
domain of metallic mineral resources using quantitative and qualitative methods. The purpose is to
make some considerations applying ISA in metallogeny, as an influencing factor for local, regional
and global sustainable development.

The type of natural mineral resources (MMR) taken into account in ISA is:

« Solid / fluid as they appear in nature,

+ Energetic / non-energetic, fuel / non-fuel as they are used.
Metallogeny, by definition, is the science studying the formation, distribution and classification of
NMR, being characterized by descriptive, qualitative and quantitative parameters. The approach of
metallogeny can be interactive, in & modular system. The metallogenetic operating elements are
determined by the metallogenetic factors: magmatie, tectonic, geochemical, petrographical, etc.

The term “management” used in almost all disciplines i3 refereed to as both 4 science and the
process of applying it in real world Actually, it has a three-fold meaning; process (practical
application), decision factor (individual or team) and science (as research subject).

In the above-mentioned area; strategic management (SM) defines the "Massion of the Mineral
Resource”’, medium and long term objectives as well as the ways to achieve them, taking the effects
and costs (economic, environmental, social) into.account.

The key elements of SM are the Institutional phase — the making of an infrastructure able to
develop @ management program in the three main directions: social, economic and environment -
where one must involve all the decision factors, and an evaluation and menitoring system both
qualiative and quantitative,

Institutionally, we distinguish three main levels (Pop and Bolchis, 2002);

Strategic level — which has the role of defining the strategy plan for the developing the potential
metallogenetic area, It is the main decision factor and must be in permanent contact with-all involved
factors, both vertically — tactic level and operational level and horizomally — the stakeholders

Tactic level — auditing — task accomplished by the tactical analysis division of the management. It is
characterized by the three synergetic domains (economic, social, environmental), the output being the

audit which contains the evaluations, estimations, forecastings and threats that the NMR. génerates by
its exploitation.
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Operational level - characterized by working groups specialized in various areas and able to develop
“and implement the projects by objectives, objectives needed to achieve the intégrated development of
the metallogeneticarea.

The metallogenctic domain is one with huge dm'e!upmem potential both economically and

socially, The potential becomes manifet when exploitation is granted Exploitation must follow the
Integratéd Development guidehines, in order to ‘achieve sustainability. Alternative economic solutions
must-be taken into account aswell as sociatand environmental aspects:
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Diagram of intezrated relationship between the Mining Area/metalogenetic zone and
Local Sustainable Development
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In accordance with Robertson (2001), the World Bank procedures (2002) and Pop (1999, in

the decision process, the mining developntent plan (opening, operating and closing a muung area)
should follow some principles m order to aclneve sustamabality

(€]

A global approach is needed when planning a sustainable exploitation of resources. This
implies a healthy management policy at local, regional and national level This implies
conservation strateuies and the 3 R's,

Exploitation wses the area-only temporary. This givesa Nigh value both at the beginning and
during the exploiation being able to bring desclopment and wenlth Jocally and segionally,
This development and its benefits. can fertilise and incent the development of the area even
after the mining ares is closed This is one aspect that must be stimulated in order to insure
siistainable development

Mining is invasive and brings changes hard 1o envision  This can be physieal, chiemical and
biolomical Deternvining thisampact and mimmizing its elffects is one of the responsibilitics of
admimistration:

Mining aciivity is mmpﬂr!'ﬂr}- There can be several mmml. operators and thus the careful
plamun&, of tertain usage during and alter mining -IZ'I].'FEEI'.I:H.'H'I is compulsory

The mine is placed in space and tne as well @5 in an ceological, social and economical
enviromment. Bverybody involved in the process of exploning the area must be consalted and
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made responsible for the decisions taken. Commitment is needed in order to insure a
sustainable development
6. The various types of impacts (social, €cononiic, eénvironm.) are measurable. The different

stakeholders have different views and outpuis regarding the effects of their activity, depending
of the measurables taken into account. A consensus to be achieved, one must provide a
platform for exchanging different types of information between involved operators. This
consensus ensures also a unitary understanding of working procedures
In conclusion, we consider that metallogenetic forecasting has a detérminant role in the

development of an arex at local, regional and global level. We consider that ISM must follow the.

guidelines: mentioned above in order to ensure the sustainable development of the potential

metallogenetic area.
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GEOMETRY OF 15.4 MA R.ﬂ.'!l'ﬂl.-r_l'lﬂ IGNIMBRITES FROM GUTAI MTS,,
EASTERN CARPATHIANS, ROMANIA

FULOP' Alexandrina
Gutai Mts. are part of the northern seament of Romanian Eastern Carpathians. They belong to

the Neogene volcanic chain of Carpathians, edified during complex subduction processes (Seghedi et
al, 1998),

+ |
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Fig 1| - Areal distribution of igsimbrites and drilling works on the southsnestern part of Gutai Mix.
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Ciutai Mis. have been built up during Miocene. Veolcanic processes developed during 15.4-7.0
Ma (Pecskay et al, 1995, Fulop, 2001), resulting a wide range of igneous rocks. Sedimentation
developed contemporaneously with the voleanism,
= dilute, maintained density stratified suspension currents, as parental flows of ignimbrites;
* compatibility with “boiling over" eruption style and caldera collapse,
» location of the source within the area of Gutai Mts (Fulop, in press),

 Voleanic activity began 154 Ma ago, on the Paleogene island - the actual sedimentary
basement of the massif. The ignimbrites overlay the flysch deposits, spreading on the south-western
part of the mountains (Fig. 1) Studies in outcrops and under microscope emphasized the lithological
features and the sedimentary structures of the ignimbrites (Fulop, 2000).

The lithology of ignimbrites shows fine grained deposits, lapilli tuffs of rhyolitic composition,
locally covered by co-ignimbrite ash fall deposits.

The sedimentary structures reflect the mechanisms: of transport and emplacement, useful to
evaluate the style of eruption (Freundt 1998, 1999), Their study suggests:

Geometry of ignimbrites

The geometry of deposits is & valuable element in reconstructing the source location and the
subsequent evolution of the area.

The geometry of ignimbrites have been modelled using 51 dnilling works: located on the
south-western part of the mountains (Fig. 1). The estimated area covered by ignimbrites is around 200
km?® anid the volume, calculated on the basis of borehales, is about 34 km’.

lgmimbrites show an actual bianket morphology, elongated on W — E direction, with irregular
lower and upper surfaces (Fig- 2, 3) The thickness decreases from W towards E, from 350 m in Ilha
and Racsa areas; 1o estimated 30 m in Firiza area (Fig. 1).

Fig. 2 Lower surface of ignimbrifes:

Fig. 3 Ligper surface of ignimbrites

In order to mode! the original geometry, certain features may be inferred from the rheology of
parental flows. The maintained suberitical flow regime of parental flows corrésponds to ignimbrites
emplacement on & flattened or slightly undulating surface. The incorporated alluvial debris suggests
channelized flows, those channels have been overwhelmed by the large volume of ignimbrites, which
filled and flattened the area. Both the lower and upper surfaces were flat, dipping from W towards E.

The supposed original morphology, correlated with the actual thickness vanation, suggests
that deposits from western arca had a constant, at least 350 m thickness and eastem area showed an
exponential decrease to-several tens of meters.

The actual geometry of ignimbntes reflects the original geometry modified by the combined
action of subsequent tectomcal and erosional processes: A comparative study of the inferred original
geometry and aciual geomeiry emphasizes the tectonical processes involved in the evolution of south
~ western part of Guiai Mis, after ignimbrites emplacement. Two different areas have becn
separated
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« the western area, comprising the whole south — western corner of Gutai Mits, accumulated the
thickest, flat topped ignimbrites; they underwent a subsequent uplift related to the Paleogene
ridge uprising, which was combined with active erosional processes, leading to the actual, very
irregular morphology; ignimbrites have been washed out partly, being preserved only in N, Racsa
area and 5, lba area;

« the eastern aréa, from 1lba towards E, Firiza lake, shows an mpanm’ua] decrease of ignimbrites
thickness, modified also by the subs-:quent Paleogene uplift and erosion

These features are very important in reconstructing the source location: the thickest, western
deposits suggest intracaldera ignimbrites and the exponential decrease of thickness comesponds to
eastward ignimbrites outflow,

Conclusions

A series of studies related to the 15.4 rhyolitic ignimbrites from Gutai Mis. presented their
lithology, sedimentary structures, geometry and which &re the genetical implications of these
descriptive features (Fulop, 2000, 2001, in press). The next elements have been inferred from the
previous studies:

» magmatic explosions of an acidie, rhyolitic magma are responsible for ignimbrites genesis,
» igmimbrites have a fine-grained texture,

e ignimbrite deposits are overlain by co - ignimbrite ash fall deposits;

» expected underlain Plinian fallout deposits are lacking,

A major step has been done evaluating the parental flow rheology (Fulop, in press), essential
in the assumed “boiling over” style of eruption followed by caldera coliapse and location of the
source within the area of Gutai Mits.

The study of the geometry of ignimbrites emphasized the actual morphology. The original
morphology resulted from flow rheclogy. A comparative study between the two morphologies has
been carried out concluding about subsequent tectonical and erosional processes. The thickness
variation in accordance with the original morphology separated two areas of different evolution:

s western area with constant, thickest deposits,
e eastern area with exponential thickness decrease;.

They are valuable indicators of intracaldera ignimbrites and ignimbrites outflow respectively,
accepting the already created scenarip, inferred from all the other descriptive features.

Rc_{rrqm:ﬁ

Frewndt ., 1998; The formation of Mgh-gricke (grimbrites, I: Experiments on lovw-coucentration lrantpart sysfemi
eannming sticky particles Bull, vedeanol 58 4144335,

Freundt A., 1999: Formatton of kigh-grade (gninbrites Part I, A pyroclasie sispension current imodel with implications
alxo for tovw-grade ignindbrites, Bull, voleanol. £0: 345-367,

Fulop A., 2000 Araliza secvenfialif a plroclastitelor acide din baza epmpléxului vulcanic ol Muniilor Gutdi; reconstitulri
peloenvulcanice 3t palcosedimentologice. Teza de doctoral, Universitatea Bucireghi, 163 p,

Fulop A, 2001 A paleventders - soarce of 154 Ma riyolitic ignimbeites from Guial Mountatis, Edsiern Carpathians,
Romonia, Paicardi 2001, 11 Abstroces, 006

Fulop A, in press: Transport and’ emplacement of the 154 Ma rigolitic Ignimbrites from Guial Mis, Eastetn
Carpmitians, Romania. Studia Universitatis Babey ~ Bolyal, Clif Napoca

Pécskay %, Edelstein O., Seghed) I, Szakdes A, Kovecs M, Crikian M., Bernad A, 1995! K-dr datings of Neagerie-
Orptersary cale-alk aline valeamic rocks (n Romanie. Achs Fuleanologica, 7, 53-62

Seghedi [ Balimtont 1., S:akdes A, 1998 Interplay of fectonics and neogene post-colitsional magniatisn in the
inmtracarpathion region. Lithox

40 Prisag S Progpecium S



MIOCENE CALK-ALKALINE VOLCANISM IN BAIA SPRIE-CAVNIC AREA
(GUTAI MTS., EASTERN CARPATHIANS)

KOVACS' Marinel, FULOP' Alexandrina

~ Gutai Mts, belong to the Meogene-Quaternary volcanic chain of Romanian Eastern
Carpathians, The subduction of the European Plate beneath Alcapa and Tisza-Dacia microplates and
the hinterland extensional reply in the Pannonian Basin (Csontos, 1995) are responsible for the
voleanic activity of Gutai Mts. Two types of voleanism had developed during Miocene {15.4-7.0 Ma,
Pecskay et al, 1994) in Gutai Mts: an acidic calc-alkaline extensional type and an intermediate cale-
alkaline arc-type (Kovags, Fulop, 2001). Baia Sprie-Cavnic area, very complex from the
volcanological point of view, is situated in the south-eastern part of Gutai Mits. (Fig. 1), close to the
southern border of the volcanic zone. It has a Neogene sedimentary cover composed of Badenian-
Pannonian syn- and postvolcanie deposits, Oligocene-Early Miocene deposits, Paleogene flysch-type
deposits belonging to the Pienides (as overthrust nappes), represent the predominant pre-Neogene
basement.

Fig. 1. Volcanological map of Baia Sprie-Cavnie arei (SE Guiai Mis). | Erupiion ecnire, 2 Effierive
conex! 3. Exirusive domes: 4. Infrustons; 5. Lova floses; 8, Lava floncs with wnknown centre; 7, Awloclastic
rocks, 8, Hyaloclastic rocks; 9. Coarse volcaniclasties; 10, Fine velcaniclastics; 11, Tufls: 12 Quaterriary;
{3, Syn= and postvelcanic Neogene sedimeniary cover: |4 Prevolcanic sedimentary deposits; 15, Fault; 16,
Foloanie sirnciires!

I-Satra (pyrovene dacites, 13.2 Ma); 2-Rachitele (pyrovene andesites, 13.4-13.3 Ma); 3-Piatra Rosie
Cetatele (pyroxene & omphibole dpcites); 4-Donestt (hiptite dacitesripolites, 11.6 Mgl: - $-Magose
{pyroxene basalife andesites, 11.4-9.5 Ma); 6-Valea Mori| (pvroxere & amphibale dacites, 10.) Ma): 7
Poiana Cremenii (quirtz andesites, 11.3 Ma): 8-Higea {pyraxene & amphibole andesites, 10.1 Maj; 9-Gutai
ibiotife andesites, 9, J-?.l_'.”-fa,.l.

! North University of Baia Mare, 62/A Dr. Victor Babeg Sir., 4800 Baza Mire
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Volcanological and petrological data

Volcanics (primary and reworked tuffs) belonging 1o the acidic calc-alkaline volcanism
autcrop in some limited areas and have been intercepted in 2 few boreholes {pumice-rich pyrociastic
flows and associated volcanogenic epiclastic deposits). '

The intermediate calc-alkaline voleanism is very well represented in the entire area by a greal
variety of rocks belonging to different volcanic structures (Fig. 1). It had started in Early Sarmatian,
in the southern part of the area and had a subaqueous character (Rachitele and Satra volcanic
structures). Voleanic activity had continued during Pannonizn and two subaqueously extruded domes
were emplaced: Piatra Rosie-Cetatele and Danesti. The paroxism of the volcanic activity was reached
in Pannonian, in the central and northern part of Baia Sprie-Cavnic area; it had started subaqueously
(¢.g. Higea volcanic structure) and continued subserially. Gutai extrusive dome is the youngest
structure from Gutai Mts. (9.0 Ma, according to Pecskay et al, 1994), which ceased the volcanism.

Lava flows related to both effisive cones and extrusive domes are predominant. They are
associated with a series of volcaniclastics proving the subaqueous eruption and emplacement of lavas:
quench fragmentation products (in situ and resedimented hyaloclastites) as well as phreatomagmatic
products (primary and reworked pyroclastics) have been identified, Most of them have been
resedimented by mass flows and encapsulated by mudstones in submarine environment (Fulop,
Kovacs, 1996),

Intravoleanic shallow level and subvolcanic intrusions of different sizes and morphologies are -
associated to voleanics, especially from the central and northern part of the area,

Voleanic rocks consist of basaltic andesites, andesites, dacites and rhyolites (Fig. 2). Pyroxene
basaltic andesites and andesites are predominant. Complex petrogenetical processes are suggested by
mineralogical and petrographical peculiarities of most of the volcanics acidic rocks having an
exclusive pyroxene character (Satra dacites) or containing scarce amphibole (Piatra Rosie-Cetatele
and Valea Morii dacites), mineralogically differentiated rocks containing large amounts. of biotite,
amphibole and magmatic quartz (Danesti dacites/rhyolites), voleanics having abundant cognate
senoliths (Valea Morii dacites), quartz erystals with pyroxene corona (Gutai biotite andesite),
plagioclase xenocrystals {Danesti dacites/rhyolites).

Intrusive rocks consist of a large variety of textural and compositional types. Porphiritie
lextures of pyroxene andesites and microdiorites are predominant. (Micro)gabbroes, quantzdiorites,
tonalites and microgranodiorites form well-developed intrusions in Cavnic mine and adwmcent. areas.
(imercepted in boreholes).
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Major and trace clements geochemistry points out somé features of the intermediate
voleanism from Baiz Sprie-Cavnic area (resembling 1o the bulk of volcanies from Gutai Mis,
Kovacs, 2001)
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« the predominant medium-K character (emphasized by K:0-5i10; diagram), excepting Gutal
dome biotite andesite which has a high-K character,

# the calc-alkaline character (Fig. 3 A), with tholeiitic trends of magmas responsible for Piatra
Rosie and partly Mogosa structures;

+ the arc-type (subduction related) character, emphasized by REE contents and patterns in
chondnite-normalized REE diagrams (LREE ennchments, negative Eu anomaly) and by strong
enrichments of LILE and LREE amd depletions of HFSE in the NMORB normahzed
incompatible trace elements diagram (Fig. 3 B).
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Fig. 3 — AFAS diagram {A) and NMORB normalized diagram (B} for the volcanics of Bala Sprie - Cavnic area

Conclusions

A complex calc-alkaline (subduction-related) wolcanism had developed in Middle Miocene
{13.4-2.0 Ma) in Baia Sprie-Cavnic area. Lava flows and Java domes associated with primary and
resedimented volcaniclastics evolved predominantly in submarine conditions. The mineralogical and
geochemical peculianties of the imermediate volcanics assent complex petrogenetic processes
(Fractional erystallization, erustal assimilation, miking and mingling of magmas), They are related 10
the evolution of parental magmas in crustal reservoirs of different compositions, emplaced ar
different depths.
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GEOLOGICAL AND TECHNOLOGICAL CHARACTERISTICS OF CLAY DEFPOSITS
FROM THE WEST OF ROMANIA USED IN TRADITIONAL CERAMICS

MARICA' Silviana, CETEAN® Valentina, KOVACS® Gavril

Introduction

The west region of Romania, by its position as to Western commercial borders, by its
millenary tradition of processing clayey row matenals and by its speafic cosmopolitanism,
represents one of the most developed areas in Romania from an economic and industrial point of
view, were set up the first factoriés with industrial productions of ceramic materials, at Jimbolia in
1864, Geological team from PROCEMA, studied in the west areas of Romania 13 units used for the
manufacture of coarse and fine ceramic products (Fable 1)

Table 1
No | Deposit County {,‘E; " E{;:?]umc “wm u{-%l Geological age
- Pannonian -
1 | Zalay Salaj 30 15 20 Ghiiteinasy
2 | Beius Bihor 5 5 20 Upper Pliocene
3 | Calea Clujului Bihor 5 8 20 Quaternary
4 | Bihor Episcopy Bihor 50 - - Quaternary
5 | Michael Valley Bihor 11 4.9 1.7 Quaternary
6 | Suncuils Bihor 15-24 | 50-65 4-5 Upper Jurassic
7 | Beliu Arad 33 25 7 Upper Neogene
3 | Halmagiu Arad 13 25 15 Upper Necgene
9 | Santana Arad 30 30 20 Quatemary
10 | Jimbolia Timis 15 - 20 Quatemnary
11 | Cérpinis Timis - - - Quaternary
12 | Lugoj Timis Pannomene
13 | Botesti Timis 13 57 20 Upper Pliocene
Methods and experiments

Present paper represents a synthesis of geological and ceramic researches on clay deposits
from the west part of Romania . Each deposit was studied by mapping , drilling and sampling. Then
raw materials were studied by petrographical, mineralogical ., oxidic and physical- ceramic
investigations. Final documents contained an evaluation of quantitaty of useful resource , feasibility
studies and experiments on products obtained by each sample |

Qualitative characteristics of clay deposits

Most of clay deposits in the west area belong to the Supenor Piocene Quatemary, excepting
one refractory clay deposits (Suncuiys from Bihor county) that belong to the Jurassic period . As a
whole, the structure of most of the clayey deposits in this area consists of three geological honizons: a
yellow clay horizon, generally sandy clays, 3-10 m thick at the upper part (Beius, Calea Clujului,
limbolia), & yellow-coffee colored clay median horizon with ferruginous or kaclinous intercalations
(Botesti, Suncuius), 3-12 m thick, a blish-grey — grey elay horizon, with a marly charecter on
certain parts, 3-12 min thickness.

The large majority of the clays from the west area clays with an illite-kaolinite composition
(Fig. 1),

'1 PFROCEMA S A, 130 Calea Grivitel, Buchamest, e-minl @ gobrokExnct ro
* PROCEMA 5.A., 136 Calca Grivitel, Bucharest, c-mail igeorokiixnet ro
' PROCEMA S A, Timisoara, 162 Calea Sagului . esmall jpricema@onling ro
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Fig.1 - fnciusicn in the
termary diagram of the
mineralogic content of the
elays tn the west of Rowanta

& Hin-Kaslinitic Cloys
& Kaolinitic Clays

The type of the clayey material, especially the present kaolinite one show the faster rhythm
and ntensity of the kaolinisation processes that took place in the sedimentation basin of mudding
origin, more especially that in the north of the Pannonic depression (the Bihor county).

The montmorillonite comies from the voleanic rocks that were the basis of sediment, suffered
alteration processes and led to the present oxidic composition

Depending on the chemical contents, the clay in the west area placed in the Augustinic
diagram are ingluded for direct or with proportions of sand used in the all fields of ceramic (Fig .2,

il ; ; Fig:2 - The Augustinic dicgrom of the frelds of nse of the
T e | me | clay deposies from the west of Romania
i ;- : | [
W | i - =~=-=+=== Fine and refractory ceramics
o : : : ;
'l‘i:"g; ﬁ"“ | ——r Floor tiles , pipes and acid-procof floor tiles
.2 Irlpfr:gﬂ}- : === Wall tiles and pottery
o 3 | . ! cenmaas RooFtiles
o | i _-=—-—;--"'"' gk s ;
| ——m e Clinkenized materials
CIE ¥ N R S : '
Ssima R0+ RO Fe ), ——— Bncks

From the physical-ceramic data it was found that, in general, the clays from this area are
sensitive 1o drying, have significant plasticity (between 30 and 58%) and relatively high shrinkage
(with values between 6 and 21%5) | have good and very good capability, average water absorption (9-
16%) and good and very good mechanical resistance (compressions between 325 and 355 daN/ omp)
and bending between 90 and 460 daN/emp (Fig.3.4) ,
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Fig 34 - Comnprreative dingrpmns ool phisic- mechunical characteristics of elawey deposits frans the WWest of Romarie
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The clay processing require maceration processes subsequent to the quarry extractions (Fig.5),
homogenization of the extracted row materials and degreasing of the clayey matenals, camed out
with sands present mote often than not as intercalation in the mass of the deposits or with coal
bearing sludge from adjacent -areas . Although the clays in these areas are generally uniform as far as
granulometry is concerned, the technological processes by roller crushing.

Fig 5 = Jmapex of elay-quarries from Sunciins (Bikor county) and Zalan (Sala) County )

The ¢eramic products: curréntly obtained are included in the traditional pottery, majolica,
building coarse ceramics, roof tiles, ceramic floor tiles, semi-vitrified and vitrified products (floor
tiles, ormamental and household ware), fine ceramic products. These products have. superor
functional characteristics: gocurate sound, pleasant colors, durability and functional versatility and the
engobes and glazes used to cower the fine ceramic products have various decorative colors and very
resistance to wear (Fig 6)

Fip - Pottery products covered with with varied colonred glazes

Conclusions

In the west of Romania there are a great number of clayey deposits that can be used in the
traditional building ceramics From the synthesis study about these deposits results few important
conclusions
- The clays are classified according 1o the their geological age in Jurassic clays, Miocene-Pliocene
clays and Quatemary-Pleistocene clays,
- From a mineralogical point of view, they are included in the category of clays with illite-kaolinite
composition (illite 5-35%, kaolinite 15-65%)
- The chemical composition includes them in the fields of fing and coarse ceramics of refractory
materials of ceramic floor tiles ol pipes and roof tiles.
- These clays are generally sensitive to drying , have high plasticity, relatively high shninkage; good
shape-ability, average water absorption and good and very good mechanical resistances
- The products obtained have superior properties:. accurate sound, pleasant colors, durability and
functional versatility,
- The engobes and the glazed have varied decorative colors and good resistance to wear.
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MINERAL RESOURCES FOR DIMENSION STONE FROM ROMANIA -
GEOLOGICAL ECONOMIC ASPECTS, CHARACTERIZATION , STRATEGIES

MARICA' Silviana, CIORNEI' Neculai, CETEAN' Valentina, POPESCUP C. Gheorghe

Trend on world market of mineral resources of building dimension stone

At present , the term of dimension stones— means all those natural stones that may be cut or
shaped to specific sized |, in view of using them at constructions or in decorative applications . The
term includes a wide range of types of rocks . Due to their special qualities as to long working life
and beauty of colors , the mineral resources for dimension stone have been used for a very long time
in various civil and artistic structures .

The industrial utilizations of composite materials consisting did not prove a viable and long
term solution as such materials: failed the test time . The natural stone has acquired , owning to its-
characteristics and the implementation of the new production and processing technologies , a
worldwide new dimension, coming back in fashion especially by the hard , granite rocks , attractive
on & long-term basis and of high functional versatility.

The dimension stone processing industry is-at present one of the most dynamic industrial
sectors , being the most efficient building matenal with a continuously ascending trend and with a
market tendency of increase in the whole world in the next years.

In the years 1999-2000 there were more than 20 great producing countries of natural stone
products both as far as export and import are concerned. The world supremacy Italy had in the field
of stone was replaced in the years 2000 by China that dominates the world market by 199,
According to the petrographic type of the rocks and of products on the market | the world market is
dominated at present by the granite products both for import and export (Fig.1,2)

Recent important buildings are concrete examples of these tendencies the IBM building in
New York , wholly dressed in gray granite or Crocker Citizens Bank in Los Angeles . The miost i
demand on the Romanian market is the red granite of Macin in the Tulcea county, to be found in
several places in the Pricopan massit from Northern Dobrudja.

Romanian dimension stone resources, characteristics and geological — economic as,

The oldest building stone quarries in Romania were the Roman ones in the Southem
ﬁubrudja , near the towns of Deleni and Adamclisi , and more recently these for ornamental
coverings opened up more than 125 years ago at Ruschita: from Poiana Rusca Massif

“The highest peak of the Romaman dimension stone production was achieved in 1989, in the
conditions generally known and was estimated at ca. 110 thousand tons being gencrated by the
carrying out of the finishing works for the Palace of Parliament , where the highest share was

' PROCEMA S A, Buchurest, Labaratary for Afineral Resorers &Creodesy; 136, Calea-Grivajer, sect. 1, Bucharcs!
* University of Bycharest, Fac. of Geology & Geophysics, Dept. of Mineralogy, 1. N Balcescu Biv,, Bucharest
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practically represented by two quarries - Ruschita and Podeni. At that time, 8 quarries were
permanently worked off , with productions around 1,35-4,5 thousand tons a year .
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At present, the number of the Romanian operators on the domestic and ﬁ::re’:gn dimension
stone market is over 200, and that of the deposits in npmanun , possessing -a quammying permit 15 61,
Most of the dimension stone rock deposits under quarrying in Romana are of a metamorphic nature
(marbles) from the Southern Apuseni Mountains (Moneasa and Sohodol marble }, the Preluca massif
(Brteas marble ) | Rodna Massif (Anies marbie ) , Poiana Rusca Massif (Ruschita and Alun Marble)
zad the northern side of the Fagaras Mountains (Porumbacn marbi ).

The ornamental limestones with opened up quarries belong to the Jurassic period either in the
Apuseni Mountains (Pofegu, Caprioara marble ) or in the Mehedinti plateau (Gura Vaii —Varamic
marbl ). At present Romama has no large quarry of ornamental granite, although many deposits
have homologated with reserves for at last 50 years,

Afier the 90's | geologists from PROCEMA Bucharest has revealed ‘at least 10 perimeters:
with granites that may tu: pmnessad as dimension stone . Among these are the Capraric and Piatra
Imbulzine granites located in the Pricopan  massif and some granite perimeters situated in the
tardikinematic gramitoidic masses of Tismana, Pocruia, Meri, Novaci. Such granites can compete
with brands that are well ~known on the world market |

All granites under research have very good quarrying and exploitation technical economic
conditions and very good aptitudes of processing imto thin cladding and favorable cutting and
polishing indicators They also present a wide range of petrographic and color varieties among which
is the orbicular granite of Tismana .

The distribution of the dimension stone deposits by counties is non-uniform | at presemt three
countries monopolize the concentration of these resources, due to favoring geological- economic
conditions. The county with the most perimeters of dimension stones: rocks that are being quarried
is the county of Bihor with 16 deposits followed by the counties of Maramures with 12 deposits and
of Tulcea with 10. (Fig3)

The immediate potential of dimension stone quarrying and production Romania can be
developed in the following 5 years up 1o a rate of 500-600 thousand a year .

AL present there is another important demand in our country, namely t'nr.cr:.fs!allinc limestones
of the white varety , a serics of small producers carrying out & limited quarrying of the perimeters
with dimension stones. The best known and most in demand, for their statues are the marbles of
Alun , Bucove oy Buteasir and the limestore of Caprioara and Varanic- Gura Vaii,
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Technical characteristics of the dimension stone products

According 1o the latest European norms, the main dimension stone products are as follows:
dimension blocks, raw plates , finished plates and wall and floor coverings

The thin slabs is a piece of natural stone of standard dimensions , obtained by cutting or
splitting and which has a rated thickness between 8 and 12 mm | to be set on a structure with mortars
or adhesives. The thin slabs ; cut to 1 and 1,5 cmeare currently most in demand on the market and are
used both in public , but more especially in private buildings

It can be thus found the best Romanian marble is still the one in Ruschita with values close to
the Arabesco - Corclua brand , an ltalian marble near Carrara: With the Pietroasa, Macin and Men
granites, the values.of the compression strengths are also very good |, even though they do not reach
the yalues of the Taivassalo granite:

One of the most important requirements for Romania refers to being accepted on the world

markets , especially on the European Union market | at least with a few brands , among which
Ruschita and Macin vaneties of products.
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Pollution and waste exploitation in dimension stone giarries

In most Romanian dimension stone quarries the mining activity 15 carried out overground, in
open strip mining , generally in mountains areas with steep slopes Natural stone extraction in
quarries consist in freeing the blocks by using the natural fissuring and a wide range of techniques
that are classified from some coplanar hole perforation and detaching by explosive to using a jet of
water ora diamond stning

An important problem one may be confronted with in this field | 100, is represented by the
resulting wasted and be confronted with in thugs field | too |, is represented by the resulting wasted and
by the deterioration of the environment . The large quarries that are being worked produce profound
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wounds 1o the landscape and the natural habitat and greater or smaller quantities of blocks that get
out of classification . Cutting and primary processing also produce an unsorted, inert mud (slime),
besides other fragments of various dimensions,

The average recovery into blocks in all these quarries from Romania does nor exceed 30% and
only exceptionally , in the Ruschita quarry , it reaches ca.50-60% . The result is this great volume of
industrial sterile of which more than 75% pieces out of the normal dimensions or a dust of various
dimensions , processing and extraction also bringing about destructive effects on the environment by
‘placing extraction wastes in refuse heaps |

There are some negative ecological effects brought about by these quarries : the loss of some
natural areas and the landscape degradation ; a lack of balance in the slopes : the increase of the
discharge cocfficient and the decrease of evaporation — exudation in the area; temporary diminishing
of the value of the land affecting of the flora and some species of animals

There results the importance of the exploitation of such chemically inert wastes, that can be used
for a wide range of building products (lime, decorative plastering, mosaic) as well as the
environment protection by néw solutions for diminishing the destructive effects and for integration
into the habitat of the quarrying effects.
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WOLLASTONITE 2M IN THE OUTER ZONE OF THE HIGH-TEMPERATURE SKARN
FROM CERBOAIA VALLEY
(METALIFERI MASSIF, APUSENI MOUNTAINS, ROMANIA)

RINCEA ', DUMITRAS Delia-Georgeta'

The occurrence of high-temperature, gehlenite-bearing skarns in the Upper Cerboaia Valley
(Migureaua Vajei area), associated with the Upper Cretaceous-Paleocene magmatism in the
Metaliferi Massif, Apuseni Mountains (Romania), has been known for over two decades (Stefan eval
1978). Previously, Cioflica (1960) has first described the contact phenomena in the area, insisting on
the hornfels and low-temperature skams

The skarn on the Upper Cerboaia Valley occur at the very contact of a monzodionte body of
Paléocene - Ypresian age (Stefan et al, 1988), with micrtic reef imestones with clastic intralayers of
probable Tithonic age

Systematic distribution of different minerals across the skarn area outlines a pronounced
metesomatic zoning. As described by Stefan et al, (1978) this zoning is, from the inner to the outer
part of the metasomatic area monzodiorite / gehlenite + vesuvianite + gamet (A) / wollzstonite +
garnet + gehlenite (B) / wollastonite + gamet (C) / calcite (marble). More recently, Pascal et al
(2001) described this zoning in greater detail and introduced sequences that subdivide the A zone into
Al (wollasionite, grossular, sodian diopside), A2 (wollastonite, grossular, diopside), A3 (gehlenite,
wollastonite, grossular, titaman andradite) and introduccs another separation, namely the vein-like
subzone BY, defined as an insight of the B paragenesis into the C zone, at its very contact, It resilts

' Geological Institute of Romanks, Bucharest, RO-73844, Romania, c-mail: marinceaigr.ro
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that gehlenite is conspicucus in the outer endoskarn zone, whereas the rock in the outer exoskam
Zong is characterized by the extensive development of wollastonite.

