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ADVANCES IN MINERALOGY OF ROMANIA

Gheorghe UDUBASA

Institutul Geologic al Romaniei, str. Caransebes 1, 78344, Bucuresti

Key words: Mineral species inventory. Type localities.

Abstract: To date over 700 valid mineral species are known in Romania, to which
many mineral varieties add. In addition, about 70 mineral names are directly related to
the development of mineralogy in the country (Udubasa et al., 1992). Several minerals
have the type localities in Romania. There are also many occurrences bearing rare
and very rare minerals, such as bannisterite, cymrite, greigite, hetaerolite, nambulite,
zoubekite etc., which were recently identified. Among the more common minerals
there are a lot showing either uncommon frequency, abundance and crystal forms, e.g.
stibnite in the Baia Mare mining area, or unusual mode of presentation, e.g. greigite
concretions, hydrothermal vein ilvaite at Turg, biotite "balls” within the medium grade
metamorphic rocks of the Sebeg Mts. etc.

Some characteristic mineral associations

Alongwith the rock salt and oil, the Au-Ag-Te minerals, the Bi sulphosalts, the skarn and manganese
minerals form typical associations and occurrences in Romania, some of them being or becoming cele-
brated, at least in Europe. All these associations occur in areas with old mining activity. In the last time
many minerals were also identified in caves. The Au-Ag-Te minerals typically occur in the Metaliferi Mts./
siebenbiirgisches Erzgebirge, in relation with Miocene volcanics of dominant andesitic composition. The
celebrated ” Golden Quadrangle” belongs here, having the four "pillars” at Siciramb, Zlatna, Baia de Aries
and Céraciu. Sacaramb / Nagyag is the type locality of many tellurides, nagyagite included, for which
many modern investigations have been undertaken, e.g. Mossbauer spectroscopy, showing the gold to be
trivalent (Udubasa et al., 1993), microprobe analyses and microhardness measurements (Lupulescu et al.,
1993; Popescu, Simon, 1995), crystal structure determination (Stanley et al., 1994). The old problem of two
or even three nagyagite phases, suspected by GiuscH as early as 1937, has been partly solved by the discovery
of the arsenian nagyagite (Simon et al., 1994). Outside the ”Golden Quadrangle” the telluride minerals were
scarcely reported in isolated occurrences and minor amounts: at Stanceni, Cilimani Mts. (hessite, petzite;
Peltz et al., 1982), Rodna (hessite; Constantiniuc et al., 1987) and Béita, Baia Mare area (altaite, hessite,
petzite, sylvanite; Butucescu et al., 1963).

The Bi minerals typically develop within the skarns formed in connection with subduction related mag-
matites of K3-Pgjage and dominant granodioritic composition. The associated ores are either copper-rich
(Moldova Nou#, Sasca Montana) or iron-rich (Ocna de Fier, Biigoara) as well as with dominant polymetallic
assoclations (Dognecea, Baita Bihor, Tincova, Ruschita).

However, the presence of the Bi minerals is a common feature, which allows a ”Bi line” to trace in West
Romania. The Bi minerals are extremely fine grained and generally show unusual complex intergrowths, a
fact long time preventing the true identification of minerals species. The "rezbanyite” case story is significant
in this respect, it being proved to represent a fine intergrowth of several phases with dominant paderaite as
a new mineral (Mumme, Zak, 1985). The progress made in knowing these minerals was shown in the review
paper of Cioflica et al. (1995), new identifications including pekoite, cupropavonite, krupkaite, kobellite etc.
Lupulescu et al. (1993) repoted ingodite at Valea Seaci near Biita Bihor. New data on the Bi minerals
at Oravifa-Ciclova and Biita Bihor and Valea Seaca, respectively are critically presented by Ilinca (1992)
Ilinca et al. (1993), Ilinca, Cook (1995), Ilinca, Marincea (1996). A new mineral, makovickyite, was also
described at Baifa Bihor (Zak et al., 1994). -
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In the last case, very fine intergrowths of bismuthinite derivatives chemically corresponding to hammarite-
friedrichite, hodrushite, cuprobismutite and a Cu-rich makovickyite have been identified, as well as many
still problematic phases which are now further investigated.

Other Bi bearing occurrences of minor importance were recently studied, proving the presence of lillianite
at Ditrdu (Damian et al., 1992), of bismuthinite associated with native bismuth and a BizSs phase within the
shear zone related gold ores at Costesti, South Carpathians (Udubaga, Topa, 1995). of berryite, izoklakeite,
nuffieldite etc. in the ores at Baia Borsa - Toroiaga (Cook, 1997), of wittichenite, bismuthinite and native
bismuth in the Leaota Mts. (Udubaga, 1988) etc.

Significant data were also obtained concerning the distribution and properties of the skarn related en-
dogene borates (Marincea, 1993; 1997; Marincea, Cristea, 1995; Marincea, Guy, 1997). Ludwigite is the
dominant borate at Ocna de Fier and Biisoara whereas szaibelyite typically develops at Baita Bihor and
Pietroasa.

Two major belts of Mn ores are known in the East and in the South Carpathians, forming stratiform
bodies in medium grade metamorphics. Isolated deposits are also known at Razoare, Preluca Mts., and at
Delinesti, Semenic Mts.

Significant results as concerns the mineralogical aspects were obtained in studying especially the Mn
occurrences in the Bistrifa Mts. (Hartopanu, in Nedelcu et al., 1997; Hartopanu et al., 1996; Hartopanu,
Scott, 1997). Numerous Mn-silicates, sometimes Li-containg such as nambulite, bannisterite, kozulite, nor-
rishite, kelyite were thus identified as major phases in which a large number of other minerals have been
found: silicate-arsenates (schallerite, nelenite), Zn-Be-Ti-Ba silicates (genthelvite, fraipontite, bafertisite),
rare sulphides: stannite, chatkalite, carrolite, cobaltite, rare oxides: akhtensite, vernadite, ashanite etc.

A further fertile field of investigation is the study of cave minerals. The recently described minerals
in such environments include bobierrite, barrandite, vivianite, wawellite, brushite, romanéchite, huntite,
mirabilite, thenardite etc. An overview hereupon has been given by Onac (1996).

Is there a real progress?

The progress made in the mineralogical reconnaissance of Romania can be shown at least by a significant
increase of number of minerals identified; in 1966 there were about 450 mineral species whereas in 1998 over
700 minerals are known, i.e. an increase by 25% (Fig. 1). The foundation of the Mineralogical Society
of Romania (MSR) in 1992 contributed much to the stimulation of mineralogical research in our country.
New occurrences were described, many novelties in old occurrences were reported either by investigation
of old mining "remnants” or of museum materials. The achievements were noted at every SMR symposia
(Udubasa, 1992, 1993, 1995, 1997).

There is a number of mineral occurrences in Romania for which the term "sacred monsters” was proposed
(Udubaga, 1994). The selection was based both on the number of the mineral species and on their rarity, as
well as on some crystallographic features. Figure 2 shows the distribution of mineral occurrences in Romania
and the position of several "sacred monsters”.

It is expected that the alkaline massif of Ditrdu will soon produce an important growth of mineral species,
as about 1/5 of the minerals approved by the CNMMN-IMA in the last years originate in such environments.
The same is true for several Mn occurrences.

As shown above, the most interesting and characteristic mineral associations or occurrences in Romania
are the gold-silver Lelluric_les, the Bi minerals, the skarn minerals with associated borates and the nanganese
minerals, to which also the cave minerals add. The important Baia Mare mining district contains base
metal ore deposits of prime importance in which the abundance of Sb is obvious. Besides the "Bi line” in
West Romania, related to skarn ores occurred in connection with K3-Pg; magmatites, a ”Sb line” can be
delineated in North Romania, containing both unusual amounts of stibnite and numerous Sb sulphosalts.
Such occurrences are related to Neogene volcanics resulted from the down break-off a subduction slab. They
contrast the Neogene volcanics in the Metaliferi Mts., that represent extensional magmatites, emplaced in
grabens connected with Badenian back-arc riftogenesis (Balintoni et al., 1996). Here the unusual gold richness
and the abundance of porphyry coppers are very characteristic features. It is perhaps not a pure coincidence
that all or nearly all the significant mineral occurrences in Romania lie beneath the contacts between the
cratons (as defined by Balintoni, 1996). However, the Major Tethysian Suture - MTS (Sandulescu, 1984)
represents the most important primary source of metals. The MTS is largely developed in the SW part of
Romania, where a first order "gold spot” and a significant number of porphyry copper systems occur on a
relatively limited area. The "Bi-line” in West and the ”"Sb-line” in North are related to convergent plate
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boundaries, showing however significant differences in age of the associated igneous rocks and in the type
of plate convergence. The geochemical features of the banatitic, i.e. K3-Pg; ores (Bi rich) and the Miocene
ores (Sb rich) might suggest different depths of generating magmas (and thus the ores), seemingly greater
in the case of banatites.

Some problems of mineralogical nomenclature

The following list of minerals includes practically all the mineral names used up to now in Romania.
Some inconsistencies in writing the mineral names mostly related to etymology should be therefore corrected
according to the recommendations of IMA, especially of CNMMN. Old names and varietal names appear
together with discredited mineral species, in the last case by specifying the new status of the mineral,
either mixtures or synonyms. Minerals having type localities in Romania appear in bold capital letters (e.g.
NAGYAGITE) as against the discredited mineral names (e.g. MONSMEDITE). Formulas are given only
in a limited number of cases, especially for " persistent errors” such as valleriite. Romanian mineral names
were added only for words significantly differing from English. Names of mineral groups are italicized (in
paranthesis - mineral species found in Romania).

Although an attempt was made to collect all the names of the mineral species found or used in Romania
it was quite impossible to cover all the literature data. Old German mineral names are still missing except
some few more common names such as Fahlerz, Radelerz etc.

The pyroxenes and amphiboles are presented according to the IMA nomenclature and classifications
(Morimoto et al., 1978; Leake et al., 1997). For the REE containing minerals it was not always possible to
give the correct formula, e.g. monazite - (La) as a result of missing data. If any indetermination exists, the
mineral name is marked with a question mark. The priority of a mineral name or of the locality is marked
with an exclamation mark if the status is still obscure (presumed, not surely proved).

Acanthite (Rom.: acantit)

Acerdese (= manganite)

Acmite (= aegirine)

Actinolite

Aedellosite = Laumontite

Adularia (Rom.: adular, var. ortozi)

Aegirine (Rom.: egirin)

Aeschynite - (Y)

Agalmatolite (= fine-grained variety of pyrophillite; var. fin granulard de pirofilit)

Agate (= banded chalcedony; calcedonie rubanati)

Aikinite

ALABANDITE (!) (Sacaramb? described as "schwarze Blende” by M. von Reichenstein in 1784;

other syn.: Manganblende, Manganglanz. The origin of the name alabandine is questi-
onable. See Marza et al. (1993) for details.)

Albite
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ADVANCES IN MINERALOGY 7

Aleksite

Algodonite

Aliettite (interstratificatie regulati talc - smectit trioctaedric)

Allanite - (Ce)

Alleghanyite

Allemontite (= stibarsen)

Allochroite (= andradite)

Alloclase (= alloclasite)

ALLOCLASITE (Oravita)

Allophane (Rom.: alofan)

Alluaudite

Almandine

Almashite (var. amber; var. chilimbar)

Altaite

Alumino - winchite (= winchite)

Aluminite

Alunite

Alunogen

Amber

Ambligonit (Engl.: amblygonite)

Amblygonite (Rom.: ambligonit)

Amesite

Ametist (Engl.: amethyst)

Amethyst (Rom.: ametist; var. cuart)

Amiant (fibrous variety of amphiboles; var. fibroase de amfiboli)

Analcime '

Anatase

Andalusite

Andesine

ANDORITE (Baia Sprie)

Andradite

Anglesite

Anhydrite (Rom.: anhidrit)

Ankerite

Annabergite

Annite

Anorthite (Rom.: anortit) -

Anorthoclase (Rom.: anortoza)

Anortoza (= anorthoclase)

Anosovil (TizOs; meteorites, synthetic product; meteoriti, produs sintetic)

Antigorite

Antimonite (syn. stibnite; Rom.: stibind)

Antimony (Rom.= antimoniu; stibin)

Anthophyllite (Rom.= antofilit)

Apatite group (chlorapatite, fluorapatite, hydroxylapatite, carbonate - chlorapatite, carbonate -
hydroxylapatite)

Aphrosiderite (var. chamoisite; var. chamosit)

Aphtitalite

Apophyllite group (Rom.: apofilit) (fluorapophyllite, hydroxyapophyllite)

Aragonite

Arakawaite (= veszelyite)

ARDEALITE (Cioclovina cave)

Arfvedsonite

Argentite (dimorph of acanthite, stable above 179°C; matter of natural argentite is still open. Argentite
occurrences in Romania have been transfered to acanthite; dimorf al acantitului, stabil
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G. UDUBASA

peste 179°C; problema a. natural rimane deschisi. Ocurentele de a. din Romania au fost
transferate acantitului.)

Argentopyrite (Rom.: argentopirita)

Argint (Engl.: silver)

Argyrodite (Rom.: argirodit)

Argyropyrite (Rom.: argiropiritd) (stenbergite paramorphosis after argentopyrite; paramorfozi de stern-
bergit dupi argentopiritd)

Argyrose (= argentite)

Arizonite

Armalcolite (Sabau et al., 1997)

Arsenic (Rom.: arsen)

Arsenolite

Arsenopyrite (Rom.: arsenopiritd; syn.: mispichel)

Arsenosulvanite

Artinite

Asbolane

Ashanite (HArtopanu, Scott, 1997)

Ascharit (syn. szaibelyit)

Astrophyllite (Rom.: astrofilit)

Attapulgite (= palygorskite)

Augite

Aur (Engl.: Gold)

Aurichalcite

Auripigment (Engl.: orpiment)

Autunite

Awaruite

Axinite group (ferro-axinite)

Azbest (fibrous varieties of serpentine minerals and amphiboles; var. fibroase de minerale serpentinice si
amfiboli)

Azurite

Baddeleyite

BADENITE (= mixture of bismuth, safflorite and modderite: amestec bismut, safflorit s1 modderit)
(Bédeni, Leaota Mts.)

Bafertisite (Hartopanu, Scott, 1997)

Bannisterite

Barite (Rom.: baritini)

Barkevicit (= ferro-pargasitic hornblende; hornblend# fero-pargasitici)

Barrandit (intermediary between strengite and variscite; interm. ntre strengit si variscit)

Barroisite

Bassanite

Bastite {coplex alteration product of enstatite, formed of serpentine minerals and talc; produs complex
de alteratie a enstatitului, alcituit din min. serpentinice i talc)

Bastnésite - (La)

Bauerite (altered biotite, colourless; partly amorphous; biotit alterat, decolorat: in parte amorf)

Becquerelite

Beidellite

Bementite

Benavidesite

Benjaminite

Bentonite (rock mostly formed of montmorillonite: roci aleituits predominant din montmorillonit)

Beril (Engl.: Beryl)

Berryite

Berthierine

Berthierite )

Beryl (Rom.: beril)

4 \l Institutul Geologic al Romaniei



ADVANCES IN MINERALOGY 9

Betekhtinite

BIHARIT (Baita Bihor; mixture of magnesium silicates, calcite, dolomite etc.; see Papp, 1992; amestec
de silicati magnezieni, calcit, dolomit etc.)

Biotite

Birnessite

Bismite

Bismuth

Bismuthinite (Rom.: bismutini)

Bismutite

Bixbyite

Blenda (Engl.: Sphalerite; e. am.: sfalerite)

Blodite

Bobierrite

Bohmite

Bol, bolus (mixture of halloysite and "limonite”; amestec de halloysit i "limonit™)

Bornite

Bosjemanit (= Mn pickeringite; pickeringit cu Mn)

BOTESITE (= hessite from Botes)

Botryogen

Boulangerite

Bournonite

Brannerite

Braunite

Bravoite (nickeloan pyrite; piritd nichelifera)

Breunnerite (magnezit ferifer, cu 5 - 30 % moli FeCO3)

Brochantite

Bronzite (ferriferous enstatite; enstatit ferifer)

Brookite

BROSTENITE (mixture of birnessite and todorokite; amestec de birnessit gi todorokit) (Brosteni)

Brucite ’

Brushite

Bursaite

Bustamite

Bytownite

Calaverite

Calcantit (Engl.: Chalcanthite)

Calcedonie (Engl.: chalcedony; fine-grained variety of quartz; var. fin granulard de cuart)

Calcite

Calcofilit (Engl.: Chalcophyllite)

Calcopirita (Engl.: Chalcopyrite)

Calcopirotind (= isocubanite; isocubanit)

Calcostibit (Engl.: Chalcostibite)

Calderite

Caledonite

Cancrinite

Canfieldite

Cannizzarite

Capnite (= ferriferous smithsonite; Smithsonit ferifer)

Carbonate - chlorapatite

Carbonate - hydroxylapatite

Carinthin (= paragasit)

Carnallite

Carpholite (Hartopanu, Scott, 1997)

Carrolite

Caryopilite (Hartopanu, Scott, 1997)
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Cassiterite

Cattierite

Celadonite

Celestite (Rom.: celestina)
Celsian

Cerussite

Cesarolite

Chabasite

Chalcanthite (Rom.: calcantit)
("halcedony (Rom.: calcedonie)
Chalcocite (Rom.: calcozina)
Chalcophyllite (Rom.: calcofilit)
Chalcopyrite (Rom.: calcopirita)
Chalcopyrrhotite (= isocubanite)
Chalcostibite (Rom.: calcostibit)
Chamosite

Chevkinite

Chihlimbar (Engl.: amber)

Chloantite (= nicke] - skutterudite)
Chlorapatite (Rom.: Clorapatit)
Chlorargyrite (Rom.: Clorargirit)
Chloritoid (Rom.: Cloritoid)
Chlorophaite (Rom.: clorofeit)
Chondrodite

Chromite (Rom.: cromit)
Chrysocolla (Rom.: crizocol)
Chrysolith (Rom.: crizolit; 10-30 mole % fay).
C'hrysotile subgroup (ortocrysotile, clinochrysotile)
Cinabru

Cinnabar (Rom.: cinabru)
Clausthalite

Cleiofan (Engl.: Cleiophane; iron poor sphalerite; var. de ZnS s#raci in fier)
Clevelandite - albit tabular
Clinochlore

Clinochrysotile

Clinoenstatite

Clinohumite

Clinoptilolite

Clinozoizite

Clintonite .
Cloantit (Engl.: chloantite; = nickel-skutterudite)
Clorapatit (Engl.: chlorapatite)
Clorargirit (Engl.: chlorargyrite)
Cloritoid (Engl.: chloritoide)
Clorofeit (Engl.: chlorophiite)
Coalingite

Cobaltite

Cobaltpentlandite
Coeruleolactite

Coesite

Coffinite

Coloradoite

Columbite - group (Ferrocolumbite)
Colusite

CONIFEITE (=cobalt pentlandite) (Baia de Arama)

l/-l._--‘ . 0 -~ - -
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Copiapite

Copper (Rom.: cupru)

Cordierite

Corindon (Engl.: corundum)

Coronadite

Corrensite

Corundum

Cosalite

Cotunnite

Covellite (Rom.: covellini; scrierea "covelind™ este incorecti).

Crandallite

Crednerite

Criptomelan (Engl.: Cryptomelane)

CRISITE (a recently described cave mineral, not approved by CNMMN of IMA). A hydrous
silicate of Al and K. (Pesterile Bolhac si Izvor, M. Apuseni, Onac, 1997)

Cristobalite

Crizolit (Engl.: Chrysolite; forsterit cu 10-30% mol de Fe;Si0,)

Crizotil (subgrup; Engl.: Chrysotile)

Crizocol (Engl.: Chrysocolla) :

Crocidolite (asbestos variety of riebeckite: var. azbestiforma de riebeckit; Germ.: Kroky-
dolith)

Crocoite

Cromit (Engl.: Chromite)

Cronstedtite

Crossite (= glaucophane or riebeckite; glaucofan sau riebeckit)

Cryptomelane (Rom.: criptomelan)

CSIKLOVAITE (= mixture of tetradymite, galenobismuthite and bismuthite; amestec de
tetradimit, galenobismutina si bismutind) (Ciclova)

Cuart (Engl.: Quarz; Germ.: Quartz)

Cubanite

CUBOSILICITE (Trestianear Cavnic; blue cubes of chalcedony pseudomorph after melanophlo-

gite; early presented to be pseudomorph after fluorite)

Cummingtonite

Cuprite

Cuprobismutite

Cupropavonite

" Cuprosklodowskite

Cupru (Engl.: copper; Germ.: Kupfer; Fr.: cuivre)

Cupru gri (translation of the French word ”cuivre gris”, used as a generic term for the
tetrahedrite group; traducere a cuvantului francez "cuivre gris” folosit ca ter-
men generic pentru grupul tetraedritului).

CYANOTRICHITE (Moldova Noua?) Type locality doubtful: see Clark (1993)

Cymrite

Dahllite (= carbonate - hydroxylapatite)

Damourite (= fine-grained muscovite; muscovit fin granular)

Danaite (= arsenopyrite with 9-12% Co; arsenopirita cu 9-12% Co)

Danburite

Dannemorite(= mangano - griinerite)

Daphnite (= chamosite)

Datolite

Davidite

Davyne

Dawsonite

Delessite (Syn. Melanolite; ferro-ferri chamosite)

Demantoid. (greenish-yellowish variety of andradite; var. verzui - gdlbuie de andradit)
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Desmine (= Stilbite)

Deweyllite (mixture of tale and serpentine)

Diadochite

Diallag (= diopside with cleavage on (100); diopsid cu clivaj (100)).

Dialogite (= syn. rhodochrosite)

Diamant. (Diamond) Former references, e.g. Fichtel (1972) on diamond presence at Osdola
concern, in fact, ultra-pure quartz grains (Ackner, 1855). Referirile vechi, e.g.
Fichtel (1792) privind prezenta d. la Osdola privesc de fapt cristale de cuart
foarte curate (Ackner, 1855)

Diaphorite

Diaspore

Dickite

DIETRICHITE (Baia Sprie)

Digenite

Diopside

Dioptase

Dipyre (intermediary term in the scapolite series, with 50-80% marialite; termen inter-

_ mediar in seria scapolitului, cu 50-80% marialit)

Discrasit (Engl.: Dyscrasite)

Disten (Engl.: Kyanite)

Djurleite

Doelterite (colloidal TiOs, specific to laterites; TiO2.nH,0 natural alpha titanic acid; TiO,
coloidal, specific lateritelor: TiO, .nH;0; acidul alfa titanic natural).

DOGNACSKAITE (Dognecea); mixture of bismuthnite, chalcopyrite and chalcocite

Dolomite

Domeykite

Donbassite

Dravite

Dumortierite

Dyscrasite (Rom.: discrasit)

Ebelmenite (= mixture of Mn oxides or variety of psilomelane with K; syn.: pyrolusite:
amestec de oxizi de Mn sau varietate de psilomelan cu K: sin. piroluzit).

Eclarite (!) .

Eggonite (= syn.: sterretite; initially considered Cd silicate, later Al hydrated phosphate;
sin.: sterretit; initial considerat silicat de Cd, apoi fosfat hidratat de Al).

Egirin (Engl.: aegirine)

Ehlite (= pseudomalachite)

Elaterite (= variety of ozokerite; elastic bitumen with 32-86%C, 11-13%H. 1-5%0: var.
de ozocherita; bitumen elastic, cu 32-86%C, 11-13%H, 1-5%0).

Elbaite

Electrum . :

Eleolite (= variety of nepheline, turbid, with exsolved potash component: var. nefelin,
tulbure, cu componenta potasica exsolvita)

Emplectite

Empressite

Enargite

Enstatite

Epidote

Epistilbite

Epsomite

Erionite

Eritrina (Engl.: erythrite)

Erubescite (= bornite)

Erythrite (= eritrina)

Eucairite

_ i L_ Institutul Geologic al Romaniei
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Euchroite

Eulytite

Evansite

Fahlerz (= German denomination for the tetrahedrite group: denumire germana pentru
grupul tetraedritului)

Fahlore (= English translation of the German denomination; traducerea in engleza a de-
numirii germane).

Famatinite

Fassaite (= aluminous ferriferous diopside or augite; diopsid ferifer aluminos sau augit)

Faujasite

Fayalite

Federerz (= fibrous jamesonite, heteromorphite)

FELSOBANYITE (Baia Sprie)

Fengit (Engl.: phengite; var. de muscovit cu Si in exces; mica potasica dioctaedricd)

Ferberite

Fergustonite - (Y)

Fergusonite - beta - (Y)

Ferri - ferrotschermakite

Ferro-anthophyllite (Rom.: fero-antofilit)

Ferro-axinite

Ferrocolumbite

Ferroedenite

Ferroglaucophane

Ferrohornblende

Ferrosalite (= hedenbergite)

Ferrosilite

Ferrotantalite

Fersmite

Fier (Engl.: iron; Germ.: Eisen)

Fischerite (= wawellite)

FIZELYITE (Herja)

Fletcherite '

Flogopit (Engl.: Phlogopite)

Fluoborite

Fluorapatite _

Fluorapophyllite (Rom.: fluorapofilit)

Fluorina (Engl.: Fluorite)

Fluorite (Rom.: Fluorina)

Forsterite

Fraipontite (Hartopanu, in Nedelcu et al., 1997)

Francolite (= carbonate-fluorapatite)

Franklinite

Freibergite

Freieslebenite

Friedelite

Friedrichite

Frieseite (= mixture of pyrite and sternbergite or a precursor of decomposition in these minerals; amestec
de piritd i sternbergit sau un precursor al descompunerii in aceste minerale)

Frohbergite

Fuchsite (= chrome muscovite; muscovit cromifer)

FULOPPITE (Dealul Crucii)

Gahnite

Galaxite

Galena

Galenobismutite

'/ e . - -~ - -
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Ganophyllite

Garnierite (= generic term for Ni hydrated silicates, especially of antigorite or chrysotile type; termen
generic pentru silicati hidratati cu Ni, in special de tip antigorit sau crizotil).

Gedrite

Gehleriite

Geikielite

Genthelvite

Geocronite

Germanite

Gersdorffite

Gheata (Engl.: ice)

Gibbsite

Gilbertit (= muscovite 4+ nacrite and kaolinite, pseudomorph after topaz; muscovit + nacrit si kaolinit,
pseudomorf dupi topaz)

Giobertit (= magnezit)

Gips (Engl.: Gypsum)

Gismondine

Gladite

Glagerite (= var. halloysite)

Glaserite (= aphthitalite)

Glaucodot

Glauconite

Glaucophane

Gmelinite

Goethite

Gold (Rom.: aur)

Goldfieldite

Goongarite (= mixture of cosalite and galena; amestec de cosalit i galeni)

Gorceixite

Gorgeyite

Goslarite

Grammatite (= var. tremolit)

Graphite

Gratonite

Greenalite

Greenockite

Greigite

Grossular

Groutite

Griunerite

Grinlingite (= mixture of joseite + bismuthinite; amestec joseit + bismutin#)

Guanajuatite (!)

Gustavite

Gymnite (deweylite = talc+serpentine)

Gypsum (Rom.: Gips)

Haapalaite (!)

Haidingerite

Halite

Halloysite- 7 A

Halloysite-10 A

Halotrichite

Hammarite

Harmotome

Hastingsite

Hauerite
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Hausmannite

Heazlewoodite

Hedenbergite

Helvite

Hematite

HEMIMORPHITE (Rom.: hemimorfit) (Biita Bihor, Clark, 1983)

Hercinit (Engl.: hercynite)

Hercynite (Rom.: hercinit)

Hessite

Hessonit. (= ferriferous grossular, transparent, used as ornamental stone; diverse colours - red, brown,
greenish; grosular ferifer, transparent, utilizat ca piatra de podoaba; culori diverse - rogu,
brun, verzui)

Hetaerolite

Heteromorphite (Rom.: heteromorfit; fibrous var.: plumosite)
Heulandite

Hexahydrite (Rom.: hexahidrit)

Heyrovskite

Hialofan (Engl.: hyalophane)

Hialosiderit (Engl.: hyalosiderite; intermediate member of forsterite-fayalite sol.sol. series with 30-50%
moles; termen intermediar al sol. sol. forsterit-fayalit cu 30-50% moli fay)

Hibschite

Hidrargilit (Engl.: hydrargilite; = gibbsit )

Hidrobiotit (Engl.: hydrobiotite; regular interbedding 1=1 biotite-vermiculite; interstratificatie regulata
1=1 biotit-vermiculit)

Hidrogranati (Engl.: hydrogarnet; garnets in which a part of 5105 is replaced by (OH)4; granati in care
o parte din SiQ4 este inlocuitd cu (OH)4).

Hidrogrosular (Engl.: hydrogrossular; group denomination for hibschi te-katoite series, with formula
CazAly (S8i04)3-x (OH)4x); denumire de grup pentru seria hibschit-katoit, cu formula
CagAly (Si04)3-x (OH)4x)

Hidromagnezit (Engl.: hydromagnesite)

Hidromice (Engl.: hydromica; possibly group denomination for brammalite, hydrobiotite, illite; eventual
denumire de grup, pentru brammalit, hidrobiotit, illit).

Hidrotalcit (Engl.: hydrotalcite)

Hidrotroilit (Engl.: hydrotroilite; colloidal Fe sulphide; sulfurd de Fe coloidala)

Hidrotungstite (Engl.: hydrotungstite)

Hidrougrandit (Engl.: hydrougrandite; generic denomination for hydrogarnets; denumire genericd pentru
hidrogranati).

Hidroxiapofilit (Engl.: hydroxyapohyllite)

Hidroxilapatit (Engl.: hydroxylapatite)

Hidroxil - szaibelyit (Engl.; hydroxyl-szaibelyite)

Hidrozincit (Engl.: hydrozincite)

Hipersten (Engl.: hypersthene; intermediate member of the enstatite-ferrosilite sol.sol. series; termen
intermediar al sol.sol. enstatit-ferosilit)

Hisingerite

Hodrushite

Hogbomite

Holdawayite

Hollandite

HORNESITE (Oravita - Ciclova)

Hortonolite (= magnesium & manganese fayalite; fayalit magnezian £+ manganifer)

Hiibnerite

Humite

Huntilite (intermediate member of the Ag-As sol.sol. series; termen intermediar al sol. sol. Ag - As).

Huntite

Huréaulite

.'/-l_--‘ .
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. Hyalophane (Rom.: hialofan)

Hyalosiderite (Rom.: hialosiderit)

Hydrargilite (Rom.: hidrargilit)

Hydrobiotite (Rom.: hidrobiotit)

Hydrogarnet (Rom.: hidrogranati)

Hydrogrossular (Rom.: hidrogrosular)

Hydromagnesite (Rom.: hidromagnezit)

Hydromica (Rom.: hidromice)

Hydrotalcite (Rom.: hidrotalcit)

Hydrotroilite (Rom.: hidrotroilit)

Hydrotungstite (Rom.: hidrotungstit)

Hydrougrandite (Rom.: hidrougrandit)

Hydroxyapophyllite (Rom.: hidroxiapofilit)

Hydroxylapatite (Rom.: hidroxilapatit)

Hydroxyl - szaibelyite (Rom.: hidroxil - szaibelyit)

Hydrozincite (Rom.: hidrozincit)

Hypersthene (Rom.: hipersten)

Ice (Rom.: gheata)

Idaite

Iddingsite (= pseudomorphosis of serpentinic minerals-after olivine; pseudomorfozi de min. serpentinice
dupi olivini)

Idocrase (= verzuvianite)

[Ibaite (= var. allophane)

llite (a NHy - bearing illite was identified within the clay mineral assemblages at
Harghita-Bai, Bobog, 1997)

Ilmenite

Ilsemannite

Ilvaite

Inesite

Ingodite

Iron (Rom.: fier)

Iserine (var. ilmenite; pseudomorphs of ilmenite after rutile).

Isocubanite (= replaces the poorly defined chalcopyrrhotite)

Iwakiite (Mn*?(Fet? Mn*3),0,)

Ixiolite

Izoklakeite

Izortoza (= var. black-grey orthose; var. ortoza, culoare negru-gri)

Jacobsite '

Jadeite (mostly as jadeite component of some eclogite pyroxenes)

Jalpaite

Jamesonite; fibrous var.: plumosite

Jarosite

Jasp (Engl.: Jasper; fine-grained, red quartz; cuart fin granular colorat rosu)

Jerrygibbsite

Johannsenite

Johnstonite (var. galena; var. galeni)

JOLOTCAITE (a new sulphosalt, PbBi3TesS3, not approved by the CNMMN of IMA; from Jolotca,
Ditrau alk. massif, East Carpathians).

Jordanite

Joseite - A
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Joseite - B

Junoite

Kaersutite

Kainite

Kalinite

Kamacite

Kammererite (= chromian clinochlore)

Kandite (subgroup of kaolinite-serpentine group, including dickite, kaolinite and macrite; subgrup al gr.
kaolinit - serpentine, incluzand dickitul, kaolinitul si nacritul)

Kaolinite

Kapnicite (= syn. wavellite)

Kapnikite (syn. rhodonite, but also of wavellite) .

