CONTENTS

The regionally metamorphosed Mn-Fe deposit at Rizoare, Preluca Mts, Romania,
G. Upusasa, P. Hirroranu, G. ILiNca, §. VALDMAN

Native gold-bearing mineral assemblages in the Migure-Faerag hydrothermal vein
deposit (Metaliferi Mountains). E. ORLANDEA, G. VELCIOU

New data on the Mn-Fe Delinesti deposit, Semenic Mountains. P. HARTOPANU,
I. HARTOPANU :

Considerations regarding the epigenetic mineralizations in the Carlibaba-Tibiu zone
(Bistritei Mountains). , M-L, PETRESCU...ovouisramiessesssemmansass s sinannssnssonss

Prehnite in calcic endoskarns from Surduc a look on a neglected mineral species in
Romania. S. MARINCEA, D. RUSsO-SANDULESCU

Propuneri de imbunétitire a sistemului actual de clasificare si analizd a potentialului de
substante minerale utile solide M. Borcos, B. GABUDEANU, §T. SIMESCU........ A




GEOLOGICAL INSTITUTE OF ROMANIA
Director General Dr. G. Udubasa Member of the Romanian Academy

The Geological Institute of Romania is now publishing the following periodicals:

Romanian Journal of Mineralogy Romanian Journal of Tectonics and Regional Geology
Romanian Jonrnal of Petrology Romanian Journal of Geophysics

Romanian Journal of Mineral Deposits Anuarul Institutului Geologic al Romanie

Romanian Journal of Paleontology Memoriile Institutului Geologic al Romaniei

Romanian Journal of Stratigraphy

Romanian Journals supersede "Diri de Seami ale Sedingelor™ and "Studii Tehnice si Economice”, whose apparition
goes back to 1910. Besides regular volimes, each. series may occasionally contain Supplements (for abstracts and
excursion guides to congresses and symposia held in Romania) and Special Issues (for larger papers of special interest).
"Anuarnl Institutului Geologic al Romaniei™ (vear first jssued 1908) appears in a new form, containing both the annual
activity report and review papers.

Editorial Board: Gheorghe Udubaga (chairman), Tuder Berza, Florian Marinescw, Marcel Mirungiu, Grigore Pop,
Viad Rogea, Anatol Rusw, Mircea Sindulesen

Managing Editor: Anatol Rusu

Executive Secretary: Felicia lstocesen

Editorial Office:
Geological Institute of Romania
Str. Caransebes Nr. 1
RO - 79678 Bucuresti - 32
Tel. (+40) 16656625, 6657530
Fax {(+40) 131284 44
esmai] GEOL@IGR. RO

The editor kas changed the name as follows: Institutul Gealogic al Romaniei (1906-1952), Comitetul Geologic (1953~
1966}, Comitetul de Stat al Geologiei (1967- 1969), Institutul Geologic (1970-1974), Institutul de Geologie 51 Geofizici
(1875-1993}, Institutul Geologic al Romaniei (since 1994),

ROMANIAN JOURNAL OF MINERAL DEPOSITS su persedes ” Diri de Seami ale Sedintelor”, Series 2/Z4ciminte
- the last volume with this title being No. 76.

Scientific Editor: Marcel Maruniiu
Advisory Board: Marcel Miruntin, Gheorghe Udubaga, Liviu Nedeleu, lon Hirtopanu

The manuscripts should be sent to the scientific editor andfor executive secretary., Cortespondence concerning
advertisments, announcements and subscriptions shonld be sent to the Managing Editor.

@©GIR 1996
ISSN 1220-5648
Classification index for libraries 55(058)

Printed by the Geological Institute of Romania
Rucharest



CONTENTS

The regionally metamorphosed Mn-Fe deposit at Rizoare, Preluca Mts, Romania.
UpuBAgA G., HARTOPANU P.; TLINCA G, VALDMAN 9. oottt ssssens

MNative gold-bearing mineral assemblages in the Mignre-Faerag hydrothermal wvein
deposit (Metaliferi Mountains), ORLANDEA E., VELCIOU Gi..oovicinmnnc i

New data on the Mn-Fe Delinesti deposit, Semenic Mountains. Hirroranu P.,
BEERTOPAII Tonoooee st i st s b e s s o A PR A3 4 A B v b s i
Considerations regarding the epigenectic mineralizations in the Carlibaba-Tibiu zone
(Bistritei Mountains). | PETRESCU ML s sissnnssm s sisanrarsaseans

Prehnite in calcic endoskarns from Sur-r:tuc a look on a neglected mineral species in
Romania. MARINCEA §., RUSSO-SANDULESCU Diucivrvvrerernnrisesisssmssasiiniiics s s s ees

SN
/ =X\
i
. Bl
SURY ) 08 ° R
L] . e.‘“__.__. p—— <'

3



SOCIETATEA ACADEMIGA
DIN ROMANIA

: - F
i.).} Bz I: oAy L

SOCIETATEA ACAD@Z\JICA DIN ROMANIA alcatu;leste fnv baza_
- de date in vederea‘e da,t‘%m pana. l\a, sfﬁr&tul \acestul an a umu 2
CATALOG AL EXEE;{;!:ILOR din R(Jma:ma. ** v W“ 51_' .' o

-(.E \h{ .ll{ : o
Tn acest car.al ggi ra k“_prf:i‘fxa“»:,loruﬁthElm t;:bate: d@fmeml]e care;a_,=
%ﬂn :§ ,'-_\r-"w-w - e’tiw%’ ":3-3; antE v .' - N .'s_a; \vy"_;;"t-._ ' =< ) t, \.
Sfﬁﬁwri‘;{? il ; . ..W-ﬂ,f; .j'”f‘ “K@? a0
s Hpublic@sin straindtate... Q\_; ;
e rgh 1:\.‘3-,-' rl. % "-_“ _;EJ‘% }%{?li st‘f"k;ﬁ& 3 -' ’F;J}}. ‘H_\-\\# :
win, N iy, 3 e AT %

ﬁ’?ﬂfﬂcw@ﬂ«ﬂ Lgres b A
35 -_ 'fyw-S« m .Z
SR/ gu ﬁ:’fcﬁr S&u@”@c p@ﬁ;eﬁdmﬁgt@ve de cgr(;éi:are» mrernafmnale

.,,}:f-- “é}?:}&f*’*% £ 5 !
(gszm.t nyn;bmm unor argamzam grofessonal& mtema;.c@nale g = ;_ 2

i
'\-. ] N@\,w’*g

{.au ae:gp&rze?gc&»;predms J?} msrrmg;s @*‘de* w

'E h’“ .-";} o
a’zw

\-1{ Q\ o

LA tergsatir sunt; _1nv11:a1;1' S%wﬂ& contacteze la
. tel / fax ( 01 f 21 0 75 69 Saa Ia sedml Soc.!emﬁz Aeadamzce dm
o Roméma, Bi:cu;é,gﬁ Inrrarea Gr:gore Alexandrescu«wr. 3

Insnmtule “slv“spemahﬁtu

-----

u""i
x

f{;:—
‘_'.
a
g

- , Fou . | '._

1 T : FoeEs N 3
A

LA
.

Y Ry Eiﬁgans a de a f Prezentzf ,am
s s t'i_-\' ;v. w1t Mpu?m”‘.m;i ;ﬁh{}wm

“circuitul international al specmimiSRlor



Rom. J. Mineral Deposits, 77, p. 3-20, Bucuregti, 1996

THE REGIONALLY METAMORPHOSED Mn-Fe DEPOSIT
AT RAZOARE, PRELUCA MTS, ROMANIA

Gheorghe UDUBASA, Paulina HARTOPANU, Gheorghe ILINCA
Geological Institute of Romania Str. Caransebes, nr. 1, 79678 Bucuresti 32.

Stefan VALDMAN

8.C. "CUART” S.A., Str. Victoriei, nr. 146, 4800 Baia Mare.

Key words: Manganese deposit. Metamorphosed (regionally). Man-
ganese minerals (silicates, carbonates, oxides). Geochemistry. Black
quartzites. Layered protolith.

Abstract: The manganese-iron deposit at Rizoare, Preluca Mts, Romania,
is a stratiform concentration of manganese-iron and iron minerals showing
evidences of regional metamorphism in the upper amphibolite facies. The
ores consist of silicates, carbonates and oxydes, forming lenses up to 60 m
thick, which are invariably enveloped by nearly continuous bands of black-
ish quartzites reaching a maximum thickness of about 2 m. The deposit
}s enclosed in a sequence of kyanite-bearing micaschists, paragneisses, peg-
matites, carbonate rocks and amphibolites interpreted to be of Precambrian
age. At least three metamorphic events have been recognized in the host
metamorphic rocks and in the ores as well. The ores contain about 60 min-
eral species, of which nearly half represent primary minerals. The typical
minerals of the Rizoare deposit are: manganoan fayalite, dannemorite,
rhodochrosite, pyroxmangite, magnetite and jacobsite. The manganese
humite minerals (sonolite, alleghanyite, leucophenicite and jerrygibbsite),
tephroite, carbonate-fluorapatite and a scarcely developed orthopyroxene,
are here for the first time described. Three mineral assemblages have been
recognized to display different positions within the ore-bearing sequence.
The hottom is defined by the rhodochrosite-rich assemblage, containing
also jacobsite, manganoan fayalite and apatite. It is followed by an assem-
blage composed of tephroite and manganese humite minerals, with which
jacobsite associates. The upper part of the ore sequence is clearly amphi-
hole dominated, typically containing dannemorite, spessartine, magnetite,
pyrrhotite, with a definite enrichment in quartz towards the hanging wall.
The Fe:Mn ratio seems to characterize both the lower parts (Mn>Fe) and
the upper part (Mn<Fe) of the ore-bearing sequence. The available, but
still incomplete data, suggest a polyphase metamorphism of the ores and
support the idea of the pre-existence of a slightly "layered” primary pro-
tolith of sedimentary origin.



Introduction

The regionally metamorphosed Mn-Fe de-
posit al Rizoare, Romania,is located in the
Preluca Mts, *island” of Precambrian
metamorphic rocks in & Tertiary sedimentary
environment (Fig. 1 A). The ores contain 18-
20% Mn, 17-20% Fe, 8-13 Si0O, and 0.5%
P,0;, showing a nearly constant Mn:Ie ra-
tio. The mining activity in the area goes back
to 1776 (Kossmat and von John, 1905) and
it has continued with some interruptions till
now. Near an open pit in the upper part of
the deposit, drillings have shown the continu-
ity of the ore-bearing rock sequence over a to-
tal length of 2-3 Km, parily located under the
sedimentary cover at depths reaching 300-400
m

all

The Rizoare deposit (Macskameso in the
older papers) was originally described by Koss-
mat and von John (1905), who reported the
general geology and the relationships of the
ores minerals with the host rocks, conclud-
ing that the deposit was undoubtedly region-
ally metamorphosed. Kossmat and von John
also recognized the knebelite and dannemorite
as the main minerals occurring together
with variable amounts of magnetite (partly
manganoan), spessartine, apatite and pyrite.
Subsequent studies have shown the presence of
pyroxmangite, rhodonite, pyrite and of many
secondary minerals. Giuged (1962) reported
the presence of the manganoan hisingerite.
Kalmdar (1972) made a general approach con-
cerning the "crystalline islands” of North Ro-
mania including an overview on the associ-
ated mineral deposits. In an unpublished pa-
per, Gotz et al. (1977) gave important data
on mineralogy and geochemistry of the ores,
mainly from the point of view of ore benefici-
ation, Kalmar and Lelkes-Felvari (1991) sum-
marized old and new data about the Preluca
Mts and gave also a list of minerals so far iden-
tified in the Rézoare deposit. A hydrothermal
submarine origin of the ore-bearing solutions
is postulated, but with no specific argnments.

. UDUBASA et al.

Three distinct assemblage have been recog-
nized to exist at Razoare, all having a con-
stant position within the ore lenses. At the
bottom there is a rhodochrosite-rich assem-
blage, followed by an assemblage consisting
mainly of tephroite and manganese humite
minerals (MHM). At the top of the sequence
there is a dannemorite-dominated assemblage
with a definite enrichment in quartz towards
the hanging wall. During our investigations
no rhodonite was found here. Other Ca-richer
pyroxenoids (bustamite, wollastonite), which
were previously described at Rézoare, seem
alsa to be lacking. However, some other miner-
als have been identified, i.e. tephroite, MHM,
carbonate-flucrapatite, orthopyroxene, pyro-
phanite, suggesting & very complex mineralog-
ical composition and metamorphic evolution
of the ore. This is a preliminary report on the
Rézoare Mn-Fe deposit which is the biggest
of this kind in Romania, showing evidences of
medium (-high) grade metamorphism.

Geological setting

The erystalline "island” of the Preluca Mts
is made up of medium grade metamorphics
belonging to the Precambrian Baia de Arieg
(or Rebra) Group (Balintoni, in Rusu et al.,
1983). The Mn-Fe-bearing rock sequence de-
velops in the lower formation of the group and
is located in the south-eastern part of the crys-
talline "island” (Fig. 1 B). The lower Razoare
Formation includes widely developed micas-
chists and paragneisses with relatively thin
beds of carbonate rocks and amphibolites. A
thick, quite monotonous dolomite-dominated

carbonate rock sequence of the Magureni For-

mation overlies the ore-bearing metamorphics.
Interesting wvein-like massive sepiolite aggre-

gates are sometimes encountered within this

formation (Pop, Angeleseu, 1981). The fol-
lowing Preluca Noud Formation is petrograph-
ically more complex and consists of parag-
neisses and micaschists (matrix rocks) as well
as of bands of variable thickness represented
by white gneisses, amphibclites, carbonate
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G. U ASA et al.

Rdzoare

Fig. 1 B - Geological map of the Rizoare area (mainly acc. to Kossmat and von John, 1905, with some

authors’ data). 1, Sedimentary cover; 2-5, Rizoare Formation (2, gneisses and micaschists; 3, marbles:

4, manganiferous sequence (black quartzites and Fe-Mn ores; 5, pegmatites); 6, faults; 7, open pit; §,
shafts; 9. old mining workings.

rocks, augen-gneisses, .etc. The uppermost
rock sequence (Valea Capnicului Formation)
includes quartz-rich rocks. mostly paragneisses
and covers a quite limited area. Abundant
metamorphic pegmatites develop within the
Preluca Noua Formation; their supergene de-
composition locally results in kaolinite bodies
of industrial interest.

The general trend of the metamorphic rocks
is east-west with a gentle southward dip. Some
faults of minor importance are known in the
mining field. The northern margin of the Pre-
luca Mts is marked by an important E-W fault.

The sedimentary cover begins with Eocene
continental deposits. It has been presumed
that the supergene alteration of the Mn-Fe

area has already commenced during the
Eocene time (Kalmar, 1972).

Host rocks

The rock sequence directly hosting the Mn-
Fe ore includes kyanite-bearing micaschists,
paragneisses and quartzites. Numerous peg-
matite bodies are known North of the ore
field. They contain green apatite and black
tourmaline crystals reaching 10 em in size,
in a medium-grained matrix of quartz and
feldspars. Stanciu (1955) has also identified
here beryl, danburite and baddeleyite (?). The
micaschists show sometimes a local develop-
ment of small pegmatite or pegmatite-like
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Table 1

Chemical analyses of foot-wall (FW) and hanging-wall (HW) quartzites
from the Rizoare ore deposit

Sa.mp]c 5102 Til:-'lg ﬂl«gOg FE-zOs FeO | MnO MgO CaO Kgﬂ
no.
1IB(FW) | 59.59 | 0.17 1.49 1.73 [ 178 219 | 1.42 | 1471 | 0.05
TA(HW) | 86.99 | 0.30 5.73 076 [ 1.29 ] 014 | 041 | 053 | 149
18 84.44 | 039 | 5.98 062 [ 184 ] 0.16 | 1.06 | 1.61 | 0.49
20(HW) 87.06 | 0.23 5.53 0.68 | 1.21| 003 | 0.57 | 0.66 | 1.62
120(HW) | 83.711 0.30 7.00 079 | 1.43 | 009 | 1.10 | 1.39 | 148
157(FW) [ 82.85 | 039 | 7.98 056 193] 004 | 098 | 0.24 | 2.63
168B(HW) | 83.13 | 0.06 1.25 D61 |1.40] 052 | 1.36 | 449 | 0.08
188(FW) | 8635 | 014 | 563 030 [ 172] 011 | 1.02 | 081 | 1.31
195(HW) | 85.62 | 0.24 1.74 1.08 | 078 1.26 | 1.65 | 2.38 | 0.35
Sample NagO | P205 | HeOT [ COa [ S | Fe(S) | FesO3 | Sum
no.
1B(FW) - 0.16 1.02 | 941 |309] 2569 T.56 | 99.50
TA(HW) 0.13 0.07 0.85 | 0.66 | 0.19 - 2.19 | 99.53
18* 1.17 0.21 .16 1.14 | 0.33 - 211 | 99.54
20(HW) 0.38 0.12 0.23 | 0.79 | 0.39 - 2.02 | 99.50
_120(HW) [ 052 | 0.14 | 0.66 | 0.86 | 0.30 - 2.38 | 99.77
167(FW) 0.02 0.12 068 | 0.73 | 0.35 - 270 | 99.50
168B(HW) - 1.47 0.73 | 423 | 021 - 216 | 9954
188(FW) 0.36 | 0.04 | 133 [ 0.17 | 027 < 2.21 | 99.56
195(HW) 1.01 0.30 | 2.72 | 0.38 1.95 | 89.51
* sample from the middle part of an ore lens

Analysts: D. Necsulescu, 1. Nastase (wet chemical analyses)
(Prospectiuni S.A., Bucuresti).

bodies. Balintoni (in Rusu et al., 1983)
has recognized there metamorphic events in
the Preluca crystalline schists, i.e. (1) an
initial Barrovian type metamorphism of al-
mandine amphibolite facies-staurolite-kyanite
zones, (2) a second event (presumably Cale-
donian) of almandine-amphibolite facies - silli-
manite zone and (3) a greenschists facies meta-
morphism - chlorite zone (presumably Hercy-
nian). Due to the strong lithology differences
between the host metapelites and the Mn-Fe
ore sequence, it is difficult to correlate directly
the metamorphic events in the two environ-
ments. However, the Mn-Fe ores exhibit also
a polymetamorphic cha.rater as it will be fur-
ther shown.

The ore beds or lenses invariably exhibit

rather continuously developed envelopes of
black quartzites of varying compositions (Fig.
2). They consist of biotite- and garnet-
bearing quartz-carbonate schists, magnetite-
bearing microblastic quartzites, plagioclase-
and biotite-bearing quartzites; amphibole-
bearing quartzites were also recognized. The
mangan contents of such rocks is generally low
(Tab. 1) and it is presumed that they acted as
geochemical barriers. Two groups of minor el-
ements show significant variation, i.e. Cu, Zn,
Ni and Mo with increasing contents and Ba,
Sc and Zr with decreasing ones as compared to
each other and-with the increasing contents of
some major elements (Fe;0s, P30s and MnO
(Tab. 2)..
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Table 2

Quantitative spectrographic dat

a on quartzite sample from Razoare

Sample | Pb | Cu | Zn | Ga | Ni | Co [Cr| V | S¢
no.
1B 10 | 85 | 310 2 | 115 | 48 [ 16 | 44 | &
TA 2 | 85| 30 ) 24 | 12 | 30 | 41 9
18 17 | 44 | 30 |55 | 65 | 15 | 41 | 57 9
20 7 45|30 | 5 | 16 |95 | 24| 32 | 85
120 95| 4 30 5 18 g | 30| 28 | 85
157 2 8 30 | 65| 22 | 14 | 38| 48 | 10
168 B 2 | 45 | 60 2 a0 | 13 | 80 | 130 | 10
188 5 13 | 30 5 17 0 |23 31 |75
195 2 | 130|155 | 2 | 230 | 48 |60 | 75 g
Sample [ Nb| Zr | Y |Yb| Mo | La| St | Ba
no.
1B 18 | 230 |41 |28 | 50 | 55 | 310 | 10
TA 26 | 600 | 32| 29 | 85 | 55 | 150 | 500
18 36 | 1000 | 41 [ 36| 9 | 30 | 67 | 600
20 25 | 220 | 24 | 21 | 75 | 44 | 15 | 360
120 20 | 320 | 32|34 | 7 65 | 95 | 370
187 25 | 480 |31 ] 3 6 |33 ] 95 | 480
1688 25 65 |50 |42 | 12 | 44 | 28 | 330
188 25 | 150 | 25 | 1.8 | 6.5 | 44 | 12 | 500
195 23 1 100 |53 | 3B | 17 | 55| 10 | 34
Analyst: Carmen Fardianu (Inst. Geology and Geophysics, Bucharest)

Ore mineralogy

The mineralogical composition of the
Rizoare ores is quite complex, including about
60 mineral species (Tab. 3). The main man-
ganese minerals are: olivines (manganoan
fayalite and tephroite), dannemorite, man-
ganese humite minerals (MHM), pyroxman-
gite, rhodochrosite, jacobsite and spessar-
tine. Special mention deserve the MHM,
the calderite-rich garnet, the carbonate-
fluorapatite and the tephroite, minerals which
have not been previously reported from this
locality. The scarcely developed orthopyrox-
ene (presumably a manganoan ferrosilite) has
to be especially emphasized as it suggests a
higher grade of the main metamorphic event.

The minerals are medium-grained but lo-
cally pegmatoid-like aggregates especially of

pyroxmangite and manganoan fayalite grains
up to 5-6 cm were found. Generally the ore
is massive, sometimes with a well-expressed
banding which is presumed to be mainly of
metamorphic origin. It occurs at the meso-
scopic scale and under the microscope as well
(Plate, Figs. 1-5).

In the oxydation zone there appear bemen-
tite, neotokite, manganoan hisingerite as well
as manganese ochres (now under study). How-
ever such ochres host some small geodes which
are lined with needle-like pyrolusite crystals
forming also rosetes, limpid microcrystals of
quartz of common habit and small barite crys-
tals. Such geodes were also reported by Koss-
mat and von John (1905).

The primary minerals show preferential as-
sociation that generally could be interpreted
as a result of primary deposition and of differ-
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Fig. 2. - Cross section through an ore lens (Augustin lens) with details of ore sequence at two different mine

levels. a, gneisses and micaschists; b, quartzites; ¢, Mn ores. 1, gneisses and micaschists; 2, black quartzites;

3, carbonate (rhodochrosite) - rich part; 4, tephroite and manganese humite minerals with disseminated

jacobsite; 5, massive manganoan fayalite; 6, magnetite beds or lenses; 7, pyrrhotite beds or disseminations.

8. dannemorite-rich rocks; The ternary compositional diagram (Si0z:FeQ:MnQ) (taken from lanovici et al.,
1968) refers to the Rizoare ore as a whole.

ent stages of metamorphic evolution. In a car-
bonate dominated fine-grained matrix there
are beds or lenses of different compositions
in which the leading minerals are the Mn-Ie-
silicates. Jacobsite and magnetite may oc-
cur everywhere in the stratigraphic sequence,
but the preference of jacobsite for the MHM
is obvious, whereas the magnetite associates
mainly with the dannemorite-rich aggregates;
the pyrrhotite is also frequently centered on
the amphibole-rich parts.

The passing from the lower carbonate-rich
part to the upper amphibole dominated part
is a common feature of the ore beds or lenses.
Thinning of the carbonate beds as well as the
merging of all the beds into a quasiuniform

mass of varying composition may be observed
at the ends of lenses.

Minerals assemblages of the ore

The carbonate dominated assemblage. The
carbonate rich assemblage forms the lowest
part of the Mn-bearing sequence. It has rather
sharp boundary to the host quartzites and/or
paragneisses and micaschists (Figs. 2, 4).
The fine-grained carbonates consist mainly of
rhodochrosite and constitute the matrix of the
olivine rich patches or alternate with fayalite
dominated assemblages. Sometimes, the bot-
tom of a lens begins with a pure rhodochrosite
sequence (usually, no more than 1 m thick) in
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Table 3
Chemical features of the Razoare dannemorites

Sample | Fe’T [Mg+Fe’™ | Mn”* | Fe?* | Mg** | Ca**
no. at %
130 0.50 1.59 | 3.15 | 1.68 | 0.07
56 0.53 1.72 | 3.60 | 2.26 | 0.02
32A 0.61 1,75 | 3.00 | 1.86 | 0.08
47 0.65 1.48 | 3.15 | 1.68 | 0.06
128" 0.71 3.04 | 2.62 | 1.11 0.22
198* 0.77 3.06 | 2.34 | 0.67 | 0.33

* from pegmatoid-like-aggregates

which jacobsite aggregates gradually develop
as well as fayalite dominated lenses. The band-
ing is present everywhere (Plate, Fig. 1); the
most frequent are the bands of fayalite, apatite
or carbonate-fluorapatite and more rarely, fine
bands of dannemorite+quartz. Analyses of
fine-grained carbonate matrix indicate compo-
sitions near the rhodochrosite, i.e. Mn** 0.76,
Ca* 0.10, Fe?* 0.09 and Mg?+ 0.05 at %.