The aim of this work is to investigate the crystallography and the crystal chemistry of the
wollastonite from Cerboaia, in order to offer a first characterization of the mineral Taking into
account the development of the industrial use of wollastonite (as ceramic charge but also as
reinforcing mineral fibers to replace chrysotile in plasters), this first investigation of the Cerbaaia
deposit may be of real interest for the potential users

The C zone, of about 10-m thick, is largely composed by wollastonite (90 - 95 vol %), but Ti-
bearing andradite, vesuvianite and grossular also occurs. Even this is the sole zone of high purity and,
hence, of economic importance, our analysis also refers to wollastonite to the other zones. Note that,
at about 1 km west — northwest from the classical outerop in the Cerboata Valley, on a forést road
that crosscuts the Cramut Valley, a wollastonite-beaning skarn: simular to that descnbed by Pascal et
al. (2001) from the A 2 zone was found at the contact between a microdioritic dike and the marble.

Wollastonite from the C zone occurs as large erystals, of up to 10 em long and 1.5 em thick,
aggregated as parallel and subparallel bunches: In the A zone, the crystals are smaller (up 10 | om in
length), stender prismatic, and generally grouped in fan-like or radial aggregates. Crystals in the B
zone are rod-shaped, of up to 1.5 cm in length, and grouped in bunches that do not differ in
morphology, but in dimensions from the crystals in the C zone,

The density of a selected sample of wollastonite from the C zone (2292), measured by
suspension in methylene iodide dt!u'td with toluene, is of 2.90(1) g.l'c.m which agrees well with the
calculated density of 2.915 g/em’, based on the average chemistry in Ta]:rh: | and on the cell volume
in Table 2. The indices of refraction measured for the same sample are & = 1.619(2), B = 1.632(2) and
¥ = 1.635(3), The mineral is optically negative, with 2V (measured) = 60°, which perfectly matches
with the calculated valug (2V o = 50.997),

Electron-microprobe analyses of a few representative samples are given i Table 1, together
with the number of ions calculated on the basis of 18 oxygen atoms.

As ean be observed in Table 1, the analyzed samples show 2 narrow compositional range. The
chemistry conforms closely the stoichiometric one, since very low Mn, Mg, Fe, Al, Na and K
contents characterize the mineral. No significant compositional variation is observed within single
crystals, All the compositions are in the range recorded for wollastonite from skarns and silicate-
bearing marbles by Abrecht (1980; see also references therein). The mean erystal-chemical formula
of wollastonite from the C zone 1s:

(Cas spsMgo 0azMno soaFe™ o.ooNag 010Ko 004)(SissrsAle 012 Thooaa }Ors.

Table 1. Represeniative electron-microprobe analvses of wollostonite from Magureana Vand*

Sample p2s™ [ P34™ (2207 P8 [PSs  [2292 |P6 PV 2
N 3 3 g 4 3 il 4 3
Zone AZ |AZ |A3 |B BY |C C C
Si0, 5131 |51.57 | 5139 [5140 | 518 |51.57 [S128 [5137
TiD; 00z |007 |o0o0 |oo7 |oos |000 (o004 [008
ALDS. 003 |o014 009 [011 |009 |oo7 o009 [010
Felﬂ_‘n .10, |o0e |00e loio |o01s |01l (o614 [003
Me0 021 010 |oir |ois |025s (o014 |01z [o12
MnO 009 |oo0 |0o07 |005 |000 |006 |005 |00
Ca0 4723 |4797 |47.72 |48.01 | 4764 | 4784 | 48.26 |48.05
Na:;0 ool |oo1 |oo01 |06 |00z |00t |002 010
K. 0 000 |00z |000 |003 |000 |o00 |[000 |009
 Total 100.00 | 5597 | 9948 | 9997 | 9998 |99.80 | 100.00 | 9995
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Number of cations on the basis of 18 (0}

Si 5073 | 5984 [5992 [5971 |6001 [5993 |s5961 |5970
Ti 0.002 | 0006 |0000 [0006 |0003 | 0000 |0.003 |0.007
Al 0004 0019 |oo12 (o015 |o0o012 |0010 [0012 |0.014
Fe* 0.107 | 0005 |0002 [0010 |0015 |0011 |00 | 0003
Mg 0.0356 | 0017 |0019 |0.026 |0.043 |0024 |0021 |0621
Mn 0009 | 0000 |0.007 |0005 |0.000 | 0006 |0.005 |0.00]
Ca 5891 |5963 |591 |5975 |5914 | 5957 | 6011 | 5983
Na 0.002 | 0002 |opoz |o01t |0004 |0002 |0005 |0023
K 0.000 [0003 |o000 |0.004 |0000 |0000 |0000 |0013

* restdes expressed in wi%; (1) number of point analyses; (2} total iron ax FeQ; (3) samples from Crémuy
Valley

Despite the variety of oceurrences (f.e., position versus contact) the chemustry 15 remarkably
uniform, with Mn < 0.009 apfie, Fe"' < 0.014 apfu and Mg < 0.043 apfi

The cell parameters of many v.«:!tasmmta_s.ump_les, as refined by least-squares analysis of the
X-ray powder data (XRD), are given in Table 2. Since the idemification of the polytype is of vital
imporiance to the optimal industrial use of monomineralic masses, an attempt to indexing the XRD
patterns in both the triclinic (17" and 37) and monoclinic (2M) versions of symmetry was carried out
The best fitting between the calculated and the observed o spacings was recorded in all cases for the
2\ indexing. We concluded, then, that the 2 polytype ("parawollastonite” according to Taylor,
1997) is the sole or domtinates in the analyzed high-temperature skam arcas. This conclusion perfectly
agrees with the statement of Henmi et al, (1983) according to that “the 2M polytype may be regarded
as characteristic for higher temperatures”, a3 well as with the experiments of Taylor (1997) in the
5i0:-Cal) system

Table 2. Cell porameters of selected samples of wollastonite from Mégureana Varel

Sample  |a(A) b(A)  |e(A) g Ao
P3 15426(2) | 7.328(1) | 7.069(1) [9533(1) |795.7(1) |9 |&1
Bg F5482(5) | 7.321(3) |7.075(2) [9534(2) |794.8(4) |& |3l
1517 15.415(2) | 7317(1) |7.06401) |95.38(1) [793201) |10 |85
2158" 15.416(2) | 7.314(1) |7.064(1) |95.37(1) |793.0(2) |10 |66
2159¢ | 15.416(1) | 7315(1) |7.064(1) [9538(1) [793.068) |10 |77
2292 15.414(6) | 7.318(3) |7.0659(4) [95.37(2) |793.8(4) |6 |57
2299 15.411(4) | 7.322(2) |7.065(2) [95.37(Z) |793.7(3) |5 |72
2336 15.406(4) | 7.318(2) |7.057(2) |9537(2) [792.2(2) |8 |6l

* samples from Crimup Valley; (1) number of refining evcles, (2) number of reflections in the 28 range
between 10 and 50° used for refinement

Three generations of gamet closely associate with wollastonite in the analyzed skams and
may be recognized on the basis of textural relationships. (1) A first generation consists in Ti-poor
grossular, in fact a solid solution of grossular (54.22 - 80.49 mol % Grs), andradite (17.01 - 44.78
mol % Adr), and minor "pyralspite" (0.78 - 3.06 mol% Psp). This garnet generation, which was
considered by Pascal et al. (2001) 1o be in equilibium with gehlenite, occurs in all the three zones.
(2) A second gencration that occurs generally in the B zone, is'a Ti-nch grossular, containing 50,44 -
5539 mol % Grs, 27.33 — 38.47 mol % Adr and 4.64 - 1940 mol % morimotoite (Mor). (3) The third
seneration is @ Ti-rich andradite, frequently: associated with the wollastonite in the C zone. In terms
of the gamet end-members, the compositional field of this gamet generation ranges from 37.12 to
41.47 mol % Adr, wath significant Grs (31 89 — 44.84 mol %) and from 14.64 1o 28,39 mol % Mor.
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Beside garnet and wollastonite, vesuvianite is the sole mineral occurring in all the skam
zones. It was found as product of both primary and late-stage metasomatism, when this mineral
partially replaces gehlenite, and is very scarce in the C zone, which is of interest for this study.

As concerning the alterstion products, secondary, residual or recrystallized calcite occurs
frequently on the fissures affecting the wollastomte mass and is interstitial to or penetrates on an
extremely fine scale along the cleavages and crystal boundanes of the wollastonite crystals.
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NONTRONITE FROM LECHINTA, SATU MARE COUNTY
MARZA' loan, GHERGARI Lucretia, TARINA® Doina

Abstract
Qur paper reports the first important occurrence of nontronite from Romania. Nontronite is
deposited as 8 network of milimetric to centimetric ore-fillings, and resulted from the alteration of a
porphyry monzodiorite (Neogene). Beidellite, opal and goethite (diagenetic) are associated to
nontronite which is the main mineral (cca 95%). Moessbauer spectroscopy showed exclusively the
presence of Fe' ™ oceupying two different distorted octahedral positions.
Keywords: Nontranite, porphyry mossodiorite transformation to penironite, Lechinga {Chag), Saiu Mare cownly.
Location
The nontronite occurrence is situated in the northwest of Romania, on the territory of Lechinta
village (north of Calinegti — Oag), Satu Mare county. Summary mentions on this occurrence can be
found in Mirza and Ghergari (1993) and Marza (1999)
Geologically the region is included in the voleanic chain of the Eastern Carpathians, in their
northwestern extremity.
Methods of analysis
The mineralogical investigation of the nontronite occurrénce is based on the: foliowing
methods:
- transmission polanzing optical microscopy, using a Jenapol instrument;
- transmission electron microscopy (TEM) with 2 B650 microscope;
- Xeray diffractometry (DRON3),
- Themmal analyzes (MOM denvatograph),
- Moessbaver spectroscopy (Moessbauer spectiometer in transmission  configuration). The gamma
radiation source {14,4keV) “'Co in Rh matrix; Doppler velocity field for the source; V=24 5mm/s,
accumulation of resonance spectra on 400 channels

!« Biybes — Bolyal” University of Cluj Napoca. Biology and Geology Faculty, Mincrlogy Department, 1, Kogalniceanu
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Petrography of the host rock

The host rock of the epithermal nontronite is a yellowish-grey porphyry monzodiorite. The
limit between the fresh rock ad the fillings is sinuous, marked by color vanations. During rock
alteration, hydrothermal solutions entered unequally the rock mass through the joint system.

The porphyry monzodiorite has a porphyric struclure with a holocrystalline groundmass
consisting of prismatic plagiociase feldspars (oligociase) with various orientations, but with a slight
tendency of parallel distribution, giving the rock 2 quasi-oriented texture. Other minerals that appear
in the groundmass are orthoclase (12%), biotite (2%) and quartz (4%5). Phenocrysts (15-20%) consist
of plagioclase feldspars and pyroxenes, and the accessory minerals (3%) are magnetite, ilmenite and
apatite. Plagioclase feldspars are prismatic, zoned and twinned, and contain inclusions of microlitic
apatite. Some plagioclases contain volcanic glass inclusions in the central areas and sometimes on the
microfissures crossing the minerals. Pyroxene is hard to identify due to partial argillizations,

Mineralogy of nontronite

Nontronite résults by the advanced alteration of the rock and appears as a goft, fine mass with
greasy aspect, canary yellow 1o green in color. Microscopic studies evidenced fine lamellar
aggregates with repiform, radial or vermicular disposition, with pleochroism from green (Ng) to
yellowish green (Np), parallel extinction, positive clongation and strong birefringence A=0,025. In
the nontromitic mass appear colomorphous ageregates of Fe{OH)y, while the open voids are filled
with silica (opal) with numerous dehydration fissures

The crystal morphology (TEM, Fig s, b, ¢, d) indicates the association of nontronite with
small amounts of beidellite,. Nontronite (N} forms elongated lamellas with irregular edges; the
transparency at the electron beam islow and inhomogeneous; thin darker discontinuous bands appear
along the lamellae and are normal to the elongation. Unlike nontronite, beidellite (B) forms unequally
thick isometric semitransparent lamellas, with dimmed edges and unequal torsions.

Fig: | TEM images of nontropite. N = nontramife: B — bedellite.
X-ray diffraction spectra were obtained on oriented samples from the clay fraction (<0.002mm

diameter), both natural and treated with ethylene glyeol (Fig. 2). The small number of peaks is due to
low erystallinity. The 001 = type lines appear as follows: (001) at 15.33A, (004) at 4,59 and (003) at
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3,05A, respectively (020) at 4,59A_ After treatment with ethylene glycol, the basal line (001) appears
at 16,97A and lines (002) at 8,404, (005) a1 3,344 and (020) at 4,56A.

— b

oS ___--"ﬂlL_ {

| .1 !

] @

3 T - L]

o

Fig. 2. XRD for natural nonironite. a - wnircaled; b - treated with etifene glvcol
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Fig. 3 Thermal analysis.

occurring in silicates. The spectral width

The thermal analyses were: performed on two
samples (Fig. 3). The DTA graph obtained on the first
sample shows two endothermic effects: the first is wider
and occurs between 50 and 260°C, with a single minimum
at 220°C and a loss of 4,8%, while the second occurs
between 350 and 600°C, with a minimum at 515°C and 2
loss of 4,4%, somewhat larger than for usual nontronite
The second semple has for the first interval a two-peak
effect (160°C, 210°C) with an important loss (13%),
followed by an endothermic effect at 505°C with a loss of
0,7%, probably due to beidellite, and finally a small
exothermal effect at 865°C, corresponding lo lattice
restructuration. The first endothermic effect with &
minimum at a temperature higher than 200°C for the first
sample, and the two endothermic effects of the second
sample, indicate that nontronite, respectively beidellite
from the mixture are saturated with caleium, which has-a
high hydration energy _

The Moessbauer spectrum (Fig: 4) shows
exclusively the presence of the trivalent iron ion. The
compiter—assisted data treatment (table 1) shows that Fe™
occupies two different positions in the structure. The
spectrum 15 formed by the superposition of two
quadrupolar doublets, signalling the presence of two iron
species in the sample,

The values of the hyperfine parameters & and AE;
show that both iron species correspond 1o Fe’ ions in
distorted octahedral vicinities.

The distortion of the octahedral vicinity of species
2 (indicated by AE,=0,56) is larger than that of species |
{AE,~0,2), which in turn is smaller than the oné normally
~0,4 corresponding to species 2 shows that Fe'* ions

belonging to this species do not have the same distortion of their octahedral vicinity, thus there 154
erystallographic inequivalence of Fe'* ions from species 2; the value of AE,=056 represents an
average, Species 2 has a stronger signal {A=0,63) than species 1, therefore a higher concentration

The concentration ratio 18 As/Aq~1,72.
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Table 1
Moessbaner spectrum parameters for nontronite ar TC
Birer AE, r A
3 FIT parameters:

Specits: mm's | mmfs oy -
1 0.43 018 0.32 0.37 y=1.2316; MISFIT=0.0448
2 0.42 0.56 0.63 0.63
Error 001 |£0.02 |0.02 2005

Where: &y — isomer shift with respect to Fe;
AE; - quadrupole splitting,
I' — width of spectral resonance at mid-height,
A - normalized spectral area.

Conclusions

- The argilization of the porphyry monzodiorite from Lechija (Oas) caused by epithermal
solutions circulating on a fissure system, had as consequence the formation of filonian nontronite and
associated minerals (beidellite, opal),

- Nontronitization affected both the rocks in the vicinity of the fissures and the rock fragments
caught as & tectonic detritus in their mass; the first minerals to transform were probably the mafic
ones, judging from their advanced degree of transformation into nontronite; melanocrates contributed
to the won input necessary for transformation in bentomite of the leucocratic minerals from the zones
circulated by fluids.

- Moessbauer spectroscopy showed the exclusive existence of Fe'', which however occupies
two octahedral positions differently distorted.

_ - The nontronite occurrence from Lechinia (Oag) represents the richest concentration of this
mineral reported from Romania.
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SEDIMENTOLOGICAL CHARACTERISTICS OF PRIABONIAN GYPSUM ROCKS,
STANA ZALAULUI - TREZNEA - BUCIUMI AREA, N-W TRANSYLVYANIAN BASIN

MOMEA' Gheorghe, FRUNZESCU® Dumitru, CEHLAROV® Aura, MOMEA® Lucia

The Stina Zalaulu - Treznea - Buciumi area discussed in this paper lies on the northwestern

part of the Transylvanian Basin, in the proximity of the crystalline mountains of Meses .

The study of the field relations, mineralogy, petrography and chemistry of the Priabonian

Upper Gypsum Formation has lead to a reconstruction of the environment of deposition.

Upper Gypsum Formation, represented by secondary gypsum or alabaster - gypsum in
outcrops, is characterized by:

+ a clear facies distribution of depocentral laminated lithofacies and debris - flow deposits and
local selenitic shoal,

« the lithofacies which hosts gypsum is argillaceous finely laminated { Turbuta Formation),

a diagenetic evolution of primary intratidale anhydrite to gypsum / alabaster gypsum, followed
by its final re-anhydritization,

» sedimentation in the gypsum unit reflécts cycheity in the depotentre, cycles weére controlled by
evaporation -and gravitational instability based on the presence of rounded clasts in the
intrafermational gipsrudites and displays a shallowing upward trend;

» during late diagenesis celestite and barite were formed.
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A BRIEF OVERVIEW OF SINTER DEPOSITS OF YELLOWSTONE PARK, USA
PERRY' R. V

Introduction

Hot spring regions, such as Yellowstone Park are the surface manifestations of often deep -
circulating hydrothermal systems. Trace to significant amiounts of volatile elements (As, Hg, Sb, Tl =
Ay, Ag) in sinter deposits are considered positive indicators for an underlying sequence of vertically
zoned ore minerals such as Au, Ag, Cu, Pb, and Zn. In some systems these precious metals may be
precipitating hundreds or even thousands of meters below the surface. There is however, as
demonsirated at the McLaughlin Mine in Central California, that economic quantities of gold may be
present at the surface in areas of presently active hot springs and high levels of mercary. Thus, the
extensive thermal regions of Yellowstone Park represent a valuable natural laboratory in which 1o
study the relationships between fossil hot springs, associated hydrothermal alteration .and their
dispersed trace elements.

With more than 10,000 geysers, hot springs, and thermal features, the Yellowstone thermal /
volcanic region is the world's largést and most active thermal site (Fig. 1). The region is so clearly
unique and wondrous that it was designated as the world’s first National Park in 1872; It covers
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898,349 ha and includes the still- recognizable 70/ 48 km crater of its 630 ka caldera eruption. Even
the large size of the park is not adequate to-cover the entire rim of Yellowstone's 2 Ma caldera. This
first (largest eruption) / the subsequent major eruptions (1,3, 0.630 Ma) ejected 2500 km’ / 1275 km’
of ash and Java, Yellowstone is the present site of the Yellowstone mantle hot spot, mantle plumé has
an unusually deep root, estimated to have a vertical extent of 200km  Beginning with 16.5 Ma, the hot
spot initiated @ major caldera center on the Nevada-Idaho border. Since then the North American
plate has been moving southeastward at about 2.5 om/yr. over the hot spot resulting in at least seven
major caldera centers in its 575 km path from Nevada to Yellowstone (Smith and Siegel, 2000)
Yellowstone remains very active and recent measurements show the caldera has been inflating with
19 mm/fyr. between 1976-1984 and deflating with 35 mm/yr. in 1984-1985 then began deflating at
rates-as high as (Fournier, etal, 1984). The magnitude 7.5 Hebgen Lake earthquake in 1959 is only
the most recent manifestation of the dynamic magma chamber underlying Yellowstone,

Fig.1: Yellowstone National Park, Wyoming, USA. The Yellowstone Hot Spoi hos
migrated 375 km from Nevada to Yellowstone Park

Yellowstone was covered by extensive ice sheets up 1o 500 m thick during the Pinedale
Glaciation, which kisted from roughly 50,000 to 15,000 years ago. Virtually -all of the thermal
features, including the exposed sinter deposits in Yellowstone, have developed since the retreat of the
Pinedale ice sheets. Indeed, Norris Basin Pinedale glaciation may have removed 10 m of surficial
material (White et al, 1988), The lithostatic load of thig thick ice cover also explains near-surface
fluid inclusion filling temperatures in drill core as high as 280°C (Fournier et al, 1984).

Sinter Deposits

Sinter deposits provide a thin veneer to most of the active thermal basins in Yellowstone Park.
Hot water with high concentrations of dissolved S0z cools as it ascends and the solubility of Si0;
decreases to develop a supersaturated condition and resulting precipitation of amorphous opaline
sinter. Chaleedonic sinter is believed 1o form from neutral to alkaline waters: Iniually, the silica
deposits as subaerial amorphous opal or silica gel, which with burial and elevated but non-boiling
temperatures undergoes crystalization to cristobalite, then chalcedony, and finally quartz (White e
al, 1988). In Yellowstone, the one notable exception to silica-rich flows is Mammoth Hot Springs,
where magnificent white travertine terraces mark the thermal vents. Most exposed sinter in the Park
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is spongy to thinly laminated and will dry out and crumble in-a matter of 10°s of years if it is left
exposed (Fig: 2). Bacterial mats and organic materials influence and serve the deposition, layenng
and rapid precipitation of the sinter and appear to be an integral factor in the deposition of sinter
(Fournier et al., 1984, White et al., 1988)

MNorris Geyser Basin is one of the largest and most impressive thermal basins in Yellowstone
Post-Pinedale sinter deposits are typically no more than Im thick and confined to selected springs
with high flow rates; high temperature, neutral to alkaline pH, and high silica content. Much of the
basin shows very little sinter cover in sprte of high discharge rates of silica-rich waters. These areas
have 2-3.5 pH values Brock (1978) reponts that bacterial oxidation of sulfur in the rocks or H:S in
spring water releases sulfuric acid and is responsible for the low pH of these springs and many others.
The pnnl:npnl area of hot spring activity and alteration in Norris Basin covers 277 ha, but ‘sinter
deposit is mapped over 28.4 ha (10%) of the central part of the basin (White et al, 1988). This
relatively small percentage coverage by sinter, even in an active basin, 15 ong irbdis.ntiun of how
quickly the thin layers of sinter disappear when relatively short-lived springs cease to flow

Geochemisiry

Drummond and Ohmoto (1983) describe a process of flash boiling and preferential
partitioning of H:S into the vapor phase. This forces precipitation of gold dissolved in the now
destabilized gold bisulfide complexes Fournier et al,, (1994) add that boiling, cooling; and dilution
by mixing with descending groundwater all serve to lower the concentration of H:S and thus force
precipitation of gold in ascending hydrothermal fluids. They believe that some or all of the gold that
comes out of solution when gold bisulfide complexes break down may be carried to the surface as
colloidal particles in the up-flowing water and. steam. This gold then becomes attached to colloidal
silica and deposited along with the silica. There is no correlation between Au and concentration of
H.S in associated hot spnng waters: A comparison of gold and trace metal conteats in sinters from
Yellowstone and Steamboat Mevada, an active gold-bearing hot spring system shown that gold and
race-metal content of Yellowstone waters, altered rocks, and sinters are typically much lower than
Steamboat Springs, Nevada, due Lo the high recharge of dilute surface water in Yellowstone (White et
al., 1992) Detectable gold (>= to 0.1gh), as ssalyzed by short-wavelength-radiation emission-
spectrographic methods (SWR), 1s present in just 9 of 119 samples collected in hot-spring related
alteration in Yellowstone (White ef al, 1992), The same samples using neutron activation (NA) have
been analyzed. Though the results of analysis are dramatically differemt gold- beanng sinters still
geem Lo cluster in the same three general areas of the western portion of the caldera. Trace metals are
& weak and inconsistent mdicator of gold in Yellowstone sinter deposits;, As, B, Hg, Sb, Ti, and Zn
shown are very poorly correlated with gold. Indeed, some of the highest values of Hg and As are
from samples with no detectable gold. The very hmited drill data avalable (Y-12, Norris Geyser
Basin and Y-13, Lower Geyser Basin) shows no evidence of gold content increasing with depth. This,
in spite of the fact that, in the other pants of Norris Geyser Basin, the gold is present in surface sinter
as high-as 2 g/t (Fig. 2). However, White et al., (1992) emphasize that Y-13 was not drilled in the
immediate area of the gold-bearing sinter deposits A crude plot of the nine gold-beaning samples
analyzed by NA (White et al, 1992, Tab. 1) shown them to occur along a well-defined north-south
line traversing the westem half of the 0630 Ma «caldera nm (Fig 2)

Additionally, gold content of these samples, based on NA analyses, increases strongly in order
from south to north: 0.00X g/t range in upper geyser basin, 0.0X g/t range in the Gibbon Geyser area
to a value of ©.X g/t in Norris Geyser Basin, a distance of 40 km, However, in contrast to White et al
(1992) data, Fournier et al., (1994) report lower gold values in Norris Basin than in Gibbon Ca.nj"ﬂn
and Sylvan Springs. These differences may be explained by the differing aml:.rl::cnl methodologies,
the small sample suite, and relatively low gold values of the Yellowstone sinters in general, Fourmer
et al.,, (1994) note that there is no distinction between gold content of sinters within or outside of the
caldera nm,
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Fig. 2 Sigrificant thermal featires af Yellowstone Park including gold-bearing springs (White et al., 1992).
Note the narrow alignment of gold-bearing springs along a 40 km north- south trend.
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THE SIGNIFICANCE OF FLUID INCLUSIONS FOR PETROGENESIS
POMARLEANU' Vasile

Out of a multitude of problems concerning petrogenesis and fluid inclusions, this paper treats
the contribution of two magmas to the formation of the voleanic rocks in Giliu and Cilimani Mits.

1. The dacites from Paniceni (Gildu)

The dacites of the banatitic complex of Piniceni (Giliu) are formed of plagioclases, quartz,
green hornblende, biotite and pyroxenes (augite and hyperstene).

There are abundant Auid inclusions in quartz, plagioclase feldspars and hyperstene. The fluid
inclusions consisting of silicate meit have a primary character, are biphasic: glass + glass globe, glass
+ gas globe. The secondary fluid inclusions are deposited along fissures, and they display a biphasic
character of the liquid-gas type.

The presence of glassy inclusions with glassy globes in a glassy matrix, under the form of a
negative crystal (Fig. 1), shows that two types of magmatic fluids contributed to the consolidation of
rocks. one of acid-alkaline ‘composition and another, with pyroxenic composition, represented by
mtérnal glassy globes {Pomirleanu, 2002)

2. The andesites of Calimani

Among the various igneous rocks in the South and North Calimani Mis., biotite + gquartz
andesites (e.g. those at Dragusul and Petricelu) occupy large areas. The andesites belong to effusive
domains and represent the last manifestation of the Neogene voleanism in the region.

The rock is constituted by feldspars, biotite, hormblende, pyroxenes, olivine and subordinately,
by quartz xenolithes. _

The plagioclase of Drigusul and Petricelu andesites contain biphasic, primary glassy
inclusions (glass + glass globe and glass + gas), as well as secondary inclusions (liquid + gas, and
sometimes, daughter minerals).

The fluid inclusions of glass + gas type show that the gas bleb was: formed as a-consequence

of lava cooling somewhere close to the surface (Fig. 2). Similar inclusions of smaller dimensions
have been found also in other minerals as quanz, augite and hyperstene.
Within the same section, and even within the same visual microscopic field, fluid inclusions with two
immiseible phases have been tound: one gecurnng as blebs, and another forming the matnx (Fig. 2).
These inclusions have crystallized early from the magma and raise in their tum several problems of
petrogencsis mainly concerning the stage of crystallization, the degree of fractioning when miscibility
occurred, and whether their exsolution took place in a stable or unstable manner (Phillipots, 1981).

The immiscible blebs in the glassy inclusions were formed through the coalescence of smaller
blebis in the initial melt, The composition of the two glassy phases in the fluid inclusions of the
plagioclases is different: the globular glass is characterized by a pyroxenic composition, poor in silica
but rich in cations of the Ti, Fe, Mn type; the rhyolitic matrix is rich in Si0,, Na; K and Al (Krasov,
Clocchiatty, 1979, Philipots, 1981).

As concerns the origin of the Petricelu andesite, there have been several hypotheses, of which,
the most probable is that stating its formation from a mixture of magmas. ‘one acid and another one
basic (Nichita, 1934). On the basis of this idea, and of mineralogical studies, Nitoi (1987) brought
new arguments to the idea of a parental hybrid magma _

A decisive proof pleading for the formation of Petricelu and Dragusul andesites from a hybnd
magma, 15 the presence within the plagioclase of fluid inclusions with two glassy phases: one
rhyolitic, and another one pyroxenic

The extension of similar studies on the basalt-andesites from Delug and of other rocks in the
region may raise-and solve new problems of petrogenesis.
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THE PHILOSOPHY OF ORE EXPLORATION
POPESCU"® C. Gheorghe

Until the XIX-th century, autedidactic and encyclopedic prospectors could meet the demands
of new ores only for semi-industnal production of metals, However, dunng the industnal revolution,
the empirical approgch of ore exploration was no lenger adequate, In the beginning, the quest for
metals and ores has been under the influence of the idea that “Ore deposits are to be found where
they ocerr”, The empirical research that followed up, used a step-by-step strategy, a “centnfugal™
principle stating that “Ore deposits are o be found near other ore deposits”. One has to admit that
up to this stage, geology had very hntle influence, After that however, the analysis of geological
similitude was 10 be the basis for the discovery of néw ore deposits. This principle of analogy had no
chance other than being founded on scientific knowledge.