Kapnite (= ferriferous smithsonite, with 10-30% mol. FeCQOg; smithsonit ferifer, cu 10-30% mol. Fe(C'Q3)

Karinthin (= pargasite)

Katophorite

Keeleyite (= zinkenite)

Kellyite (Hartopanu, Scott, 1997)

KENNGOTTITE (= Pb - bearing miargyrite from Baia Sprie).

Kerargyrite

Kermesite

Kerolithe (= chrysotile or saponite)

Kieserite : :

Klaprothite (= mixture of wittichenite and emplektite, described at Cavnic, also found as Klaprotholit
or Klaprothin, also syn. of Beudant lazurite; amestec de wittichenit gi emplektit, descris la
Cavnic; apare gi sub forma Klaprotholit sau Klaprothin; folosit si ca sinonim al lazuritului
de Beudant)

KLEBELSBERGITE (Baia Sprie)

Knebelite (= manganoan fayalite or ferroan tephroite)

Kobellite

Kolophonite (= brownish andradite, described in the Rodna Mts; andradit bruniu, descris in
Muntii Rodnei)

Kostovite (!)

KOTOITE (Biita Bihor and Hol Col, Korea)

Kozulite

KRAUTITE (Siaciaramb and Cavnic)

KRENNERITE (Sacaramb)

Krupkaite

Kupholith (= serpentine)

Kutnohorite

Kyanite (Rom.: disten)

Langbeinite

Laumontite

Lautite (!)

Lawsonite

Lead (Rom.: plumb)

Leadhillite

Lennilenapeite (Hartopanu, Scott, 1997)

Leonite

Lepidocrocite

Lepidolite g

Lepidomelane (= ferriferous biotite; biotit ferifer)

Leptochlorite (= ferriferous chlorites, usually fibrous; clorite ferifere, de reguld fibroase)

Lettsomite (= cyanotrichite)

Leuchtenbergite (= var. clinochlore)

Leucite

l/-l._--‘ . 0 -~ - -
_a Institutul Geologic al Romaniei
IGR



G. UDUBASA

Leucophoenicite

Leucopyrite (= l6llingite)

Leucoxene (= fine-grained mixture of titanite, rutile and anatase; amestec fin granular de titanit, rutil
gl anatas)

Libethenite

Liebenerite (= muscovite - fine grained - pseudomorph after nepheline)

Lievrite (= ilvaite)

Lillianite

Lindstréomite

Linnaeite

Linarite

Lithionite (= lepidolite)

Lithiophilite

Lithiophorite

Lizardite

Lollingite

Loparite - (Ce)

LOTRITE (Urdele peak, similar to pumpellyite, to which it has priority (lost for the time being);
vf. Urdele; similar pumpellyitului, faid de care are prioritate, pierduta pentru moment)

Lublinite (= fibrous calcite, apparently hydrous)

LUDWIGITE (Ocna de Fier)

Lunnite (= pseudomalachite)

Luzonite

Mackinawite, (Fe,Ni)oSs sau Fe;,,S, tetragonal; fine exsolutions in chalcopyrite and pent-
landite replacing ”valleriite” described in the period 1935-1960 as CusFesS,
later redefined; exsolutii fine in calcopiritd si pentlandit inlocuind "valleriitul”
descris in perioada 1935-1960 ca fiind Cu;Fe, S7, ulterior redefinit.

Maghemite

Magnesiochromite

Magnesioferrite

Magnesiohastingsite

Magnesiohornblende

Magnesiolaumontite (= laumonite with Mg; laumontit cu Mg)

Magnesioriebeckite

Magnesiotaramite

Magnesite (Rom.: magnezit)

Magnetite

Magnezit (Engl.: magnesite)

MAKOVICKYITE (Baita Bihor) (Zak et al., 1994)

Malachite

Malacolite (= diopside)

Maldonite

Mallardite

Manganapatite (= manganoan apatite; apatit manganifer)
Manganite

Mangano-grinerite (dannemorite)

Manganhumite

Manganocalcite (= manganoan calcite; calcit manganifer)

Manganofilit (Engl.: manganophyllite, = manganoan biotite; biotit manganifer)
Manganpyrosmalite (Rom.: manganpirosmalit)

Manjiroite

Marcasite

Margarite

Marialite

Marmatit (= iron sphalerite; sfalerit ferifer)
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Marmolith (= serpentine)

Martit (= pseudomorphosis of hematite after magnetite; pseudomorfoza de hematit dupa magnetit)

Maskelynit (= glass with plagioclase composition, especially in meteorites; sticla cu compozitie de pla-
gioclaz, in special in meteoriti)

Massicot

Matildite

Maucherite

Mecgillite

Meionite

Melaconite (= tenorite)

Melanite (= titaniferous andradite; andradit titanifer)

Melanocerite - (Ce)

Melanolite (syn. delessite; ferriferous chlorite; clorit ferifer)

Melanophlogite, C2H1705.Si430g3, tetrag.: precursor of Trestia blue chalcedony: precursor
al calcedoniei bleu de la Trestia.

Melanterite

Melilite - akermanite - gehlenite series

Melinite (Germ.: Gelberde; a mixture of argillaceous minerals (bol) and iron hydroxides; un amestec de
minerale argiloase (bol) gi hidroxizi de fier)

Melinophane (= meliphanite)

Meliphanite

Mellite Al,[Cs(COO0)s].18H-0

Meneghinite

Mercury (Rom.: mercur)

Merrilite (whithlockite found in meteorites)

MERRIHUEITE (Mezo - Madaras meteorite)

Meroxene (= biotite, poor in Fe)

Merumite (= mixture of CrOOH trimorphs bracewellite, guyanalite, grimaldiite; found within Au-As
ores at Costesti - Horezu).

Mesitine (= intermediate member of magnesite-siderite sol.sol. series with 30-50% moles FeCQOg; termen
intermediar al sol.sol. magnezit-siderit, cu 30-50% moli FeCOg).

Mesolite

Meta-alunogen

Metacinnabar

Metahalloysite (= halloysite - TA)

Metalaumontite (= partly dehydrated laumontite; laumontit partial deshidratat; syn.: leonhardite)

Metaxite (= var. chrysotile)

Miargyrite (Rom.: Miargirit)

Microcline

Miharaite (Zak et al., 1994)

Millerite

Millisite

Mimetesite (= mimetite; preferred usage)

Mimetite (= mimetesite)

Minamiite (Ghergari et al., 1994)

Minnesotaite

Minium

Mirabilite

Mispichel (= arsenopyrite)

Mizzonit (intermediate member in the scapolite series, with 20-50% marialite; termen intermediar in
seria scapolitului, cu 20-50% marialit)

Modderite

Moissanite

MOLDOVITE (= var. of ozocerite)

Molybdenite (mainly 2H)
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Monazite - (Ce)

MONSMEDITE (Baia Sprie, Sisar) (= Tl - bearing voltaite; Zemann, 1993)

Monthbrayite

Montebrasite

Monticelite

Montmorillonite

Mordenite

MRAZECITE (= mixture of saponite, stevensite and talc)

Mullite

MUNTENITE (= var. of amber, from Oldnesti)

MURGOCITE (= mixture of saponite, swelling chlorite, and stevensite)

Muriacite ( = anhydrite)

Muscovite

Musketovite (= pseudomorph of magnetite after hematite)

MUTHMANNITE (Sacaramb)

Nacrite

NAGYAGITE (Sacaramb / Nagyag: recently an As- nagyagite was found in the material
from the type locality; Simon et al., 1994)

Nambulite

Natroalunite

Natrolite

Natron (Rom.: Soda)

Natronambulite

Nasturan (= pitchblende, uraninite)

Nelenite

Neotocite

Nepheline

Nesquehonite

Nicheline

Nickel - skutterudite

Nimite

Niobite (= columbite)

Niter (Rom.: nitronatrit)

Nitrammite, NH,NOj3

Nitrite (= niter)

Nitronatrit (Engl.: niter)

Nitrocalcite

Nontronite

Norbergite

Norrishite

Nsutite

Nuffieldite

Nukundamite

Nyboite (Sabiu, Negulescu, 1997)

OCHRAN (clay mineral with Fe; probably a mixture, Oravita; mineral argilos cu Fe; probabil amestec).

Okenite

Oldhamite (meteorite Mesd Madaras)

Oligiste (= syn. hematite; Eisenglimmer - Germ.)

Oligoclase

Oligonite, Oligonsiderite, Oligonspar, Oligonspath (= interm. member of the sol. sol. series MnCOj -
FeCO3 with up to 40% MnCO3)

Omphacite

Opal

ORAVICZITE (= halloysite with Zn; Oravita)

Orpiment (Rom.: auripigment) '
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Orthite (= allanite - (Ce))

Orthochrysotile

Osbornite (meteorite mineral: Mocs / Moci)
Owyheeite

PADERAITE (Baita Bihor) (Mumme, Zak, 1985)
Palygorskite

Paracelsian

Paragonite

PARAJAMESONITE (Herja)

Parankerite (= Mg - rich ankerite)
Paraspurrite (Piret et al., 1997)
_Pargasite

Parisite - (Ce)

Parsettensite

PARTSCHIN / PARTSCHINITE (Pianu de Jos; anisotropic spessartine)
Paulingite

Pavonite

Pearceite

Pechblenda (Engl.: pitchblende; = uraninite)
Pectolite )

Pekoite

Pennantite

Pentlandite

Periclase

Perovskite (Meteorite mineral; Mesé Madaras)
Perrierite

PETZITE (Sicaramb)

Pharmacolite

Pharmacosiderite

Phengite (Rom.: fengit; potassic dioctahedral micas; Si-rich muscovite)
Phillipsite

Phlogopite (Rom.: flogopite)

Pickeringite

Picotite (= chromian spinel)

Picrochromite (= magnesiochromite)

Picrolite (= var. antigorite)

Picromerite

Piemontite

PIETRICIKITE (= var. ozocerite)

Pigeonite

Pilsenite

Pinnite (= pseudomorph of mica after cordierite)
Pirargirit (Engl.: pyrargyrite)

Pirita (Engl.: pyrite)

Piroaurit (Engl.: pyroaurite)

Pirochroit (Engl.: pyrochroite)

Pirofanit (Engl.: pyrophanite)

Pirofilit (Engl.: pyrophyllite)

Piroclor (Engl.: pyrochlore)

Piroluzit (Engl.: pyrolusite)

Piromorfit (Engl.: pyromorphite)

Pirop (Engl.: pyrope)

Pirostipnit (Engl.: pyrostilpnite)
Pirosmalit (Engl.: pyrosmalite)

Pirotina (Engl.: pyrrhotite)
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Piroxmangit (Engl.: pyroxmangite)

Pisanite (= cuprian melanterite)

Pistacite / Pistazite (= epidote, green fibrous aggregates)

Pistomesite (= intermediate member of the sol. sol. series magnesite - siderite, with 30-50% mols
MgCO3)

Pitticite, (Fe, As04.804.H,0)?, amorphous. of variable composition.

Plagionite

Planerite

Platina (Engl.: platinum)

Platinum

Pleonaste (= ferroan spinel)

Plumb (Engl.: lead; Germ.: Blei)

Plumbogummite

Plumbojarosite

Plumosite (= fibrous sulphosalts, not only boulangerite, as given in many text and handbooks, but also
jamesonite and robinsonite). German: Federerz. Zunderz)

Polianite (= syn. of pyrolusite)

Polibazit (Engl.: polybasite)

Polihalit (Engl.: polyhalite)

Polybasite (Rom.: polibazit)

Polyhalite (Rom.: polihalit)

PONITE (Brosteni: iron- rich rhodochrosite; up to 20% FeCO3)

Pre-graphite / graphitoide (= partly ordered carbonaceons matter, sometimes found in sheared au-
thracite)

Prehnite

Prochlorite (= syn. of ripidolite, i.e. ferroan clinochlore).

PROTOCALCITE (Comarnic cave; acicular calcite or perhaps a hydrate; see also lublinite)

Proustite

PSEUDOBROOKITE (Méigura Uroil / Aranyer Berg)

Pseudomalachite

Pseudorutile (= arizonite)

Psilomelane (= partly romanéchite)

Pumpellyite - (Fe?*)

Purpurite

Pyrantimonite (= kermesite)

Pyrargyrite (Rom.: pirargirit)

Pyrite (Rom.: pirita)

Pyroaurite (Rom.: piroaurit)

Pyrochlore (Rom.: piroclor)

Pyrochroite (Rom.: pirochroit)

Pyrolusite (Rom.: piroluzit)

Pyromorphite (Rom.: piromorfit)

Pyrope (Rom.: pirop)

Pyrophanite (Rom.: pirofanit)

Pyrophyllite (Rom.: pirofilit)

Pyrosmalite (manganpyrosmalite)

Pyrostilpnite (Rom.: pirostilpnit)

Pyroxmangite (Rom.: piroxmangit)

Pyrrhotite (Rom.: pirotini)

Quartz (Rom.: cuart)

Quenstedtite

RADELERZ (Cavnic; wheel ore; twinned bournonite crystals, first described from Cavnic)

Ramdohrite

Rammelsbergite

Ramsdellite
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Rancieite

Realgar

Rectorite

Renardite

REZBANYITE (Biita Bihor / Rezbanya; mixture of bismuthinite, hammarite, cosalite, paderaite)

RHODOCHROSITE (Cavnic may be given as type locality as the name first appeared
by analyzing material from this locality (Hausmann, 1813). Previously known
as "luftsaures Brauneisenerz” (Lenz, 1794) manganése oxyde carbonate (Haty,
1809). In the 18-th century confused with rhodonite. (Anterior a fost cunoscut
ca "luftsaures Brauneisenerz” (Lenz, 1794). In sec. XVIII confundat cu rodo-
nitul. Rom.: rodocrozit.).

RHODONITE (Rom.: rodonit; Cavnic? var. kapnikite (Huot))

Rhonite

Ribbeite

Richterite

Riebeckite

Ripidolite (= ferroan clinochlore; name often given to chlorites of worms-like appearance)

Robinsonite

RODOCROZIT (Cavnic; Engl.: Rhodochrosite; see the comments under rh.)

RODONIT (Cavnic; Engl.: rhodonite)

Romaneéchite

ROMANITE (Name given both to a var. of amber and more recently to a Pb-bearing davidite]

Roscoelite

Rozenite

Rubellan (= altered / oxidized biotite of red colour)

RUMANITE (var. of amber with 1-30% succinic acid)

Rutile

Sxcarambite (translation of the name NAGYAGITE)

Safflorite

Sagenit (= accicular rutile, developed/exsolved in biotite; rutil acicular, dezvoltat / exsolvit in biotit)

Samsonite

Sal ammoniac (Rom.: salmiac)

Salite (= iron-rich diopside)

Salmiac (Engl.: sal ammoniac)

Salpetru de potasiu (sin. nitrit, nitrokalit) (Engl.: Niter)

Samarskite

Samoite (var. montmorillonite)

Sanidine

Saponite

Sarkinite

Sauconite

Scapolite group (marialite, meionite; mizzonite, dipyre)

Scawtite (Piret et al., 1997)

Schallerite

Scheelite

Schefferite (= manganoan augite)

Schirmerite

Schorl

SCHRAUFITE (Vama; var. of amber, high in oxygen; low content of succinic acid)

Schreibersite (meteorite Tauti)

Schuchardite (= nickeloan clinochlore)

Schwarze Blende (initial name given by Miiller von Reichenstein to the Sacaramb MnS (1784): denumire
initiald datd de Miiller von Reichenstein pentru MnS de la Sicaramb (1784))

Schweizerite (mixture of chrysotile and lizardite, with fibrous character and polygonal parting)

Switzerite (Hartopanu, Scott, 1997)
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Scolecite

Scorodite

SEBESITE (Sebes Mts.; name of lost priority over tremolite)

Seligmanite

SEMSEYITE (Baia Sprie)

Sepiolite

Sericite (fine grained muscovite - 2M;, paragonite - 2M, or illite)

Serpentine group

Sfen (= titanite is the favourite term; titanit este termenul preferat)

Sheridanite (= var. of clinochlore)

Siderite

Sideroplesite (= Mg rich siderite with 11-12 mol% MgCOs)

Siegenite

Sillimanite

SILVANIT (Engl.: Sylvanite; Baia de Aries)

Silver (Rom.: argint)

SINKALITE (mixture of galena, anglesite and sulphur, from Sinca / Fagirag Mts)

Skutterudite

Smaltine / smaltite (= skutterudite)

Smaragdite (= actinolite)

Smectite group

Smithsonite

Soda (Engl.: natron)

Sodalite

Sommarugaite (= a gold-bearing gersdorffite from Biita Bihor)

Sonolite .

Specularite (= syn. hematite, well developed lamellae)

Sperrylite

Spessartine

Sphalerite (Rom.: blenda, sfalerit)

Sphene (= titanite)

Spinel

Spionkopite, CuszeSa2g, hex. (!)

Spodumene

Spurrite

Stannina (Engl.: stannite)

Stannite

Staurolite

Steatite (= fine grained, compact talc)

Steinmannite (= galena, with some As and Sb, of octahedral habit, sometimes forming spheroidal aggre-
gates)

Steinmark (= kaolinite and halloysite mostly pseudomorphs after feldspar)

Stephanite

Sternbergite

Sterrettite (= hydrated aluminium phosphate; no relation to kolbeckite, ScPOy. 2H,0; syn.: eggonite)

Stevensite

Stibarsen

Stibiconite

Stibiu (Engl.: antimony)

Stibnite (Rom.: stibin#)

Stilbite

Stilpnomelane

Stilpnosiderite (= nearly amorphous limonite)

Strahlstein (= tremolite, in German)

Stromeyerite
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Strontianite

Striuverite

STUTZITE (Saciaramb)

Suanite

Succinite (= var. of amber)

Sulf (Engl.: sulphur: e. am.: sulfur)

Sulfur (Rom.: sulf)

SYLVANITE (Baia de Aries / Offenbanya; modified by Necker from Sylvane of Beudant)

Sylvite (Rom.: silvina)

Symplesite

SZABOITE (= altered/oxidized, red hypersthene from pseudobrookite-bearing andesites from Uroiu)

SZAIBELYITE (Baita Bihor; Syn.: ascharite)

SZASZKAITE (= smithsonite from Sasca Montana, of special morphology)

SZMIKITE (Baia Sprie)

Szomolnokite

Taeniolite (!)

Taenite (meteorite Mocs/Moci)

Tafelspat (= wollastonite; may be a precursor of wollastonite-1T)

Tainiolite(= taeniolite)

Takanelite, (Mn,Ca)Mn,04.3H,0, hex. (Perseil et al.. 1995)

Tale N

Tantalite (ferrontantalite)

Tapalpite (= mixture of acanthite and tetradymite)

Taramite

Taranakite

Tavorite

Teallite

TELEGDITE (an amber-like sulfur-bearing resin but with no succinic acid, from Sasciori, Apuseni Mts)

Tellurantimony, Sbh:Tes. (A compound of the formula ShTe, was also recently found in the
Au-Te ores of the Metaliferi Mts.)

TELLURITE (Fata Baii / Facebanya)

TELLURIUM (Fata Biii)

Tellurobismuthite

Tennantite

Tenorite

Tephroite

Tetradymite

Tetrahedrite

Thaumasite

Thenardite

Theophrastite

Thomsonite

Thorianite

Thorite

Thrombolite (Baita Bihor; pseudomalachite)

Thucholite (= anisotropic carbonaceous matter associated with uraninite)

Thuringite (= ferrian chamosite)

TIBISCUMITE (Caransebes; var. of montmorillonite or a mixture)

Tilleyite

Tirolit (Engl.: tyrolite)

Titanite

Titanomagnetite: (= titaniferous magnetite)
Tochilinite

Toddite (= uranium-bearing columbite and/or a mixture of columbite and samarskite)
Todorokite
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Topaz

Torbernite

Tosudite

Tourmaline group (Rom.: turmalina) (elbaite, dravite, schorl)

Tremolite

Tridymite (Rom.: tridimite)

Triphylite

Troilite (meteorite mineral)

Tschermakite

Tschermigite

Tungstite

Twinnite (Damian, Cook, 1997)

Tyrolite (Rom.: tirolit)

Ullmannite

Ulvospinel

Umohoite :

Uralite (= amphibole pseudomorph after pyroxene)

Uraninite

Uranofan (Engl.: uranophane)

Uranophane (Rom.: uranofan)

Vaesite

Valachite (= mixed-layer clay mineral from soils; probably illite)

Valentinite _

Valleriite, 4(Fe,Cu)8,3(Mg,Al)(OH)shex. (Formula CuszFesS; este eronati, dar a mai
aparut in lucrari publicate, la noi, in 1996!)

Variscite

Vaterite

Veenite (Damian, Cook, 1997)

Vermiculite

Vernadite

Vesuvian (Engl.: vesuvianite)

Vesuvianite (Rom.: vesuvian)

VESZELYITE (Ocna de Fier/Vask / Moravicza)

Vezuvian (= vesuvian)

Villyaellenite (Ghergari et al., 1994)

Violarite

Vivianite

Voltaite

Voltzite (= mixture of wurtzite with an organometallic compound)

Vredenburgite (= mixture of jacobsite and hausmannite)

Wad (= soft manganese oxides)

Wairakite

‘Wakabayashilite

Warthaite (= mixture of cosalite and galena; = goongarite)
Wavellite

Weissite

Whewellite, CaC-,0,4.H;0, mon.

Whitlockite (meteorite mineral initially described as merrilite)
Whitneyite (= copper with some 10-12% As)

Willemseite

Winchite

Witherite

Wittichenite

Wittite

Wohlerite
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Wolframite (= ferberite. hiibnerite)

Wollastonite

Waulfenite

Wurtzite

Wiistite (in extraterrestrial spherules)

Xanthoconite

Xenotime - (Y)

Xylotile (= iron sepiolite)

Yarrowite, CugSs, Rhomb

Zaratite

Zeofilit (Engl.: zeophyllite)

Zeophyllite (Rom.: zeofilit)

ZINKFAUSERITE (Baia Sprie; a Zn variety of fauserite; fauserite = a Mn variety of epsomite, thus
zinkfauserite is a Mn and Zn-bearing epsomite)

Zincite ’

Zincocopiapite

Zinkenite / zinckenite

Zircon

Zoizite

Zoubekite (Popescu, Simon, 1995)

Zundererz (= impure plumosite)

Zunyite
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PRESENT AND FUTURE OF IMPACT MINERALOGICAL SCIENCES
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Abstract: A new field of impact mineralogical sciences is discussed on materials in
the Solar System. In order to make clear significance of new terminology, present and
future situations are compared with normal mineralogy (by terrestrial tectonic and
sedimentary activities) and impact mineralogical sciences (by catastrophic collision

by meteoritic impact}.

Introduction

Minerals on the Earth are considered to be formed
by tectonic activity on the Earth. Various miner-
als from minor to large sizes and from rock-forming
minerals to precious and economic ore minerals are
originating from related formation processes within
the Earth.

If the Earth is considered to be closed planet of
the Earth, minerals on the Earth should be interpre-
tated by the tectonic activity of the Earth. However,
the Earth has many impact craters and catastrophic
events originated by the extraterrestrial bodies of me-
teoroids, which suggests that the Earth is not a closed
planet anymore. This is new epoch-making interpre-
tation of Earth and mineralogical sciences field, which
is similar new interpretation of the Earth movement
in the Solar system.

The main purposes of the present paper are to dis-
cuss new field of impact mineralogy by making clear
significance of new terminology, present and future
situations of normal mineralogy (by terrestrial tec-
tonic and sedimentary activities) and impact miner-
alogical sciences (by catastrophic collision by mete-
oritic impact).

1. Present and future of impact mineralogical
sciences

Mineralogical sciences are total science by the fol-
lowing characterization (Miura, 1992, 1997):

Time (microseconds to years), space (localized on
planet to whole solar system);

Reaction (static and closed, or dynamic open },
Pressure and Temperature conditions P/T (mag-
matic high or impact high P/T).

Impact mineralogy should be extended to plane-
tary mineralogical sciences, by using mathematics,
physics, chemistry, biology, earth sciences, and engi-
neering sciences (Tab. 1).

2. Impact mineralogical sciences on the Earth

Impact mineralogy includes new terminology of im-
pact and shock wave application to the Earth and
solar system, as follows (Miura, 1992, 1994a, 1994b,
1997).

2.1. Terminology of impact and shock waves

Shock wave in rocks and minerals is a dynamic pro-
cess which travels at supersonic velocities and is capa-

Table 1
Comparison of past and future of mineralogical sciences (Miura, 1992)

Time

Space

Reaction P/T conditions

Present (Past)
Future

Long (m,h.y)
Short {ms)

Localized
Solar system

Static, Closed
Dynamic, Open

Magma (high P/T)
Impact (high P/T)
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ble of vaporing, melting, mineralogical transforming,
or strongly deforming rock materials (French, 1968;
Miura, 1992). In meteorite collision, wide meaning of
shock wave can be applied to natural hypervelocity
collision of a body such as a meteorite (Chao, 1967),
as listed in Table 2. Collision shock wave can be
found at meteorites, terrestrial rocks, and Lunar and
Martian rocks, though collisionless shock waves are
reported to observe at cosmic space formed by electric
(by solar wind) and magnetic (by Earth’s magnetism)
fields (Miura, 1992; Miura and Kato, 1993; Miura,
L994a, 1994D. 1997).

2.2, Present and future of impact geology on the
Earth

‘The Earth consists of continental land (ca. 30
vol. %) and ocean (ca. 70 vol. %), whose topog-
raphy is originally formed by giant impact between
proto-Earth and Mars-size parent body, and by its
fragments produce at giant impacts (Table 3). Main
erosion process of the land is glacial movement, vol-
canos, or earthquake, whereas that of the ocean is
plate-tectonics and mantle convection with new field
of mantle plume Earth sciences.

2.3. Swgnificance of impact mineralogical sciences

Significance of impact mineralogical sciences can
be summarized as the following three points (Miura,
1994a, 1994b, 1997).

a) Ocean impact on water planet. Major impacts
to water planets of the earth are estimated on ocean
as 70 volume % of the Earth which has thin crust

Y. MIURA

layer easily broken by impact. Large impact reached
to upper mantle produces catastrophic event of man-
tle convection, platée movements, and explosion with
volcanic activity. Such hmpact makes "impact win-
ter” by stopping sunlight energy. This is very im-
portant for five major geological boundaries formed
by iron-rich meteoritic impacts mainly on oceanic re-
gions. Sixth extinction on the Earth will be estimatec
by stopping circulation system by human being who
uses huge fossil energy from the crust. Environmen-
tal scicnces based on mineralogical sciences are im-
portant to deal with dynamic circulation system of
the Earth (Table 4).

b) New materials by impact sedimentation. Shock
wave produces shock metamorphosed materials
formed by vapor-liquid-solid reaction. Plasma con-
ditions of impact process reveal new types of materi-
als which are purified iron-spherules in lunar agglu-
tinates, or carbon materials of limestone target-rock
(Miura , 1994b). Terrestrial evolved rocks and min-
erals are also mixed from impact-generated evolved
materials on the crust or upper mantle of the Earth
(Table 4).

¢) Effect of collision and shock impact. Planetary
formation of the solar system originated from colli-
sions of dust, and planetesimals, asteroids, planets,
and Moon, which can be treated by planetary miner-
alogical sciences (Table 4).

3. Impact mineralogical sciences in the Solar
System

Impact mineralogical sciences can be expanded to
the whole space of the solar system.

Table 2
Comparison of terminology of impact and shock waves (Miura, 1992
Terminology Time Changes Style Projectiles Remarks
Shock waves  Short (ms) P, C, Min, Mor Collision/ All SW Met, Td,
Collisionless Vol, EQ, Life
Impact Short (ms) P, C, Min, Mor  Collision Meteoroids  Meteorites
Shock waves > Impact
Table 3
Comparison of present and future of impact Earth sciences on the Earth*
Time Area Information Erosion Importance
Present  Land (30%) 30% Glacial, Volcano  Oil-gas, metallic, water
(Past) Earthquake sources; plate-tectonics
Future  Ocean (70%) 70% Plate, Mantle Mantle plume Earth Sciences

*Continents are first uneven surface formed by Giant impact and Earth ring.
Ocean impact: produces catastrophe of the Earth (mantle plume, subduction, continental drift,
volcano, and mass extinction; Miura, 1994a).
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Table 4
Application of impact mineralogical sciences in the solar system
(Miura, 1992, 1994a, 1994b, 1997; Miura and Okamoto, 1995)

Events

New formation

Remarks

Ocean impact
Plate-movements
New materials

Collision impact

Planets, Moon

Catastrophic explosion from mantle,

Purified reduced materials (Fe, C)
Impact-generated evolved rocks
Dust, planetesimals, asteroids,

Mantle plume Earth sciences
Plate-tectonics

VLS reaction, shocked features
Mixed in the interior
Planetary sciences

Moon Geological sciences

4.1, Formation of solur system by impact reaction

Impact reaction can be found at various materials
of the solar system, as follows:

a) Earth-type planets: Metallic and silicate materi-
als are originally formed by impact collision and pro-
gressive evolution to make Earth-type planets of large
core (in Mercury) to small core planets (in Mars).
These planets are interpreted by heavy portion of
iron-rich fragments after numerous collisions (Miura,
1994a; Miura and Okamoto, 1995).

b) Gas-rich (Jupiter) type planets: From numerous
impacts and solar gravitational relations, light por-
tion of solar system materials is concentrated to gas-
rich (Jupiter) type planets staring from Jupiter. Such
light materials of ice, CHON-rich elements and wa-
ter ice can be observed at many satellites and planets
beyond Jupiter. Characteristic of water ice are based
on its crystal structure of OHy tetrahedra (similar
to hard Si0y4 structure), which is hard as target rock
but easily melt and vaporized after heating or impact
(Miura, 1994b).

c) Fundamental events of planetary mineralogy.
Circulation system between small and large mate-
rials can be found on the Earth. In fact, impact

-growth {rom small to large sizes, and from amorphous
to crystalline materials of minerals is observed in the
Moon and planet formation, whereas impact destruc-
tion from large to small sizes is found in meteoroids,
asteroids, dusts, and spherules. Chemical separation
by vapor-liquid-solid reaction can be found at for-
mation of solar system by impact evolution to heavy
and light elements, Circulation of elements can be
found in cosmic system (from big-bang or supernova
to blackhole), in the solar system (from dust, plan-
etesimas, to planets and finally return to dusts), and
in the Earth ( from vapor in air, water molecules to
solid rocks expressed by carbon elements, or CHO or
CHON system in total composition). Impact process
by shock wave is fundamental dynamic process not
only in materials formation of the solar system, but
also in organic material formation connected to ori-
gin of the life from inorganic to organic compounds
(Miura, 1994b).

3.2. New data planetary geology

New interpretation of planetary surfaces is ob-
tained by Venus (as molten mantle without crust),
and possible molten mantle surface in Mars (based
on EETA84001 Martian meteorites), impact craters
without regolith materials or soft materials on three
asteroids by remote-sensing techniques. Real impact
process can be observed by Shoemaker-Levy comet
9 (SLY) to Jupiter from Olt clouds around the so-
lar system planets. Impacts on planet Earth can be
discussed by continents and ocean floors, which are
connected to ring materials and origin of the life for-
mation (Miura, 1994b, 1997).

4. Summary

The present results can be summarized as follows:

1. Impact mineralogical sciences have wide new
fields and application to the solar system especially
to the Earth.

2. Shock wave impacts to the fundamental events
of impact mineralogical sciences reveal significant
process of dynamic reaction by meteoritic collision.

3. Further development of the Moon, various plan-
ets and asteroids feed back to unsolved problems of
the Earth’s land, ocean, and life origin and evolution.

4. Buried deformed impact craters on the Earth
will be the next interesting research projects on the
terrestrial surfaces.

5. Global circulation system is significant project
on planetary impact sciences (esp. size, chemicals,
separation, and copying process).
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MOSSBAUER SPECTROSCOPY IN MINERALOGY AND GEOCHEMISTRY
Part 1: PRINCIPLES AND METHODS
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Abstract: In this review paper, the authors pointed out the importance of Mgssbauer spectroscopy as
a useful tool to investigate the minerals. In the first part of the paper, we introduced the basic
principles and methods of the Massbauer effect. A survey of the hyperfine interactions between the
Mdssbauer probe and its vicinity and a description of the extracted parameters from most types of
Maossbauer experimental spectra are done. The authors evidenced the correlation between these
parameters and the hyperfine interaction parameters. They insisted on the Mdssbauer information
that can be obtained about the local hyperfine fields around the probe. The experimental equipment
and other experimental aspects (as the computational aspects to fit the experimental spectra and
errors of the extracted spectral parameters) are given too.