The dannemorite dominated assemblage.
Generally of secondary nature, the dan-
nemorite forms the upper part of the Mn-
bearing sequence and by adding quartz, it
passes to the host quartzites or paragneisses
("hanging wall”). The dannemorite rep-
resents frequently 50 percent of the whole
mineral aggregate.  Here the banding is
present, too. The Mn-amphibole alternates
with bands of varying thickness of mag-
netite, magnetitet+apatite+carbonate, spes-
sartine and fayalitetapatite (Plate, Figs. 2
and 3). Fine bands and/or veinlets of
pyrrhotite have here their typical develop-
ment. At least three dannemorite generations
have been depicted. Dannemorite I is typi-
cally twinned and forms at the expense of the
manganoan fayalite (fayalite I). Pegmatoid ag-
gregates consisting of dannemorite II, pyrox-
mangite and spessartine may locally disturb
the obvious banding of dannemorite I. Stati-
cally grown dannemorite III exhibits no band-
ing and sometimes it is partly bleached and/

or further transformed in an asbestos-like am-
phibole. Such features are related to the last
metamorphic event(s) of retrograde charac-
ter. The Razoare dannemorites show chemical
differences largely corresponding to the three
generations of the mineral. The dannemorite
II belonging to the pegmatoid-like aggregates
shows the highest Mn content and also the
highest Fe®* /Mg+Fe?" ratios (Tab. 3), which
places it close to the dannemorite end-member
of the dannemorite-tirodite series. It contains
also the highest Ca-amount. The fine-grained -
dannemorite I (samples 56 and 130) has the
lowest Fe?t /Mg+Fe** ratios and also low Ca
contents (Tab. 3).

The fayalite dominated assemblages. The
manganoan fayalite occurs especially as beds
and lenses within the lower, carbonate domi-
nated assemblage and within the upper parts
of the ore sequence. Usually, the banding of
the fayalite-bearing beds is well expressed due
to layers of fayalite in alternation with bands
of carbonate-apatite-magnetite-dannemorite-
carbonate-fluorapatité, all together or as
simple associations of magnetite-carDonate,
dannemorite-apatite, etc. (Plate, Figs. 4 and
5). Although -sca,rcelj',f developed, the paragen-
esis manganoan fayalite-orthopyroxene-garnet
(a calderite-rich spessartine) is of special im-
portance; seemingly, it represents the old-
esy and the highest grade assemblage of the
Rizoare ores. Unfortunately, the orthopyro-
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Fig. 3. - Ball-like relics of manganoan fayalite (1)
in a slightly oriented aggregate of tephroite + MHM
(2). 3, MHM and jacobsite aggregate, slightly bree-
ciated and altered (calcite, bementite, chlorite, ete.).
4, MHM + jacobsite more strongly deformed and al-
tered; 5, Late deposition of quartz, calcite and chlorite;

6, Calcite and chalcedony.

xene grains are very small and have been only
rarely encountered.

Within the banded MHM-carbonate, lens-
shaped aggregates of pegmatoid appearance
with fayalite prisms up to 8 cm in lenght and
ball-shaped aggregates occur(Fig. 3). This
fayalite Il represents a second metamorphic
peak of somewhat lower grade consisting of
fayalite 11, pyroxmangite, spessartine and dan-
nemorite II. The fayalite shows gradual frans-
formation to dannemorite. The first stage is
marked by fine intergrowths of dannemorite
and magnetite, forming fine veinlets within
the fayalite grains. Further evolution of the
replacement leads to a quasitotal conversion
* of fayalite in dannemorite; the former is pre-
served as relics sharing the same optical orien-
tation within the dannemorite aggregates.

Wet chemical analyses carried out on four
fayalite samples show the dominance of iron
over manganese; thus justifying the name of

manganoan fayalite; the same is shown by
the end-members percentage (Tab. 4) and by
cell parameters (Hartopanu et al., 1992). The
larger-grained olivines of pegmatoid apperance
are richer in fayalite as compared with the
olivines of normal grain size. All the analysed
fayalites have a nearly constant percentage of
the tephroite component. The Ca content is
generally low (0.01-0.09 at.-%). If the con-
clusions of Simkin and Smith (1970) regard-
ing the Ca behaviour in magmatic olivines are
to be accepted for the metamorphic ones as
well, then the low Ca-contents would suggest
a deep-seated origin of the Razoare olivines.

The garnets assemblages. Altough relatively
frequent, the garnets rarely form significant
amounts within the Rizoare ores. However,
two different garnet types have been depicted
i.e. (1) a calderite-rich garnet associated with
the manganoan fayalite I forming an early,
high-grade paragenesis of the Razoare ores
and (2) a spessartine garnet, commonly inter-
grown with dannemorite and forming alternat-
ing bands with magnetite and/or quartz. The
composition of the analysed garnet samples is
given in the Table 5.

The assemblage tephroite+manganese hu-
mite minerals (MHM). Beside the man-
aganoan fayalite, these minerals are the most
typical ones of the Rizoare ores. However,
none of them have been previously reported
from this locality. Both the tephroite and
the MHM have a wide distribution forming
the middle part of the ore-bearing sequence.
As a rule, such assemblages contain jacobsite,
thus having a typical appearance of a pink-
brown-black medium-grained rock and resem-
bling the pyroxmangite-bearing rocks. The
tephroite is intimately associated with the
MHM, rhodochrosite, carbonate-fluorapatite
and jacobsite. The most conspicuous feature
of the Rizoare MHM is the constant presence
of boron which seems to play the role of sta-
bilizing element. Further details are given in
the paper of Hartopanu et al. (1993).

The * associated jacobsite generally tends
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Table 4
Chemical features of the Rizoare fayalite
Sample | Fe*t | Mn?* [ Mg?* [ End-members percentage mole %
no. at% fay teph fors
45 1.05 | 0.66 | 0.66 55.14 34.66 10.20
63 0.93 | 0.71 | 0.71 50.66 38.70 10.64
88* 1.08 | 0.64 | 0.64 59.64 35.58 4.88
101** 1.09 | 0.70 0.70 58.48 37.39 4.13

* pegmatoid aggregates forming lenses
“* ball-shaped aggregates of large grains within the MHM

Table 5
Chemical features of the Rézoare garnets (mole %)
Sample | pyr | alm | spess | andr | gross | cald
no
32A* | 3.62 | 27.43 | 39.17 | 9.06 - 20.72
60™ 1.38 | 13.87 | 64.63 | 7.05 - 13.08
20" 13.27 | 11.68 | 63.80 | 17.83 | 3.42 -
194 | 2.54 | 18.86 | 57.17 | 7.63 | 13.80 -

™ associated with manganoan fayalite
** associated with dannemorite

to cement the MHM. Retrograde changes
of tephroite result in bementite, pennantite,
holdawayite and neotokite, but they do not
seem to affect the MEM.

The pyroxmangite dominated assemblages.
Pyroxmangite is closely associated with dan-
nemorite, sometimes in mixed aggregates
gradually passing to the host garnet-bearing
quartzites. Beside dannemorite, the asso-
ciated minerals include small amounts of
rhodochrosite, apatite, garnet, carbonate-
fluorapatite and quartz. The pyroxmangite
is largely replaced by dannemorite and appar-
ently forms, in its turn, at the expense of spes-
sartine. The banding is mainly due to alter-
nating bands of varying compositions and es-
pecially to the presence of apatite-rich bands.
Rarely, the pyroxmangite alters to chlerite.

At least three generations of pyroxmangite
have been observed to exhibit either different

grain size and colour or specific relationships
with other minerals. Pyroxmangite crystals up
to 5-6 cm in size form sometimes small bod-
ies of pegmatoid apperance, highly probably of
the same age as the apatite and tourmaline-
bearing pegmatites in the host metapelites.
Worth mentioning is the lack of rhodonite,
all the samples initially presumed to represent
rhodonite or pyroxmangite proved to be pyrox-
mangites with relatively high Fe content. The
iron content is relatively high as shown by the
wet chemical analyses (Tab. 6).

Emission spectrographic analyses of the
Rézoare pyroxmangites (13 samples) showed
significant zinc contents with a variation range
of 150-400 ppm. The pyroxmangite belonging
to the pegmatoid lenses contains also higher
Be contents (up to 7 ppm) as compared to the
normal, fine-grained pyroxmangite (2-4 ppm).

The opaque minerals. Jacobsite and mag-



THE METAMORPHOSED Mn-Fe DEPOSIT AT RAZOARE

Table 6
Chemical features of pyroxmangites from
Razoare
Sample [ Fe** | Mn** | Mg | Ca
no.
20R 1.19 | 1.98 | 0.19 | 0.17
44 0.57 3.17 | 0.12 | 0.08
P 60" 136 | 2.18 | 0,20 | 0.14
60C" 134 | 211 | 0.21 1016
70 0.81 2.65 103110.14

* pegmatoid aggregates

netite are the most frequently encountered
opaque minerals. They are preferentially as-
sociated with the MHM and dannemiorite, re-
spectively. Thus, they rarely occur together;
if this is the case, magnetite seems to be later
forrned. However, some grains were observed
to have an intermediate colour between mag-
netite and jacobsite, probably ascribable to the
mineral iwakiite.

Generally, the jacobsite grains are euliedral
but sometimes, anhedral grains tend to ce-
ment the silicates. It is locally substituted
by carbonates along S-planes or alters to sec-
ondary Mn-hydroxydes which develop either
along grain boundaries or within the grains
themselves. Usually, the magnetite forms fine
interlocked grains intergrown with silicates,
mainly dannemorite. Three generations have
been identified, i.e. magnetite I, associated
with dannemorite [ and presumably of primary
origin; magnetite I, forming small euhedral
grains intergrown with dannemorite II on fine
veinlets within the grains of manganoan fay-
alite; magnetite III appears as a product of
pyrrhotite decomposition and it is closely in-
tergrown with secondary pyrite.

The pyrrhotite is the next frequent opaque
mineral and it is at the same time the most
frequent sulfide. Unlike magnetite, it prefers
the dannemorite dominated assemblage. The
pyrrhotite is always accompanied by chalcopy-
rite and accidentaly it contains minute grains

13

of gold. Locally, it is completely altered to
a lamellar intermediate product andfor fine
aggregates of pyrite magnetite + marcasite.
Globular grains of pyrrhotite enclosed in sil-
icates have been observed as well. Certain
microstructures such as mirmekitoides inter-
growths with magnetite and fine veinlets of
pyrrhotite, lining the triple jonctions of the
magnetite grains are present, too (Plate, Fig.
6).

The chalcopyrite forms also small swarms
of rounded grains within carbonates and, as a
rule, it associates with pyrrhotite.

Small amounts of graphite are always
present either in the host quartzites or in the
ores. Rounded graphite aggregates, sometimes
with radially disposed lamellae enclosed ei-
ther in silicates or in sulfides (pyrrhotite and
pyrite), are very typical of the Rizoare ores.

Accessory pyrophanite has been observed
in some sulfide-rich samples but without di-
rect boundaries with other opaque minerals.
It forms subhedral, twinned grains exhibiting
a lower reflectivity (as compared to ilmenite)
and red internal reflections.

Randomly distributed grains of molybdenite
(within the dannemorite-rich aggregates) and
gold (fine inclusions in pyrrhotite) have been
observed, too. ’

Pyrite aggregates or crystals up to 4 cm

+in size, were formed either by substitution

of pyrrhotite or by direct deposition in some
breccias surrounding fractures. The pyrrhotite
alteration develops gradually: first by forma-
tion of the intermediate product which lately
evolves to fine aggregates of pyrite + mag-
netite & marcasite. Apparently, the transfor-
mation is related to the introduction of water
in the system which seems to cause also the
transformation of magnetite into maghemite
(Plate, Fig. 7). It is presumed that the pyriti-
zation of pyrrhotite and the maghemitization
of magnetite represent simultaneous processes.
No equivalent process has been depicted to af-
fect jacobsite excepting perhaps its strong sub-
stitution by carbonates.
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Fig. 4 - A generalized column of lithologies of the ore lenses. 1, gneisses and

micaschists; 2, black quartzites; 3, magnetite beds or lenses; 4, manganoan fay-

alite: 7, massive aggregates of tephroite + MHM with disseminated jacobsite;
8, massive rhodochrosite with disseminated jacobsite.

Si02 MnO FeQ %

85 1-2 3-4 Zn, Ni, Cu, Zr, Ba, Mo
e dann, fay, spss, 7n
e Mn < Fe pxm, mgf, po
g — ap Be
15-20 20 20 Mn>Fe teph, MHM, jac B
rdc, fay,  jac
Mn > Fe
ap
B85 1-2 3-4 Zn, Ni, Cu, Zr, Ba, Mo

Fig. 5 — The layered protholith of the Rizoare deposit. The whole sequence is Ca (and Mg) - low
(black quartzites - 0.5-4.5% CaOj; ores-about 1% CaO) with variable Mn:Fe ratios. The mineralogy
is quite contrasting and the minor element distribution is mineralogically controlled (e.g. B in MHM,
Zn and Be in pyroxmangite, Au in jacobsite and pyrrhotite, etc.). 1, black quartzites; 2, silicate
(dannemorite)-rich part. 3, tephroite and manganese humite minerals; 4, carbonate (rhodochrosite)-
rich part;
Abbreviations: .ap-apatite; dann-dannemorite; fay-manganoan fayalite; jac-jacobsite; mgi-magnetite;
MHM-manganese humite minerals; pxm-pyroxmangite; po-pyrrhotite; rde-rhodochrosite; sp-spessar-
tine; teph-tephroite.
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By entering the oxydation zone, the ores be-
come first blackish due to the appearance of
Mn hydroxides masses and of neotokite nests
and veinlets. Further inflow of meteoritic wa-
ter produces the mixing of Mn and Fe hy-
droxydes, generating large masses of coloured
ochres (blackish, brown, yellow, reddish) with
small geodes inlaid with quartz, pyrolusite and
barite. ' '

Discussion

The Razoare Mn-Fe ore deposit underwent
a medium (-high) grade metamorphism (up-
per almandine amphibole facies) together with
the whole pile of surrounding metapelites. The
retrograde metamorphic evolution during the
Caledonian and the Hercynian events led to
a much more complicated mineralogy. Due
to the different behaviour of the micaschists
and of the Mn-Fe ores it becomes difficult to
draw a perfect parallel between the metamor-
phic events depicted in the two environments
with contrasting lithologies.

There are numerous typical interlocking
metamorphic textures in the ores at Rizoare
(Plate, Fig. 8). Triple jonction points could
be seen on magnetite, jacobsite, olivines and
even rhodochrosite grain boundaries. No evi-
dence inconsistent with a premetamorphic seg-
imentary origin of the Razoare deposit was
found. The ore banding is frequent and pre-
sumably it was produced mostly during re-
gional metamorphism.

The Rizoare protolith seems to have had
a complex composition, which is revealed at
first glance by the three contrasting, some-
how well separated lithologies (Fig. 4). The
lower lithology is carbonate-rich with small
silica-rich pods, now represented by fayalite
bed or lenses. The next lithology con-
tains Mn-rich, carbonate poor assemblages
from which the tephroite and MHM have de-
rived. Both lithologies contain mainly jacob-
site and are silica-undersaturated . The up-
per lithology is Fe-richer and silica-saturated;
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they consist of pyroxmangite, dannemorite
and spessartine with prevailing magnetite and
pyrrhotite. Both the hanging and foot wall of
the ore sequence include nearly continuous
beds of quartzites which acted as lithological-
geochemical barriers (Fig. 35). Outside the
barriers, the manganese-bearing assemblages
are scarcely developed or even lacking.

The metamorphic evolution of the Rizoare
ores is quite complicated and the geologi-
cal environment could not be precisely recon-
structed. However, it can be assumed that
the "layered protolith” approached a compo-
sition roughly corresponding to a mixture of
manganese carbonate, iron oxide and silicate,
with variable amounts of calcium phosphate,
graphite and locally silica.

The first metamorphic event corresponds
to the formation of paragenesis including
manganoan fayalite, a calderite-rich garnet
and a seldom occurring orthopyroxene. A
slight lowering of the metamorphic grade al-
lowed the formation of a first generation of
dannemorite. The next metamorphic event (of
the first, polyphasic event?) includes a sec-
ond generation of manganoan fayalite (slightly
depleted in Mn), pyroxmangite II, spessartine
and dannemorite II. This assemblages prevail
at the upper part of the Mn-bearing sequence,
whereas the middle and partly the lower parts
contain the nearly synchronous formed assem-
blage of tephroite, MHM and jacobsite.

Closely related to this second metamorphic
peak there is a peculiar pegmatoid-like de-
velopment of pyroxmangite, fayalite and dan-
nemorite under conditions of increasing fluid
activity in the system. This corresponds to
the abundant pegmatite development (numer-
ous bodies rich in green apatite and black tour-
maline) within the host metapelites.

Further retrograde changes are accompa-
nied by the development of a partly bleached,
asbestos-like amphibole. The abundant for-
mation of maghemite on magnetite, of pyrite
at the expense of pyrrhotite and probably the
substitution of jacobsite by carbonates seem to
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be contemporaneous events; they are accom-
panied and/or followed by rather abundant
chlorites, calcite and pyrite crystals mainly
linked to the fault-related subsequent trans-
formation.

As regard some previously reported miner-
als (Tab. 7) which have not been found dur-
ing our investigation, certain remarks seem
to be necessary. Bustamite is unlikely to oc-
cur at Rizoare because of the low Ca content
of the ore in general. Moreover, the Mn:Fe
ratio of about 1:1 suggests that the pyrox-
mangite has to be the stable phase in the
MnSi0;-FeSi03-CaSi0s system as shown by
the diagram proposed by Brown et al. (1980)
and Winter et al. (1981). In addition, the
higher-pressure pyroxmangite (Maresch, Mot-
tana, 1976) matches better the mineral assem-
blages of the surrounding micaschists in which
the kyanite is the leading mineral. For the
same chemical reason the existence of wollas-
tonite in the Rézoare ores seems to be improb-
able, too. Further on, no evidences exist for
the presence of forsterite excepiing its mole
participation in the manganoan fayalite (espe-
cially in fayalite 11) composition.

Conclusions

The Réizoare deposit contains manganese
and iron minerals weakly separated within
the ore-bearing sequence. The minerals have
formed during repeated metamorphic events at
the expense of a primary protolith of presum-
ably sedimentary origin (Udubasa, Hartopanu,
1992). The initial composition of the ore pro-
tolith largely corresponds to a mixture of man-
ganese carbonate, iron oxide and silicate, zon-
ally developed, with variable amounts of cal-
cium phosphate, graphite and silica, showing
an irregular distribution within the ore se-
quence.

The ore sequence is accompanied in both
the footwall and hanging wall by black
quartzites which acted as lithological barri-
ers. The whole metamorphic pile under-

A t al.

went an initial regional metamorphism un-
der conditions of the upper almandine am-
phibolite facies: manganoan fayalite-calderite-
rich, spessartine-orthopyroxene. Later meta-
morphic events of esentially retrograde char-
acter involving high activity of water and
other volatile components led to the forma-
tion of several parageneses showing a slight
separation in space. The most important are:
(1) fayalite II-pyroxmangite-dannemorite II-
spessartine and (2) tephroite-manganese hu-
mite minerals (MHM)-jacobsite. From the
lower carbonate-rich assemblage which is un-
dersaturated in silica and has a Mn:Fe ratio
greater than unity, the ore sequence passes
through a Mn-dominated assemblage with
tephroite and MHM to an upper silicate-
rich part, now represented by dannemorite in
which the Mn:Fe ratio becomes subunitary;
this upper part is silica-saturated (the associ-
ation spessartine -+ quartz is more frequently
encountered towards the boundary with the
hanging wall quartzites) and shows a marked
increase in sulphur.

The whole mineral association of the
Rizoare ores is rather complex, consisting of
about 60 species (including secondary miner-
als not completely studied). The mineralogi-
cal composition seems not to be very common
and bears some peculiarities which can be ex-
pressed as follows:

- the lack of rhodonite; instead, pyroxman-
gite develops quite abundantly;

- the presence of two olivines (manganoan
fayalite and tephroite) forming rather distinct
assemblages and occupying different position
in the ore sequence;

- the presence of nearly the whole mor-
photropic series of the manganese-humites
(sonolite, alleghanite, leucophenicite, jerry-
gibbsite) formed at the expense of their
"start”-member, i.e. tephroite as well as their
constant boron content;

- the pegmatoid development of pyroxman-
gite, dannemorite and manganoan fayalite,
suggesting an "ore equivalent” of the peg-
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matites (apatite, beril, tourmaline) known in
the host metapelites;

- the abundant apatite and the presence of
the carbonate-fluorapatite;

- the slight separation of Mn and Fe as re-
lated to fayalite vs. tephroite and magnetite
vs. jacobsite different distribution within the
ore sequence;

- the slight depletion in Mn of the successive
generations of some minerals such as fayalite,
pyroxmangite and dannemorite.

The main minerals of the ores are now under
study and have been or will be later published
in separate papers. Their exact nature will
help in elucidating the metamorphic evolution

(¥
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of the ore-bearing sequence and will also al-
low more documented comparison with other
deposits in the world. However, it is likely
that the Razoare ore deposit bears some simi-
lar features (metamorphic grade, main miner-
als present, etc.) with the Bald Knob, North
Carolina (Simmons et al., 1981). The pecu-
liarity of the Rizoare ores consists in being
iron-richer. The ratio Mn:Fe is here near unity.
Correspondingly, there exist both Mn-Fe min-
erals with varying Mn:Fe rations induced by
repeated metamorphic events and Fe minerals
(magnetite, siderite, pyrrhotite) or Mn miner-
als (tephroite, MHM, rhodochrosite), the pres-
ence of which seems to reflect the primary
"layering” of the protolith.

Table 7
Mineral species and varieties described so far

in the Rizoare area

Minerals Sources
1. | Actinohte® (B)
2. | Adulana** {1}
3, | Alleghanite {8)
4. | Anatase *"
5. | Apatite *** @@ 16 6]
6. | Barite **** [E]] (6}
7. | Bementite {6}
8. | Braunite (4} {7}
9. | Bustamite ! (5) ;
10, | Caleite CREG)
11, | Carbonate-fuorapatite (6}
12. | Chalcantite (7)
13. | Chalcedony (4) (7)
14. | Chalcocite {7
15. | Chalcopyrite HEEEECR RG]
16. | Clinochlore (6)
17. | Covellite (7
18, | Dannemorite ARSI EGERG
19, | Fayalite, manganoan™ [E]
20, | Forsterite ! (5
21. | Franklinite ! [&
22; | Galena [4) (7)
23. | Goethite 77 (1) | ) @y [ By [ (8) [ ()
24, | Gold (6)
25. | Graphite TT7 (6]
26, | Greenalite {5}
27, | Gypsum (7}
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Minerals Sources

28, | Hematite (3) (5) (7)
29, | Hisingerite (2)
30. | Holdawayite (1) (6)
31, | Iwakiite (1) (6)
32. | Jacobsile (1) {4) &) | {7}
33, | Jerrygibbsite (]
34, | Kutnahorite (7)
35. | Leucophoenicite 6}
36. | Maghemite (&)
37, | Magnetite () [ @ (3 | (4) | (6) | (8) | (7]
38. | Manganite (1) (3}
39, | Manganophyllite (1nanganoan

biotite) (6)
40, | Marcasite (5 1 (6} | (7)
a1, | Melanterite (4)
42 | Molybdenite (8)
43, | Neotokite (4) (6) | (7)
44, | Opal (7)
45, | Orthopyroxens ()
46, | Pennantite (6}
47, | Piemontite (7]
48, | Psilomelane (1) (3) | (4) 5)_ 7]
49, | Poarite (1) @ 1@ G[E]F
B0, | Pyrolusite (1) @ T IETE M
51. | Pyrophanite (8)
52. | Pyroxmangite (3) | (4} | (5) | (8) | (T
53. | Parrhotite (4) | (5) | (8) (7
54. | Quartz (8) [ 17)
55. | Rhodochrosite ml@lE @66 ] m
56. | Bhodomite ! EREEREE) (7}
57, | Siderite @6 [6)]
58, | Sonclite (6}
59, | Spessartine (1) (33 1 (4} | (8) 6) I {7)
G0, | Spessartine-calderite 6)
61. | Sphalente (5) (7]
2. | Staurolite * ! (1) -
63. | Szmikite {4) (7}
64. | Tephroite (8)
656. | Tourmaline (red)* (6]
66. | Triplite ! £5)
87. | Vivianite (7
B8, | Wad ()
89, | Wolleite | (5)
T0. | Wollustonite | (3} (5]
71. | "Zwischenprodukt’ ]
72. | Ni-Co-minerals™T+T

* From rocks near or within the ores.

** Fram Alpine-veins near the ore field.

*** Chlorapatite; a manganoan apatite has been also reported (5).
**** In geodes within oxydized ores with quartz and pyrolusite.

+ Labelled knebelite in the previous papers.

++ "Ochreous limonite” in the previous papers.

+++ Graphite forms sometimes rounded aggrégates included in both silicates and oxides.

++++ Very small blebs irregularly distributed.

! Minerals unlikely to cccur (see text)

(?} Incompletely deseribed

Sowrces: (1) Kossmat and ven John [1805)

(2) Giuges (1962)

(3) Ridulescn, Dimitrescu (1966)

(4) Kalmér (1872)

{5) Gatz et al. (1977, unpubl. report})

(8) Udubasga, Hartopanu, Dinca {1990, unpubl. veport)

(7) Kalmar, Lelkes-Felviri (1891)

et

L.
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Plate

Photomicrographs of typical banded ores as seen in thin sections (Fig. 1-5) and some
features of the oxide grains (Fig. 6-8). Fig. 1- Fine-grained manganoan fayalite, rhodochrosite
and jacobsite, (black). Sample 86, main quarry; x 40. Fig. 2 — Alternating bands of manganoan
fayalite (grey), apatite (whitish) and late dannemorite. Small jacobsite grains are also present.
Sample 80, main quarry; x 40. Fig. 3 - Secondary banding of apatite + magnetite with slightly
altered dannemorite + rhodochrosite. Level VI/Shaft 1 x 40; Fig. 4 — Alternating bands of
manganoan fayalite + magnetite and rhodochrosite (partly recrystallized). Waste dump of
shaft 1; x 40; Fig. 5 — Oriented intergrowth of manganoan fayalite and dannemorite, with
euhedral apatite. Waste dump of shaft 1; x 40. Fig. 6 — Magnetite grains with triple jonctions
lined with pyrrhotite. The grey grains without scratches represent magnetite transformed
into maghemite. Level VI/Shaft 1. Reflected light, oil immersion, x 250. Fig. 7 - Partly
maghemitized magnetite grains cemented with pyrite; black - siderite; Level VI/Shaft 1. RL,
oil immersion, x 250. Fig. 8 — Triple junctions of jacobsite grains. Level VI/Shaft 1. RL, oil
immersion, x 250.
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NATIVE GOLD-BEARING MINERAL ASSEMBLAGES IN
THE MAGURA-FAERAG HYDROTHERMAL VEIN
DEPOSIT (METALIFERI MOUNTAINS)

Eugen ORLANDEA, Gheorghe VELCIOV
MINEXFOR S.A. Deva, Str. Minernlui, nr. 2, 2700 Deva.