Geology has become a science relatively late. In the beginning, it was basically a field
-seience. The mineral, rock and fessil collector could not achieve much - the most he could do was 1o
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wonder in front of a2 multitude of odd things produced by Earth. The miner, on the other hand, was so
preoccupied by the ore, by all the indications that signaled its existence and by its association with the
host rocks, that he could not explain — and neither had the cunosity do so — the ore genesis and
history, and even less, the Earth's structure and history. However, along with a growing interest for
nature, an ever increasing number of XVIII-th century scientists started to study rocks and fossils,
They were thus able to state that shells found in the mountains proved that those arcas had been ocean
floors — confirming an idea first stated by Leonardo da Vinci, From this point on, up to specilating
upon an origin of hfe lost in immemorial times, was only a shont distance. The travels and the
amazing stories about volcanoes and earth-quakes from various parts of the world have stimulated a
new conception about Earth, stating that its crust underwent continuous cataclysms during which it
cracked and’or folded, due to an internal fire. This started a sterile: polemic between the “neptunists”
- whose exponent was the famous professor Wemer from the Freiberg Mining Academy - and the
“plutonists” - tllustnously represented by the Scotsman Hutton, In his famous work | The theory of
the Earth” — Hutton exposed a revelutionary theory — the wniformizm - which stated that the
processes we see operating to form and shape the Earth today have always operated in the past. For
this, Hutton is considered the father of geology. As his successor — the Englishman Lyell — later
demonstrated: “the Present is the key to explain the Past”. Lyell amended the uniformism and
renamed it as the principle of actualism. Beside the principle of superposition of rock strata
formulated two hundred years earlier by Nicolaus Steno, this principle constitutes the foundation of
geology. ‘Without these principles, geology would not have any sense and could not be conceived.
How these principles helped to discover ore deposits will be a matter discussed m the following
paragraphs

A. von Humboldt, was the first to observe the links between metallic concentrations and
ignieous rocks. This idea has been perfected and scientifically substantiated by Ellie de Beaumont, in
his theory regarding volcanic and metallic émanations. In fact, this theory is an expression of two
fundamental principles governing the contémporary metallogeny = the principle of actualism (as long
as today we observe deposition of metals - especially sulfides - in volcanic ficlds; the old ore
deposits should have formed in the same way}, and the principle of similarity (the rocks and ores
have formed by the same geological processes) These principles agreed with the seen reality of
today’s ore deposits distributed mainly in volcanic areas. The concentrated expression of the above is
in the saying: “if you want to diseover oré ideposits then go in the mountains”. This kind of thought
had a practical and guiding meaning and reflected in the “centnfugal” principle of prospecting new
ore deposits in the vicinity of known ongs.

Az 1o the application of the principle of analogy in discovering ore deposits, the case of the
Siberian diamonds is well Known. In the early *50s of the XX-th century, Prof. Semenenco has drawn
the attention upon the geological similarities between Siberia and South Africa On this basis he
suggested an extensive diamond search campaign in the Yakutian area As the coumry needed
diamonds and had plenty of geologists (over 10,000}, a fever of Siberian diamonds broke out. After
few years, first diamonds where discovered in the frozen alluvia of Yakutia, and next, their priman
source areas — the kimberlitic chimneys.

One should not overlook the fact that due to the progress achicved in the résearch of
extraterrestnal ‘space, geology has overcome its initial object from which it actually received its
name: Geia = Earth, and added a new branch: the Planetology. Thus, geology could benefit from a
new space technology — the remote sensing. By investigating the interaction between
electromagnetic waves and terrestrial environments, some extraordinary images of the geological
structures, including thoseé rich in mineral resources could be obtained. Thus, one could obtain
cartographic - geologic images of territories still unseen by man — in deserts or under the ice covers
Through analogy with lands well known for their mineral resources, it has been possible to predict
their existence even in such remote, still unknown areas. This has brought back an old concept tha
had been abandoned for a Jong time — the liniamentarism. The re-actualization of this concept has
been made possible only by the remote sensing, and has helped in the discovery of several gold
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deposits in old terraing such as those from South Africa, Namibia, South Australia, and in our case, in
the South Carpathians,

At the end of the second millenium, geology brought a revelutionary and profound concept,
with implications: that exceeded by far its object: the Global Tectonics. It was called “global” not
because it referred to the Earth's Globe, but for its geners]l and comprehensive approach to all
fundamental problems of geology especially to those having a high impact on human knowledge: the
formation of mountain chains, of occans and seas, the transformation of continents — their movements
and evolution

Perhaps only the XIX-th century's concept of evolutionism had such a dramatic influence on
natural sciences. The concept of global tectonics !:merged gradually from the imitial core of the
continental drift — developed in the last fifties and the sixties, together with the newly achieved
knowledge on the morphology and content of the ocean floor. It eventually evolved into two theories:
the ocean floor spreading and the plate tectonics.

The global tectonics has been dominating the human knowledge about Earth and nature, for
more than 30 years. Obwviously, the concepts. and the practice of or¢-deposits discovery could not
escape its influence. The global tectomcs placed the formation of ore-deposits and of related rocks in
the areas of strongest interaction between the lithosphenic plates, thus yielding an unprecedented
strategy for the exploration of ore deposits. Never a scientific theory has been apphed so rapidly and
5o successfully as the plate tectonics

Starting from -a deterministic relationship  between subduction areas and -calc-atkaline
(andesitic) magmas associated with large accumulation of copper, molybdenum and gold — the
porphyry copper type, a veritable copper and gold rush broke out in the actual and pre-quaternary
subduction areas

The results have arisen very guickly. New ore deposits have been found in areas that had
been previously well known for their mineralized structures, and also in areas where nobody had had
2 ¢lue about any ore deposits: it was the case of some accumulations in Peru, Bolivia, lran, Indonesia,
the Philippines, Polynesia and not the least, in our country, It is equally true that geophysics
contributed a lot to this success. The magnetometry proved to be a very efficient method 10 spot
porphyry structures, especially due to the high magnetite contents of these deposits.

In the end;, we will give two examples to illustrate the above considerations. The first
example comes from the Indonesian Iryan, Papua-Mew Guinea island. The Ensberg (The Ore
Mountain) ore deposit, discovered by an Dutch expedition, in dense forest, at over 4300 meters in
altitude, as early as 1936, has remained inaccessible for-a long time. During the “60s, the American
mining company Freeport — McMaran, decided to invest about 1 billion USD in this project. The
helicopters began to fly over the jungle, modem roads began to advance slowly (4-6 m/day) in rough
terrains: with inclines exceeding 70 % Huge efforts were made, but eventually everything was
worthy, as an immense profit expected the explorers: a “capture” of 40 billion USD. In 1988, the
Freeport geologists discovered another ore-deposit: Grasberg, lying at an even higher alutude — 4600
m. Its exploitation meant an even more extensive use of helicopters and giam bulldozers, working in
an extremely rugged terrain, with cascades of over 600 m. The ore deposit was estimated at 60 billion
LSD, and represented the biggest and richest gold deposit in the world, Tts daily ore production is of
160,000 tons, and it is expected to grow in the near future, to 300,000 tons. These, and other similar
ore deposits could not possibly be exploited unless modern extracting and ore-processing
technologies were involved. It is an example of convergence of science and technology, where a
revolutionary idea - the plate tectonics — is well served by-a break-trough heavy engineering,

Such convergence is also well illustrated in the case of our country. The gold ficlds in Brad-
Sicirimb and Rogia-Bucium districts, have been extensively explored and muned in the *50s and
‘60s. The geology of these areas, was re-examined in the new context of the plate tectonics, Thus,
several structures with disseminated copper — much poorer in comparison with their vein counterparts
- could pass the productivity exam, of course, by using technology adapted to intensive large scale
exploitation; by excavating and by moving mining masses of previously unimaginable volumes, and
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in favorable economic circumstances In just few years, so many copper and gold deposits have been
discovered, that they exceeded in volume all that had been discovered in the previous decades.

We can conclude that the relation between geology and mining is one of unity — tight and
mutually determined. The progress of geology gives mining uniimited fronts of action, and the
progress of them both, serves the human civilization, by yielding what we now so commonly call
sineral raw materials™ — without which the progress of humankind was not, it is not and will never
be possible.
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REE GEOCHEMISTRY AND GENETIC ASPECTS
OF PEGMATITES FROM ROMANIA

RADASANU' Smaranda, MURARIU' Titus, KASPER® Haino Uwe

Introduction

In agreement with Mirza (1980) pegmatites within metamorphic series of Romanan
Carpathians form the Romanian Pegmatite Province (RPP). It consists of four subprovinces as
follows: Preluca Pegmatite Subprovinee (PPS), Rodna Pegmatite Subprovince (RPS), Getic
Pegmatite Subprovince (GPS) and Gilau -Muntele Mare Pegmatite Subprovince (G-MMPS). The
pegmatites are hosted within Precambrian metamorphic rocks, typical of amphibolite facies
(paragneisses, micaschists, amphibolites, marbles, usually associated with migmatites), as pant of the
metamorphic series of Rebra, Baia de Aries, Somes, Sches-Lotru, Generally the pegmiatites show 4
customary mineralogical composition. Quantz, plagioclases, K-feldspar and muscovite represent the
rock-forming minerals, while biotite, tourmaline, gamets, apatite are accessory minerals. Spodumene,
beryl, columbite + tantalite; montebrasite, rutil, purpurite, cassiterite, ilmenite, kyanite, sillimanite
were found only in pegmatites from GPS. As preliminary results two of the authors (T.Murariu and
HU. Kasper in collaboration with T.Schoenbeck) have found for the first time in Romania the
phosphate minerals Sicklerite et by electron microprobe analysis (EMPA) (in prep ).

- The pegmatites occur as discordant and/or concordant leases and veins, nests and dykes.
Considering the closed association of pegmatites to metamorphic rocks and the lack of any
connection with granitic bodies some authors suggested a metamorphic origin for these pegmatites
(Murariu, 2001), Based on mineralogical and geochemical features, the pegmatites from RPF belong
1o the following classes. (1) ceramic pegmatites; (2) muscovite pegmatites and (3) rare-clement
ggmatitﬁs, which include two types: (3a) beryl type and (3b) albite-spodumene type (Solodov, 1971,

erny, 1992, Muranu, 2001).
This study presents the REE behaviour during pegmatitic evolution as well 45 SOmME new
genetic considerations.
Analytical methods
REE analyses where performed by inductively coupled plasma quadrupole mass-spectromelry
(ICP-MS, Perkin Elmer/Sciex Elan 6000) Samples (100 mg) were analysed on dry bisis {105°C)

' Department of Mineralogy and Geochemastry, “AlLLCwe™ Uiniversity, lasi, Romanip, c-numil. smarsndaf e uaic o
* Geological nstitate of the University of Cologne, Germany, e-mail: hi kasperiuni-kegin de
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after microwave digestion (Multivawe Sample Preparation System, Perkin Elmer/Paar Physica) with
HF and HCIO; at high pressure (30-60 bar) and temperature (210°C), After evaporation of HCIO, and
a twice evaporation with HCI the sample cakes were dissolved in HNO; and filled up to 50 mi (finally
2 % HNO;) and stored in polyethylene bottles. The sample dilution factor ranges from 500-5000
depending on ¢lement concentration. Results were checked with CRM's Mica-Fe (Biotite) and Mica-
Mg (Phlogopite), both from CRPG (France).

Results and Discussions

REE content of pegmatites vary relative to their mineralogy, bulk composition and sample
position within pegmatite body, respectively. The highest REE content is typical of ceramic
pegmatite (NazO > K:0) located in the border zone (Table 1).

Table |. REE content of pegmatites from Romanian Pegmarite Frovince

h‘:crami«: pegmatite Hu.mmm e [albiie-Spodumens
/52) noz2' mis pivy L PLIZY  PIV.13® peemati
PS GPS  [PPS GPS
REE ME 455 16,585 15,000 D796  [7.645 13,607 10482
HREE 4461 0436 B0 bS5z G379 W827T 0106
EREE 52916 [0l BOT 1348 13,024 13434 0588

* samples from the same pegmatite body: ' border zone,™ first intermediate zone,

Within the muscovite pegmatites (Kz0 > Na:O) from the first intermediate zone the REE
content decreases (Table 1), In spite of this general trend, there is a difference between LREE and
HREE behavior during pegmatite crystallization, Thus, LREE reach the maximum concentration
level in ceramic pegmatites, while HREE are concentrated in muscovite pegmatites. The lowest REE
content was found in elbite-spodumene pegmatites, which is from the gecchemical point of view
typical for more evolved pegmatites (Cerny, 1992),

The pattern of chondrite-normalized REE reveals certain geochemical particularities. The
ceramic pegmatites (Fig.1a) from border zone show a positive Eu anomaly and sometimes a negative
Ce anomaly. The Eu anomaly denoteés reducing conditions during erystallization of ceramic
pegmatites. The presence of Ce anomaly may be generated either by the behaviour of accessory minerals
{e.g apatite, Woll and London, 1995} in the $ource-rock during partial melting which give rise 1o
pegmatitic melt or by post-crystallization alteration processes (Rollinson, 1993). In muscovile
pegmatites, two negative anomalies were found (Fig. 1b). These two anomaties result from Eu and Nd
-accommaodation in high concentration into plagioclases erystallized in the border zone (fig:2).
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Fig2. Ew amd Nd
coRfents {1
Sfeldspars from
pegmatite (PR3

o Plgaetias [=10-14 An %) - bordes pocs - E20 K2 {porifde) - feml ndermadiate Fona
B3 ki wecond rdemmadinge [Block) 2ok

_ The REE abundance within pegmatite composition depends mainly on the change of feldspar
composition among successive generations. Thus, Plg from border zone (~10-14% An) are enriched
in REE, while the contents gradually decrease to Kfs from intermediate zone and then to Kfs from
block zone (Table 2). The REE content of feldspars is the result of the following substitutions:

EuCa , REENaCa;, REE;0 Ca; 5 REEAI(CaSi).;.
Table 2, REE content In plagioclase (Plg), potassuwm feldspar (Kfsh.garnet (Grt} and apatite (Ap) from pegmatites

(/) *pig™  FREM  PKE® o XP  bGrXbis™ [ap X@
LREE 16,11 .11 2,52 6,87 7,96 144230
HREE 1,05 0,38 0,86 |164,89 073,78 155,07
FREE 17,16 k.40 3,39 171,76 081,75 597,37

™ border rone, ' first intermedinde zone, ™ socond intermediate zone (block). *pegmatite mincrals from PPS

Considering the patterns of chondrite-nomalized REE of plagioclase (border zone) and
potassium feldspar (intermediate and block zone) collected from the same pegmatite body, we
observe almost the same fractionation trends for REE, like those displayed by pegmatites. At the
same time, HREE from feldspars tend to concentrate into the block K-fs representing the last
generation of these minerals, ' '

In muscovite and biotite from PPS and G-MMSP, the REE contents are low (0,60-5,46 /g -
Ms, 0,87-5,15 pug/g — Bt). The concentration of REE in muscovite from RPS (1,36-101,305 pg/g) and
GPS (3,14-59,31 pg/g) range in a wider interval compared to the previous two subprovinces
Generally, when muscovite and biotite coexist, REE tend to be accommodated preferentially in the
biotite structure. The highest content in REE is found in muscovite formed in the quartz core in
association with tourmaline.

The garnets show a typical high content in REE (Table 2) being controlled by the Mn content
of these munerals. Substitutions such as (Y, REE)AIMn,Si, enhance the REE concentration in
gamets, As expected, the gamets are enriched in HREE relative to LREE.

The apatite shows the maximum content in REE (table 2). Due to its composition, apatite
allows the accommodation of an important amount of REE by substitutions like TRNaCa; and
TRSICa; Py (Hughes et al,, 1991}

Among the analysed pegmatite minerals, feldspars, biotite and muscovite tend 10
accommodate mainly LREE, while HREE enter the gamets. The apatite concentrates both LREE and
HREE as well.

Conclusions :
~ The maximum concentration level of REE is typical of ceramic pegmatites, due to feldspar
abundance;

" simciural viascanches
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- The low REE content in albite-spodumene pegmatites emphasizes their evolved geochemical
feature;

— The degree of REE enrichment in pegmatite minerals is as follows: Apatite > Garnet > Biotite >
Muscovite,

- The high HREE content in gamet is due to the high spessartine component in the gamet solid
solution; )

~ The positive Eu anomaly for ceramic and graphic pegmatites turns 1o a negative Eu anomaly in
muscovite pegmatites. This change points out at least two different stages dunng crystallization of
pegmatites.

~ The ability to form complex compounds with F and Cl denotes increased mobility of HREE.
Pegmatitic minerals with more enriched HREE formed during latest crystallization stages suggest the
formation of analyzed pegmatites from a fluid phase (melt) enriched in volatiles.
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THE ORIGIN AND GEOCHEMISTRY OF ANGOORAN Pb-Zn DEPOSIT,
NW, IRAN

SADEGH! BOJD' Mabmaod, MOORE Farid

Abstract

Angoaran Pb-Zn deposit is located in Zanjan provinge, northwest of Iran (47°20°N |, 36"'40°E),
90 Km west of Zanjan city. The deposit is the largest of its kind in Iran, and contains the highest ore
grade in Middle East.

Angooran Lead-Zinc mine occurs in metamorphic rocks and younger strata of Mesozoic and
Teniary age. The host rocks include schist and crystalling limestone. The ore body seems to form
discontinuous lenses and layers between the two rock types. There are two major faults trending E-W
and N-S respectively. These faults resulted in extensive brecciation and alteration of the ore.

The ore body is divided into two distinct zones namely the: Oxidation or Zinc earbonate
zorie, and zinc sulfide zone. Sphalerite, Galena, Smithsonite, Cerussite, Pyrite, Arsenopyrite,
limenite, Mimetite, Hemimorphite, Bouidantite and Skeordite are identified under reflected light,

Electron probe microanalysis of oxide and sulfide ores shows that Sphalerite contains 2.63%
Fe and 0.26% Cd. Minor amounts of Mi, Co, Sb and Sc are also detected in Smithsonite. The
Arsenopyrite has 4 3% Ni, and 1,5% Co. The Zinc content does not vary in the two main zones of the
mine. However, The Pb content in the carbonate zone is higher than that of the sulfide zone. It is
thought that elements such as As, Mn and Ni were added to the sulfide zone during alteration. Copper
and Silica content is similar in both zones. 1t scems likely that the second generation Pb, formed by
alteration, is responsible for the observed variation in Pb content of the carbonate zone.

5% S value of Angooran deposit i$ similar to C}y‘pms' and Kuroko type deposits showing that
the origin of the sulfur is probably sea water. The §' C varies between 0-4% indicating that, the
origin of the COy is the mlimcntar?r carbonate, The bicarbonatation of which is the reason for the
observed increased & YC , The & O is.20 %o, which is less than that of meteoric water, Probably
because of the reaction between supergen fluid and ore forming Systems.

' Coltéye of ssionce, Shirw: University, Shirae, Iran, PO Box: 71454-1990, Email: sadeghi_bojdiyatioo.com
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The geology, geochemistry, ore microscopy and isotope study indicate that Angooran deposit
isa VMS type Zn-Pb deposit formed in three stages:
1- Formation of an explosive diatrem,
2- Ascent of a geothermal system;
3- Bicarbonatation and dissolution of the hanging wall, followed by development of a hydrothermal
system '

PHYSICO-CHEMICAL CHARACTERISTICS OF ZINC MINERALSIN ANGOORAN
MINE, IRAN, FIRST REPORT ON OTAVITE AND FRAIPONTITE

SADEGHI BOJD' Mahmood, MOORE Farid
Abstract

Angooran Zinc-Lead mine is located at NW of Iran, and is the largest of its kind in Iran, and
contains the highest ore grade in Middle East. Regarding the importance of mineralogy of the mine,
particularly Zine munerals, Otavite and feripontite are diagnosed in this mine for the first time via
studying thin and polished sections, and prob quantitative analysis. Smithsonite with varying
quantities as the major component of the mine is evaluated within all samples. Smithsonite exhibits
vast variations in physical feaure and genesis and varies from free granules and fine aggregates 1o
complex intergrown with other phases. Proper release of every fine intergrown is just applicable for
very fine granules. Hemimorphite is usually a depend mineral -and relative frequency of this phase is
mainly consistent with the smithsonite quantity, but it is a major source of silica contamination in
Zinc concentrates due to the accompanying of 5i0;. Analysis of Sphalerite reveals that this mineral
basically facks elements like Cobalt and Nickel. Hence, this is hypothesized that sphalerite is replaced
by smithsonite by alteration and Nickel is present in the matrix of carbonate zone as a trace element
in addition to the existence in the structure of smithsonite: Definitely, source of nickel is not related 10
sphalerite and sulfide ore, and its increment is related to the later alteration of the ore deposit

Introduction

Angooran Pb-Zn deposnt is located in Zanjan province, northwest of lran (47" 20°N, 36
40'E}, 90 Km west of Zanjan city. The deposit is the largest of its kihd in Iran, and contains the
highest ore grade in Middle East

Angooran Lead-Zinc mine occurs in metamorphic rocks and younger strata of Mesozoic and
Tertiary age. The host rocks include schist and crystaliine limestone. The ore body seems to form
discontinuous lenses and layers between the two rock types. There are two major faults trending E-W
and M-85 respectively. These faults resulted in extensive brecciation and alteration of the ore.

Goal of this study is evaluating of the existing minerals from aspect of size, shape, way of
mineral interlocation and amount of useful and extra elements in every ore; This 15 of importance in
the view of economics and is regarded in various processes of ore dressing, extraction and recovery,

The ore body is divided into two distinet zones namely the: Oxidation or ‘Zine carbonate
zone, and zinc sulfide zone Sphalerite, Galena, Smithsonite, Cerussite, Pyrite, Arsenopyrite,
Himenite, Mimetite; Hermmorphite, Bouidantite and Skcordite are 1dentified under reflected light.

Electron probe microanalysis of oxide and sulfide ores  shows that, Sphalente contains 2.63%
Fe and 0.26% Cd. Minor amounts of Mi, Co, Sb snd Sc are also detected in Smithsonite. The
Arsenopyrite has 4 .3%6 Ni, and 1.5% Co. The Zinc content does not vary in the two main zones of the
mine, However, the Pb content in the carbonate zone is higher than that of the-sulfide zone, It is
thought that elements such as As; Mn and Ni were added to the sulfide zone during alteration. Copper
and Silica content is similar in both zones. It seems likely that the second generation Pb, formed by
alteration, is responsible for the observed vanation in Pb content of the carbonate zone.

' Geotogy Deparirient, Shirae University, Shirae; Tran, P.OBox: 71454-1990, Eniail: sadeghi_bojd & vahoo com
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Macroscepic features of the ore

The ore sample suite is highly variable in nature and consists of materials that range from very
soft, earthy type through slightly harder, but nevertheless friable and pulverescent types to moderately
hard and more colierent varieties. The bulk of the ore samples in the current sample suile comprise
materials that belong to the first two categones (very soft to shightly harder). Moderately hard and
coherent samples are far less common. Individual samples may consist almost entirely of ore
minerals, but in other cases they contain variable proportions of highly altered schistose rock that
may, itself, show evidence of fracturing, brecciation and other forms of deformation. The
mineralogical composition of individual samples is theréfore highly variable and this is also reflected
in difference in color that is evident on all scales. The majority of samples tend to exhibit slightly
hrownish-cream color tones, but variations to ward-white gray, reddish brown, red and purple shades
are glso observed. Small black specks and dendrites of secondary manganese mtinerals may also be
developed locally within certain samples.

The more coherent samples tend to consist largely of Zn and, to a lesser extent, Ph-bearing ore
rineral that are often intimately intergrown on various scales. The samples are usually heterogenecus
in nature and exhibit variable mineralogical composition, but they most commonly consist of
moderately porous, fine-grained aggregates of smithsonite that may contain patches of intergrown
mimetite and cerussite, ‘These samples are also often vuggy in nature and contain NUMEToUs open
spaces that have been filled in to varying degrees by finely erystalline smithsonite and hemimorphite.
Smallet, but variable amounts of finely crystalline mimetite, manginese oxides and a vanety of other
minor secondary minerals may also be present in minor to trace amounts.

Description of individual Zinc Minerals

Introduction

The majority of hand specimens that were examined is moderately to well mineralized and is
generally Zn-rich with the most common ore mineral being smithsonite. Subprdinate amount of
hemimorphite: is, however, invanably present and may show complex imergrowths with the
simithsonite. A number of other Zn-bearing phases are also present and may exhibit complex
relationships. These phases are, however, only of localized importance and are not of greal
significance in terms of the overall Zn mineralogy of the ores. Limited attention was therefore given
to the characterization of these phases. The more important of these phases include relatively small
amounts of a Zn-Al-Silicate mineral and various Zn-and Pb-bearing secondary manganese minerals.
Traces of sphalerite also survive locally, both as inclusions within quartz and as diserete grams.

Smithsonite

This. represents the most common Zn-bearing ore mineral in both the samples and various
#n—tich plant products. Qualitative electron microprobe analyses of this phase as well as wavelength
dispersive spectrometer traces indicate that it is very close to the theoretical ZnCQ; (equivalent 1o
52 1% Zn) composition and that all other elements are below the limits of detection (250-500 ppm).
Smithsonite characteristically forms complex intergrowths with all ore mineral phases in the sample
suite and these may be developed on all scale ranging from the micrometer-size up to the millimeter
stale.

The grain size of the smithsonite is highly variable (<1pm >5mm) and the smithsonite-rich
aggregates are commonly highly porous, In many cascs the porous and fine grained nature of the
smithsonite suggests that it may represent the leached and carbonate residue of former Zn-bearing
sulfides (presumably sphalerite) In order cases, however, the smithsonite has clearly  been
precipitated from solution and forms well defined crystals that line the margins of vuggy cavities and
other open space or form coarsely crystaliing fillings of former open fractures, These erystalline
varieties tend to show the development of rhombohedron crystal faces that may be gently curved. The
bulk of the smithsonite, however, dose¢ not generally show the development of crystal faces and the
crystal may be locally zoned wath the zones being défined by the presenice of numerous inclusions or
rones of intergrown hemimorphite.

The bulk of many samples consist of fairly monotenous areas of fine grained smithsonite that
generally ranges in color between light cream and a very light reddish brown Subordinate amounts of
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smithsonite may show colors that range between white dnd grey with a small proportion of colorless
crystals also being present. Very fine, pulverescent varieties of smithsonite are also present. The great
bulk of the smithsonite is very well crystalline and yields very sharp, well-defined x-ray power
diffraction patterns irrespective of the size, color or physical nature of the material, This is in marked
contrast to many of the order constituents of the ores that are commonly poorly crystalline.

One of the most common forms of intergrowth consists of fine-grained aggregates of
smithsonite and mimetite in wihich the mimetite exhibits & similar grain size to the smithsonite. These
intergrowths may have formed either by the co-precipitation of both phases or by the filling in of
open spaces within the porous smithsonite aggregate by mimetite, In otherwise the smithsonite may
surround small quartz crystals or fragments, This quartz may represent a primary constituent of the
original unaltered ore or, less probably, may have actually grown in situ during the alteration process,
Mimetite, and less commonly cerussite, may also be present in such intergrowths

The smithsonite aggregate may also contain fine-grained porous ageregates of various
complex secondary Mn minerals. These Mn minerals commonly show the development of
characteristic botryodal and concretionary textures that are indicative of precipitation from solution
on exposed surfaces, Thes¢ may be developed on the outer margins of smithsonite grains and
ageregales, but they are commonly completely enclosed within smithsonite sgpregates which
strongly suggests that the bulk of the smithsonite is secondary in nature and was precipitated after the
formation of the Mn-bearing phases. In certain cases, the botryoidal Mn-phases may also be
intergrown with other phases (¢.g mimetite) that appear to be present as inclusions within the mass of
smithsonite.

Hemimuorphite

Hemimorphite s widely distnbuted within the various specimens and plant products
examined during the course of this study, but is generally very subordinate 1o smithsonite in terms of
abundance, Hemimorphite is a Zn-silicate mineral with an idealized formula that may be written in
the form of (ZnOH)28i0, or, in terms of oxides, as 2Z2n0-510;-H;0. The mineral consists-fargely of
Zn0 (67.5%), with subordinate $i0s (25.0%) and lesser HoO (7.5%). The metallic Zn content is
equivalent to 54.2% Zn and similar to that of smithsonite {52.1%)

Smithsonite is most readily recogmized in situations where it developed characteristic well
formed crystal that lines the margins of vugs and other open space within the ores, particularly in
smithsomite-rich sampies. The crystals are commonly transparent or white in color and form closely
packed scale-like aggregates in which individual erystals may range in size between d lower limit of
approximately 2Z5um and an upper limit exceeding several millimeters. In other cases former open
spaces may be completely filled with medium to coarse-grained hemimorphite thus forming discrete
veinlets.

In many cases, the darker colored varieties of hemimorphite appear 1o be associated with ven
finely divided secondary Mn-bedring phases, which might, in part, be responsible for the color
Hemimorphite also shows the development of more complex intergrowth, largely with smithsonite,
but also to a lesser extemt with virtually all of the minerals that are present in the ores. The spaces
between hemimorphite crystals in both well formed crystalline intergrowths and less regular, granular
aggregates are commonly filled to a certain extent by smithsonite and, to a lesser extent, by other
phases such as mimetite, and cerussite, Other rare phases such as ofavite (CdCOy) may also be
present in similar associations Alternating zonal growth between smithsonite and hermimorphite are
relatively common and refleet the ahermating precipitation of these two phase from solutions under
differing conditions,

Sphalerite

Sphalerite~rich ores @re reported to be present in certain areas of the open pit, bul those are
not currently mined, A single samples of this was subjected to cursory examination and found to
consist predominantly of very fine grained polygonal sphalente grains that show partial alteration and
replacement by smithsonite. It is possible that a significant amoumt of the smithsonite and
hemimorphite in the ore may represent the alteration products of Tormer Zo-sulfide ores, but the
investigation of this‘aspect vwias bevond the scope of the current project.
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Very minor amounts of sphalerite are present in the secondary ores, largely in the form of tiny
inclusions that are encapsulated within quartz and have therefore survived the widespread and
pervasive alteration of the ore. These sphalefite inclusions are commonly rounded and rarely exceed
20pm in maximum dimension Inclusion of this nature is generally single-phase in nature, but in
cértain cases they may be composite and consist of intergrowths with one ore more other phases.
Composite sphalerite —galena inclusions are the most common, but other minerals including acantite
may be present. A small number of these inclusions were examined by SEM for the sake of
completeness, but they contribute very little to the overall ore composition and were not studied in
detail. These phases presumably represent components of the primary ore mineral assemblage and
their detailed study would provide a considerable amount of information on the original nature and
possible-ongin of the ore.

(Other Zn-Bearing Phases

The most common of these Zn-Silicate minerals consists essentially of Zn, Al and 5i and may
répresent  the mineral fraipontite the composition of which may be expressed as
BZn02ALOy5810; 1 1H;0. This mineral is present in trace amount in the Zn concentrates and is
generally found intergrown with smithsonite The presence of Si, Al and Zn within this phase is
illustrated by the portion of a wavelength dispersive spectrometer trace shown in Fig that
reproduces part of the characteristic X-ray spectrum produced by this mineral, The relative
abundance of this mineral could not be established, but it appears to represent & very mnor
companent of the ore.

Scanning of the whole rock polished sections under the electron microprobe also shows the
presence of small amounts of Zn in areas can not generally be resolved and it is not immediately
apparent whether the Zn is present in the form of extremely fine grained smithsonite of might
possibly be adsorbed on to the surface of clay minerals, Similar relationships hold with various
segondiry Mn-bearing minerals that are present in the ores. These commonly show the present in the
form of sub-micrometer sized smithsonite intergrowths. A number of secondary Zn-bearing Mn
minerals are known (e.g. hetaerclite, chalcophanite and zincdibraunite) and it 15 also possible that one
or more of this phase are also present, The characterization of these minerals would require a very
detailed study that is beyond the scope of the current investigation.
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AN EXPERIMENTAL ELECTROGRAFPHIC STUDY:
THE ANALYSIS OF RELATIONSHIPS BETWEEN THE LIMESTONE AND WATER

SVORONOS' Dan, NICOLESCU" Adrian, PREDA' Gabriel, BALABAN' Aneta

I Introduction

Different methods have been used along the time to observe the electro luminescence of the
bodies. The non-conventional photographic process currently referred to as “Kirlian photography”
has been in existence since the lae 1890, In 1898, Yakov Narkevici Todks demonstrated™
electrographic photos obtained with the help of quiet electrical discharges”. These discharges appear
in the form of a bluish flame. Interestingly, the MASA picture on the cover of a 1970 "Life” magazine
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issue devoted to the Apollo 12 Moon landing shows ‘astronaut Pete Conrad on the Moon, with a
bluish glow around him. Apparently this glow is generated by the various items of voliage producing
cquipment contained in his baggage.

This study present basic data regarding the problems of interpreting the images of electrical
structures by electrographic technique obtained for the limestone in relationship with water.

2. Analytical technigue for registration of decwgrupkmunqgu

The working device of this ei&ctmgraphm technique consists in putting a film AZOIX-RXR-2,
blue sensitive, on a dielectric surface (glass) in direct contact with under bottom of the sample and
placing in electrical circuit of device.