1. NUCLEAR GAMMA RESONANCE (MOSSBAUER EFFECT)
1.1. Resonance process and its energetic spectrum

The resonance processes have been evidenced experimentally by Wood (Wood, 1954) at sodium optical
spectra. In these optical spectra, some discrete lines, for the given energies, are shown to be more intense as the rest of
spectra. These processes could be explained by the Bohr’s atomic theory, which considered the atomic stationary
states and the possibility of the electrons to jump between them. In these processes an electromagnetic radiation
(optical photons) is emitted or absorbed. The nuclear resonance processes have been evidenced later than 1958, by
Mdssbauer, due to the experimental difficulties, The principles and methods have been explained in detail in many
books and papers, but the authors considered to be useful the works of Mdssbauer (1958, 1963), Fraunfelder (1962),
Abragam (1964), Wertheim (1964), Matthias (1968), Barb (1973, 1980), Gonser (1975), Gutlich (1975) etc.

In a nuclear resonance process, the nucleus jumping from initial state to final one emits or absorbs an
electromagnetic radiation, so called nuclear gamma-radiation (y -photon) (Figure 1.1). The energy ?’?a)? and

o
momentum 7k, of absorbed or emitted y-photon are given by the laws of conservation.

2 2l R
A d ¥ [l [+ [ | [ ,( ] 2 *
E,+-&=E!+—*-iﬁw M
2M 2 4
+ — absobtion case 1D

— —> emission case

Here E, and R are the energies difference of initial and final states and the recoil energy respectively.
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Fig. 1.1 - Emission and absorption of quantum systems

The gamma radiation of the nuclear decay is a superposition of monochromatic electromagnetic waves emitted to
E', #I72, where I is the half - line-width corresponding to life time of the excited nuclear state z.
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The spectrum intensity /(E) is a Lorenz function centered on E, and with a half - line-width 7~. The energies
implied in the nuclear transitions are high energies (~KeV), so the recoil energies of free nuclei are greater than /~
and as a consequence the absorption and emission spectrum intensities are not superposed. That means the emitted y
-photon cannot be absorbed by an identical nucleus (Figure 1.2). As a consequence, the nuclear resonance process is
out for free nuclei. In the optical case the resonance processes have been observed due to R<< I"(Wood, 1954). Table
1.1 evidences the important differences between the optical and the nuclear transitions.

Emission-Absorption

010 0.10 =
- . Nuclear transition; T<<Rnuecl
Q53 B Optical transition; r>>Ropt 0.08 R
0.08 0.08 - 2R
0.07 0.07 <
006 - 0.06 =
0.05 P 0.05 —
o 0T T 0.04
S— S
. 0.03 I~ - 0.03 =
002 |- 0.02 —
0.01 = 0.01 =
- -
0.00 - 0.00 = gl
b E - - +
-0,01 o -0.01 o o kR
e L s 1 e N
1 M 1 T I ol ) S 1 4 L} x
20 4o 60 8o 100 0 20 40 60 80 100
energy axis energy axis
Fig. 1.2 - Emission-absorption processes for optical and nuclear transitions
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Table 1.1
Energy[ev] Optical transition Nuclear transition
E; ~4 ~10°+10°
' ~10° ~10°®
R =107 £10°+10"

The nuclear resonance could be obtained if the recoil energy will be dissipated to a large mass (for example:

crystals, big molecules etc.)

1.2. Méssbauer effect

Due to the vibration of the nucleus in crystal during the nuclear transition, the recoil energy, corresponding to
the nuclear emission or absorption, dissipates by transfer to phonon (vibration) spectrum of the crystal. As the phonon
spectrum is quantified, this transfer must occur in multiples of phonon energy and there is the probability £, that
recoil energy is not transferred to crystal (Figurel.3). Classically, one shows that f probability (Mossbauer or

nuclear Debye-Waller factor) will

(Mossbauer, 1958).

Ef
=)
53
=}

1

give by the thermal average of the square amplitude of oscillating emitter

Fig

er)zﬁoe*“"»m A
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L L L
20 40 80 2o 100
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g. 1.3 - Classic probabilities of zero, mono. bi and so one phonon nuclear transitions.
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The condition to obtain the recoil free nuclear transitions is that /7~ to be lower than vibrational energy 72 The
M@ossbauer factor depends on the recoil energy R, the crystal temperature 7, and on the phonon spectrum density. The
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dependencies of f factor on 7 and phonon spectrum density in the simplest cases of Einstein and Debye crystal
models are given by the relations:

2R ema I[1 1
[ =expy- r—\_—+n(a}) ploldonw)=—F7 "~ — ( s
3NN 0 wl2 w
Mz
[ R (#e. )]
Einstein Model — p(w) =3Né (0 -, )= (T @ )= exp[ cmt f; JJ (1.4.)
ON r ( ﬁ“’ok 5 " l
Debye Model — p(w) =\ ], T rusiy f(T,a)D)=epr | 1:’3?] ] icdx}|
0 for @ > w,, l \_ Lpe @ E J

Complete data of f* factor are given in many Mdssbauer data index as of Muir’s (1962, 1966) and the above
mentioned works.

1.3. Méssbauer line shape in transmission geometry experiment

In a standard Mdossbauer experiment with a transmission geometry, the transmitted nuclear radiation is a
convolution of emission and absorption intensities, /s(E), 1,(E). That means it depends on the emitted and absorption _
Lorenz functions, Mdssbauer factors and the volume concentration (abundance) of isotopes in the source fy, ¢y, and
absorber f},, ¢, and the absorber thickness z. On the other hand the energies of resonance in absorber and source are
in generally different, so the source is moving relative to the absorber to compensate this source-absorber energy
difference. Finally the transmission function is:

e+
E(v):EUS(}+v/c);F:J2—&;
Iy
I.S' (EPV)OC <t r? ¥y (]5)
[E(VJ_EGS]Z_F?S-'-—)T(V)OC II“ ¢sfsls(Ev)exp|—c,f,o,(E )] dE
O-A (E)m G—”IA {E) ey -

The normalized experimental spectrum &(v) contains the distribution of the y -photons relative to energy, taken in
velocity units:

Ny~ N(v) i I{») 2r L8

e(v)= =]1- o z
(¥) N, ¢sfs 44% 2 = 2
(v—=v, )" + 4

1.4. Basic Mossbauer equipment
The basic equipment for a M&ssbauer spectrometer in transmission geometry is containing the driver with the
source, the absorber box with the absorber and electronic controlling equipment (Figure 1.4). The driver is moving in

a sinusoidal or saw-teeth mode. The absorber box is a vacuum room where the absorber is keeping to controlling
temperature and/or the pressure. A computer analyzing and fitting Mdssbauer spectra is attached to the spectrometer.
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Controlling
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Fig. 1.4 - Basic Mdssbauer equipment in transmission geometry

1.5. Computational method to fit the spectrum

To obtain correct information from the Mossbauer investigation a very careful determination of the spectral
parameters is necessary by using the fitting programs. The well-known method to fit the spectra is the so-called X
method. which minimizes the square of difference between the experimental points &., (v, of spectrum and a sum of
1 transmission Lorenz functions

2 I Mfr.‘r_ 7
Iy ?[f(v;.;a;,az,.,.ak—Eel\p(vr.) 2 (1.7a)

&= Nr.pct —m—

: i ) Ir'fjl.] S 2
£ el ol P e Tgld! ( ) (1.7b)
i=1

cale? cale (v__v(j))2+(f—-{j}/2)2
where & .. v/ and 7" are the spectral parameters of the resonance lines. The statistical errors of the spectral
parameters are obtained by the inversion of errors’ matrix. Finally errors’ expressions are:

rf{) 2 4r(!)
.0 o= T G ()= =T oy, =yN. (1.83)
' (j) I (j) 'S '
£ 7N, & 7N, '
An An

for distinct resonance lines satisfying the relation (v " /I >1. N, designates the spect-rum background and #,
corresponds to /7 given in experimental points numbers. The line position errors have more complicated formulas
and bigger values as standard ones, in the case Wt <

3 ya . . 2
. e I [ (vm_vm)z]
W= (¥ =¥ )/LJ+4 2 J (1.8b)

gI'IJ]-*f,H . rff
Finally in this paragraph we mention that the newest and the best fitting program used for all Massbauer
isotopes is the MOSS90 (Grosse., 1992).

1.6. Characteristics of useful Mossbauer isotopes
A nucleus is a Massbauer isotope if R< hawy and Ay, =17 There are a lot of Mossbauer nuclei, but the great
majority of Mdossbauer works have been done on "Fe and '""Sn because at room temperature f factors are

significant, their precursors are a long life-time and their natural abundance is ~%. Table 1.2 presents the Mdssbauer
nuclei mostly used in the mineralogical investigations (Barb, 1972, 1980).
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Table 1.2. The M&ssbauer nuclei mostly used in mineralogical investigations
Maéssbauer Natural Transition y-energy T, 2r (4] H
nucleus abundance [KeV] of [mmv/s] [10%ent’] [und
| %] precursor
Fe 2.19 3nts12* 14.4 270d 0.194 +0.187 -0.15
+0.09
'’Sn 8.58 32" >12* 23.83 245d 0.647 -0.06 +0.69
-1.05
21Sh 57.25 712" >5/2" 37.2 50y 2.104 -0.35 +2.48
<0.26 +3.36
Xe 26.44 112" >32" 80.2 1.6-107y 7.152 -0.12 +0.69
-0.78
Zn 4.11 1/2°-5/2. 93.31 78h 0.0003 +0.18 +0.58
+0.88
AU 100 112" —-32* L3 65h 1.871 +0.58 +0.42
+0.14
05 13.3 2" >0" 155.03 90.65h 2.403 -1.80 +0.64

2. MOSSBAUER SPECTRUM PARAMETERS

The linewidth of the zero-phonon process is extremely small relative to characterjstic energies of interactions
between the nucleus and its vicinity. The peaks in a Massbauer spectrum are very sensitive to the extra-nuclear
environment, so different compounds give different spectra and the different sites of the Mossbauer isotopes in the
same compound give different subspectra, etc. The interactions between the Mossbauer nucleus and  its
neighbourhoods are so-called hyperfine interactions. The nuclear and extranuclear factors of the hyperfine interaction
are the electric and magnetic moments of the nucleus and the electric and magnetic fields, given by the crystalline
neighbourhood.

I
E* =] p(F)V(F)ar=V(0)| p(F)dr+ . XV, I p(Fixx,dix =x,y,2;
@ 0 ij "y

nuel,

1.9
o (1.9)

Emng - H":_ }“' ]_}"I‘ _ :
f gpl-H.; B S

The nuclear factors of the energy interactions are the electric charge density p(F), the electric nuclear
quadrupole moment eQ; ; = | p(?‘)x,.xjdf"( given in barns) and the nuclear magnetic moment i ( =g, B

Voned .

where fand g, are nuclear Bohr’s magnetons and giromagnetic factor, respectively). The environment factors are the
electric potential V (7 ), the electric field gradient V{.J(f'") and magnetic field H (7 ) at the Mossbauer nucleus site.
From the above mentioned resonance line parameters, one can determine the hyperfine interactions parameters

corresponding to the surrounding electric and magnetic fields. Other important spectrum parameter is the resonance
line area 4 given by the half-linewidth, 7 and the resonance effect &V, ).

2.1. Isomer shift parameter
The interaction between the nuclear charge density and the electric potential V(0) of the electronic charge

having a nonzero probability in the finite nuclear volume generates the isomer shift &,

e 27 3 5 2 9 2 5
Ef' ==""e®(0)" | pryrdr=-""2w(0)’ R’ (1.10a)
3 [

2

ol
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The effect of the presence £, is different shifts of initial and final nuclear levels, implied in the Mdssbauer
transition. The isomer shift § depends on the charge and square effective radius <R”> in initial and final nuclear states
and on the probability of ns electrons at the nucleus in the source and absorber. &§ can give information about the ns
electrons density at nucleus volume, when the nuclear factors are known.

ARy, ;
3 s=Et-E =S(Z) &Z[RZ (R Msvm) ap(o; cstZezR;S(Z}R asV(OJ:j—;yrfm)!;,(] -

Ry =124"° 107" m; S(Z) — relativistic effect; AR=R, ~ R,

As one can see, from the above formula, an increasing of ns electron probability in finite nuclear volume in
absorber determines an increasing if AR>0 (e.g. "Sn)ora decreasing if 4R<0 (e.g. 'Fe ) of &,.¢. The isomer shift is
sensitive to the number of valence electrons and consequently to chemical bonds of Massbauer parent ion and the
surrounding ions. So, if the number of 3d electrons of Fe-ion is increasing the density of 3s, 2s and 15 electrons at
nucleus will decrease ( due to a larger swelling of 3s electronic density)and B , O’ and O are increasing.
A higher density of 4s electrons will decrease &)..s™ . The two effects are in competition. In Mossbauer spectrum, the
energy difference &, , due to the difference between ns electrons probabilities to the finite nuclear volume, for the
source and absorber, will appear by a shift of the absorber resonance line to source one. The total shift of the
resonance line will also contain a thermal shift the so-called the second order Doppler shift 85
O s =0,_5 +0g4ppg- The second term depends on the temperature and phonon spectrum parameters. So, for the

simplest crystal models this dependence is:

. Ep kg0 )
Einstein model — S¢ops (T, 0, )= < 2F CI/{ 2;};!6595 =hawg;

2Mc?
1.1
9k,E, | (T Y"‘}/r xfdx1| ke
Debye model = Ssops (T.05 )=~ _* {9 + 8T LQDJ J e"'-;J"k*’gﬂzth"

2.2. Quadrupole splitting parameter

The expression of & was derived assuming a spherical charge density, but the real nucleus has a non-spherical
one, so there are possible high order interactions with a non-cubic distribution of ionic and/or electronic charges. If
the nucleus has a nonzero quadrupole moment O and a non-cubic extra-nuclear symmetry exits, the second term £,
of the £ is nonzero.

E N
E = 2V, J (3x,‘xj-~r25,-_j),o(r)dr—_ZV o' (1.11a)

i.j=1 v 6*-!'

muel .

|~

The principal components V;, , of the electric field gradient (EFG) tensor, will determine if the electric nuclear
quadrupole moments would be known for the states implied in transitions. The extra-nuclear factor EFG tensor has
two contributions. The first contribution is the latllce one, generated by crystal ions V,;"“” and the second contribution
is giving by the surrounding valence electrons V,, of Massbauer parent atom.

. 2 2 T kgT
ait Nr.ioni qk 3xijk‘,- = r.‘cr‘é‘{,r' 9, Nr.electr. 31}-1{ =l CS:J- e
VW . V=g L p\Bl— " bp sl {1h)
i.j 5 LT k k 5 k k 4
k=1 4me i k=1 r -
0 ki i kgT
e

i

Here ¥, is the electronic wave function with the weight p; corresponding to ionic level 4,.
It is important to mention when crystal field determines low or large values of 4;. the valence electrons realize
high or low spin configurations. Figure 1.5 shows the ionic splitting of a 3d shell in different symmetry of crystal field

.'/-l._--‘
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and the spin configurations for iron ions in crystalline fields. Magnetic electronic moment is given in electronic
Bohr’s magnetons.

__\\_7_‘_ d: High spin configuration
_ ferrosion d£ IR d Hipe=4.9
D { ferric ion de [T ] d» BT 5.9
\\E /— sz : :g; Low spin configuration
T T~ 4y, Y forrosiond SERR dr (10 A0
ferric ion d & dr [0 s L7

Sree 3d on Cutnc crystal fleld Axial erystal field

Fig. 1.5 - The ionic splitting of 3d shell in different symmetry of crystal field; and 3d spin
configurations of iron ions

The contributions of p and d electrons to principal components of EFG-tensor are given in Table 1.3. The presence
of the two EFG contributions will distort the inner electrons of the parent atom and as a consequence these
contributions will magnify with the Sterheimer anti shielding factors y., R . The covalence factor o also seems to
existin V,, .In the case of 37Fe the Sterheimer’s factors are y,.=-10. and R =0.32.

V. o=(l-y V' +(1-R)a’V" (1.11¢)
I oy ]

These two contributions are competing, having generally different signs. In the presence of hyperfine quadrupolar
interactions the nuclear levels (/>1/2) are splitting. So, in the axial symmetry, the energies of nuclear levels are:

V.-V eQV.
Axial symmetry = n =-*Li—y’:0;5” = ———“—'[31__2 —I(I+ })] +0 (1.11d)
V.. T4 2l-1)0 ¢
and in the nonaxial symmetry the energies values are more complicated expressions depending on the asymmetry
parameter 77 (see Table 1.4) (Grechishkin, 1972). The V,,, / and /. are the principal components of EFG-tensor,
the nuclear spin and its component on quantification axis. '

Table 1.3.
The principal values of EFG-tensor components for p and d electrons
Electronic Ve Vi - n
states fe<r | fe<r | [e<r
3>}. _?}; _?>’(
/x> -4/5 | 4215 | +2/5 -3
p > +2/5 | <45 | +2/5 | 43
s +2/5 | +25 | -4/5 0
Sy> | 21 | 21 | +a7 0
Jyz> +477 | 27 | 27 +3
& Przh 207 |+ | -2 3
/xz_yz} -2/7 =2/7 +4/7 0
[37-F> | *27 | 217 -4/7 0
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Table 1.4.
The dependencies of nuclear levels on nuclear spin and asymmetry parameter
Nuclear Spin 1 Level k E  (Ln)
1 1,2:3; eOV eQV
o, (1+7);- A
32 1,2; 2
1<y g V__
i s +L;
4 3
2 1,2;3:4,5; eQ V:: ??2 i?QV____ GQVZZ
i__-_— l+_;m;_ Ii??);
4 3 4 8
5/2 IJ2;3J4; eQV:; 5??2 \ ’VI—?? 6+37?+37‘?2 —!
= 14414 ov.. i
10 3 7| 20 150 |
5,6:7; !fl+r; 6—3n+3n° 1
eQV | s ;0;
=] 720 150 |

The effect of quadrupole interaction consists of the presence of a lot of resonance lines. So in the case of
nuclear transition /E;; ‘3/2>(—>/ E; 5 ,1/2>, the Mossbauer spectrum will evidence two peaks at v, and v; positions.
Of course the difference between the two positions depends on the nuclear factor, the nuclear quadrpole moment Q"' ,
and on the environmental factor given by electric field gradient (EFG) showing by I, ;. The spectral parameters of such
transmission spectrum are the quadrupole splitting AE, and the central shift &

8 1 v, |’ v+,
53;‘2’5 b Eﬁ'zl'z' = 4E, = P }+?:V2_"'JJ'5A—S= ’ (1.11e)

It is important to mention that AE;, cannot give the sign of V...

2.3. Magnetic splitting parameter

The third important hyperfine interaction term corresponds to the nuclear Zeeman effect, between the nuclear
magnetic momentum g and the extranuclear magnetic field /. This interaction will occur if there is a magnetic field at
the Méssbauer nucleus site. The magnetic field at the nucleus can originate from the unbalanced s-electron spin
density (Fermi contact field) Hy , from the bipolar interaction between the nuclear and atomic spin moments H)).
from orbital atomic momentum if is non-zero H, , from local H,,. and from external H, field.

H=H, +H, +H,+H,
= _[L?i)#ﬂ@ S (f&)>;ﬁ =20, 7)elL) =2, )& - 28 L2
B = —2;;4@ = ;L>'ﬁ H, =2 1,(r*)3cos? 8 - 1{3);
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The presence of H at nucleus position splits the initial and final energetic levels and consequently there are a
lot of the selected transitions(4L.=0,£1). When a small electric quadrupole interaction appears the splitted levels are
shifted.

|Llst AE, 3cos? O -1
BQV__: << pH axial symmetry } E!,!: = _g!ﬁHI: +-1) : ’

2 2
Here @ designates the angle between directions of A and oz-principal axis of EFG-tensor component V.. (see Figure
1.6). In the Mossbauer spectrum there will appear a lot of peaks at v; positions. So, in the case of the nuclear transition
/E; 3 ,3/2>~(—)/E; 2.1/2>, ( see Figure 1.7) the magnetic, quadrupole splitting and central shift parameters are given by
the relations:

+d (1.12b)

1
5c5:Z(V;*H’z+“’5+"’5)-‘5Q:E("f—"z“’a—"j)w'

vy vy (1.132)
Ay =(3g,,-8,)pH > H=""F—""—-0
i %o (38, -8,) 00322

2 2

Here the resonance line positions for /E, 3 ,3/2><—>/ E, »,1/2> transition of *'Fe are:

.3 1 ;
Vg =00 +Ey E( 5825812 PH =5+, £0.01610H:;

i I ! ;
Vs =00y — &yt (5 32~ Egifz)ﬁH =0y — &, £0.00932H;

(1.13b)
y ! I ; :
Vi, =00 — gyt (Egﬂ" +'5gﬁ_,),5H =80 — &y £0.00254H;

[5“\.] = [5{')] =mm/ s;|H] = KOe
It is necessary to mention that relations between the most extreme peaks at iron isotope permit to establish the sign of
g relative to H:

vz—v,,<v6-v53{;‘g>0

v,—v, = —25Q +000678H ;
Vg — V5 = +25Q +0.00678H ;

(1.13¢)
V)=V > Vs = Vs = 6 <0

Moreover the resonance positions are satisfying controlling relations, so in the case of above mentioned isotope they
are:

Vp=Vy=Vy;—vs=Hg,f=-001186H
2 :v4—v2_lg;;2| "'2""4_,‘,75

Vj—vzzvj—v4=Hg£ﬁ:+0.00678HJ v, -V, ‘83,12‘ e zvj—vz—.
2

(1.13d)
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Fig. 1.6 - The splittings of nuclear levels in hyperfine fields
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Fig. 1.7 - The spectra corresponding to the presence of hyperfine fields at Méssbauer isotope site
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2.4. Resonance effect, half line-width and area parameters

The effect &v, ) is the resonance dip at its position. The resonance effect and absorption area 4 under the peak
are given by:

N, —-N{(v T(v BT f s Vpan
( )=J— ( ")ac als A= Ta‘(v)a'vazg(va)F (1.14a)
N, Csfs ml”

-
o max

e(v,)=

and depends on the absorber f; factor, half-linwidth /7{=/3+7) and abundance ¢, of Mossbauer parent atoms.
Theoretically it is possible to determine ¢, from A4, but in practice there are many difficulties. The resonance area
corresponds to the probability of a given nuclear transition in the hyperfine fields and this is a function of the angles

between the orientations of these fields relative to the y-ray momentum ﬁkr In the polycrystalline sample, there is

not angular dependence of A values, due to the angular average. So in the case of /EH 3/25¢»/ E, 5, 1/2> transition
we have:

A= oc3(f+6052 ﬁ)l J'Z'f =Eﬁ oc 3
H#0—> A, = A4, c4sin’ B; 5314, =4, «2

A3=A4,oc1+cos”’ﬁ; A3=E4tcx’h (1.14b)
V_#0

A,oc3(1+coszﬁ)} {Z,ocf
- e . 3 o
= A, <2+ 3sin” A, ocl

Finally it is important to mention that in the general case the vicinity of Mdssbauer probe showed both electric
hyperfine field and magnetic one so the Mdssbauer spectra and their parameters are more complicated, because they
are depending on the ratio R=AEq /uH, 1, 6 and @ (Barb, 1971, 1972; Constantinescu, 1980).
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MOSSBAUER SPECTROSCOPY IN MINERALOGY AND GEOCHEMISTRY
PART 2 : APPLICATIONS IN MINERALOGY AND GEOCHEMISTRY

(review paper)
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Massbauer ions. Resonance lines.

Abstract: The use of Mossbauer spectroscopy (MS) has developed rapidly in last decades mainly
because the data given by Mossbauer spectra could not be obtained by using other techniques.
Most of MS reports published contain *'Fe spectra due to the wide and varying occurrence of the
iron in the Earth’s crust. However. spectra of ''’Sn; 'Au ete. have been recorded. In this part we
will discuss some applications of MS in mineralogy and geochemistry. The applications of MS on
minerals are: (1) characterization of oxidation state and electronic configurations of Massbauer
parent ions, (2) coordination symmetry of isotope position and the distortion of its surrounding, (3)
assignment of resonance lines to structurally distinctive cation positions. (4) the solid-state
processes as oxidation and weathering of mineral sand rocks, (5) qualitative aspects of fingerprint
applications and quantitative estimations of Md&ssbauer parent atoms in studied geological
samples. The data below refer mainly to the *'Fe MS.

2. 1. Oxidation state and electronic configuration characterisations
of iron in minerals

The assignment of the oxidation state of iron, or the ratio of the oxidation states is of considerable importance
to explain the colour, pleochroism, oxidation, and weathering of minerals. In addition this assignment of oxidation
states may be of great importance as geothermometer or geobarometer. So, many authors have shown that Fe** is
reducing to Fe™* with the pressure and the ratio of these ions gives useful information about the pressure in the
Earth’s interior. For other minerals such as pyroxenes this ratio could be correlated to the temperature and/or
pressure of formation during the crystallisation. The determination of the ratio Fe*'/Fe’” is not a trivial problem. The
standard techniques such as X-ray crystallography cannot distinguish between the two iron ions and the chemical
analyses sometimes give unreliable values. An example illustrates the success of the Mossbauer method is the
tripuhyite Fe,Sb," 05, inferring the ferrous state. The X-ray and chemical analyses suggested the formula FeSbYO,,
inferring the presence of the ferric state. Only the Mossbauer investigations, of the above sample, indicated
quadrupole spectra with &y ~ 0.62mm/s and AE; ~ 0.72mm/s, corresponding to a ratio 95% + 5% of the ferric to
ferrous state,

The spectral parameter & is very sensitive to the high spin oxidation. This parameter is in the velocity range
-0.6++2.2 for Fe* to Fe'". Fe*" and Fe™, and has the characteristic values +1.44 mm/s and +0.7 mm/s respectively in
the oxygen environment. These values depend on the coordination number, site symmetry and type of ligand O, S,
etc. (see Fig. 2.1 and Table 2.2; Bancroft, 1973, Greenwood 1971, Gutlich, 1975).
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Table 2.1.
Iron oxidation states for high spin configurations
Oxidation state +] +2 | 43 +4 16 |
G [mm/s] ~+2.2 ~+1.4 ‘ ~+0.7 ~+0.2 ~-0.6 i
relative to NPS

| Fe() S=32

B Fe() S=172
T

Bl reqn) s=1

:1 Fe(ll) $=0
D Fe(lll) S=5/2

I Fe(lll) S=3/2

|

Fe(lll) S=1/2

Fe(lV) 8=2

B reav)s=2 .

-1.00 075 050 025000 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
& s [mms] relative tc metallic-Fe

Fig. 2.1 - The central shift of iron compounds for different oxidation states and spin configurations

Many geological samples give spectra showing appreciable amounts of both Fe'™ and Fe™. For example,
the Mossbauer spectrum of howieite consists in two qudrupolar doublets corresponding to the two iron ions
(Bancroft et al., 1968), see Figure 2.2.

A transition from high to low spin of Fe" configuration has been reported (Strens, 1966) for gillespite
BaFeSi;0y at high pressure by using Mossbauer spectroscopy.

Sometimes, the values of  hyperfine magnetic field can distinguish between the two iron ions,
H(Fe™ )>H(Fe’ ). A classic example is the difference between H values of the w-Fe,O; (hematite, H
=515KGs) and of Fe,Si0, (olivine, H ~250+350KGs).

In sulphide minerals the oxidation states of iron can «lso be identified. So, in troilite FeS and pyrrhotite Fe,Sg,
S5 is of about 1.1mm/s at 300K and 1.03+1.08 mm/s at 77K respectively. These values correspond to the Fe'' high
spin. Generally, due to the greater covalence of the Fe-S bond the values of & are smaller than Fe-O one. The
sulphide minerals show different values, corresponding to the different iron oxidation states, not only &g, but also
for AE, and H.

AE ,(Fe™ )<< AE,(Fe™ ), H(Fe™ )> H(Fe* ); 2.1)

The central shift values of the Fe" low spin configurations in such minerals are generally much smaller than the
values of the Fe" high spin configurations and are comparable to Fe" high spin ones.
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Fig. 2.2 - The Mdgssbauer spectrum of howieite. Na(Fe** . Mn);o(Fe’ . Al}»Si;,05,(OH) ;. (room temperature)
p p

2.2. Coordination number of iron in minerals

The determination of the coordination number of the Mé&ssbauer isotope is another problem of interest for
geochemists and mineralogists. The hyperfine spectral parameters are very sensitive to that. Table 2.1 summarizes
& values for different coordination number in oxygen surroundings. An increasing of the coordination number
determines an increasing of the central shift. Moreover, in Figure 2.3 we observe the correlation between the iron
ionic states AE,, and J.y for different coordination numbers.

Table 2.2.
S for four, six and eight-coordinate sites of different
iron electronic configurations in some minerals

Mineral species ey [mm/s] Type of iron

Almandine garnet 1.56 8-coordination Fe*
Silicates 1.30-1.43 6-coordination Fe*
Staurolite 1.22 4-coordination Fe*
Spinels 1.07 d-coordination Fe®”

Gillespite 1.01 4-coordination
(square planar)Fe®’
Epidote 0.61 6-coordination Fe™”
Amphiboles ~0.65 6-coordination Fe*”
FeCly 0.56 4-coordination Fe®"
Iron orthoclase 0.72 4-coordination Fe®'
R;Fey(FeOy)s ~0.65 6-coordination Fe’*
R=rare earths ~0.45 4-coordination Fe®”
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il

The Mossbauer spectra of yellow and blue-green sapphirines are classic examples illustrating the
determination of coordination number of the two ionic sorts of iron. The spectrum of yellow sapphirine is showing
two quadrupole doublets of Fe'* in the tetrahedral p051t10ns On the other hand, the spectrum of blue -green
sapphirine is evidencing two quadrupole doublets of Fe®* in the octahedral positions and a doub]et for Fe'" in a
tetrahedral position (Bancroft et al., 1968). This result confirmed the earlier suggestion that Fe* orders on six-
coordinate site, while Fe’* orders on four-coordinate sites (Fig. 2.4.). Mossbauer spectrum of biotite offers another
exemple of the iron ions ordering in different coordinate sites. So, the spectrum is evidencing two large quadrupole
doublets with big centre shift corresponding to Fe** in octahedral sites and a small quadrupole doublet with smaller
center shift corresponding to Fe’” in tetrahedral sites.

Fadt Fe2+
8 - Je- -0
L -
D
L3
E
2
g FellFel Fed+ Fe2+ Fa(ll) Fez+
S 61 Em ) (] s+
B Fed+ FE(II)
3
© 457 ] Fe2+
Feis Fedr
Fed+ Fei+
4 [ 4 e —
T T T — B S T T 1
-0.5 0.0 0.5 1.0 15 0 1 2 3 4
Jcsfmm/s} relative to NPS dEo [mm/s]
Fig. 2.3 - Coordination number of iron sites relative to &y and Al
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Fig. 2.4 - The Méssbauer spectra of two sapphirines (Mg.Fe* )y(Al.Fe’"),0,8i0,
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2.3. Determination of distinct structural positions in complex spectra

The Mossbauer spectra of many minerals show a superposition of several simple lines or/and quadrupole
subspectra or/and magnetic ones corresponding to many vicinities around Mdssbauer nucleus and its different
crystalline sites. Many results of the M&ssbauer investigation on minerals show distinctive structural positions
occupied by iron or other Mossbauer nuclei. The structural positions can be evidenced in the spectra by two or more
distinctive quadrupole doublets, if the spectral parameter values could be bigger than half line-width. The ruler in
iron minerals is: Fe’" enters bigger volume polyhedron occupied by metallic ions I <Feeo and Fe’* enters

smaller one I <Tre-o- In the case of one site corresponding to the iron-oxygen distances, o ST o Alpgn

the two iron ions could occupy the same site. Let's now see some results of Mossbauer investigations on different
sorts of iron containing silicates. The iron silicates are the commonest accessible materials on Earth to be
investigated by this spectroscopy due to the strong affinity of silicon for oxygen and the abundance of iron and its
Mdossbauer isotope.

Chain silicates. Their characteristics consist of infinite chains Si-O tefrahedra linked by cations extending
along the orthorhombic or monoclinic ¢ axis.

Pyroxenes have the general chemical formula A>Z,0, , where A = Na' , Ca®™', Mg™, Fe*", Mn™ A" Fe'",
Z=Si"", ions are occupying the octahedral M, {}, the irregular M, <> (M;:M,=1:1) and tetrahedral sites []
respectively. The irregular sites corresponding to 6-, 7-, or 8-fold coordinated according to particular mineral. The
crystalline symmetry is orthorhombic for Mo=Mg”>" and Fe*', or monoclinic for Na™ and Ca®". The experimental
results of Mdssbauer investigations on different pyroxens have shown a correlation of the spectral parameters and
the structural positions of iron ions (see Table 2.3a: Bancroft , 1973, Coey, 1984).