Key words: Native gold. Hydrothermal veins. Porphyry copper. Au:Ag
ratio. Alterations. Neogene magmatism. Metaliferi Mountains.

Abstract:

At least two mineralization stages contain native gold at

Migura-Fierag; the first one consists of pyrite, rutile, arsenopyrite, chal-
copyrite and the other one is represented by pyrite, Pb-Cu sulphosalts,
quartz and barite. The ore veins are located in Neogene andesites showing
pervasive phyllic-argillic alterations. The propylitization forms marginal
parts of the alteration zones. Locally, the potassic alteration (secondary
biotite) is also developed and occupies a proximal position against the ore
veins. It is indicative of the gold presence (positive metallotect). Taking
into account the subvolcanic character of the andesite bodies and the ma-
jor structural setting defined as island arc, it is presumed that a porphyry
copper system develops at depth, Skorodite is described in the area for the

first time.

The Maégura-Faerag eruptive siructure is
situated in the south-eastern part of the Brad-
Sdcaramb post-tectonic basin, a unit which
preserves a subsequent Neogene volcanic com-
plex, the result of an andesitic volcanism re-
lated to an “island arc” major tectonic struc-
ture. The Neogene volcanics are associated
with intramontane molasse formations, locally
overlying the Mesozoic ophiolitic and/or cal-
careous flysch basement.

MINEXFOR S.A. DEVA began the system-
atic exploration of this deposit in 1980; in the
period 1957-1959 and 1965-1967 several enter-
prises and institutes carried ouft sporadic re-
search in this area. The experts’ interest in
this deposit increased concomitantly with the

starting of the exploration works. In this re-
spect it is to note the studies effectuated by
Cioflica et al. (1966), Udubasa et al. (1982,
1984), Bordea, Pop (1989). The porphyry cop-
per structures in the Metaliferi Mts, similar
in some respects to the Magura-Faerag zone,
were described by Borcos et al. (1980, 1984),
Bostinescu (1981, 1984) and Vlad (1983).
The known gold-silver, subordinately lead-
zinc, vein mineralization located in the Ma-
gura, Maciesul, Custura andesitic bodies and
related lavas is grouped into six vein systems
generally trending NNW-SSE or N-S. Among
them, important in economic respect is West
Méigura vein group, as most of the native gold
occurrences have been identified here (Fig.1).
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The exploration of this vein group has been
achieved at five horizons, summing up on the
vertical 180 m.

The evaluation of the results outlines both a
zonality of deposition of the metallic elements
from the source geothermal system and a hy-
pogene alteration of the hornblende andesite
rocks of Barza type, which hosts almost exclu-
sively the vein mineralizations.

Native gold assemblages and
parageneses

The mineralogical, textural, geochemical
and field evidence poited out the presence of at
least two mineralization stages: the gold-silver
stage, especially characterizes the western part
(Francisca, Eleonora, Rudolf, losil, Ludovica
veins) and the lead-zinc stage, dominantly oc-
curs in the eastern part of the Magura struc-
ture (Mégura vein) (Fig. 1, 2 A, 2 B). In
our opinion, the median zone (Florian, Vana
Neagri veins) with a gold-silver, subordinately
zinc character, corresponds to the overlapping
of the two mineralization cycles. It is also pos-
sible that this assemblage might have a distict
position in the general evolution trend of the
postmagmatic solutions (Fig. 2 A).

Gold-silver stage

In the upper horizon (Tina Neagra - abso-
lute height 443 m) the metallic mineral as-
semblage is defined by the succesion: pyrite-
arsenopyrite-native gold-chalcopyritedsphale-
rite in a quartz and clay minerals gangue. Sig-
nificant parageneses for native gold are, as fol-
lows: quartz-native gold, quartz-arsenopyrite-
chalcopyrite-native gold, quartz-arsenopyrite-
native gold (Fig. 2 C).

At depth the identified metallic min-
eral assemblage consists of: rutilexilmenite-
pyrite-arsenopyrite-native gold, the parage-
neses quartz-native gold and quartz-pyrite-
arsenopyrite-native gold being of great impor-
tance.

In the lower horizon (-140 m, absolute
height 263 m) occur rutile-pyrite-chalcopyrite-
native gold+sphalerite, the paragenesis pyrite-
chalcopyrite-native gold being significant for
gold. The presence of sphalerite and chalcopy-
rite is subordinate from the quantitative point
of view.

Gold. Two generations of gold are present.
The first generation was identified as lamellae,
contorted plates, dendritoid forms, flattened
crystals with trigonal outlines deposited on
crusts or in microvoids of white-milky or grey
bipyramidal quartz of first generation. Gold
crystals display always well-developed octahe-
dron faces, whereas the tetrahedron faces can
be presumed only in few cases. It is to note the
dendritoidal forms in the marginal zones of the
native gold foils constituted undoubtedly of
several crystalline individuals. The quasipar-
allel trend of the extremely flattened crystals
which form foils poinis to a oneway hydrother-
mal flux and a rapid growth of the crystals in
a dynamic system controlled by the tectonic
factor.

Native gold of the second generation oc-
curs either as dendrites, a moss covering
the translucent grey-violaceous quartz crystals
with long prismatic habit and short rhombo-
hedron faces, or as rounded inclusions in ar-
senopyrite or more rarely chalcopyrite.

Generally, all gold crystals described so far
are typical of the gold depesits found at a
shallow or medium depth, similar or identical
forms occurring in the Musariu, Valea Morii
(Berbeleac, 1985) ore deposits as well as in ore
deposits in NW Russia (e.g. Balei ore deposit
- Petrovaskaia, 1973).

Pyrite occurs as hipidiomorphic-idiomorph-
ic single crystals (pentagonal dodecahedron
forms prevailing) or as small crystal clus-
ters which, in the vein influence zones, are
found on the contour or inside the melanocrate
crystals, associated with rutile, arsenopy-
rite, iron oxides and hydroxides (hematite
7). Pyrite-sphalerite, pyrite-arsenopyrite in-
tergrowths with a concentrical zonary aspect
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Fig. 2 A - Geological cross-section through the Magura-Faerag ore deposit with the vertical distribution
of the major elements (Legend: see Fig. 1).
Fig. 2 B — Sketch with the distribution of the mineral assemblages.
1, quartz-native gold-arsenopyrite; 2, pyrite-chalcopyrite-native gold; 3, common sulphides-native gold.
Fig. 2 C - Sketch with the distribution of the alteration facies (horizontal section); 1, phyllic-argillic
zone; 2, propylitic zone.
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of "atolls” are locally noticed.

Chalcopyrite is frequently intergrown with
pyrite or occurs as fine-grained crystals, alone
or associated with pyrite which is corroded by
it.

Arsenopyrite is almost always found in asso-
ciation with native gold, as small crystals with
an elongated rhombic, more rarely isometric
habit, in places grouped in polycrystalline ag-
gregates, locally grouped in small swarm-like
clusters; frequently, it contains native gold in-
clusions of micronic sizes.

Sphalerite, in this assemblage, is iron-rich
and forms xenomorphic masses subsequent to
pyrite. Generally, it does not show calcopy-
rite exsolutions, being often brecciated and ce-
mented by quartz. Locally, sphalerite is asso-
ciated with arsenopyrite, occurring as impreg-
nations in rock where it substitutes or corrodes
the amphibole phenocrysts.

Silver minerals (native silver, silver sul-
phides and sulphosalts) have not been found
in the parageneses described by us in this
mineralization phase. The high value of the
Au/Ag ratio resulting from the chemical anal-
yses carried out on samples from gold-silver
veins points out that silver might form solid
solutions with gold in pyrite and arsenopyrite.

The assemblage and parageneses described
above, the shape of the ore minerals and the re-
lationships between them and the gangue min-
erals (quartzZclay minerals), the geothermo-
metric measurements (Bordea and Pop, 1989)
indicate a formation temperature of about
300°C, corresponding to the final hipother-
mal and hipomesothermal phase. The gold-
arsenopyrite and gold-quartz assemblage 1is,
in this case, of a higher temperature. It is
to note the presence of graphite (Bordea and
Pop, 1989) within the ore mineral assemblages
in the gold veins, which, together with ru-
tile, suggests the deposition of gold from high-
temperature fluid systems.

Lead-zine (£ Au, Ag) stage
The ore mineral assemblage specific to this

MBLAGE
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stage is characteristic of the veins in the east-
ern part of the structure (Magura vein, Figs.
2 A, B). Generally, the succession of minerals
is: pyrite, chalcopyrite, marcasite, sphalerite,
arsenopyrite, tetrahedrite, galena, bournonite,
jamesonite, plumosite, native gold, native sil-
ver. The gangue is constituted of quartz (de-
posited within a wide range of temperature),
barite, clay minerals, gypsum, zeolites (natro-
lite group).

Pyrile occurs as two distinct generations,
often forming idiomorphic or hipidiomorphic
crystals with cubic or rhombododecahedron
habit, usually grouped as aggregates corroded
by subsequently deposited minerals.

Chalcopyrite generally corrodes pyrite and
locally sphalerite, galena and tetrahedrite;
covelline, chalcocite and bornite form at its
expense. At least two generations can be dis-
tinguished in case of this mineral on the basis
of the mutual microscopic relationships.

Arsenopyrite occurs frequently as idiomor-
phic crystals with a rhombic symmetry, as
double and triple interpenetrating twins after
(230) or as aggregates with a characteristic in-
dented contour. As a mineralogical novelty
for the Magura structure it is to note the sec-
ondary formation on arsenopyrite crystals of
yellow-greenish and/or brown scorodite crusts
associated to iron hydroxides.

Sphalerite is frequently represented by the
iron-poor variety (cleiophane), usually in
association with galena (subsequently de-
posited), tetrahedrite and chalcopyrite (exso-
lutions structures).

Marcasite shows at least two distinct gener-
ations:

- nests or isolated erystals with a rhombic
habit (faces 110, 110, 014 are well developed)
which frequently corrode pyrite of first gener-
ation;

- reniform-collomorph aggregates consti-
tuted of micro- or cryptocrystalline prismatic
crystals with a radiary disposition.

Gold, probably deposited at the end of the
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Fig. 3 - Distribution of the veins in the Tina Neagra horizon (A) with details on
the position of the alteration zones and of the metallic mineral assemblages (B, C,
D);

B: 1, potassic alteration (biotite, hydromica, sericite); 2, clay minerals (illite,
kaolinite) and carbonates; 3, silica and hematite bands; 4, white quartz (bipyra-
midal c¢rystals); 5, grey or violet quartz (prismatic habit); 6, marcasite-sphalerite-
galena; T, native gold I (plates, blades and flattened crystals)-arsenopyrite; 8,
pyrite-arsenopyrite-chalcopyrite-native gold I1 (dendrites);

C: 1, phyllic-argillickpyrite alteration; 2, silicified andesite, hydrothermal breccias
with pyrite, arsenopyrite, sphalerite, galenatchalcopyrite; 3, fissures and min-
eralized veins with pyrite, marcasite, sphalerite, galena , quartz, clay minerals,
carbonates;

D: Frequent shapes of the native gold grains,

activity corresponding to the second stage small quartz geodes, might be of secondary ori-
of mineralization, occurs as spangles, crys- gin considering its strong sulphophile charac-
tallosols, or included within the sulphides ter.

and sulphosalts network. The local associa-  Taking into account the results of earlier
tion of native gold with iron oxihydroxides of mineralogical-petrographical studies (Bordea
goethite-hydrogoethite type suggests the sec- & Pop, 1989) this association is considered to
ondary origin by mobilization and deposition characterize a wider temperature interval cor-
from fluids with meteoric supply. It is possible responding to the meso-epithermal phase, be-
that native silver, which oceurs usually in ing deposited from colloidal or almost colloidal
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solutions.

The two stages of mineralization are delim-
ited in time and space by ample disjunctive
phenomena which determined brecciations of
veins especially in the middle part of the struc-
ture. It is possible that Magura vein might
correspond to a protofissure during the first
mineralization stage and the Florian and Vana
Neagra veins might be partially reactivated at
the level of the second mineralization stage.
A special situation occurs at the Tina Neagra
upper horizon in case of vein m. 299 which in-
cludes the native gold-arsenopyrite-quartz as-
sociation, and which is offset by the Florian
vein fracture (Fig. 3). Pb-Zn sulphides £ sul-
phosalts have been identified especially on the
Florian fracture and less on fracture m. 299
with native gold, generally in the axial zones
of the veins. However, it is to emphasize the
independence or weak negative correlation be-
tween the presence of native gold and that of
Pb-Zn sulphosalts. The situation is changed in
case of the Migura vein, where the gold con-
tents correlate with the Pb-%Zn ones.

Hypogene Alteration Facies

The hypogene alteration phenomena display
a pervasive character, at least in the western
part of the structure, with different intensities
and superpositions of facies according to the
distance from the vein walls. Thus, it is to
note a wall rock alteration type found in the
influence zone of the vein fracture, as well as
a regional zonality at the level of the andesitic
body (Fig. 2 C).

The neomineral assemblage identified in the
vicinity of the gold-silver veins made possible
to establish a zonality of alteration facies.

The potassic facies occurring in the proxi-
mal zones (less than 1 m in thickness) of the
native gold veins is characterized by the as-
semblage formed of: Ti-bearing, biotite, hy-
dromica, ferriferous sericite (phengite), quartz,
albite.

In the lower horizons this facies is usually in-
tensely overprinted by subsequent alterations

{argillization, carbonation, silicification), in
places the sericite-hydromica assemblage in-
dicating relics of a potassic metasomatosis.
However, the potassic facies is confirmed by
the higher contents of K,0, 5i0,, Fe;03 and
the lower contents of CaQ and S than those of
the argillized rock.

In case of the m. 299 vein, an asymmet-
ric and discontinuous band of silicified dark-
coloured rock, about 3-7 em thick, accompan-
ing the mineralized fracture, can be correlated
with the native gold ocecurrence. The lack of
this silicified zone, relatively clearly delimited
outwards, can be correlated with the deposi-
tion of the Pb-Zn sulfides. The coexistence
of these fwo situations on the prolongation of
the same vein points out the presence of two
distinet mineralization stages.

The argillic and phyllic neoformation fre-
quently superposed and with a distal po-
sition displays maximum intensities in the
zones close to the vein fractures where, as al-
ready mentioned, can completely overprint the
potassic alteration.

The argillic facies 1is characterized
by the neomineral assemblage made up
of clay minerals (illite-kaolinite), quartz,
carbonatezsericite, gypsum, zeolites (natro-
lite), iron oxides and hydroxides (hematite,
goethite, hydrogoethite). The phyllic facies
is constituted of sericile, quartz, c¢lay min-
erals, carbonates. One can notice the de-
crease of the intensity of the phyllic alteration
with sericite downward to the lower explo-
ration horizon, where the argillic association
with clay minerals, carbonatestzeolites, iron
oxide/hydroxides is prevailing.

Silicification is more obvious in the up-
per levels in the argillic-phyllic associa-
tions with argillaceous minerals, microgranu-
lar quartz, sericitetcarbonates, gypsum, iron
oxide/hydroxides.

In places, the texture of the clay miner-
als association (felt, fibrous aggregates) sug-
gests their formation as a result of chlorite al-
teration. In some thin sections, cryptocrys-
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talline aggregates of clay minerals, which pre-
serve relict islands of fibrous chlorite, have
been identified. As a matter of fact, chlorite,
subordinately associated with carbonates and
iron oxide/hydroxides, was formed at the ex-
pense of amphibole. In this case, minor albite
can be found at the expense of feldspars and
in the matrix sericite.

The neomineral assemblage described cor-
responds to a chloritization-propylitization al-
most entirely overprinted by the effects of sub-
sequent alterations.

Considering the whole enrooted structure,
the phyllic-argillic zone is widely developed
in the western intrusion where the Au-Ag
veins occur, symmetrically bordered by the
propylitization-chloritization zone with chlo-
rite, carbonates, albite, clay minerals, iron
oxide/hydroxides especially developed in the
Mégura vein area, as well as the westernmost
part of the structure. In this alteration stage
the fluids from the geothermal system had a
reduced metallogene supply, at least in case of
the metallic elements: gold, silver, lead, zinc.

Pyrite is present as disseminations-impreg-
nations and nests in all the identified neomin-
eral assemblages. Sphalerite, galena and ar-
senopyrite usually display an impregnation
texture in rocks in the vicinity of the vein
fractures. However, it is to note the constant
presence of chalcopyrite in the argillic facies
associations at the level of the lower horizon
(-140 m).

Significance of the Au-Ag ratio.
Behaviour of the minor and trace
elements

The variation of the gold-silver ratio is sig-
nificant in case of the Magura structure, as it
represents an argument in favour of the depo-
sition of the mineralization during two main
stages. Thus, in case of the eastern veins from
the West Magura vein group, the Au:Ag ratio
shows values generally ranging between 1,10
and 1/100, whereas in the western veins it

E. ORLANDEA, Gh. VELCIOV

displays a value between 1/2 and 1/20. The
smaller values of the ratio, recorded especially
in the Magura vein, correspond in our opin-
ion to a lower-temperature mineralization de-
posited during a secondary phase from less al-
kaline solutions. The high values of the ra-
tio recorded in the Au-Ag veins stress out
the mineralization deposition during a primary
higher temperature phase from high alkaline
solutions. Some of the high values of the gold-
silver ratio in the Migura vein are due to a pri-
mary circulation, with the deposition of a high
temperature quartz-gold-arsenopyrite parage-
nesis. It is also obvious the direct correlation
of the gold content and the value of the gold-
silver ratio. This situation suggests that a
large amount of native gold is associated to
the first mineralization stage.

As regards the minor and trace clements
occuring in the vein mineralizations and in
the influence zones of the fractures, the num-
ber of spectral analyses effectuated so far does
not make possible a general view on their be-
haviour. However, it is to mention high values
for arsenic (1500-3000 ppm), which are gen-
erally correlated with the reduced presence of
antimonium and the absence of bismuth in the
native gold veins. In this case the Au-Ag as-
semblage indicates a higher temperature of the
hydrothermal fluids, as it is well known the
larger temperature interval within which ar-
senic can occur™in the magmatic rocks. High

values (more than 50 ppm) are also observed
for V, Ti, B, Mn, Ba.

Structural and genetic conditions of the
mineralization

In order to understand the Tertiary met-
allogenesis in the Magura ore deposit, sev-
eral specifications are necessary regarding the
general structural framework, the shape and
depth of emplacement of the Magura andesitic
body.

As already mentioned the host rock of
the mineralizations is represented by the am-
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phibole (#%quartz) andesite of Barza type
with phenocrysts/matrix ratio ranging from
5/3 to 3/5. The phenocrysts of plagioclase
(Angs_ss), amphibole (green hornblende) and
sparsely quartz as well as the microcrystalline
groundmass of randomly orientated plagio-
clase (+quartz) are characteristic of these
rocks. Generally the rocks present an incip-
ient autometamorphic alteration of propylitic
type which consists especially in the chloritiza-
tion of amphibole and the albitization of pla-
gioclase.

Both at the surface and at all the five min-
ing levels two intrusions within the same struc-
tures can be delimited by the presence, in
the median zone, of a pile of clayey-sandy-
marly sedimentary rocks, intensely tectonized
and transposed to the vertical. These Bade-
nian (ante-Badenian 7) deposits underwent
obvious hydrothermal alterations (carbona-
tion, argillization, sericitization), impregna-
tions with ore minerals, recrystallizations. In-
jections of andesitic material into sedimentary
rocks at the contact zone are present, too.

The hypogene alteration shows an obvious

and pervasive character in the western intru-
sion which encompasses the Au-Ag veins. It is
worth mentioning the northern enrootment of
this intrusion revealed by descendent vertical
drillings from the lower horizon.

All structural data made us consider the
subvolcanic character for the amphibole-
bearing andesite-body in the West Magura
ore deposit. The subvolcanic body intru-
ded rocks of the ophiolitic basement s.l
(Jurassic-Middle Cretaceous island arc vol-
canics), Miocene sedimentary deposits and
previous Neogene volcanic sequence. It is to
note the almost exclusive presence at the ero-
sion level of the sedimentary rocks intruded by
the subvolcanic body, in this situation the ab-
sence of the breccia pipe typical of structures
of this type can be explained.

There are several observations of impor-
tance in the deciphering of the metallogenetic
evolution associated to the Migura subvol-

canic structure, e.g.:

- zonality of the hypogene alteration facies,
represented by a central phillic-argillic zone
encompassing the Au-Ag mineralizations bor-
dered by a propylitized-chloritized zone with a
variable degree of intensity;

- constant presence of chalcopyrite as
disseminations-impregnations at the level of
the lower horizon, as well as of the native gold-
pyrite-chalcopyrite paragenesis. The copper
minerals (chalcopyrite, tetrahedrite more fre-
quently oceur also in the vein fractures inter-
cepted at this level, particularly in the Magura
vein;

- pinching out of the Au-Ag veins (Véna
Neagra, Florian) in the depth against the
background of a more intense fissuration and
argillic alterations;

- constant presence of the titanium oxides
(rutile-ilmenite) in the determined associa-
tions, which point to the origin of the gener-
ating solutions in partially oxidated magmas;

- control of the mineralization and emplace-
ment of the subvolcanic body (Fig. 1 B) by
the local and regional tectonic elements.

All this stresses out the existence of a
porphyry-copper system which would corre-
spond to a primary mineralization stage over-
lapped, at the upper part of the subvolcano
(dome zone), by Au-Ag mineralizations and
subordinately by base-metal mineralizations
corresponding to the two mineralization stages
separated by us. Within this context, we es-
timate that beneath the lower research level
of the western intrusion there are theorethical
premises of development of copper concentra-
tions in porphyry system, probably associated
to the potassic zone.

The development of the mineralization pro-
cesses is discontinuous, at least as regards the
Au-Ag stage and base metal one. The two
pulsatory stages strictly delimited temporally
are stressed out by the effects of the marked
syntectonism in the deposition of the miner-
alizations closely connected with the spatial
delimitation of the two mineralization types.
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As regards the continuity or discontinuity of
the evolution from a porphyry type system to
a vein type one, the discussion might be about
the presence in the geothermal associations of
some relatively "exotic” but frequent minerals,
such as graphite. In this case there are two
variants:

a. In the geothermal fluid the chemical
reactions which led to carbon precipitation,
stop the other chemical reactions specific to
the porphyry-copper system; the evolution of
the metallogenetic process can be continuous
but the porphyry system is incompletely de-
veloped.

b. Graphite is not a "buffer” mineral,
the process is probably discontinuous and the
porphyry-copper system is well developed.

Coming back to the general framework
of the mineralizations of the Magura ore
deposits, several similarities with other
porphyry-copper subveleanic structures, such
as Valea Morii, Musariu Nou (Barza zone)
and Munciceasca-Podul Ionului (Zlatna zone)
structures (Fig. 4) can be noted. In all cases
the subvolcano occupies a central position
within a complex volcanic structure. In case
of the Magura structure the subvolcano has
also a relatively central pesition, marginally
bordered by the andesite and quartz andesite
necks (Teascu, Maciesul Mic, Maciesul Mare

and Fiaerag hills) and the associated lavas (Fig. .

1 B).

In the Musariu Nou structure (Fig. 4 b)
there are Au-Ag vein mineralizations, domi-
nated by the gold-pyrite-arsenic assemblage,
and subordinately common sulphides and tel-
lurides. They are mainly hosted by the sub-
volcanic andesitic rocks with hypogene alter-
ation in phyllic-argillic and, marginally, propy-
litic facies. The porphyry-copper mineraliza-
tion related to a potassic alteration zone is
known in the mining works beneath the ”0"
m absolute height. The recent identification
of the tellurides in the lower horizons of the
Migura subvolcano stresses out the existing
similarities.
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In the andesitic dome of the Valea Morii
structure (Fig. 4 a), the Au-Ag and base metal
vein mineralizations are formed subsequently
to the porphyry-copper system. The phyllic-
argillic alteration related to the vein miner-
alizations is superposed to a propylitic zone
which occurs around the potassic central zone.
The metallic minerals assemblage of the por-
phyry type is characterized by the presence of
pyrite and chalcopyrite; titanium oxides (ru-
tile) and free gold as inclusions in chalcopyrite
occur as well.

Fericeaua subwvolcano in the Muncaceasca-
Podul lonului structure (Fig. 4 c) probably
represents an apophysis of the central body
which especially penetrates the ophiolitic base-
ment and Cretaceous sedimentary deposits, in
some cases intensely altered in the thermal
contact zone. Gold and base metal vein min-
eralizations with pyrite, chalcopyrite, bornite,
sphalerite, native gold are subsequent to the
porphyry copper mineralization probably de-
veloped at depth.