The apparatus - Petroelectrograph I is the monoimpulses electric generator - value of the
tension between 8 and 55 KW, 2300 Hz (the reference frequency) and 0.2 ms duration of the obtained
impulse: The mono-impulses is applied on a capacitor, created betwien the sample and the-elecirode
The electrode can have a positive or negative charge. The luminescent aura of the samples (anodic or
cathodic images obtained by anodic or cathodic electric discharges) expresses the characteristics of
rocks-water relationship. The electro-luminescence (the samples aura) is produced only when the
rock being in @ more or less saturate state with fluids (any natural rock represents a complex system
solid-water solutions-air).

3 Aplication of electrographic technigue in analysis of porosity and the fluids infiltration

velacity in limestone

Porosity analysis is one of those speciahized areas of geological science that is perhaps not as
widely known or understood as it should be. Electrography has been successfully applied in this study
to the investigate of limestone permeability, moisture content or macro porosity of the rock-water
system, small scale heterogeneities and local microstructure,

In all experiments, mechanically polished form (40x40xSmm) of limestone was studied
(Tablel),

Typology of samples Table 1
Deleni It - medium-grained shelly limestone
- conunuous matrix of intergranular cement; the grains are not complete creating
pore space,
- mineral assemblage caleite (95-97%)+ quartz (1-2%)+ arpillaceous minerals +
iron hydroxide,
- porosity 14-16%
Deleni 1I:  -large grained shelly limestone;
-noncontinuous matrix of intergranular cement; coliths; radial arrangement of
calcite in the ooliths; concentric layers of crystalline caleium carbonate;
-mineral assemblage : calcite (94-96 %) + quartz {1-2 %) + argillaceous minerals
(1-2 %) + iron hydroxide,
- porosity 20-22 %,

Laboratory conditions were: atmospheric temperature 25°+2° C; temperature of sniutmm
8°+2" €, stmospheric pressure 760 mm Ha, relative humidity 60 %; absolute humidity 9.1 g/m’.

4. Results

The images obtained by anodic/cathodic discharge express the characteristics of the pore
morphology and the minerabrock-fluid relationship in connection with a very fine chemical
peculianty and volume of the fluids The electrographic image of electric signals recorded on the
bodies surface réveals a mimbus branched oul radial, cathodic and anodic streamiers (streamers -
bright effect of an avalanche of electric charges in one electric discharge), (Fig. 1)

The existence of some types of sireamers form having ramifications and certain space layow
indicates that the space surrounding the samples is uneven, discontinuous and compartmented
electromagnetic,
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Fig. 1. Efectragraphic Imuges, comvergent éléotric field (=L Sheliv Nmerione i the motural state ) Shelly limestone
treoled with de-lonized waler (pll= ) (B (o inithal sigte, with 0. ml warer fthe dme OF (&) after 10 micules, vk
& 2ol weibery (o) afier 20 miontes, with 0.3 ml warer, Configuration of the draining area, sadsnim pensiralion zone of
witfer in the shrelly lmmestomne saomple fn the conter of [magres

5. Conclusions

Onur- apphications present here only the domain ol porous-permeable rocks characterized by
an 1onic conduction. The studies for physical proprietics of rocks permit to characterize the degree of
moisturizing for rocks pores and image to water penelration in rocks.

In the time, limestone and shelly limestone was used for the many buildings and monuments
{in especizlly cathedrals) constructions

The properties of the himestone used for features in the mienor differ from those of the
extenior. There was for less concern akout susceptibility to weathenng and for more emphasis on
suitability for carving For restomation work, the electrography is & new method to estimate more
rapidly the stagé of weathered over time water absorption is lngh and unforesecable in weathered
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rocks: After studying many electrographic images of the rocks (shelly imestone in this study) wath
vanous moisture stages, future contnbutions of research data will have not excuse for such
deficiencies the motivation 15 standardization in techmique and possible adequate. appreciation of
errors
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_ MINERALOGICAL STUDY AND ORE POCESSING:
CASE STUDY ROSIA MDETAHE,_APHSEHI MOUNTAINS, ROMANIA

TAMAS' Cilin Gabriel, COSTIN® Dan Florin

The Rosia Montand ore deposn is a typical low sulfidation system. Based on the morphology
of the ore deposit, gangue and ore mineralogy, alteration uscmhlagu, zonality of alteration
assemblages and geochemical pssocuttions. Mirza et ab (1997) assigned the Rosia Montand ore
deposit 10 the low sulfidation (adulana:sericite) type. Further on, Timag and Bailly (1998, 1999b).
Pintea (1999) provided additional fluid inclusion evidences to support this opinion.

The Rosia Momana area 15 pervasively mineralised It is quite difficult to find a piece of
totaily barren rock in this mining ficld Beside the widespread impregnations, higher ore grades are
given by vein systems, stockworks, and mineralised breccias, as well as placers and paleoplacers

Fig. 1 Geologicel map of the Roya
Monriand area (Tdmag, 2002}
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Fip. 2 - Priromelallogeretic awdel of the Cetate - Cdrnic structure (flog Antoni bre deposi) centred on
the Celate phreatomapmaic breceia pipe (Tamag, 2002, A Rese of the O it B - The genesis of the
pn.uf::-—p.rrrﬂurumngmnﬁ: Clenird breveia pipe anel related b surghe olipeors P arekizatien ol i well
developed (Glamm Formaton amd Cetate Breccia - in its old meamage € 1 dw g sineralizations.
fimpregnations, phreatic breceras, fectonie breceias, veiny, vugs infillimgs, stecbworks, plocers et ) E - The
present day Cetate  Cdrnic sructure from Rogia Montand, 1-2 - Hoss racks (1 retacesis, 2-Neogene). 3
Cetate dacite: 4 - Cetate Hreccin (in 15 old meamng). 5 - Glawen Formotion  fluidization channel; 6 -
Tectante breceion, 7 - Phrentie hrecoiay (superposed outo the phreafimaganitn feeccia pipe body); 8- Velrs
0 - Stockworks: 10 - Gild plscers: 1] - Bose swrge depials. 12 Ve sedhinents 13 — Direchion of
tressspert

The hydrothermal alterations are extremely well developed Potassium silicate (adularia 1,
adularia 1) and phyllic (illite, interlayered illite/montmorillonite) alterations are widespread all over
the area. It is obvious that intense silicification delineate the high-made or¢ bodies (in brecoias,
stockworks and veins) There are also intermediate (kaolinite, halloysie. monimorillonite) and
advanced argillic (kaolinite, pyrophyllite) overprints. Carbonates (calone, rhodocrosite) as well as
rhodonite often occur within the veins, stockworks and breccias

Breccia pipe struciures are very abundant in the Rogia Montand siea The most representative
one is the so-called Cetate Brecaa. located between the Cetate and Cannic hills (Fig 1), This breccia
body is probably the largest of its kind in Romania and is cited by muany Romanian as well as foreign
authors {Sillitoe, 1985, Laznicka, 1988)

Rosia Montand is.a mega breccia pipe centred low sullidution wiv deposit. The Cetate
phreatomagmatic breceia pipe ¢ontrolled the developmient of the hvdrathenil system during and
afler the phreatomagmatic eruptions Additional Styles of brecciation (phivauc, tectonic) a5 well as
fluidization, hydraulic fraciuring, injection breceias are to be taken into account (Fig 2)
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Mineralogical investigations (thin and polished sections, X ray, TEM, SEM, microprobe)
were carried out for different types of ore bodies: breccias, veins, and stockworks

Cetate breccia. Mineralized rock fragments. matnx and supenmposed later mineralized
sstructures (vups infillings, veins, etc,) altogeibier nse the ore grade of Cetate brecoia pipe There 15
also a clear spatial vanation of the ore grades laterally and ventically within breccia body. The upper
parts of the structure are anomalously rich The Au-Ag content gradually decreases with depth

There is fateral variation, oo The western pan of the breccia 13 richér as compared 1o the
castern part (Glamm Formation), Extremely high precious metal contents were delineated, randomly
distibuted within the open pit and underground workings: The' spectacular rise of the ore grade is
given by the metal input of phreatic breccias supenmposed on the Cetate phreatomagmatic structure
These overpnnting breccia structures - the result of a vigorous hydrothermal activity — represent the
richest ore zone of the whole Cetate breccia body Perhaps even the famous “Romans Courts” -
ancient open pits from the Cetate Massif - exploited several phreatic breccia chimneys that
crosscutted the main Cetate Breccia

The foliowing types of mineralizatons from the Cetate breccia pipe body have been studied
impreynanons; stockwork veiming, veins - veinlets and former open spaces filled with amethyst
gangue, veins with common sulfides and -quanz, veins with Mn-nch gangue minerals from the
Glamm Formation, phreatic breccias supenmposed on Cetate Breccia, clast supported (dacite)
breccias. stockworks within dacite confined rock Differemt chemical compositions of the gold
(electrinn). snd several gold mineral associations were identified (Table 1)

Ciemetic Ivpe Mineralogical association
: : Pymie - Au
: Fissures.
-l.ﬂﬂ_uj'f.’:l fnﬂ open spaces with amﬂrﬁ Quanizamethyst - Au
: Vains with rhodochrosite-rhodamte ) ! Rhodochrosite - Au
| Phreatie breecias — | Galena- Au =
t Clast supponted breceias | Sphalente - Au
i e — Au
E PRk roces | Sphaledie - Au

Table 1 Veralogie peenlienines af D 1 aneagreli 2elesns wariiem e © efite Brocom

Cérnic I breceia, Besides the Carmic 11 Breccia, the Carmic 1 miming hield also hosts several
veins (hoth shallow and steeply dipping) Within Carnic 11 breccia there are two main styles of
mineralization. In phreatomagmatic breccias there are very common impregnations and ‘superposed
veins (contaet and crosscutting vemnsj The eastern part of the phreatomagmatic Carme 11 brecc
shows o spectacular phreatic reworking of the lormer brecoa bady. This pan of the Cérnic 1] breccia
body revealed high ore grades (over 220 g/t Ag and over 10 g/t Au} In this pant of the structure the
clasts (angular fragments of dacite and breccias) are nmmed by ore minerals (Ag-rich minerals,
electrum, common  sulfides) held towether by hvdrothermal cement {eryprocrystalhine quarts
crustiform overgrowths, extremely fine grained hydrothermal mud - “chinga™) Within the- open
spaces well developed feebly amethystized quartz erysials are sull preserved

The mineralogy of the ofe 15 very complex; Polished section study, electron microscopy
(SEM) and microprobe analvses throw some light on the ore composition The spectra obtained
(SEM) suumest the oécurrence of argyrodite canficldine, proustite-pyrargynte (7)., ‘pearceite-
polybasie, stcphanite, miargrite (7). The microprobe results confirmed the presence of polybasite-
pearcente, tethraedrite, stephanite, acanthite. native Ag. and also of several umdentified Ag-nch
minerals (or misings) Common sulfides (chalcopyrite, walena. and sphalerite) as well as two types of
clectram were also denufied The wains of electrum are included i pyrite, quarte and silver
murerals Silver 1% a very common minor element in walena and sphalente

IFrom weochemical poimt of view the ore from Rogia Montana ore deposit s a typical Au-Ag
e withowit gy, other bysproduets (Cu: P 2o ere ) ' Gold oceors as free gold and electrum Stheer
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occurs as native silver, and it is also hosted in tetrahedrite (freibergite), argyrodite-canfieldite,
proustite-pyrargyrite, pearceite-polybasite, stephanite, miarginite, acanthite, galena, sphalerite (up to 6
% Ag). Microscopic studies (polished sections) revealed that the gold grains® dimensions range
between 150 - 5 microns. with about 60-70% of them exceeding 20 microns. Very minor quantities
of chalcopynte associated with Ag sulphides and sulphosalts were also identified. Microprobe
analyses revealed the ubiquitous presence of As in pynite (up to 1 %),

Taking into account the mineralogical peculiarivies of the Au-Ag ore from Rosia Montand
ore deposit, the following ore recovening techniques may be used: cyanide leaching, gravity
concentration, and flotation
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GEOLOGIC, MINERALOGIC AND FLUID INCLUSION STUDIES
OF THE MINERALIZED BRECCIA PIPE AT ROTUNDA-KELEMEN
( GUTTI MOUNTAINS, ROMANIA)

VALDMAN' Stefan, MOLNAR® Ferene, FULOP Alexandrina

The Rotunda-Kelemen minerahized breccia pipe 1s located on the eastem pan of Gutii
Mountains, between Caviie and Baiut, epithermal vein ore deposits. 1t 1s atypical form of deposn for
this aréa, but not a unique onc. since ore deposits of this type were found at Socea (Oas Mountain),
on the East Carpathians (Udubasa eval . 1982), -and on Apusem Mountains {Ghitulescu et al, 1979,
Uidubasa et al., 1982)

On the eastern pant of Guiii Mountaing the Neogene magmatic activity developed on &
metamorphic and Paleogene basement divided in blocks with-a complicated tegtonics in overthrust
sheets (Fig 1)

The spatial, temporal and genetical relationships between the magmatic intrusive activity of
intermediate compaosition and the metallogenetic activity are obvious.

The mineralized breccia pipe is associated to the Magura Ciorii imtrusive structure. The
breccia-pipe has an ellipsoidal shape i the honzontal section, with a ESE-WNW orientanon. It has
sub-vertical position. It has been studied en 370 m deep {from the surface +850 m to the +480 m
level). In the upper part, dimension of pipe is 45x85 m, and it 15 135x435-50 m at 200 m depth below
the surface. Below that level, the breccia body i1s much elongated { 150x20-30 m approximately, with
a ESE-WNW orientation).

The breccia column penetrates the Paleogene sedimentary formations and the intrusive body
The igneous-intrusive process was alsy active after the formation of breccia body and
minerahizations: Some small intrusive apophyses partially penetrate the mineralized breccin pipe

" Carola Mimng Company, Comapo, Chile.cmnl cargeorentelchile nol
* Deprtament of Mintralogy, Fotves Lornd University, Budapest, Hungan, e-muil molaariaabuas elie huy
"Ny Uity of Baia Mare 6204 DE Vickor Babes Sie 4500 Ba Nare

- I wnd dainidr 21
:.: 1 EEE Tk e



The contact of breccia pipe with the surrounding rocks is very sharp. The contact zone
frequently contains sheet fractures Composition of breccia is heterogeneous hydrothermally altered
clasts consist of Paleogene marls and sandstones, Badenian sandstones and limestones, Sarmatian
marls, sandstones and wffs, Pannonian sandstones and igneous rocks (microdiorite, andesiie) The
breceia is matrix supported especially in the marginal areas where the breceia magnitude is higher
and the maximum base metal content ogcurs:
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Hitic-senicite hydrothermal alterations with evident zonation characterize the breecis pipe and
its contact zones. Around the breccis body an 5-10 m envelope of kaolimte-illite (£ montmorillonite)
alteration occurrs. The frequency of the illite alieration is major in the contact area and the breceia
chasts. Chlontizalion is strongér at approximately 60-100 m far from the ore deposit and they are less
frequent surronding the breccia At 60-100 m far from the breceia body, kaolinite and illite appear in
smaller amounts  Silification 15 less developed compared with the previous alterations. Adulariation
surrounds. the vens associated with the brecca body both in magmatic rocks and Palecgene
sandstones

~ The richest polymetallic type (Z0. Pb, Cu + Au, Ag) mineralization deposited in the second
stage of an prolonged hydrothermal activity with four major stages. Brecciation cccurred at the
beginming of each stages

The first stage of mineralization is characterized by assemblages ol magnetite, hematite and
sulphide minerals (pyrite, sphalerite, pyrrhotite, chalcopyrite) assuciated with quanz. Based on the
study of fluid inclusions, the temperature of the hydrothermal processes was between 270-340 °C

The second stage of mineralization with abundan bise mictal sulphide minerals (pyrie.
sphalerite, pyrrivotive. chalcopyiie, galens. marcasite, arsenoperite, cubumite, botnite) formed during
coohng of fluids from about 270 “C 10-about 220-250 ¢
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The mineral association of the third stage is also domunated by the base metal sulphides; and
in addition sulphosalts also appear. The gangue consists of quartz, carbonates (calcite, siderite,
dolomite) and clay minerals,

The brecciation moments were associated with pressure release in the hydrothermal System
thus boiling and gas loss of fluids may have occurred. Following the breccification moments, the
hydrothermal system became more and more opened, thus dilute and cold meteonc water penetrated
deeper-and deeper and therefore its mixing with the deep hydrothermal fluids became more and miore
intense. Boiling with gas loss and fluid mixing processes are reflected by fluid inclusion data (Fig. 2)
This environment allowed the formation of mineralogical associations of low temperatures, where the
percentage of sulphosalts and concentrations of Au, Ag increased,

The fourth stage consists of a polymetallic epithermal vein-type mineralization (= Aw, Ag)
that mostly occurs around the breccia body, but some veins also cut the breecia. supporting that this
ore type formed after the main mineralization stages. Fracture systems hosting this late ore opened in
several pulses. The gold-silver mineralizations in some veins, overlapped the polymetallic ores

Based on the geochemical data and the morphological study of pyrite (Nedeleu L etal 1984),
the major pan of Au in mineralization is connected to the pyrite
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Acording 1o the results of fluid inclusion studies the hydrothermal processes took place
between 200 °C and 340 °C. The composition of fluids can be modelied by the NaCl-HiO-system
The total salinity ol hydrothermal solutions vaned between 0 5-3 wit % NaCl equiv

The hydrothermal processes developed in two temperatures ranges From 270 °C up to 340 °C
the generation of high temperature inclusions were formed (5:), and from 200 °C up to 270 *C the
generation of lower temperature inclusions were formed (S),

On the basis of the distribution of concentration vilues of fuid inchisions as a function of
homogeni ation (Wemperature one can suppose that the yeneration of high temperature inclusions was
formed by boiling of hydrothermal solutions, and the gencration of lower temperature inclusions was
formed by cooling and mixing of hydrothermal fluids with different temperawre and salinity (Fig.2)
A decrease of the solutions grade with the decreasing of the temperature can be noticed. The
association ol thermuoindicator munerals (exsolution of chalcopyrite and pyrrhotite in gphalente,
exsolution of pyrrhotite  in chalcopynite, exsolution of sphalerite in chalcopyrite ¢ic ) indicates 350-
400 °C fafler Mizota T and Scont 5. D, 1997, Kopma 5. and Sugaki A, 1985) to abowt 150 °C
temperature range for hvdrothermal activity
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The §'S values measured in various sulphide phases indicate predominant magmatic ongin of
sulfur in the form of HsS; however, the influence of sulfur from the sedimentary units of the host

rocks can also be noticed (Fig 3)
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The isctopic values of Pb, measured in the Rotunda-Kelemen breccia pipe galena are similar
to the ones measured in the galena of the ore deposits and the Pannonian igneous rocks in the

surrounding areas

Orc deposital rocks | "Pb /" Pb_|Pb/Pb | “PbI Ph
Suior® 1% 520 15677 38917

Baia -Spric* 13 861 15669 35914
Cavaic® PR RSS lﬁﬁ? 389l
Rownda-Kelemen 1% 530 15,720 Y.020
Pannonian igneous rocks® | 13 Th | 5695 38,700

* after Marias £ (1990

That indicates a genetic relationship between the mineralizations and the igneous host rocks

On the basis of the genetic conceptual model for Rotunda-Kelemen mineralized breccia pipe,
in the early stages of evolution, the ore deposit was a magmatic-hydrothermal breccia. The phreato-
magmalic processes were more intense in the following stages of the evolution
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THE RELATION BETWEEN GEOTHERMAL FIELD
AND HYDROCARBON MATURATION IN THE GEODYNAMIC POLYGON
CALDARUSANI - TULNICI

ZUGRAVESCU' Dorel, POLONIC Gabriels, NEGOITA' Victor

A comprehensive study of hudrocarbon source-rock area requires the location of potential
hvdrocarbon source rocks, the knowledee of organic matter quantity per rock volume as well as the
estimation of organic matter maturation degree.

The customary approach used for the evaluation of these: data 15 based on geochemical
analyses accomphished on a pre-selected number of samples and cuttings drawn from boreholes

Mevertheless, withowl anv extra cost, the same nhj::clive::- can be approached using the
continuous measurements of well logs customanly récorded in each well from ground surface to the
bottom hole

The use of well logs for source rock evaluation and hydrocarbon migration avenues
knowledge, started in the Geodynamic Institute, several years ago. Reliable results have been
acquired in connection with hydrocarbon generation and migration concepts, some of them being
presented in this paper

According to our concepis, the objectives and performances of well logging measiurements
(Gamma Ray, Neutron, Density, Some. Induction and Laterolog) meant wo establish the-source rock -
hydrocarbon generation conditions are the followng:

1. ldentification and correlation of potential source rock beds as well as the outlining of
oryanic lacies-areal distribution

2. Determination of bulk source rock-beds parameters:

- Lotal organic carbon (TOC)
- 8§ valve, corresponding 1o the particular (8;) peak of Rock-Eval pyrolysis
thickness and if it is possible. the volume of source rock-beds
3 Caleulation of source rock beds parameters refated 1o the organic matter thermal evolution
- temperature values on definite locations of thermal field
- time-temperature index (TT1)
— vitrinite reflectance (Ra)
- level of organic metamorphism (LOM)
- thermal alteration index (TAI)
4 Evaluation of source rock evolution stages {diagenesis, catagenesis, metagenesis),
~ sét out of present o1l generative window thresholds (the onset, the peak oil and the end of
ol generation)
- set out of oil window position dunng the geologic ime (o1l window dynamics)

5 Qutlining of maturation orgamc facies areal distribution and the generation timing of each

orgamc facies

The field applications of this paper dre coming from the decp Oligocene of the so-called
"Mig-Ihocene zone™ located in the western pan of the Caldarusami- Tulmicn Geodynamic Polygon

The stratigraphycal and tectonical data of this areal show that Paleogene sedimenmiary
sequences are made up of clays. marls, sandstones. conglomerates and evaporités. The source rock
beds belong to the Oligocene Kliwa Facies and include pelitic intercalations of black shales, dysodiles
and some bituminous calcarcous marls:

Many deep wells have been drilled i this zone and temperature maps at 5 km and 6 km deep
his e been carried oul m our institute The deepest well dilled in Romania st 7025 m is also located
i LS 2one
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Our analysis of the wire line operations has enabled to determine the following physical
charactenstics of the hydrocarbon generation process and organic matter thermal evelution at 7 km
deep.

| The steady-state well temperawre reached 145°C at 6 km deep and 170°C at 7 km deep.

2 The formation pressure gradient of the over-pressured source rock beds located between 6
km and 7km is 19 7 kPa/m and the bottom hole formation pressure at the total depth is138 MPa.

3. The Oligocene formation-burial rate during the subsidence period was 207 5 m/mill. yrs.

4. The heating rate of the main source rock — sequence reached 3 17°C/mill yrs,

These data established duning the first processing pass have further enabled to.continue the
processing calculations and interprétations substantiating the following final conclusions:

I. The Upper Oligocene source rock beds reached the stage of the stant of oil generation 5
million years-ago at 4.4 km. deep (onset of oil generation).

2. The maxdmum oil generation (ol peak) was reached 3 milhon years ago when the
Oligocene top was located at 4. 72 km deep

3. Nowadays, the oil window is situated in the Lower Miocene, in the depth interval 4.4 km -

56 km
4. The main stages of organic matter thermal evolution are situated as follows;
- Diagenesis: 0-44km
~ Calagencsis 44 km-62km
The onset of condensate and wet gas 5.6 km
- Melagenesis: under 6.2 km-

5" In the above-mentioned area, the Oligocene formations crossed by very deep wells belong
to the Upper Kliwa and Podul Morii sedimentary sequences. The petroligenuous potential of the
investigated Oligocene sequence is fairly good Organic carbon amounts surpass the value of 0.5%
generally accepted as a low limit for the existence of a sourece rock bed Several thick layers with
TOC values higher than 4% supplied in the past, large quantities of oil and they probebly are
responsible for the high gas background recorded by the chromatographic analysers during the
borehole-dnilling period

6 A large number of layers with good petrophysical charactenistics (porosity, fissure-fracture
index, ete ) suntable to be good reservoirs and carner beds zre identified on well logs. Unfortunately,
in many places, the actual formation overpressure conditions are less favorable 1o primary and even
to secondary nigration

In our paper two examples showing the good correlation of source rock beds belonging to four
organic facies-intervals are given and illustrated. The TOC values determined at each 0.5 m have
been inferred from well logs and the accompanying exemphifications are coming from 3 wells:
situated on the same alignment 2 km and respectively 15 km apart.

The last part of our work 15 devoted 1o the presentation of some synthetical graphs connected
with Oligocene organic matter - thermal evolution in the depth interval 5-7 km. One of these graphs
relates bunal rate, vitrinite reflectance, oil window dypnamics and organic matter - thermal evolution
stage just under the-Miocene f Oligocene stratigraphical boundary.

To conclude we have to say that the possibility 1o determine disunct physical properties of
source rock-beds on the basis of well logging measurements represents an useful method to cvaluate
organic matter-maturation degree and hydrocarbon generation conditions The high quantity of data
exasting at cach well loguing-data bank may be used without any extra charge, 1o attain such targets
in other geologwal provinces of our country
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US_IN'.G WELL LOGS FOR SOURCE ROCK-BEDS.
APPLICATIONS IN THE NORTH AFRICA SEDIMENTARY BASINS

ZUGRAVESCU' Dorel, POLONIC® Gabriels, NEGOITA' Victor

This paper tries to presem an overview of hydrocarbon source rock systems of North African
coumnes bordenng the Medierranean Sea (Morocco, Algena, Tunisia, Libva and Egypt) as well as
the acquired results using well logwing techniques discussed in the previous paper

This pant of the African continer forming a geographically contiguous urit shows 2 common
geological history making part of a single geological plate dunng the Phanerozome history.

Source rock-beds deposition, timing of maturity and hydrocarbon generation in this area are
related to two main extensional tectome cveles which ended in the compressional and destructive
events of the Hercymian and Alpine orogenies.

Although, in the above-mentioned area, the hydrocarbon reservoirs as well as the significant
oil and gas fields are very scattered, the source rock-beds are resincted to -2 very hmited number of
stratigraphical Tevels

More than 4/5 of the recovered ol and gas:and the future reserves are atiributed to two main
source rock imervals belonging to Early Silurian - Late Devonsan and Late Cretaceous — Eocene

The miost important source rock interval, distinguishable on well log recordings, possible to be
correlated over wide areas of North-Africa is represented by the radioactive black shale of the Lower
Silurian, whose thickness is larger than 50 m. Total organic carbon (T0C) values are not too high,
source potential index (SPI) is about 3.5 and as a peculianty it 15 wonh to emphasize that Silunian
source rocks at similar stratigraphical levels have been found on the Russian and Amazon platforms
as well as m the USA intenior basing They seem to be refated to a widespread global sea level rise,
which llooded ‘a series of sag basins overlying the earlier Cambrian-Ordovician niftz and as 2
consequence a lot of réstricted anokic areas came into being

Late Cretaceous source rock are alse already extensive but the source rock intervals and levels
are not fully ume correlative over the region brought into discussion Some of the most productive
thick source rock-beds are noticed in the following formations: the shales of the Cenomanian Sirte
basin, Santonian Limestones of Sucz, Tarfaya immeture Turonian black shales, Turonian shales from
Tunisiz'etc In most of the cases they are associated with transgressions and sea level nses duning the
Laie Cretaceous as well as to occamc anoxia and tectonically controlled manne restrictions

About 1/10 from North Africa oil and gas reserves are attributed 10 Eocene source rock-beds
occurnng generally along & similar-trend 10 the Late Cretaceous source rock development. The most
prolific source rock intervals-are located in the Pelagian onshore and offshore, in the Suez and Sine
basims. ete. their productivity being relimed to the interval thickness. TOC and SP1 values

Other source rock-beds dated as Triassic. Middle Jurasic and Early Cretaceous have been
locally documented as being rewionally correlated They are locahized in the Essaouira and Tarfaya
basing (Morocco), Atlas and: Triassic basing (Algeria), Northern Tunisia and Western Desert (Egypt)
Source rock-bed thickness, TOC and SPI low values, frequently organic matier over-maturations and
cther circumstances have conditioned their poor source rock potential.

Tl now, the geochemucal erature documented that hydrocarbons. are formed from
dissenminated organic matter within sedimentary source rocks by a complex reactions of overall first-
order poverned by the Arrheniug equation The rate of these reactions are primanily dependent on
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temperature and heating duration, both variables being neither more nor less, related to the heating
rate through the geothermal gradient and bunal rate

The heating rate effccts begin early as the sedimens of source rocks are exposed to the eanh
geothermial gradient: They stan very slowly, bul their rate vencrally doubles as the exposure time
doubles. or the temperature nises by 10°C. This exponential growth in oil products with depth,
ultimately results in a period of a rapid generation — in time and depth - called “oil window™ The
formation of commercial quantities of oil and their expulsion from the source rocks do not occur until
the main phiase of oil window called “peak oil generation” 1s reached

Several organic and mineral thermal indicators of the source rock maturation degree are
routinely used in the geachemical laboratones to ascertain the oil window position in time and depth

But the same indicators may be determined by means of well logging measurements. The
sencral concept that the electric resistivity changes are related to the siart of oil generation and the
replacement of more or less electne conducting water — filling the source rock pore space — with the
thermally wenerated oil has been assened in the literature by several authors

Consequently. a proper processing and interpretation methodology has been carried out 1o
establish the source: rock-oil window position in the ground subsurface, ingluding its three
boundaries: the onset, the peak oil and the end of oil generation, as well as the limit between
catagenesis and metagenesis stages

Applications, on the basis of well logaing measurements. have been achieved on Essaouira.
Miz#i - Murzuk and Western Desen basins, whose results are presented Some specific well logging
recordings coming from differem source rock intervals are also shown

Vitrinite reflectance (Ry) values obtained from common laboratory methods were related (o
time-temperature index (TTI) values determined on the basis of geothermal gradients and 2
documented geological histery For the Murauk basin we adopted a linear function and finally
ubtained with 2 correlation coeflicient of 0 94 the following least square fi
Log TTI =487 Log Ry + 226

This equation. lincarly relating TT1 and Ri. as well as the commonly used Waples, Issler and
GolY equations-are graphically presented and discussed in the case of Murpuk and Ghadames basing
{Libva) '

QUARTZ-SANDY FORMATIONS FROM CARPATHIANS AND AFFERENT AREAS
-~ ON PROPERTIES AS APPLICATIONS IN THE OIL INDUSTRY

ANASTASIU' Nicolae, POPA® Marius, DRAGAN' Eduard, ROBAN"" Relu-Dumitru

The aim of the study was the idemtification ‘and the rescarch works about quartz-sandy
furmations from Romania as the utility in drilling operations for hydrocarbon wells, in conformuy
with nauonal and international standards In this order, we have selected 285 sandy oceurrences from
all weoloical units of Romama the Bast Carpathians, the South Carpathians, the Apuseni Mountains,
Transylvania Basin, Pannonic Basin, Moldavia Basin, Getic Basin, Romanian Plain, and Dobrogea
Insigde of this units, the distribution of the quanz-sandy oceurrences is very non-uniform, and theit
qualities high variable The stratigraphic interval where ‘quanz-sandy occurrences are, is from Eovene
1 Quaternary, The oldest formations are weak-consohdated. or affected by sirongly decemented
processes in their diagenetic evolution (as in the case of Kliwa Oligocene “sand”), and the youngest
formations (Phocene and Quaternany) include unconsolidated deposins, as mobile, $o0 easy o
exploration works
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The total thickness of sandy formations for each ocourrence are between 0.50 ~ 10,15 meters,
and the quality of sand, generally, is not very clase to most of the requirements for drilling operations
in the hydrocarbon wells, In the class grain-size intervals, the quartz content 15 50 — 95 %, the
spheriany index 0 2 - 0.8, and the roundness index 02 - 08

In spite of the great number of the identified occurrences, only 35 of them have sandy
formations wih more than 90% guartz coment, and also, the properties are close to requirements in
the standards The quanz-sandy occurrences selected by us o order 1o carried oul detailed evaluations
to reveal ther properties for dnlhng operations i hydrocarbon wells are placed n the East
Carpathians, the Apusem Mountains, Pannonic Basin, Transilvama Basin, and the Moldavia Platform
areas

The analysis - grain-size, shape. mineralogical, chemcal, ‘and  technological (leaching
analysis. acid solubilny. crush-resistance} - was carned out on 40 samples, and was revealed textural
parameters C, Md, M, So. Ro, Sf. mineralogical composition, also their technological quality of sand
(in compliance with reference standards APl 56/1986 and 58/1986)

By Inholowical point of view, the examined occurrences are siliciclastic deposits with different
stages of consohdation, as following.