Table 2.3a
Assignment of structural positions occupied by iron ions in some pyroxens

Minerals Ous fmmis] | AE, [mm/s] Assignment

<Ca>{Fe,Mg}[Si], O . ~1.45 1.9:2.3 Fe™: M,
"Hedenbergite, <Ca>{Fe}[Si],0 1.19 2.30 Fe® : M,
<Na>{Fe,Al}[Si], O¢ 0.65 0.33 Fe' : M,
(Fe,Mg),Si, Og ~1.4 1.9:2.1 Fe : M,
~14 2.3:2.7 Fe* : M,
“Orthopyroxene, Fe;Si;Os 1.17 2.48 Fe™ : M,
1.13 1.93 Fe’': M,
(Ca,Fe,Mg),Si, O 1.40 1.96 Fe’*: M,
1.40 2.44 Fe’ : M,

0.70 0.59 Fe’' : M, and M,

“Isomer shifts are relative to iron metal.

Other silicates investigated by Mossbauer technique are ampliiboles with a general chemical formula X;Y 544
0,5(OH), where X(=Ca’",Na'",Fe?" Mg’ ):M, , Y(= Fe'', Mg™™ , Mn™", A")::M,,; and Z=Si are the 10+12, 6 and 4
fold coordinated positions. Their structures are based on double ([Si,Al]s0,, ), tetrahedra chains that run parallel to
orthorhombic or monoclinic ¢ axis and sandwich a ribbon of octahedra. The ratio of numbers of M:Mj:M5:M, is
2:2:1:2. The spectra have shown that M, positions are occupied preferentially by the larger cations as Fe’', while
the positions M, .5 are occupied by smaller ones such as Fe’' (see Table 2.4). The Md.sbauer parameters for
important amphiboles are given in Table 2.3b (Bancroft, 1973; Coey, 1984) and characteristic spectra are shown in
Figure 2.5, It is interesting to point out that ferrous ions are occupying M, sites only in cummingtonite-grunerite
series and ferric ones are occupying preferentially M, sites. The octahedral distances rg,_, would explain these

preferences (see Table 2.5, Bancroft, 1973).

'/ p = i = ) - -
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Table 2.3b
Assignment of structural positions occupied by iron fons in some amphiboles
Minerals Sy AE) Assignment
[immi/s] [ mm?s]
cummingtonite-grunerite: (Fe,Mg);Si50,,(0H), ~1.3 1.5+1.7 |. Fez":l'\’[4
~1.4 2.7+2.9 Fe*:M.;
“grunerite: <Fe>,{Fe}s5[Sil0,(OH), 1.10 1.80 Fe™:M,
]16 2.82 Fezw'.MLglj;
anthophyllites: (Fe,Mg),[Si]s0:(0H), ~1.35 1.80 Fe’":M,
~1.37 2.6 Fe’:Mi,4
<Ca>, {Fe,Mg}s[Si]sO»(OH), ~1.4 2.89 Fe*":M,
~1.4 ~1.9 Fe’':M,
: ~1.4 ~2.4 Fe*':M;
“ferroactinolite, <Ca>,{Fe}sSiz0.(OH), 1.15 2.81 Fe’" M, ,
1.14 1.95 Fe’":M;
Na, (Fe™', Fe *" Mg, Al )5 SigO2(OH), ~1.4 ~2.8 Fe*":M,
1.39 2.0 Fe’":M,
1.36 2.41 Fe™':M;
~0.65 ~0.45 Fe’:M,,s
“riebeckite, <Na>, {Fe**, Mg}:{Fe*'},8i50,,(OH), 1.12 2.90 Fe’":M,
0.38 0.42 Fe’':M,
1.13 2.42 Fe’':M;
“Isomer shifts are relative to metallic iron.
Table 2.4.
The sites oceupied by iron ions in some amphiboles
Minerals X:M, Y:M, s Z
Grunerite Fe,®" Fes Sig
Ferrogedrite Fe,” Fe;> ALY SigAls
Ferroactinolite Ca, Fes™ SigAls
Ferrotschermakite Ca, Fes Al SigAl,
Ferroglaucophane Na, Fe,” AL Sig
Riebeckite Na, Fe;"'Fe,” Sig
Magnesioriebeckite Na, Mg;” Fe,’” Sig
Table 2.5.
The mean-values of cation-oxygen lengths in amphiboles
Site Tremolite Actinolite | Cummingtonite Grunerite Glaucophane Hornblende
M,;-60™ 2.075 2.104 2.098 2.126 2.087 2.075
M,-60> 2.077 2.075 2.083 2193 1.943 2.049
M;-40% 2(OH) 2.066 2.097 2.091 2.122 2.094 2.081
M,-60™ 2419 2.305 2.299 2.398 2.435
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Fig. 2.5 - The iron sites in sodium and calcium amphiboles

Sheet silicates have the basic structure as a composite sheet in which a layer of Y octahedra is sandwiched
between two identical layers of (Si,Al)O, linked tetrahedra.

The formula of micas is <X>3 {Y Y1 [Z]§020(OH,F),, where X: K', Na', Ca™ | Y sites are occupied mainly by
AP, Mg> or Fe** and Z: Si*", A" with perhaps some Fe’, have been studied by Méssbauer spectroscopy. Micas
can divide in dioctahedral and trioctahedral classes corresponding to the number 4 and 6 of Y ions. The length 1.
divides the octahedral sites in larger M, (~2.20R), occupied preferentially by bigger ions as Fe’* , and smaller M,
sites (~ 1.95 A), occupied by Al, M;:M,=1:2. The approximated chemical formulae are given in Table 2.6.

micas.

Table 2.6.
The chemical formulae of some micas
Type Compound X Y Z
Dioctahedral Muscovite K5 Aly SipAlL
Paragonite Na, Aly SigAls
Glauconite (K.Na); 1.0 (Fe,Mg Al), Siz 26Al Lo
Trioctahedral Phlogopite K, (Mg,Fe), SigAls
Biotite K; (Mg.Fe,Al), SigesAlses
Zinnwaldite K, (Fe.Li,Al),

The Mdssbauer parameters for different samples of micas are given in Table 2.7. (Bancroft, 1973). As we
can see from this table, the outer quadrupole splittings can distinguish between the dioctrahedral and trioctahedral
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Table 2.7.
The spectral parameters for micas quadrupole doublets

Sample %FeO Fe’:M, Fe™ :M, Fe¥
o AE, o AE Oy AE,
Madacascar Muscovite 1.12 1.41  3.02 1.39 225 0.60 0.82
Biotite 34.6 1.38 2.56 136  2.18 - 0.63 0.74
Svnthetic annite 42 1.40  2.56 1.36 217 0.80 0.52
Zinwaldite 5.70 1.41 2.65 0.66 0.89

2.4. Distortion of the Mossbauer isotope neighbourhood

Most of minerals are not end-members of solid solutions and the crystallographic sites become inequivalently
due to different electrical and geometrical configurations giving to geometrical or/and charge competitive
distortions of M®&ssbauer isotope neighbourhood. So, many quadrupolar, magnetic subspectra will occur in the
spectra, if /<A4E;, AH. The authors considered useful to evidence how the geometrical and charge deformations of
an octahedral vicinity influence the components of EFG tensor. The geometrical distortion of a configuration (Fig.
2.6) is given by 4,.,, and o, the square relative departure of octahedral distances and angles from mean values and

0,=m/2 respectively.
2 2
1 1 (6,-7/2)
];ozz-— > [——”’ , J 2.2)
1=\ m/2

F

|r Mo\

L8 0, B8 ya, -8
6i 6i=I\ F

Geometrical distortions can arise by the elongation/shrink on a given direction or by the shift of central
Mbssbauer parent ion. V.. has different dependence on relative changes of distances.

. 3

Fe—x alungit #/ {001} |

7
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Fig. 6 - The elongated and shorted octahedron; | Ad |= 0.1d

FeX, T=(+d,00),(02d0),(00+d ) ; Ad =d-d;, =(0,0,2); 1, = (0.0,0); C} possibilities

=)
Ad 2(AdY n
r=d——:4, =_[_J ;0 =0—> AEY eQ 1’29')‘,[&3 (2.3a)
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The elongation/shrink of octahedron and the shift of central ion give a linear and square dependence of V..
relative to Ad . But, generally the spectra could evidence the shift of the the Massbauer probe too. In this last case
the quadrupole splitting parameter depends on square of the shift.

FeX, T=(%d,0,0),(0,+d,0),(0,0,xd) ;40 =0 -z/2;F, = (0,0, n, =T

5 {7V 32 (40Y R .
¥ e 87rsod3 d :

It is necessary to mention that the sign of Ad cannot be determined from AE,. Figure 2.7 shows the AE range
values versus the grade of the relative distortion of oxygen octahedra (Greenwood, 1971; Bancroft, 1973; Coey,
1984).

Actinalite M'I
Cumigtanite Mr'M;
Anthophtyliite Mr'Mg
Alakall amphybole M'r
Alkall amphybole M
Orthopyroxens M i
Clincpyroxensa M'
- Cumiglonite Mz
— Anthophylite Mz
—— Alkakl amphybole M}
R T= Crihopyroxens M?
s Ciinopyroxene M,

o Anthophyiite M‘
Cumingtonite M‘

Relative distortion of oxygen octahedra

| FFTYEL FRETEY FPTTY FRVETA AU UEE FERTRY ATSRTE RPVITI FUTRL FUTTEE PUTNTY FTRTE PUTUS FRTURY PYSTRE FRRTTY FPOwee
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Fig. 2.7 - Quadrupole splitting versus octahedral distortion (Bancroft, 1973)

The most known charge configurations of octahedra are the cis, trans configurations (see Fig. 2.8). The
calculated principal components V.. of EFG tensors for the two configurations shown are as follows:

cis—FeX, Y, trans — FeX, ¥,
29 29 ¢ 9 4q 4 4

WOBEY= 5 o e 4 V(0,0,9)=— lz B o

(r"+2z7) (r~+z7) r—g r+z (r +z°) Pz rEZ
é’zV__Z(q] +q, Xr? -22%)  2q, . 2, 53V: 4q, (" —2z2)+ 2q, N 29,  (2.4a)
& ¢ +2°)" r+z) (r-2" &° @+ +2’ -2)"’
{(52 V\c‘n‘ _*2((?2 _q])‘ ((72 V]:mn.\- ) 4(q2 _ql) . .[ﬁzV}m ‘
L&? Jq=0 ?”3 . Léél i ?3 &2 -=07

and as a consequence the ratio of quadrupole splitting parameters is:
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Fig. 2.8 - The cis, trans configurations

The different geometrical and/or charge configurations around Mdssbauer isotope arise some additional
problems in the interpretation of the spectra, which are absent for a usual mineral. The spectra will give unique
hyperfine splitting parameters at each crystallographic site for end-members of solid solutions. The intermediate
members have distributions of different ions, and thus there are a lot of distributions of hyperfine splitting
parameters &, AE, and AH at equivalent sites. This effect is more pronounced when the neighbours are not the
same charges. ‘

Table 2.8.

The V_- values and their combinatorial probabilities for different charges octahedral
configurations
Configurations Probabilities V.. n AE,
k. 6-k ' [e(qi-gy)/ Sred] [/eQ(qy-q,)/ 85,d]
69y 69y 1/64 0 0 0
I Sqx: 1gys 6/64 -2 0 2
2a (trans) 4qx: 2qy; 3/64 -4 0 4
2b (cis)  4qa: 2qy; 12/64 -2 3 2
3a 3qgx: 3gv: 8/64 0 0 0
3b 3qx: 3qy: 12/64 6 | 2(3)"”
4b (cis)  2qy; 4qy; 12/64 2 3 2
4a (trans) 2qx; 4Qy: 3/64 4 0 4
3 19~ 5qys 6/64 2 0 2

Table 2.8 shows the V.. 77 and A4E, values and their combinatorial probabilities for octahedral iron
configurations of two ionic sorts gy, gy,. The probability P is a sum of all combinatorial probabilities for a given
AES" value (see Fig. 2.9) and is a measure of the corresponding quadrupole doublet area 4,. P( AE," ). In the
Figure 2.2, 10 Massbauer spectra have plotted for the above example. :

AEG'; A P = P(AEQ) )=TC)f @250

The probabilities of solid solution members for a given AE," value depend also on fraction
x =Cy™ /N (y =Cy"' /N), where Cy"' (Cy*") is the occupancy of ionic charge gy(gy) and N is the number
of polyhedron corners around the Méssbauer isotope (Barb, 1995).
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AEL) (x); A, (x)oc Py (x; Nk )=Cyx*(1-x)""; x+y=1; (2.5b)

The spectra will become more complicated if the ionic distributions of second, third, fourth etc. order
vicinity would be considered.

] gy

Ne
bk, ky .(2 L, 5 T o~ k
AE G (X)X, )i AN N (X)X )8 Py (X, X0, )—ﬁ]LCN Xy »“(}—,\rfjr

A E g i IR )= ZA!""‘;”“ s JOCZPA"_"““" e T S

Here the @ and k., designate the shells and the number of ¢y ions on the o™ shell contributing to AE,,"
g 7 g ¢

value. It is interestting to note that the probability P(4E) for a completely random distribution of ions in shells of
neighbours (case of amorfs) is (Czjzek, 1981):

4 50 ok 4Eg ]
P(4E,) i il W F(0,4E .11 2 | (.54
= | 1+ f (o, e 2.5d)
07" 955 (1+1%/3)*V2| 4 ]
38 o 1
23 ] " 1.0 - P(x;6,k)=C  kxk(1-x )Nk
iz ' —&-— P(0,208,6,k)
50 - _— —v— P(4066,k)
28 | : —w— P(.604;6,k)
26 ] —&— P(.802,6 k)
o 24 o R —®— P(901,6,k)
4 22 < ]
a 20 I,
18 — E: 0.4 -
16 -
14 - ‘-—-..._‘_‘v‘_,_.-—-v \
12 0.2—_
i0 L] b
a] 3 \
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1 o T 42 e 4 5 B Ha i 5 6

Fig. 2.9 - Plot of P(AEy) and P(x;6,k) of octahedral configurations Fe-X Yy

The quadrupole doublets of the experimental spectra will be resolved if AE{_;r"BNZ (see Fig. 2.10). The spectra
will not be resolved when AE,"'<172.

Generally, the surrounding distortions will affect the lattice contribution of EFG tensor components, 17,/ " The
quadrupole subspectra, corresponding to the different distortions of Md&ssbauer isotope neighbourhood, will be
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. ' " . + 2+ .4+ +
evidenced for Mossbauer parent ions with the symmetric electronic shells (¥, =0 ex.Fe®", Sn®*'", Au" etc.), so the
quadrupole splitting is expected to increase as the surrounding distortions.
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Fig. 2.10 - (a)Mossbauer spectrum of *"Fe in cis and trans octahedral sites; (b)Md&ssbauer spectrum
of *'Fe surrounding by ionic (6-k)gy and kqy. charges.AE,, is given in eQ/8 e, units

Many problems of assignment the subspectra to the structural variations appear for ions with nonsymmetric
electronic shells (Fe”’, Sn'™*"*", Au’, etc.), because ¥, #0. Thus, the Fe** electron valence contribution ¥,* to V,,
is of about 3.7mm/s for a very small octahedral distortion. Generally, V”” increases when the distortion increases,
but V, decreases. That means different signs of ¥, and V,*,

It is important to mention that AE,, depends on the ambiental temperature. This temperature dependence of
AE, s directly generated both by the temperature dependencies of distances Mdssbauer isotope ionic shells
(surrounding distortion), giving V,(T) and A(T) ionic splittings, and indirectly by the temperature dependencies
statistical weights p,(T) of ionic states.

[t is interesting to mention the effect of the concentration of Mdssbauer ions on the distortion of isotope
neighbourhood and as consequence on Ak value. Many authors observed, a slight decreasing of AE, (M, ) and
AE (M, ) for metamorphic cumingtonite-grunerite, orthopyroxene series and also approximately the same values for
M,, M sites of volcanic orthopyroxenes on iron content (Bancroft, 1967).

A careful correlation between the quadrupole splitting parameters, the electronic configuration and the distances
of Massbauer parent ion to first, second, third etc. ionic shells is necessary in order to obtain structural and
compositional information on minerals.

2.5. Correlation of Mssbauer spectrurﬁ data with the structure
and solid state processes

Oxidation and weathering. The mechanism of oxidation processes could be in situ transformation of Fe2" to
Fe'' accompanied or not by the loss of protons from hydroxyl group, (OH)", charge transfer, or physical expulsion
of iron ions from the layers in order to maintain the charge neutrality. The M&ssbauer spectra of heated amosite
(fibrous grunerite) evidenced spectacular changes on temperature increase (Whitefield, 1967, see Fig. 2.11).

The room temperature spectrum of an amosite with the approximate composition (FessMg; 5)SigOs(OH), is
similar to that of grunerite one.

e
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Fig. 2.11 - Mdssbauer spectra of heated amosite

The inner quadrupo] doublet corresponds to Fe’:M, and the outer one to Fe’":M;,3. At 500°C a central
doublet corresponding to Fe’™ appears and the intensity of ferrous ions in M, increases relative to that in M »5. The
Maéssbauer spectrum corresponds to that of oxyamosite of approximate composition Fe,”*Fey s” " Mg, 5Siz02(OH)s.
At 650°C the ferrous iron ratio is My/ M, ; of about 1/1 and at 900°C a doublet of pyroxene (Fe,Mg),Si,0; is
formed with additional hematite and spinel (Mg,Fe’")Fe,”"O,. The spectral parameters of am051te and oxyamosite
suggested an unchanged basic structure and iron coordination. The conclusions are that Fe® : Myas is oxidizing
rather than Fe**:M, and electron transfer is not between cation chains.

The charge transfer, which accompanies the oxidation processes, is a spectacular 50]1d state process observed
by the color of the samp]es Many silicates have mixed valence iron alkali amphiboles glaucophane-riebeckite series,
oxides as [Fe” 1{Fe’" ,Fe’"}0,, vivianite Fe;(PO,)»8H,0, etc. So, the pure mineral vivianite is colourless but
exposed to air the mineral becomes dark blue. That colour is atributted to the presence of the ferric ion Fe'*
Generally the electronic configuration transfer 3d°-3d’ requires so much energy that it is necessary to be
accompamed by a photon absorption. Also Mdssbauer spectra evidenced the oxidation of the crocidolite Na,Fe',
Fe™ 0 sMgo4SisO2:(OH), by a mechanism of electron transfer along the silicate chain rather across one.

The Mossbauer investigations give interesting information about of natural weathered micas especially biotite.
In fresh biotite Fe®" is predominant, but natural weathering processes in soil or fractured rocks oxidize ferrous ions in
ferric ones. The possible mechanisms are a loss of interlayer cations (a), a loss of OH protons (b) or a loss of
octahedral iron and appearance of iron hydroxide (c). The results of Mossbauer investigations evidenced the ferric
ions in a distortioned octahedra AEy~I.2mm/s, corresponding to FeOs(OH) arrangement and the presence of
vermiculite (Mg,Ca)o;(Mg,Fe,Al);(Si,Al);0,0(OH),4H,O as end product. Many authors have chosen the loss of
interlayer cations as possible mechanism of oxidizing and weathering of biotite.

'/ p = i - ) - -
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1 1 T
a) KFel Si,AlO,(OH ), + 50z +~ H,0 > KOH + Fe}' Fe™ Si,AlO,,(OH ),
1 i
b) KFel'Si,AlO,,(OH ), + -0, > KFe *Fei Si,Al0,,(0), + H,0 (2.6)
' 24 - 3 j I+
c) KFe; Si,AlO,,(OH ), + EOZ + 3 H,0 — KFe; Si;AlO,,(OH ), + FeOOH

The Mossbauer investigations of micas have shown a more rapid weathering for trioctahedral than
dioctahedral species.
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Fig. 2.12 - Massbauer spectra for thermal decomposition of ferric oxalate

Another well-known example is of the natural weathered ilmenite FeTiO;, where the spectra showed not only
the characteristic quadrupole doublet (8¢ =1.35mm/s,AE, = 0.70mm/s ), but a ferric specie one that was attributed
to the weathering product too.

Mossbauer spectra can evidence solid thermal state decomposition. A typical example is the changes of the
spectrum shape given by the thermal decomposition of ferric oxalate (see Fig. 2.12). These spectra show the stages
of thermal decomposition, dehydration, electron capture by iron and finally the Fe,O; formation.

Fel (C,0,),-6H,0—22C s Fe! (C,0, ), +6H,0
200°C

Fe;' (C,0,),——"2Fe" (C,0, )+ 2CO0, 2.7)

2Fe" (C,0,)—2< s Fe,0,+2C0 + CO,

/ \\ Institutul Geologic al Romaniei



APPLICATIONS OF MOSSBAUER SPECTROSCOPY 63

The effect of high pressure is known to produce changes of the ratio Fe'' /Fe™". included in a large variety of
iron mineral. The reduction of ferfic into ferrous ion in relation to the pressure was observed in the spectra of ferric
acetylacetone. The effect is reversible with some hysteresis (Drickamer, 1967). At atmospheric pressure the
Fe(AcAc); has a broad resonance line with & ~0.55mm/s, at 85Kbar a high velocity shoulder appears. This
shoulder is more pregnant to 165Kbar. The author assigns the shoulder to ferrous compound of &~ 1.3mm/s and
AE~1.9mmy/s (see Fig. 2.13).
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Fig. 2.13 - Mdssbauer spectra of Fe(AcAc); for different pressure conditions

2.6. Magnetic ordering

The iron oxides and iron silicates have magnetic ordering, but a few materials have this kind of ordering at
room temperature. Possible reasons for low magnetic ordering of iron minerals, compared with the iron oxides, are
the lower density of iron ions (especially in the solid-solution series), the weak superexchange interactions due to the
bond angles Fe-O-Fe about 90° and probably the low spatial dimensionally of basic magnetic units, the octahedral
sheets. ribbons or chains. Mdssbauer spectra of magnetic ordered minerals can be interpreted in conjunction with the
magnetic susceptibility, magnetization, neutron diffraction data. Except iron oxides the other iron minerals contain
too small amount of iron for continuos magnetic superexchange path, but the iron-rich sheets. chains or group
silicates show a collective magnetic behavior.

The best known iron oxides observed in the minerals are given in Table 2.9 (Greenwood, 1971).

Hematite (o-Fe,0; ) has a crystal structure of corundum (o-ALO;) with a close-packed oxygen lattice and
Fe'’ cations in octahedral sites. Magnetically, it is antiferromagnetic at low temperature, then undergoing to weak
ferrimagnetism (Morin temperature, Ty=260K), before finally becoming paramagnetic at high temperature (Neel
temperature Ty=956K). Ultra-fine particle of o-Fe;O; exhibits a superparamagnetism due to the decreasing
relaxation time with the decreasing particle size. The Mdssbauer spectra of small particle, supported on high area-
silica are apparently paramagnetic spectra at room temperature. Thus based on the presence of a magnetic and
paramagnetic superposed subspectra in o-Fe;Os spectrum it is possible to estimate the particle size of hematite (see
Fig. 2.14),
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Table 2.9. .
Méssbauer parameters of some iron oxides magnetically ordered

Compound Temperature O & H Assignment
[K] [mm/s] [mm/s] [KOe]
a-Fe;05 | 298 +0.38 0.12*% 515
y-Fe,0; RT 027 : 488 Fe'":A
0.41 : 499 Fe*':B
Fe;0, RT 0.23 -0.02 491 Fe":A
0.64 0.00 453 Fe’*":B
82 0.37 -0.05 511 Fe:A
0:77 0.50 533 Fe":B
0.59 -0.02 516 Fe’":B
0.71 0.95 473 Fe’:B
1.20 -2.62 374 Fe’":B
a-FeOOH 291 0.35 -0.15 384
y-FeOOH 4.2 0.30 <0.10% 460
§-FeOOH 80 505 Fe*":oct.
525 Fe' tetr.
Fe(OH), 4.2 3.06 200

RT room temperature; *Eq=eQVzz(1-3¢0s’0)/8

1,000
0.996 VOV Y
0.992 (d)

0.988

T T YTy

0.96

1.00 1 - -
0.98 -
0.96 (b)

Relative transmission

0.94 -

1.00 |
0.98 |
0.96 |
094
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velocity units

Fig. 2.14 - The Mossbauer spectra at room temperature for a-Fe,O5 for different particle size
a) <1004; b)~1204; c)~1604; d) bulk material
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The pFe,0; has a spinel structure AB,O, (A cations have a tetrahedral oxygen coordination and B cations
have octahedral one). The A and B sites are insufficiently filled by ferric ions so that the stoichiometry corresponds
to Fegsll)sO. where [J represents a cation vacancy. The room temperature spectrum shows apparently only one
magnetic sextet, so A and B cation sites are indistinguishable, that means an electronic configuration °S of Fe’'. A
magnetic external field applied permitted a partial resolution and show that all vacancies are in B sites,
[Fel{Fejy1z Js12}204, (Greenwood, 1971). _

The magnetite [Fe'*1{Fe* Fe*'}0, shows at room temperature a spectrum with two magnetic sextets
corresponding to A and B iron sites having 491KOe and 453K QOe, respectively. The second value is lower than A
sites because the fast electron hopping producing a completely averaged magnetic field. The spectrum at 77K is
partially resolved, the sample having an orthorhombic symmetry and discrete valence states (Greenwood, 1971). The
hyperfine magnetic field determined from the spectra is of about 508 and 480K Oe and corresponds to Fe'™: A and
Fe®': B sites, respectively. The magnetite has Verwey transition at 110K. The spectral parameters are given in Table
2.9.

The Mdossbauer spectra of many minerals aggregates or rocks show the presence of magnetic sextets
corresponding to iron oxide hydroxide FeQOH. The goethite o-FeQOOH has the same structure as a-AIOOH with
iron in a distorted octahedral environment of oxygen, below the Neel temperature ~403K, it is antiferromagnetic.
Iron ions have °S electronic configuration, with the spins parallel to c-axis and the V.. in the ab plane. f-FeQOH is
similar to a-FeOOH, but clearly nonstoichiometric and contains various quantities of F, or CI', and H,O. It is
antiferromagnetic below 295K. The extrapolated value of H is 475K0e. x=FeQOH is similar to «-FeOOH one, but
has a complex layer structure. The low temperature spectra of minerals (10K<T<77K) have shown the coexistence
of para and antiferromagnetic phases. Finally in &FeQOH the iron ions are distributed in tetrahedral and octahedral
sites, which are suggested in the 80K Madssbauer spectrum by two magnetic sextes corresponding to 505 and 525
KOe. The compound is a ferromagnetic and decomposes above 370K.

The helium temperature spectrum of iron hydroxide Fe(OH), exhibits an apparent four resonances of
magnetic spectrum, although there are in fact eight lines present. It has a CdI, type hexagonal layer structure with
ferrous iron, octahedrally coordinated by OH" ions. The Neel temperature is about 34K.

More spectacular magnetic ordering is offered by the_iron silicates due to the coexistence of ferrous and ferric
ions in different or not octahedral sites and of low magnetic field with high EFG tensor values (see Table 2.10, Coey.
1984). In these cases the nuclear states are splitted completely but they are a weighted mixture of states with well-
defined values of L. (so called nuclear pure states, Barb et al., 1971, 1972). The Mdssbauer isotope states are

characterized by energies E; ;, obtained from a secular equation, and by the weights of pure states,C{;‘“, The

square absolute values of the weights will give the aria of resonance lines in spectra.

2
Af.j oC f{- .( 55::8,; ’ j:;ud,y/fg .J'dﬂ

V,

nuct .

where ¥, , are the nuclear functions. Generally, there are no analitical formulas for the nuclear energies and the
weights, but in particular cases of relative orientations (see Fig. 15), there are possbile to obtaine them (see Table
2.11. for *"Fe isotope, Barb et al., 1971; 1972; Grechishkin, 1972). More and detailed results for the majority of
Maéssbauer isotopes are given in Barb (1972) and Constantinescu (Ph.D. Thesis 1980).
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Table 2.10.
The Méssbauer parameters for some silicates at 4.2K

Mineral T ) eQV./2 n H 2] A,
/K] [mm/s] [mm/s] [KOe] [ [K]
Sheet-silicates
1:1 layer silicates
Grenalite 17 1.30 -2.96 0.0 158 90 ~1000
Cronstedtite 12 1.39 -2.77 0.2 141 80
v 0.35 -0.13 406
VI 0.54 -0.14° 467
2:1 layer silicates
Ferropyrophilite M, 15 0.48 0.03 . 517
Minnesatoite 28 1;35 -3.09 0.1 130 87
Biotite M /M, 7 -2.75 0.2 150 ~90 1180
Chain-silicates
Pyroxenes
Orthoferrosilite M, 37 1.34 -2.5 0.9 290 33 500
M, 1.29 1.6 0.6 113 47 2000
Amphiboles
Crocidolite M, 30 1.31 -2.77 0.1 196 90
M, 0.52 0.17 550
M3 1.31 -2.95 0.3 101 90
" Group-silicates
Sorosilicates
llvaite A 118 0.58 0.51° 505
Nesosilicates
Fayalite M, 66 3.08 0.2 323 75
M, 3.02 0.2 120 0
Laihunite M, ~160 1.32 2.9 0.0 260 -
M, 0.50 0.3" 505
Almandine 0.58 -3.45 0.1 228 90 1700

E;'{_)

The Mossbauer spectroscopy of magnetic ordered minerals has contributed substantially to the understanding
of the magnetism. The spectral parameters of magnetic sextets have shown very large values of quadrupole
parameter for Fe’* and low magnetic fields perpendicular to V.. . The information obtained from this spectroscopy
corroborated with neutron diffraction data permitted to consider dominant exchange interactions in some sheet and
chain silicates containing ferrous ions or a mixture of ferrous and ferric iron. For layer silicates the octahedral sheets
are ferromagnetic, but the exchange coupling is antiferromagnetic between the sheets. The ratio of intraplane to the
interplane coupling is 50:1, so these minerals are magnetically two dimensional.
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Fig. 2.15 - The splitting of Mdssbauer isotope levels in coupled electric and magnetic hyperfine fields
and the reltaive orientations of hyperfine magnetic field and y- ray momentum to axes of EFG-tensor

Table 2.11.
The energy levels of 1=3/2 nuclear state in the coupled hyperfine fields

Angles E;s (a bn6¢)
A, @

0.:0.; : 3?2 -~ 2-i- 2 f 5
+_3a\/[1 f‘fa) 3 _; ;+3a\/[1 i 3'“) 3
3 . _8 3 . 2 s 3&‘ 48 3a 2
a J b
—2 .

72: 2, J[ b ]2 I [b ? \/[ bV 1 [b :
* 1+— =1 B ——43 - — | =
day(1+35) *28\30 747 a1 SaJ " 48\34 4”) N

where a= eQV.. /12 and b=uH

Many magnetic minerals show a coexistence of Fe® and Fe’' ions generating the low and large values of
magnetic fields. Generally the origin of ferromagnetism within the planes is a near 90° Fe’ -O-F¢®' superexchange
bond angle, which leads to the exchange constant J=2K and the Fe’ -O-Fe’ ' interaction given by the electron
hopping.

The dominant interaction Fe’ -O-Fe’  in the purely ferric sheet silicates is antiferromagneticaly within the
planes. In the chain silicates the antiferromagnetic interactions are stronger than in the sheet silicates. The magnetic
ordering in the group silicates is antiferromagnetic. Thus the spectra of fayalites show magnetic sextets, occurring at
66K and many authors proposed a canted magnetic structure. The transition to a collinear antiferromagnetic structure
is below 20K. In the laihunite the hyperfine splitting of Fe'': M, appears at 160K whereas for Fe’*: M1 one shows
below 80K. That could be explained by the antiferromagnetic structure of M, site ions so that exchange interactions
with the M, neighbours cancel each other.

The relaxation effects have been evidenced by Mdssbauer spectra of the olivine-series{Mg,..Fe,}[Si]O; at low
temperatures. These spectra have been interpreted in terms of superpara-magnetic fluctuation of small ferrous group
of about 20A.

2.7. Occupancies and quantitative populations in silicates
As we have seen in the previous paragraphs, many minerals have two or more cation sites filled by Na', K7,
Ca*', Mg*, Fe?**", A", Si*", Ti*" ions etc. Often the cation sites are of same size and energy and could be occupied
by one or more sort of ions. Moreover the same ion can occupy one or more cation sites. The erdering process is a
process to enter an ionic sort in one of cation positions. The ordering process might be expected to depend on the
temperature and pressure conditions. As the temperature increases the cation distribution is expected to be more

./.-l._-‘ .
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random. The Mdéssbauer spectroscopy gives information of the ordering process using a rapid and accurate
estimation of distribution on cation sites of the parent ions. The majority of the Mdssbauer data of the ordering
process are obtained on Fe and Sn containing minerals.