Conclusions

The synthesis of the available mineralogical,
petrographical, metallogenetic and structural
data concerning the Magura ore deposit leads
to several general conclusions, as follows:

a. The mineral assemblages and parage-
neses, their occurrence throughout the vein
system as well as the relationships observed
among the ore minerals, and between the ore
minerals and the gangue ones, indicate a mul-
tistage and polyascendent circulation regime
of the geothermal fluids. Thus, native gold was
deposited during at least two stages siressed
out by the assemblages:

- quartz, rutile, pyrite, arsenopyrite, na-
tive gold, chalcopyritetsphalerite, with char-
acteristic  high-temperature  parageneses,
quartz-native gold and quartz-native gold-
arsenopyrite, corresponding to the hypo-
mesothermal deposition domain; the most
important economic concentrations of native
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gold, located in the veins in the western part
of the structure, are related to this stage;

- pyrite, Pb, Zn, Cu sulphides, Pb, Cu
sulphosalts, native gold, native silver, quartz,
baryte; this stage is less significant in economic
respect for gold, the metalic and gangue min-
erals constituting the filling of the veins in the
eastern part of the structure. The described
association was formed from meso-epithermal
solutions which generated a mineral complex
characterised by superposed parageneses and
telescoping phenomena. Native gold was de-
posited during this stage at the end of the hy-
drothermal activity from low-temperature col-
loidal selutions.

The evolution of the metallogenic process
was probably discontinuous, the two miner-
alization stages being delimited in time and
space by complex disjunctive tectonic phenom-
ena.

The host rock of the Au-Ag vein miner-
alizations is altered in phyllic-argillic facies,
the neomineral association being constituted
of clay minerals, quartz, carbonates, sericite,
pyrite. Propylitic alterations, represented by
chlorite, carbonates, albite, clay minerals, iron
oxides and hydroxides, occur marginally.

b. Native gold associated to the first stage of
mineralization was deposited from high-alkali
solutions. In this context, potassium is a met-
allotect, stressed out by the presence of this
facies in a proximal position versus the vein
opening. The neomineral assemblage charac-
teristic of the potassic facies is represented
by: Ti-bearing biotite, Fe-micas, hydromica,
sericite, quartz. In the lower horizons this fa-
cies is partially or totally overprinted by subse-
quent alterations, and it can only be detected
by chemical methods. ’

¢. Barza-type amphibole andesite which
hosts Au-Ag minerals is consolidated in sub-
volcanic body facies. This body penetrates
rocks of the ophiolitic basement, Miocene de-
posits and Neogene andesitic sequences, and
occupies a relatively central position in the
structure axis.

E. ORLANDEA, Gh. VELCIOV

d.  Structural, mineralogical metalloge-
netic data point out the existence of a gold
porphyry-copper system (dioritic model) in
the West M3gura subvolcano. At depth, be-
neath the lowermost level of the present re-
search there might exist concentrations of eco-
nomic interest of this type, probably related
to a potassic zone. The similarities with
the porphyry-copper type structures, little ex-
posed by erosion, e.g. those at Valea Morii,
Munciceasca, and especially Musariu Nou, are
in favour of this idea.
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- Abstract: The Fe-Mn Delinesti deposit (Semenic Mountains) is situated in

the Sebes-Lotru Series, which is metamorphosed in the almandine amphi-
bolite facies and is often crossed by granite, pegmatite and hydrothermal
quartz intrusions. These intrusions determined changes in the mineralog-
ical composition of the gonditic and quelusitic ore, through temperature
increase, pressure decrease, and especially metasomatosis and hydrother-
mal phenomena. 45 minerals (7 metamorphic, 20 metasomatic and 18 hy-
drothermal) were described, of which 33 are new described in this deposit. .

Historical Background

The first data on the Mn-Fe deposit at
Delinesti are mentioned by Schroeckenstein
(1870, cf. Savu, 1962), who shows that the
fresh ore consists of fowlerite, rhodonite and
tephroite. ~Papp (1919, cf. Savu, 1962)
deals with the oxidation zone of this deposit
which, in the author’s opinion, consists of py-
rolusite, psilomelane and limonite. Schuei-
derhohn (1955, cf. Savu, 1962) mentions
the Delinesti deposit, considering it similar to
those from Bucovina and Czechoslovakia. The
zone in which the deposit is situated was inves-
tigated from geological point of view by Rosca
(1954), Savu et al. (1964). A geochemical
study of this deposit was made by lanovici
{1956) and by Savu and lanovici (1958). Min-
eralogical, chemical and structural data on the
Delinesti deposit (namely on the Valea Fieru-
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Fig. — Emplacement sketch of the Delinegti deposit

lni, Talva Bobului and Magura Mici sectors)
are presented in a study made by Drighici et
al. (1967). Also, several sections are achieved
through the deposit, whose images are based
on the mining and drilling works carried out
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by Special Enterprise of Mining Explorations
(ISEM), between 1956-1959. Complete mine-
ralogical, petrographic and chemical studies
were made by Savu (1962). From the petro-
graphic point of view the author establishes
the following tvpes of manganese rocks: spes-
sartine quartzites with more than 50% quartz;
spessartinite with more than 50% spessartine;
carbonate with more than 50% rhodochrosite;
rhodonitite with more than 50% rhodenite;
manganese schist with magnetite, with up to
30% magnetite; complex manganese schist;
ferrimuscovite and piemontite schist; rocks
bearing hydrothermal and contact minerals;
oxidation zone.

From the mineralogical point of view the
author describes the following minerals: pri-
mary minerals, formed of premetamorphic
deposits as follows: magnetite, spessartine,
rhodochrosite, rhodonite, pyroxmangite, dan-
nemorite, piemontite, ferrimuscovite; miner-
als connected with hydrothermal phenomena or
contact minerals, such as: shefferite, pistazite,
green epidote, orthite, hematite pyrite, green
hornblende, quartz; aceessory non-manganese
minerals: plagioclase, biotite, apatite, acti-
nolite, tourmaline, clinozoisite, titanite, zir-
con, rutile, siderite, hematite, ilmenite, leucox-
ene, pyrite and chalcopyrite; minerals from the.
oridation zome: pyrolusite, psilomelane and
limonite.

Dimitrescu and Popa (1973) establish
a primary ore (carbonates and manganese
sillicates) and a secondary ore (oxides, espe-
cially psilomelane) for the Delinesti deposit.
Parageneses with spessartite, rhodonite-
pyroxmangite, dannemorite, and carbonate
are given for the primary ore. The au-
thors propose for the minerals described the
name of manganese skarnoids, comprising
carbonatic and silicate rocks formed by re-
gional metamorphism. They established the
crystallochemical formulae for rhodochrosite,
rhodonite-pyroxmangite, dannemorite, spes-
sartine, Recent data on the Delinesti deposit
are presented by Pomarjanschi (1990). The
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authors, petrographically separate tephroitic
rocks, spessartitic rocks, and secondary oxi-
dic rocks. We consider, regretfully, that the
separation of the tephroitic rocks with the
tephroitic, rhodonitic, dannemoritic and car-
bonatic subtypes (as they were separated in
the Sebeg Mountains by Hartopanu, 1981) con-
stitutes an error made by the above-mentioned
authors because tephroite, as constituent min-
eral of the Delinesti deposit, was reported as
an extremely rare mineral by some authors
{Savu, 1962), being not found at all by most of
researchers of this deposit. Nor is the separa-
tion of the tephroitic ore type justified by our
researches, which establishes improper condi-
tions for the tephroite stability within the Mn-
Fe Delinegti deposit. Consequently the pet-
rographic, geochemical and genetic remarks
made by the above-mentioned authors on the
"tephroitic rocks”, which do not exist in fact
within the deposit, are not longer valid. Com-
plex mineralogical, petrographic, geochemical
and genetic investigations were presented by
Hartopanu et al. (1993). '

Geological data

The metamorphics in the northern part
of the Semenic Mountains which contain the
manganese mineralizations at Delinesti belong
to the Sebesg-Lotru Series from the Getic Crys-
talline. They were integrated in the lithos-
tratigraphic succesion following two rather dif-
ferent patterns. According to the first pat-
tern belonging to Savu (1970), the crystalline
schists of the Sebes-Lotru Series from the Se-
menic Mountains would consist of five com-
plexes beginning in the base with the complex
of the sillimanite paragneisses and of the car-
bonatic rocks (C;), and ending at the upper
part with the micaschist complex (Cy), the
most developed one, from which the complex
of orthoamphibolites and of the manganese
formation (Cs) laterally differentiates and de-
velops northwards. According to Savu (1962,
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1964, 1970), this complex is 1,500 m thick,
consisting of "banded orthoamphibolites asso-
ciated with serpentinites, fine, greyish biotite
quartzitic schists, as well as with Mn and Fe
silicates and carbonate schists”. Savu (1970)
does not use here the "formation” notion in
a lithostratigraphic sense but rather from the
lithological and petrographical points of view.

Recently  Hann et al. (1992), in agree-
ment with Hértopanu's opinion (1982), con-
siders that the Sebes-Lotru Series consists of
three major complexes: the gneiss complex,
the paragneiss (plagiogneiss) complex, and the
micaschist complex. In the framework of this
lithogeometric pattern the above-mentioned
authors consider that the manganese forma-
tion occupies an upper position within the me-
dian complex of the paragneisses towards the
boundary with the upper micaschist complex.

Sabau (in Hann et al., 1992) states, however,
that the manganese rocks constitute a marker
level at the quartz-feldspar gneiss boundary
(Delinesti level). From the structural point
of view the above-mentioned authors, but also
Poméarjanschi and Pomnarjanschi (1990) accept
the hosting of the manganese rocks in north-
eastwards trending synform.

The metamorphism of the adjacent rocks to
the manganese ones as well as of the entire
northern ending zone of the Semenic Moun-
tains is conceived by Savu (1970) as being pro-
grade, of Barrovian type, monostadial, at the
level of the zone with staurclite and kyanite.
The Poiana Granitoid determines thermal con-
tact phenomena especially on the eastern flank
of the body. Hann et al. (1992) support the
idea of a polystadial metamorphism with two
important moments, M, and Mg, of similar in-
tensities, in agreement with the pattern elab-
orated by Hartopanu (1981).

General data on the deposit

The Mn-Fe deposit at Delinesti, situated
between Valea Fierului to the northeast and
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Poiana Finetului to the southwest, develops
as some lenses, generally conformable with
the host rocks (micaschists, gneisses or parag-
neisses) showing great variations in size, Thus,
the thicknesses of these lenses range from some
centimetres to maximum 30 m, and their ex-
tension along the strike and dip ranges from
some decimetres-hundreds of metres. Based on
some tectonic elements (mainly faults) checked
by mining works, the Fe-Mn deposit at De-
linegti was divided into the following sectors
(Dréaghici, 1967): a) Valea Fierului, reaching
450 m in lenght; it comprises 10 lenses ranging
between 0.70-20 m in thickness and dipping up
to 200 m; b) Talva Bobului, with two compart-
ments separated by a fault: an uplifted com-
partment situated to the east, where the ore
extends along 400 m and comprises six lenses
varying between 0.3-3_m in thickness, reach-
ing up to ca. 130 m in depth, and a west-
ern compartment comprising 10 lenses which
are 0.70-7.70 m thick; ¢) Magura Mica, ex-
tending along 1.3 Km, including at least 20
lenses which reach 0.3-6.3 m in thickness; d)
Magura Mare about 700 m long, comprising
six lenses that reach 0.6-8.3 m in thickness;
e) Talva Socului, which is 1.3 Km long and
comprises small and sporadic lenses which are
1-10 m thick; f) Poiana Finetului extending
along 1.4 Km and comprising small lenses.

The structure of the ore is mainly banded
as a result of the regional metamorphism mas-
sive due to a thermal metamorphism, and por-
phyroblastic, as a result of the great devel-
opment of magnetite (Pl. II, Fig. 1) or al-
bite (on a former banded structure). It is to
note the presence of numerous veins (milime-
tre to centimetre, more rarely decimetre-sized)
that eross the banded metamorphic ore (P1. I,
Figs. 3, 4). The ore is compact and hard.
The colour differs depending on the prevailing
minerals: yellow when acmite or spessartite-
calderite prevail; pink when pyroxmangite or
rhodonite dominate; black when hematite is
prevalent; grey, when the manganese carbon-
ate prevails, etc.
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Mineralogy and petrography of the
deposit

The Mn-Fe Delinesti deposit is of silicate
type (60%), less carbonatic (30%) and ox-
idic (10%). Known so far as a Mn de-
posit, the Delinesti deposit, following the re-
cent mineralogical investigations (Hartopanu
et al.,, 1992), turned out to be a Mn-Fe de-
posit, a composition justified by the pres-
ence in a relatively high amount of hematite,
magnetite but also of trivalent iron within
the composition of some minerals such as:
acmite, spessartine-calderite, Mn-phlogopite,
ferrimuscovite, piemontite, etc,

According to the mineralogical composition,
which reflects the composition of the premeta-
morphic material, the ore at Delinesti be-
longs to two important petrographic types: 1)
the silicate or gondite type, consisting mainly
of spessartine, quartz, magnetite, apatite,
hematite; 2) silicate-carbonatic or quelusitic
type formed of rhodochrosite, pyroxmangite,
rhodonite, tephroite (7), Mn-humite, apatite.
In the gonditic ore, the quartz is excessive,
while the quelusitic ore is subsaturated in sil-
ica. These two types of metamorphic ore, both
the spessartinic and the silicate-carbonatic
one, underwent metasomatic, thermal, or even
hydrothermal modifications, determining the
appearance of a third ore type; (3) the hybrid
(koduritic) ore. Thus the thermal metamor-
phism determined the occurence of the mag-
netite porphyroblasts (Pl. 1I, Fig. 1), the
Mn-anthophyllite, the Mn-tremolite, etc. as
well as of the grossular and epidote within the
rocks in the immediate vicinity of the ore. The
Fe** metasomatosis (accompanied by a pres-
sure decrease and an increase in the oxygen
tugacity) determined the appearance of the fol-
lowing minerals: spessartine-calderite, acmite,
hisingerite, hematite, etc. The Na metaso-
matosis led to the formation of the following
minerals: acmite (Na Nat and Fet metaso-
matosis), yellow alkali amphiboles (Na meta-
somatosis), dravite (Na, B, K metasomatosis),
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etc, The fluorine and boron metasomatosis is
reflected by the following newly formed miner-
als: Mn-humite, apatite, phlogopite, fluorine-
tremolite, etc. The chlorine metasomatosis
led to the manganpyrosmalite, friedelite for-
mation, etc. The last category of hydrother-
mal type minerals occurs as veins (unoriented)
or clusters in the former ore, constituting to-
gether with the metasomatic ones the hybrid
ore.

Therefore we shall further describe three ge-
netic mineral categories which also reflect the
order of formation and the percentage of quan-
titative participation in the ore composition:

A. Metamorphic minerals, formed as a re-
sult of regional metamorphisim, show the high-
est (cca. T0%) participation in the deposit
composition;

B. Metasomatic minerals, generated by a
thermal metamorphism with a lower percent-
age (cca. 20%);

C. Minerals of hydrothermal type with a
lower participation (cca. 10 %), but present
within the ore.

A, Metamorphic minerals

Spessartine

It is the most widespread mineral from the
Mn-Fe Delinesti deposit, constituting the prin-
cipal mineral of the gondite type ore. The min-
eral parageneses, chemical composition and
genesis of this mineral were described in an-
other paper (Hartopanu et al., in press).

Pyrormangite

Pyroxmangite is a main constituent of the
quelusitic type manganese ore. It is associated
with the old rhodochrosite, rhodonite, mag-
netite, dannemorite, apatite (all of them meta-
morphic minerals). From the chemical point of
view the pyroxmangite at Delinesti (Tab. 1)
differs from the pyroxmangite at Razoare by
much lower FeO contents. The FeO, Fe;0a,

MgO, CaO contents of the pyroxmangite at

Delinegti are close to those at Dadu, Oita
(Bistrita Mountains). The difference among
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these pyroxmangites is given by subsequent
evolution, although they had almost identi-
cal compositions: the pyroxmangite within the
manganese deposits from the Bistrita Moun-
tains evolved towards dannemorite, while that
at Delinesti underwent an obvious baritization
process. The baritization process shows two
aspects: (1) a corrosion of pyroxmangite by
barite (Pl. 1, Fig. 5) and (2) pyroxmangite
remnants within barite (Pl. 1, Fig. 6). Be-
cause of the baritization process, there occur
high Ba contents in the spectral analyses of the
pyroxmangites at Delinegti (Ba=1000 ppm),
as is shown in Table 2. The relatively high Ti
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contents of some pyroxmangites can be ex-
plained by the presence of pyrophanite as fine,
microscopic inclusions; the same explanation
is valid for rhodonite, too.

Rhodonite

Rhodonite is less frequent than pyroxman-
gite and much less frequent than its later
vein-like variety, formed after the regional
metamorphism. Macroscopically it is intense
pink in colour, thus differing from pyroxman-
gite, which is pink-russet. It forms band-
ings with rhodochrosite, dannemorite, spes-
sartine, hematite. Chemically it resembles

Table 1
Chemical composition of the pyroxmangite at Delinegti

Sample Si0y | TiO, AlOy | FeqOg FeO MnQ MSD Ca0 | P20y Total

D56 A | 4471 | 0,06 0.14 2.00 8.72 | 37T.98 | 359 | 232 | 023 | 9975

DO8 A | 46.27 | 0.02 0.62 1.19 572 [ 3050 | 283 | 353 | 025 | 99.93
D48 A | 43.51 | 0.05 0.29 1.02 500 | 4164 | 425 | 3.03 | 0.39 | 100.00

D1 47.26 | 0.20 | 0.10 222 | 403 | 3857 | 3.35 | 3.70 | 0.08 | 99.52

D13 A | 47.36 | 0086 0.11 1.64 046 | 41.32 | 3.80 | 460 | 0.17 99.52

Razoare | 45.16 | 0.01 | 000 | 3.19 | 1857 [ 2873 | 183 | 1.69 | 0.15 | 99.33

Oita 46.17 | 0.09 | 0.03 111 | 696 [ 39.78 | 0.91 | 1.97 | 0.03 | 99.62

Table 2
Trace elements within rhodonite and pyroxmangite (ppm)

Sample Ti |Zr ]| ¥ | Cr | V[ Sc| Mi | Co |Cu| Zn | 5r Ba
1 ST Rhodonite 30 [10] 15 | 25 |42 ] 3 70 | 44 | 14 | 210 | 95 | 1000
D 37 " 46 | 11| 5 20 | 9 |85 70 | 110 | 2.5 | 270 | 170 | 1000
D 47 * 435 | 16 | b | 4.0 |19 3 | 125 | 250 [ 6.5 | 300 | 300 | 1000
D5 7 750 | 57 | 33 | 130 |38 |55 | 58 | 215 | 90 | 100 [ 65 | 1000
D 68 3 170 |40 |95 [17.0 |13 [ 35| 66 | 125 | 4.5 [ 100 | 70 | 1000
D 48 Pyroxmangite | 210 [ 30 | 16 | 9.0 | 20 | 3.5 | 57 56 | 33 | 100 | 250 | 1000
Dbsd * 320 |30 | 17 | 180 [32 (55| 95 | 90 | 25 [ 400 | 48 | 300
D 56A 7 350 | 23 | 13 | 11033 |45 |100] 95 | 3 [420] & | 300
D5 7 420 | 25 | 19 | 140 (42| 6 [105] 100 | 4 [300 | 52 | 300
D 98 " 42 | 10| 5 20 | 5 3 57 | 215 | 15 | 340 | 280 | 1000

Ga, Ge and Be is between 1-9 ppm.
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pyroxmangite. The difference lies in the fact
that rhodonite has a much higher content
in MnO and CaO, while pyroxmangite has
higher FeO and MgO contents (Tab. 3). The
trace elements of rhodonite show qualitative
and quantitative similarities to those of py-
roxmangites (Tab. 2). The Ba content within
rhodonites exceeds 1000 ppm, which can be
explained by its close association with barite
and barium feldspar, in the case of the vein-
like variety, and by the baritization process, in
the case of the metamorphic variety. The sen-
sibly higher Ti content of rhodonite, compa-
rable with that of pyroxmangites, is explained
by the close association of pyrophanite, most
often with rhodonite (especially with the vein-
like one) than with pyroxmangite (Tab. 3).
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nemorite on pyroxmangite was not noticed as
is the case with the manganese deposits in the
Bistrita Mountains. This fact can be explained
by the different local conditions that consisted
especially in the different fugacity of oxigen,
water, hydrogen, eic.

The chemical composition of the dan-
nemorite is noted in Table 4.

Magnetite

The metamorphic magnetite forms bandings
with rhodochrosite, pyroxmangite, rhodonite,
dannemorite, being a frequent mineral in
the quelusitic type ore. It shows xenomor-
phic, slightly oriented grains differing from the
idiomorphic magnetite porphyroblasts, stati-
cally grown in the subsequent stages of the ore
evolution.

Table 3
Chemical composition of the rhodonite at Delinesti
Sample | 5i0; | TiO; | AlsO3 | FesO3 | FeO | MnO [ MgO [ CaQ | P.Os | Total
D37 A 45.35 | 0.01 0.74 0.92 | 2.66 | 43.32 | 249 | 3.91 | 0.22 | 99.62
D 47 46.00 | 0.06 0.52 176 | 1.23 | 43.22 | 1.74 | 466 | 0.63 | 99.82
D68 A 45.61 | 0.35 1.78 0.62 | 1.47 | 44.63 | 1.45 | 3.32 | 0.34 | 99.57
D92 A 45.23 | 0.01 0.60 0.83 | 341 4405 | 176 | 3.68 | 0.37 | 99.94
D65 AIL | 4288 | 0.15 (.22 142 | 3.64 | 4492 | 225 | 343 | 0.24 | 99.16
Table 4
Chemical composition of the dannemorite at Delinesti
Sample | 5103 | Al;03 [ FepO3 | FeO [ MnO | MgO [ CaO | Hz0F | Total
Do2F | 53.88 | 0.72 347 [ 1142 | 1477 | 12,80 | 0.73 2.01 | 99.80
Dannemorite Hemalite
It is an old metamorphic mineral; it forms  The old metamorphic hematite forms band-
bandings  with  rhodochrosite, spes- ing with spessartine, quartz, more rarely py-

sartine, rhodonite, pyroxmangite, magnetite,
'hematite. Dannemorite appears as large (up
to 1 em) crystals, oriented and sometimes bent
or folded. It is frequently cummingtonite type
twinned. The fibrous, white-grey variety, op-
tically resembling the prismatic dannemorite,
1s more rarely found. The great development
of a younger metamorphic generation of dan-

roxmangite or dannemorite, The metamor-
phic hematite is the result a regional meta-
morphism of some deposits that contained hy-
drated iron oxydes, siderite, etc., intercalated
in the premetamorphic manganese deposits.
Table 5 presents the chemical eomposition of
some metamorphic hematites (D, D4) and of
some vein-like ones (D5, Dy;). The chemical
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composition of the two hematite types of var-
ied origin do not differ.
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Hematite
The vein-like hematite forms clusters and
veinlets in the primary metamorphic ore,

Table 5 -
Chemical composition of the hematite at Delinesti
Sample | 5105 | TiOp | FeaOg | FeO | MnO | P05 | Total
D2 1.51 | 253 | 8489 | 0.12 | 0.36 | 0.31 | 99.72
D4 1.32 | 222 | 9413 | 0.38 | 194 | 0.91 | 99.90
D 1.63 | 2.12 | 95.18 - 0.68 | 0.20 | 99.81
D11 171 | 341 | 91.71 - 204 | 0.57 | 99.44

Apatite

It occurs in the metamorphic ore of gondite
type as well as in that of quelusitic type. In
the Delinesgti deposit apatite is a constituent
and not an accessory mineral of the ore. In
thin sections apatite layers (a few mm to 1 em
thick), banded with rhodochrosite, pyroxman-
gite, spessartite, magnetite, were noticed.

B. Metasomatic minerals

Spessartine-calderite

The occurrence, optical properties, paragen-
esis, chemism and genesis of this mineral were
described in another paper (Hartopanu et al.,
in press). This mineral formed through Fe*?
metasomatosis at the expense of the old meta-
morphic spessartine.

Acmite type alkali pyrozene

It formed through Na and Fet® metasomato-
sis upon an old hedenbergite type pyroxene.
A complete description of this mineral will be
made in another paper.

being one of the main constituents of the hy-
brid ore. It is associated with spessartine-
calderite, alkali pyroxene, vein-like rhodonite,
pyrophanite, monazite (P1. II, Fig. 2).

Rhodonite

The vein-like rhodonite is much more
widespread than the metamorphic rhodonite
and is associated with hematite, Mn-calcite
(Pl. II, Fig. 4), spessartine-caderite.

Magnetite

The porphyroblastic magnetite is idiomor-
phic and statically grown. It is formed after
the regional metamorphism, cross-cutting the
banding (P1. 11, Fig. 11), as a result of a ther-
mal metamorphism of low pressure and rela-
tively high temperature. This magnetite is as-
sociated with Mn-tremolite, Mn-anthophyllite,
apatite. The chemical composition of mag-
netite (Tab. 6) indicates that it is a slightly
manganiferous one. The Al;0; content may be
due to spessartine inclusions or replacements
of Fe*® by Al*™? in the spessartite framework,

Table 6
Chemical composition of the magnetite at Delinegti
Sample | 5102 | TiOs | AlaOg | FeaOgz | FeO | MnQ | Total
D 52 0.89 | 2.88 1.06 7507 | 17.66 | 2.32 | 99.88
D 1.55 | 1.88 1.21 73.18 | 17.60 | 4.37 | 99.80
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while the Ti0Q; contents may be due to the
substitution of Fe™® by Ti.