- sirong-cemented sandstones — as occurrences from Patarlagele area (Valea Sibiowlui, Colti,
Alums), and Suceava area (Plesa, Manastirea Humor),

- decemented sandstones - as occurrences from Valeni area (Gura Vitioarer, Copaceni), Pltdrlagele
area { Valea Sibicwlui, Crivineni, Valea Rea), Suceava area (Paltinoasa)

- weak cemented sand - as occurrences from Bowosani (Hudesti, Miorcani), Faget area (Faget
Scaune si Jupanest)., Aghires aree, and Fagetul lem area.

The age of this sandy deposits is Eogene for Fagetul lerii sands (the Apuseni Mountans),
Oligocene for Teleajen Valley sands (Valem area). Buzau Valley sands (Patarlagele area), Humor
Valley sands (Humor area), Nadasu Valley (Aghires Quarry), Miggene for Moldavia Platform sands,
and Pliocens tor Panonic Basin sands:

In.all cases. the petro-types correspond to quanz-rocks {1.e- rocks with more than 90% quariz)
In sequences, a1 outcrop scale, these types of rocks are associated, as interbeded. with fine grain-size
rocks (¢ sltites, shales-and slates, marls), and even carbonate rocks (as in the case of the Manastirea
Humor area) Arenite vs other grasn-size fractions ratio is vanable between 91 - the maximum
valies (~75%) in cases of Humor aréa (Plésa. Pallinbdsa), Patarlagele ared, and Valem ares
(Copacent. Gura Vitioarel) - 10 6/4 — the mimmiim values in the case ol Fager Timisoara area (Fage
Scaune Duarry)

The qualities of the sand form the sellecied and analysed occurences are as following

The grain-size analysis was shown, for occurrences in exploration technolowical processes, a
high percem of very fine arenites (under 0.125 mm class), fine-arémte (0.1 - 0.2 mm), ‘and medium
aremite (0.2 - 04 mm. and 0.3 - 0.6 mm) Coarse srerites oceur in Paltinoasa-1liesi area, but in this
case the deposits are cemented Ofien, arenitic class (named “usefully™) 15 associated with silto-lutitic
class andior carbonatic (“poor” class) In the analysed samples “u™ vs “p” ratio is 74 98 - 98.97 %,
generally 88 9% The maximum contem of “u” (over 90%%) 15 registered by samplés from
Aghiresti. 1ludest, and Miorcani areas For ecach selected son (eg preferred pran-size class) the
obtaming eflicicncy is 30 82 - 90 39%. but venerally 62 - 73% (for 0.1 - 0.2 mm sont),-and 39 - 68
S dfor 02 04 mmand O3 - 0.6 mm sonis) The masimum efficiency 15 lor samples collected from
Hudesti. Mioreani, Aghires. Fagetul lemi areas. and in pan f{or samples collected from Valenr, and
Plesa arcas

Ihe gram-siee clusses and sons required by APl standards are:

0D | Blor ladi0=nn. 04 = (08 for 20- 30 o 0.3 - (06 for 30/50 son

From ow analysed samples. the most close are which are collected from Aghires, Miorcan,
Fapget Seaoune. Hudesu, Paltinoasa arcas

Muorphometrical analysis, evalustion of roundness index - Ro, and sphencity mdex - 5
{Kruinbaiin & Sloss, 1956), for global sample amd Tor differem sorts. was shown o lirnge varition Fo
thesreasain, for all samples analvied by this sy, mdeses Ro - 01 a0 001 - 1oso, the
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whole interval A direct proportional relanonship was detected on increase of Ro (Sf) as increase
gran-size class of quartz grains. The grains with more than 0.6 Ro index are¢ vanable between 30 -
60 %% per sample, ‘and maximum values was determined on samples from Hudest, Miorcan areas,
and in part from Valem (Gura Vitioarei), Patarlazele (Valea Rea). and Aghires.areas
The API required values for morpholowcal parameters are
- Ro=mmn 0.6 for |6/30 20040, and 10/50 sorts,
- &= min, 0.6 for 16/30 20:40, and 30750 o1

Fig. 1 Speondeead eltimvany sfoowing the varedulite o annapundinneul popaimieives st supetiliiesciand sferictiv. The aren
mtgekend witll wrey Bl represedt precaeictors peafvioes o Thellibueson sl i Bk fine. rontine repeesenl the
r.l.r.-..-.r[-l.l'.lnl.l'nrg'.-. i Jarraenne o ry i Plmiag el P ad g3 Muwridr

The closest samples analysed are collected from Hudests, Miorcam, Faget Scaune, Gura
Vitioares. Aghires areas

The mineralogical and petrographical analyses pit m evidence minesalogical assemblages
dominated by quariz (over 90 %), feldspars. micas (biotite and muscowite), ulaucony, beavy minerals,
calcite, also bioclast and lithie fragmenis Quane graing are both mono-, and polverystalling, with or
without straight extinction, showing many inclusions (frequently s0lid, but some time as fluid state),
oriened (corresponding systems) or unoniemed migrojoims, corroded surfaces, overgrowths (in
Khiwa-1ype sandstones)

Hulliburt

Quanmz “g°
| Quatniz 94-98% Feldspar 2-3 %
| | Micas -3 % |
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The requirements by standards for quartz content are: min- 90% (API1'56/1986), and min. 96%
(AP] 5%/1986) In our case, the closest samples are collected from Valeni, Patarlagele, Hudesti,
Miorcani, Faget-Scaune, Jupanesti, Aghires areas, and in part from Humor area (Paltinoasa, and Plesa
perimeters) '

- Our study shows that from all the wentified quartz-sandy occurrences, both in exploration

technological processes as well as in outcrop state, the closest samples, in respect to API standards
requirements (as intermational reference system - Hulliburton sons), are only the following
OCCUrTCRCEs
- - inthe East Carpathians - Valem (Gura Vitioarei, Copacens), and Patarlagele (Valea Rea) areas,
- Pannonic Basin - Faget Scaune ares,
- Transylvanian Basin - Aghires quarry

Concluding, only by technological processes. as secondary, the API standard requirements
could bé realizable.
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INFLUENCE OF THE FLUID FHASE COMPOSITION
ON THE MINERAL TRANSFORMATIONS IN Mn-METAMORPHOSED ORE
FROM BISTRITA MTS, EAST CARPATHIANS,

HIRTOPANU' Pauling

Bistrita Mountains form pan of the Crystalline Mesozoic Zone of the East Carpathians which
cansists of superposed Vanscan and Alpine Mappes, over thrusting eastwards over the Flysch
Zone The manganese ore is contamed in Tulghes Group (Tg2 level), of the Variscan Putna Nappe,
situated over Pietrosu Bistritei Mappe and suporting the thrusting of Rebra Nappe. All these Variscan
nappes constitute in their i, the Alpine Sub-Bucovinian Nappe, localised between Alpine
Infrabucovinian Nappe in the East and the Alpine Bucovinian in the West

Thie Tg2 level displays a varied lithology dominated by quanz-muscovite-graphite-chlonte-
albite-calcite schists with some relies of hotite, almandine, hornblende, lmenite and others, It is a
polymetamorphic retrograde senies, its evolution being marked by three succesive metamorphic
events (Caledonian, Varnscan and Alpine) and complex thrustings and deformations. The very
complicated téctonic seiting enabled the opening of many pathays that permitted a good circulation
of the metamorphic fluid, the compositions of which varied in tume. lonic mobility acompanied
deformation episodes and hydrous infusion was high The Tg2 level was initially an amfibohte rock.
subjected 1o several repeated retromorph metamorphisms. The biotite, hornblende, garnet and
plagioclase were altered by CO; fuids 1o carbonates The carbonation is the first and the main
retrograde metamorphic process that disturbs the Tg2 level, transforming the primary amphibolite
into unhydrated rock, composed of carbonates, albite, quanz (M event), Under the microscope one
can see (he relics of biotite, amphibole and garnet in the carbonates of different compesitions,in many
places the relics totally disappeared @nd  only carbonates remained. The carbonation process was i
dehvdrated one We suppose that the amphibolite facies of Tg2 level was initially in equilibrium with
a thid phase. any decrease of 110 comtent of the fluid resulied in the partially destoyed of
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amphubole constitutuents by transfer and change reactions. The modal abundance of amphiboles was
decreasing, because CO; was introduced into fOuwid The big CO; source was the decarbonation
reactions, which in the present case. involved rhodochrosite and Mn-silicates from Mn-ores The
decarbonation reactions of rhodochrodites from Mn-deposits secured big COp volumes which are
petrologically important. We suppose that the mobility of fluid was great and the fluids were
predominantly CO:-HyO solutions  The replacement  of HyO by CO; was realised by a volume 10
volume mechanism. One can sav that small thodochrosite bands presente in Cambnian deposits, were
poentially enough to dehydrate the mially a.mphibuhte facies of Tgl level, determnmng the
appearcance of different carbonates, albite, quartz- that is an unhydrous assemblage In the My evem
there bwere formed the muscovite and epidote, because the metamorphic fluid became nch in HyO In
the M event there were formed diferent chlores and carbonates. inprinting 1o the: Tg2 level rock the
aciual  petrographic characier The Mn ores have-a  predomunantly carbonate over sificate
mineralogical composition, that means a great COs fluid control in the carbonation and dehydration
processes along the many stage of the whole history of the ore and the Tg2 level Bul, substantial
volume of CO; can be released through such discontinuous reacuons il the silica volume 1n Ma-
sediments was sufficient 1o allow mod of the rhodochrosites 1o be consumed The strong influence of
the composition (COyH;0 rano) of the fuid phase on the equilibnum temperature can be nicely
demonstrated for the ephroite assemblages in Mn ore from Bistnta Mz In an HiO nch fhuid the
tephicite can  form directly from rhodochrosite and quanz, such reactions oceur in Swiss Alps. This
mineral assemblages includes tephioite and quartz The experimental data gives T=920°C£10 m
P=2000h. In the Mn deposits from Bistnta Mis. the tephroite-rhodochrosite ‘assemblage 15
undersaturated and there 15 no quany present Itis an anhydrous assemblage (no hydrous phases like
manganese amphiboles have been detecied), which-experimemally forms at 5817°C. in the presence of
pure €O Because the Py wies pch hagher inthe tephraite ore than in the expénment. i1 means that
the formation reaction of tephione fom Bistita Mits must be oceurred ata T higher than 3817C The
rhedochrosite-tephroite assemblese s cmacial for amphibolite facies of manganese deposits and the
assemblages tephrone-quane is erucial Tor the greenschists facies one The mineral reactions were of
decarbonation  type, thewr temperaiores were strongly influenced by composition of metamarphie
fluid, that is; the decarbonation reaciions took place at low temperature and  high Xy -greenschists
facies and 2t hugh temperature and hivh X -amphabolite facies

The Bistrna Mno-humines coesist with tephronte, rhodochrosne and rhodonite Humites are
mare undersaturated than olivines because they have R¥/Si=2. but substitution of the excess R s
pared 1o QH4F+Cl Leucophoeniciie and Mn-humite. family members are characienzed by the
absence of F, and significant F coments, respectively. The Me humite have no leucopoenicite family
equivalents and invariably contain substantizl Fosubstivuting for OH Variitions' in CO«/H:0 alone
may explain the presence of the all knpwn Mn-humite terms in the Mn-orgs The water .nch
comditons: are required lor manganese humites, and local vanavons: i Xiisedmsocomi and a2z
exjrlian thoir vanous assemblages (ound in the Bistnta ores

‘*‘utahultty of pyroxmangite s conaderably extended under high Xy (=0.5) n the fhad phase
wind 1 rather nsensitive 10 Xooe @t leh lempergture ST0°CY and Tow pressure (2Kb), thes s
comdistent with the expenmoental davs Low and unbuffered X0 in the Muid phase dunng amphibalie
Lacpes mctamorphizm (event My) and high Xz have mhibited the: development of pyroxencs and
detvriined instead the appestance of amphiboles Freevemly, the Bistrita pyroxmanaite assemblages
contdms no carbunates, evidenly spvposting 4 verv low Xz, the pyroxmangite being specific 1o the
wturated assemblages In the Buorcs deposit  the pyroxmangite inverted 1o thodonite via the well-
hinan  polymorphic transformanion  Expermentally pyroxmangite recryftallizes o rhodonne a1
wiiperatures benween 6 10°C md oo'C o Bot puroxmaneite and rhodonite are preserveil smee with
the gntry o8 O om chedomite, the mversom s mo longer gnsanant bot dvaoant The replacenwnt «of
porosmangite by mangangranenme cecirred 8t wmperitare ol e 550.600"C and I ca S-oRboand
wnder an clevated Koz, and an g constant and low 1z a8 no secondary magnetite wis produced

Pl exolonon of calderize 0 w0 purouasansiie-maiehicite] the Spesshping 1o spossailitie
caldenite g the Spessanme o spossantisnegtrossuline regquests besude o areat 1 ovanaties S varkeion
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of Priz as well The natural spessartine enniched in grossular component, that oceur frecvently in M.
event, is specific to blueschists facies Garnel resorbtion adjacem to homogeneous nms on zoned
crogsite indicates that such amphiboles grew at the expense of spessartine during hydration episode.

Johannsenite is altered to rhodonite and xonothte by ingreasing Py Pyroxene compositions
are sensitive mamly to P and fiy, being strongly affected by metasomatic exchange, particulary when
the reduction of Fe and Mn is involved The freedom for Fe'* and Fe'' solid solution offered by the
sodic amphiboles miakes them potentially sensitive indicators of the local oxidation siate that is itself,
through s distribution whitin the minerals controllini the local fix; The zonation and overgrowth
often observed in pyroxencs and amphiboles are 2 record of changing metamorphic conditions,
ncluding and metamorphic fluid The nonalkah amphiboles were replaced by sodic amphibole and
the aegirme-augite were replaced by ferriwanchite These relationships are explained in terms of
model hydrauon reactions consuming cummingtonite. and components of aewinne-augite and
producing sodic and calcie amphiboles

The presence of manganiferous phyllosilicate assemblages (manganpyrosmalite, friedelite,
schallerite. carvopilite, etc grown at the expense of anhydrous silicates) s a function of the fluid
composition. i ¢ the availability of chlorine and arsenic (in a very H:O-rich Nuid) The presence of
CO; in these Nuids is indicated by the retroprade formation of Mn-carbonates The 1wo additional
fluid components ©1 and As affect the stability relations between the hydrous phases and control the
appearance of either fnedelite group ninerals or serpentine like minerals

The stability field of stilpnomelane is reduced by increasing Xein and Xy and 15 also a
function of ax fay. in the metamaorphie fud 11 this value 15 smaller, sulpnumr:lam decomposes 1o
chlorite. but if lazser, it is replaced by biotite. and a1 very high value zussmamte forms (Miyano &
KElan) The stalnliny of K-bearing mitierals ate a function of the activity of polassuuim in metamorphic
Nuid In Bisirita Mis siilpnomelane descomposed 10 a aixture of minnesotang - chlonte (at lower K
valugs in (lud) and to minnesotaiesbiotite far higher K value in fuid) The stability limit of
stilpnomelane 15 & function of COz-in the metamorphic flud The addition of CO; a5 2 component can
be accumplished by the addiion of a sulid phase, siderite. to the equilibng. With increasing CO; the
stability o’ stilpnamelane shifis to low temperatures The stilpnomelane and chlome are the two nval
low wrade shect nunerals

The eommun occurrence of rhodochrosite with hausmannite  and its rare assotiation with
manganosite are natural expressions of the fz, ooy and temperature dependence of the rhodochrosite
stability field. Rhodochrosite is stable at high emperature only at low iz Metamorphic mangangse
oxide lens trom BM have high inhemed iy values due 1o internal buffenny, which causes gradients
between them and Te2 country rock comaming iron oxides or wraphite Some of the manganese
Bisirita ore were nictamorphosed at iy considerable hgher than their enclosing rocks- it means that
oxvieen behaves as an inert component during metamorphism and considerable {n gradients exist
between adjacent layers

The stability field of a mnganil'trws carbonate is & function of iz, in addition to T, P and
i Benneath the wraphite sorface CO: 15 reduced to graphite The rare association graphite-
rhodochrosite may justify this reduction reaction in Bistrita ore At different but high values of Pos
rhodochrosite reacts 1o forms hausmannie, bixbyite, pyroluzite The jacobsne was formed by
decarbonation-osidation reactions from a carbonste precursor under unbuflered Xeg situation. By
prograde oxidation the jacobsite transforms (o hausmannite. Pyrophanite was farmed at lower vnluus
af fig and with dominance of Mn® . whircss al high values of §iy; and high T . wheré the Mn'
dominantes. the spinel structure formed The hausmanmte and magnetite ficlds are of comparable
size, bul the hausmannite field is displaced 1oward more oxidizing conditions

The eccurrence of alabandite reguire a relatively reduced and sulliduang  environmeni,
restricting log T and Jog fiz between 1077 10" and 10™ and 10" These conditions were probably
bullered Alvoughou metamorphism by reaction of a sulphur-rich, carbonae-nich and oxigen-poor
protolinh, & guite differem levels wathin the manganese deposit, a1 My event

Closely associated assemblages of diverse mineralogy from Bstina Mu-ore seepest that the
Nouw amnd Mo tstther than physical conditons of metmmacphism are the decisive Bctods in Fornmmg
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the observed phase diversity The Bistrta metamorphosed Mn-rich muneral assemblages evolved
under-a vanety of constraints: These include the diversity in the character of the sedimentary protolith
and the nawre of buffening of the fluid phase dunng metamorphism The presence or absence of
carbonates in the metamorphosed products do not indicate per cent the carbonate or noncarbonate
character of the pnmary sedimems. Carbonation of primary Mn-oxide/hydroxide sediments can take
place during early or late diagenesis and complete de carbonation under unbuffered Xeor situation
during mttamorphism may vicld carbonate-frée - assembiapes The absence of carbonate in thése
assemblages does not necessanlv unply a noncarbondte precursor Textural evidence from Mn-
carbonate-oxide - ores shows that dunng prograde metamorphism from a carbonale precursor
progressvely oxidized phases will appear wvia decarbonation-oxidation reaction, and thar
progresssively reduced phases will appear from an oxide précursor with inceeasing temperature iz
degxidation reactions,
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MINERAL RESOURCES OF ROMANIA — A SHORT QUANTITATIVE OVERVIEW

AARINESCU' Mihai, DINUY Trina

FNTRCIN I TTON

In this paper. only the sdenuficd mineral resources of Komania are presented. The term
Tideniidied nuineral resources” has the same sense as the pne used for classification of resources
avcurding 10 the degree of knowledge. claboraed and used by the Bureau of Mines. According 10 the
aciual UNO classification, otficsallv used in Romania as well. the analyzed resources refer 1o 1w
wemilied resources (from which prognosts resources are missing). valuable resources and explonable
ST R

LENERGETIC MINERAL RESOURCES

In Romama both non-fuel and {uel mineral resources tonalize around 2,24 x 10" wms
conventional fuel (1ef)

The non-fuel resources are represented by nuclear resources turanium) end heay resources
tram hvdrogeothermal systems (geothermal water)

The resources of radicactive ore are exhaustible and comain around 26 000 1wons uranium,
which represent the equivalent of 3.7 x 10%ef

Geothermal water, # non-exhaustible resource, contains:a much higher encérity, estimated &
viunalent to around | x 10" 16t representing over 96% from the non-fuel resources of Romania

The fuel resources are equivalent, as magnitude order, with the non-fuel ones, being
estimated as around 1,2 x 10" tef

The solid fuel resources (eoals. conl shaleés. bituminous shales and sands) 1otalize 1.8 x 100
tons thist 159 % 10" tef The most anportant amount (89%) is given by the coal resources (lignite,
bioan coal, pitecal, peat, anthracite)

The flud fuel resources (ol and natural pas) are more difficult 1o esumate because the
available data are older, uncenain and sométimes contradictory  However, they are appreciated 1o
tepresent the equivalent of 3,5 x 107 et which would be around 28% of the identified fuel résourcys
and 17% of the identified encrgetic reseurces of the country The: amount of each type of rescurce
withun the epergeie resources of Romama s shownin Fig |

L pncrsais of Bucharést. Faeulis ol f"...mm:_-i sind Ll iy B Fraean N iz Sir TS P borese 1. el
EPLEE g i g o

<eiianl e g g unibuy o

aondidEy AT '-'\-.l'_rn-uhﬂ.l' |



2, NON-ENERGETIC MINERAL RESOURCES
The idemified résources of nn-tnergem: mineral substances, resulied following an
approximate caleulation ‘are ‘of the order 1.2 x 10" tons As liquid mineral substances resources
(dhflerent tvpes of water), gaseous (mofeinic carbon dioxide) or even some of the solid ones
(therapeutic muds and peats, ornamental rocks. sand and gravel) are expressed in-cubic meters, it was
necessany w approximate the equivalent in tons for each of them
2 MELAL RESCHIRCEN
The metal resources are esumated as-dround 8.8 x 10" tons, representing only approximately
T4 from the non-energetic mineral resources of Romania: They are wsually classified in ferrous and
NON-TEmogs esources
The ferrous ore resources (on ore, manganese ore, iron and manganese ore; iron ore with
low content ) reach almost 1.2 & 107 tons. representing only 14% of the 1o1al metal ore resources of
Romania
The nen-ferrous ore resources consitute the wider par of the metal resources of Romania
and involve most of the wypes:  polymelal ores. copper-beanng ores (copper ore, copper-bearing
pyrite, copper ore with low coment). alummum ores (bauxite, pyrophilitic shales, nephelinic
siemtes), pold and silver-beanng ores, sands wath heavy minerals, as well as other ores of rare and
disperse metals (molybdenum, bismuth, wngsten, mercury, hithium, benlum, boron. niobium - and
tantalum, Htanium) They reach 7.6 % 107 1ons
Cuantitatively speaking, among the non-ferrous ore$ résources, the most important “dre
sangs with heavy minerals (3.5 illion 1ons), copper-beanng ores (2.7 billion 1ons) and aluminium
ores 10,5 byllaomn toms)
2 o NOINSVIET AL BRENCHE RS
Ihu~ iennified non-metal resources of Romania are ol iously the maost numerous and in the
highest guantiny from all the identified mineral substances resources. They reach 1,1 x 10" 1ons and
represent 3% g of the non-enerieti résounics
Wiurs, rocks. non-metal ores ond indusinal smnerats; mofetie cabon dwade, therapeunc
puats and muds are considered as non-metal resources
The water resources of Romania. hoth surface water and groundwater, reach over 4.9 x 10"
mvesr, with a non-uniform geographical distbunion, on types and geological stuetures
M surfice Waler resources {(Hvers, I..ﬂu."i R:w:r Danube) or the ndrologic potential {the
lfl'I!-l]llHrl!IIId' averae volume) is around 3o 10" m .Fyﬂr from which natural lakes totalize only | ¥
10 m'vear Even if this quantity seems biw enoush, if it reporied to the whole population of the
conmny tatsrimd 23 million inhabitanis). we come ta 1565 m'/vearrinhabitant. which represents only
approsmiately one tnrd of the averase in the European countries
The wroundwater résoyurees mclude industnal water, drnking water (including the boltled
non-carbomited water) and water used lor wngations, as well as mineral waters (drinking, balneo -
therapentic, thermo mineral - thewpeoutic wakersy  Groundwater resources: (speaking only ol
explositable resources) reach 1.3 x 1007 m Saar, representing almost one third from the surface water
PR Taking e account the dvnamic reserves, we would reach a much higher value that is 5.2
o' m! i
The raw witerial resonrces: used m o constructions {as ageregaies for concrete. road stones
atd railiod ballasting, ornamental rochs) are around 1,5 5 10" tons, representing almast 24% from
the solid mon-mictal substances resources  These resources have been idenulied and calculated only in
the zomes where there are consumers and taking into account the demand over a reasonable period of
Hi
Thar tollivswinge munersl subsiances are chissilied as raw miatedals drnamental and indusiial
wlabaster, ormamental araeomte. basih and basaltic scona, diabase. omamental, ndustnial  and
constiuction dndesites, industrial comstryction dacite. porphyry, ormamental and construction gramie,
su kel and constiiction gransdionie, dionte, amphibolite, serpentinie, wreen shales, mici-schis,
eneiss ety marble ormamenial and mdusinal limesones, avenine, ormanental  silicolite
sandstones: sind b eomstrcnon maeriils, saod and gravel

e . TN T



The mast important identificd resources afre industrial imestone (7.8 billion tons), sand and
gravel (3.6 billion 1ons), industrial and construction andesite (0,7 billion tons). diabase (0.4 bilkon
tons) and construction granite (0,3 billion tons)

wonemetal ores and industrial minerals resources thalite; potassium:salis. graphite rock,
sulphur rock, wvpsum, anhydnte, celesting, hariting; calcite, rocks with kvanite, wollasionite, mica
pegmatite, feldspar peumatite, coicks with tale, rocks with asbestos, quanz. perine. nephelinic sienite,
serpentinites, chalk, dolomite, matl, loess; ordinary: clay, refractory clay, kaolimecd rocks, kaolinzed
clay, kaohnized sandy clay, kaolinized sand, siliceous sand, industrial wils, bemonic, distomite,
phosphatic rocks. silex balls, coloured earths) of Romania are estimated as around 4.6 X 16" tons
They tepresent approximately 765 of the solid non-metal resources of the country

The most important identificd resources are. halie (39 billion tons), siiceous sand (2,2 billion
tons), dalomite (1.8 bilbon tons), ordinary clay (13 billion tons), marl (0.8 billion 1ons) and gypsum
(0.4 billion 1o0s)

Other non-metal substances, which constitute resources, identified fullowing geologic
recparch. are mofetic: carbon dioxide (114 million m'/year) and therapeutc peal and muds (22,1
millionm') Their ameunt in the total non-metal resources is neglectable (0,03 %)

Figure 2 shows the distribution of non-metal resources on the main roups of mineral
substances
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3 UONCTLEIRIONS

In Romanma there have been wdentified, estimated, renewable resources ol water (dnnking.
industiial,  ingaten.  non-carbonated), mineral  warer  (drinking,  baineo therapeutic  and
thermemineral - therapeutic), thermic enersy from geothiermal water, samd sand amd gravel. moletns
carbon dioxide. therapeutic mud and pea

The wemified, esumated and renewable reSOUrces are NUMErous Some of them like sal (39
billion tons). lienite (16 billion tens), constraction rocks {15 billion tons), ol wid was are i the order
of 1eis of hillion tons The undiscovered Tesources for many rocks are. pi actically. un-exhavstable
Other resources (sand with heavy minerals. copper-bearing ores, siliceous sand. dolumites, ordinan
clay. iron ore) exceed one billion tones Maost of these resgurecs arc between | mulhon and 1 billion
ens, whibe some of them (celesting. wirllastunite. wsbestos: coloured eanhs. sles ballsy are i Jow
gueantities {less thian | rilbion tons)
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MIN ERAL[EAT]GHS METAMORPHISEES DU GROUPE TULGHES (ORDOVICIEN
INFERIEUR) DANS LA PARTIE MERIDIONALE DE LA ZONE CRISTALLINO-
MESOZOIQUE DES CARPATES ORIENTALES

MURESAN' Mircea

Dans la Zone cosmallme-mesozowque (ZCM). le Groupe Tulghes - Tg (Ordovicien mterieur,
metamorphisme regional a la fin de celui-la - Muregan, 20060 - deroule dans le facies des schistes
veits, de type barrovien - Krautner et al, 1975) est divise en quatre formations lithostratigraphiques -
Tg 1, Tg2 Te 3 Tg4(Berca et al, 1976, Voda, 1980, Krautner et al, 1992, Arch 1GR) Le Ty
s I:*:-w. dans les socles metamorphiques des Nappes subbucovinienne et bucovinienne - alpines
idefinies comme des unités amnchignnes par Skaduléseu, 1067, 1975, 1976) On .z demonire
(Kramner, Bindea, 199 Muregan, 1996, 2002) que dans le socle enstallin de la dermiére umte il y a
une pile tectomgque de nappes de charriage qui englobent exclusivement des successions: partielles du
e Conformemem a notre modele, 1l $'agit de cing nappes de charnages - Groupe des Nappes de
Giurgeu (GNG), presentecs au-dessous Nous mentionnons que les epimétamorphites du Ty et les
mineralisations concordantes (syngenttiques), associces, ont des pendages générales vers le NE

1) MINERALISATIONS METAMORPHISEES (MM) DE LA NAPPE DE CAPU
CORBULUL (NCC) La NCC (Ponne mferteure du GNG)-englobe la Succession de type Capu
Corbului (plus-de 100 m d epaiseur), formeée par la Tg 1 (des quartzintes) et Ia Tg 2 (des quanaites
nuirs el des schistes sericiteus a wraphite) Dans le secteur Corbu-Capu Corbului et au sud de Tulghey
(dans le forage | Hawown  limterval 939-994 m), il y a des petites lentilles concordantes de
mineralisations i1j.'dml]|1_r111.]1-w:dluwn1a|rcs manganesiieres  melamorphisées . (prncipalenient,
rodomte - Ro, rodocrosite - Rds. dannemorie), associees aux quanaznes norsde la Te 2 (comme les
autres minéralisations manganesieres de la Te 2 - Ciocancesu. lacobem, Dealul Rusului ete - connues
dans la partie centrale de la Z0M)

2. MM DE LA NAPPE DE SUMULEU (NSu). La NSu inclut la Succession de (xpe
Sumuleu - S5u (plus de 1000 m & epaisseur), représentée par la Tg 4 (Schistes sériciteux a chlorite.
schistes sericieus-chlonteux o graphite, roches blastodetntiques. quanates noirs, schistes venis) Les
MM osomt  représenices: par  quelques: couches lenulhformes de mnerahisauons  hydrothermal-
sedimentaires de sulfures - de tvpe Kuroko (MHSSK), nches en purite - Py (a la quelle sajoutent. en
petites quantites. quans - Qu, caleopyrite - Cpy, sphalérite - Sph ¢ galenite - Ga). renconmrees dans
guelques foraiges (au 8 de Tulghes) $ Vallée Putna (434 37-437.00 m - nunerai massit) et 10 Paraul
Balaj (573, 00-580.50 m - suntowal mineran disséming).