If a mineral contains two or more different types of Madssbauer parent atoms that give non-overlapping
subspectra in the spectrum, the area of every subspectra could be related by the 1, number of & Mossbauer parent
atom per formula unit:

a, M S L G(X 4 ) a, ”k S Ta G(Xy)
- = — ——= Const.— ;Const .= - . (2.9a)
nr.sub secir, nr.subsectr, a n f o G ( X .. )
kz}ak %”ifAfrA:‘G(XAr') . , AT T Ak Ak
= I=
@ M S L ai a + My + fa rdk
XAI = nAr'fAio-ﬂA »>0=GCG->1= nrsubsectr. . nr.subsectr. = - j_ = Const. PI_; Const. =="-- (2-9b)

*Z‘rarc ‘Z}”;f ail 4i § £ A" A
(= =

where the saturation correction function G depends on the absorber thickness, .X. The ratios of the relative subspectra
areas ay/ay give the ratios of n;/n;.. As one can see the constant factors Const. and Const". depend on the ratios of
Mossbauer factors, of half linewidths and of correction functions for each of cation sites and different parent ionic
sort. In order to obtain an accurate area it is necessary to appreciate the absorber thick X,; and to estimate the f
factors and the 7. witdhs for different cation sites or for different sort of parent ionic sorts.

The estimations of areas and of site population too are not so easy to do when the resonance lines of two or
more subspectra are overlapping. Indeed in this case an increasing of position and intensity errors and deviation of
resonance line shape from the Lorenz one for superposed Yesonances are appearing. A very careful analysis and
method have developed to determine the concentrations of #;.

Theoretically the spectral parameter of the effect at a given velocity, &v, )=g depends on the all
ng (a=1,2,..N) and the concentrations are obtained using the Kramer’s ruler:

T Ern €n & Ern
5 D € € €an € & Ean
o0 s 7 e _ "
&= N8 0 i=123. Ndn, = =~ ;D= . PSR
&= (2.10a)
Eni En2 - o Eny Ent - En - Eny
£3,6; — £;5€; €306, — €5,€
W gy e L gL
€21 — €138y 11832 — €128y

where N are the number of iron compound in the investigated mineral and g, are the effect of « iron compound at
v; spectral position. These effects g, depend on f, I and X, and can be obtained from the spectra of standard
sample containing the N iron compounds. The spectra of the standard samples must be carried out under the same
experimental conditions (same thickness, same background etc.) as of the investigated samples. &, (a=k) at
resonance positions are vanished and the concentrations relative to the standard samples are:

nasé% ;a=12,.N  (2.10b)

for a choosen velocity range of spectra, containing only almost distinct resonance lines from the iron compounds. In
the case of a thick sample practically one can determine only the effects for a limited N number. Thus, for N=2 only
the effects & and &, can be determined:

g =12,
£, & £ =€, +ag, = I
__ =R < [#4
g=tl g, " = . _f;i (2.10¢)
&y € £, = Pe, +gy TN ) |
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where « and £ are the weigths of second/first resonance line to the first/second one at the v, //v,> positions. For
quantitatve site populations, it is necessary to know the total content of Mossbauer parent atoms from other
experimental technique (for example chemical analysis technique).

We mention that several authors use a rough but useful approximation:

far =il =T :G(X,,)=G(X)=Const.=1 (2.11)

Successful quantitative determinations of », for iron silicates minerals have been obtained in spite of these
difficulties. Tables 2.12 and 2.13 ( Bancroft, 1973) present the Mdssbauer data of the site populations in some
silicates compared with the data obtained by other techniques. The consistence of the above results evidenced the
success of site population determinations by Mossbauer spectroscopy.

Table 2.12.
The iron site populations in some silicates
Minerals Total Fe** Fe’" site population(per formula unit)
per formula Maéssbauer X-Ray
unit
Orthopyroxene 1.06 M,=0.87 M,=0.90
M,;=0.19 M;=0.15
Glaucophane 0.61 M;=0.28 M,=0.29
M,=0.33 M,;=0.32
Grunerite 6.13 M;=1.96 My=1.97
M]7:=4.17 M]71=4‘]3
Anthophyllites 1.61 M4=1.39
M;25=0.22
1.47 My=1.30
M; 9 1:0. 17
Cummingtonites 2.48 M,=1.65
M,,3‘3=0.83
2.50 M,=1.74
M ,:=0.58
Table 2.13.
Comparison of Mossbauer and chemical data
Minerals % {Fe’*/( Fe'+ Fe’™)}
' Massbauer Chemical Analyses
Howieite 24 20
Deerite 37 37
Crocidolite 41 41
Glaucophane 28 32
Crossite 37 40
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MOSSBAUER SPECTROSCOPY IN MINERALOGY AND GEOCHEMISTRY
PART 3: INVESTIGATIONS OF SOME MINERALS FROM ROMANIA

(review paper)
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Abstract: Generally from a Massbauer spectrum one intends to extract all structural information
as internal fields, occupancies of ditferent crystalline sites. ionic states of parent atoms, ete. In this
part of the work, the authors want to evidence some older and newer results of Mossbauer
investigations on Romanian minerals. obtained in the laboratories of different Romanian institutes.

3.1. Pyroxenes of diopside-hedenbergite-johansenite series

This work emphasized the Mssbauer investigations of the clinopyroxenes in the diopside-hedenbergite-
johansenite series (<Ca>{Mg}[Si;]Os-<Ca>{Fe}[Si: |Os-CaMnSi,O4 Di.-Hed.-Joh.) obtained from the skarn deposits
of Dognecea-Banat, (Ionescu et al., 1971). The structural formula of these samples and of the hedenbergite studied
by Bancroft et al. (1967) are shown in Table 3.1. The sample have chemically been characterized as mangani-
ferous ferrosalite (sample 1) and as Mn-hedenbergites (samples 2, 3).

Table 3.1.
Structural formula of investigated samples
Samples <My> {M,} [Z]
Ca Mg Fe’ Mn* Fe** Al Ti Si Al
1 0.944 0.377 0.390 0.132 0.074 0.041 0.007 1.936 0.064
2 0917 0.119 0.531 0296 0.121 - 0.001 1.930 0.060
3 0.974 0.129 0.447 0412  0.052 - 0.052 | 1.924 0.06l
Hed. 0.950 0.180 0.850 0.020 -1.530 2.000
of Bancroft
"% Fe,05

The spectra of the samples revealed the presence of the two ionic sorts of iron Fe'", Fe'" corresponding to
the two subspectra. The subspectrum, with the bigger quadrupole splitting, has assented to the Fe*' in octahedral
sités M, and the second one, with the smaller quadrupole splitting, to the Fe*':M, or to an other iron phase. The
spectral parameters of the fitting spectra are given in Table 3.2.

The spectra of the investigated samples show different values of the quadrupole splitting parameter for Fe**
corresponding to the 6-fold coordination. However, the spread of these values in a narrow range suggests that the
ferrous ion occupies the same lattice positions, M. Moreover, one can observe the same values of &7 and AE,™.
The observed differences can be correlated with the parameters of the crystal structure (lattice constants, mean
distances M-0O, angles O-M-0, cation radius, see Table 3.3) and the structural formula chemically determined see
Table 3.1). The changes of lattice constants and in consequence the geometrical distortion  cannot explain the
changes of the AE,“” values. On the other hand the increase of the M, cation radius causes an increase of the
octahedron distortion and a decrease of the AE,“" (Bancroft, 1967). In hypothesis of the presence of Fe'" in M,
sites. the absence of the nuclear qudrupole splitting, in the spectrum of the sample with a high concentration of Mn™ .
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suggests us a cubic symmetry of oxygen ions around these sites. So the distortion of the octahedron M, is in
connection to the ratio Mn/Fe and the quadrupole splitting parameter of Fe’™ in such samples could be a measure of
this ratio.

Table 3.2.
Méssbauer spectral parameters
Samples FeO Fe O, Mol Fe’' Fe™
%] | [%] [%] "G AEGT d a8 AES™ @/,
Di. Hed. Joh. [mm/s] [mni/s]
1 11.58 2.40 40 43 17 0.989 2.178 0.970 -0.021 1.168 0.100
+0.022 +£0.022 +£0.074 +0.106 £0.105 +0.034
2 15.18 3.32 13 36 31 1.003 2311 1.167 0.054 1.097 0.131
3 +0.026 £0.026 £0.115 +0.159 £0.159 £0.046
3 12.63 1.67 12 45 43 1.004 2309 0.942 0.692 0.000 0.076
£0.008 +£0.008 £0.039 +£0.030 +0.013
Hed. of 25.00 1,53 ; 15 74 11 1.250 2.150
Bancroft
" 8 is for >’Co:Cu source
Table 3.3,
The lattice constants and mean distances for M; and M site in Di-Hed-Joh
Mineral ralL] afL] b[L] efL] Vi Site Ton Coord
(radius)
Diopside 2.50 9.71 8.98 5.24 105°50° M, Ca™(1.12) 8
CaMgSi,O 2.12 M, | Mg>(0.72) 6
Hedenbergite 9.85 9.02 5.26 104°20° | M, Ca™(1.12) 8
CaFeSi,04 _ I M, | FHoamt 6
Johansenite 2.53 9.978 9.156 5.293 105°29° | M, Ca®(1.12) 8
CaMnSi,O, 2,17 +0.009 +0.009 +0.005 M, Mn”"(0.82)" 6

" The effective radius determined with r(*' O%)=1 A40[L](Shanon et al., 1969)
* The high spin configuration.

3.2. Pumpellyites

The second example is the investigations of pumpellyite samples obtained from two different mineral
occurrences in the Romanian Carpathians. The pumpellyite is a membership of the group silicates, having the
chemical formulas <W>g¢{X},{Y}s [Si];205.,(OH), and the cell parameters given in Gottardi, (1965). The
differences of the spectral parameters giving the data of the iron abundance, the chemical iron-oxygen bonds, the
deformation and occupancies of iron octahedra, observed at the studied samples, are discussed and correlated by the
different genesis conditions of two pumpellyite-bearing occurrences (Constantinescu et al., 1997). The experimental
spectrum of one sample, 15¢, (Maramures Mts) shown in Figure 3.1 evidenced three quadrupole doublets
characteristic of six-fold iron environment. One doublet corresponds to Fe2* and other two doublets correspond to
Fe™. The ferrous doublet is predominant (see Table 3.4). A numerical calculus of the *’Fe quadrupole splitting
parameter has been performed using a specialized program (Constantinescu, 1997) and taking into account the
fractional atomic positions in the pumpellyite crystal and fractional ionic charges determined by valence summation
procedure (Galli, 1969; Allmann, 1971), in order to designate the subspectra II and 111 to iron sorts. Table 3.5 shows
both the values of 4E,"" and #" (asymmetry parameter) on the X and Y sites in the pumpellyite mineral calculated
by the well known expressions (1.11a-d) and from table 1.4 for /=3/2.
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Fig. 3.1 - M&ssbauer spectra of the sample 15¢
Table 3.4.
The Méssbauer spectral parameters and their errors
Samples Q;drz,??!e i AES‘" er a” /a®’
ouvrer | [mms] | fmmss) | ]| o
2L I 0.99(2) | 3.24(4) | 0.48(3) 80(3)
(Parang Mts) 1| 0.34(4) 1.23(8) | 0.35(9) 07(5)
! 0.26(2) 1.93(4) | 0.36(5) 13(4)
l5¢ / 0.90(2) | 2.68(4) | 0.34(3) 66(3)
(Maramures Mts) I 0.35(4) 1.04(6) | 0.46(5) 18(4)
1l 0.26(2) | 1.95(6) | 0.27(4) 16(4)
Table 3.5.
The calculated AE," and r values for iron sites in pumpellyite lattice
Site Geometrical AES™ AEQ"; AEy™
distortions [mm/s] [mm/s] [mm/s] i TR, ol e
L ‘Am'.r : g lic 5. 2L
Fel X ]1.99:9.764;0.028 | 0.86(8) | 3.20(4) | 2.68(8) | 0.103) [ 0.00(10); 1.17(10)
Fe’ X | 1.99:9.964;0.028 0.86(8) - 0.86(8) 0.60(3) 0.39(11); 1.11(14)
Fe'':¥ | 1.92:11.12;0.022 1.91(9) - 1.91(9) 0.47(5) 0.15(13); 0.10(12)

O Fe)=0.20-10""m’; y.=-10; "A, =600(+80)cm™ Ay =24; =20 (+5)cm™, R=0.32, a=0.9;
" see formula 2.2
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The concordance between AE, “7 (1) and AE,™(I) is a good check of the high spin configuration of Fe® in
X site of pumpellyite crystalline structure and also suggests a high spin configuration for Fe''. The difference
between the calculated and experimental quadrupole splitting values for the / and // sublattices of 15¢ and 2L
samples has been explained by different distortions of the X octahedra in 2L sample as the known one in this
structure. The authors show that the principal responsible of geometrical distortions of X octahedra is the high
pressure environment of the occurrence (Constantinescu et al., 1997). The area data furnished the relative
occupances of the iron ion species in the X and Y octahedra. The used formula is 2.9 where one has taken into
account the thin sample and the different recoiless / factor of the two iron ions in the octaheraon environment (De
Grave. 1991). The different Fe**, Fe’ occupancies of the octahedra suggested us different oxidation genesis
conditions and thus different pressure-temperature conditions.

Table 3.6.
The occupancies of X and Y octahedra in the two samples

Ratio 2L 15¢

CylFe’ )J/ICyFe’ ) 0.100 0.167
Cy(Fe’ )/CyFe’) 0.544 0.660
CyFe +Fe’ )/CyFe) 6.266 4242
C(Fe’ )/C(Fe’') 0.281 0.399

The differences in the iron abundance evidenced by the spectral parameters. the deformations and
occupancies of the iron octahedra, the crystallization and the iron oxidation state of 15¢ and 2L samples can be
explained by different conditions of two pumpellyite bearing occurrences. An important role in the genesis of the
pumpellyite deposit is played by pressure-temperature conditions. High pressure and temperature could induce a
large geometrical deformation of the X octahedra and a higher CFe’") and as a consequence a more sensitivity of
the Mossbauer parameters AE,™"(l), a" (I), AE,""(1l), a" (If). On the other hand, lower pressure-temperature
conditions give the possibility of the other kind of ions to enter the structure. The 2L bearing occurrence showing an
iron-poor pumpellyite variety is proved thus to have been formed at lower pressure-temperature conditions as
compared to the 15¢ one.

3.3. "”"Au Mossbauer investigation of Nagyagite

In spite of numerous chemical and microprobe analyses the nagyagite lacks an unequivocal formula,
showing a rather continuous series of formulas from AuPbsTe;SbSs to AuPbyTe;SbS;;, but most analyses
correspond to the formulas AuPb;Te;Sb, sSg or AuPb;Te; sSbaSe. The Mossbauer spectra were carried out on several
nagyagite samples at 4.2K with a '"’Au source. In spite of wide compositional variations and non-stoichiometric
compositions the nagyagite spectra show unbroadened quadrupole doublets with the same & and AE,"" values.
The spectra of the single crystal absorbers show an axial electric field gradient at gold site corresponding to Au™ ina
unique site in the tetragonal unit cell (Udubaga et al., 1993). The results of investigations have shown the same
oxidation state of gold as in sylvanite, krennerite and calaverite. The antimony in nagyagite is also trivalent.

3.4. Fayalite from razoare

In the Mn-Fe Razoare deposit the coarse grained manganon fayalite is associated with rhodochrosite and
apatite and is largely replaced by mangangrunerite and magnetite. The investigated samples belong to two distinct
assamblages i.e.: (1) rhodochrosite dominated (sample 101); (2) rich in mangangrunerite (sample 138).
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Table 3.7.
Chemical analvses in % of the two fayalite samples
Contents | Mangangrunerite Rhodochrosite
assemblages assemblages
fayalite 51.39 57.78
tephroite 39.49 37,13
forsterite 9.12 5.09
SiO, 25.60 30.38
TiO, 0.04 0.14
AlLO; 0.36 0.52
Fe,0; 5.79 3.72
FeO 31.76 36.19
MnO 24.10 22.96
MgO 3.16 1.79
Ca0Q - 0.16

75

Mossbauer spectra at room temperature of fayalites cannot well distinguish the two sites, but at low
temperature in the magnetic phase (<66K) the separation appears to be possible to the different magnetic hyperfine
splittings.Data indicate that the iron has some preference for M, site in volcanic olivines. The preference of Fe in M,

sites has been observed in the samples of the low-temperature origin.

The spectral parameters of the manganon fayalites examinated and of some mangangrunerites at room
temperature and >’Co:Rh source are given in Table 3.8 and typical spectra are plotted in Figure 3.2.

Table 3.8.
Meossbauer spectral parameters of investigated samples

Samples Cruon/Crmnn Assignment | & AEH™ al%) ‘CF %l
to the sites g
138 36.7/22.5 M, 1.028 2.674 64.36 24.41
M- 1.050 2.943 32.41 12.28
0.269 - 3.23
101 39/24 M, 1.041 2.721 68.19 26.59
M- 1.059 3.013 31.81 12.40
32 22.5/13 M3 1.075 2.873 75.25
M, 0.963 1.609 24.75

The concentrations of Fe*” in octahedral sites have been obtained in the approximation of the same f factor
and of the thin samples (see formula 2.9). The Mdssbauer parameters of our samples exhibit two subspectra of Fe™
corresponding to M; and M, and few quantities of Fe'". Moreover, the possibility to distinguish the two Fe™
subspectra could be given by the series {Fe,., ,Mn,}[Si]O, with very small x values. The preference of iron to
occupy the M, suggested the low-temperature origin of the assemblage.
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Fig. 3.2 - The spectra of 138 fayalite and of 32 mangangrunerite.
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3.5. Glauconites from the Transilvanian Basin

Mossbauer investigations of Romanian glauconites include samples of Miocene age from Tihau, Salaj
District. Glauconites are 2:1 sheet silicates and have the chemical formulas:
(K*.Na*,Ca® ){ Mg**, Fe™ , Fe’ , AI'*  Ti** }, [Si*, 41* ],0,,(0H),
The typical spectrum of a glauconite is plotted in Figure 3.3 and the values of the spectral parameters are
given in Table 3.9. The spectrum evidenced the ferric and ferrous ions in the cis and trans octahedral configurations.

Fe2":M2cr's
Fe2*:M trans
iy ;;;a,
3+ ’
..,:ce ,Mztran;
=
9o
7]
@ ®)
5 7
c Y
b fit . !
o 0.94 1 A
2 \ i
& iy A
[45]
ct - I- .-- ki
0.92 /; A
FeS*':M?c."s %%
0.80
— T T
-3 -2 -1 0 1 2 3 4

vimm/s]

Fig. 3.3 - A typical Mossbauer spectrum of a glauconite

Table 3.9.
The values of the spectral parameters and their standard errors of the investigated glauconites
Sample Sub- s S5 AES" i A /A4, ¥ (o) Assignment
spectra [%] [mm/s] [mim/s] [mm/s] [%]
GMO1 I 6.9(2) 0.307(5) 0.43(2) 0.48(4) 79.6 0.993(2) | Fe*":M2(cis)
I 0.7(4) 0.4(1) 1.04() 0.6(2) 10.5 Fe’":MI(trans)
11 0.6(2) 1.08(3) 1.54(6) 0.22(10) 3.3 Fe’:MI(trans)
v 0.7(1) 1.06(4) 2.5(1) 0.4(1) 6.5 Fe’:M2(cis)
GMO04 I 8.6(1) 0.296(5) 0.44(9) 0.54(1) 85.2 0.996(2) | Fe’:M2(cis)
1l 0.3(2) 0.38(8) 1.1(2) 0.22(20) 1.5 Fe’*:MI(trans)
1 0.8(1) 1.11(4) 1.7(1) 0.6(2) 8.3 Fe*":MI(trans)
v 0.8(1) 1.12(4) 2.7(1) 0.3(1) 5.0 Fe’':M2(cis)
GM12 I 7.7(2) 0.314(4) 0.38(1) 0.46(3) 73.7 0.995(2) | Fe’:M2(cis)
I 1.2(3) 0.43(4) 0.95(6) 0.4(1) 10.0 ‘ Fe'":MI(trans)
I 1.1(2) 0.9(3) 2.2(6) 0.3(1) 8.2 Fe':M(trans)
Y% 1.1Q2) 1.1(3) 2.7(7) 0.4(1) 8.1 Fe’":M2(cis)

8 =8 +0.113mm/s
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A lot of Maossbauer investigation results have been presented in many communications (Pop. 1994, 1995, 1996),
but it is interesting to note the possibility to establish the geochronology of thermally undisturbed glauconites. Real
crystals and m particular minerals present defects in the solid lattice. The degree of ordering in the vicinity of
Massbauer isotope is dependent on the concentration of defects. The spontaneous decrease of the number of defects
arise from their migration towards the surface of the crystal. This process depends on the diffusion rate of the defects
in the thermally undisturbed samples. The rate of diffusion is so slow that the ordering process around the Mossbauer
isotope proceeds on the geological time scale. On the other hand the values of AE,™ is a function of the number of
defects which are present at a given moment in the first, second etc. coordination spheres. As a consequence a
decrease of the quadrupole splitting as a function of time is expected at a rate depending on the spontaneous ordering
by the diffusion mechanism. Malysheva (1975) and Danon (1977) have shown a dependence of the ferric AE,™ and
" values of glauconites to their history (taken in 10° years) to exist:

AE (1) = ~0.0000281 + 0.437500;
(1) =—0.000024t + 0.538095; (3.1)
[t]=10°years

The AE,™" (I) values of the glauconite spectra divide the samples in two groups. The first group of GMOI.
GMO4 glauconites, with AE,™ (1) ~ 0.43+ 0.44 mm/s, are corresponding to the geological time 0+500 and the
second group of GM12 glauconites are corresponding to the geological time >1000.

3.6. Mossbauer study of some chlorites

The chlorites Mgﬁ_'\___l__Fe_fJ' At’_}_}[Sié__\.Af:]Om(OH)H are 2:1 layer silicates. The mineral has a

structure which permits extensive isomorphic substitutions, hence it has a wide range of chemical composition. A
knowledge of chemical composition of chlorites, especially the Fe/(Fe+Mg) ratio and of its influence on the
distortion of iron environment and also the preference site of Méssbauer probe are particularly important in the
study of phase relationships in low and medium grade metamorphic rocks and other geological assemblages. The
investigated samples are representing different geological associations and are show in Table 3.10 and the
Mossbauer parameters in Table 3.11.

Table 3.10.
The investigated chlorite samples
Sample Chemical data of sample composition
A Ruschita 2 2 3+ -4 ;
{Mgr;_ﬂFezgs Mn; s Fey Al 5, Tig oy, }[SI_J J?Az!..\'!]()m (OH),
2+ 2+ I+ o |
B Ghelar [Mgszeglen” ot el T8 }[SI_,IjJAJLM]O;,,(OH)H

C Highis Mts.

{MgzﬁFei:’n Mn;_:ererf;J"Agf.jr ”SI'_,__,.J-AZ;_“]OW(OH)N

Table 3.11.
The Mdssbauer parameters of the investigated chlorites

Sample Concentrations Subspectrum 4™ O Sexp - Relative
Mg Mg/Fe [mm/s] [mm/s] [mm/s] areas
A 0.71  0.28 I 2.66 1.05 0.35 0.5774
11 1.96 0.92 0.56 0.2610
111 0.48 0.03 0.68 0.1615
B 2.00 091 I 2.84 0.97 0.37 0.7015
I1 2.44 0.82 0.44 0.1810
111 0.34 0.07 0.62 0.1175
C 2.65 1.75 I 2.78 0.97 0.39 0.8999
11 0.66 0.22 0.45 0.1001
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[t is important to point out the results of the recent reports on chlorites ( Coey, 1984).

3.7. Chemical and Mdossbauer analyses of some sediment samples of the Romanian shore

The interesting investigations by Mossbauer spectroscopy in correlation to chemical data have done on the
ferromanganese nodules as well as some rocks samples collected from different locations on the sea floor and
respectively on shore at Constanta to 1262 m depth. The Mdossbauer data of investigated samples are given in Table
3.12 (Georgescu, 1973, 1977; Barb, 1979).

Table 3.12.
Room temperature Mossbauer data of Fe-Mn nodules and rock samples
of Romanian shore

Sample H*" AE,™ ST Assignment
depth [KOe] [mm/s] [mm/s]
nodule 60m - 0.71(1) 0.30(1) Fe''
nodule 90m z 0.77(2) 0.61(3) Fe''
sediment 200m . 2.50(1) 0.85(1) Fe™
: 0.80(2) 0.70(3) Fe''
rock 586m 517.3(3) 0.241(4) 0.128(4) Fe,O; (100%)hematite
rock 605m 492.0(3) 0.03(3) 0.01(3) Fes04 (55.1%)
464.0(1) 0.01(1) 0.43(2) magnetite
520.0(1) 0.14(2) 0.10(2) Fe,05 (23.7%) hematite
- 2.74(2) 0.92(2) amphiboles (21.2%)
- 1.60(2) 0.96(2)
rock 715m 518.0(3) 0.190(4) 0.120(4) Fe,0; (100%)hematite
rock 1262m 492.0(3) 0.05(6) 0.03(4) Fe;0, (49.5%)
466.0(4) 0.06(4) 0.48(5) magnetite
520(3) 0.18(22) 0.15(23) Fe,O; (4.3%)hematite
- 2.86(3) 0.84(2) Amphiboles (31.2%)
- 1.64(2) 0.86(2)
- 3.16(4) 0.79(3) not identified

In the Black Sea two types of ferromanganese nodules with different degree of mineralization can be found
(Barb, 1979):
a) type I- nodules with a very low degree of mineralization (~3.6% Fe,O; and ~5.5% MnO,);
b) type 11- nodules with a high degree of mineralization (~26% Fe,O; and ~22% MnO,).
The spectrum of the sample 200m, belonging to the type 2, exhibits two subspectra for Fe*™". The small values of
AE,™ and 8" values prove the ferric ions to exist probably either as goethite FeOOH or Fe,O; - H,O. The
spe}:tra of the rock samples are more complicated suggesting the presence of magnetite and hematite. One can
observe amounts of amphiboles in the rocks at 615 m and 1262 m in the last one probably a member of the
cummingtonite-grunerite series.

3.8. Missbauer studies on Moci (Romania) meteorite

The spectra have been carried out for six powdered specimens in the range of high and low velocity range,
at room temperature (Barb, 1982). They have shown a superposition of a lot of quadrupole doublets and magnetic
sextets. The comparison of the magnetic subspectra of Moci meteorite with the Toluca meteorite, enriched in taenite,
and with the Gressk one, practically consisting in only kamacite, (Malysheva, 1973) suggests the presence of these
compounds. The quantities of metallic Ni have been estimated by using the following relations:

'/.-.._.-‘. = - ~ - -
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N=N, +N,=N*+N"=NF+ N+ NY + NV~

- N )
4, w2%N /[ =2%N, (1-——) p 4 ]
. N;V’ > N=35 };{M+ ]:rml
A, oc2%N =2%N (] N ) LJ—W’_— J= N
[ I [4
A=A, + A, <2%N"
I(A L Ei\I
) ) i N c N
NY = N-N™ o N-50(4, - 4,)=50 Lo o 1
Lf — _m:_ I- —N°-—J
! 4
Ni Ni
4 NY o4, N
N¥ 4 N, A4 N,
N Fe = NN: ¥ NN:
I-—  1-— (3.2)
N, N, 7

where N,N. ,N, and 4,4, A, are the number of atoms and the spectral areas for the taenite, kamacite. Moreover, a
magnetic phase of the troilite FeS has been detected, too. The paramagnetic phases are silicate compounds (olivines,
{Mg Fe}, SiO, , pyroxenes, <X>{V}[Si].Os; with Fe* in M, M,, ilmenite, FeTiO; and cummingtonites
{Mg, Fe};[Si]s0::(OH); ). The spectral parameters for the indicated specimens are given in Tables 3.13.

Table 3.13a
The Mossbauer parameters of minerals from the samples of Moci meteorite at high velocity range

Specimens AES™ 5 H** s [dentified Observations
[mmis] [mm/is] | [KOe] | [%] mineral
20.007 20.007 3 #2
A - 0.624 308 21 troilite stoichiometric
- 0.174 346 14 kamacite Tat% Ni
2.876 0.542 - 47 olivine
2222 153 - 16 pyroxene 15%Fe:M,
0.837 0.384 - 6 ilmenite . .
B - 0.648 317 26 troilite stoichiometric
2.879 1.195 - 56 olivine
2.246 1.169 - 20 pyroxene 15%Fe:M,
C - 0.661 314 31 troilite stoichiometric
2.877 1.160 51 olivine
2.189 1.144 - 19 pyroxene 15%Fe:M,
D - 0.636 312 23 troilite stoichiometric
2.467 1.014 - 66 pyroxene Fe:M,
1.756 0.983 - 15 Cummingtonite. 25%Fe:M,
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Table 3.13b
The Mossbauer parameters of minerals from the specimens of Moci meteorite at high and low velocity ranges

Specimens AEH™ S H* a™ Identified Observations
[mmi/s] [mm/s] | [KOe] | [%] mineral
#0.007 #0.007 +3 2
E - 0.525 330 8 taenite stoichiometric
- 0.558 314 10 troilite stoichiometric
- 0.151 352 5 kamacite Tat%Ni
2.985 1.192 - 26 olivine 25%Fe:M,
3.089 1.209 - 9 olivine 25%Fe:M,
3.151 1.222 - 2 olivine 25%Fe:M,
2.058 1.185 - 2 pyroxene 25%Fe:M,
2.704 1.245 - 5 cummingtonite Fe:M, o5
2.493 1.271 - 22 pyroxene 45%Fe:M,
F - 0.447 322 6 taenite 50at%Ni
- 0.601 315 14 troilite stoichiometric
- 0.118 347 10 kamacite Tat%Ni
2.950 1.174 - 26 olivine 25%Fe:M,
3.081 - 1.105 - 9 olivine 25%Fe:M,
3.169 1.230 - 3 olivine Fe:M,
2.087 1.196 - 2 pyroxene 25%Fe:M,
2.677 1.267 - 6 cummingtonite Fe:M, ,;
2.267 1.284 - 36 pyroxene 45%Fe:M,;

A typical spectrum is given in Figure 3.4, -
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Fig. 3.4 - (a) The subspectra of magnetic phases for Moci meteorite; (b) The fitting spectrum of A specimen for
Moci meteorite. The parameters are given in Table 3.13.

Conclusions

The investigations of minerals and rocks by the Mdssbauer spectroscopy can be first regarded as a fingerprint
technique , to help identifying the phases containing the Mdssbauer isotopes in unknown mixture such as sediments,
soils and mineral deposits.

The information obtained by this spectroscopy in the area of the physics and crystal chemistry of minerals are
remarkable. Moreover, the Mossbauer investigations can give an unusual perspective on natural processes,
associated to geochemical cycle, and on artificial transformations of minerals and their chemical compounds.

The Mossbauer spectroscopy on minerals has begun to give information about the electronic structure of
inhomogeneous mixed valence compounds, about the electron hopping, relaxation phenomena, and about the filling
of structural sites by Méssbauer isotopes. ,

The studies of magnetic order are at early stage, but the magnetic spectra , obtained at low temperature,
contain much more information about the cation disorder, long range magnetic interactions in insulators, about
magnetism in insulating 3d compounds, about uni and two dimensional magnetic compounds.

An important and interesting success of the minerals and rocks investigations by Méossbauer spectroscopy has
been the correlation of the artificial irradiation of samples with the natural one in order to date the mineral deposits.

A fairly complete description exits now of the spectra of many minerals and rocks, especially of Fe and Sn
bearing. Their interpretation includes three stages. The first stage is their decomposition into quadrupole and/or
magnetic subspectra according to computer fitting procedures, which are now resonably standardized. The result of
this stage is a set of Jg AEqg, AH, I & and a values. The main task of the second stage is the association of
subspectra with the particular phases, lattice sites or environments. Sometimes this stage is not easy to do because of
a strong overlapping and the departure from Lorentz line-shape of the resonance lines. Finally the third stage
contains the interpretation and the correlation of the results obtained in the second stage with the chemical and
physical structure of investigated minerals. The Mdssbauer data should not be seen in isolation, but taken in
conjunction with the data of other spectroscopies. The nuclear gamma-ray spectroscopy is not a magic wand,

The successes of Mdossbauer investigations of minerals, obtained until now, claim an extension of
investigations to other materials containing the Mossbauer isotopes and a correlation of spectral parameters to
geological processes, to temperature-pressure conditions of geological genesis etc.
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BANNISTERITE IN THE TOLOVANU Mn ORE DEPOSIT, BISTRITA
MOUNTAINS. THE FIRST OCCURRENCE IN ROMANIA
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Abstract: Bannisterite has been found in the carbonate-silicate metamorphosed ore
in the Tolovanu mine, in the Bistrita Mountains. It forms centimetric veins almost
monominerals being associated with very small amounts of quartz. Small, microscopic
amounts of bannisterite are found in association with alkali pyroxene, yellow alkali am-
phibole, nambulite, alkali feldspar and quartz. The physical and optical properties of
bannisterite, the X-ray diffractogram, the infrared spectrum and the chemistry differ-
entiate it from the manganiferous stilpnomelane and from the ganophyllite, a mineral
with which it could have been mistaken. The bannisterite genesis is hydrothermal

metamorphic.