Sitaparite

It is a bixbyite in wich part of the Fe*® is re-
placed by Ca. In polished sections it is vaguely
yellow, a tint which distinguishes it from brau-
nite, jacobsite or magnetite. It is isotrop. The
zonal structure and the leucite type twins are
very characteristic.

Braunite

In polished sections it is untwinned, weakly
anisotropic and equigranular. It is associ-
ated with hematite, jacobsiie, magnetite, sita-
parite, hausmanmte, rhodonite, spessartine.

Mmn-phlogopite

It is an important mineral in the hybrid
type ore. It is brown-yellowish to red-brown
in colour. In thin section it is colourless, pale
vellow or brownish red with obvious pleochro-
istn in these shades. The chemical composi-
tion of the Mn-phlogopite is noted in Table T.
Statically grown (PL II, Fig. 3) it is often
associated with acmite type alkali pyroxenes,
vellow alkali amphiboles, microcline, hematite,
pyrophanite, piemontite.

It occurs in the meétasomatic veins associ-
ated with hematite, monazite, alkali pyrox-
enes, braunite, sitaparite, but also in the meta-
morphic ore.
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extintion (cAB) of 30° low birefringence
colours, a small optic axial angle (2V,=25-
30°) and are untwinned.

Mn-tremolite

In thin section it is colourless, vaguely
green (when grading to actinolite). It is not
pleochroic. It differs from dannemorite by
smaller refractive indices, lower birefringence
and a less frequent twinning. Within the man-
ganiferous tremolite variety only one of the five
places of the Y position from the network (oc-
cupied by Mg and Fe) can be occupied by Mn
so that Mn content in most tremolites or acti-
nolites is not higher than 0.3% because the
crystalline network does not allow it.

Mn-anthophyllite

It occures as grey, white-grey or white fi-
brous aggregates, colourless in thin sections.
The habitus does not allow the exact determi-
nation of the optical properties. It was deter-
mined by Rx and IR analyses. It is associated
with magnetite, Mn-tremolite.

Mn-apatite

The vein-like, Mn-apatite appears as clus-
ters and veins of slightly green idiemorphic
grains. It is associated with phlogopite, alkali
pyroxenes, hematite, yellow alcali amphiboles.
It is probably a fluorine apatite.

Table 7
Chemical composition of the Mn-phlogopite at Delinesti
Sample | 510, | TiOy | AlQy | FeaOs | FeO | MnO | MgO | K:O | H.OF F Total
D9 38.52 | 1.38 | 11.80 576 | T40 | 5.95 | 1675 | 821 1.96 | 2.02 | 99.86
D22 | 4520 | 1.93 9.92 064 | 7.00 | 3.66 | 1748 | 10.15 1.80 | 2.00 | 99.78
Havsmannite

Yellow alkali amphiboles

These are amphiboles specific for the hybrid
ore, being closely associated with alkali pyrox-
enes, vein-like rhodenite, hematite, microcline,
spessartite-calderite, phlogopite (Pl. II, Fig.
2). In thin section they are yellow, show

It is the most frequent Mn oxide next to
hematite and magnetite. In polished section it
is bireflex, anisotropic and twinned. It occurs
associated with magnetite, hematite, braunite
in the hybrid type ore.



THE MN-FE DELINESTI DEPOSIT

Monaziie

It is an accesory mineral within the vein-
lets that occurred after the regional metamor-
phism, associated with pyrophanite, alkali py-
roxenes, spessarine-calderite, hematite, phlo-
gopite.

Dravite

It is an accessory mineral of hybrid type ore.
In thin sections it is pleochroic, with brown
shades, shows approximately regular separa-
tions along two directions and short prismatic
habitus. It is pesitive biaxal with 2V~=60-
70°. Tt has twins of two individuals after (100)
(P1. II, Fig. 6).

Hissingerite
Amorphous variety. In thin section it is or-
ange to gold-brown in colour, isotropic.

Mn-humite

It was determined in a sample at Talva Bob-
ului after the specific twinning. It 1s associ-
ated with the old metamorphic rhodochrosite.
It likely originates from tephroite through a
metasomatosis with F and OH.

C. Hydrothermal type minerals

The mineral assemblages of this type form
veins and clusters in the hybrid ore of gonditic
or quelusitic type (Pl. 1, Figs. 3, 4). The vein-
lets range between a few milimetres to a few
centimetres in thickness. In the approximate
order of frequency these minerals are: albite,
microcline, barite, rhodonite, manganocal-
cite, calcite, brown manganiferous chlorite,
neotokite, bementite, hyalophane, manganpy-
rosmalite, friedelite, alabandite, dannemorite.

Albite

It occurs associated with rhodonite, micro-
cline, quartz but also in the metasomatic as-
sociations with acmite type alkali pyroxenes.
yellow alkali amphiboles, hematite; piemon-
tite. It shows fine polysynthetic twins. The
high values of the optical axial angle, the
small refractive indices, the extinction angle
(@:001=20") and the low birefringence indicate
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a low temperature albite, confirmed by the Rx
and IR data. Sometimes, albite is transformed
into a tiny red, leafy mineral; it likely belongs
to a category of minerals of kaolinite or pa-
lygorskite type. The red colour and the high
birefringence are probably due to the presence
in its chemical formula of the Fe®* and Na
cations, the more so as the mineral was ob-
served newly formed and on alkali pyroxenes.

Mierocline

It is a low temperature microcline va-
riety. The parameters of the elementary
cell determined from the Rx analysis data
are: a=8.5814, b=12.9724, ¢=T7.206A, and
the volume of the elementary cell=718.606 A

Barite

It occurs as large tabular erystals (20 x 5
mm in cross section) in veinlets that cross
the quelusitic or gonditic ore, being associ-
ated with carbonates and quartz. Barite oc-
curs also as irregular grains when associated
with Ba feldspars (Pl. 111, Fig. 3) or when it
shows laced aspect or corrodes pyroxmangite
(Pl. 1, Figs. 5, 6). The following associations
are very frequent and specific for the Delinesti
ore: barite 4+ brown manganese chlorite (PL
I11, Fig. 4) and barite 4+ neotokite, In the later
assemblage, barite seems to replace neotokite.
In thin section barite is colourless, has a cleav-
age after three directions and a 2V.,=30% It
rarely shows polysynthetic twins with irregular
boundaries ameng individuals.

Rhodonite

It occurs in the hydrothermal iype veins
in ‘addition to albite, quartz, Mn-calcite,
hematite, pyrophanite. As compared to the
metamorphic rhodonite or the vein-like one,
the hydrothermal rhodonite shiows a very tiny
granulation.

Mn-ealeit

Macroscopically, it is white, vaguely pinkish
in colour and shows large idiomorphic crystals.
It is associated with rhodonite, hematite (PL
I1. Fig. 4) or with quartz and green mangan-
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iferous chlorite. It was determined by Rx and
IR analyses. The chemical composition of the
Mn-calcite is present in Table 8.
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yellow colours. It is often associated with
rhodonite and spessartine.

Table 8
Chemical composition of the Mn-calcite at Delinesti
Sample | 5104 | TiOa | AlbO3 | FeaOs | FeO | MnO | MgO | CaO | COs | Total
D10 0.97 0.0 0,05 0.12. | 0.0 | 12.18 2.3 40.1 | 43.9 | 99.65
Calcite Friedelite

It is white, the colour indicating the lack of
the rhodochrosite term. Two calcite assem-
blages are known: calcite + neotokite and cal-
cite + quartz 4 pyrite 4 chlorite,

Brownish manganiferous chlorite

In thin section it is vellow, slightly brownish,
fibrous. It is closely associated with neotokite
and barite (P1. III, Fig. 4).

Neotokite

It i1s the hydrated and amorphous variety
of the brown manganiferous chlorite; neotokite
usually forms amorphous, isotropic nuclei, sur-
rounded by anisotropic, fibroradial bands of
manganiferous brown chlorite.

Bementite

It is a brown-reddish lamellar, sometimes fi-
brous manganiferous chlorite. It has a high
birefringence and a 2V,=0. It often occurs
associated with the alkali pyroxenes, with the
" yellow alkali amphiboles but also with albite,
barite.

Hyalophane

It occurs associated with rhodonite and
barite (Pl. III, Fig. 3) as discordant veinlets in
the primary ore or in irregular clusters when it
is associated with acmite alkali pyroxenes. It
shows discontinous and irregular twins.

Manganopyrosmalite

It occurs in the hybrid type ore when this
becomes yellow. It much resembles muscovite
from which it differs by the pleochroism with

It was optically and X-ray determined. The
ore shows small, short- prismatic grains with
perfect basal cleavage, very similar to micas.
It is colourless in thin sections, slightly yel
lowish, with weak pleochroism. It differs from
micas by the smaller refractive indices. It is
negative uniaxial.

Alabandite

In thin sections it is opaque, which indicates
a ferriferrous alabandite variety. In reflected
light it is grey, has green inner reflexes and is
isotropic. It contains fine chalcopyrite inclu-
sions with which it is.also associated in veins.

Dannemorite )

A very recent dannemorite generation seems
to have been formed on the brown manganif-
erous chlorite. It is acicular and shows cum-
mingtonite type twins (Pl. III, Fig. 6).

The minerals within the
surrounding rock

Some minerals from the rock surrounding
the Delinesti deposit were also determined and
described.

Grossular

It occurs within skarn type rocks from the
immediate vicinity of the deposit which, in adi-
tion to grossular, also contain: epidote, calcite,
Ca-feldspar. Grossular was optically, Rx, IR,
and chemically determined. It shows zonations
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and polysynthetic twins (Pl. III, Fig. 5). The and is red-ruby in colour. It is closely asso-
chemical composition of grossular is given in ciated with ferrimuscovite on whose cleavage

Table 9. planes it develops, and with hematite.
Table 9
Chemical composition of the grossular at Delinesti
Sample | Si0; | Ti0; | Al;O3 | MnO | FeO+Fe;03 | CaO | Total
D36 | 40.20 | 1.32 5.43 0.27 11.32 41.64 | 99.85
D 36A | 40.30 | 1.22 5.61 0.43 12.18 40.21 | 99.95
Ferrimuscovite

The ferrimuscovite is a frequent mineral in
the micaschists, which have been largely trans-
formed due to their vicinity with the mangan-
iferous ore. The most important transforma-
tions are due to the strong oxidation stage,
which, as already mentioned, determined re-
markable mineralogical modifications in the
deposit, mainly characterized by the occurence
of the minerals with Fe** in their composition.

Table 10 presents the chemical composition
of ferrimuscovite. The lack of FeQ and the
presence of Fe only as Fe®** are noticed.

A few genetic considerations

The mineralogy of the Mn-Fe Delinesti de-
posit is the result of the metamorphism of
the premetamorphic Mn-carbonate or siliceous
material mixed with Mn and Fe hydrated ox-
ides. The first type of material gave rise to
the quelusitic ore, and the second type is re-
sponsible for the formationof the gonditic ore.
The metamorphism of the prevailingly car-
bonatic deposits, produced in the almandine
amphibole facies, determined the appearance
of tephroite (7), rhodonite, pyroxmangite and
braunite, according to the following reactions:

Table 10
Chemical composition of the ferrimuscovite at Delinegti

Samplrs 5103 T]Og ng 03 Fe 303

FeO | MnO | MgO | K20 | H2O Total

D42 |[4686 | 1.19 | 2413 | 8.08

00 | 216 | 224 | 11.15 | 2.0 | 1.85 | 99.67

Spessartine-calderite

The garnet within the above-mentioned mi-
caschists is of spessartine-calderite type, orig-
inating from the former almandine garnet of
the rock. It exhibits a tiny granulations, is
yellow, idiomorphic and isotropic.

Piemontite

It was microscopically noticed in the micas-
chists with ferrimuscovite. It displays a tiny
granulation, a prismatic or irregular habitus

- rhodochrosite + 510, — rhodonite, when
Mn/Si=1;

— rhodochrosite + S10, — tephroite, when
Mn/Si>1; :

— rhodochrosite + Si0; — braunite, at
higher O; fugacity.

The present lack of tephroite from the de-
posit can be explained as a consequence of a
high O, fugacity since the paroxysmal phase
of the metamorphism of the manganese sedi-
mentary deposits, even if the Mn concentra-
tion was higher that of silicon. The high oxy-



46

gen fugacity in this metamorphic stage is docu-
mented by the existence of some primary min-
erals with iron and manganese in high ox-
idation states (hematite, braunite, bixbyite,
etc.). If one admits that there existed, how-
ever, zones from the deposit (al present de-
void of hematite, bixbyite, etc.) within which
the oxygen fugacity was not high, therefore
favourable conditions for the tephroite gene-
sis, this could not survive owing to the high
oxygen fugacity from the stages subsequent to
the metamorphism. The Mn-Fe Delinesti de-
posit underwent, at least in the last important
phase of its evolutions, a subsequent oxida-
tion process materialized by minerals specific
for the main metamorphic phase (spessartite-
calderite, acmite type pyroxenes, hematite,
etc.). In this oxidation stage, tephroite (sup-
posing that it existed) changed into rhodonite
or hausmannite, according to the reaction:

- 6 Mn35i04 + O — 6MnSiO; +2Mnz0,.
These transformations were noticed to a less
extent also in the case of rhodonite and pyrox-
mangite. Thus rhodonite changes into haus-
mannite according to the reaction: 6 MnSiO4
+ 05 = 2Mn;0; + 65i0;, or in braunite:
TMnSi0s + 3/2 Oy = 3 Mn202 4+ MnSi0;
+ 6S10;. Pyroxmangite also underwent some-
times an oxidation process changing into ja-
cobsite and rhodonite: T(Mn, Fe)Si0s + 3/2
0, = MnFe; 04 + MnSi0; + S10..

The gonditic ore resulted from the meta-
morphism of a material which consisted of
a mixture of Mn and Fe oxides and hydrox-
ides with silica and clay. Thus, the follow-
ing minerals were formed: spessartite, quartz,
dannemorite, magnetite, hematite, braunite,
bixbyite, pyrophanite. .

It is largely worldwide accepted the division
of all the manganese deposits in two large cat-
egories, volcanic and nonvoleanic, according
to the Mn source, which can be represented
by the volcanism in the former case, and by
the alteration crust in the latter case. There-
fore, the old gonditic-quelusitic metamorphic
ore from the Delinesti deposit originates from
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an initially nonvolcanie sedimentary material
which, metamorphosed in the almandine am-
phibolite facies, led on the whole to the present
mineralogical composition. Beside the na-
ture of the initially premetamorphic material,
the mineralogical evolution of the Mn-Fe De-
linesti deposit was determined by tempera-
ture and oxygen fugacity. The temperature,
unaccompanied by an oriented pressure, in-
creased due to the existence of a granitic body
in the wvicinity of the deposit. In the case
of the thermal metamorphisim, metasomatism
greatly contributes to the appearance of new
mineral phases, especially in the case of the
manganese deposits. This led to the formation
of the statically grown minerals such as mag-
netite, spessartine-calderite, Mn-antophyllite,
metasomatic pyrophanite, etc. The oxygen
fugacity was high since the main metamor-
phic stage, especially in the spessartine-oxidic
ore, a situation suggested by the appearance of
some minerals in a high oxidation staté (Fet?,
Mn*?) (hematite, bixbyite, braunite). Within
the quelusitic ore the above-mentioned min-
erals appear during a phase, subsequent to
the metamorphism, which we named oxidation
phase. Thus the silicate minerals, specific to
this ore such as tephroite, rhodonite, pyrox-
mangite were transformed (some of them fo-
tally, e.g. tephroite} into hausmannite, brau-
nite, jacobsite. The low stability of tephroite
as compared to that of rhodonite and pyrox-
mangite, suggests the existence of a tephroite
with a low iron content, an instable compo-
nent in this oxidation phase. On the other
hand, the pyroxmangite at Delinesti has a rel-
atively iron poor composition (close to that
of rhodonite), which also explains its great
stability with respect to tephroite. On the
whole, this oxidation phase comprises the for-
mation of the minerals of metasomatic type,
whose origin is uncertain owing to the exo- and
endo- (in situ) contribution of Na, Fet? K, F,
B, Cl; OH, etc. Another, weakly represented
stage in the ore evolution is the occurence of
the minerals of hydrothermal type, whose ori-
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gin would be linked to the residual granitic
magma rather than to the metamorphic remo-
bilizations. The subsequent weathering, likely
began during the Cretaceous time, has been
almost ineffective in the case of the Delinesti
deposit, which is prevailingly Mn-silicatic and
has no alteration zone but only a very thin
crust of maximum a few centimetres.
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Plate 1

1 — Spessartine (black) banding with dannemorite + quartz (white). Sample D 4, waste dump
of galllery 1, N 4, x 20. '

2 — Dannemorite (grey), rhodochrosite (white), magnetite (black) banding. Sample D 41,
waste dump of gallery 2, N +, x 20.

. 8 — Spessartine (black) crossed by a lot of veinlets with hydrothermal minerals. Sample D 11,

waste dump of gallery 1, N +, x 20.

4 — Small, discordant veins within spessartite (black) with baryte (white) and barium feldspars
(grey). Sample D 11, waste dump of gallery 1, N +, x 20.

5 — Pyroxmangite (dark grey with two cleavage directions), corroded by baryte (light grey).
Sample D 94, wast dump of gallery 2, N II, x 20.

6 — Pyroxmangite rests (vaquely grey white with cleavage) included in baryte (dark grey
without cleavage), hematite (black). Sample D 11 P, waste dump of gallery 1, N II, x 20.
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Fig.

Fig.

Fig.

Fig.

Fig.

Plate II

1 — Magnetite porphyroblast (Black) statically grown in the banded carbonate ore. Sample D
53, waste dump of gallery 2, N II, x 20, ’

2 — Yellow alkali-amphibole (large, short prismatic crystal), quartz (white), albite (grey,
twinned), hematite (black). Sample D 22a, waste dump of gallery 1, N +,x 20.

3 — Mn-phlogopite (short prismatic, grey), statically grown, albite (white), statically grown,
albite (white), hematite (black). Sample D 22b, waste dump of gallery 1, N II, x 20.

4 — Hematite (black), rhodonite (white, vaquely grey, with cleavage), Mn-calcite (white), vein.
Sample D 14¢, waste dump of gallery 1, N II, x 20.

5§ — Mn-humite (twins) in carbonate ore. Sample D 0, Télva Bobului, N +, x 40.

ig. 6 — Huebnerite vein (large, twinned crystal), quartz (white), crossing the spessartitic ore

(black). Sample D 91, waste dump of gallery 2, N 4, x 40.
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Plate 111

Figs. 1, 2 — Baryte vein (white-grey, with cleavage in N II), barium feldspars (twins in N+ ) crossing

Fig.

Fig.

Fig.
Fig.

a spessartitic ore (black in N +). Sample D 11, waste dump of gallery 1, x 20.

3 — Barium feldspars (twinned) + baryte (white, tiny). Sample D 11, waste dump of gallery
1, N 4, x 20.

4 — Baryte (light grey, slightly punctiform), brown-white manganiferous chlorite (bands roun
baryte or isolated rosettes), fibrous, rhodonite (with cleavage), hematite (black). Sample D 73,
waste dump of gallery 2, N II, x 20.

5 — Grossular (twins) + calcite (white). Sample D 36, waste dump of gallery 1, N +, x 40.

6 — Dannemorite (acicular, twinned) grown on brown manganiferous chlorite (white, fibrous),
baryte (grey, slightly punctiform), hematite (black). Sample D 11, waste dump of gallery 1, N
4+, x 40. ' x
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CONSIDERATIONS REGARDING THE EPIGENETIC
MINERALIZATIONS IN THE CARLIBABA-TIBAU ZONE
(BISTRITEI MOUNTAINS))

| Viorel MACALET |

Mircea-lonui PETRESCU
Polytechnical University, Splaiul Independentei 313, 77206 Bucuresti.

Key words: Metamorphics. Sulphide. Sulphosalts. Paragenesis. Micro-
probe analysis. X-ray data, Chemical composition. Epigenetic mineraliza-
tions. East Carpathians-Bistritei Mountains. Romania.

Abstract: The main metallic minerals are pyrite, arsenopyrite, sphalerite
+ cubanite, chalcopyrite, galena, tetrahedrite, bournonite, pyrargirite and
gangue ones are quartz, albite, siderite, calcite, chlorite. If both the metallic
minerals and the gangue minerals are taken into account, four paragenesis
can be outlined. In comparison with host metamorphie rocks, this miner-
alizations is epigenetic in character.

Geological setting

Geostructurally, the Carlibaba-Tibdu zone
belongs to the Northern compartment of
the Crystalline-Mezozoic Unit of the East
Carpathians Chain.

Up to the present, most of the researchers
(Balintoni et al., 1983, Sandulescu, 1984,
Voda, Voda, 1985, Krautner, 1988), agree
with the idea that the Crystalline-Mezozoic
Unit consist of a system of Alpine Mesoc-
Nappes (Infra-bucovinian, Sub-
bucovinian and Bucovinian), each-of them
comprising a sequence of pre-Alpine (Hercy-
nian) Nappes.

The sequence of the pre-Alpine Nappes 1s
the following:

- Rodna Nappe, acting as a bottom and con-
sisting of the Rebra Group formations;

retaceous

- Pietrosul Bistritei Nappe, comprising the
Negrigoara and Pietrosul Bistritei formations;

- Putna Nappe, comprising the Tulghes
Group;

- Chiril Nappe, comprising the Chiril For-
mation;

- Raridu Nappe, consisting of the formations
of the Bretila Group.

The present study is based on the exami-
nation of a large number of samples, taken
from the waste dumps of several old ore ex-
ploitations opened in the eighteenth century
by the Austrian Company Manz (in Walter,
1876) and reopened at different time interval
up to nowadays (in Nedelcu, 1977). These
works are located on the right slope of the
Carlibaba brook in the vicinity of the conflu-
ence with Bistri{a river - Fluturica sector - and
also on the Canal brook, this last one being a
right tributary of the Tibau brook.
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Fig. 2. - X - ray diffraction pattern of a quartz (Q) + galena (G) + pyrargirite (Py) sample.
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Nedelcu (1977) pointed out that these min-
eralizations would be situated in the forma-
tions of the Tulghes Group (Tg; especially),
near the contact with Tibau (Rebra) lime-
stones.

In both sectors the mineralizations are lo-
cated in micaschists and in muscovite-biotite
{chlorite) gneisses in different stages of miloni-
tizations and retromorphism, most of this
rocks are characterized by the presence of
turmaline and titanium minerals, such as il-
menite, shene, rutile, associated with the mi-
caceous sequences. The abundance and the
nature of these minerals seems to be in close
correlation with the degree of retromorphism
(according to Nedelcu, 1986), increasing as the
degree of retromorphism gets higher. While
the presence of the biotite is out of any doubt,
the presence of garnet in these rocks is ques-
tionable even if often the garnet is suggested
by chlorite aglomerations. The polymetamor-
phism and the mineralogical constitution of-
fer arguments for the affiliation of these rocks
to the Rebra Group in the Bucovinian Nappe,
probably.

Mineralization

The mineralization consists of pyrite (fre-
quently associated with the arsenopyrite),
sphalerite (sometimes presenting cubanite sep-
arations), chalcopyrite and galena in parage-
netic association with tetrahedrite, bournonite
and pyrargirite.

In the past, the greenockite, in association
with sphalerite and proustite (Cédere, 1925)
as well as bornite, bismuthite and another Bi-
minerals (Nedeleu, 1977), have been described
among metallic minerals.

. The mineralizations are mainly controled
by the tectonic factor, the minerals being de-
posited in the high cataclastic zones. They
occur as impregnations, small veins or mas-
sive pockets having a fine ar medium grain
size texture (0.5-2.0 mm) in the case of pyrite,
arsenopyrite, arsenopyrite, chalcopyrite and
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galena or a fine grain size texture (0.05-0.50

mm) in the case of sphalerite.
Pyrite is found in different stages of cata-
clazation with a low degree of idiomorphism.
Arsenopyrite appears in association with
pyrite, with a stronger trend to idiomorphism.
Sphalerite includes and corrodes the grains

of pyrite and arsenopyrite; it may also con-

tains numerous tabular micronic (<0.1 mm)
cubanite crystals.

Chalcopyrite seems to be contemporary
with sphalerite, belonging to a late mineral-
ization stage as compared to pyrite and ar-
senopyrite; from quantitative point of view,
the chalcopyrite and sphalérite are in a neg-
ative correlation.

Galena appears either in the mass of the
gangue minerals or in the mass of pyrite, spha-
lerite and chalcopyrite.

Tetrahedrite and bournonite are associated,
uin various amounts, to galena. The bournon-
ite has been detected by the energy disper-
sive microprobe analysis. The characteristic
energy spectrum for chemical elements in the
bournonite is shown in Figure 1. Also, the
X-ray analysis of a galena-rich sample point
out the presence of pyrargirite (Fig. 2) (ana-
lyst dr. Gh. Neacsu). ;

Quantitatively, the main gangue minerals
are quartz and siderite.

Quartz may be present either alone as well
developed crystals, which consolidate the frag-
ments of the host rock, or as gangue min-
eral associated to the metallic minerals of
all stages. The quartz of the earlier genera-
tions may be accompanied by albite, while the
quartz that occupies the space between the
metallic minerals within the massive pockets
may be accompanied by calcite and chlorite.