3. MM DE LA NAPPE DE SADOCUT (NSa). La 552 est constituce par la Succession de
ivpe Sadocut (SSa4). represenmee par 1a Tg 3. des métavoleanites rhvolitiques (metatuls et coulées de
laves), roches blastodétniniques. schistes senciteux a chlonte, quartates eic, La Ty 3 est bien connue
dant les nombreus forases, effcciués dans la région Tulghes-Vallée Pulna (la parie SE de la Demi-
femdire tectonique Tulghesy Les MM de'la S84 somt representees seulement par des MUHSSK, boous
mentonnons gue. plus au oord (dans la partie cenrate de la ZCM), la 554 de fa NSa. devient plus
lasge lithostraugraphiquement ¢t loge (Muresan, 2002) les gisemems de sulfures (de 1ype Kuroko)
d lsipoam, de lesul Ursului de Crucea, de Fundul Moldover eic a) La région Fulghes-Yallee
Putna La; la S85aitplus de 4000 m o epaissear) abrite ene importapte MIISSK, (conmie dans quelques
sMeurements - par exemple. Paciol Filler er Pariul Darvag - ¢ dans les foraues 7, 9, 10, 24, 28, 29
47, 79, B0, effectues par “GEOLEN" 8 A (Ainnel, 1988.1997, Arch, GEOLEX, Miercurea Cuc,
Muresan, Mutesan, T988-1990. Arch | G R, Muresan, 1992-1947, Arch LG R ) La dans un mmce
paguet ternene {sunmout Jdoes sehisies eblonteux & sencile quartzeus), intercale dans  I'Honzon
mteniear (nche en meta oloanites divalitigues) de le- 8%, et loge le Niveau a sullures Barato Mare
- NSBM (nom donnd par Keinner & Bindea 1996)  wvpe Kuroko, stratiforme (1-4 m d'epaisseutr,
conng  en profondenr dans Jes (orpees dans unoarcal de quelgues kilometres: cames), parfns
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accompagné, en proximite. par quelques minces intercalations de MHSSK. Les principaux MIRETALN
metalliféres sont représentes par Py (dominante), Cpy. Sph. Ga. muspikel - Mis, tetrahédrite - Tew il
y aussi des minéraux non-mictalliferes surtout Qu (formant. frequemment. des masses mosaiguees
des gels silicieux metamon phises). chiprite - Cl (Fréquemment deélessite - Del),  sericiie - S
carbonates feriferes (ankerme?), ealeite - Ca et, rarement, albate - Ab Le minerai massif, plus répandu
tle minerai disséming est rencontre surout dans les MHSSK satellites), 3 frequemment une struciure
porphyrique (des individus millimeingues de Py, loges dans une masse de sulfures finemen
wrainulaire - principalement pyrifeuse). fa texture o5t suEnoul rubannée (palecstratifiee). due aus
alternances de minces couches (milimetriques ou centimetniques) rches en sulfures avec celles nches
en Qu ou riches en Tl et Se Les relations actuelles entre les slfures refletent le componement du
mineral primaire au cours de la reensiallisation metamorphiyue, ¢ est-a-dire entre 1¢ mineral «durs
dominant (Py) et les mineraux «mouss  (Sph, Ga, Cpy, Tetl. gui occupent les espaces wreguhiers
entre les granules de Py, sl que dans leurs fissures {les termes adum ot amoun, sensu Rambers.
1960) Parfois, autour de la Py, il v a des wombres de pressionn (wpressure shadowss), formues,
habituellement, par les indivedus alonges de Qu Nous avons, recemment argumente (Muregan, JUUC)
que le NSBM a la méme position lithostratigraphigue que celle de I'Horzon & sulfures Legul Ursulu
(tes Zones 1 et 11 Lesul Ursului), du Membre Legul Ursulu, separe dansla Tg 3 des Monts Bisuna
(Krautner ot 8l 1992, Arch 1G R ) b) Dans le versant gauche de la Riviére Bicaz (environ 2 km
au SE de Bicaz Chei, il v a une petite apparition de MISSK. de minerai massif (Py, Sph, Ga. Cpw,
aus quelles s'ajoutent bormite. pyrhotme. Tet, Mis, tenmantite. Qu. carbonates - Voda, 1976, 14977,
Arch 1 GR), qui, dans notre opimion, appartient # la S5a enulobee dans la NSa, isemree
tectoniquement en ce point entie les roches de la T 4 de la SHe ¢) Prés de Prisecani (environ de 4
km au ENE de Tulghes), il v 4 guelques petites couches lenulliformes concordantes de MH53k
logees soit dans les métatals thioltigues a interealations des epiclasuies (Pardnl Argimdnay, son
datis les schistes quarizeus senciteux & chlome (Paraul Popuy. Le mineral dissemine et le mineia
massil (moins repandu) som consinucs principalement par la Py, a la quelle s'goutent Cpy. M
{dom lu frequence, est carscienstigue pour oS MHSSK ) Spho Ga, Tet e, duss, des mmviaus
nonmetalliferes Qu (sumoun ) O (reguemment Del), Se, Ca. Ab el tres raremient, Nuonne | Pisciol
Pupii) Ces MHSSK som Jouees dais by Te 3, de la NSa

4) MM DE LA NAPPE DE BELCINA - NBe La NBe est consntuce par la Sueccession de
type Belcina SBe (plus de 1300 m- d epaisseur), representee par la Tg 4 ~ qui a une composiii
pitrographiques similaire a celle do la SSu. mais les schistes vertes (5Y) sont plus repandus  Dians i
SBe. sont loges des corps imtusifs de metagabbros et de metarhyolites (Porphyroides de Mandia -
PMd) Les MM somt represemecs (Muresan et al, 1972) par des muneralisations hydrotheria-
sedimentaire ferriferes et/ou. manganésiferes (MHSFe/Ma) et par des mineralisations hvdrothermiales
de sullures métamarphistes (MHSuM) A) Les MHSFe/Mun sont fréqueniment associees a dos S
[c¢ qui MONLTE UNe COMMENION genclique vis-a-vis de lactivite maymanique basique synchrone avee la
depnsition primaire de la Tw 4), developpées surtout dans le Membre Paraul Cruci (dans es Hunaons
sipas o Virshiraia), de la e 3 ide la She) ‘a) Pris de Secu (Pardul et lgaan), il 'y a des paetites
appartions manganésieres. lenullifonmes (associges a des SV, eomstiuees (Jakab, 1N, Aach
GEOLEX, Migrcurea Ciuc), primeipalement. par Ro. Rds, spessarting - Spe). b) Nous MO
bes petites fentilles  manganesileres assoaces 3 des quartzites nois de la Tg 4 (de la Sbep par
exnemple. @ Pest de Pintea Serisd (envion 4 km au NO e Bilan) et dans 1a partie moyenne e b
Vallée Huruba (afluent sauche supeneur de la Riviers Bistricioara) - la, nuses en ¢videncs P
Vluregan & Murcsan (1977 &) A Ja surbace. lesdeux appantions sont transtormees en oxydes de Fe
de Mn ) Dans Dealul Ghermanulun (enviran 1 km au NO de Bigaz Cher), 1| v quelques  lenilies
iplos de 1000 mede longueur, quckgws m d cpaissear) Ferrifires, faiblement mangandésf@res (e
e evidenee par Riga o al - 1905 \ich TG R lopdes dans les SV oon representods po dus 1ohes
yuartzduses homtitigues @ magnenne < Mol Spe. ces mincralisations som anrbuees par tous
type Lalin-Dill d) A 1O du Sommer Piatra Rogie (5 konau N die Tulehes), il v o despetites luntilbles
de kpiirtaites hemuitiaes (de tpe Dab-TalL Boges: dans les SV oed Au N de Valea Frumoas
g nn. B localine. “Sammettasal) dans Pavid Hujan et Dehiabul b Sk tdes petits afbhients
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gauches de la Riviére Bistricioara), 1l v des petites lentilles concordames ferriferes (Chelaréscu,
1938}, nches en Mt, @ la quelle s'ajoutent carbonate ferrifere, hematite - Hem et Qu; il v aussi de
petites quantités de Py, Cpy, thuringite. Del. pennine, clinochlore et stilpnomélane. Nous attrbuons
ceite MM (aussi associces & des SV) au tvpe Lahn-Dill. ) Prés de Sindominic {environ de 20 km au
$SE de Gheorgheni), dans les SV du Horizon Sipog, il y a de peties lentilles de quartzites @ Hem ¢
M de wpe Lahn-Dill (Krautner e al . 1992 Arch LGR) B) Les MHSuM, zinco-plombiféres
(srzentiferes subordonnees) consbituent des filons (usqu'a | m depasseur, longueur et profondeur
connues quelques décametres), des reseauy filoniens et des impregnations (sunout pyriteuses).
lowees dans les corps intrusils des PMd et rarement, dans les metamorphutes 1ermgenes aVOISINANLES
Parmi ces MHSuM de fa région Tulghes. nous mentionnons celle de Paltin (la plus importante), celles
dii Wassh de la Vallée Barasdu (Paraul cu Linia, Pardul Argintdnei. Paraul Phviloanci, Paraul
Alunulur), Pardul Singeroasa: Pardul Tisas. Paraul Borviz, Paraul Ban Mict (1a, dans la MHSuM,
lpgee aussi dans les PMd, 3 coté de Py. Sph, Ga, Qu, Cl, g°ajoutc I chlontoide) ¢t les apparitions dé
Valea Muncelul (affluent gauche de Bistricioara — au ONO de Tulghes) Le minerai des MHSM, de la
region Tulghes, est constitué (Chelirescu, 1937, 1953, Arch LG R. Bucurest, Muresan, Muresan,
1677 b). de maniere prédominante. par Sph et Ga, auxquelles sajoutent, secondarement, Py, Cpv,
Tel. proustite - Prs, pyrarginte, associces 2 Ca, dolomite et Qu {une partic du Qu et du feldspath
proviennent de PMd),  Le mineral des ces MHSM  montre e métamorphisme régronal soubl (¢n
meme temps avee celul du Tw) la presence de la chioritoide (Pardul Ban Mici), l'existence: de la:
sehistosie (suriout dans les varietes valenitiferes), parfois microphssee, lus deformations subles par le
Ca (4¢s clivages sont fréquemment courbés) et parle Qu (exuncuon ondulatoire), la structure
porphvrique dans le minerai piriteus. la bréchification fréquente de la Py (parfois, de la Sphy,
I shsence des wéodes prmaires: l'ordre de la grandeur de Fage du mingran (370-010 m 2 - donnees
shienues par la methode Ph/Pb Houtermans - Vijdea, Anastase. 1971) vis-a-is de Pige ordovicien
mfereur du Ty Les MHSM “de wype Paltin” (notion proposée par Murésan & Muresan, 1977 b) somt
fieos par lactivité hvdrothermale du volcanismie rhyolitiques qui 2 engendre les PMd Plus-au 5, il ya
ufie concentration similaire plombo-smeiiere, dans le secteur Gherpotocul Mie (afluent gauche de la
Vallee Belcina), lowee aussi dans Jes PAUW (la, il v 3 augs une minerahsation hydrothermale, post-
meramerphique - yenétiguement lide au Massil' alealin Ditrdu - Jakab, Popescu, 198, Jakab, 1982,
|98 )

2) MM DE LA NAPPE BALAN - NBa La NBaenglobe li Succession de Bilan - SBa {1
B et la SBa selon Krautner & Bindes - 1996, les donnges gitologigues selon Krautner et-al.. 1970
& 1972, Arch |G R ), constituce par la Tg 3 {schistes sériciteux a chlonie quanzeux, guanzies,
misavolcanites: thyolitiques et des impontants MHSSK - les gisements de Bilan, Fagul Cethtii et
Modias tormes par des lentilles stratitirmes de minerai massil et dissémine Parnu les: nuneraux
constiniifs, il v a Py (predominante). Cpv. Sph. Ga, Tei, bournonite. Mis. jamesonie, M, Hem,
cassitenie, Ou, C), Se, carbonate fernfere. stilpnomelane; Ab, baryie) o1 la Tg 4 (des roches lermigencs
J imercatations de SV et de métabasies ¢ une faible MHSSK d'Arama Oltulu - surtout pyriteucuse).
Dans ki partie supéricure de ka Vallée Harkigia (emaron a 50 k., au NO de Tulghes). afleure une
comche (presque 3 m d'épaisseur. 4 m, longueur visible) de MHSSK (Muresan, Muregan, 1977 ai.
montense, sanco-plombilere, secodairement cuviiere €t argentilere (principalement, ayan les memes
cirpcteristiques que le minerm masal du NSBM), logée dans un pagquel de schistes chlonteux a
<otivcie et calgite Cette MUESSK ostsnuee dans s partie inféncure connue de la SBa (au-dessus du
rlan e charnage inferieur de la NBa - situation démontrée par les forages o les travauy Miners
Jexploration). qui 12, constitue un pent lambeau de charriage (selon la Carte 1 200000 de fa ZOM,
redigee pan Krautner & Bindea, 2000, Arch |G R Lés minéraux mitalliferes sont representcs par
Py 3277 4, Sph 15200 %, Ga 197 (Cpy 0.40-2.00 %ol sporadiguement pyirhoune, Tet. PPrs,
pateasste & apoute Ou (sitout), O oo Del), rarement Ab
BULIOGRAPHTE SELECTIVE _
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Murcsan M, (1990) Litbostratigraphy and wectomes of ihe Tulghes Group Epimetamorphics. from the Tulghes-Hagoa
Region (East Carpathiansy Am, LO0R., 691, p. 194197, Bucarcsii.

Murcsan M. Moresan G (1977 u) Mindsalisations de sulfures soleanogines-sedimentaires métamorphusess de la sone
Hardaga dams e conteste hhosirstigraphique niagmatogens € Wecionigue de la Série epimetamorpluque de
Tlghes  Cambricn inféricur (Carpuios Oricatalesy Jast Geol Geatlz Stud Yehn, P 4. 12 p 77123
Bucurcsts

Muresan M. Muresan G (1477 b) Concenirations hydrothermales plombeo-sinciferes maamorphisces de la song Pallin-
SINECrOUS. UR NOUVCAU IVPE gentlque de MIEGIISIIONS a8s0cite AUy formanons  épmétamorphigques
camibrennes infericures de la Séne de Tulghes (Carpaies Oncntales) fasr Geol Greifiz . N Tohn oo, A,
1Y p2n=154 Busuresn

LA NAPPE ALPINE DE RARAU
(STRUCTURE INTERNE; MINERALISATIONS) DANS LA ZONE CRISTALLINO -
MESOZOIQUE DES CARPATES ORIENTALES

MURESAN' Mircea

La Nappe de Rariu (NRa), dom la partie mileniewre gst constituée de nmicsomelamorphites, se
developpe classiquenient dans le Compartiment Tisn-Ciue (CTC), le segment le plus seprentrional
et le plus élendu de la Zone eristallino-mésozoique (ZCM), L, la NRa ponstitue quelgues lambeaux
de charriage dont les plus importants sont au sud, le Lambeau Highimay (LHg) ef, au nord, le
Lambeau Rarau (LRa) La NRa est charriee su les epimetamorphites. ordoviciennes du Groupe
Tulghes (Tg)

Al Apercy historique. La NRa (qui a regu plusieurs noms, domt on utilise aujourd hui celui
de « Nappe de Rarfiu ), mise en évidence par Popescu-Yoitezti (1929, 1942), a e acceplee par
Streckeisen (1933) Krauwner (1938), Bancita (1941, 1958), Dessila-Codarcea {1907, Muresan (1967,
19068, 1976, 19841, Sinduleseu (1967, 19es. 1973, 1975} Paulea (1967) Popescu-Voitest et
Muresan, qui om alliome 1 age alpin de cete mappe. lu ont attache, outre les meésomelamorphites, la
couvenure mesozomue tanseressive sur oelles-ci Tous les autres auteurs onl soutenu la formation
ante-alpine  (hetevienne)  de cette unite, affirmam  gu'elle est constituee  unkjuement de
mesomelamorphites Sandulescu a toujours renfermeée 1 NRa, comme unié hercyniene, dans la
partie supérieure du socle metdmorphique de la Nappe bucovinienue (N Bu) - amnchienne. Dans ce
socle, sous fa NRa, il y a une pilé de Nappes de charriages plus anciennes que le Massil alcahn
Ditris — NAMAD (Balinton, 1981, 1997, Balintgni ¢t al.. 1983, Muresan. 1981, 1983, 1996
Nappe de Rodna (Groupe Rebra - précambrien). Nappe de Negrigoara (Groupe Negrigoara -
precambrien), Nappe de Porphircides de Pietrosul (precambnennes 7) et les Nappes du Tg La
NRa a pris naissance par cisaillement post-metamorphique (Sandulescu, 1967, 1975, 1976, 1984,
Muresan, 19607, 1976, [9584)

Principauy 3 4 NRa. 1) Les dépons mesozoiques
autochiones des rewons Rardu el Haghimas couvient transgressivement les mesometamorphites
précambriennes de Ja NRa En yuelques endroits, les depdts mésozoiques (suroul iriasiques) reposent
dune mamiere apparemment normale sur los epiietamorphites du Ty, mais, dans. les cas eludies par
nous (dang Ta s Créte de Damae o, situde inmedistement @ ouest du LHgl ces dépots som LI
siucs transeressisenient au-dessus des mmees. plagues. de  mésométamarphites, s0il  reposent
directement sur le Ti ent ce cas leur base étant brechitiee. Ces deus aspetts indiquent la présence de
petits lambeaus de la NRa A. notre anvis, la dermens siuation est rencontree aussi dans la parie
onentale du L Ra La.pa exemple, dans l¢ sectour sy Breaza-Sud Lefele, Mutihac (1964G) &
Sandulescu { 1973, 1976) ont représenté une bande allongée NO-SE (plus que & km en longueur), lane
en epimctamorphites du Te (2 o base) gu supporient directement soit les depdis dénitiques
werlenens, <oit les dulomites anisiennes, soit les Couchies a jaspes (Ladinien infervun), pour mots, ¢2
smfie e be contant directioned entre les depdis ridssigues e Tu ost-de matre wectonigue b plan
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de charmage de la NRa 2) Dans le secteur de la Cime Obcina-Fagul Inal, la NRa esv chammee sur
I"aureole de contact (corndennes). de la partie NE du Massif alcalin Ditrdu - MAD {anté-autrichien,
parce que les processus endowenes 1ics a la mise en place du MAD se som acheves pendani | Aptien -
of Krautner & Bindea. 1998, bases sur les donnces wéochronolowigues. 3) Selon Podeleanu et al
(989, 1990, 1992 - Arch |G R, les contenus en L) et Th dés roches mésometamorphigues (de la
XRa), tout pres du MAD, se situent & un niveau normal, en revanche, dans les épimetamorphites du
Ti. proches du MAD. les mtows cléments présentent des valears tres élevees. momrant 'mtluence
geochimique de ce massl alcalin En eonclusion, la NR4 est-alpine. ne pouvant pas ére plus
ancienne que PAptien tles points 2 et 3), ¢a sigmfie que i¢s depdls tnasiques. jurassiques et
neocomiens (transgressifs sur les mesometamorphites de la NRa) reviennent saremem 4 la NHa
C) Eléments constitutifs de la NRa, Selon notre conception, la NRa englobe un echefandaue
de plusieurs entites 1) Les mésométamorphites du Groupe Bretila (Br) - precambriennes,
représemées de; micaschisies. amphibolites, gneiss leptimgues: quanzo-feldspathiques. uness oailies
blancs Dans la pamie nféncure de la NRa, les roches du Br sont intensivemnent laminées el
diaphtonsees {BrLam) g accompagnent le plan de charniage de cette unitg {Muresan, 1967, 1976)
Puis. les Brl.am om ¢1¢ regroupees soit dans la Nappe de Chinl < NCh {dans e ¢as du |.Ra - Nedeleu,
14480, soit dans la-Nappe de Bala) - NBj (dans le cas du L1y - Bindea et al, 1995, Krauiner. Bindea,
19G6), charmées sur le Tu ¢ développeessous la NRa. Sandulescu (1984) et Voda & Babntom (1994)
ont soubgac que les roches des ces unnes proviennen! du Br Muregan (1998). base sur la transition
graduelle entre les Briam ¢t les meésométamorphites nun-laminges, a sutenu que les. Briam,
renfermées dans la NCh et dans la NBj, appartiennent en realive & la NRa 2) La Formation de
Dimue - ordovicienne  ¢onstitee de peutes appantions (dans fa Créte de Damuc) formees de
solustes muscoviteas-graphiteus o wrenat (Muresan cral. 174 ransgressifs sur lus roches du Br. 3)
La Nappe des Granitoides de Haghimag (NGHg) - presinassigue (Muoregan, 1980, charmee sur le
Br. englobe dos grannmodes procambricnnes, mesometamorphisees. el gneissilices amultanément
ipendant le Précambiien) avee la pile du Br (Muresan et al. 1975, Krautner et al , 1976, Muresan,
Muresan, 19807 4) La covverture du Permien supérieur (o Foermation des Breches de [ashimag -
Muresan, 1970) ¢t du Mésezoigue bucovinien - triassnjuc-jurassigue-néocomien len dehors de
Willlysch — voir D). transgressive sur les mesometamorphites
. Wildvsch de Persani-Haghimas (NW v P {autnichienne) se dispose
au-dessus de la couveriure mesozoique de la NRa et est constitaee die 1) Le Wildflysch - Wiy
hdrrenien-albien - Sanduleseu. 1975), augquel s"associent les nappes transybvaines (5T} swivames
tde bag en haut) 2) La Nappe d’Olt (NOt) - intra-apticnne, bien représentee. dans lo LRa. par les
toches ulirabasiques de Breara. qui reposent sur le Wiy (Sandulescu, Sandulescu-Russo, 1981
sandulescu. 1973, 19507 3) La Nappe de Persani s.s.- (NPe s.5.0 - intria-aptienne. constitue; dang le
Svoclinal Rardu (Sandulescu, 1976, 1984), quelques petits lambeaux de recouvrement, fates en
depats wiasiques 1) La Nappe de Haghimas (NHg) - imra-albienne, renferme (Sandulescu (1967,
|968. 1969, 1975 1984) des depits  du Jurassique supéricur ot du Crétacé nfencur 5) Dans les
Monts Persani, il v acencore v unie transylvaine. “la Nappe des dépats caleaires et do Flaseh a
arhitelines » {les deux entites du | Aptien supéricur), charnee sur e Wiy {cetie aliermatn ¢ tecioniue
o ete discutée par SAndulesco - 1954 ¢ Balintoni — 1997, mais sans Gre adopiée Ginalement par les
WY BULELTS ),
E): e du Wildflvgeh., Auparavant, Poeda (10000 monire Gue
i Sere nowe” {en Tt e Wi Faujourd hai) est charriee <or les metamorphines o les depols
mestzoiques autochiones des Synchinauy Hiphimas ¢t Rardu Le chamage du Wiy des Moms Pergam
aoete soulenue par Popesco (vour les Feolles geolowmiques, a 'echelle 1750 OO0, Persam - Popescu,
1978 et Rucos - Popescu ot al L 19760 ¢ Vodd & Vodd (1985 Balmom (1997) 4 pdsente une
ArpumentEtion en faveur di ceite conceplion. o mEme tempx sunténant que, pendam <o chisrriage
e Wi & warsporne soldaremen les NT Voo quelijues arguments de cot autour (o monirent gu'a la
base agtucile du Wiv il voa un plan de chamage 1) Directionellement, a petites: distances, on peut
wotstater e Ba parie DBassle i Wiy et deprosented par differems  wwnmes Inbalogigues
paisversahanet, o @ oune syt hthobale dvidente enre B pantie mfeovire sentale ot celle
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occidentale du Wfy (les deux situations sont decntes dans le Synclinal Haghimas par Sandulescu,
1975) 2) Assez fréquemment, dans la partie inféneure du Wiy, il y a des breches tectoniques, qui
renferment tant des éléments metamorphiques du Br et du Tg, que de la couveniure meésozoique
bucovinienne (Situation observée tant dang la région Haghimas - Sandulescu, 1975, que dans les
Monts Persani - Vodi & Voda, 1985)3) La maince argileuse du Wiy presente une fohation,
montrant ies deformations tectoniques subies pendant le chamage de celui-ci. Nous precisons que, en
depit de ses arguments. Baliniom n'a pas représente la Nappe du Wi sur Ja Carte tectonigue des
Carpates Onemales, annexee a son ouvrage de 1997 Compte tenu tant de 1ous les arguments exposes
ci-dessus, que la siluation du Wiy des Monts Persani, nous sommes totalement d'accord avec le
charriage du Wy par fapport a la couveriure mésozoique bucovinienne. Ainsi, la partie basale
primaire du Wiv n'est pas connue. Puisque les NT sont €troitement liges a la deposiion du Wiy
(celui-c1 ‘& des chippes sédimentaires provenant des formations consttutives de ces nappes -
Sindulescu, 1975, 1984) ), 1l faut admettre que la NWivPeHp enzlobe aussi les NT, étant, done, une
unité transylvaine composite Par conséguent, le Wiy ne peut pas éire renfermé dans la Séne
meésozoique bucovinienne, parce qu'entre fes deux entités il y a un plan de charniage. La NWiyPeHy
appartient & la Nappe bucovinienne, parce qu'elle a éié transportée pendant le charriage alpin de fa
derniére unité (voir F 11 .3).

F) Etapes principales de la formation de la NRa. Les mesométamorphites du Br ont éte
reconnues  aussi bien dans la Nappe subbucovinienne (NSBu) que dans les Nappes
infrabucoviniennes (N1Bu). L4, on @ considéré (Balintoni, 1981, Balintoni dans Sandulescu et al .
1981, Balintoni et al., 1983) que ces roches représentent la NRa, englobée comme unité pré-alpine
dans les socles metamorphiques des nappes meésocrétacées mentionnecs ci-dessus: 1) Duns fa NSBu,
les roches du Br sont charriées sur le méme échafaudage des NAMAD (voir A) existanies dans le
socle de la NBu ¢ supporient une couverture triasique-jurassique en facies subbucovimen
(Sandulescu, 1972, 1975, 1984), 2) Dans quelques N1Bu, sur le Br sc disposent transgressivement des
cpmetamorphites siluriennes, dévoniennes et du Carbonifere inferieur (llescu, Krautner, 1975, 1978,
lieseu et al | 1976). en ces cas, on ne connail pas des dépdis mesoroiques. Tres rarement, sous fe Br
sont conniies les métamorphites des NAMAD (par exemple. dans le socle la Nappe infrabucovinienne
de lacobeni - Balintont ¢t ab, 1982; Vodad et al, 1999) Les deépdls meésozoiques sont de type
infrabucovinien (Sandulescu, 1972, 1975, 1984) et englobent surtout des termes du Tras et du
Jurassique. ceus du Crétace inferieur etant trés rarement commus. Fréquemment, sous le Meésozoique,
il'v a des fornations permicnnes. 3) La KWivPeHy manque dans les NIBu ¢ la NSBu,

I. Pour expliquer la présence de la NRa (comme umité auinchienne) dans toutes les nappes du
systéme bucovinien, il est besoin d'une reconstitution rétrotectonique, déroulée en deux clapes, dans.
I'hypothése que ces nappes ont leurs origines: quelque part a 'ouest de ZCM 1) Ainsi, dans |a
premicre etape, la NBu devient 'unité sutrichienne la plus ocaidentale, & I'est, suivent la N5Bu &l
(plus a I'est) les differentes unités infrabucoviniennes, 2) La deuxieme ‘étape, ainsi que d'autres
données mous révélent que &) & Uongine, le Wiy s'est forme plus a 'ouest, dans:le domaine de
I'Ocean tethysien transylvain (ongine 'soutenue par. Bahntom, 19971 la. apres. le debut de a
sedimentation du Wik, a commencé (en dilferentes clapes) le mouvement (vers 1'est) des ensembles
mesosoiques transylvaing (sedimentaires ¢t ophichitiques - formes: aussi dans le domaine téthisien -
Sandulescy, 1984) s le Wiy, ensembles yui  deviendront les actuelles NT, englobées dans la
MW Pl Iy, b) plus & Pest, ¢'¢tait un domaine mann  [ormié sur une crodte cominemale faite en
misometamorphites du Br et de la NGHg. au-dessus de cellesscl se som formes des dipots
mesozowques {Lriasigues, Jurassiques of néocomiens). constituant les Senies bucovinienne (a ouest).
subbucavinicnne (dans les parties centrales) et infrabucovinienne (vers 'est), entre lesquelles il y a
des dilférences Facrales, dans chague série il v a des discontmunés strateraphiques (Sindulescn
1973, 1975, 1975, 1984), ¢} plus & 1'est, existait unt terre exondée ot constituee par los metamorphies
des NAMADR

Il.  Principaux.  eévénements  mesoerétaces: 1) Liensemble  forme  par les
mésoméetamorphites et les dépots mésozoigques transgressifs 4 constitug la NRa, o L staite du
eharriaee (vers Dest) sun b pile des SANMAD. 2) Uhencuremen., s'est formees Iy WA Pl lie (et les
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NT englobées) a la suite du charriage (obduction) sur les parties occidemales de la NRa, c’est-a-dire
sur la couverture meésozoique de type bucowvinien 3) Plus tard, cet échafaudage complexe a éé
cisaille successivement de 'est a l'ouest (en angle aigu vis-a-vis des plans de charnage, formes
antérieurement). donnant ainsi naissance aux nappes mesocreracdes du  systéme  bucovinien
(confermement 4 |'ordre chronologique établi par Sandulescu — 1984) les NIBu (les plus anciennes),
puis la NSBu et, enfin. la NBu (qui a transponié solidarement la NWiyPeHg). toutes charriées sur la
Zone du Flysch (ZF). leur ensemble constituent la ZCM. 4) Pendam les charriages des nappes
mezocrélacees, ont pris naissance des élements structurels (aussi mesocretaces), parmi lesquels les
digitations frontales de la NBu - DFNBu (Sandulescu, 1973, 1981, 1984, Stefinescu, Stefinescu,
1981 Krautner. Krautner, 1988, Krautner, 2000, Vodd, Veda, 1989, Voda, Munteanu, 1997, Voda,
2000). qui affeciemt les parties orientales de la NRa et du Tg Les DFNBu enulobent: des
meétamorphites (du Br de la NRa et du Tg) des dépdts du Meésozoique bucovinien et de la
NWhPeHe Pour nous, 'implication de la derniere entité (par exemple, dans les deux DFNBu de
Sadova), e'est une épreuve que ces dignations sont mesocrétacées, formées pendant le charmage de la
NBu sur la ZF
1. Les nappes mésocretacees supportent les depots transeressifs du Cretace supeneur (par
exemple, les Conglomerats de Barnadu, cénomaniens - Sandulesou, 1975) et du Paléogene
G) Les minéralisations logées dans la NRa. 1) Dans les mésométamorphites du Br de fa
Mappe infrabucovinienne de Tacobem, il v a {dans les Vallées Ciouna et Haj) dans les amphibolites,
des doncentrations feriféres (magnétite, hemaiite spessanine, pyrite), de 1ype Lahn-Dill (Krautner.
1967) 2) Dans la lenétre tectonique Rusala, les roches caleaires de la base du Groupe Rusaia -
stturien (transgressif sur le Br) loge une minéralisation syngénétique ferifere (magnctite, hématite,
siderite. ankerite. pyrite - Krautner, 1967) 3) Dans le Groupe Repedea (siluricn), transgressif sur |
Br (de la Nappe infrabucovinmene de Stiol - Monts Rodua) il y a (dans Lavoarcle Cepei) une
minéralisation hvdrothermal-sédimentaire pyniteuse (Krautner, 1967}
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LAMETHODE DE ROCh-EVAL )
ET SON AVANTAGE EN EXPLORATION PETROLIERE

POPESCL" Rodicw, MILUT Consuela

Avirn -

Lobjectil essenticl de la geochimie orwanigue. en exploration petroliere,  consiste a
cargciériser la maticre organique (MO) comenué dans les roches. quil s’agisse de roche meéres, de
draing ou de réservoirs et d7en tirer panti, énsuite, dans Ja recherche des prospects: 1exiran organique
permer bien diacceder & la caractensation des roches, des huiles ot des indices, ung qu'a leurs
correlatios of st Uexamen de la faction kerpeene conduit bien a ung apprecution de la nature de la
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MO et de ‘ses éats de maturation, ces differents examens ne conduisent jamais a |'expression
quantitative du potentiel pétrolier des roches meres; non plus qu’a 'expression quantitative des étars
de maturation de leur MO (la méthode de pyrolyse Rock-Eval est largement utilisée en exploration
petraliere },

I. Priancipe _

Les fondements de la methode ont éle decnits par adlewrs { Espitalie et al | 1973, 1977)
Rappelons brievement qu'ils sont basés sur I"éude physico-chimique des kérogenes isolés de leur
roche ( Durand et al . 1973 Espitalié et al, 1973) et sur les travaux concernant leur pyrolyse { Souron
etal, 1975)

La méthode consisie a chauffer ¢ programmation de température { a la raison de 25° Cf munen
moyenne ), sous atmosphére inerte ( hélium ) un petit échantillon de roche ( 100 mg environ ) afin de
determiner quantitativement ¢t de facon sélective:

- les hydrocarbures libres sous forme de gaz et d'huile contenus dans
I"echantillon de roche:

- les composes hydrocarbones et oxygénés ( COz ) qui sont expulsés lors du
craquage de fa matiere organique non extractible de [a roche ( kérogéne)