Introduction

Bannisterite has been found for the first time in the
Franklin mine, New Jersey, and described as a new
mineral species related to the ganophyllite and the
stilpnomelane group (Smith, Frondel, 1968). Ban-
nisterite in the Franklin mine is closely associated
with baryvie and calcite. It also occurs in associ-
ation with: rhodonite, sphalerite, quartz, zinc am-

phibole, manganoan calcite and different silicates, "

manganese hydrates as well as bementite, caryopy-
lite, etc. Plimer (1977) described bannisterite with
a relatively high-Fe content, at Broken-Hill. New
South Wales, Australia. The Australian bannisterite
is found in association with: rhodonite, quartz, spha-
lerite, flourine, galena and apophyllite. Dunn et al.
(1981) reexamined the chemical compeosition of ban-
nisterite at Broken-Hill and Franklin using an elec-
tronic microprobe. On this basis it has been estab-
lished that Ca plays a significant role in the com-
position of bannisterite; Mg and Zn are not signifi-
cant for bannisterite structure; manganese is the pre-
vailing cation; Al and (Na + K) are significant con-
stituents of bannisterite: Fe™® can substitute the bi-
valent cations, Al either plays an unclear role or it
is still unknown. Tt is worth mentioning, as a gen-
eral characteristic, the remarkable constance of the
chemical composition of the bannisterite at Franklin
and Broken-Hill. The contradictions between the pre-
dicted Al amount and that determined analytically,

as well as the uncertainness concerning the role of
Fe*3 and the possibilities of the HoO /K substitutions
determined the above-mentioned authors to state
that the finesse details of the bannisterite structure
remain unsolved. Bannisterite has also been found in
ore deposits of volcanic affiliation in Japan (Watan-
abe et al., 1970).

In Romania bannisterite has been found in the
carbonate-silicate metamorphosed ore in the Tolo-
vanu mine, in the Bistrita Mountains. The ore de-
posit is situated in the Tgs formation, mainly consti-
tuted of black quartzites in the Putna Nappe, that
belongs to the crystalline-Mesozoic unit of the West
Carpathians.

Physical and chemical properties

Bannisterite in the Tolovanu mine has a leafy,
lamellar habitus similar to the micas. The lamellas
have sizes of 1-2 cm and a glossy black colour in sam-
ple. Under the microscope the colour is brown-red
after Ng and colourless yellow after Np, showing an
obvious pleochroism. It displays two distinct cleav-
ages (Pl., Figs. 1, 2) which clearly differentiate it
from the micas group with which it can be optically
mistaken. Bannisterite is biax negative with 2V =
0-5° , whereas the manganoan stilpnomelane in the
Tolovanu mine has the angle of the optical axes larger
than 20"
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Table 1
N-ray powder diffraction data
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Lattice parameters (monoclinic cell)
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8=94'6 £=94°20" £=95"

4 \\ Institutul Geologic al Romaniei

IGR



BANNISTERITE FROM BISTRITA MOUNTAINS

Mineral associations of bannisterite

Bannisterite occurs in two distinct associations: (a)
with little quartz and very little rhodochrosite, when
it forms almost. monomineral veinlets, which pene-
trate the tephroite or pyroxmangite ore, and (b) in
association with the “alkali” paragenesis when it oc-
curs in very small amounts, visible only under the mi-
croscope. The "alkali” paragenesis or “oxidised” par-
agenesis consists of alkali pyroxene of aegyrine type,
vellow alkali amphibole, nambulite, alkali feldspar,
quartz. In case of the last association. of oxidised
medium, with high fugacity of the oxygen, bannis-
terite is not stable. It seems that condifions of a
recluced medium, with reduced fugacities of the oxy-
gen, as 15 the case of the first associations, are more
favourable. In this case bannisterite intersects the
manganoan ore of tephroite or pyroxmangite type.
an ore characterized by reduced conditions of the en-
vironment.

X-ray analysis of bannisterite

The X-ray data obtained on the bannisterite pow-
der at Tolovanu differ much from the manganoan
stilpnomelane, with which it has been mistaken up
till now. As shown in Table 1. bannisterite differs
from ganophyllite, to which it is closest considering
the d(A) and 1/1; values. Bannisterite is monoclinic:
the values of the primary cell are rendered in table 2
which presents a comparison with the values of the
ganophyllite and bannisterite JCPDS. As shown in
the two tables saunple BT 337 is much closer to ban-
nisterite than to ganophyllite .

IR data

IR spectrum has been obtained by the irradiation
of a sample with a common technique (2 mg sam-
ple/800 mg KBr) using a SPECORD M 80 absorption
spectometer with double (ascicle and a monocroma-
tor with a diffraction network. The measured interval
ranges between 3800-300 and 1200-3000 em~'. The
sample was slightly impure, showing small amounts
of quartz and rhodochresite, marked with @ and R.
respectively. The characteristic absorption bands for
bannisterite are 3630. 3500, 3420, 1055, 1010, 960,
650, 560, 510, 445, 340 em~'. The bands 1090, 645,
464 are cummulated with the quartz ones. I[n the
Figure the bannisterite bands are those marked with
numbers, with R are the rhodochrosite bands and
with @ are the quartz bands. For comparison, the
stilpnomelane spectrum was taken as reference, as
they are very alike, because bannisterite is a rare
mineral, recently found, and has no IR spectrum un-
til now. Plimer (1977) presented the IR spectrum
of bannisterite at Broken-Hill but he did not give
its image. This spectrum is characterised by a large
width but with a low absorption in the area 3.500-
2200, generally indicating HaO (loosely bonded) and
OH. The peaks of intense absorption are at 1050-990
em™! and 470400 ecm~!, vepresenting the Si-O dis-
tance and the Si-O-Si bending, respectively. These
peaks are quite similar to those of the bannisterite at
Tolovanu.

1400
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Chemical composition of bannisterite

Bannisterite crystals have been broken up to sizes
of 1 em and the cleanest grains have been selected
under the binocular microscope. The chemical anal-
vsis has been effectuated using the classical method,
the result being presented in Table 3. The chemical
compositions of the bannisterite at Tolovanu are pre-
sented in comparizon with those of the bannisterite
at Franklin and Broken-Hill. A sumilarity between
the two types of bannisterite is observed especially as
regards the FeaOy content. The content in this ox-
ide of the bannisterite at Franklin is quite low. The
relatively high FeaQy content of the Romanian ban-
nisterite could explain its presence in the "oxidised”
associations rich in this oxide, such as manganoan ae-
girine pyroxene, manganoan magnesioriebeckite, yel-
low alkali amiphiboles, hematite, hausmannite: "oxi-
clised associations” specific 1o zones in the ore with a
high oxygen fugacity. In Table 4 two chemical profiles
of bannisterite from Capriria deposit can be seen.

Table 3
Chemical composition of the bannisterite at
Tolovanu Franklin and Broken-Hill

Oxides | Tolovanu | Broken-Hill | Franklin
S104 47.25 45.4 46.3
Ti0- 0.11 = -
Al2O5 3.46 3.84 4.2
Fes Oy 3.95 2.1 1.44
I'eQ 11.34 16.5 5.67
MgO 1.58 0.47 3.1
a0 1.62 1.55 1.3
MnO 18.91 19.9 23.4
Zn0 0.03 0.0 4.6
v 0 .94 0.92 1.04
Nas O 0.04 0.51 0.09
H.OF 6.53 4.00 5.00
.0~ 2.91 3.82 4.3
| Total 98.73 99.00 100.4

From the chemical point of view, bannisterite be-
longs to a phyllosilicate group which forms solid solu-
tions, whose terms have the following formulas: ban-
nisterite: KCa(Mn, Fe** Zn. Mg)s; (Si, Al)as Oye
(OH})14.12 H2O; ganophyllite: (IX,Na)s (Mn,Al,Mg)s
(Si.A1)15049 (OH)7 5—9H20; eggletonite: (K,Na,("a)s
(Mn,Fe)s(S1,A1)12044(OH)7.11H-0.

The empiric  formula calculated from the
chemical composition for bannisterite at Tolo-
vanu, in basis 104 atoms (0.04) is, as follows
Cay 14(Ky.10Nag.01)S1 a(Mnyg sFed 3 Mgy ssFei?))
Y20.31(5131.33A12,62533 05080 (OH) 25. 12H, 0.

P. HARTOPANU et al.

The place of bannisterite in the evolution of
the manganese ore and genetic considerations

The manganese ore in the Tolovanu ore deposit
evolved during three major stages: (1) the meta-
morphic stage. the most important one, during
which the proper metamorphic ore was formed, char-
acterized by the following association: ferriferous
rhodochrosite. ferriferous tephroite. pyroxmangite,
rhodonite, mangangrunerite, spessartine; (2) the
metasomatosis stage, poorly represented but quite
varied: Na metasomatosis (alkali pyroxene of ae-
girine type, vellow alkali amphiboles etc.), L1 meta-
somatosis (nambulite formed by the substitution of
Ca by Li from the rhodonite network), I' metaso-
matosis (formation of manganoan humites at the ex-
pence of tephroite), Cl metasomatosis (formation of
the minerals from the pyrosmalite group by the sub-
stitution of tephroite or rhodonite). Fet® metaso-
matosis (spessartine-andraite etc.) ete.: (3) the vein
and hydrothermal-type stage, during which miner-
als such as manganoan stilpnomelane, bemmentite,
neotocite, baryte. hubnerite ete. were formed. Ban-
nisterite belongs to this stage. The hiydrothermalism
process is not of magmatic affiliation as no magmatic
bodies to which it could be related are known. In
other manganese ore deposits in the world. such as in
Japon. bannisterite has a certain hydrothermal ori-
gin (Watanabe et al., 1970). Plimer (1977) consid-
ered that bannisterite at Broken-Hill is the result of
a retrograde metamorphism over a prograde phase, in
granulitic facies, constituted of rhodonite, bustamite,
pyroxmangite, hedenbergite, johannsenite, tephroite,
spessartine and aboundant sulfides. such as galena,
sphalerite, pyrrhotine ete. The manganese miner-
als formed as a resull of the retrograde metamor-
phism in the Broken-Hill ore deposits are limited 1o
small faults, shearing zones and transversal veinlets.
In these zones beside baunisterite. pyrosmalite, -
esite, sturtite, alabandine, rhodochrosite, mangan-
grunerite, apophyllite, Mn-calcite, kutnohorite are
alzo found.

Conclusions

The manganese ore deposit al Tolovanu presents
some mineralogical similarities with the two meta-
morphosed ore deposits within which bannisterite oc-
curs: Broken-Hill and Franklin. It is also mineralogic
ally related to some manganese ore deposits in Japan.
including bannisterite, which are considered of mag-
matic affiliation. The X-ray data show that the min-
eral studied in this paper is bannisterite: not stilp-
nomelane, a mineral with which it has been mistaken
up to now. The high-Fe chemical composition differ-
entiates it from the bannisterite at Franklin, which
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Table 4
Chemical profiles of bannisterite from Caprarie deposit

MEr s BC

AR o= 20 kel :
Lojw s Fresets ez Eemaining: 1z
Fea (= S Dead
\
BoF
n %
q
i
| i
A Aeookt B J 111 i 5
Z= ol 2FRe E

T
Wiy
e

|'I'|

ficer |

L5

I‘u:ul'nt':i:

f
i
L}
i
f
H
o F AT TORC S TPCRE WP LYY V31 0|
2 - —_ ., |
E R = "
|
N T st
Foomal - R
i
1
1

89



90 P. HARTOPANU et al.

Flectronic micrascopical view of the bannisterite
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Plate

Fig. 1 - Baunisterite crystal (centre) with two cleavages on (101) and (100) pyroxmangite (high refringence.
on the right) and quartz (white, on the left). Sample BT337 Tolovanu deposit, N+, x 15.

Fig. 2 - A cluster of bannisterite crystals (white) in pyroxmangite ore (grey and black high refringence).
Sample BT337 Tolovanu deposit, N4, x 15.
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MANGANPYROSMALITE IN THE MANGANESE DEPOSITS OF THE
BISTRITA MOUNTAINS: THE FIRST OCCURRENCE IN ROMANIA
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Pyrosmalite, Tephroite ore. Chlorine metaso-

maltosis. X-ray study. Isochemical metamorphism.

Abstract: Manganpyrosmalite occurs in the Mn metamorphosed ore in the Dadu,
Oita, Colacu, Tolovanu, Argestru and Dealul Rusului ore deposits in the form of
veinlets and nests. [t iz found as millimetric grains of a green-yellowish or brown-
vellowish colour. The X-ray study has indicated the following cell parameters: a =
13.354A: ¢ = 7.169A; V = 1107A*. The chemical composition of manganpyrosmalite
is (%): Si0» = 33.13; MnO = 40.12; FeO = 10.77; MgO = 0.92; H,0 = 8.40; Cl
= 5.00. The manganpyrosmalite aggregates in the manganese ore have formed by
substitution of the ferriferous tephroite by solutions rich in chlorine. The source of
chlorine is most likely in the initially metamorphic sediments of lagoonal-type. Thus,

the presence of Na in some minerals of the manganese ore can be explained.

Introduction

Manganpyrosmalite is a mineral species relatively
recently discovered. being isostructural with pyros-
malite. Pyrosmalite and friedelite recognized since
the beginning of the 19th century constitute, be-
side shallerite, a group of phylosilicates with the for-
mula: (Mn2t, Fe?*)6 (Sipn Oan) (OH, Cl)ap (Frondel,
Bauer, 1953). within which pyrosmmalite is the iron-
vich term and friedelite i1s the manganese-rich term.
both minerals being, therefore, the extreme terms of
a solid solution. Shallerite is a variety of this group
which contains As®T that replaces Si'T. The exis-
tence of several terms, that constitute independent
minerals. of the pyrosmalite-type structure suggests
the presence within this group of minerals of a poly-
typical series that might be similar to those between
micas.

Manganpyrosimalite has been described at Sterling
Hill. New Jersey, as veinlets within the franklinite ore,
in association with friedelite. hementite and willemite
(Frondel, Bauer, 1953). In the Broken-Hill ore de-
posit in New South Wales {Australia). manganpyros-
malite occurs in association with johannsenite and
bustamite (Hutton. 1955). Manganpyrosmalite has
also been found in some manganese mines in Japan,
situated in the contact aureoles of granitic bodies
(Yoshimura, 1967), where it occurs in association
with rhodonite, spessartine, knebelite, dannemorite

and some sulphides. Minerals of the pvrosmalite
group have also been found in the Precambrian meta-
morphosed sulphides in Canada, which form min-
ing fields: Matagami, Quebec (Zn-Cu-Ag-Au). Man-
itouwadge, Ontario (Cu-Zn-Ag-Au) and Thompson
Nickel Belt, Manitoba (Ni-Au- PGE). The mangan-
pyvrosmalite occurrence in the Bistrita Mts consti-
tutes the fourth occurrence of this mineral, related 1o
the metamorphic manganese ore. It is found in the
Dadu, Oita-Colacu, Tolovanu, Argestru and Dealul
Rusului ore deposits. Ifirst discovered under the
microscope, manganpyrosmalite proved to be more
widespread. The frequent yellow colour of the min-
eral ores occurring in the Bisirita Mis is due to the
preponderant presence of the minerals of the pyros-
malite group.

Qecurrence

Manganpyrosmalite is found in the ore deposits in
the Bistrita Mts in the silicate-type ore and less in
the carbonate-type one. In the tephroite. pyroxman-
gite and rhodonite ore, manganpyrosmalite forms
almost monomineral centimetric veinlets (Tolovanu
mine, Oita-Colacu), whereas in the carbonate ore it
develops as relatively large crystals, with a porphy-
roblastic aspect, statically grown (mina Dadu) (Pl
I, Fig. 3).

The manganpyrosmalite grains have sizes up to
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0.5 em (in diameter) and a perfectly basal cleavage.
The cleavage surfaces are bent, especially in case of
Lhe vein manganpyrosmalite, so that the mineral ag-
gregates display a schistous strueture (Pl I, Figs.
I, 2). 1t s likely that the mineral developed in a
compulsory space. The crystals are translucid, of a
brown-yellowish colour, slightly greenish macroscop-
ically and slightly yellowish-orange under the micro-
scope. They have a slight paleochroism, from colour-
less to yellow, slightly orange. The birefringence is
slightly lower than in case of micas and the extinction
is undulatory. Optically, it is uniax negative. They
resemble the micas but differ from them by lower fri-
ability and hardness.

Structure. X-ray Study

Based on the X-ray study, Frondel and Bauer
(1953) pointed out the existence of the polymorphous
relationships between the minerals of this group.
Thus, they mentioned that the parameter a of the el-
ementary cell is identical for these minerals, whereas
the value of parameter ¢ is always a multiple (Tab.

1).

P. HARTOPANU, C. CRISTEA

Shallerite is a variant with two hexagonal layers, and
friedelite is a variant of the structure with three rhom-
bohedral layers, in comparison with the basal struc-
ture formed of only one layer of pyrosmalite-type
hexagons. The basal configuration of the (SigO;5)%~
phylosilicates has been described by Takeuchi et
al. (1969) who determined the manganopyrosmalite
structure from the Kyurazawa mine, Japan. Accord-
ing to the researches carried out by Japanese re-
searchers, the manganpyrosmalite structure consists
of brucite-type octahedral layers in alternation with
SigOy5 -type tetrahedral layers. The tetrahedral lay-
ers are represented by rings formed of § tetrahedra
with two different orientations: the oxigen atoms in
the apical part of the tetrahedra rings are oriented
and are connected by Mn atoms to the lower octahe-
dral layer, whereas the tetrahedra ones with another
orientation have the apical oxigen atoms connected
by Mn atoms to the upper octahedral layer. The rings
formed of six tetrahedra are connected together form-
ing rings of 12 tetrahedra and rings of 4 tetrahedra.
completing the planary continuity of the structure.
The chlorine is preferentially located in positions oc-
cupied by (OH).

Table 1
The comparative sizes of cell parameters of -Cl, -As Mn-phyllosilicates

ag Co Lattice type %
Manganpyrosmalite  13.36 A 7.16  Hexagonal 2
Pyrosmalite 13.35 7.15
Shallerite 13.43 14.31  Hexagonal 4
Friedelite 13.40 21.43 Rhombohedral 6
Mnpy Bistriga 13.35 7.16  Hexagonal 2

Table 2

N-ray powder diffraction data for
manganpyrosmalite, sample no. BOm719

d(A) b k1 1/
7.04 | 001 ] 100
6.1 101 | 10
374 | 211 | 10
359 | 002 | 90
343 | 102 | 85

2680 | 401 | 30

2392 | 003 | 12

2.249 | 402,113 | 16
1.843 | 403 | 15
1670 | 440 | 10
1.523 | 404 | 10

Lattice parameters (hexagonal system):

apg = 1335 A ¢ =T7.17 A

Analytical conditions: DRON-3 diffractometer

Radiation: Cu K a, A = 1.5418 A

Parameters refined by personal least-squares
computer program.

Chemical Composition of Manganpyrosmalite

The chemical composition of manganopyrosmalite
in the manganese ore of the Qita-Colacu ore deposits
has been determined using the classic method for
the main oxides, and chlorine has been determined
by electronic microscopy in the laboratory of Cam-
bone School of Mines in Cornwall, England. Table 3
presents the chemical composition of manganpyros-
malite in the Bistrita Mts (A) in comparison with
that of the pyrosmalite at Sterling Hill, New Jersey
(Frondel, Bauer, 1953) (B) and with that at Broken-
Hill, New South Walles. Australia (Hutton, 1955)
(C).

Two chemical profiles of manganpyrosmalite from
Dadu and Mandrileni Mn-deposits shown in the Ta-
ble 4. The content of the manganpyrosmalite from
Dadu (sample BDS 12A) is high, its value is arround
10% WT.
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"able 3
Chemical composition of manganpyrosmalite

Oxides A B C

MnO 40.12  39.09 43.44

FeO 10.77  12.43 7.65

MgO 0.92  0.74 0.89

510, 35.13  34.13 34.29

Cl 5.00 3.8 undetermined
H.O 8.40 8.18 undetermined

A - pyrosmalite from Bistrita Mts
B - pyrosmalite from Sterle Hill (N.J.)
C' - pyrosmalite from Broken Hill (N.S. Walles)

Manganpyrosmalite Genesis

Minerals of the pyrosmalite group have been found
in the Fe-Mn and massive sulphides metamorphic de-
posits. The prograde metamorphic origin of ferropy-
rosmalite has been established by Vaughan (1986)
for the Pegmont deposits (Australia). The mangan-
pyrosmalite in the Geco mine (Ontario) and in the
Mattagame Lake mine (Quebec) is the result of a
regional metamorphism (Pan, Fleet, 1992). In the
geological literature, most of the manganpyrosmalite
examples are considered of a metasomatic origin, of
anhydrous silicate replacement or formation of vein-
lets that intersect the older ore, thus emphasizing
a hydrothermal origin, belonging to a late phase.
Pyroxene (ferrosilite, Mn-hedenbergite, johannsenite
etc.) is the most frequent mineral replaced by py-
rosmalite. There follows rhodonite, whose substitu-
tion by manganpyrosmalite, in the Kyurozawa mine
Japon (Watanabe, 1961), includes also the crystal-
lization of the manganese amphiboles, quartz and
Mn-calcite. In the Oita-Colacu mine, manganpyros-
malite formed by the metamorphic substitution of the
ferriferous tephroite. Under the microscope, one has
observed tephroite crystals corroded by manganpy-
rosmalite as well as tephroite remains in mangan-
pyrosmalite which have some extinctions and there-
fore they have belong to the same crystals before
the metasomatosis. In the Dadu mine the mangan-
pyrosmalite forms porphyroblasts in the carbonatic
ore without any connection with an initial anhidrous
silicate or it forms veinlets that cut the tephroite,
rhodonite or carbonate ore like in the other ore de-
posits. This occurrence as veinlets of the mangan-
pyrosmalite - typical of all the ore deposits - indi-
cates a hydrothermal type origin namely a metamor-
phic hydrotermalism. According to the Japanese au-
thors, manganpyrosmalite formed as a result of the
rhodonite reaction with HyO and HCI, supplied by
the presence of a granitic body nearby manganese
ore deposits. i

Conditions of Manganpyrosmalite Formation

The present thermodynamic data are not enough
for an accurate estimation of the manganpyrosmalite
stability. The great variation of the Fe®* substitu-
tion with Mn®T and of OH with Cl indicates that the
minerals of the pyrosmalite group can range within a
large stability field in the P and T terms. Therefore.
for their formation the critical parameters are not T
and P, but the composition. For the formation of the
minerals from the pyrosmalitic group it is necessary a
gpecial composition of the initial rocks, of the initial
premetamorphic sediments, that is-of the protolith.
This is proved by the fact that the minerals of this
group have a restrictive spreading, being found only
in the Fe-Mn deposits and the massive sulfides, both
of them metamorphosed. In spite of the exclusive oc-
currence of these minerals in the Fe-Mn deposits and
massive sulfides, there is no proof of the pyrosmalite
precipitation in the hydrothermal fluids on the sea
floor, and in similar actual deposits (Fe-Mn, sulfide)
on the sea floor pyrosmalite has not been observed.

The chemical composition of pyrosmalite implies
a relatively high activity of chlorine, but a low ac-
tivity of oxygen in the surrounding fluids. Mangan-
pyrosmalite in the ore deposits of the Bistrita Mts
is related to the minerals with a reducing character,
such as magnetite, jacobsite, tephroite and some sul-
fides. Hematite 1s absent and occurs only in associa-
tion with alkaline pyroxene and other Fet? - bearing
minerals.

The manganpyrosmalite formation during the re-
gional metamorphism or during the metasomalic or
later hydrothermal alterations points to fwo possi-
ble sources for chlorine: a chlorine-rich fluid preex-
isting in the Fe-Mn deposits or a chlorine-rich meta-
somatic fluid coming from an external source. The
manganpyrosmalite occurrence exclusively in Fe-Mn
deposits and metamorphic massive sulfides seem to
be in favour of the first source. Sayfried (1986) proved
experimentally that the chlorine enrichments occur
in the hydrothermal alterations on the sea floor at a
high temperature (400" C). The chlorine enrichments
in the Fe-Mn deposits could have taken place simul-
taneously with the deposition of Mn-carbonate. Mn-
silicate or Mn-oxide sediments that formed the pro-
tolith of the presents ore. The presence of mangan-
pyrosmalite, that preferentially includes chlorine in
its structure, had a relatively high salinity during the
regional metamorphism or during the metasomatic
and late hydrothermal alterations. It is also likely the
presence of the evaporite-type initial deposits (with
NaCl predominance) among the premetamorphic sed-
imentary initial deposits which, by metamorphism
and local existence of reducing conditions, probably
led to the occurrence of manganpyrosmalite in the
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“Table <1
Two chemical profiles of manganpyrosmalite from Dadu and Mandrileni Mn deposits
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Mn ore in the Bistrita Mts. The hypothesis of the
primary source of the chlorine in the brackish la-
goonal deposits would also indicate the Na source
(from NaCl) from the alkaline pyroxenes and amphi-
boles and from albite-minerals nowadays present in
the Mn ore. In this case the alteration took place in
a closed system as a result of a isochemical metamor-
. phism. The "breccious” texture shown in Figures 2
and 3 (Pl. II) is given by the "invasion” of the man-
ganpyrosmalite which corroded the ore and broke a
rectangular piece. The "rectangle” consists of small
tephroite and rhodochrosite grains. At the exterior
the rectangle is enveloped by the manganpyrosmalite.

The minerals enriched in chlorine, among which
manganpyrosmalite, are of a great interest because
they indicate the existence of some chlorine-rich flu-
ids. Recent experimental studies established the sig-
nificance of these fluids in the transport and deposi-
tion of Au and Ag, as well as of the elements from
the platinum group.

Received: February, 1998
Accepted: June, 1998

References

Frondel, C., Bauer, L. H. (1953) Manganpyrosma-
lite and is polymorphic relation to friedelite and
schallerite. Am. Mineral., 38, p. 755-760.

Hutton, C. O, (1956) Manganpyrosmalite. bustamite
and ferroan johannsenite from Broken Hill New
South Wales. Australia. Am. Mineral., 41, p. 581~
591.

Pan. Yuanming, Fleet. M. E. (1992) Mineralogy
and genesis of calesilicates associated with Archean
volcanogenic massive sulphide deposits at  the
Manitonwadge mining camp. Ontario. Can. J.
Earth. Sci., 29, p. 1375-1388,

Seyfried, W. E. Jr., Berndt, M. E., Janecky. D.
R. (1986) Chloride depletions and enrrichements
in seafloor alteration fuids: constraints [rom
experimental basalt alleration studies.  Geochim,

Cosmochim. Acta, 50, p. 469-475.

Takeuchi, Y., Kawada, 1., Irimaziri, S.. Sadanga.
R. (1969) The crystal structure and polytypism of
manganpyrosmalite. Mineral. J., 5, p. 450-46G7.

Vaughan, J. P. (1986) The iron end-member of the
pyrosmalite series from the Pegmont lead-zinc de-
posits. Queensland. Mineral. Mag., 50, p. 527-531.

Watanabe, T., Kato, A., Tto., J. (1961) Mangan-
pyrosmalite from the Kyurazawa mine, Tochigi

Prefecture. Mineral. J., 3, p. 130-138.

_(’\1 Institutul Geologic al Romaéniei
IGR



Plate I

Fig. 1 - Manganpyrosmalite veinlets, with bent cleavages, in tephroite ore. Qita-Colacu mine. N+, x 10.
Fig. 2 -~ Manganpyrosmalite veinlet, with bent cleavages, in tephroite ore. Qita-Colacu mine, N+, x 10.
Fig. 3 — Big crystals of friedelite grown radialy. Sample BMd1, Mandrileni deposit, N+, x 20,

Fig. 4 - Manganpyrosmalite porphyroblasts (white-grey) with remains of ferriferous tephroite (black-grey.
large relief). Dadu mine. NII x 20.
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Plate II
Fig. 1 - Manganpyrosmalite porphyroblasts (white), with straight cleavages, in tephroite (triangular grain) and
carbonate ore {round grains). Dadu mine. NII, x 20.

Figs. 2, 4 — "Breccious” texture formed of manganpyrosmalite (large rectangle, white-slightly grey) and
tephroite, rhodonite, rhodochrosite (small rectangle in the centre), all included in a tephroite ore. Tolo-
vanu mine. NII (Fig. 2} and N+ (Fig. 3), x 10.

Fig. 3 — Relics of pyroxmangite (black) in friedelite (white). Sample BMd1, Mandrileni deposit, N+, x 13.

_(\\ Institutul Geologic al Roméniei
IGR



IT°Id

6661 ‘Saanong ‘gL “joa ‘ASo[eisumy [ oy

SNIV.ILNNON <.H_.m,HmHm WOdd HLITVINSOHAINVDNYIN VHALSIYD "D ,DZdﬂaHO.H_.md‘wm d

ical Romaniei

olog

(=

Institutul G



Rom. J. Mineralogy, 79, p. 97-99, Bucuregti, 1999

ON THE PRESENCE OF THE Mn-BEARING PYROXENES IN THE
MANGANESE ORE OF THE SEBES MOUNTAINS

Paulina HARTOPANU

Institutul Geologic al Romaniei. Str. Caransebeg nr. 1, 78344 Bucuresti

Key words: Tephroite ore.

Spessartine ore. Green pyroxenes. Granulite facies.

Brown alkali pyroxenes. Metasomatites. Vein ores.

Abstract: The manganese metamorphosed ore in the Sebeg Mts belongs to two im-
portant groups: the tephroite group (predominant) and the spessartine group. Besides
the minerals known until now, our researches have pointed out the presence in this
ore of numerous new minerals, among which the pyroxenes are the most widespread.
They occur as two varieties with different associations and geneses. The formation
of the green pyroxenes of Mn-hedenbergite-johansennite type have taken place by
metamorphism under granulite facies and the brown pyroxenes seem to come from an
external source infiltrated in the ore during both metasomatosis and metamorphism
under amphibolites facies conditions.

The contrasting mineralogical characters of the
manganese rocks, their physical and mechanical prop-
erties different from those of the adjacent rocks de-
termined a constant synchronism between the gen-
eral knowledge of the geology of the region and their
knowledge. First known as a lithologic element, later
on they have been studied in mineralogic and pet-
rographic respect. Among the known researchers
who studied these manganese rocks mention should
be made of: Vendl (1932), Paliuc (1937), Pave-
lescu (1955), Savul, lanovici (1958), Draghici (1964),
[anovici et al.(1968), Pavelescu and Pavelescu (1968),
Hartopanu (1976, 1977, 1980, 1981).

The manganese rocks in the Sebeg Mts form two
major aligniments of discontinuous occurrences which
cross most of the massif. The most significant geo-
metric feature of these rocks is their alignment along
the structure S» (Hartopanu, Hartopanu, 1981).
Based on mineralogic, petrographic and genetic crite-
ria Hartopanu (1986) determined for the manganese
ore in the Sebes Mts two important groups of ores:
tephroite group and spessartine group. The main dif-
ference between these groups consists in silica sat-
uration in case of the spessartine group and silica
subsaturation in case of the tephroite group. The
spessartine group corresponds to the gondite rocks -
rocks formed of quartz and manganese silicate (with-
out tephroite) and devoid of manganese carbonate,
spessartine and quartz being the major minerals. The
tephroite group corresponds to the queluzite rocks, a
name used for this type of ore deposits all over the

world, These rocks are mostly formed of tephroite
and rhodochrosite as major minerals and they are de-
void of quartz. The tephroite group is prevailing in
the Sebes Mts and the spessartine group in the Cibin
Mts. The adjacent rocks consist of paragneisses, mi-
caschists, more rarely amphibolites and microcline
gneisses. The manganese mineralogical associations
display a marked individuality, so that it seems that
they exclude the characteristic associations of the ad-
jacent rocks, evolving as a closed system. The miner-
als described till now in the manganese associations
(Hartopanu, 1986) are, as follows: tephroite, spes-
sartine, pyroxmangite, rhodonite, mangangruner-
ite, rhodochrosite, magnetite, jacobsite, vredenbur-
gite, hematite, ilmenite, pyrophanite. Recent re-
searches pointed out new minerals in the manganese
rocks of the Sebes Mts: spessartine-almandine,
spessartine-andradite, spessartine-calderite, ferrifer-
ous tephroite, Mg-tephroite, kutnohorite, knorringite
(?), Mn-fayalite, glaucochroite (?), pyroxene of jo-
hansennite type, Mn-hedenbergite, brown alkali py-
roxene of Mn-aegirine type, green alkali pyroxenes of
Mn-augite type, yellow alkali amphiboles of richterite
type, green alkali amphiboles (of manganmagnesio-
riebeckite type), Mn-actinote, Mn-tremolite, Mn-
biotite , Ba-phlogopite, Mn-phlogopite, brown man-
ganese chlorite, green manganese chlorite, pennan-
tite, neotocite, baryte, albite, friedelite, monasite,
allanite, xenotim, radioactive micas, rutile, sphene.
Spessartine is an omnipresent mineral in all types of
manganese ore, prevailing in the spessartine group.
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It also occurs in the tephroite group determining the
banding of the ore. Spessartine forms several gener-
ations with different geneses. Thus, the oldest spes-
sartine and one of the oldest minerals of the ore is
(1) spessartine of metamorphic type, that forms a
spessartinic mass. The limit between the grains dis-
appeared because of the pressures it underwent. (2)
Spessartine-andradite, as crystals larger than 1 em, is
specific to the metasomatosis zone, displaying a con-
centric zonation superposed over a sectorially radiary
zonation (Pl 1, Fig. 1). It occurs in association with
Mn-tremolite. (3) Spessartine-calderite is idiomor-
phic, clean, of a yellow colour, typical of the zones
with a strong oxidation, fine-grained and associated
with hematite and brown alkali pyroxenes of mangan-
iferous Mn-aegirine type. Another paragenesis of the
spessartine-calderite is with braunite, bixbyite and
hematite. (4) Spessartine-almandine is the newest
generation, formed on almandine with which it is
associated in microschlieren (Fig.). One can notice
that almandine has been rolled up and then caught in
the multitude of newly formed spessartine-almandine
microcrystals. The sperssatine almandine associa-
tion is a disequilibr.»m one, as they are incompat-
ible. The important factor which could affect the
garnet composition is the oxidation state of the host
rock. The stability of almandine strongly depends
on the oxygen fugacity. The stability of spessartine
in contrast to that of almandine is essentially inde-
pendent of oxigenfugacity at least up to that defined
by the magnetite-hematite buffer (Hsu, 1968). With
increasing oxidation state, almandine must incorpo-
rate increasing amounts of spessartine component, in
order to maintain its stability. Garnet stable under
higher oxidation state must contain dominantly the
spessartine component till the disappearance of the
almandine component. This transformation, from al-
mandine to spessartine happened shaply in our rocks,
probably because the oxidation state has been quickly
changed as it can be seen in Figure.