Siderite first appears after the deposition
of the pyrite and the arsenopyrite mineraliza-
tion, before or simultaneously with the min-
eralizations of the sphalerite and/or chalcopy-
rite. The predominant mineral deposit form is
that of small veins or pockets, usually having
a medium grain size texture.
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Table
Chemical and spectral analysis
Element | Fe Cu | Pb Zn Cd | Au Ag Sh As Ge | Co
Sample % o % | % | % | &/t | g/t | g/t g/t | &/t ]| g/t
211 2924 | 009 | 21,10 | 0.38 - 1.10 | =100 | 2.00 | =3.000 | - =
212 2865 | 0.02Z | 148 | 042 = 1.72 3 100 200 = =
213 508 | 0.08 | 0.87 | 3745 | 0.17 | 0.30 80 250 3.000 70 | 30
214 720 | 006 ) 423 | 4640 | 0.31 | 0.20 ! 20 180 = 30 | 25
215 890 | 0,12 146 | 4490 | 0.27 | (.14 35 150 - 150 | 150
223 327219807 193 | 0.34 = 0.22 30 1.50 - = =
224 53.64 1 0.05 | 3.58 | 17.80 | 0.12 | 0.12 20 100 - - =
234 253 | 0.10 ) 16.50 | 23.70 | 0.15 | 0.1% 60 400 = = =
236 0.68 | 0.09 | 1460 | 0.62 - | 0.18 ] >100 | 300 — - -
211, 212, 213, 214, 215, 223, 224 samples - Fluturica sector

234, 236 samples - Canal sector

If both the metallic minérals and the gangue
minerals are taken into account, the following
paragenesis can be outlined:

1) quartz < albite £+ pyrite;

2) pyrite & arsencpyrite £ quartz * calcite
+ chlorite;

3) sphalerite (with cubanite separations)
and /or chalcopyrite + siderite + quartz + cal-
cite £ chlorite;

4) galena < tetrahedrite 4 bournonite +
pyrargirite + quartz % calcite £ chlorite.

As a result of the alteration of the primary
minerals, new minerals have appeared, such
as the limonite, cerussite, chalcocite, covellite,
malachite and azurite.

If the chemical compositions are examined
(Table elements), strong positive correlations
become obvious between the elements within
each of the following groupe:

- cadminm, germanium, cobalt and zine;

- silver, antimony and lead.

Conclusion

If all the mentioned considerations are taken
into account, namely the predominant tec-
tonic controll, the mineralogical constitution
and the paragenesis sequences, we can con-

clude that the mineralizations we have studied
may be correlated genetically and temporally
with the epigenetic alpine mineralizations of
the Ostra-Gemenea-Slatioara and the Delnita-
Botosel zones [Balintoni, Timpau, 1971; Voda
et al., 1985, 1987; Macalet et al. (in press)].
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PREHNITE IN CALCIC ENDOSKARNS FROM SURDUC:
A LOOK ON A NEGLECTED MINERAL SPECIES IN
ROMANIA

Stefan MARINCEA, Doina RUSSO-SANDULESCU
Geological Institute of Romania, 1 Caransebeg Str., RO-79678 Bucharest 32.

Key words: Prehnite. Calcic skarns. Banatites. Parageneses. Morphol-
ogy. SEM study. Physical properties. Chemistry. XRD data. Infrared
data. DTA - DTG - TGA data. Genesis. Surduc - Banat Mountains.

Abstract: Prehnite, an ubiquitous alteration produet in calcic systems,
was found in an unreported endoskarn occurrence, at Surduc (Banat Moun-
tains). This endoskarn is developed at the contact beiween monzodiorites
belonging to a second phase of the Surduc 1 intrusive stage {Coniacian-
Maastrichtian in age) and gabbros belonging to an earlier intrusive phase
of the same stage. The primary skarn paragenesis consists of andradite
{andr. 91.04 to andr. 98.36), calcic plagioclase (Ab. 44.79 Or. 4.02 An.
51.19) and diopside. Prehnite is clearly psendomorph on plagioclase, occur-
ring as a late hydrometasomatic product. The average of three microprobe
analyses gave : Si0, = 40.87 %, Aly03 = 27.03 %, FeO = 0.39 %, Fe 03 =
1.20 % (assumed after wet-chemical tests), CaO = 25.50 %, MgO = 0.32 %,
MnOQ = 0.14 %, H,C = 4.31 % (thermogravimetric). The mineral is white
to greenish in colour and has as main physical constants: Rjean = 1.615,
Dineas. = 2.950, Deare, = 2.944. SEM, XRD and IR studies indicate the
orthorhombic symmetry and a high-ordered structure. Lattice constants,
refined on the basis of the X-ray powder data (23 reflections obtained) are:
a = 4.623(4) A, b = 5477(4) A and ¢ = 18.460(1) A. The thermal pattern
shows that dehydration took place during two stages, marked by endother-
mic effects on the DTA eurves at 785°C (-0.65% H,0) and 868°C (-2.66%
H;0). The infrared absorption spectrum recorded in the frequency range
between 4000 and 250 cm~! has as a main feature the dominance of the
pattern of hydroxyl groups (bands at 3484, 940 and 870 cm™1), 5i-O bonds
(bands at 1090, 1072 and 1000 cm™}) and Al-O bonds (bands at 812 and
756 - 740 ¢cm~!). Si-O, Al-O librations and some other cation (essentially
Ca)-oxygen vibrations were recorded below 700 cm™! (bands at 668, 640,
532, 472, 426, 380, 346, 298 and 262 em™!) and are difficult to be assigned.

Introduction nored in the about 40 skarn occurrences in Ro-

mania. Only few mentions certify its pres-

Prehnite, an ubiquitous alteration product ence at Baita Bihor (Cioflicd, Vlad, 1968,
in calcic systems, was either unreported or ig- 1977), Valisoara (Berbeleac, 1975) or Tibles
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(Udubaga et al:, 1982). Taking into account
that its stability range closely overlaps a ma-
jor stage of retrogressive evolution of the calcic
systems and even accepting its susceptibility
to local chemical conditions, it is to be pre-
sumed that the spread of prehnite in the Ro-
manian skarns is however larger.

The new find of prehnite at Surduc, in a
so far unreported skarn area, enlarges at four
the number of its occurrences in hydrometa-
somatic context. This discovery prompted a
minute examination of this neglected mineral
species. The chemical, SEM, XRD, thermal
and IR studies used in this paper aim therefore
to give a desirable and more fully characteri-
zation of prehnite in skarns, peculiarised for a
new occurrence.

Geological setting

The unusual setting of the calcic skarns from
Surduc, which lie far away from any carbona-
ceous formation, put off their discovery un-
til comparatively recent times. It is of note
that the closest metamorphites, which belong
to the Talva Drenii formation (of Precambrian
age), consist in an alternance of ocular gneisses
and biotite-garnet micaschists.

The first mention of the skarns at Surduc be-
longs to Russo-Sandulescu (1979 - unpublished
data), who carried out extensive studies on
the magmatites in the area (Russo-Sandulescu
et al., 1984, Russo-Sandulescu, 1986, Russo-
Sandulescu et al., 1986 e. a.). They clearly
show that the magmatites belonging to the
major banatitic massifs in western Banat (the
so-called "plutonic banatitic zone”), namely
those at Surduc and Bocsa, can be ascribed
to two main magmatic stages, with differ-
ent petrogenetical characters and of different
ages. The polyphasic pluton at Surduc con-
tains consequently rocks belonging to the both
stages: Surduc 1, of 75-68 m.y., and Surduc
2, of 62-55 m.y. (Russo-Sandulescu, 1986).
The Surduc 1 intrusive stage is represented
by a gabbro-monzodiorite to monzonite in-
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trusive complex which includes layered nod-
ules of gabbronorites and anorthosites (Russo-
Sandulescu, 1986). The older ones, namely
the gabbronorites and anorthosites, were in-
herited as xenolites by the vounger monzodi-
orites. They were consequently exposed to an
intense erratic metasomatism and were enough
calcic to generate skarns as their plagioclase
was a "bytownite” with 82 to 84 mole percent
anorthite in solid solution (Russo-Sinduleseun,
1986).

Skarns at Surduc are consequently devel-
oped on gabbros and monzodiorites. They are
generally banded and parallel to the contact
between the nodules of cumulate gabbros and
monzodiorite. The outer zone of the gabbro,
near the contact, was entirely replaced, form-
ing skarns with andradite, plagioclase + diop-
side. No essential changes can be observed in
the inner zone, where only the initial clinopy-
roxene (augite) was recrystallised to diopside
and the plagioclase seems to be poorer in cal-
cium. Together with epidote, prehnite exten-
sively replaces the initial skarn assemblages,
practically defining pseudoskarn zones senso
Korzhinskii (1965), in which the essential pri-
mary minerals (i.e. andradite, plagioclase)
have been preserved as relicts.

Associated minerals

Because its tendency to develop bundles of
radiating crystals with an enough large exten-
sion, prehnite closely associates only with pri-
mary minerals of the initial skarn paragenesis
and with epidote. Fuhedral to anhedral grains
of plagioclase and garnet are embedded and
partly altered by the later prehnite.

As expected, chemically contrasting plagio-
clases were found in the Surduc 1 intrusive
rocks. Representative electron microprobe of
these plagioclases are presentéd in Table 1.
They were performed en an energy-dispersive
JEOL-JSM 850 electron microprobe housed by
IMGB SA Bucharest. Operating conditions
were 15 kV and 20 nA probe current on brass.



Table 1
Electron-probe analyses of andradite and plagioclases from Surduc®
wt. % PLAGIOCLASES ANDRADITE
oxides | sample 546 | sample 542 | sample 526 | sample 481 | sample 1031
5103 54.50 62.37 61.10 34.39 35.71
Ti09 - - - 0.21 0.00
Aly04 28.82 23.57 23.60 1.88 0.00
Fey 03 . - - 28.96(1) 29.760")
Cal0 10.63 4.73 5.63 32.92 32.72
MnO - - 0.00 0.50
MgO - - - 0.17 0.11
K20 0.70 1.00 1.77 . -
Na;0 5.14 8.06 7.47 - -
Total 99.79 99.73 99.57 98.53 98.80
Number of cations on the basis of N(? oxygen anions
Sitt 9.866 11.092 10.964 5.869 6.093
Tt - - - 0.027 0.000
AT 6.149 4.940 4.991 0.378 0.000
Fe®+ - - - 3.719 3.821
Ca** 2.062 0.901 1.082 6.019 5.982
Mn** - - - 0.000 0.072
Mg®* - - - 0.043 0.028
K+ 0.162 0.277 0.405 = -
Nat 1.804 2,179 2,599 - -
Compasition in end-members(®)

Ab 44.79 71.13 63.61 | And'¥ |93.81 98.36
An 51.19 23.06 26.48 Gro 6.15 -
Or 4.02 5.81 9.91 Pyr | 0.04 -

Cal | - 1.18

Kho | - 0.46

* analyst 1. Dina, IMGB S.A. Bucharest.
{1} . the oxidation state of iron was assumed to be trivalent based on the
wet-chemical data.

) . N = 32 for plagioclases and 24 for andradites.

(3} - Ab = albite: An = anorthite; Or = orthoclase; And = andradite;
Gro = grossular; Pyr = pyrope; Cal = calderite; Kho = khoharite.
(4) _ schorlomite included.
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The minor amounts of iron, calculated as FeO,
were neglected. Each analysis represents the
mean of three punctual determinations. As
seen in Table 1, the analysed plagioclase in
unmetasomatised gabbros (sample 546) is a
*labradorite” with up to 45 mole percent albite
and about 4 mole percent orthoclase in solid
solution. It was found to be poorer in Ca than
previously reporied (Russo-Sandulescu, 1986),
but is considerably more calcic than plagio-
clase in monzonites (sample 542) and in some
potassic syenites (sample 526). There are no
available analyses of plagioclase from skarns.
Is is to be noted however that the opfical es-
timation of its composition by means of the
universal stage vielded anorthite contents of
50 to 55 mole percent, close of that previously
reported for plagioclase in gabbros. Is is to
be presumed therefore that both plagioclases
have the same basic compaosition.

Calcic garnet is the other main constituent
of skarn assemblages. It generally shows
concentric-lamellar optical anomalies in which
isotropic zones (generally the nuclei) alter-
nate with birefringent ones which display "do-
decahedral twinning”. A wet-chemical analy-
sis, which reflects the bulk composition, gave:
S]C‘: = 35.80 %; Ti()‘g:ﬂ.?? %; Algnglgﬁ %;
Fe;04=29.36 %; Ca0Q =32.32 %; MnO =0.35
% and MgO = 0.14 %. Structural formula re-
fined on the basis of 24 oxygens is: (Cas.7ss
Mn**g 050 Mgooas) (Alo.ses Fe*ts601 Ti' o008
[Sis.oso Alooss Oz] , indicative of an andradite
(91.04 %) with minor grossular (7.51 %), py-
rope (0.60 %) and spessartine (0.85 %).

The X-ray powder diffraction study of the
same sample does not show any doubling of
the main reflections of andradite as expected
for a mechanical mixture of two chemically
different calcic garnets. The obtained data,
which are listed in Table 2, lead to a cell pa-
rameter of 12.057(3)4, which was calculated us-
ing the least-squares refinement program AP-
PLEM (Appleman, Evans, 1973). Its value is
higher than that one given by Skinner (1956)
for the stoichiometric andradite (a-= 12.048
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A). Taking into account that Huckenholz and
Yoder (1971) have reported for the synthetic
andradite end-member a closer "a” value (a =
12.056 A) and the presence of Ti*" in octahe-
dral sites increases the cell parameter because
their larger ionic radius (Novak, Gibbs, 1971),
our value is not unexpected and clearly charac-
terises an andradite nearby the end-member.

Considering however the optical zoning, re-
flected at macroscopic scale by colour changes
(from black-brown in nuclei to yellowish-brown
at rims), is is to be expected that garnets
in skarns from Surduc also exHibit a com-
positional zoning with respect to Al and
Fe**4+Ti%, Consequently, microprobe anal-
yses were carried out on both a “yellow”
rim (sample 481) and a "black” core (sam-
ple 1031). Both analyses are given in Ta-
ble 1. As expected, the rims are titanium-
and iron-poor as compared to the cores and
implicitly more aluminous. This behaviour
would be consistent with optical observations
which indicate that titanian andradites (schor-
lomites and melanites) are black (LoefHler,
Burns, 1976).

Analyses in Table 1 also show that garnet in
skarns from Surduc is andradite-rich (andra-
dite end-member ranges from 93.81 to 98.36
%). They also point out that other four com-
ponents are represented: grossular and pyrope
in sample 481 and calderite and khoharite in
sample 1031. The calculation of calderite and
khoharite end-members are not unexpected
taking into account that the analysed sam-
ple is aluminium-deficient, situation which is
not surprising for andradites nearby the end-
member. Similar situations were however de-
scribed by Vlad (1974: wet-chemical analyses)
or by Meinert (1984: microprobe analyses).

In addition to plagioclase and garnet, epi-
dote is one of the characteristic minerals of the
skarn assemblages. Both garnet and plagio-
clase show alteration to epidote. Optical prop-
erties (biaxial negative, yellowish-green to pale
vellow pleochroisin, high birefringence, extine-
tion c:np of 8-11) indicate in all cases an iron-
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Table 2
X-ray powder diffraction data for andradite from Surduc*
Crt. no. | d A(obs) | d A(cale)) | 1/Ip | (hkl)
1 4.255 4.2626 15 | (220)
2 3.017 3.0141 90 | (400)
3 7695 3.6059 | 100 | (420)
1 2.563 2.5705 | 20 | (332)
5 2.465 2.4610 65 | (422)
6 2.365 2.3645 25 | (431)
7 2.200 22012 | 20 | (521)
8 1.955 1.9558 35 | (611)
o 1.907 1.9063 14 | (620)
10 1,742 1.7402 11 | (444)
11 1.670 1.6719 40 | (640)
12 1.611 16111 00 | (642)
13 1.501 1.5071 11 | (800)

* Cu Kao, X = 1.54056 A, analyst C. Cristea.
(1) - calculated for a cubic cell with a = 12.0566 A,
using the APPLEM program (Appleman, Evans, 1973).

rich term (an epidote s.s. according to Deer et
al., 1962).

Morphology

At Surduc, prehnite occurs as fan-shaped
aggregates of parallel or subparallel intergrown
crystals which conserve their continuous as-
pect. Bundles of ervstals seem to be nucleated
in succession, forming composite radiating ag-
gregates with a flamboyant texture, similar to
that one described by Metcalf-Johansen (1983)
at llimaussaq (Greenland). As mentioned be-
fore, relicts of plagioclase and garnet are em-
bedded in the prehnite mass. A centripetal
replacement of both primary phases, and pe-
culiarly of plagioclase, by the later prehnite,
is obvious. This preferential psendomorphic
replacement has resulted in a high degree of
preservation of original grain-boundary rela-
tionships between plagioclase and andradite,
even that the later did not maintain its nor-
mal euhedral outline.

A minute morphological study of prehnite
crystals was carried out by standard secondary
electron imaging techniques, using a Phillips
515 SEM apparatus housed by METAV SA
Bucharest. This was operated at 30 kV and
15 nA, after covering two times the analysed
surfaces with graphite, under vacuum. Typ-
ical images showing prehnite aggregates are
given in the photos on Plate 1. Individual
crystals, up to 0.2 mm large, 5 mm long and
0.65 mm thick, are elongated parallel to the
X axis and are generally tabular owing to
predominant development of the {001} form.
Three other forms, i.e. a={100}, b={010} and
m={110}, can be distinguished, the former
having a smaller extension. The rectangular
growth-pattern mentioned by Akizuki (1987)
on the (110) faces, as well as the vertical stri-
ations of the (010) faces cansed by the inter-
change of the narrow (110) faces (Zunic et al.,
1990) can be observed.

The SEM study shows unambiguously the
orthorhombic tract of the mineral, indicating
a P2cm or Pnem polymorph. As the P2cm
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structure is more stable because its greater ho-
mogeneity (Akizuki, 1987) and consequently
more widespread (Aumento, 1968; Zunic et al.,
1990) we suspect that the prehnite from Sur-
duc has a P2cm symmetry.

Physical properties

Taking into account its association with an-
dradite, it is to be expected that prehnite
from Surdue has physical properties character-
istic of an iron-rich member. The macroscopic
colour (white to greenish yellow) indicates
however a moderate iron content since the
massive presence of strong chromophores such
as Fe?* or Fe®* induces green tints (Chaudhry,
Howie, 1969; Matsueda, 1975).

In thin sections prehnite appears colour-
less. No optical anomalies (i.e.
lous interference colours, "hourglass” textures)
which characterise iron-rich members (Mat-
sueda, 1975) can be observed. The wavy ex-
tinction which occurs locally is rather due to
the lamboyant texture reported before. The
birefringence is moderate (the mineral po-
larises in colours belonging to the first half
of the second order), which also accounts for
a medium iron content. The mineral is bi-
axial positive with 2Vy=64-68. Taking intc
account the inverse relationship between 2V
and the iron content (Chaudhry, Howie, 1969)
these values also characterise a term with a
moderate participation of "ferriprehnite™ in
solid solution.

Last but not least, another optical prop-
erty accounts for an enough low ferricity of
the analysed prehnite: its refringence. The
mean refractive index measured in immersion
using a standard determinative technique (i.e.
the Schréder method) was found to be 1.615.
That value, which probably corresponds to n,
Or M,,, is much lower than those reported by
Matsueda (1975) or Metcalf-Johansen (1983)
for ferrian prehnites (n, = 1.618-1.62T; n,, =
1.628-1.647).

As regards other physical properties it is
to be noted that the measurement of specific
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gravity yielded an unusual high value, of 2.95.
It was measured by means of a pyknometer,
using toluene as displacement fluid, and is
considerably higher than those previously re-
ported for the mineral (e.g. 2.920 as mea-
sured by Kitahara, 1966; 2.902 measured by
Conti et al., 1974; 2.919 measured by Metcalf-
Johansen 1983 etc.). As the specific gravity
also appears to be controlled by the iron con-
tent (Chaudhry, Howie, 1969) this value seems
to characterise a ferrian prehnite. This depen-
dency should not be taken however as a rule
since an increased participation of aluminium
in the tetrahedral sites has basically the same
effect of increasing specific gravity. As the
prehnite from Surduc is aluminium-rich (see
below) a high specific gravity can be expected
even for a medium iron content.

As a last remark it is to be noted that the
measured specific gravity compares favourably
with the calculated one (D . = 2.944).

Chemical data

Because the small quantity of the material
available, the microprobe investigation was
preferred over the wet-chemical one. Conse-
quently, prehmite from Surduc was chemically
analysed using the energy dispersive Phillips |
515 SEM electron microprobe at METAV SA
Bucharest. Operating conditions were 15 kV
as accelerating voltage and 20 nA as sample
current, standardised on brass. A slightly de-
focused beam for a counting time of 100 s was
used in order to minimise the sample volatili-
sation. It is to be noted that the investigated
samples are remarkably homogeneous from the
chemical point of view within the hmits of
each analysed grain. Consequently, the analy-
ses summarised in Table 3 represent punctual
determinations on three separate grains.

Water (4.31 % H,O" and 0.24 % H,07) was
determined thermogravimetrically and then
allocate to each analysis as well as to the aver-
age composition (analysis 4 in Table 3). The
oxidation state of the iron was determined by
wet-chemical analysis of a small quantity of
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Table 3
Representative microprobe analyses of prehnite in skarns from Surdue (wt. % oxides)*

Oxides sample 1031 a | sample 1031 b | sample 1031 ¢ | Average
Si0; 40.08 42.90 39.62 40.87
Al;04 26.62 28.01 26.45 27.03
Fe; 04l 1.05 0.93 1.61 1.20
FeOQtl) 0.35 0.31 0.53 0.39
MgO 0.32 0.33 0.31 0.32
MnO 0.43 0.00 0.00 0.14
Ca0 26.00 23.16 27.24 25.50
H,0* ) 4.31 4.31 4.31 4.31
Total 99.25 99.95 100.07 99.76

Number of ions based on 12 (O, OH)

SIiF 2.798 2.920 2.760 2.827
AlPF 2.191 2.247 2.171 2.203
Fe?t 0.055 0.048 0.084 0.062
Fe?* 0.020 0.018 0.031 0.023
Mg** 0.033 0.033 0.032 0.033
Mn#F 0.025 ; : 0.008
Ca ¥ 1.952 1.689 2.033 1.890
(OH)~ 2.007 1.957 2.002 1.988
AV (%) 30.05 27.00 31.00 29.33
Fet [(Fe*F +Al) 5.27 3.95 8,28 5.68

* analyst C. Bunescu, METAV S.A. Bucharest.
(1) . assumed on the basis of wet-chemical analyais.
{2) - determined by thermogravimetrical means.

sample. The FeO content was determined
titrimetrically following a modified Pratt
method as indicated by Maxwell (1968),
whereby Fe?t is titrated in a boric-phosphoric
hydrofluoric acid medium against K;CryOs,
using barium diphenylamine sulphonate as an
indicator. The total iron content was deter-
mined by the volumetric method of Hume and
Kolthoff (1957) from which the Fe;Oz con-
tent was obtained in a straightforward man-
ner. The obtained results are: FeQ=0.45%;
Fe;03=1.35%; total iron (as Fe;03)=1.85%.
They are in good agreement with the FeQ con-
tent in the average microprobe analysis (1.77%
Fe;03 in equivalent FeO). They agree at the

same time with the previous analytical data
(e.g. Kitahara, 1966; Chandhry, Howie, 1969;
Saravanan et al., 1971) which show that in
prehnite Fe®* prevails over Fe?*. All the
electron-probe analyses in Table 3 were con-
sequently corrected for the oxidation state of
iron by applying the same ferrous/ferric ratio
as was found by wet-chemical analysis.

The study of the number of cations caleu-
lated on the basis of 12 oxygen atoms in view
to obtain the structural formulae (Table 3)
shows as main features that:

1 — The occupancy factor for Al in tetra-
hedral co-ordination is considerably high: ke-
tween 24 and 31 % of the tetrahedral sites,
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then more than reported by Kitahara
(1966), Saravanan et al. (1971), Conti et al.
(1974), Matsueda (1975) or Verma (1979) are
occupied by APt ;

2 - The recognisable substitutions for octa-
hedral Ca include Mn?*t, Mg, Fe?* and Fe?*
or even Al taking into accouni the undercom-
pensation in divalent elements of the second
sample in Table 3;

3 — The ferric iron is the sole substitute for
the octahedral Al. The Fe*/ (Fe** 4 Al) ra-
tio ranges between 3.95 and 8.28 %, being as
expected higher than those reported for meta-
morphic prehnites in the prehnite-pumpellyite
zone (up to 5 % Fe®t as substitute for Al ac-
cording to Hashimoto, 1966) but lower than
those reported by Matsueda (19753) in some
iron-rich prehnites from Japanese skarns (more
than 15 % "ferriprehnite” in solid solution).

As a last remark it is {o be noted that the
average structural formula calculated for the
prehnite from Surduc on the basis of the data
in Table 3 is: (Cajse0 MEooas Mn®t o008
Fe’*o.003) (Alioso Fe*tooc2) (OH)igss Ooonz
(Sigszr Alyi73 Oe).

It leads to a molecular mass of 414.574,
which was used for the specific gravity calcu-
lation.

Infrared absorption data

Despite the widespreading of the mineral
and the variety of its occurrences, there are
few published data on the infrared behaviour
of prehnite. The few works which brought
new IR data (i.e. Matsueda, 1975; Metcali-
Johansen 1983) take as reference the specirum
given for mineral by Moenke (1962). No band
assumption or structural correlations were at-
tempted. Consequently, the infrared study of
prehnite from Surduc was used as an expected
occasion to more fully characterise the min-
eral.

An infrared absorption spectrum of a
prehnite sample was recorded in the frequency
range between 250 and 4000 cm™! using a
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SPECORD M-8 spectrometer. It was
obtained using a standard pressed disk tech-
nique, after embedding a small amount of me-
chanically ground prehnite (2.5 weight %) in
dry potassium bromide and compacting under
250 kgf/fcm?® pressure. The spectrum, which
is given in Figure 1, shows all the features ex-
pected for a hydroxyl-silicate with four-fold co-
ordinated aluminium.