Dans les derniéres versions d appareil (Rock-Eval 11- c’est qui nous I'avons},
le carbone organique total (COT) de l'echantillon peut ére déterminé automatiquement grace a
Poxydation sous air de la matiere oganique demeurce dans P'échantillon aprés pyrolyse ( carbone
oreanique résiduel )

2. Les appareils

La premiére génération d apparells, denommée ‘Rock-Eval | °,a ét¢ commercilisée en 1977 11
s'agissait d'un appareil semi- automatique équipé d'un systéme électronique classique (Espitalié et
al, 1977 )11 fallait i adjoindre un int égrateur et I'enregistrement des signaux d analyse, le calcule
des paramétres ¢tant etfectué manuellemnent

Des 1979 des autres versions du Rock-Eval etaient proposées: - celle du  Rock-Eval 11 qui
peut etre égquipée, eh optiond’un module d'analyse du carbone orgamque résiduel permettant de
dosér le COT <celle du Rock-Eval 111 applée encore Ol Show Analyser ( OSA ), derivée de la
précedente el qui permet d'analyser separément le gaz et Ihuile contenus dans les echantillons de
deblais ou de caritte fraichement remontés du forage
F.Cyeles d’analyse et choix des tempérafires

Dans les appareils équipés d'un module de carbone, les phase des pyrolyse et d'oxydation se
produisent simultanémient, 'oxydation ‘se faisant sur lechantillon pyrolysé au cours: du cycle
précedent
La phase de pyrofyse
Schéma de principe du eycle d'analyse du Rock-Eval Il- PYROLYSE

“la purge du four el de I'échantillon pendant § min dés que ce dernier st mis en place au
sommet du piston par le passeur automatique.( sous balayage d'hélium) Pendam cette élape la
temperature du four s'éléve de 300° Ca 450° C, ce qui permet d'éliminer 'oxygéne introduit pendant
Vouverture du four  En fin de purge, la température du four revient a 300°C

14 volatilisation des hydrocarbures libres ( pic $1 ) s'effectue ensuite dés la montée du piston
dans le four maintenu en isotherme a 300° € Cette élape dure 3 min,

-au terme des 3 min commence la phase de pyrolse proprement dite. Le four est alors amene.
selon unie progrement dite Le four est zlors ament, selon une programation de température de 23° C
/man, jusqu'a 600° € Clest la phase de volatilisation des composés hydrocarbonés trés lourd ( >Cae
jainst que celle du craquage des résines, des asphaliénes et, surtout, du kérogene (pic 52 )Le piége
est rechaullé et la détection du CO: ( pic $3') effectuée au cours du reftoidissemnent du four de
prrolise
Lu phase d'oxydation _

Schéma de principe du eyele d'analyse du Rock-Eval 11- OXYDATION

Elle commence avee le debut de la pyrolise proprement dite L'échantillon pyrolise au cours

du eyele précedent est introduit dans le second four Au cours dé oxydation la nacelle est pousses
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contre la partie supérieure du four obligeant ainsi I'air ou 'oxygéne a traverser |'échantillon La
matiére organiqu residuelle est brulée a 600° C pendam 7 min, ces conditions de durée et de
température étant optimales dans la cas de la détermination du COT d’une rache totale Le stade de la
combustion est suivi de la purge du piége a CO: par le détecteur correspondant { TCD )- également
localisé dans ce module - le pic de CO; obtenu (pic S4 est imégré par le microprocesseur du module).
4.Les paramétres ohtenus

Le Rock-LEval 1l muni d'un “Module de Carbone “, les parametres fondamentaux obtenus par
pyrolyse d'un echanuillon de roche som (tableau I)

-la quantite d"HC libres ( gaz et huile ) qui se sont volatilisés a 300° C pendant 3 min: elle
correspond au pic S1 de I"enregistrement

-fa guantite de composés hydrocarbonés- provenant du craguage, entre 300°C- 600°C, du
kerogene ¢f des composes extractibles lourds comme les résines et Is asphalienes: elle correspond au
pic 52 de I"enregistrement:

da quantité du CO; piégé séparément lors du craquage du kérogéne ( pic 53 Ja des
températures plus failbles, entre 300°C et 390° C. ( exprimés de CO; par gramme de roche )

-la température, en degrés célsius, atteinte au sommet du pic 52 et dite ** Tmax”

-la 1eneur en carbone organique: résiduel { % pondéral ) de Péchantillon précédemment
pyrolysé, obtenue par combustion de ce dernier sous air-a 600° C. Le CO; issu de cette combustion
correspond au pic 34

-la teneur ¢n carbone organique total { COT, en % pondéral ) de I'échantillon , comme étant la
somme du carbone erganique résidual et du carbone organique pyrolyse

Ulndex d'Hydrogéne { [H ) et 1" Index d"Oxygéne ( [0 ) comme étant les valeurs de 32 ¢t 53

-I'Index de Production { IP } comme étant le rapport S1/4 51+82)

Tab, I: Paramétres obtenus a 'aide du Rock-Eval [l muni d*un *module de carbone =

el le principale
application a I'éxploration pétroliere.
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5. Interprétution des parameters
Le pic SI-HU libres
31 est leyuamne de gaz et d’huile déa formes dans les roches o obteus par
thermovaporisation 81 dépend de la «—=quantité et du type de la MO
~—du degree de maturation
—de intensing des phénoménes de migration
Le pic 82-H potenticl
52 gst le quamie d’hydrocarbures qu'une roche meére peutl encore générer par craquage
thermigue ( dans les conditions geologique ou par pyrolyse ) 82 depend de laquantité et du type de la
MU pour une roche immature Type 1211211 (82 représente 80% 50% 30%) du TOC, depend du
12
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degree de maturation ~—roche immature ( Tmax <435°C) §2=potentiel pétrolier nitial, «+roche
maiure S2 =potenticl pétrolier residual
Trax au sommet du pic 82 (parametre standardise)
Trnax est marqué le maturation 435°C  Tmax <435° C MO immature
Tmax <470° C MO zone a huile
Tmax > 470° C Mo zone a gaz, depend du type de la
MO { largeur de la fenétre) bon marqueur Type 111 et Type 1L, mauvais marquéeur Type |
Index d'Hydrogéne IH ( rappon 82/ TOC )
HI s'est corrélé avee lé rapport atomique H/C des kérogenes et aussi depend du type de la MO a
matunté donnée,

Type I Typell Tipellf
M) immmature 850 mg/elC 650 my/pC 300 mi/gC
Pic zone hutle 450 mg/gC 400 mg/gC 200 mg/gC
Dbut zone gaz 160 mg/gC 100 mg/eC 100 mg/gC

et aussi marqueur de maturdtion pour un type donne;
Index o' Cxydation (rappert S3TOC) |
[0 marqueur d'oxydation ( ou alteration) de la MO:deépend du type pour une MO immature
type I<type H<type L1, corrélé avec le rappon atomique O/C des kérogénes
COT =PC+RC
Le COT ( Carbone Organique Taotal ) | pour COT moderat le §2 est moderat, Hl =0/0;pour
une MO mature :S2 est minim, Tmax est moderat. _
Nature et evolution des MO vus par les parameters Rock-Eval
~gorrétation Rv/ Tmax
e dingrame TFU/Tmax, permel un classement par lignées et maturite:
e diagramme 1H/10O, obtenu directement sur les roches, ¢chivalent au diagremme H/C vs
O/C dies kérogenes, permet un classement par lignées de MO avec suivi des alterations
Biblingraphie selective
Andegis F o Briwblecombe P Jrckedty TN Fiss [R5 (UM A intrsiduction tp envirommeniol Chemisry”, School of

Environmental Sctences, nnersiy of Eas doglia Norwich Ned i 8 I 1
Bordenave ML 11993) “Applied petroleam geochemistry ", Editions Technip.

BIOGEOCHEMICAL AND MICROBIOLOGICAL CON DITIONS OF INORGANIC AND
ORGANIC CHANGES IN THE SOIL - THE MAIN FACTOR REGARDING THE GENESIS
OF HYDROCARBONS AND ESSENTIAL ECONOMICAL MICRO COMPONENTS

POPESCU' Rodica, PALADE' Gheorge, AXENTE' Valerica; PETRESCU' Lusian, MILU' N. Consuela,
CATIANIS' Irina, NICOARA' Marilena, DUMITRU' Felicia

The soil is different from its original mineral and oruanic material, the differences being made
mainly by the qualitative features as for example fertility and composition. Therefore soil must be
considered as a result of bioaccumulative synthesis on the hithosphere surface, today and during the
weological time.

[hstinguish from the lithosphere rocks, which are the bases of its origin, the soil also
constitute the reasons of everasting transformation processés. Biclogical and geochemical data
implies that soil it's not only a condition and a consequence of life but it is as well its source:

Erom ité features a8 a natural laboratory, the soil becomes a condition of formation and
development of organic material on the continental area-as well as in the marine and oceanic domain
He is dlso the main factor coneerning the hydrocarbon genesis

D Unssersans of Hoeharest, Fac of Gévlogy & Groogin s Dept, of Mineratogy, 10N Baloescy Bivd, RO-TO111.
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Generally, the soil genesis is the result of diverse activity of dead and alive organisms
operating on the onginal source-rock. In many continental and manne environments the great
diversity of chemical substances, their complexity, their macromolecular nature and all the processes
of transformation regarding the organic substances from soils are insufficient known

The soil 15 the result of the interaction between living orgarusms and rocks It s an organc
system where the transformations of mineral and orgamic matenal are continuously developing,
suitably for each geological formation

Thus, organic material is reanimated and then passes through into physical - chemical phases
Now the hpids support minor structural modification forming molecules named “peochemical
fossils”, the amino acids and simple glucoses forms, duning the multicondensation processes, humic
and folic acids like those already existing in soil. This form the manne hunws —a complex product,
alike wath the one of the soil, hardly to be-affected by dispersed microorganisms and which, because
of sedimentation, reaches a depth of ten to hundred meters As a result of continuous
multicondensation processes, the transformation of erganic sediment into kerosene (the main source
of petrol, gasesand bituminous schists), is carried out

The greasy acids obtained following the sapomfication are transformed m acetone, liberating
C0: and H2O and then through pass into hydrocarbons

The sedimentation process go on in geological time and the medium temperature gradient of
about 30 *C/Km cause thermal degradation of kerosene, the consequences being the disappearance of
functional groups (ackd, ester, cetone)  This process is associated with several chemical
modifications. which finally direct all over agan to the elimination of CO;, HyO with less iodine and
oxygen products. that chemical composition 1s different from those of oil. The oil is generated at last
and he contamns oxvgen, sulfur and nitrogen compounds as well as some different mineral and orzanic
substances especially those with complex structure (named asphaltenes)

Regardless the geological time or rocks, the soil is influenced by organisms’ activities, The
exchange processes between organisms and their environment are an important bound between
organism and rocks, later soil, forming 2 generator system Every each organism duning its life cycle
takes. over subsiances and then returns to the environment the dissimilation compounds, -and so
establishing the petroleum and organic water chemical composition.

A special feature of the organic magter is the permanent accumulation and transformation.
Thus, the fundamental eléments-are involved into-a permanent close circunt, resulting in an endiess
generating.  character  Because of the synthesis and decomposition complex  activity of
microorgamsms, the orgamc matter is- forming and transforming in the same time unil the
equilibrium of chemical elements.

The rele of microorganisms concerning the trunsformation of organic matter and hydrocarbons
Sormation,

The activity. of microorganisms, i connection with its own nutntion, 15 pessible with the
assistance of cells produced enzymes One pant of those enzymes {coenzymes) is secreted in the cell
proximity with hydrolytic disintegration reactions of hvdrocarbons and albumins. All that's leads 10
the soluble combination, which penetraie then by osmoses into the microorganism cell Here, the
disintegration and oxidation is going on, but now the reactions are conducted by typical intracetiular
endoenzymes. This process liberates energy, which in pant is accessible for endothermic reaction that
generates the cell matenial, the rest being emitted as heat reaction. In this process, the enzymes have
vot only the role of decomposition agent. In the same time, the enzymes are biocatalysts in the
sytithesis process of lignin decomposition products, carbon hydrates, proteing and aromatic chain
condensation. So, the humus is a produet of two phases biochemical process, where the
microorgamsms have a dominant role This humus represents. the manne humus from marine doman,
which ts considered as a complex collowdal produce

The microorgamsms also produce other kind of reactions, they further transform the mineral

products procecding from organic material decomposition For example the ‘biochemical oxidation
and reduction processes
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In certain geological conditions, such as increase pressure, the decay or non-decay organic
matter (especially the vegetable matter), tends to be surrounded by layers of mineral material, where
the microorgansm doesn't have the properly condition for living, In this case the organic matter is
submitted to slow chemical transformation (the bio-chemically transformation are very reduced) The
result of these transformations is the carbonification of organic matter, producing different categories
of coals In good condition for the development of acrobe and anaerobe microorganisms the vegetable
organic matter is transformed in humus. The organic sedinient is then transformed in kerosene, which
will further generate the hvdrocarbons.

In conclusion the soll represents a detérminative factor in processing orgamcal matenal,
where an important role it's given by organical substances (from dead vegerable or animal
organisms), but in the same time from microorganisms, 100, from a long periods they dre put out of
biological system, and then by means of ourselvés storage in fossils combustible, in the principal way
like kerosene and coal The petroleum kerosene is & complex mixture of gas; solid and liquid
hvdrocarbons: To all these, many carbon and hydrogen compounds with O; N, §, and P are added

The composition of petroleum is different from exploitation to another depending on the
physical (especially viscosity) and chemical properties. The average range for principal elements 13
C=822-87.1% H=117-147% 5=0,1-55%. N =0,1-1:5%, O =0,1-4,5 %, mineral salts 0,1~
1,2 % Depending on its origin, the kerosene could contain especially aliphatic compounds (e.g
paraffines), naphthenic compounds (from benzene series), or fatty acids compounds, phenols,
asphaltenes, sulphanes, organic sulfides, sulphanic acids, sulfur oxides etc Until the present time,
neither one of the theories régarding the genesis of kerosene was able to point out the chemical
reactions from which this extremely complex mixture was generated. From this reason, some oldest
theories such as the theory of morgaic origin - Berthelot, 1866, the theory of cosmically origin
Sokelesff, 1890 are not out of the question, and have just historical acknowledgements

In present time there is a generally agreement regarding the petroleum and coals formation.
from organic matter generated in soil in special environment conditions The transformation of
organic matter and hydrocarbons generation is an old and continuous process although stll to be
discovered
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FVALUAREA HIDROGEOCHIMICA A COMPONENTILOR, MICROCOMPON ENTILOR
51 INDICATORILOR POSIBIL DE PETROL S1 GAZE DIN PLATFORMA MOESICA,
ZONA GLIGANU, BUCURESTL VIDELE, -PALEOZOIC, TRIASIC, JURASIC-

POPESCU' Rodica, PALADE' Gheorge, AXEN FE' Yalerica, FLTRLEEIJ" Lucian, MILU" N,
Consuelt, CATIANIS' Irina, NICOARA' Marilena, DUMITRU' Felicia

Abstracy

Platforma Moesicd se insorie. in ordinea perspecuvelor pentru hidrogarbun imediat dupi
depresiunea Precarpaticd. Desi pand in prezent s-au descopent gicimintele de hidrocarbun in Trniasic,
Jurasic, Cretacie. Miocen, indicapi de hidrocarbun s-au inregistrat in mai waie formajunile incepand
din Paleozoic $ pana in Romaman

Condiyin geologice éu totul specifice ale acestel man unitdll, pun inlr-0 lunmind deosebil de
favorabild perspectivele sale de petrol §i gaze 5 chiar incurajatoare in zona Ghganu-Bucaresti-Videle
Se impune in pnmul rind prospectarea priontard a microcomponentilor direch $ specifici
hidrocarburilor, cu o atentie sporitd pentru relieful Mdamentului eristalin, & grosimii 51 a vanatiilor de
facies in formapunile sedimemare s a grosinuior lor precum $ s parametrii hdrogeochimict de
perspectivie st de identificare a hidrocarbunlor dupd microcomponenyt § indici de genszd s de
metamortozare & fluidelor de zicaman din 2ona generatoare, pe tracul migrator §i pdnd in zona
propriu-zish de acumulare

in mod deosebit s-a-avul in vedere pentru - evaluarea. hidrogeochimica a- hudrocarbunlor,
microcomponentii specitict precum iodul dupd concentragie, insistand asupra leghwrii indisolubile ce
existd inire compozitia chimicad a perrolului $i a gazelor $i apele de zicAmany asociate §i neasociate
hidrocarburilor, roci. soluri, materta organicd aniniats § reanimatd in vederea individualizirii zonehor
cu microcomponiéntt § chear- componentt specifict de petrgl §1 ndict idrogeochinua de inchidere
hidrogeolowch propice zicamintelor de hidrocarbun, Astlel ca zona de antechizd 51 zonele penlferice
ale sinchnalelor adiacente, s-au dovedit a fi sectoare de primd importantd cunoscute astazi ale
platformer  Ele s-au mdmnidualizat hidrogeochimic punidtoare de microcomponenyi directi de acizi
nafienict. fenoli, microcomponenti specifics organics de iod ‘si amoniu ‘i reziduali de brom §i bor in
gona de  Cazdnesti-Deleni-Constantinesti-Mogisesu-Optagi, Mozicem-Vultureanca, Calugireni-
Mihai Bravu etc., §i reprezintd sectoare de prima importanti cunoscute astia ale Platformei Moesice.

In cuprinsul lor, pot i purthtoare de hidrocarbun §i Nuide de zichmant uncle roci granulare,
fisurate sau vacuolare, apartindnd intregn serh mezozoice (in special triasice) §i pe alocun paleozoice
Alte elemente nor hidrogeochimice, geochimice, tectonice siu stratigrafice, care vor rezulta dé pe
urma activitdtii viitoare de prospectiune i foraj, vor min perspectivele de petrol s gaze in perimetrul
gonsiderat Cilanu-Bucurest-Videle

Comdipii de genezd, acumalare 3i conservare a fluidelor de sdcamiant din zona de studi.

Fludele de zdcamant acumulate in Paleczoic. Permo-Triasic, sena carbonaticd triasica §i seria
erigend jurasicd, reprezintd exemplificarea upicd a rolulur pe eare il are mediul de acumulare a
nfsterich Orsamcy. naturt 1 oroginea apelor bazmelor de sedimentare in card s-a pelrecul ¢ perfecta
procesul de iumunizare

Apele acestor baane de sedimemare ar £ fost 1zolate in trecutul geologe s sustrase circulagic:
pe masura umpleri lor cu depozite sedimentare 9 pistrate ca “ape fosile™(velerice) in depozite
acviclude de genesd s acumulare dintr-un comples ‘aevifer limisat in spatial Becdni bazn

Rapormat  hideogeologic ¢ in special  hidrogeochimic. acviterele au caraeter  inchis
hidrogealoge, potrivit valorilor coeficienplor Na€'l subunitare, de acumulare 3 de conservare
wenlowicd potnivit coeficientilor CaMg g Cl-NaMg  cu valon supraunitare $1 mult erescute, a
Hudelor de zdeamam In sceste conditit hidrogeochimice au penerat Huidele de #cimant cu
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prechdere apele de orogine organica, cu microcomponenyi asociali petrolului si gazelor naturale de
Sacizi naftenici si fenoli, iod amoniu, brom & bor '

Faza linald a procesului de genezd constd intr-o deplasare a produsclor bituminoase de care
este legatd apa orgamed (produsel descompunern mateniet organice - faza biologicd 5t faza fizico-
chimic) dintr-un mediu marin cu roci cu o structura find, intr-una cu structura mai grosierd, crapatun
i fisun, colectoare Impreuna, apoi, formeazd un complex unitar de genezd, de colectare
cuilser are

Asifel, pentru seria rosic inferioard, ape asociate hidrocarburilor cu microcomponenji directi
de-acizi naftenici 51 fenol s specifici de 1od, se intdlnese in zona Piatra Olt-Barza-Videle, ape de up
Ca-Cl s cu mineralizatit cuprinse imre 20 51 40 g/, specifice zonelor generatoare de hidrocarbun, De
asemenea st zonele Driginesti-Oparelu-Spineni cu ape de zicimant cu sulfap scieubl cauzate de
reducerea lor din ape de catre hidrocarbun s bacterile desulfurante

Pentru seriz carbonaticd (riasicd; sum specifice apele asociate hidrocarbunlor cu aciz
naftenici in zona Strijesti-Priscaca §i toatd zona la vest de meridianul Corbu

In serig terigend jurasicl, se intdlnesc ape asociate, atit specifice zonelor generatoare cu-aciz
naftenici, fenoli si benzen, si iod peste 100 mg/, cat g pentru zone de cercetare cu HiS prezem
efectiv apelor din zone colectoare, rezultat din procesul de reducere a sulfatilor de eltre hidrocarbun
Astfel de zome iau contur in zona  Vialeni-Ciuresti-Mozoceni, Poiana-Tufeni-Ciuresti-Petresii 5
Carhgagi-Canojeni-Penis.

Se constatd, ci in configuratia compozifiel chimice a Nuidelor de zacAmant un rol important |-
& jucal evolutia geologich a Platformel Moesice, unde sena depoxitelor mezozoice de pe platforma.
discordamele unghiulare existente in Paleozoic nu ay mai fost constatate degi anumite lacune
stratigrafice au putut fi banuite sau chiar semnalate. Astfel, raportun de discontinuitate pot fi banuite
la hmita superioard a Muscelkalk-ului, unde mineralizatiile apelor sunt de 2<17 g/, tipul NSOy s
Mu-C1 {ape cu caracter vados si mixte), iar coeficienfii hidrochimicl de genezd Na-Cl au valori até
sub ciit §i peste o unitate, fiind de 0,01 501,11 Astfel ci ele au devenit ulterior ecrane hidrodinamice
de inchidere hidrogeologica a acviferelor pentru conservarea fluidelor de zacimdnt

In acest caz un rol important l-a jucat si sedimentul mineral de catalizator, de accelerare sau
incetinire a reactiilor chimice st rol de refinere §i conservare a-substantelor bituminoase formate in
bazinele de sedimentare a formagiunilor din perimetrul studiat 5i implicit microcomponentii direcyi 5i
specilici din-apele de zicimant impnmand apelor caracter de ape asociate hidrocarburilor din zoncle
e
Bibliggrafic _

Beral B Fopyars AL F PG ) Chinrie trpgrnnied, fefitare Tekbated, Buewreyti

Cinvdd §ov [ ) Cleplosia petesfului 3 o wozelor noturale, Fdituea Didocnied g Pedegoged, Bucuregt,

Veowdene w 003, ( 19%0) Chimite arpanted, ol S, Ediuea Didocticd g Pedagoyiod, fucureyn,

Cpeen, 001 19680 Pedolopia agricold, Simiaern! Agrieulions, Editurg Agre-Silvici de Stel, Bacuregts,

Popwse w8 PY9T Creogiing petrclilin, Blitueo wmiversband, Hiecieregn,

Popwaen 180 2000 {leobeagens heaie, Faitura | imiverndid, Sucioegi,

P 1, Prledde Gl Severlar ML 019051 Conprured de fod, brisn g o din apele e 2dedosinl andict peittes
deseifriren  compozitios merres orgumer oo diferie med potropezeifere oha Rencdiang

Ihidrugealoie, rev A LR, vl IV nr |, Beewregh,
Sienen €5 FFnds Trerar e scrifindigie goneralil, val 5, Bditura Acadennes Bomidee, Bacuresn,

Fleiptom s 'h. R LT I W B | ] I |-



GOLD SOURCES AND RESOURCES IN ROMANIA
UDUBASA' Gheorghe, UDUBASA® Sorin Silviu

The “mineral triad”, i.e gold, salt and oil, is a characterisuic feature of the Romanian mining
during the last centurics. The exploitation of gold, salt and oil dates back to very old and old perods-
of ime Gold and salt from Romania were used already during the Roman (probably pre-Roman as
well), whereas the il has a different priority it was the first European indusirial production of oil,
(1977, barrels), obtamned 1861 a1 Mosoare, near Bacau.

There are many papers and books dealing with the gold deposits, production and perspectives
in Romama Every mineral deposit books pub'l:i.s.hc;l in the last 100 yi:ats contains dﬁtn_ﬂbuul the
Transylvanian wold deposits. The “gold spot” in the Metaliferi Mis, called also “the Golden
Cuadrangle” (GQ) is now quite well known and the new resulis of intensive exploration al Rosia
Montana seem to put this deposit & the top of gold deposits in Europa,

To the historical hydrothermal gold veins and stockworks within the GO a new feature was
added in the last decades. 1e the close relationship of the hydrothermal (now called epithermal)
doposits to the porphyry copper systems Overlapping of porphyry type mineralizations by veins
contaiming mostly gold (but also base metal ores, such as at the Bolcana-Troita) is now doubled (by a
supplementary feature, 1e the existence of several porphyry copper-gold deposis (eg Voia,
Bolcana-Troita, Bucium-Tarnna etc). Some data might suggest that the true protores of the epithermal
gold deposits (EGD) are the porphyries themselves, in which the gold was seemingly caught by the.
prmary rock-forming minerals and reconcentrated in veins (or stockworks) by a nearly continuous
magmatic- hydrothermal metaliogenic process. Still unsolved problems are related (1) 1o the source
af tellurium (and of manganese as well) as many EGD contain & typical geochemical inad Au-Te-Mn
(Udubasa et al , 2001), (2) the contribution of the adakite tendency of some volcanic rocks in the
Meralifers Mits (Rosu et:al , 2001) in the establishing the umigue position of the GO within the whaole
Carpathian  Neogene magmatic-metallogenetic belt, even if we consider 2 comparison of the
Metaliferi Mis with the quite similar Baia Mare area, where gold is subordinated and Pb-Zn-Cu-5Sb
ores prevail!.

Two additional gold solirces are known in Romaniy:

(11 1the shear zone related mineralizations {SZRM) in the polyphase metamorphics in the South
Carpathians. with the locus typicus at Valea lui Stan. and in the Apuseni Mis, at Somesul Rece
The genesis, perspectives and many other aspects of the SZRM were largely discussed in the last
vears however by using different approaches: Udubasa, Flann (1988), Udubasa el al (1998);
Popesey, Lupuleseu ( 1996), Popescu, Tamas-Badescu (1998), Marza (1990). ¢t

(2 alluvial gold (pantly placer wold such as the Phocene gold accumulation at Vartop, near Rosia
Momana), which is alse quite well known (see Barlea, Barlea, 1903, Borcos e al, 1995,
Berbeleac et al . 1998, and the references herein), although the source of gold 15 not always
satisfactonly defingd '

Therelore it may be concluded that the gold deposits (sources) in Romama belong 1o the: followmng

HEneie 1ypes

1 Porphyry copper-gold deposits ( Metalifen Mis)

2 Mwdrotherm] gold (MSeogene solcanie belt)

a) satelhite wold veins and stochworks of porphyry svitems (Metahfer Mis)
b) independem gold venis and stockworks in complex volcanic and subvolcanic structures, ¢ g

Sasar, Borzas etc in the Baia Mare arca, as well as gold-silver tellunde deposits such as

Sacaramb m the Metalifen Mg, not obviousty related to porphyry systems
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¢) Gold as by-product of Pb-Zn-Cu ore processing (practically all the Neogene deposits in-the
Metaliferi Mts | Baia Mare area as well as in the Calimani-Gurghiu-Harghita (g Stanceni).

3. VHMS either of Mesozoic age (eg Vorta, Kuroke-like) or of Lower Paleozowc age,
metamorphosed deposits in the East Carpathians ore belt, wheére gold is present in subordinate
amounts (eg Baia Borsa district, especially, where a value-added influence of the Toroiaga
subvolcano cannot be excluded)

4 Shear zone related vold mineralizations in metamorphics ‘of the- South Carpathians (Valea lui
Stan, Costesti-Horezu, Jidostita, Valug) and the Apuseni Mts Somesul Rece)

5 Alluvial gold (placers included) derived either from magmatic gold ores in the Metalifen Mts or
from the SZRM in the South Carpathians (especially Pianu, Lo, Strei Valleys)

Thar ix indecd oll about the gold resources in Romaria? The aeover 152 b,

6 Taking into account a werldwide relationship between BIF (banded iron formations) and gold
(enriched in the silica nch bands within the BIF), a reliable assumption has been made by
Udubasa {1998) that the BIF-like deposits in Romania might contain gold as well. This would be
the case (1 ) of Palazu Mare deposit in Dobrogea located in Precambrian or even Archaic medium
grade metamorphics They consist of magnetite-bearing quartzites and amphibolites (Giusea e
al . 1976, lanovici et al, 1966) and of the iron deposits in Poiana Rusca Mis, namely lazun,
Tomesti, Cerbal, etc. located in Paleozoic low grade metamorphics, consisting of itabirites with
spessariing, magnente-and hematite-bearing quantzites etc (Krautner, 1964}, No direct proofs are
available yet but the similarity of these deposits to other gold-containing BIF in the world 1
worth of mention This could represent a new start in future exploration or re-evaluation programs
for the two areas

7. (") Speculations have been also made concerning the possibiliny to find Carlin-type gold ores in
Romania North Dobrogea and Banal were two zones emvisaged 1o potentally contain such ores
However, no convincing arguments were presented n order to sustain such challenging
assumptions. Curiously enough, the idea was put forward several times by persons not having
direct scientific relationship to such a complicated pold-bearing setting. At least for Nonh
Dobroges, fullfilling one of the three conditions to carry Carlin-type gold, 1e the distensional
regime (flchik and Banon, 1997) the absence of gold (even alluvial) in the area is notewarthy and
hampers any ideas thercupon L is important o remind that in the Carlin zone, Nevada the gold
was first obtained from alluvia’

B
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ROMANIA's "MINERAL TRIAD"

Gold-Salt-Oil

Ore resources

Gold

Other resources

Alluvial gold Q Heavy minerals
Au-Te-Mn veins O SALT
CZ  Au-Agveins OIL & gas
Au-Ag-base metals veins O Coal
Porphyry Cu-Au, Mo
Skarn related complex
ores{Banat, Apuseni Mts)
OIL
MZ  Kurcke-like ores (Vorta) o Coal
Veins & stockworks
Mo, REE (Ditrau)
Carln?
Stratabound iron ores |
(BIF-like) (P. Rusca) o Pegmatites
PZ
Stratabound base Graphite
metal ores {EC) Q ‘f
Stratibound ZnPb
PE  oresin marbles (Rodna, .
Fagaras Mts) Pegmalites
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Stratagbound won ores
{BIF) (Palazu Mare)
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ENVIRONMENTAL IMPACTS OF METAL MINING IN ROMANIA:
PROBLEMS, ISSUES AND OPTIONS

VELICIL! Serban, UDUBASA® Gheorghe

Romania is world-wide known by the "muneral tnad” gold-sal rock-oil, each of them forming
warld-class deposits or fields and comnbuting to the economic development of the country in the las
centuries  Nevertheless, the explonation yielded also many long-time lasting negative effects on the
environment. By far the “hard minerals” are more dangerous and the ores (gold ores included) are &
the 1op

There are many ore genetic types in Romania but few are economically imporant (1) strata
bound pyrite-Po-Zn-Cu ores in the metamorphics of the East Carpathians. forming a belt some 200
km lom, (2) skarn ores (Fe; Cu, Bi, W. Mo, Pb, Zn) in the Western Romama; (3) hydrothermal gala
ores (mostly vemns) in the Metalifen Mts  (the celebrated “Golden Quadrangle” of the
“sichenburuisches Erzuebirge”), (4) hydrothermal base metal ore veins, gold as by-product and some
gold deposits (both vemns and stockworks) in the Northérn Romania (Baia Mare County)

This présentation tries 10 highlivht one of the most imporiant issues related to metal mining m
Romania: the wastes Histoncally, or even just a few decades ago, environmental awareness.
lewiskition -and management practise did not adequately consider the long-term safely anc
environmental risks involved in the metallic mining waste management Major reasons for the slow
progress in dealing with mining wastes include the fict that no institution can be idemtified 1o take
lewal responsibility and further, the leeal, financial and technical instruments being used 1o address
the problem have often been borrowed from other programmes. and are not necessanly well suited 1o
the problem. lssues that need addressing include the costs of rehabilitation and the setting of criten.:
and standards of rehabilitation

Romania having a total surface of 237,500 50, km and a population of 22,670,000 inhabitants.
its mctalliferous weological reserves are assessed as: 40 millions tons of AutAg ores. 90 millions tons
of poly-metallic ores; 900 millions tons of Cu ores. The metallic ore deposits are characterised by
small to medium dimensions, comples geological and mining conditions, difficult mechanical and
metallurgical processing, complex tectomics, high exploitation depth, thin ore veins, low content of
metals, difficult hydrogeological conditions Annual production capacities for metallic miming have 2
toial of 21 millions tons’year (138 for Cu, 22 Au+Ag 3.6 pollymetallic. 08 FetMn, Ot
radinactive) _

The activitics of capitalisation of the natural metallic mineral resources through geological
exploration, extraction operations, mining metallurgy et represent only sume of the main fields tha:
lead 1o the degradation of the environment Large surfaces for access routs, building sites. waste
storage arcas resulted from uncover process of the processing plants are affected adversely by
pollution. Results of pollution may occur dircetly or indirectly and may have immediate or long-term
character. Due 10 underground and surface excavations also the neighbouring arcas suffer adverse
mflucnces such as changes in the Bow of underground waters, modification of geochemical nature o)
the elements. crosion ete The fargest porphyry cooper deposit located in the Apuseni Mis,, Western
Romana (“Rosia Poieni = ore deposit) is an active acid-rock drainage  (ARD-producing sites
Chemical analyses show that the siream waters from the region contain sigmficant amounts of heavs
metals thar are potentially dangerous 1o the environment

The impact of mining activitics as prospecting, exploration, mining and concentration of
useful mineral subsiances (“dressing minerals™) imply the carrying out of different assessments of the
enviromment fom the (ollowing standpoints mine wistes, résidual waters  pollued wasers as -
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result of mining and processing of ores, physical stability of the areas where underground or surface

mining voids are present as a result of mining activities, visual impact as degradation of the

landscape
The mine wastes resulied after the mining and concemtration process of useful minéral
substances are discussed beiny separated into two categories according to their granulometry:

{1) large sized products: fragments of rocks and ore with a low content of useful elements as-a result

of exploration and miming of deposis They form heaps of mine wastes or waste dumps. Only in the

Western Romana a number of 179 waste dumps resulted from metal minmg, exhibiting a  total

volurme of 107 million m' and being spread on 418 ha.,

{2) fing-type miatenial as a resull of concentration process” They form the decanting or tatings ponds

The metallic mining in Romania uses & total of 64 major wilings ponds (29 acuve, 26 inactive, % as

backup) These cover a total surface of 1,351 ha and contain 128 million tons of uscless rock.