Sis,
Ve =°":°\':'°",’.f";

The 802
el g 'ﬁ’//
"\\é\ﬂ -3 -
//o'opo:f;“"

ik
-

Spessartine formed at the expence of almandine

An absolute novelty for the manganese ore in the
Sebes Mts is the occurrence of the pyroxenes. They
form two distinct groups: green pyroxenes of the Mn-
hedenbergite-johansennite type and brown pyroxenes

P. HARTOPANU

of Mn-aegirine type. The first group occurs in as-
sociation with a spessartine type ore. The miner-
alogical association is: spessartine, Mn-hedenbergite
green pyroxenes, Mn-apatite, quartz, magnetite. Un-
der the microscope they show a greenish colour, with
characteristic cleavages (Pl. I, Fig. 6) and a weak
pleochroism with greenish-yellowish hues and -2V =
ca 70%. Also, one can observe that the green clinopy-
roxene (Cpx) is attacked by spessartine (Pl. II, Fig.
2). It is found in the Scortaru and Bretan peaks.

The green pyroxenes occur as monomineral masses
(PL II, Figs. 3, 4) on the Jigureasa Valley. The rare
grains of pyroxmangite, magnetite and quartz may
appear. This paragenesis with Cpx 4+ Pxm + Gr
+ Mt + Q is considered by Daskupta et al. (1990)
as belonging to the granulite facies in the Andhra
Pradesh area. Both pyroxenes of the Jigureasa Valley
and Andhra Pradesh area are of the Mn-augite-salite
type.

In exchange, on the Rascolita Valley, the brown al-
kali pyroxenes occur in pyroxmangitic type rocks with
which they are not in direct contact (PLII, Figs. 1,
2). The mineralogical association with brown alkali
pyroxenes seems to invade the pyroxmangitic rock
having a vein character. Besides the Mn-aegirine-
pyroxene this association also includes albite, quartz,
spessartine-calderite, hematite, yellow alkali amphi-
bole. Under the microscope the brown alkali pyrox-
ene of Mn-aegirine type has a strong yellow colour
and is poorly pleochroic with yellow-orange, vellow-
greenish hues. It is negative biax, with -2V = 60° .
Both optically and by its mineralogical association it
resembles the Delinesti aegirine pyroxene. As at De-
linesti, the brown alkali pyroxene of Mn-aegirine type
seems to be an intruding mineral coming from outside
which does not belong to the associations character-
istic of the ore (PI. II, Figs. 1, 2). Both Delinesti
and Sebes Mn-aegirine pyroxene have not a zonation
like that from Bistrita.

The green clinopyroxene has probably been formed
by high metamorphism. The mineral association Cpx
+ Grt + MnAp + Q belongs to the granulite facies.
The garnet (Gr) represents solid solutions among
spessartine, almandine and minor grossularite - con-
sequently it is Fe-rich, like the clinopyroxene.

The clinopyroxene of Mn-hedenbergite-johan-
sennite type contains appreciable Fe and Ca amounts.
These compositions justify their affiliation to the first
and the strongest metamorphic event in this area.
Thus, in the Sebeg Mts the association dominated by
clinopyroxene (Cpx) made up of Mn-hedenbergite-
Johansennite (Fe-rich), appears. In this association
Mn-fayalite (?) may be present which, together with
Cpx and quartz, forms parageneses belonging to the
high grade facies (granulite facies) everywhere (in the
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world) where it appears.

Other minerals determined recently in the man-
ganese ore from the Sebeg Mts (Untul Valley) are the
magnesian tephroite, kutnohorite and knorringite (7).
The paragenesis MgTp + kutnohorite 4+ knorringite
(?) belongs to the granulite facies in other manganese
deposits in the world . :

In the Riscoala Valley the assoclation dominated
by Mn-fayalite includes much magnetite and relics
of orthopyroxene and this paragenesis belongs to the
granulite facies, too .

We consider that the tephroite from the Sebeg
Mts, by its features as a metastable relic, was meta-
morphosed in the first prograde metamorphic event
probably in the granulite facies. The tephroite is
the oldest mineral from the ore and together with
old-spessartine-calderite (7) now transformed into
spessartine, spessartine-andradite, new spessartine-
calderite (from ”oxidation parageneses”) form a par-
agenesis which belongs to the granulite facies.

On the Réscolita Valley the tephroite-type ore in-
cludes manganese olivine with a low relief and bire-
{ringence, with a low -2V, which seems to be a glau-
cochroite. Mn-tremolite often occurs in fibrous gran-
ilar masses, as monomineral static sheaves (Pl. III,
Fig. 4) or in association with zoned spessartine-
grossularite (PL. I, Fig. 1). Mn-apatite is frequently
found in the ore. This is "spotted” (Pl. III, Fig.
2) probably because of the Mn®* alteration from its
composition in secondary manganese minerals. At
least three apatite generations can be noticed in the
manganese ore in the Sebes Mts as well as in the
other manganese ore deposits in Romania. They are
differentiated under the microscope after the colour,
pureness and relief. Among the vein-type minerals
that are found both in the Semenic Mts and in the
Bistrita Mts, in the Sebeg Mts ore we have iden-
tified: baryte, green manganese chlorite, friedelite,
albite, bementite, penanntite, neotocite, manganese
brown chlorite. Baryte locally occurs as large crys-
tals (Pl III, Fig. 4) or as elongated millimetric
veinlets, in association with manganese brown chlo-
rite and neotocite (Pl. TII, Fig. 6). Like in other
manganese ores from Romania the affinity of baryte
for the tephroite rocks is also observed (Pl. III, Fig.
3). In the pyroxmangite ore on the Rascolifa Valley,
friedelite has been identified. Under the microscope
it occurs as pink-lilac to colourless leaflets, with a fi-
brous glassy luster and a high birefringence. It forms
nests and veinlets (PLIIL, Fig. 5) in the pyroxman-
gitic type ore. The chlorine source in this mineral
might be chlorapatite. Under the microscope, nests
and veinlets of friedelite on chlorapatite have been
observed. The radioactive minerals are found on all
types of manganese ore, displaying a high affinity for

99

spessartine type. In this type of ore the radioactive
minerals form millimetric nests and veinlets repre-
sented by monasite, xenotim, allanite and radioactive
micas. The presence of braunite is to be mentioned
in an almost monomineral fragment on the Pravag
Valley. Under the microscope, it occurs in associ-
ation with bixbyite, spessartine-calderite, hematite.
One can conclude that both in the Sebeg Mts and in
the Lotru Mts there are predominantly oxide levels
of manganese ores. The evolution of the ore toward
oxide, silicate or carbonate was first of all the result
of the origin of the initially premetamorphic material
and secondly according to the PT of the metamor-
phism associated with the variations of the oxygen,
CQO,, OH, F, Cl fugacities which diversified so much
the manganese minerals.

References

Driéghici, C. (1964) Contributii la studiul silicagilor de
mangan §i fier din muntii Sebesului. St. tehn. econ.,
A, 6, Bucuresti.

Hartopanu, P., Hartopanu, 1. (1978) Tephroite in
the Sebeg Mountains (The South Carpathians). An.
Univ. Bucuregti, XXVII, p. 26-34, Bucuresti.

, Hartopanu, I. (1981) Relatii microstructu-
rale in asociatiile manganifere din muntil Sebes si
Cibin. Stud. cerc. geol. geofiz. geogr., Geologie, 26,
1, p. 35-44, Bucuresti.

— , Udrescu, C. (1981) Elemente urma In mine-
ralele manganifere din muntii Sebes-Cibin. Semni-
ficatil genetice. Stud. cerc. geol. geofiz. geogr.,
Geologie, 26, 2, p. 219-232, Bucuresti.

—  (1986) Textural relationships and their genetic
significance in the manganiferous metamorphic rocks
of the South Carpathians. Teophrastus pub. 5. A.
Athens, p. 605-621.

Hsu, L. C. (1968) Selected Phase Relationships on the
System Al-Mn-Fe-Si-O-H: A Model for Garnet Equi-
librium.

Tanovici, V., Driaghici, C., Constantinof, D., Io-
nescu, C., Dimitriu, Al. (1968) Geology of

Manganese Deposits in Romania. XXIIT Intern.
Geol. Congr., Praha, XIII.

Pavelescu, L. (1955) Consideratiuni asupra unor si-
licati de fier si mangan din muntii Sebes. Bul. St
Ac. R.P.R. 2, Bucuresti.

Savul, M., Ianovici, V. (1957) Chimismul si originea

rocilor cu mangan din cristalinul Bistritei. Bul.
‘Acad. R.P.R., Geol.-Geogr., 111, Bucuresti.

Vendl, A. (1932) Das Kristallin des Sebescher und
Zibingebirges. Geologica Hungarica. IV, Bul. L

Recetved: February, 1998
Accepted: June, 1998

W/ \l Institutul Geologic al Romaniei
IGR:



Plate I

Fig. 1 - Spessartine-andradite, concentrically <oned and sectorially radiary in a tremolite mass.
Pravat, N+, x 20.

Fig. 2 - Mn-hedenl-»rgite-johansennite (white with two cleavages) in association with spessartine
(isotrope) and corroded by it. Scortaru, N+, x 20.

Figs. 3, 4 — Grain of twinned and untwinned tephroite. Sample 200 M, NII (top) and N+ (bottom),
x 20.

Figs. 5, 6 ~ Mn-hedenbergite-johansennite (white with two cleavages) in association with spessartine
(isotrope). Scortaru, NII and N+, x 20.
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Plate II

Fig. 1 - Clear contact between Mn-aegirine pyroxene (top, clean white grey) and pyroxmangite
(bottom, dirty grey-blackish). Sample 3, RSec, NII, x 20.

Fig. 2 — Clear contact between Mn-aegirine pyroxene + quartz + albite (top, white, vaguely grey)
and pyroxmangite (bottom, altered on cleavages) .

Figs. 3, 4 — Mass of Mn-augite pyroxene. Sample 19 J, NII (top) and N+ (bottom), x 20.

Fig. 5, 6 — Mn- aegirine pyroxene in association with albite (twins) garnet (isotrope), hematite
(black). Sample 10 J, NII (top) and N+ (bottom), x 20.
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Fig.
Fig.
Fig.

Fig.

Plate III
1 — Mn-tremolite developed statically. Sample 4 Br, N+, x 20.
2 — Mn-apatite "spotted” + spessartine. Sample M 119, N II, x 20.
3 — Baryte (white) + tephroite (large grey crystals with high relief). Sample 10B, NII, x 20.
4 - Large baryte crystals. Sample 2211, NII, x 20.

5 — Friedelite (white, fibrous, low relief) in pyroxmangite (grey, high relief). Sample 3 Rsc, NII,
x20; )

6 — Baryte-neotocite veinlet in tephroite ore. Pravat, NII, x 20.
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THE HYDROGARNETS - AN UNSOLVED PROBLEM 7

Corina IONESCU, Lucretia GHERGARI

Universitatea " Babeg-Bolyai”, Departamentul Mineralogie-Petrometalogenie

Str. M. Kogilniceanu nr. 1, 3400 Cluj-Napoca, Romania

Key words: Hydrogarnets. Hydrogarnet-type substitution.

Abstract: The water-bearing garnets are known since 1906. There are over 90 vears
of researches, discussions on the structure and nomenclature of this important group
of minerals. A short histoiv of the hydrogarnets is presented in this paper. Some
references on the hydrogarnets state in Romania are made.

1. Introduction

The water-bearing garnets are known since 1906.
There are over 90 years of researches, discussions
on the structure and nomenclature of this important
group of minerals. The names of hydrogarnets, some
of it, rejected by IMA, are present in papers, data
bases and university courses. The presence of vari-
able amounts of hydroxil bonded in the structure of
all kind of garnets is a reality.

2. History of the hydrogarnets

Hydrogrossular - the hydrous equivalent of grossu-
lar - was described for the first time by Cornu, in
1906 (fide Peters, 1965; Aines, Rossman, 1984), fol-
lowed by Foshang (1920; he described hydrogrossu-
lar under the name of ”plazolite”), Winchell (1933),
Flint et al. (1941). In 1937 Pabst had determined
the structure of hydrogrossular.

The calculation of the structural-water (Mec-
Connell, 1942-fide Deer et al., 1982) led to
the acceptation of the hydrogarnets as mem-
bers of the garnet group, with general formula:
XBY‘.’(ZO-'I)S-m(OH')%m-

In 1943 Hutton (in Deer et al., 1982) recognized hy-
drogrossular as a member of the 3Ca0.A1,05.35104
~ 3Ca0.A1,05.258105.2H,0 series, with an interme-
diate composition between grossular and hibschite
3Ca0.A1,03.6H50 (Weiss et al., 1964). The miner-
als from this domain of composition were named pla-
zolite, hydrogrossular, hydrogarnet, grossularoid and
garnetoid.

Pabst (1942) observed a compositional zoning in a
garnet, from a grossular core to a hydrogrossular rim.

This was interpreted by Yoder (1950) as an indicator
of a rich-water retrograde metamorphism.

The South Africa hydrogrossular IR spectrum
(Frankel, 1959) shows a major absorption band at
3620 cm™! and a minor band at 3660 cm ™!,

In 1964 Tsao found, in the Hslaosungshan altered
peridotite, a ferric hydrogarnet: the hydrougrandite.
The mineral is light green, with a vitreous luster,
and has an index of refraction of 1.325-1.830. The
thermo-differential analysis shows three distinct char-
acteristic thermal effects (an endothermic one at
705°C and two exothermic at 440°C and 900°C. Tsao
sustains that the hydrougrandite is distinctly differ-
ent from the other known hydrogarnets (hydrogrossu-
lar, hibschite and plazolite). The chemical composi-
tion of hydrougrandite corresponds to both hydrous
grossular and hydrous andradite and the mineral was
named ”hydrougrandite”.

In 1965 Peters presented, from the Totalp (Switzer-
land) serpentinites, a water-bearing andradite. The
IR spectrum shows a broad OH-band at 3380 cm™"
due to absorbed HsO and two other bands at 3525
em~! and 3660 em™!, caused by the OH vibrations
resulting from the H for Si substitution in the garnet
lattice. The author considers that the similarity in
the mode of occurrence and the complete solid solu-
tion between grossular and andradite make it likely
that a water-bearing equivalent for andradite should
also exist.

A hydrougrandite with chromium content (Cro.Os
- 2.20%, FeyO3 - 27.79%) was described by Ford in
Tasmania, in 1970.

Hsu (1980) considered that the hydrogarnet pres-
ence can be used as a temperature indicator and es-
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tablished the forming of a hydrogarnet-bearing as-
sociation at < 420°C and 2 kbars pressures. The
hydrogrossular synthesized by Hsu presents infrared
absorption bands at 3620 and 3660 cm 1.

After 1965, a series of papers described hydrous
andradite ("hydroandradite” respectively): Onuki et
al., 1982; Lager et al., 1989; Armbruster, Geiger,
1993; Armbruster, 1995).

The name "hydrougrandite” (Miner. Mag., 1967,
36, p. 133) was rejected by 1. M. A. Commission
on New Minerals and Mineral Names but this name
is frequently used in the geological literature and in
geological databases.

A manganoan hydrogarnet henritermiérite is also
known (Gaudefroy et al., 1969).

The discovery of the katoite in 1984 (Passaglia, Ri-
naldi), as first natural occurrence of such a garnet
(with the grossular content < 50%), determined a
revision of the nomenclature of the hydrogrossular
group. As approved in 1985 by the IMA Commis-
sion (Dunn et al., 1985), "the name grossular should
be used for the anhydrous end-member (100% Gr).
Members of the series with more Gr (50 < Gr% <
100) should be named hibschite, leaving the alter-
nate terms as plazolite, grossularoid, hydrogarnet,
garnetoid and hydrogrossular. The name of katoite
1s adopfed for members with grossular content below
50 %, including the CagAlo(OH)1» end-member (0 <
Gr % < 50)”. The IMA Commission decided also
that the name hydrogrossular may still be used for
members of the series with appreciable OH content
but undetermined Si04/(OH)4 ratio.

Since then (1984) many hydrogarnets occurrences,
both in pyralspites and ugrandites series, were de-
scribed, the most frequent being the hydroandradite.
Marke de Lummen (1986) described a fluor-bearing
hydorandradite in altered basalts.

The experiments were focused almost exclusively
on the synthetic hydrogrossular. In a study on the
water content of the pyralspites, Aines and Ross-
man (1984) concluded that these garnets contain
two classes of hydrous component: a structural com-
ponent, and an alteration-related water component.
"The structural hydrous component is of great inter-
est because: 1) the "water” contained is a record of
the environment of formation or later events, and 2)
the garnet structure must be changed to accommo-
date a hydrous component and may also change the
physical properties of the garnet.”

Armbruster (1995) observed that most of the hy-
drous andradites are characterized by Ti content; if
Ti is absent, the hydrous component is very low. For
the "hydroandradites” found in South Africa, the au-
thor presumes a late hydrothermal origin. These min-
erals show the highest degree of hydration for the an-
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dradites hitherto observed in nature.

Water contents of anhydrous garnets were detected
by IR spectra, resulting that both andradite and
grossular normally have about 0.148 % water content.
The structural role of the water is not entirely clear,
but it is believed that isolated OH™ ions take the
oxygen sites, associated with empty places or substi-
tution unbalance in cations sites (Deer et al., 1982).
It is presumed that in crystalline silicates, the hy-
dration is expressed by a hydrogarnet-type substi-
tution [SiO4]*~ « [(HO)4]*=. The presence of this
substitution, the common and preferential replace-
ment with OH™, is well established in the grossular -
katoite (CagAls[SiO4)s - CagAls[(HO)4)s) series. IR
studies on natural garnets show the usual presence of
minor amounts of OH™ but other substitution-types
than the hydrogarnet-one are also possible (Rossman,
Aines, 1991).

The substitution of Si with H was experimentally
verified by Cohen-Addad et al. (1967). who showed
that hydrogen is present as OH™ groups and is re-
lated with the oxygen surrounding the tetrahedral
free sites. The [S104]*~ substitution with OH= de-
termines the increasing of the unit cell parameter
(Cohen-Addad et al., 1967) (Table).

The studies of Aines and Rossman (1984) had con-
firmed that the so-called "hydrogarnet substitution”
([(HO)4]*~ ¢ SiO4]*7) is common to other garnets
also, not only for grossular. The hydrogarnet-type
substitution is related to composition; pyralspites
may contain only small amounts of water (< 5 %)
reported to ugrandites (up to 20 %).

Armbruster and Lager (1989) could not establish
any relation between the H site and OH™ content in
the hydrogrossular series. Lager et al. (1989) pre-
sumed that the amount of OH™ is structurally con-
trolled in garnets (the garnets with common tetrahe-
dra edges longer than uncommon ones may include
more OH™; the pyralspites series garnets may have
limited OH™ amounts). The hydrogarnets struc-
ture results by the replacement of [SiO4]*~ with
[(HO)4]*~.

According to Aines and Rossman (1984), the hy-
drous component is not in the form of molecular H-O.
The most likely form is [(HO)4]*~ which substitutes
[SiO4]*~ radical, but other substitutions, involving
multiple OH™ groups, may be present. The OH-
concentration (as H;0) is determined on the absorp-
tivity band, in 3700-3400 em™! region.

Aines and Rossman (1984), studying OH~ ~ bear-
ing pyralspites, consider that the presence of a
hydrogarnet-type substitution in an end-member of
a series is shown by IR Spectra in the 3500 cm~!
region, with up to four peaks. If the symiuetry is
complete, there will be two peaks. In the pyralspi-
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Table

Unit-cell parameters for anhydrous and hydrous garnets

Mineral ag (A) References

Grossular 11.85 Henmi et al., 1971
Hydrogrossular 11.94 Cohen-Addad et al., 1967
Hydrogrossular 12.11 Menzer, 1926

Katoite 12.5695 Lager et al., 1987
Katoite 12.374(6) | Schropfer, Bartl, 1993
Andradite 12.03 Deer et al., 1982
Andradite 12.048 Skinner, 1956
Andradite 12.056 Huckenholz, Yoder, 1971
Hydroandradite-Totalp, Switzerland | 12.08 Peters, 1965
Hydroandradite 12.085 Lager et al., 1989
Hydroandradite 12.106 Lager et al., 1989
Hydroandradite-South Africa 12.34 Armbruster, 1995
Hydrougrandite-China 12.063 Tsao, 1964
Hydrogarnet-Budureasa, Romania 112.0?( 1) Ghergari, lonescu, 1997

tes, the hydrogarnet-type substitution is not charac-
teristic due to the very low level of this substitution
and not to its frequency or occurrence. The differ-
ence between the Mg - O and Fe - O (in pyralspites)
and Ca—O (in ugrandites) bond lengths explain the
apparent lack of the hydrogarnet-type substitution in
pyralspites. The Ca-O bond is shorter and is favor-
able for the hydrogarnet-forming in the grossular -
andradite series (Aines, Rossman, 1984). The pyral-
spites usually contain only 0.01-0.25% hydrous com-
ponent.

A correlation between the lattice constants of the
hydroxylated phases and their degree of hydroxyla-
tion is observed by Schrépfer and Bartl (1993).

The last decade recorded an increasing interest for
the water-bearing garnets, due to the supposition
that these minerals may represent potential water -
storage places in the mantle (Aines, Rossman, 1984).

3. The genesis of the hydrogarnets

There are some considerations regarding the for-
mation of the hydrogarnets, as:

- low temperature and pressure conditions, in the
presence of water (the water-bearing andradite from
Totalp, Switzerland, located in ophicalcites; Peters,
1965);

_ under 420°C temperature and about 2 kbars pres-
sure (Hsu, 1980);

~  low-temperature
(Deer et al., 1982);

— late hydrothermal origin (Armbruster, 1995);

— hydro-metasomatic processes, at 300°C (Gher-
gari, lonescu, 1997).

hydrometasomatic ~genesis

4. The presence of hydrogarnets in Romania

The first remark about the presence of the hydrog-
arnet in Romania was made by Nedelcu and Damian
(1982) but the data were quite poor. In the geodes
from M3gura Uroiului (Deva) andesites, “hibschite,
CagAls(OH)4.(Si0O4)2, appears as yellow dodecahe-
dra of 2-3 mm size”.

In 1992 Marincea presumed the presence of a hy-
drogarnet in the metasomatites from Mraconia (Ba-
nat) but finally he concluded that the data did not
confirm the supposition.

We consider that these data are not enough to
prove the presence of a hydrogarnet (the lack of IR
spectra, chemical data, cell parametres, even X-ray
diffractometry) and the first genuine record on the
presence of hydrogarnet in Romania (hydrograndite
in garnet-magnetite skarns from Budureasa, Apuseni
Mountains) belongs to Ghergari and Ionescu (1997).

References

Aines, R. D., Rossman, G. R. (1984) The hydrous com-
ponent in garnets: pyralspites. Am. Miner., 69, p. 1116~
1126.

Armbruster, T. (1995) Structure refinement of hydrous
andradite, CazFe; 54 Mng 20 Alg.26(3i104)1.65(04Ha)1 .35,
from the Wessels mine, Kalahari manganese field, South
Africa. Am. Miner., 80, 7-8, p. 1221-1225.

, Geiger, C. A, (1993) Andradite crystal chem-
istry, dynamic X - site disorder and structural strain in
silicate garnets. Bur. J. Mineral., 5, p. 59-T1, Stuttgart.

— , Lager, G. A. (19.9) Oxygen disorder and the hy-
drogen position in garnet-hydrogarnet solid solutions.

Eur. J. Mineral., 1, p. 363-369.

(,\l Institutul Geologic al Romaniei
IGR



104

Cohen-Addad, C., Ducros, P., Bertaut, E. F. (1967)
Etude de la Substitution du Grouppement  SiOy
par (OH)4 dans les Composés Al;Caz(OH)ip et
AlzCaz(Si04)2,16(OH)s 26 de Type Grenat. Acta cryst.,
23, 2, p. 220-230, Copenhagen, 1967.

Deer. W. A., Howie, R. A., Zussman, J, (1982) Rock-
forming minerals. Vol.I Orthesilicates, 919 p-» Garnet
group, p. 467-698. J. Longmans, London.

Dunn. P. J., Fleischer, M., Langley, R. H., Shigley, J.
E., Zilezer, A. Janet (1985) New mineral names.
Am. Miner., 70, p. 871-881.

Flint, E. P., Havord, F. M., Wells, L. S. (1941)
Hydrothermal and X-ray studies of the garnet-
hydrogarnet series and the relationship of the series to
hydration products of Portland cement. Jour. Res. Nat.
Bur. stand., V, 21, p. 13-33.

Ford, R. J. (1970) A hydrogarnet from Tasmania. Min.
Mag., 37, p. 942-943.
Foshang, W. F. (1920) Plazolite, a new mineral. Am.

Miner., V, 5, p. 183-185.

Frankel, J. J. (1959) Uvarovite garnet and South Africa
Jjade from Transvaal. Am. Miner., 26, p. 565-591.

Gaudefroy, C., Orliac, M., Permingeat, F., Parfenoff,

A. (1969) L’henritérmierite, une nouvelle espéce
minérale.  Bull.  Soc. Frang. Min. Crist., 92, p.
185-190.

Ghergari, L., Ionescu, C. (1997) Hydrougrandite and
magnesioferrite from Budureasa (Romania). Rom. J.
Miner., 78, 1, Abstr. vol, 1997, p. 22-23, Bucuresti.

Hsu, L. C. (1980) Hydration and phase relation of gros-
sular-spessartine garnets at Pyop = 2kb. Contrib. Min-
eral, Petrol., T1, p. 407-415.

Lager, G. A., Armbruster, Th., Faber, J. (1987)
Neutron and X-ray diffraction study of hydrogarnet
CazAla(O4Hq)s. Am. Miner., 72, p. 756-765.

— , Armbruster, Th., Rotella, F. J., Rossman, G
R. (1989) OH substitution in garnets: X-ray and neu-
tron diffraction, infrared, and geometric-modeling
studies. Am. Miner., 74, p. 840-851.

C. IONESCU, L. GHERGARI

Marcke de Lummen, G. van (1986) Fluor-bearing hy-
dro-andradite from an altered basalt in the Land’s End
area, SW England. Bull. Mineral., 109, p. 613-616.

Nedelcu, C., Damian, St. (1982) Rezervatia geologica
Magura Uroiului (Jud. Hunedoara). In Monumente
geologice din Romadnia. Univ. Bucuresti, 1982, p. T1-74.

Onuki, H., Akasaka, M., Takeyoshi, Y., Nedachi, M.
(1982) Ti-rich hydroandradite from Sanbagawa meta-
morphic rocks of the Shibukawa area, Central Japan.
Contrib. Mineral. Petrol., 80, p. 183-188.

Pabst, A. (1937) The crystal structure of plazolite. Am.
Miner., V, 22, p. 861-868.

Passaglia, E., Rinaldi, R. (1984) Katoite, a new member
of the Cag Aly(SiOy4)s - Caz Aly(OH) 2 series and a new
nomenclature for the hydrogrossular group of minerals.
Bull. Miner., 107, p. 605-618.

Peters, T. (1964) A water-bearing andradite from the To-
talp serpentine (Davos, Switzeland). Am. Miner., 50, p.
1482-1486.

Rossman, G. R., Aines, R. (1991) The hydrous compo-
nent in garnets: Grossular - hydrogrossular. Am. AMin-
eral., 76, p. 1153-1164.

Schrépfer, L., Bartl, H. (1993) Oriented decomposition
and reconstruction of hydrogarnet, Caz. Al (OH) 2. Fur.
J. Miner,, 5, p. 1133-1144, Stuttgart.

Tsao, Y.-L. (1964) Hydrougrandite - a new variety of hy-
drogarnet from Hsiaosung shan. Acta Geol. Sinica, 44,

2, p. 219-228,
Weiss, R., Grandjean, D., Palvin, J. L. {19‘64) Struc-
ture de I'aluminate tricalcique hydrate,

3Ca0.Al203.6H,0. Acta Cryst., 17, p. 1329-1330.

Winchell, A. N. (1933) Elements of Optical Mineralogy,
Part II, 3-rd ed. John Wiley and Sons, New York.

Yoder, H. S. (1950) Stability relations of grossularite.
Jour. Geol., 58, p. 221-253.

® % * (1967) International Mineralogical Association: Com-
mission on New Minerals and Mineral Names. Min,
Mag., 36, 133 p.

W/ \l Institutul Geologic al Romaniei
IGR



Rom. J. Mineralogy. 79, p. 105-111, Bucuresti, 1999

MINERALOGICAL AND GEOCHEMICAL CONSIDERATIONS ON THE
MAGNESIO-HORNBLENDE FROM THE AMPHIBOLITES OF

BUZIAS-SACOSU MARE AREA

Ovidiu Gabriel IANCU

Universitatea "Al. [ Cuza”, Sectia de Mineralogie si Geochimie, B-dul Copou nr. 20 A, 6600, Iasi, Romania

Yasunori MIURA

Yamaguchi University, Faculty of Science, 1677-1, Oaza-Yoshida, Yamaguchi, 753, Japan

Key words: Magnesio-hornblende. Amphibolites. Optical data. Electron micro-
probe analysis, XRD-data. Supragetic Nappes. Timis-Boia Nappe. Lotru Lithogroup.
Buzias Hills.

Abstract: Close to Buziag (northwest of the Semenic Mountains), nearby the Silagiu
village, magnesio-hornblende was found in massive (metagabbros) and foliated am-
phibolites (with diablastic and nematoblastic schistosity) belonging to the Lotru
Lithogroup considered to represent a supracrustal megasequence including oceanic-
type metasediments and tectonic slabs of dismembered oceanic crust (lancu., Marungiu,
1994). Following the modern nomenclature of the amphiboles (Leake, 1978), horn-
blende from six samples, representing quartz-bearing amphibolites with plagioclase
(Anjg—as) + hornblende + quartz + epidote, biotite, apatite, sphene and ilmenite as
characteristic mineralogical assemblage, was determined to be magnesio-hornblende by
optical microscopy, scanning electron microscopy with energy dispersive X-ray analy-
sis (EPMA) and X-ray powder diffractometry. In thin sections it appears as prisms
with high refractive indices. moderate to strong pleochroism (variable in greens), per-
fect cleavage (110) and optically negative character., The cation structural positions
calculated to 23 (O) from the quantitative chemical analysis on a anhydrous basis,
show the following important contents: (Ca + Na)ay > 1.34 (1.92 to 2.12), Naga <
0.67 (0.20 to 0.32), (Na + K)a < 0.5 (0.28 Lo 0.40), Mg/(Mg + Fe’*) between 0.63
and 0.68 and Si from 6.50 to 6.74 pfu. The estimmation of Fe®*t
Na in M4 site, was based on the following stoichiometric recalculation (acc. to Spear.
1993): Si + Al + Ti + Mg + Fe + Mn + Ca + Na = 15.

, which places all the

1. Introduction

From the earliest days of geological research, am-
phiboles have played a central role in studies of meta-
morphic rocks because they lie in a central position
in terms of the range of bulk chemistries of rocks
and they can aceurately transmit through colour,
optical properties and chemistry, much information
about their history and condition of formation. Am-
phiboles are especially abundant in cale-alkaline plu-
tonic rocks and amphibolite grade metamorphic rocks
where they often constitute the only ferromagnesian
phase.