A main and striking feature of this spectrum
is the presence in the high-frequency region be-
tween 3000 and 4000 ¢m™! of the fundamen-
tal OH stretching vibration, materialised by an
intense and sharp band centred at 3484 em™".
The sharpening of this band may be related
to an ordered cation arrangement around OH
and agrees well with the slight differences be-
tween (Al, Fe™*) - O and (Al, Fe®*) - OH dis-
tances found by Zunic et al. (1990) in a P2em
prehinite. On the other hand, the position of
this band reflects a medium to strong hydro-
gen bonding, corresponding toan enough short
OH...0O distance, since the OH stretching fre-
quency is an almost linear function of this dis-
tance (Nakamoto et al., 1955). However it is
to be noted that in the spectrum presented
by Moenke (1962) the fundamental stretching
band is splitted into two sub-bands (recorded
at 3485 and 3475 cm™' ) which normally re-
flect two intensities of hydrogen bonding and
consequently a more disordered siructure.

The corresponding OH bending vibration is
expected to lie in a restricted frequency range
between 950 and 850 em™ as in all the other
layer silicates which contain octahedral Al re-
ferred by Farmer (1974). Taking into account
that the Al,-OH librations were recorded in
the frequency range between 915 and 950 em™!
in all these species (Farmer, 1974) the band
recorded in our spectrum at 940 em™! must
represent such kind of vibrations, As the OH
librational frequencies are functions of the co-
ordinating cations, it seems reasonable to con-
sider that the other band in the region, that
one at 870 ecm™!, is due to Ca-OH-Al vibra-
tions. Both frequencies discussed above seem
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to correspond to in-plane librations. The posi-
tions of the out-of-plane bendings are less cer-
tain and appear to lie at still lower frequencies,
probably between 600 and 700 cm™!.
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AlO4 tetrahedra also occur (see before) and
their vibrational modes must be found on the
IR spectra. Bands which can be associated
with tetrahedral Al-O vibrations are expected
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Fig. 1 - Infrared spectrum of a prehnite sample from Surdue.

As can be seen in Figure 1, another feature
of the infrared spectrum of prehnite is the pres-
ence of a broader and enough intense group
of bands in the 350-1100 cm™? region. Their
assignment follows immediately from the fact
that this region hosts the classical stretching
vibrations of the (S5104) groups in all silicates.
It results therefore that the bands at 1090,
1072 and 1000 cm™ express (antisymmetric)
stretching motions of these groups. As con-
cerns the corresponding bending motions, they
are expected fo lie at lower frequencies. Their
assumption by parallelism (i.e. 532 em™ = in-
plane bending of 510, groups and 426 em™' =
out-of-plane bending of 5104 groups) is risky
because the coupling with other vibrations in
the structure such as laitice vibrations or OH
(out-of-plane) librations (Farmer, 1974).

Silicon is not however the sole four-fold co-
ordinated cation in the prehnite structure.

to lie near 820 and 760 cm ™', as in the pure mi-
cas and trioctahedral chlorites (Farmer, 1974).
Peculiarising for our spectrum, these bands
are those at 812 and 756-740 cm~'. Their
considerable intensity suggests increased Al-
for-Si substitutions, in good agreement with
chemical data reported before. The split-
ting into two components of the band at 756-
740 em™!, recorded at 745 cm™' by Moenke
(1962), is another peculiarity of the spectrum
in Figure 1. Taking into account that this
band is essentially assignable to Al-O-Si in-
plane vibrations, its splitting can signify an
increased ordering of Al in tetrahedral sites,
as in the "ordered” low-cordierite (Langer,
Schreyer, 1969). In full agreement with this
assumption are the other data which prove the
"ordered” P2em symmetry of the investigated
sample. On the other hand it is to be noted
that since octahedral Al is also present in the



64

St. MARINCEA, D. RUSSO-SANDULESCU

Table 4
Comparative X-ray powder diffraction data for prehnite®
Crt. SURDUC PROSPECT | ZLOTEGO STOK®™ | (hkl)
no. | d(A) [ d(4) |1/Ig | d(4) | I/lo | d (A) 1/1s
meas.(1) | cale.(®

1 . : - | 9380 | 14 - - (002)
2 5253 | 5.251 | 8 | 5.267 | 26 | 5.307 30 (011)
] 4.603 4,614 13 | 4641 | 28 | 4.655 20 {100)
4 4140 | 4134 | 6 | 4148 | 7 . . (102)
5 3523 | 3.519 | 25 | 3.544 | 43 | 3.501 80 (110)
6 3.480 3.470 50 | 3.481 01 - - (111)
] 3.288 3.299 36 | 3311 | 60 | 3.313 60 (112)
3 3.261 3.266 30 | 3.276 | 42 - - (104)
9 " 3.080 3.077 | 100 | 3.079 | 100 | 3.071 100 (006)
16 | 2.805 | 2.805 | 20 | 2.811 | 34 | 2.815 40 (114)
11 2.630 2.625 8 | 2630 | 15 - - (022)
12 2.555 2,561 65 | 2.564 | 70 | 2.557 100 (108)
13 - - - 2380 | 10 - - (017)
14 2.355 | 2.355 | 25 | 2.360 | 37 | 2.362 40 (024)
15 - : - |23 | 18 | - (121)
16 2.310 2308 | 50 | 2.316 | 34 - - (008)
17 - - - 2.204 5 2,199 10 (025)
18 2117 | 2113 | 5 | 2118 | 4 | 2112 10 (117)
19 2.070 2.067 12 | 2.072 | 12 | 2.063 30 (204)
20 - = - | 2.050 | 4 : : (026)
21 1.932 1.932 14 | 1.838 | 15 | 1.939 50 [118)
22 1.845 1.845 13 | 1.850 | 12 | 1.842 30 (215)
23 | 1.768 | 1.767 | 30 | 1.772 | 32 | 1.773 90 (220)
24 1695 | 1.698 | 5 | 1.700 | 9 . ; (034)
25 1.652 1.657 ] 1.660 | 11 | 1L.657 40 (217)

* analyst C. Cristea, Geological Institute of Romania.
1) . reflections at 1.552 A (25), 1.463 A (6), 1.450 A (4) and 1.410 A (6)

were also recorded until 80° 26,

(2) - refined for an orthorhombic cell with a = 4.623 A, b = 5477 A and,
¢ = 18.460 A, using the computer program of Appleman and Evans (1973).
(3) - 12 reflections corresponding to higher 20 values also given,

structure, the splitting of the 745 cm™' band -

can also be due to an overlap of an octahedral
Al-O vibration.

This kind of vibrations, caused by octahe-
dral linkages, must occur below 750 cm™!.
Their assignment to specific mechanical mo-
tions is difficult because the occurrence in the
same spectral range of 5i-0, AI'V-0, Si-OH

and Al-OH librations and translations referred
before. It is noteworthy however that:

1 - Bands associated with Fe**-0 and Fe®t-
O-5i1 vibrations obviously lie at frequencies
lower than those involving Al and probably
in the 650-750 cm™, as in biotites (Farmer,
1974); it is then presumable that the band at
663 cm ™! and eventually that one at 640 cm™!
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materialise such kind of vibrations, the later
being rather a combination between a Fe**-0
mode and a hydroxyl libration;

2 — As already observed by Matsueda
(1975), Fe®*- ‘or-Al substitutions don’t cause
a substantial shift of the bands in the 550-750
cm™? region;

3 — The broader and spread-out group of
bands in the 250-550 em™! region essentially
contains bands assignable to Me?*-Q vibra-
tions, coupled with tetrahedral and OH vi-
brations referred before. The most important
ones are normally the Ca~(Q,0H) vibrations,
which are expected to lie below 400 cm™!.

X-ray powder diffraction data

The X-ray powder diffraction analyses of
two prehnite samples from Surduc were per-
formed with a DRON-3 diffractometer, using
graphite-monochromatised Cu Ka radiation
(A=1.5418 A) and a goniometer scan speed of
1° 20 /min. Synthetic silicon, with a = 5.4309
A(J.C.P.D.S. card 27-1402) was used as inter-
nal standard. Because the lack of major dif-
ferences between the two patterns, only one
of them was quantified. The corresponding
data are given in Table 4, together with similar
ones given by Phillips and Rickwood (1975) for
a prehnite from Prospect (New South Wales,
Australia): J.C.P.D.S. card 29-290, and by
Kowalsky (1966) for a prehnite from magne-
sian skarns at Zlotego Stok (Poland).

As a first remark is to be noted that the
splitting of the reflection at about 16° 20, ob-
served by Phillips and Rickwood (1975), is ob-
vious in our patterns, where two lines cen-
tred at d = 3.261 Aand d = 3.288 Awere
recorded. Taking into account the polymor-
phism reported for the mineral (e.g. Au-
mento, 1968; Akizuki, 1987; Zunic et al.,
1990), this splitting could be diagnostic for
one of the (orthorhombic) pelymorphs, espe-
cially because it was unreported by many of
the authors quoted by Phillips and Rickwood
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(1975). The fact that the supplementary re-
flection at about 3.30 Awas ignored by Nuffield
(1943) fide Phillips and Rickwood (1975) in a
P2em prehnite, which has the same symmetry
as supposed for the Surduc one, can be eventu-
ally due to the presence in his sample of other
admixed polymorphs. The assumption that
the prehnite from Surduc has an orthorhom-
bic symmetry is supported by the minimal dif-
ferences between calculated and measured d-
spacings in Table 4. None of the indexed re-
flections was moreover rejected as orthorhom-
bic by the program used for refinements (AP-
PLEM by Appleman and Evans, 1973).

Another strinking feature of the diffraction
pattern described here consists in the marked
difference between the values of its d-spacings
and those recorded for the two other sam-
ples presented in Table 4. The X-ray reflec-
tions of the Surduc prehnite were systemati-
cally recorded at higher values of 20 angles
(smaller d) than those of the other samples
in the table. This fact suggests a continuous
series of lattice substitutions. The Fe?*—for-
AT substitution was already discussed (e.g.
Phillips and Rickwood, 1975) and it seems to
play an important role in the positioning of
d-spacings. Another substitution, this time in
the tetrahedral sites, may be however as im-
portant as the reported one: The substitution
of Si*t by AI**. Both replacements influence
the cell dimensions and clearly conduce to an
increase (Fe**-for-AlY7) or a decrease (Al’Y-
for-Si) of the recorded d-spacings. As in the
analysed sample the percentage of tetracoordi-
nated Al are unusually large (see before), the
effect of Al'Y —for-Si substitution must prevail
if consider the enough low Fe®* contents which
were reported.

Replacement of Si'™ ions by the smaller
APT must give rise to a decrease in lattice di-
mensions. Accordingly, the unit cell parame-
ters of prehnite from Surduc were determined
by three cycles of least-squares refinement of
the data in Table 4, using the computer pro-
gram of Appleman and Evans (1973). The ob-
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Table 5
Comparative crystallographic data for prehnites from various occurrences

Crt. Reference Sample location Cell parameter (A)
no. a b ¢
1 Nuffield (1943} Asheroft (Canada) 4.642 | 5487 | 18.490
2 | Kitahara (1966) Hirose (Japan) 4.595 | 5.495 | 18.423
3 | Saravanan et al. (1971) Sankaridrug (India) 4.596 | 5.520 | 18.700
4 | Conti et al. (1974) Cala Francese (Italy) | 4.610 | 5.470 | 18.450
5 | Matsueda (1975)7) Sampo (Japan) 4.641 | 5.500 | 18.516
6 | Matsueda (1975)(2) Sampo (Japan) 4.630 | 5.495 | 18.522
7 | Phillips, Rickwood (1975)%} | Prospect (Australia) 4.642 | 5.487 | 18.490
8 | Metcalf-Johansen (1983) llimaussaq (Greenland) | 4.628 | 5485 | 18.478
9 | Zunic et al. (1990) Komiza (Yugoslavia) 4.646 | 5.491 | 18.520
10 | present work Surduc (Romania) 4.623 | 5477 | 18.460

(1) _ jron-rich prehnite.
(2) - iron-poor prehnite.

() - as given by J.C.P.D.S. card 29-290.

tained values are listed in Table 5, fogether
with similar ones given by various authors for
prehnites in other occurrences. As expected,
our values are considerably lower than those
quoted by different other sources and offer a
good explanation for the unusual small cell
volume which was deduced (V = 467.467 A?).
This value, correlate with the molecular mass
reported before, gives, for Z = 2, a calculated
specific gravity of 2.944, in perfect agreement
with the measured one.

Thermal behaviour

The DTA, DTG and TGA curves of prehnite
from Surduc were performed using a MOM
1500 D derivatograph with Pt-Pt Rh thermo-
couple, at a mean heating rate of 10° C/min,
in air.

As expected taking into account the mineral
chemistry, the effects recorded on the three
curves given in Figure 2 are essentially due
to the depletion of water. The other possible
effects, caused by the oxidation of Fe** and
Mn** to Fe®* and Mn®* must be minor since

the Fe** and Mn** contents are not signif-
icant. A minute study of the TGA curve
in Figure 2 reveals that the sample lost 4.31
wt. % in two well-defined single-steps weight
loss between 725 and 900°C. The two major
weight losses are recognisable from DTG (and
DTA) curves as endothermic effects centred at
765 (785) and 848 (868)°C respectively. The
weight losses recorded in this thermic inter-
val can be undoubtfully assumed to the de-
hydration of prehnite since they closely ap-
proximate the stoichiometric content of wa-
ter in prehnite: 4.37 wt. % for a formula
of CazAl(OH)2(AlSiz)010. The fact that the
hydroxyl is expelled as H,0 in different steps
during prehnite heating was moreover already
mentioned by Mackenzie (1957) or Conti et al.

- (1974).

It is also of note that more than one third
of the total weight loss of 6.51 wt. % recorded
on the TGA curve took place up to 725°C.
This unusually high weight loss may be how-
ever attributed to the adsorbed water whose
content 1s major because the preparatory tech-
nique which was used. This technique involves
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Fig. 2 - Thermal curves of prehnite from Surdue showing its progressive (two steps) dehydration.
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the mixing of prehnite (0.25¢ for 1g of sample)
with preheated alumina in order to complete
the small quantity of sample. Although alu-
mina is generally used as reference inert mate-
rial, its hygroscopicity after calcination is no-
ticeable and explains the supplementary loss
of adsorbed water.

Coming back to the dehydration of prehnite,
it seems logical to assume the two stages of
weight loss previously reported to two differ-
ent thermal motions of the hydroxyl groups in
the structure. Based on the structural data
given by Zunic et al. (1990), it is predictable
that the first step of weight loss in succes-
sion corresponds to the expulsion of hydroxyls
which simultaneously co-ordinate (Al, Fet)V!
and (Ca, Fe?t, Mn?*)¥!. This first step of
dehyvdration does not cause major structural
changes and the breakdown of the network
since the (Al, Fe**)V1-0 and (Al, Fe**)".OH
distances are very close (Zunic et al., 1990)
and the charge balance may be maintained by
the simultaneous oxidation of the divalent hex-
acoordinated cations (e.g. Fe?*, Mn®*). It
amounts to more than one third of the weight
loss caused by the dehydration of prehnite
(1.63 wt. % for a total of 4.31 wt. %) and
practically expresses the maximal capacity of
hydroxyl extraction without structure break-
down. The second endotherm at about 850°C
certainly marks the complete dehydration of
the sample since there is no weight loss there-
after. It evidently causes the breakdown of
the structure. The small exothermic effect
recorded on the DTA curve at 900°C (men-
tioned at 850°C by Conti et al., 1974) must
consequently indicate a normal structural re-
organisation of the resulted compounds.

Genetic considerations

As shown by many authors (e.g. Einaudi et
al., 1981; Pan et al., 1991 etc.), hydration is
a characteristic retrograde alteration in skarn
areas and equally affects Fe-rich skarns. Pe-
culiarising for the occurrence at Surduc, it is
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obvious that prehnite and epidote, both re-
placing andradite and calcic plagioclase, erys-
tallised after the primary mineral assemblage.
It seems therefore normal to consider them as
products of a retrograde alteration or of the
late hydrometasomatism which is more likely
to be the latest stage of a protracted episode
of skarn development in the area.

The low-variance mineral assemblage
epidote-prehnite is very similar to that one in
low-to very low grade metamorphic terranes
(prehnite-pumpellyite to greenshist transition
facies). Consequently it seems logical to es-
timate for prehnite in both behaviours simi-
lar conditions of crystallisation. As the esti-
mated P-T conditions for the equilibration of
prehnite-epidote (Pss) assemblage in metab-
asites indicate crystallisation temperatures of
260-320°C for pressures of 1.5-2 kbars (Liou
et al., 1985), we consider that the crystallisa-
tion of prehnite in skarns from Surduc, which
are in equilibrium with epidote, was controlled
by the same P-T conditions. The same con-
clusions were moreover drawn by Pan et al.
(1991) in their analysis on the skarns from
Hemlo (Ontario), judged in a more restricted
pression context (P = 1.7 kbars).

A low mole fraction of carbon dioxide, also
suggested by Pan et al. (1991), is entirely con-
sistent with the normal conditions required by
the crystallisation of the Ca-Al(Fe) hydrosili-
cates, including prehnite. The estimation that
Xeoq did not exceed 0.05 at the assumed pres-
sure (of 1.5-2 kbars) seems reasonable enough.

Conclusions

The present study emphasises the occur-
rence of prehnite, an ubiquitous low-pressure
phase in calcic systems, in skarns from Surdue.
These skarns may be considered endoskarns
sensu Korzhinskii (1965) since the primary
skarn assemblages include plagioclase (An 51
Ab 45 Or 4) and diopside psendomorph on am-
phibole.

Morphological aspects, peculiarities of the
infrared spectrum and of the X-ray diffrac-



P v IN SKARNS FROM

tion pattern suggest that prehnite from Sur-
duc has an orthorhombic symmetry and an in-
creased degree of ordering which accounts for
the P2cm polymorph. ;

Prehnite from Surduc has a low- to medium-
iron content but is more aluminous than the
great majority of the samples from other lo-
calities. Al occupies more than 25 % of the
tetrahedral sites and, consequently, an unusual
small cell volume and a higher specific grav-
ity were recorded. Thermal data suggest that
hydroxyl groups are located in two different
structural sites, being therefore expelled in two
distinct steps.

Microscopic analysis reveals that at Surduc
epidote is always found in paragenesis with
prehnite. It seems obvious that as temper-
ature decreases during the retrograde evolu-
tion of the skarn system, prehnite may crys-
tallise together with epidote as complex pseu-
domorphs on plagioclase.

Lastly, it seems reasonable to consider that
similarity in chemistry and P-T-X conditions
favours the prehnite crystallisation and there-
fore prehnite is more widespread than previ-
ously reported in Romanian caleic skarns.
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Fig. | - Scanning-electron microphotograph of prehnite. The rectangu-
lar growth-pattern on the (110} face can be observed. Bar scale repre-
sents (.1 mm. -

Fig. 2 — Scanning-electron microphotograph of a prehnite aggregate, taken
in approximate parallelism with (001) faces. (110) and reduced (100) faces
can be inferred. Bar scale represents 0.1 mm.
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PROPUNERI DE IMBUNATATIRE A SISTEMULUI ACTUAL DE
CLASIFICARE SI ANALIZA A POTENTIALULUI DE SUBSTANTE

MINERALE UTILE SOLIDE

M. BORCOS , B. GABUDEANU, §t. SIMESCU

Institutul Geologic al Romaniel, Str, Carvansebes nr.1, R 78344 Bucuresti 32,

Key words: Mineral potential. Reserves - Resources, Classification and Promotion
System.

Abstract: The proposed classification system and analysis methodelegy make possible
the reintegration of the existing reserves and resources according to the tridimensional
scheme of representation of the geological, technological and economic features, recently
adopted by the Economic Commission for Europe (United Nations). The aspects deter-
mined for the representative types of metalliferous ores permit a clear differentiation of
the economic reserves from the noneconomic ones and take into discussion the position
of the perspective reserves whose integration and economic significance are Lo be better
speecified. The results obtained for the base-metal, cupriferaus, gold-silver and ferrous
ores confirm, for the main ore deposits, ore deposit groups and genetic - mining units
{districts, mining fields), the high geo-economic confidence degree of the system and, at
the same time, they can contribute to the establishing of the policies and strategies of de-
velopment in the fields of fundamental and applicative surveys (geclogic and technologic)

and of the capitalization of the mineral resources.

Consideratii preliminare

Sistemnele de clasificare a potenfialului mineral au
evoluat concomitent cu intensificarea proceselor de va-
lorificare, criteriile de sistematizare fiind influentate
de caracteristicile politicilor economice. Pe plan
internalional, desi existi mai multe sisteme de clasi-
ficare, acestea pot fi raportate la doud modeler ad-
Jectival - utilizat de tirile cu economie de piatd si
alfa-numeric specific fostelor {&ri cu economie planifi-
catd - dirijatd. In principiu, ambele modele se sprijind
pe scheme tridimensionale de determinare a gradu-
lui de cunoagtere geologicd, tehnologica §i economici.
Neeconcordania fundamentali dintre cele doud sisteme
de clasificare consti in modul diferit in care este gtruc-
turat - sistematizat potentialul geologic de substante
minerale utile in grupe si categorii de rezerve gi resurse
pe criterii geologice - tehnologice (cantitate, calitate,
conditii de extraciie, preparare); in acord cu posi-
bilitatile de valorificabilitate economica.

Utilizarea terminologiei diferite a celor doud sisteme
nu constituie un impediment esential in realizarea unor
posibile corespondenie intre grupele si categoriile de

rezerve gi resurse, Dificultatea, gi chiar imposibilitatea

unor asemenea coréspondente, apare insa atunci cand

se incearci caracterizarea i analiza economics a reger-
velor gi resurselor, chiar si in situagiile in care acestea
ocupi pozitii ierarhice comparabile (in parte) in strue-
tura celor doud modele de clasificare. La aceasta se pot
adiuga si implicatiile negative generate de modul de
evaluare a parametrilor geologici (cantitate, calitate) si
tehnologici in sistemul alfa - numerie, evaludre care nu
constituie insd un vieiv al modelului, ci erori determi-
nate de conditiile sistemului cu economie planificata,

Deciziile adopotate in activititile de valorificare a
bazei de materii prime in conditiile utilizirii sistemu-
lui de clasificare specific fostelor tiri comuniste ex-
plici, in bun# masura, colapsul economic al indns-
triel miniere §i lipsa de relevanti a datelor utilizate,
de reguld, in stabilirea activititilor productive gi a
strategiilor de dezvoltare. Aceastd situatie, cu efocle
negative, ce se mentin partial §i in prezent, a deter-
minat reanalizarea potentialului in scopul identificarii
unor posibile corespondentele intre diversele categorii
de rezerve si resurse din cele douf sisteme in vederea
clicientizérii activitdtii in industria minierd, printre
primele tiri din Europa Centrali si de Est care au
actionat in acest sens numérandu-se Polonia, Cehia si
Slovacia (Jakubiak, Smalowski 1994).
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In Roménia, preocupiri ¢t au vizat metodologia
de evaluare a potentialului si structura acestuia, cu
privire speciali asupra relatitlor existente intre rezerve
si resurse, a promovarii acestora in baza de materii
prime exprimati in rezerve B + ) de bilani, pre-
cum gi in metal echivalent pentru minereuri metalifere
au inceput in cadrul LG.R. incd din anul 1970. In
intervalul 1970-1990 s-au realizat i studii de reevalu-
are a potentialului pentru celelalte substante minerale
utile solide (nemetalifere, cirbuni, roci de construciie
si ormamentale){Borcog et. al. 1974, 1983, 1988
Bostinescu et. al. 1983; Vlad et, al. 1977, 1987, 1989),
Din 1990, odati cu trecerea la sistemul economic de
piati, activitatea de cercetare in domeniu a continuat
prin resintetizarea datelor existente, ficand apel gi la
reznltatele studii de metalogenie cantitativid (Boreog
et. al, 1991, 1994-1996; Viad et. al. 1990-1992;
Gibudeanu 1994; Andrieg et. al. 1997, Harosa et. al.
1997; Simescu et. al 1997), Intr-o prima fazi, au fost
scoase in evidentd principalele carente ale activititii
de cercetare - valorificare in domeniul resurselor mine-
rale, sernnalandu-se incadrarea incorectd a rezervelor si
resurselor, menginerea in activitate a numeroase obiec-
tive lipsite de importanii economicd, raportarea in-
corectd a volumelor de rezerve i resurse, precum si
incoerenta unora din programele de cercetare geologica
(Borcos et. al. 1991). In activitatea care a urmat
au fost ficute propuneri de adaptare a incadririi rez-
ervelor si resurselor pe considerente economice conform
sistemului de clasificare adjectival utilizat in {arile cu
cconomie de piatd (Borcog et al. 1994).  Aceste
studii au tinut cont gi de solicitirile Directiei Gen-
erale Strategia Industriei Miniere §i Geologiel din Min-
isterul Industriilor interesatd de elaborarea unui sis-
tem de clasificare a rezervelor compatibil cu cele ex-
istente pe plan international si au decurs in para-
lel eu activitaiea desfaguratd pe plan international
sub egida Comisiei Economice pentru Europa de pe
langi O.N.1, Coneluziile reuniunilor de lucru ale aces-
tei comisii (1994-1997) au accentuat si molivat, in
special sub aspect ecomomie, utilitatea identificdrii
cadrului, criteriilor si elementelor fundamentale, in-
clusiv a terminologiei adecvate, in vederea elaborrii
unui sistem de referintd tridimensional de clasificare
a rezervelor si resurselor fagd de care pot fi rapor-
tate, adaptate sifsau modificate sistemele de clasificare
nationale existente {Energy/WP.1/R.54 ECE-UN doc-
ument 1996). Neconcordaniele identificate, in special
cele care vizenzd aspectele de valorificare economici
a poteutialului, au determinat numeroase demersuri
pentru revizuirea sistemului actual de clasificare, ca gi
pentru elaborarea si omologarea unui nou sistemn com-
patibil cu noua situatie economicl in vederea asigurarii
unei mai bune cunoasteri a diverselor categorii de re-
zerve i resurse, a determindrii semnificaliel economice

reale a acestora i a creerti posibilitatilor de dialog
international in domeniu (Borcog et. al. 1984, Gaf
- Deac, Bogatu 1945).