The inventory forms the standardised information basis for the environmental impact assessment
using tools of geological and geochemical site assessment, environmental and spatial modelling. The
scientific objecuves of the study are the defimition and demonstration of methods
= o conceptualise and demonstrate a standardised regional inventory of wasie sites from mineral

mininy n Romania in relation 10 catchment areas, making it possible to develop-a concept for

mpact assessment allowing 1o hnk the site/source related indicators with spatial nformation m

catchment scale, _

e 1o compare the legal ¢riteria for the. assessment and remediation of contaminated arcas with
regulations adopled by Romama and with the existing EU legslative framework in the area of
waste management.

» o contribule to the assessment of the consequences of mining accidents such as the Baix
Mare/Bma Borsa (Romama) events.

The two accidents of Baia Mare (January 2000) and Baia Borsa (March 2000) in NW Bomania.
are presented, their causes, aftermath, and wransboundary unplications: Baia Mare acoident released
over 100,000 m' of process wastewater with cyanide compounds and heavy metals such as Cu and Zn
but also Fe, Cd. Mn, and had & marked impact on the Somes/Tisza/Danube caichment.  Baa Borsa
accident spilled over 20,000 m' of heavy metals loaded shurry into the Tisza catchment throughout
NW Romama, Ukraine and NE Hungary

The implementation of today's “best practice™ for cyanide management completely eliminates the
risk of a cvanide spill similar to Baig Mare Indirect cffects that have begn identified as a
consequence of the accidents are also discussed

Giiven the widespread nature of mining waste, it 15 attached a particular importance 1o
prortisation in this area to facilitate the environmental approximation process and to consider
appropriately the situation in the new Romanian legislation

FRAMEWORK CLASSIFICATION FOR RESERYES/RESOURCES (IINCF),
THE HARMONIZATION OF THE ENERGY RESERVES/RESOURCES TERMINOLOGY.

BOGATU Laurentiv

By the enforcement of Mining Law (No 61/1998) in the 13™ of Junc and the publishing in the
Romania's OfMicial Gazette (No 330 bis from 1% of September 1998) of the Technical Instruetions
(Mo R5.08/1998), there have been established the classiication and estimation principles for the
mineeal resources and for the reserves of solid utile mineral substances: and mineral commoditics. that
will bewsed in the progess of their capualization: In the petrolesm sector, in 1995 a new Petroleum
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law entered into force, based on the modern principles with regard to the reservesresources

classification.

The new proposed classification system corresponds to the terms and codification used in the

International Classification of the Reserves/Resources (Decision ECOSOC/1997%226 of the

Economic and Social Council of the United Nations at 1997 July's session and that of Committee for

Sustainable Energy ( ECE/ENERGY/32 paragraph 9), both recommending the testing implementation

of the reservesresources classilication worldwide

The new classification and estimation of the mineral reserves in Romania 15 expenimentally proposed

till the end of 2002 1n the same time it will be also used the old syvstem of reserves classification,

The main feature of the national frame of solid reserves / resources classification are

- harmonizes and equates the new classification with the terms of the old one and with the UN
International framework for reserves / resourcés classification, so that they could be comparable
and compatible,

- greates the connection of the market economy and transition and cemralized economy critena in
the ficld of solid mineral reserves [ resources estimation,

- helps the annual statistic reporting concerning the Romania's reserves / resources record of
changes, without causing any malfunctions,

- eases the communication at national and intermational level

In Annex | there are presented the integration of the pauonal system into the United Nations
Framework classification for reserves /| resources of solid fuels, mineral commodities, annex from
which results that the category of resources potentially economic equates the category of capializing
resources which mr.:ludcs iwo categones. 23 comunctural / code (211) and 2.b. potential / code (221)
and (222)

In Annex LI is shown the classification system for oil & gas reserves/resources used in Romania in
harmonization with the Internatonal classification system proposed by SPE and WPC

Annexes 11, IV, V and VI present the harmonization of the reserves/resources terms used in the
Romanian Nationdl Classification Svstem with the UN Classification System for Coal, Oil & Gas and
Lranium
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POLUAREA SALINA NATURALA A RETELEI HIDROGRAFICE A AREALULUI
EXTRACARPATIC SI POSIBILITATILE DE LIMITARE A ACESTUI FENOMEN

TICLEANU' M., CONSTANTIN' P,, BALTRES' A, MUNTEANU' T, 1ON' Adriana, MIHAILESCU'
Ny c?s.'rm' C., DIACONITA' Dorina, IRIMESCU' Sabina, ENIU' E., AVRAM' O, GRIGORE' D.,
GAIU' V.,

Zona externa a flisului si Unitatea pericarpatica suni caracterizate, incepand de la valea
Sucevei si pana la valea Cernet (in Oltenia), de prezenta unui numar foarte mare de izvoare si paraie
sarate, fapt ce duce la cresterea salinitatii (2 concentratiel in clorura de sodiu) unor rauri impariante,
fenomen cunoscul sub numele, poate impropriu, de “poluare salina naturala a rauriler”. Prezenta
clorurii de sodiu in solutie se datoreaza dizolvarii masivelor de sare (de varsta miocen inferioara sau
medie) de catre apele de precipitatie, de infiltratie sau direct de catre apa raunlor si paraielor, deci
solubilizarii naturale a corpurilor de sare aflate in aflorimente sau la diferite adancimi.

lzvoarele sarate au debite foarte variate si concentratii foarte diferite, dar pot fi identificate si
paraie sarate a caror sursa de alimentare cu clorura de sodiu nu este certa In mod obisnuit aceste
izvoare, bine cunoscute de localnici, sunt adesea sumar amenajate fiind frecvent utilizate pentru uz
casnic incepand cu cele aflate in apropiere de¢ Gura Putnes si la Cacica, si sfarsind cu 1zvoarele sarate
legate de versuntul drept al vait Cerna, in zona antichnalului faliat Magura Slaticarei {Oltenia).

Salinitatea neobisnuite a unor importante segmente ale retelei hidrografice din arealul
extracarpalic este tradata si de numercasele toponime (hidronime) precum Taxlaul Sarat, Ramnicul
Sarat, Sarata, Cricovul Saral efc, carora li se adauga raurile cu numele “Slanic” si toponimele de
genul “Slatina”, “Slaticara”, precum si apelativul “saramura”, cu varianta vranceana “‘salamura”
(proprie bazinului hidrografic al vaii Puinel) Acestora li se adauga si numeroasele localitati ce
reflecta- direct preccuparea locuitorilor pentru exploatarea masivelor de sare (gen Sarani, Sarulest,
San — Sarile, Targu Ocna, Ocnele Mari, Ocnita elc)

Prezenta in cantitati man a cloruni de sodiu in apa unor raun mai iIMporante are ca unmarc
resiFangerea in anumite zone a surselor de apa potabila; iar pe de alta parte aceasia conduce la aparitia
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unor importante zone cu saraturi, lipsite de vegetatie sau cu vegetatie saraca, xerofila, catre zonele de
varsare in Dunare a-acestor rauri  Astfel, o importanta ane de saratun poate fi delimitata incepand de
pe cursul inferior al raului Siret si pana in zona de sud a bratului Borcea, si de la Campia Saratei (la
NV de Urziceni) si pana la Insuratei (pe Calmatui), zona ce cupnnde i locun cu salinitate
neobisnuitd (Amara, Lacul Sarat - langa Braila etc)  Catre aceasta arie cu saraturi se indreapta Siretul
(aducand apele raurilor Suceava, Moldova, Bistrita si Trotus ce traverseaza zona subcarpatica bogata
in zacaminte de sare), Putna, Ramnicul Sarat, Buzaul (cu afluentul sau Slanicul de Buzau) si lalomita,
dar si Dunares ce aduce aici si apele Olwlui, dar si pe ale raunlor ce spala masivele de sare badenens
din Transilvania (Mures, Somes)

Pentru diminuarea efectelor nedonite ale acestui fenomen natural usor de evidentiat s¢ impune
imaginarea (crearea) unui sistem complex de statii de desalinizare a apei raurilor i paraielor sarate;
plasate pe marginea exterioara a ariel cu zacaminte de sare ale areslului extracarpatic. Pentru
stabilirea amplasamentulul optim al acestor statii de desalimzare sunl insa necesare studi
hidrogeologice, respectiv geochimice, de mare detaliu, mai ales in bazinele hidrografice ale Tazlaulw
Sarat, Putnei, Ramnicului Sarat, Staniculut de Buzau, Cricovului Sarat, Saratei el

In acelasi timp, existenta unui sistem de statii pentru desalinizare 2 apelor sarate ale raurilor
amintite ar putea conduce practic si ka obtinerea unel imponante productii de sare; in conditiile in care
explomarea masivelor de sare prin solubilizare subterana cu ajutorul sondelor pare sa se contureze ca
o metoda ce poate pune in pericol stabilitatea si securitatea zonelor invecinate acestora In plus, pe
aceasta cale s-ar imbunatati simtitor si calitatea apelor folosite in aliméntatie in toate zonele sitluate in
aval de un astfel de sistem de statn de desalinizare, fapt ce ar permite de asemenca $i efectuarea, fara
riscur de salinizare secundara a solurilor,"a unor ingatii care in prezent sunt supuse pe plan focal unui
AseMenea rise.

CORRELATING BADENIAN RHYOLITIC PYROCLASTICS
OF THE WESTERN GUTAI MTS. WITH THE DEJ TUFF COMPLEN

STAKACS' Alexandru, FULOP® Alexandrina, PECSKAY’ Zoltin, VLAD* Daniela

Introduction

The “Dej Tuff” is the most prominent and widespread Neogene voleanic i complex in
Romania, mostly occurring in the Transylvanian Basin However, numerous tull’ occurrences of
similar stratigraphic age are present in areas outside the basin. No correlation attempts have been
substantiated by comparative geochronological and petrochemical studies so far, This paper aims at
correlating  chemical and mineralogical features, along with geochronological data, of the felsic
Lower Badenian volcaniclastic rocks occurnng in the south-western Gutai Mts, and those of the Dej
Tuff Complex in order to test whether these two felsic volcaniclastic sequences might belong to a
comman voleanic source

ceurrence and general features

The Lower Badenian Dei Tufl Complex represents the oldest Neogene volcame activity in
Romania. It is widespread in the Transylvanmian Basin where is largely exposed along the norih-
western and northern margin of the basin (“Dej Tull™) as well as along its south-castern margin
{"Persani Tulf'). The Dej Tufl Complex displaying vanable thickness, from meters up 1o 116 m
(Marza et al, 1991a), consists ofa number of 4-5 sequences of coarse reworked rhyolitie sedimonis
(sandstones and microconglomerates), zeolitized fing 10 medium 1ffs and aliernating thin wifs and

e — Y

stitite of GoodviamicsSabba S, Sicfoncscy of the Romanian Academs. 18921 Jean-Lows Calderon Str . Bucharcest,
Rasimimgy, ool Seabacs o poodim
Nonh Universiy Baia Mare o2A. Victer Babet St Bam Mare. Romim
netute of Muchear Reseurch (A TOMR L Bem i 1800 Dibrocen, Hungan
Upiversity of Baclerest. Facolty of Geologs and Geophivsies, 6, Tradan Vi S0, Bucharest, Romaniz

Sansg 30 Ppicaitina X0l 11T



marls They have been secondanly emplaced by submanne debris flows and high to low density
voleaniclastic turbidite currents (Szakics, 2000} In a single case primary pyroclastics, represented by
slightly welded pumice-and-ash-flow wiffs, have been identified at Magura Ciceu east of Dej, (Marza
& Mirea, 1991, Seghedi & Szakacs, 1991}, emplaced by a lobe of pyroclastic flow across the sea-
shore {Szakdcs; 2000) The “Persani Tuff”, the “Slanic Tuff™ and the “Govora Tull™ are all fine
reworked distal equivalents of the “Dej Tuff” (Szakics, 2000). Although all these rocks were long
known as typical “dacitic wffs”, recent studics have revealed their rhyolitic composition (Szakacs,
2000}

Lower Badenian volcaniclastics of felsic composition in the Oas-Gutal voleanic range, occur mnoa ca.
20 km long and 10 km wide area along the south-western margin of the Guwan Mis. They have
recently been recognized. in both outcrops and numerous drill-cores, as moderately to 5u_'ung!}'
welded rhyolitic ignimbrites of decreasing thickness from the west (350m) to the east (30m), overlain
by a thick sequence of reworked epiclastics encapsulated by mudstones (Fulop, 2001 )

Given their similar age and composition, one may question whether the Dej Tulf Complex and the
rhvolitic ignimbrites and epiclastics of the south-western Gutai Mis. can be correlated to each other
The overall north-west coarsening of the volcamelastic rocks of the Del Tuff Complex and s distal
equivalents, demonstrated recently (Szakacs, 2000) lends additional credit to such a hypothesis.

Ape

The steatigraphic aues of the Gutar Mis felsic voleaniclasiies (GFV hereafier) and of the Dej
Tuff Complex {DTC hereafler) are compatble The DTC has long been dated on faunal -and
microfaunal basis as belonging to the Tortoman (Koch, 1900), later on to the Badenian (Meszaros et
al, 1977) The presence of numerous interbeds of termigenous sediments (especially marls) within the
DTC sequences allowed a guite precise microfaunal dating at the level of the nannoplancione zone
NMS (Meszaros ¢t al , 1977, Marunteanu, personal communication, 2000) The stratigraphic age of
GFV is more difficult to be determined: few determinations on scarce microfauna from the thick
mudstones emplaced above the igmimbrites suggest a larger time interval, from Lower Badenian 1o
Lower Sarmatian. Attempts of radiometric dating of the DTC used vanious methods. K-Ar and Ar-Ar
dating were used on biotite separates. Since the biotites are more or less altered, with marked K loss,
4 datings resulled in minimum age estimétions in the range 11.5-12.8 Ma (with their respective
analyucal error) One sample, with the biotite fraction chemically treated (in order 10 remove
alteration products) yielded 147806 Ma which is much more precise than the previous ones
obtained on the DTC The Ar-Ar method has been used on the biotite fraction of the apparently most
suitable sampie (slightly welded igmmbnte from Magura Ciceu with the highest ko content), No
plateau age has been found, but & minimum age estimate of 13 7 Ma could be inferred. Fission track
dating has been undertaken on zircone crystals separated from 7 samples (15-30 zircone: grains in
each sample). Average ages obtained range between 13.98-16.05 Ma, with an overall average of
14 93 Ma Taking into account all these data, 2 radiometric age at about 15 Ma can be accepted as the
best approximation of the geological age of the DTC
The biotte Faction ol one sample from the GFV {Valea Romana) has also been diated by the K-Ar
method, vielding an analytically reliable-age of 154 <f- 0.6 Ma This age is consistent, within the
analytical error, with the inferred radigmetnic age of the DTC

Petragraphy

Primary magmatic minerals in DTC include, in the form of ¢rystaloclasts, quarte, plagioclase
and biotite a5 ublquitous. principal components, K-feldspar, amphibole and pyroxene m accessory
amounts i pant of the occurrences or wil levels, and Fe-Ti oxades, allamie, zircone and apatite as a
uhiquitous accessory nunerals, Monazite and xenoume have been identified sporadically by
microprobe analysis The frequency order of the man rock-forming minerals 15 plagociase, quarti,
brotite
The principal mineral components of the GFV include plagoclase, followed by quane and botite, as
prncipal componems: pyroxene and Fe-Ti oxdes, subordinately
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Vitroclasts of the DTC include glass shards, pumice and obsidian fragments. Obsidian is
always an “accessory” vitnc component while, the relative amount of glass-shards and pumice is
variable according to grain-size and genetic type of the rock. At comparable grain-size. the vitroclast
popuiation may either be dominated by glass shards or by pumice at the same location. according 1o
the level in the sequente, as is the case at Cepan Vitroclasts from GFV are represented by pumice,
glass shards and scarce obsidian. Plastically deformed pumice clasts (flamme and microfiamme) are
prevalent in the welded tgmmbrites. while typical cuspate glass shards prevail in the non-welded
distal facies Resedimented pyroclastics show pumuce clasts with 5ph1:midnl to oveidal and tubular
vesicles and cuspate, Y and X-shaped shards, and microvesicular pumice shards Pumice is more
abundant in the generally coarser-grained GFV ignimbrites than in most DTC rocks, so that
shard/pumice ratio cannot be used for carrelation purposes
Ahhough detailed correlation of the DTC and the GFV cannot be undertaken on compositional basis,
because the dominantly primary pyroclastic nature of the GFV in contrast with the mostly reworked
and redeposited DTC rocks, the general mmm'alngma] and composiional features of the two rock
sequences are compatible to each ather and are consistent with a possible commion volcanic source.

Majerr element composilion

Determining chemical composiion of wils and, especially, of reworked voleaniclastics, i3
very complicated because contamination of the onginal magmatic composition 15 difficult to be
avoided. However. carcfully seclected samples may minimize such contamination problems
Therefore, we preferred to analveze & small number of very rigorously selected samples instead of a
statistically representative sample population in order to characterize the magmatic composition of
the two il complexes
The. comparison of the: major clement compositions 15 based on two selected whole-rock analyses of
rhvolitic ignimbrites belonging 1o the GFV (XRF method) and a couple of whole-rock analyses of
selected samples of the DTC (both XREF and classical “wet” methods). It is obvious that the GFV
samples plot within the ficld of the DTC samples in the alkali vs. silica diagram. Older published
analyses. recalculated on volatile-free basis, on samples of the DTC (Marza et al, 1991b) or on
samples of Lower Badensan wifs from the Borod Basin (Muresan et al, 1986} and from the Simleu
Basin (Murcsan et al , 1975) have also been plotted. All of these analyses clearly show the common
rhyolitic composition of the Lower Badenian wffs of the north-gastem Transylvanian Basin, of the
nedarby marginal sub-basins of the Fannoman Basin in Romania, as well as the wemmbrites of GFY
This strongly sugeests that all these wffs might belong 10 a common source. From the viewpoint of
major clément composition. GFV ignimbrites are not different from the DTC veleaniclastics.

Trace element distribution

Trace clement distribution in spider diagrams, displays similar, almost identical patterns in
rocks from GFV and DTC. The MORB-normalized diggrant of Pearce, 1983 is identical for the two
groups of rocks: while the chondrte-normalized Thompson diagram and the N-MORB-normalized
Sun & MeDonough diagrams show some differences only of Sr content for some of the DTC samples
as compared to GFV jgnimbrites St is higher in two DTC samples likely because its covanance with
hgher Ca0 duc 1o the presence of eryptic caleite in the reworked wils deposited in & submanne
environment 11 is noteworthy to mention that the DTC sample which perfectly fits the trace elemont
disiribution pattern of the GFV ignimbrites is the Magura Ciceu igmimbrite, the only primary
pyroctistic rock i the DTC encountered so far
The REE distribution pattern of the two GFY and the three DTC samples is practically identical The
trace element - including REE - distribution pattcrns represent a sirong evidence in favor of their
ongin from & single volcanic source arca

Mineral ehemistry

The main roch-formipe nunerals plagioclase and biotite from both DTC rocks and GFA
nmmibrites have been analyzed by microprobe techmgue However, compositional representativily s
dittferent due the uneven number of analyses performed (much mose in the DTC)
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The compositional range of plagioclase in the GFY ignimbntes (An=30-46. 1%%) 15 entirely included
within the much broader compositional field of the DTC plagioclase. Although no relevant statistical
analysis of the: GFV plagioclase compositions can be undertaken, it is apparent that their average
value {38 4%0An) coincides with one of the two compositional maxima (at 30-40%) of the DTC An
distribution histogram, the other DTC plagioclase An% distribution maximum is at lower values (20-
25%) Szakacs, 2000). Thus, plagioclase compositions of the two rock series is consistent with the
hwputhesis of their comman volcame source '

Biotite compasitions are. in contrast, dissimilar. Besides the fact that the analytical represenativity of
the GFV group is even much scarcer than for plagioclase, Fe oxides in biotite display different
disiributions while all iron s n form of FeD in the GFV ignimbrites, most DTC rocks display
vanous degrees of oxidation represented by the variable lerrous/ferric oxide ratios: For this reason,
the siructural formulas of the two biotite populations are hardly comparable What, however, the two
biotite populations have in common is their similar Tr contents (4 3% for DTC, 4.6% for GFY), Tos,
both biotite populations plot in the C (calc-alkaling) ficld of the Abdel-Rahman diagrams (1994)
which discriminate granite tectonic seitings according to biotite composition Therefore, primary
bietite compositions of DTC and GFV rocks seem 1o be similar 10 each other

Discussion and concliasiony

According to their radiometric ages, the Badenian rhyolitic volcaniclastics of the southwestern
Gutai Mis and the Dej Tull Complex can be correlated Their major element and trace element
cumpositions are very similar, while their REE distribution pauerns are idemical. The mineral
chemistry of the main rock-forming minerals plagioclase and biotite are also compatible, although the
tepresentativity of the measured sample populations is quite different Other simifarities. inchude
pelrographic features such as crysialoclast composition and vitnclast types, aswell as overall textural
features; especially of the reworked volcamiclastics (representing the common lithology of the two
sequences). The charactenstic presence of unsorted ar slightly sonied pumice-rich volcaniclastics
sirongly suggest the provenance from pyroclastic flows of a pant of the volcanic material in both
vileaniclastic sequences Hence, cruptive mechanisms should be similar as well. Major differences
are lithological and they are mainly relared to the differemt depositional envirgnments - prevailingly
subaerial for GFV and submasne for DTC - as well as 1o different proximity to the source
The overall picture including field observation, analytical data and wenetic/volcanalogic interpretation
of the two voleaniclastic complexes strongly suggests their correlability. Moreover, lithological and
wrilin-size characteristics of the voleaniclastic deposits belonging to GFV suggesting a proxinal
lueation wilh respect eruptive centers (Fulep, 2001) fit well with the regional grain-size distribution
pattern of the DTC showing a gencral trend of coarsening towards MW and inferred volcanic source
location in the same direction (Szakacs, 2000) Thus, it 15 very likely that the two sequences are not
only correlable in time, providing a regional lithological marker horizon in the easter pan of the
intra-C'arpathian area, but they were probably originated from the same volcanic source area (a
caldera or a caldera complex) A discussion on the nature and location of the voleanic source(s) i3
baevond the scopesof this contribution
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AMBER - ECONOMICAL REFERENCEES

NEACSU' Antonela

In modern times amber has remained a valuable substance #s ormamentation techniques have
become more complicated and the creations of countries which lack artists: more expensive
Iromically, amber deposits tend to be located in the modem technology and qualified labor for adding
value to the raw form

The mining and processing of amber harms the local ecology, an example being the Baluc
Sea; which has been deteriurated for the last 50 years due o rapid development of mining and
industrialization

Amber is & [Dssil resin with Specific properties, which have been known since prehistonical
times. There are many amber varieties all over the world, but only a few fossil resing are wellsstudiec
succinite. rumanite, Sicilian amber (simetite), Burmese amber (burmite). Mexican amber from
Chiapas, Canadian amber (cedarite). Ecuadorian amber (guayaquiliite), Dominican amber and
Lebanese amber.

Succinite is an Eocene-Miocene amber variety, which could develop not only in the Badic
countries, bul also a1 any point on the Globe where the paleobotanical, paleogographical and
geachemical conditions necessary for its development are present (Savkewich, 1981) This is. proved
by the existence of geological sources of succinite more than 1000 Km from the Baitic, in Belarus,
the Ukraine, near the Caspian Sea; on the island of Sakhalin, in NE Yakuty, Sweden, Denmark. and
Great Britain, deposits of succinite have not so far been detected geologically by the south of the
Alps. 1t must be noted that Langenheim (1969} and Broughton (1974) have found ambers with similar
spectra to Baltic amber, in North America and Greenland, while Savkevich would extend this to Asia
(Fragquet, 1987) Succinite is commonly used to describe. Tertiary Baltic amber which has been
generally noted 1o contain more succinic acd (>8%)

In Romania fossil resing has been sporadically recorded at the level of Cretaceous and Eocent:
formations, but the most frequent outcrops occur in the Oligocene flysch deposits of the Eastemn
Carpathians, from Bucovina to the lalomita Valley In interior of the Carpathians; yellow amber is
found at Sibiu and Alba In 1891, Ouo Helm published an article referring to many varieties of
Romanian amber, where he noticed that rumanite is amber from Buzau. So, vanous kinds of
Romanian fossil resins were mentioned schraufit (Schrokinger, 1875} from Vama {Bucoving),
almaschit (Murgoei, 1902) from Piatrs Neamt, muntenit (Istrati & Mihaslescu, 1923) from Olanest
(Vilcea district) and 1elegdite (Zechmeister & Vrabely, 1927) from Sascion (Alba district), last being
prabably an inferior fossil resin named retinite

It was during the Bronze Age that the famous amber trade routes were established These
were-aceepted “Highways™, trade routes across the whole Furope and extending into the far ¢as
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(fig 1). These routes have been established by amber finds found in archacological sites around and
along these ancient courses.

Fig | Amber trade rewbis fwave gpdoft demion, go sk )

Phoenicians went to great lengths to hide the source of their golden bounty and ancient
literature tells stories {www gplait demon.co.uk) of Phoemcian ships captains wrecking their own
boats when being shadowed and followed by rival traders trying to-ascertain the source of amber (the
first case of industrial espionage”)

Amber began 1o make something of a comeback in the medieval peniod. The Teutonie Knights
in 1283 became absolute rulers of Prussia and also created a2 monopoly on amber production within
the Samland Peninsula {www. gplait demon co uk) The nugor product became Paternoster beads. In
fact, the makers of this particular religious article even had their own job title. Paternostérmachers

The Teutonic Knights ruled the amber industry with an iron hand, to the extent that they
forbade the collection of amber from the Baltic beach on pain of death. “The Beach Master” or
“Amber Lords” enforced this law and there are many accounts of unfortunates who picked up amber
and where hanged for it. In the ensuing vears, hcenses and agrecments were granted to different
personages and retrieved over the following 300 years Paternoster remained the staple amber

reduct.

; By the end of the 14" century, the sale of amber as well as the gathering was completely
encompassed and controlled by the Order, to such an extent that within the city of Koémnsberg a
mining site, it was forbidden for anyone 10 own or possess any unworked pieces of amber.

The Teutonic monopoly was transformed over this period into a senes of monopolistic Guilds
In 1480 the Danzig Amber Guild was formed The Guild consisted of amber lathe turners who
wanted to become another centre for amber working The Teutonic gnp stll existed but was
answerable to the king of Poland.

One of the principles of control, which was maintained throughout this time, was the
separation of the gathering of the amber from the working of the amber. This was applied with some
rgor and artists wishing to work with amber outside one of the guild's centers had to apply for a
license to do so. It was as late:as 1641 before this protocel was breached and Konisberg was officially
granted a guild for working amber, the first where amber was both extracted and worked in the same
place.

In the 17" century the Baltic amber trade drew closer to becoming an industry. But the
oppressive rule continued, the lishermun of the Baltic coast had 1o swedr an oath to the state that they
would turn in to the authonties anyone they Knew gty of illegally gathenng amber

In ancient umes, exploitation methods were smmlar in all places: pnmitive box-like mnes
were commonly used. The method consisted ol digwing shallow, several-meters pits  Only
sometimes; their depth exceeded 20 meters. In some places. miners built timber linings imto the pits,
which not only made the work less dangerous but also allowed them to dig deeper (Kosmowska-
Ceranowicz et al | 1984)
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A different method of exploitation where lateral palleries were dug along with shafls was
kriown in Sambian Peninsula. Lithuania The lateral galleries usually had outlets to let in the air.
Started from 1867 following geological research, mechanized mines were opened The shaft system
was expensive and dangerous Ceilings had to be disposed off regularly (Kosmowska-Ceranowicz,
1984). For these reasons, the method was gradually phased out, and starting from 1914 it was
replaced by opencast mining, applied till the present day.

The extraction process had undergone complete mechanization by 1930 a1 Palmnicken amber
mine, There was established in 1875 the first open pit amber mine and 3 million pound mark was

reached in 1895 Convevers dump eanh-containing amber into waiting freight cars, which then
transport the earth 1o spray houses Next, high-pressure hoses separate the “blue carth”, the name that
Germans gave the amber-containing soil, from amber Experts esumate that more than | 50000 tons
remiin in the Yantarny mine (the ex-Palmnicken mmne). -enough for another three centuries of
gxtraclion al the current rate

Since strip mining started over a century ago, the Yantamy plant into the Baltic has
discharged more than 100 million tons of waste The miming and processing of amber produces
matter which the Baltic's brackish water cannot dissolve Since the Baltic is largely cut ofF from the
Atlantic Ocean, it cannot easily refresh itsell

Another consequence is @ Wild West aimosphere which reigns at the Yantarmy mine, The
mine management is accused from mafia connections. according 10 a 1996 estimate. annual losses
due 1o illegal exiraction are amount S 1 billion As a result of the legislation, from 1996 amber will
have to be guarded in foreign currency like other precivus stones ( www gplatt.demon co.uk}.

Aboul 0% of the amber artifacts produced in 1996 worldwide originated in Poland, and of
thase 805 in Gdanisk. The number of amber faclories increased in the region of Gdansk from 6040 10
3000 between 1989 and 1996, the number of artists-and workers from 700 te- 8500, and the amount of
raw amber used in the anifact production from 40 to 193 meinc tones during that time. Most of the-
amber manufactured is imponed from Samland Peninsula (today's Kaliningrad)
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