Structura potentialului natural mineral

Structura redefinitd gi metodologia de analizd a
potentialului mineral ce respectd criteriile specifice
cconomiel de piatd si utilizeazi o terminologie adec-
vatd - adjectivald, au fost elaborate in scopul obfinerii
de elemente in misurd si fifndamenteze politicile si
strategiile in activitifile de cercetare §i valorificare a
substantelor minerale utile solide. ™ Noua structuri a
potentialului oferd o imagine coerentd a relatiilor exis-
tente intre diversele categorii §i grupe de rezerve si
resurse, intre acestea si activititile specifice de cer-
cetare geologica, tehnologicd gi analizd economicd si,
in final, stabileste modul de promovare a potentialului
mineral, prin transformiri succesive in functie de rezul-
tatele evaludrilor geologice. tehnologice §i economice,
in produse miniere finite, vandabile.

Au putut fi astfel obtinute date preliminare privind
semnificatia economicid a diverselor obiective, date
care urmeazd s fie verificate prin studiile de fezabili-
tate sau prefezabilitate. O asemenea metodologie se
dovedeste a fi, in acesti etapd de adoptare a unui
sistemn unitar de clasificare, cu atal mai necesard cu
cat, in Romania, gradul de cunoastere a potentialului
si imposibilitatea coreldrii riguroase a categoriilor i
grupelor de rezerve/resurse din cele doul sisteme nu
permit © estirnare i incadrare corectd a acestora.
Metodologia va trebul mentinuti pana la reconsidera-
rea tuturor rezervelor i resurselor determinate in sis-
temul alfa-numeric existent, in functie de conceptul de
clasificare promovat pe plan international. Aplicarea
schernei §i metodologiei de clasificare presupune o buna
cuncastere metalogeneticd si gitologicd a obiectivelor
analizate (in principal localizare, morfologie, ordin de
mirime, compozitie mineralogicd i chimicd, tendinte
de variatie si distributie, productivitatea tipurilor ge-
netice .a.), a conditiilor de zac&mant, precum si a celor
de exploatare, preparare gi valorificare. _

Schema de clasificare propusi de citre LG .R. (fig. 1),
rispunde dezideratelor mentionate, tindnd seama to-
todatd si de situatia existentd in Roméania. Se asigura
astfel delimitarea tipurilor de rezerve si resurse in
functie de gradul de cunoagtere geologic, bazat pe com-
plexitatea tipurilor de investigatie (explorare detal-
iata gi foarte detaliatd, explorare generald, explorare
informativi, prospectiune, studii 51 recuncasteri), pe
analiza tehnologicd si economica, echivalentd partial
studiilor de fezabilitate/prefezabilitate, de oportuni-
tate, rapoartelor gi altor documentatii cu earacter geo-
sconomic. In funciie de eriteriile mengionate, rezervele
si resursele (rozerve gi resurse misurate, indicate si
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probabile si resurse posibile) se pot separa in trei grupe
(rezerve de interes imediat- R.Ii.Y, rezerve de perspec-
tivd - R.p. ? si resurse - r.? ), cu valori economice dis-
tincte (economiece, marginal economice gi neeconomice)
gi cu implicatil conjuncturale in dinamica activitatii de
cercetare geologicd - tehnologica.

Principala problem3 in aplicarea acestei scheme
o constituie incadrarea rezervelor gi resurselor exis-
tente, clasificate conform modelului alfa-numeric (A,
B, C, Ca, Py, Py, P, de bilani, afard de bilant
gi neelasificate), in sistemul adjectival. Din fig. 2
rezulti inadverteniele identificate in incercarea de ra-
portare a datelor, determinate in special de carac-
teristicile economice. Astfel, din studiile de reeva-
luare a potentialului pentru substante minerale utile
metalifere (minereuri polimetalice, cuprifere, auro-
argentifere si feroase), se constati ci o mare parte

!Rezerve de interes imediac (R.LL):
- rezerve misurate (Rim.) - grad inalt de certitudine geologick
oblinut prin explorare detaliati si foarte detaliatd {E.D); val-
orificabilitate actuald confirmatd de studii de fezabilitate cu
rezolutie economics positivi (eroare £10%);
- rexerve in cxploatare:
- rezerve indicate (R.i.) - certitudine geologich satisficitoare
obtinutd prin explorare generald (E.G.); indicatii tehnologice si
economice faverabile, comparabile cu Rum., motivate de studii
de prefezabilitaté, ocazional gi de studii de fezabilitate;
- rezerve probabile (R.p.) - grad sclzut (local satisficitor) de
cunoagtere geologicX obiinut prin lucrdr de explorare informa-
tivé { prospectiune E.L-Pr.}; informatii tehnologice punciuale
eu posibile semnificatii economice sugerate de studii' de oportu-
nitate gifsan de documentatii geologice.

“Rezerve de perspectivt (Rup.):
- rezerve misurate (R.pon) - grad inalt de certitudine geo-
logicd obtinut prin E.D.; valorificabilitate actuald grevatd, in
principal, de dificultiyi tehnologice, sconomice + caracteristic
naturale nefavorabile determinate prin studii de fezabilitate si
prefezabilitate;
- rezerve indicate {(H.p..) - certitudine geologicl satisficitoare
obtinuti prin E.G.; indicalii tehnologice partial satisficitoare,
eu posibile semnificatii economice actuale, seimnalate de studii
de prefezabilitate, ocazional 5i de studii de fezabilitate;
- rezervis probabile (Rop.p.) - grad sciizut (local satisficiter) de
cuncastere geologicX obiinut prin E.L-Pr.; informats tehmologice
orientative, in general firk relevantil cconomicl actuald, sugera-
te de studii de oportunitate gifsan de documentaiii geologice.

*Resurse (r.):
- resurse misurate (rom.) - grad inalt de certitudine geologic
obtinut prin E.D.; firk posibilitdt de valorificare actuald i in
perspectiva imediats, cu rezolutie sconomick lipsitd de interes,
delerminate prin studii de ferabilitate 51 prefezabilitale;
- resurse indicate (r.i.) - certitudine geologich satisficitoars
obiinutd prin B.G. si indicagii tehnologice partial satisficitoare;
fir# posibilititi de valorificare in perspectiva imediati, deter-
minate prin studii de prefezabilitate, ocazional si de studii de
ferabilitate;
- resurse probabile (r.p.) - grad relativ scizut (loeal satisficitar)
de cunoagtere geologich obginut prin E.L-Pr. si studii (5.);
informatii tehnologice punctuale neconcludente, semnalate de
studii de oportunitate sifsau de documentagii geologice;
- resurse posibile (r.ps.}ipotetics-speculative) - argumentare
geologici speculativi eblinuth prin 8, recuncasteri (R) | Pr;
informatii obiinute, in special prin cercetars geologicd funda-
mentalX,
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din rezervele supericare (A, B, C,;) de bilant (consi-
derate economice) care stau la baza activitatilor pro-
ductive nu indeplinesc conditii de valorificabilitate eco-
nomici, parametrii de caleul (tehnologici - economici)
plasandu-le in sfera rezervelor marginal economice san
chiar a resurselor neeconomice. Celelalte calegorii de
rezerve (B, Cy) in aferd de bilant, sau neclasificate, Ca,
precum si rezervele de prognoza (Py, Py, P3) prezinta
aceeasi fluctuatie functie de criteriile tehnico - eco-
nomice, in general existind tendinte de trecere spre
grupe si categoril infericare,

Migcarea rezervelor si resurselor determinate, de
la eategorii §i grupe infericare spre cele superioare,
presupune activitiii specifice de cercetare peolopica,
tehnologici si analizi economici, care uneori pot fi
influentate g1 de conditii conjuncturale de politicd eco-
nomied (fig. 3).

Metodologia de analizi si promovare a
potentialului mineral

Metodologia de analizd si promovare a potengialului
mineral ia in considerare elementele primare cu
acceptiune riguros definitd, respectiv potentialul ge-
ologic natural (cuantificat si necuantificat), repartizat
pe grupe (R.Li., R.p. sir.) si diferentiat pe categorii
in funectie de gradul de cunoagtere (fig. 4).

In prima treafti de promovare - evaluarea geo-
logici, potentialul geologic natural - P.G.N, cuantifi-
cat (R.Li. + R.p. + r) este transformal, prin apli-
carea coeficientilor de promovare cantitativd (ry, ra)
gi calitativa (ry; §i rai), in potential geologic echivalat
in rezerve misurate de interes imediat (P.G.E.R.m.L.),
Acest potential care reprezintd baza de materii prime
realit, respectiv volumele de minereu definite cantitativ
gi calitativ, exprimate unitar, fundamenteaza deciziile
privind investitiile necesare activitiitilor de produciie,
precum si politicile de dezvoltare.

A douna treapld de promovare - evaluarea indusiriali
decurge in trei faze in care se estimeazi succesiv vo-
lumele de minereu obtinute in procesul de extractie
minierii (prin aplicarea coeficientilor de transformare
cantitativd gi calitativd (ky; g1 ke )(faza 1), cantittile
de elemente utile recuperabile in concentrate - pro-
duse miniere (prin vtilizarea indicatorilor de extractie
= v, ap, myg, o ){faza 2) 51 produsele finite, respectiv
cantitigile de elemente utile rezuliate in urma pre-
lueririi chimico - metalurgice si fizico - chimice a pro-
duselor miniere, toate acestea prin utilizarea randa-
mentelor de prelucrare metalurgici gi chimica (#; ){laza
3).  Se obgine astfel potentialul geologic echivalat
in rezerve industrializabile (P.G.E.R.I) care permite
evidenticrea dinamicii gradului de recuperare a ele-
mentelor utile in fazele de extraciie, preparare g1 pre-
lucrare, pana la obginerea produselor finite, reflectand
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in acest fel nivelul procesului tehnologic aplicat.

A treia etapi de promovare - evaluarea eco-
nomici, permite estimarea gradului de valorificabili-
tate a potenfialului pe criterii economice. Utilizand
parametrii economici (prefuri ale produselor finite,
preturi de cost specifice activitiiilor derulate) se obiine
potentialul geologic echivalat in produse valorificabile
(P.G.E.P.V.) care, functie de raportul intre valoarea
tonei de minereu si costurile de produciie, permite
incadrarea economici a produselor finite (economice,
marginal economice, neeconomice). Aceastd ultima
etapid de transformare a potentialului comstituie, i
prezent, o problemi inci neregolvati datoritad lipsei
informatiilor care concura la stabilirea costurilor reale
ale activitdfilor specifice valorificirii bazei de materii
prime minerale. Pareurgerea integrald a procesului de
promovare, implicit cu creerea posibilititii efectudrii
unei analize economice concludente, va asigura o de-
rezerve si resurse in schema de clasificare tridimen-
sionald adoptata.

Coeficientii utilizati pentru promovarea P.G.N. la
P.G.E.P.V., cu limitele de variatie prezentate in fig. 5
se stabilese pentru fiecare obieetiv in funciie de dinam-
ica rezervelor pe pericade lungi de timp 51 de studi-
ile de conditii industriale - ry, rq, ty;, rep, de studi-
ile de conditiile industriale gi de eficienta metadelor
de extractie minierd - kqi, kei, de sficienta metodelor
de preparare - v, a;, mj, ¢, s, in final, de eficienta
metodelor de prelucrare metalurgica - i

in metodologia utilizatd, pornind de la valoarea ele-
mentelor utile, s-a obtinut un element de analizi, res-
pectiv metalul echivalent, utilizat atal pentru pro-
dusul finit cat g1 pentru tipurile de poleniiale geolo-
gice din care acesta derivd prin promovare. Metalul
echivalent permite astfel stabilirea, in diferite etape
de promovare a polentialului, a gradului de recupe-
rare in metal, respectiv a eficientei metodelor tehno-
logice aplicate (extraciie gi preparare) gi oferi implicit
posibilitAfi de analizh comparativd intre obiective cu
compozitii diferite. :

Pentru eficientizarea aplicfrii metodelogiei, {inand
seama de numarul extrem de mare de date primare,
de complexitatea procesului de promovare (numeroase
informatii de naturd geologicii, tehnologici i eco-
nomicd) gi de necesitatea interpretirii integrate a aces-
tora a fost elaborat un produs informatic - GEODA
(fig. 6) (Caltan 1993; Caltan, Muntean 1996). Acesta
se bazeazd pe criterii de sistematizare, stocare g pre-
lucrare a datelor in coordonate constante (geologice) si
variabile (tehologice - economice) ce pot asigura abor-
darea unor scenarii in funciie de diverse situatii con-
juncturale, Programul a fost aplical pentru obtinerea
unei situatii globale, preliminare, pentru minereurile
metalifere mentionate (Ph, Zn, Cu, Au, Ag, Fe, Mn).

Concluzi

Studiile efectuate demonstreazid necesitatea
analizarii potentialului mineral pe coordonate, riguros
determinate, de naturd geologicii, tehnologici gi eco-
nomica, in masurd si asigure o gestionare rationali a
acestuia g1 0 dezvoltare coerentd a activititilor de cer-
cetare gi productie, in concordania si cu exigeniele ac-
tuale existente pe plan international. Sistemul de clasi-
ficare gi metodologia de analizd a potentialului propuse
asigurd o reincadrare a rezervelor gi resurselor exis-
tente, cu evideniierea semnificaliei economice reale a
acestora, inlesnind totodati posibilitati de comparare
cu situatiile existente pe plan mondial.

Rezultatele obtinute pentru tipurile reprezenta-
tive. de minereuri metalifere analizate (polinetalice,
cuprifere, auro-argentifere, feroase) permit, in aceasti
fazi, o departajare clari a rezervelor economice de cele
neeconomice, constatandu-se o tendintid de diminuare
severd a volumelor aferente categoriilor gi grupelor cu
valoare economicid ridicald, Intr-o pozifie neconclu-
denti se situcaza rezervele de perspectivd, care’in unele
accepliuni sunt considerate ca reprezentand resurse, a
cdror incadrare si semnificatie economica nu a putut
fi inci determinatli, gi care, in prezent, sunt conside-
rate ca rezerve marginal economice; informatiile supli-
mentare ce pol [ obfimute prin studiile de fezabilitate
st prefezabilitate ce se impun a fi efectuate prieritar,
urmand sa permiti stabilirea tendintelor de migrare a
acestora, fie in sfera rezervelor economice, fie in cea
resurselor neeconomice,

Determinarca semnificatiel potentialului in contex-
tul noii metodologii propuse oferd elementele ce pot
contribui la stabilirea peliticilor gi strategiilor de dez-
voltare in domeniul activitigilor de cercetare funda-
mentald si aplicativd (geologicd - tehnologicd) si de
valorificare a substantelor minerale utile. Astfel pot
fi luate decizii privind mentinerea, sistarea sau aban-
donarea obiectivelor de cercetare san exploatare, pot
[i orientate politicile de subventionare, concesionare,
reorganizare ete.

Schema de clasificare §i metodologia de analizd a
potentialului mineral, elaborata pe baza cercetirilor
efectuate pentru minereuri, confirmé gradul ridicat de
confidenti geo-economici determinat la nivelul princi-
palelor zicAminte, grupe de ziciminte g unitaf) gene-
tice - miniere (districte, campuri miniere). Ele pot sta
in atentia institutiilor interesate in vederea omologirii
gi aplicdrii pentru toate substantele minerale utile,
tinand seama de specificul acestora, de la nivelul en-
titdtilor componente ale unui obiectiv pana la ansam-
blul teritoriului.

re-
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Rezerve de perspectiva - R.P.
RPm =B+ C, rezerve grupa afard de bilant 7i, partial, A+ B + C; rezerve grupa de bilan{;
(Z, rezerve neclasificate;
RP.i. =Cyrezerve in extinderea rezervelor in afard de bilant #i, partial, B + C; rezerve de
bilant + €3 rezerve In extinderea rezervelor de bilant;
5 rezerve in extinderea rezervelor neclasificate C;
R.Pp. =Pt Psrezerve deprognozd

Resurse - r.
r.m, =%+ C, rezerve grupa afard de bilant 31, pariial, A+ B + C; rezerve grupa de bilant;
C; rezerve neclasificate;
ri = (U, rezerve In extinderea rezervelor in afard de bilant gi, partial, B + C, rezerve de

bilant it C; rezerve in extinderea rezervelor de bilanf,
(; rezerve in extinderea rezervelor neclasificate Cy;
r.p+r.ps=P; + P, rezerve de prognoza

1.



CLASIFICAREA SI ANALIZA POTENTIALULUI DE SMU SOLIDE

CERCETARE PROIECTARE iN ACTIVITATEA CERCETARE TEHNOLOGICA sl ECOMOMICA
DE PRODUCTIE APLICATIVA
1 CUANTIFICATE HERIAIN 1 CUANTIFICATE “Fieate
DEHONSTRATE DEMONSTRATE
o WAL URAT E INDICATE FRGBARNE L1 T o WASUAALL THOICATT PROADILE PELIBILE
=2 A s
z Rezerve ‘de |nterés imedial g Rezerve dedinterds imedial
o Y, | |-mmmm
5| EERZEJZEE/RAV E 2| |RE[ZE vE
m SRR S =t 2|
s Rezerve de perspecliva Reic ”” iPIl‘.li'la
= [ ,’:y
5 : : /
2 % — S % o
< |
£ RES UR!'E s R UFHSE
(IS IS I
C = | C C l
i ! L !
" GRAD DL CUNOASTC RE " GRAD DE CUNOASTERE
CERCETARE TEHNOLOGICA FUNDAMENTALA EXPLORARE
CUANTIFICATE eI 1 CUANTIFICATE Kicuanti- |
DEMOMSTRATE DEHOKNSTRATE
uniuut: ML ATE FROBARILD FEMIBILE £ MALUALT L INOICATT FRODABILLD FOIIBILE
S /f/// o
= ﬂl Ty = Rezerve dfinteres imedial
=) /// g _____
| | [efrgy e
9 o, w S
Rezer Rezervedde perspectiva
ad o
2 c 2 ¢
2 3
3 3 momg
N R E N RIE S U RS E
L (T |
c c C
|
T GRAD DE CUNOASTE RE T GRAD Bt CUNOASTE RE
PROSPECTIUNE CERCETARE GEOLOGICA FUNDAMENTALA
| CUANTIFICATE MESUANIL. | CUANTIFICATE NESHIAR. ]
DEMONSTRATE DEHONSTRATE
‘{ Hilulll! IR O AT E FRODBARIRE FOSIBILE g HALYRATE TRDIEATE FRODBABILE FOLEDILE
g U
§ Rezerve de inléres~imedial % g Rezerve He lnierc@'ﬁ/{?
a - - = | [m=—-—
z RE|ZER( % S RE(Z E R
B C / : 1 C
Rezerve de perapeciiva / D Rezerve de perspech
= = - /
= ¢ : E c c
o =
2 % g
& RIE S R¥S/E ¥ RIE S » E
Lo Lo
| i L
T GHAD DE CUNOASTC RE : " GRAD .DE CUNOASTE HE '

1 g Achivirahi spemf:ce curenke

2 EZ22) Activitch in perspectivd frecvent determinate de rezultate {1 )
3 E:j Ac!mh:l!l cnndmanuie sau ocozionale

Fig. 3. RELATIA POTENTIAL MINERAL/DOMENII SPECIFICE ACTIVITATILOR
DE CERCETARE/PROIECTARE

s



80

M B
A PM. POTENTIAL
MINERAL
Rezerve(R)+ Resurse{r)
2 Cercetare geologica
B PGN.c. PoTENTIAL PGN.NC.POTENTIAL
- GEOLOGIC NATURAL /Cercetare \ GEOLOGIC NATURAL
o CUANTIFICAT L NECUANTIFICAT
s [REZEI"-'E +Resurse) (Resurse)
c » )
i" Cercetare geologicd - tehnoingum analiza economica
& I CUANTIFICATE ECUAN -
DEMONSTRATE |FICAT
ol MASURATE | IKDICATE rnumn:;: POSIBILE
'El clelrm BR R
o 2| M) il
= 2| Sitezere delojeres msdle)
: | PIREZERVE)
= = §§ — Rggf%//m%
E g Eg Rezerve de pers ecl%
o
- 218 RE[SU|RSIE
w E rm. Fi r.p. {r.[:us+
J' " GRAD DE CUNOASTERE
. - " Evaluare geoloqicu =3

POTENTIAL GEOLOGIC ECHIVALAT IN
PGE Rm[ (1+2¢3) REZERVE HASURATE OE WERES IMEDIAT

Rezerve Rez

erve

Resurse

de interes imediat| de perspechivd achivalate
echivalate echivalate

Evaluare
L

tehnologica

CHIVALAT IN REZERVE INDUSTRIA-

[E PGERI. POTENTIAL GEOLOGIC
LIZABILE (PRELUCRABILE )

'

L 1 1

£ |

3 )

Evaluare | economica

EPV. POTENTIAL GEOLOGIC
ECHIVALAT IN PRODUSE
VALORIFICABILE

- 1 ]

F: |

3 J

Sistem de promovare a potentialului

Y

Fig 4. STRUCTURA §I SISTEMUL DE PROMOVARE A POTENTIALULUI MINERAL

MARGINAL
ECONOMICE

(detalil infig. 1 41 5)

NEECONOMICE

208 et al,



CLASIFICAREA ST ANALIZA POTENTIALULUI DE SMU SOLIDE

1 1
R.Li. . R.P. r.
*

=1 =1 0<n<1 0<ra<1
=l =t r1i=1 rz>1

P.G.E.R.Li

kq>1 Kei<1
| faza 1 |
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P.G.E.P.V.
1
Valoare produs metalurgic

Valoare tond minereu

1

|Produs economic |

Produs marginai economic

L

Produs neecchomic

ry, Iz - coeficienti de transformare cantitativa;

ry, rz- coeficient de transformare calitativa;

kq - coeficlent de transformare cantitativa; K- coeficient de transformare calitativa

v - extractie in greutate (%); a;- continutul minereului de alimentare Tn elemente utile (g/t,%);

m, - extractia Tn metal din minereul de alimentare (%), ¢;- continutul concentratelor (git, %),
n,- randament de extractie metalurgica (%)
Pl - pret de livrare

Fig. 5. SCHEMA DE ANALIZA $| DE PROMOVARE A POTENTIALULUI GEOLOGIC
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Fig. 6. SCHEMA DE STOCARE - ANALIZA §I PROMOVARE
APOTENTIALULUL GEOLOGIC NATURAL - PROGRAM GEOCDA
(model logic - matematic elaborat de I Caltan 1593, 1996)
A. Coordonati cu elemente fundamentale geologice - metalogenetice, sistamatizate
temporal/spatial:
1. obiectiv (zAcAméant - acurnulare);
2. district;
3. proces geologic generator (ex vulcanism acid caledonian, magmatisn neogen etc.),
4. ciclu geotectonic (ex. alpin, hercinic etc.);
5. tip genetic de minereu (ex. hidrotermal, lichid magmatic etc.);
é. tip compozitional de minereu (ex. cuprifer, aurifer etc.);
7. tip substant3 (ex. Au; Ag; Pb, Zn etc.);
U - unithi geografice/geologice majore (Carpatii Orientali, Dobrogea atc.).
B. Coordonstd cu elemente ale potentialulul geclogle natural (cantitate, calltate, coeficienti de
promovare, Indicstori tehnologicl):
P.G.N. = Potential geologic natural;
P.G.ERmI =DPotential geologic echivalat In rezerve miisurate de interes imediat;
P.G.ERL = Potenjial gzologic echivalat in rezerve industrializabile;
P.G.EP.V, =potential geologig echivalat in produse vandabile.
C. Coordonati cu elements economice: costuri globale de productie, pret livrare etc.

A coordonati cu elemente constante; B §i C coordonate cu elemente variabile.

a. Directie de cumulare secventiald i cumulativa, b. masive de date curezolutie geoeconomicd
specificy, inrelatie gi cu elemente geologice - metalogenetice lundamentale (A1~ 7).

DP = Date primare.

Coeficienti de promovare, indicator! tehnologlel ¢l economicl:

r; - coeficient de transformare cantitativii P.GN. <R m+r.m;

vy - coeficient de transformare cantitativd R m+r.m —P.G.ERml

Ty - coeficient de transformare calitativi P.G.N. R m+r.m;

Iy - coeficient de transfoninare calitativd Rm4r.m —P.GERm.L

kqu - coeficient de transformare cantitativd P.GER m1 —~P.GERL(faza 1),
kg - coeficient de transformare calitativd P.GERmML—-P.GERL(faza 1)
v - extractie In greutate (%)™,

8y - continutul minereului de alimentars In elemente utile (g/t, ¥5)%,

1y - extractia in metal din minereul de alimentare (%)*,

¢y - continutul concentratelor (git, %)%,

* v, 3, m, ¢; P.GERIL(faza 1)-P.G.ER.L(faza 2).

T4 - randament de extractie metalurgicd (V) P.G.ER.L(faza 2)-»P.G.ER.1(faza3).
P, - Cost zlobal de productis,

P, - Pret de livrare a produselor finite
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