The first purpose of this paper is to analyse the
hornblende from the amphibolites belonging to the
Lotru Lithogroup of the Buziag-Sacosu Mare crys-
talline island. The main reason for that was inspired
by the modern nomenclature of amphiboles (Leake,

1978), where hornblende is never used without an ad-
Jective. This nomenclature is sufficiently flexible to
encompass the chemical variations within the group
of amphiboles. The new classification is based largely
on crystal chemistry, having as its foundation the
chemical contents of the formula unit calculated to
24 (O, OH, F, Cl) or to 23 (O) equivalents when H,O
has not been determined (i.e. where EPMA analysis
was used) or is thought to be unreliable (Hawthorne,
1985).

The second purpose of our work is to attempt
to interpret the message recorded by hornblende re-
garding the conditions of metamorphism (P-T) at
which the host amphibolites have formed, by using
a new hornblende-plagioclase thermometer (Holland,
Blundy, 1994).
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2. Geological Setting

As a result of some geological prospections for iron
deposits in the Buziag-Sacosu Mare area, Radulescu
et al. (1962) divided the mesometamorphic rocks in
five petrographic complexes: 1 - the micaceous com-
plex which consists of micaschists with garnet, mus-
covite and biotite; 2 - the feldspathic complex, formed
of muscovite-biotite paragneisses, paragneisses with
almandine, injection gneisses and pegmatites; 3 - the
quartzitic complex. represented by kyanite-bearing
quartzites and quartzitic schists; 4 - the amphibolic
complex, characterized by amphibolites, amphibolic
schists and amphibole gneisses; 5 - the limestone com-
plex, composed mainly of limestones.

Maier (1979) divided the same rocks into two comn-
plexes: 1 - the paragneisses complex, which reminds
of the Bautar formation from Poiana Rusca, and 2
- the micaschists complex and assigned them to the
Upper Precambrian (Riphean), because of their litho-
logical and metamorphic similarity with the Sebes-
Lotru Group from the Poiana Rusci and Semenic
Mountains, In the same author's opinion , the pre-
Alpine metamorphosed formations described above
were considered to be part of the Supragetic Unit.

According to Sandulescu (1984), the particu-
lar litho-stratigraphic sequence from Valeapai and
Buziag crystalline island supports the idea of consid-
ering it as a different tectonic unit, the most internal
one from the Median Dacides in the South Carpathi-
ans.

Close to Buziag, nearby the Silagiu village, on
the Guranului Brook, a metamorphosed Fe-Cu-Ni
mineralization was identified by lancu (1992) in
a lense-shaped amphibolite body with metagab-
bros and foliated amphibolites located within pla-
giogneisses. Taking into account the classification
made by Godlevski and Lihacev (1979, fide Udubaga
et al.. 1988}, which is based on the Mg concentration
of the host rock, the Ni: Cu ratio and the § 'S value
of pyrrhotite, the mineralization from the Guranu-
lui Brook was assigned to the medium temperature
group of the Ni-Cu magmatic deposits.

Berza et al. (1994) pointed out that the base-
ment formations from the Buziag Hills and those
in the Tincova-Rugchita-Alunu-Ghelar area from the
Polana Ruscd Mountains represent the western out-
crop region of the Timis-Boia (Laramian) Nappe, &
tectonic unit of the Getie-Supragetic thrust sheets.

lancu and Maruntiu (1994) defined the Lotru
Group as a supracrustal megasequence including
oceanic-type metasediments and tectonic slabs of
dismembered oceanic crust: metaperidotites and
metagabbros (displaying relict cumulus structures)
and acid ortho-derivates .
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By palynological studies, lancu (1995, unpublished
data) found a Vendian age (Upper Riphean) for the
mesometamorphic rocks of the Buziag Hills .

Balintoni (1997) considered that toward the west-
ern part of the Polana Ruscd Massif the overthrust
plane of the Timig-Boia Nappe is crossing Valeapai
region , including the Buziag-Sacogu Mare crystalline
island and at least in part the Serho-Macedonean
Massif.

3. Samples

To establish the mineralogical and geochemical fea-
tures of magnesio-hornblende, six samples represent-
ing amphibolites (metabasites) of the amphibolite
and epidote amphibolite (transitional) facies were in-
vestigated in this study and they are listed in Table
1.

The standard samples used for calibration during
the quantitative electron microprobe analyses of the
amphibole were synthetic oxides for Si, Al, Mg, Fe,
Ti, Mn and P and natural oxides for Na, K, Ca and
S (acc. to Miura and Matsumoto, 1982), and they
were regularly analyzed during the analytical runs,
to check on instrument stability.

4. Analytical Methods

Six polished thin sections (PTS) representing the
samples presented in Table 1 were studied under the
optical microscope. Quantitative chemical analyses
of the magnesio-hornblende were obtained on the
carbon-coated, polished thin sections by using a JSM-
5400 (with JED 2001 energy dispersive X-ray analy-
sis) scanning electron probe microanalyzer (EPMA)
at the Yamaguchi University, Japan. The instrument
was operated at an accelerated voltage of 15kV, a 38.5
nA beam current and 35 mm working distance. The
cell parameters and density of magnesio-hornblende
were determined from the X-ray diffraction pattern
by using a RIGACU computer assisted diffractome-
ter (radiation Culier) and a non-linear least squares
cell refinement computer program with regression-
diagnostics (acc. to Holland, Redfern, 1997).

5. Mineralogical and Geochemical Aspects

In thin section, magnesio-hornblende appears as
prism with high refractive indices, moderate to strong
pleochroism (variable in greens), perfect cleavage
(110) and optically negative character. The mineral
was also studied under back scattered electron im-
age (BEI) for higher magnifications (up to x 200,000)
with a JEOL scanning electron microscope. The size
of the mentioned amphibole in our samples ranges
from 0.1 mm to 7 mm.
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Table 1
Samples used in this study
Sample | Rock type Provenance Characteristic mineralogical assemblage Facies
3 | amphibolite | Pietrei Brook Andesine (Ansg), Hornblende, Apatite, Amphibolite
(Silagiu) Titanite facies
5 | amphibolite | Pietrei Brook Andesine (Anag ), Hornblende, Quartz, Aphibolite
(Silagiu) Apatite facies
8 | metagabbro | Guranului Brook Oligoclase (Anjg), Hornblende, Quartz, | Epidote
{Silagiu) Apatite, Titanite, Epidote Amphibolite
facies
9 | amphibolite | Guranului Brook Andesine {Angz ), Hornblende, Quartz, Amphibolite
(Silagiu) Apatite, Titanite, Biotite facies
13 | amphibolite | Piatra Babei Brook | Andesine, Hornblende, Quartz, Apatite, | Epidote
(Silagiu) Titanite, Epidote Amphibolite
facies
19 | amphibolite | Quarry (Seismic Andesine (Angs), Hornblende, Quartz, Epidote
Station, Buziag) Apatite, Titanite, Epidote Amphibolite
facies
Table 2
Cell dimensions of magnesio-hornblende from Buzias-Sacosu Mare area
Cell Samples
parameters | MH-3 | MH-5 | MH-8 | MH-9 | MH - 13 | MH - 19 MH
_ (IMA files)*
a(A”) 9.775 9.532 9.500 9.794 9.793 9.749 9.783
b{An} 18.019 18.153 18.168 17.854 17.943 18.036 17.935
C{AU} 5.301 5.322 5.305 5.329 5.313 5.299 5.207
3 0) 104.53 103.02 102.78 104.65 104.70 104.28 104.60
V.(A") 903.76 | 97.157 | 893.015 | 901.587 | 903.021 | 902.884 899.920
d.(g/cm” 3.17 3.19 3.21 3.18 3.18 3.18 3
* After Bayliss et al., 1993
Table 3
Electron probe chemical analyses of individual magnesio-hornblende
from the amphibolites of Buzias Hills
Weight % Samples
oxides MH-3 | MH-5| MH-8 | MH-9 | MH-13 | MH - 19
510 45.57 45.95 46.71 46.66 46.38 46.13
Al2Qa 11.93 12.40 12.53 11.67 11.92 12.13
Ti102 0.78 0.70 0.44 0.79 0.48 0.36
FeO" 12.54 13.34 13.47 1275 12.89 13.21
MnO 0.66 0.48 0.58 0.51 0.67 0.59
| MgO 12.94 12.72 12.41 13.34 12.96 12.45
a0 11.99 11.22 11.47 11.10 11.79 11.58
NazO 1.07 1.19 0.98 0.84 0.73 1.09
K,0 0.52 0.20 0.31 0.44 0.38 0.46
LOI 2.00 1.80 1.10 1.50 1.80 1.80
TOTAL 100.00 100.00 100.00 100.00 100.00 100.00
* FeO as total iron
Analysed by O. G. lancu
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Table 4
Cation structural positions of magnesio-hornblende analyses showing
range of Fe*t recaleulations 1) (as Spear. 19931

_.':r(-:.:a‘tiun Samples ) —1
serwctural | wu-3 [ mu-s | mu-s [ Mu-o | Mu-;3 | MH-1 |
Al |ENa=|All  |ZNa=[Al [SNaz|All [ENaz[Al [SNaz|An Y Na=|
; L Fe™ 115 Fe® |15 Fe™ = Fe™ |15 Fe™* |15 ﬁ
Si(T) 6.636 [6.483 |6.659 |6.506 [6.718 [6.594 [6.744 |6.632 |6.718 [6.594 |6.710 [6.569
AIN(T) 1364 [1517 [1.341 [1.494 [1282 [1.406 [1256 [1368 [1282 [1406 [1200 {1451 |
A1) [0.683 (0483 [0.777 0575 [o.842 [0.679 0733 [0.sss [0.753 [o.592 0.790 [o.60s |
Ti (M2) 0086 0.084 [0.077 |0.075 [0.048 [0.047 [0.086 [0.085 [0.052 [0.051 [0.039 [0.038 |
| Fe™(M2) - rose | - |rose | - ossa | - fo7e2 | - (o843 | - [0.968 |
Mg® 2809 |2.744 |2.748 [2.685 [2.660 [2.611 [2.875 |2.827 |2.799 [2.748 |2.700 |2.643
Fet® 1527 0431 |1.617 [0.523 |1.620 [0.747 {1.541 [0.753 [1.561 [0.690 |1.607 |0.606
| Mn* 0.081 10.079 10.059 {0.058 [0.071 [0.070 [0.063 [0.062 |0.082 [0.080 [0.073 [0.071
| Ca (M4) 1870 [1.827 [1.742 [1.702 1767 [1.734 [1.719 |1.690 |1.829 |1.795 |1.805 |1.767 |
| Na (M4) - [0296 | - 0326 | - fo2es | - [0233 | - [o201 | - 0302 |
Na(A) 0303 | - o334 | - o2z | - lo2ze | - Jo20s | - losos| -
K (A) 0.096 10.096 {0.037 |0.037 [0.057 |0.057 [0.082 [0.082 {0.070 |0.070 |0.086 |0.086
Total 1546 |15.10 {1539 [15.04 [1534 [15.06 {1534 |15.08 |1535 [15.07 |15.41 |15.09
| Mg/(Mg+Fe?) 0.68 0.64 0.63 0.66 0.68 0.63
(Na+K), 0.399 0.371 0.330 0.318 0.275 0.394
APHFC"+T 1.623 1.706 1.570 1.435 1.486 1611
(Ca+ +Na),, 2.123 2.028 2.002 1.923 1.996 2.069

7 }ailmanm of Fe* as 0{ 5Dt’*f {1‘)*)?} based on the Iollm& mc 5[01Ch10mttr1.. re:.alculalldn:"

Si+ Al+ Ti+ Mg + Fe + Mn + Ca + Na = 15 (this recalculation places all the Na in M4).
*'Mg. Fe® and Mn are distributed among the M1, M2, M3 and M4 sites according to cation site preferences.

Table 5

The formula of magnesto-hornble nde from Buzias-Sacosu Mare Aroa

| %mph I (alcu[dud meulaﬂ: - .
§_mi }\m_(:\ia m M_‘II\IbZ_ml\Inn_ﬂj_,)a AT Fer n_w)w(ﬁimm“Hnym()_
‘MH-5 K, ,..(Na M), _},H(l-e‘ oenMe, (Mn ) (AN Fe  Ti ) (S AN 0,
‘MII-§ K, .(Na, ’su s (FC M, Ma (ALY Fet T (Si AN ) O
'MH-9 K ,.Na, Ca ) (Fe* Mg Mn w(;\i“ml-‘e-"u Vi ) oS ALY ) O
'_Mn-m K, (Na, Ca ) (Fe™ Mg Mo ) (AN Fe”  Ti ) (Si AV )0
MIIL-19 K, MNa Ca_ ) (Fe* Mg Mn ) (A Fe* Ti ) (i AV ) 0.
IMB(MA | K, (Na  Ca 3 (Fe* Mg Mo ) (A7 Fe* Ti ). (Si Al 5 0,
Hilesy (OH).

T T e e e s
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The unit cell parameters and density of magnesio-
hornblende from our samples were determined from
the X-ray diffraction pattern by using a RIGAKU
computer assisted diffractometer (radiation CuKa; A
= 1.5406) and a non-linear least squares cell refine-
ment program with regression-diagnostics (Holland ,
Redfern, 1997). The results are in accordance with
the cell dimensions of magnesio-hornblende from the
IMA (International Mineralogical Association) files
and are presented in Table 2 .

The quantitative chemical analyses of the
magnesio-hornblende from the amphibolites of the
Buziag Hills are listed in Table 3 .

A standard amphibole formula (after Leake, 1978)
is: Ag_y Ba CY1 5 TY! 5 Oss (OH, F, Cl)s, where
A = alkali site (Na, K), B = My metal site (Na, Li,
Ca, Mn, Fe’t Mg), C = M; + M» + Mg metal sites
(Mn, Fe?t, Mg, Al, Fe3t Ti, Li, Zn, Cr) and T =
" tetrahedral site (Si, Al). As noted by Spear (1993),
by far and away the best way to infer a structural

formula is to measure directly the most sensitive ele-
ments by wet chemistry, Mésshauer spectroscopy and
X-ray crystallography. However, electron microprobe
analysis is the analytical method of choice for most
petrological work, so the uncertainties inherent in
calculation of a structural formula from such data
must be understood and appreciated. The cation
structural positions of magnesio-hornblende analyses
showing range of Fe3* recalculations (as of Spear,
1993) and the structural formula are presented bel-
low (Tables 4 and 5).

The structural values of the hornblende plotted on
the (Na+K)4/Si pfu diagram (acc. to Deer et al.,
1992) and on the diagram representing the nomen-
clature of calcic amphiboles with (Na+K)a < 0.50
and Ti pfu < 0.50 (after Hawthorne, 1985) as well as
the contents of Si plu, Nayry, (Ca+Na)pa . (Na+1K) 4
and of the Mg/(Mg+Fe?T) ratio (acc. to Leake et al.,
1997), show the presence ol the magnesio-hornblende
in the metabasites of Buziag-Sacogu Mare area (Figs.

1,2).

1.0
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Fig. 1 - Plot of the magnesio-hornblende from the Buziag Hills on the Mg/Mg+Fe?*t diagram representing the
nomeneclature of the calcic amphiboles with (Na+K) 4 < 0.50 and Ti < 0.50 (after Hawthorne. 1985).
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Diagram Parameters: Ca > 1.50; (Na + K) <0.50
j 5 s
Ca, <0.50 | Ca, 2 0.50
1.0
T 0.9 tremolite magnesiohornblende tschermakite cannilloite
Mo/Mg+Fe**
| 0.5 actinolite LK
ferroactinolite ferrokornblende ferrotschermakite
0.0
8.00 7.580<— Si in formula —>6.50 .50

3
1

6. Petrologic considerations

As of Spear (1993), it has been somewhat of a
"Holy Grail” to calibrate the composition of amphi-
bole as a function of P and T so that this mineral can
be used as a monitor of metamorphic grade.

A computer application for performing the ther-
mometric calculations based on a new hornblende-
plagioclase thermometer (Holland, Blundy, 1994)
was used in this study to estimate the tempera-
tures and pressures under which the amphibolites
with magnesio-hornblende from the Buzias Hills have
formed and these range between 550°C - 700°C and 5
kbars (epidote amphibolite or amphibolite facies con-
ditions). This thermometer is available under some
compositional restrictions (Table 6).

a2 Plotol the magnesio-hornblende fraom the Buziay Hills on the (Nat ) 4 /S0 plu diagram (aftee Leake et al., 1997),

The alkali site occupancy (Na+K), is thought
to reflect the relative temperature of metamorphism
because the edenite exchange in amphiboles is be-
lieved to be largely temperature sensitive (Spear,
1993). Similarly, the AIY7 content is a measure of
the amount of tschermak and glaucophane exchanges.
It is generally acknowledged, all other things be-
ing equal, that at low pressure aluminium is fa-
vored in the tetrahedral site (i.e., AIY/) and at high
pressure aluminium is favored in the octahedral site
(i.e., AIYT). By plotting the values of the magnesio-
hornblende analysed in this study on the NaM4/A1v!
+ Fe3t + Ti diagram (acc. to Laird, 1982) we can
observe in which index mineral zone, the host amphi-
bolite was formed and this is the garnet zone to the
lower limit of the staurolite zone (Fig. 3).

Table 6
Calculated temperatures and pressures based on the Holland, Blundy (1994)
thermometcr for the amphibolites of Buziag - Sacosu Mare reqion

i[_Sa::nﬂf)gg‘t\b cunte;lt of Anc’nnter-l.{;f X" X" g[a(}\fl‘) in |AlYpfuin (Sipfu in |P T

iNo. plagioclase plagioclase Hbl Hbl Hbl xb) |°C)
3 47.9 48.8 0.48 10.49 10.296 0.483 6.483 5 706
5 57.8 38.9 0.58 [0.39 10.326 0.573 6.506 5 666
'8 78.5 18.7 0.79 10.19 |0.268 0.679 6.594 549
9 54.2 42.6 0.54 [0.43 {0.233 0.588 6.632 647
19 49.5 48.4 0.50 10.49 (0.302 0.605 6.569 5 670

" Holland and Blundy (1994) thermometer is based on the following reaction:
NaCa Mg (AlSL)Si O, (OH), + NaAlSi O, = Na(CaNa)Mg 8i 0, (OH), + CaAl 81,0,

edenite albite

Ii \hlg[]l!l

anorthite

The edenite-richterite thermometer can be used for assemblages with or without quartz, in the range
500 - 900 °C and under the following compositional restrictions: plagioclase feldspars must lie in
the range Xan > (.1 and < 0.9, amphiboles must have Na(M4) > 0.03, AI™ < 1.8 pfu. and Si in the

range 6.0 - 7.7 pfu.

"X, $iX_canbe obtained by dividing the Ab and An content of plagioclase with 100).
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0751

NaM#

0.25F

AT eFe® e Ti
Frie. 2 Plot of the magnesio-hornblende from the Buziay
Hills on the NaM#* /A IVT+ P+ 419 diagram. A - Biotite
zone; B - Garnet zone; C - Staurolite - Kyanite zone

(A, B, C fields acc. to Laird, 1982).
7. Conclusions

Although a common mineral in metabasites, fol-
lowing the modern nomenclature of amphiboles, by
optical microscopy, scaunning electron microscopy
with energy dispersive X-ray analysis (EPMA) and
X-ray powder diffractometry, in this study we
identified undoubtedly the presence of magnesio-
hornblende as a separate mineral species, in massive
(metagabbros) and foliated amphibolites (with dia-
blastic and nematoblastic schistosity) belonging to
Buziag-Sacosu Mare crystalline island.
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DETERMINATION OF SUBMICROSCOPIC GOLD AND SILVER IN
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Abstract: Preliminary investigation of Au and Ag contents in pyrite, chalcopyrite,
sphalerite and arsenopyrite within samples of both metamorphosed VMS base-metal
ore and Neogene hydrothermal Zn-Pb-Cu vein mineralisation from the Baia Borsa ore-
field, Maramures, N-W Romania, has confirmed that the common sulphide minerals
host detectable quantities of gold and silver. Furthermore, pyrite from the Herja and
Nistru deposits, Gutai Mts, Baia Mare metallogenic province, have also been deter-
mined to carry significant amounts of both gold and silver. Although of a preliminary
nature, the data confirming the presence of both invisible silver and gold in several
ores from northern Romania represent a valuable addition to the knowledge of precious
metal distributions within these ores and have major implications for ore processing.

Introduction

The Baia Borga Orefield is host to two distinct
types of mineralisation: metamorphosed polymetal-
lic volcanogenic massive sulphide (VMS) deposits sit-
uated within a volcano-sedimentary suite belonging
to the Lower Cambrian Tulghes Tgs Formation, and
polymetallic epigenetic veins of Neogene age associ-
ated with the Toroioaga intrusive/subvolcanic mas-
sif. Both styles of mineralisation contain a similar
range of sulphide minerals; pyrite + chalcopyrite,
sphalerite, galena + tetrahedrite-tennantite 4+ Pb-
sulphosalts (Radu, Cook, 1995; Cook, 1997b). Al-
though the epigenetic ores contain higher values of
the precious metals, the trace amounts of Au and
Ag within the metamorphosed VMS ores are also of
economic value and an understanding of their min-
eralogical distribution is essential. Knowledge of the
mineralogical distribution of silver and gold in poly-
metallic sulphide ores is of considerable importance
in choosing suitable processing technologies (Gaspar-
rini, 1983; Chryssoulis, Cabri, 1990).

An increasing amount of data on the mineralogical
distribution of the precious metals in the Baia Borga
deposits has become available in recent years through

detailed microscopy and, most importantly, the appli-
cation of electron probe microanalysis. Contributions
include identification of the major role of galena as
a silver carrier in both ore types (Cook, 1995) and
the recognition that syn-metamorphic remobilisation
of Au, and to a lesser extent also Ag, has had con-
siderable effect on precious metal distributions in the
metamorphosed ores (Cook, 1997b). Nevertheless,
despite these advances, the mineralogical distribu-
tions for Ag and Au in the Baia Borga ores remained
poorly quantified, because previous studies have not
addressed the role played by the common sulphide
minerals, with the exception of galena, as precious
metal carriers.

Many of the common sulphide minerals (pyrite,
arsenopyrite, chalcopyrite, sphalerite), in different
types of sulphide deposits, have been shown to take
Au and/or Ag into their structures at concentrations
well below the detection limit of conventional elec-
tron probe microanalysis (e.g. Chryssoulis et al.,
1986; Chryssoulis, Surges, 1988; Cook, Chryssoulis,
1990; Cabri, 1992; Petruk, Wilson, 1993; Huston et
al., 1995; Larocque et al., 1995a; b). In addition, sub-
microscopic (< 1pm) inclusion of Au/Ag, or minerals
containing these metals, may be present within sul-
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Table 1
Description and locality of samples
Sample Locality Ore type Cu(%) Zn(%) Pb(%) Ag(ppm) |
Metamorphosed VMS ores
BB127 Colbu Mine Massive py ore . 4.0 6.8 21 180
BB170 Macarlau Mine Massive py ore 1.1 13.6 H.1 220
BB329 Gura Baii Mine Massive py ore 4.7 3.7 1.2 160
BB405 Dealul Bucifii Mine Massive py ore - - i 5
BBC-1  Colbu Mine Massive py ore 0.36 7.9 1% | 54
BBM-2  Macarlau Mine Remobilised cp 5 = - -

Hydrothermal vein-type ores

BB191  Toroioaga Mine Zn-Pb vein ore
BBI-1 Ivascoaia Mine Mineralised fracture
BB372a  Colbu Mine Mineralised fracture

phide minerals and will not be observed during op-
tical investigation. It is therefore imperative to take
this "invisible” gold/silver into consideration when
attempting to quantify the mineralogical distribution
in a given deposit.

The development of advanced microbeam tech-
niques, including secondary ion microprobe analysis
(SIMS), has made it possible to measure element con-
centrations down to the sub-ppm level (Chryssoulis
et al., 1987; 1989; Cabri, Chryssoulis, 1990; MacRae,
1995). The results of the preliminary study presented
here represent the first attempt to measure invisible
Au and Ag in the common sulphide within represen-
tative ore samples from Baia Borsa. Details of the
sample suite are given in Table 1.

Table 2
Cameca [MS-8F ion microprobe operating conditions

Primary ions : Cst
Secondary ions : Au , Ag~
Secondary matrix ions : | §~, Fe™, As™
Primary ion energy : 10 kv (negative ions)
Primary current. : 30 na
Crater size : 25 pm
Sputtering rates
Arsenopyrite 13.5 As™1!
Chalcopyrite 11.1 As~1
Pyrite 10.8 As™!

Analytical

Analysis by SIMS was carried out at the labo-
ratories of AMTEL, London, Ont. Canada on a
CAMECA IMS-3f ion microprobe. Spot analyses,
with a crater size of 26um, were carried out on se-
lected sulphide grains within carefully polished rock

chip sections. Detection limits are on the order of
0.1 to 0.2 ppm, depending on mineral. Operating
conditions are given in Table 2,

Results

(i) Metamorphosed VMS ores

Silver

Representative grains of pyrite, chalcopyrite and
sphalerite from several ore lenses (Dealul Buc#iii,
Colbu, Macarlau, Gura B&ii) were analysed. Results
are given in Table 3; concentrations and distributions
are presented as histograms in Figure 1.

Sphalerite is the second most abundant sulphide
mineral in the metamorphosed ores, and invisible Ag
was detected in all samples, with an average concen-
tration of approximately 10 ppm (Tab. 3; Fig. la).
The very widespread of the data indicates a hetero-
geneous distribution of Ag, an interpretation echoed
by the identification of submicroscopic (0.1um) in-
clusions of Ag-minerals in the depth profile of several
grains.

Chalecopyrite. Concentrations of invisible silver
in chalcopyrite display a comparably inhomogeneous
distribution to sphalerite (Fig. 1b). Although two
samples had mean values around 10 ppm, one sample
contained appreciably higher concentrations, which
significantly fall within a narrow range (BB127; 54+7
ppm). There is no evidence for submicroscopic inclu-
sions of gold minerals and the reasons for Ag enrich-
ment in chalcopyrite in this one sample are not clear.

Pyrite is the most abundant sulphide mineral in
all samples and the presence of invisible Ag has been
confirmed. The mean content of the five individual
samples varies considerably (Tab. 3; Fig. 1c), but
no evidence of higher concentration in Cu- or Zn-Ph
rich ores is noted. The mean Ag content of 18 grains
in five samples is 7.345.0 ppm.
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Table 3
lon mucroprobe analyses on mineral grains (ppm) -
Ag (ppm) Au (ppm)

Metamorphosed VMS ores:
BB127
Chalcopyrite 56;57;64;51:60;58;39;49 0.14;0.06;0.12;0.12;0.08;0.05;0.08;0.18
Pyrite 5.1;3.9;8.1,7.7;11 0.26;0.26;0.50;0.39;0.34
BB170
Sphalerite 2.8:34:30:14,7.7;17
Pyrite 14:7.2:12;13:19 0.34;0.49;0.28;0.43;1.5
BB329
Chalcopyrite 11;6.2:15;3.4 0.34;0.46;0.23;0.48
Pyrite 3.3:2.6 0.53;0.18
BB405
Sphalerite 9.7;10;4.7;15
Pyrite 11;6.9 0.37;0.44
BBC-1
Sphalerite 2120 7:9.:3:2.3:0.6:3.1
Pyrite 1.2;2.6;2.3;0.67 0.17;2.6;2.3;0.67
BBM-2
Chalcopyrite 13;29;11;7.1;12;9.0;11 0.31;0.55;0.29;0.44:0.50;0.31;0.40
Hydrothermal vein-type ores:
BB191
Sphalerite 1.1;1.7;0.83;0.96;1.3;2;0.94;2.4;8.8
Chalcopyrite 11;26:;40;15;28 0.25;0.22;0.23;0.32;0.23
Pyrite 17;7:8.1;4.2;10;13;14;9.2 1.0;1.0;0.57;0.26;0.52;0.88;0.44,0.49
BB372a
Sphalerite 0.41;0.96
Arsenopyrite 5.7:2.6;4.9;1.1;2;20:1.2;3.6;0.52
Pyrite 3.5:6.5;9.3;:7.2;11 0.45;0.34;0.84;0.41;0.53
BBI-1
Arsenopyrite 14;32;12;89;36;56;70
Pyrite 13;24 0.65;2.2
8255 (Herja)
Pyrite 11;15;43;29;36 10; 15;66:47;5;10;34
22N (Nistru)
Pyrite 21:26;32;26;92;44,75;1;26 17;34:37;46;54,64:45;0.16;3.8

Gold

Pyrite grains in five samples have been analysed for
Au. Concentrations are in all cases low, only exceed-
ing 1.0 ppm in a single case (Tab. 3; Fig. 2a). No
systematic variation between different sample types is
noted and there is no suggestion of micro-inclusions
or for inhomogeneous An distributions within indi-
vidual pyrite grains.

Chalcopyrite only contains Au at levels very close
to the detection limit (Tab. 3; Fig. 2b).

(ii) Hydrothermal vein ores

A small number of samples from Toroioaga mine
(Caterina vein) and mineralised fractures within the
Colbu and Micarliu Mines were studied. Since the
study is exploratory in nature, the sample suite can-
not be considered as fully representative of the wide
variety of assemblages and textures present within
the vein systems.
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Fig. 1 - Histograms of Ag concentrations in (a) sphalerite,

(b) chalcopyrite and (c) pyrite in the metamorphosed VMS

ores, expressed in ppm.

Silver

Analytical results on sphalerite, chalcopyrite and
pyrite are given in Table 3 and shown as histograms
in Figure 3a-c.

Sphalerite. Only very low concentrations are de-
tected (mean 2 ppm).

Chalcopyrite. Significant concentration of Ag are
present in the single chalcopyrite sample measured.
The silver is present as widely distributed micro-
inclusions (< 1pm) throughout the chalcopyrite crys-
tals, as shown on the two depth profiles (Fig. 4a, b).

Pyrite. Both analysed samples from the Toroioaga
mineralisation contain Ag at low to moderate con-
centrations, in the range 4 to 24 ppm.

Gold

Analytical results for arsenopyrite and chalcopy-
rite are given in Table 3 and shown as hystograms in
Figure 5.
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Fig. 2 Histograms of Ao concentrations in () pyeie aind
(b) chaleapyrite in the metamorphosed VMS ares, expressed
in ppm.
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Fig. 3 - Histograms of Ag concentrations in (a) sphalerite,
(b) chalcopyrite and (c) pyrite in the hydrothermal vein ores,
expressed in ppm.
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Iig. 4 - Depth profiles for two chalcopyrite grains (sample BB191), showing sub-microscopic inclusion of Ag minerals,

Arsenopyrite. Significant quantities of Au were de-
tected in arsenopyrite from both samples, with in-
dividual analyses ranging up to as high as 89 ppm.
Characteristic of the. data suite is a wide range in
absolute values, suggesting an erratic and inhomoge-
neous gold distribution; BB372a (mean 10.3, ¢ 17.4
ppm). BBI-1 (mean 44.1, ¢ 26.7 ppm). This is partic-
ularly true for sample BB372a from the Colbu occur-
rence where the grain size is coarser. An inhomoge-
neous gold distribution within individual arsenopy-
rite grains was shown by imaging a 150 pm area
(Plate). Gold was found to be concentrated in nar-
row concentric rims between core and rim. In sample
BBI-1, the presence of a micro-inclusion of gold was
a feature of several depth profiles (Fig. 6a,b).

Pyrite within the hydrothermal vein ores is com-
monly arsenian. Several studies have indicated Au

to be readily incorporated into As-bearing pyrite (e.g.
Coook, Chryssoulis, 1990; Fleet et al., 1993; Huston
et al., 1995). Microprobe analyses of pyrite within
samples also analysed for Au by SIMS in the present
study have indicated a strong zonation, in which As
is stronly enriched (to more than 2.0 wi. %) around
the grain rims (Cool, 1997b; Fig. 12). This led us to
anticipate some level of Au enrichment in the arse-
nian pyrites. Au concentrations were determined to
be low (BB191: 0.65%0.26 ppm; BB372a: 0.51£0.17
ppm), although the small sample suite (2 samples)
cannot be considered to be representative. Neverthe-
less, we note that even these low values are well above
the detection limit, and believe this to suggest that
Au is tied to the As-rich parts of the grain, detailed
imaging of which was beyond the scope of the present
study.
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Fig. 5 - Histograms of Ag concentrations in (a) arsenopyrite,
(b) chalcopyrite and (c) pyrite in hydrothermal vein ores,
expressed in ppm.

Chalcopyrite (BB191; 0.25+0.04 ppm) does not
contain Au at levels deemed to be significant.

(iii) Samples from Nistru and Herja Mines

In addition to the samples from the Toroioaga vein
system, one sample each from the Herja (sample
8255) and Nistru (22N) deposits, Gutai Mts, were
made available to the author by Gh. Damian, Uni-
versitatea Baia Mare. Both samples are pyritic, with
very minor amounts of chalcopyrite, and have been
described as gold-bearing.

Silver

High mean concentrations of Ag in pyrite are
recorded from both the Herja and Nistru samples (27
+ 12 and 38 &£ 28 ppm respectively; Fig. 7a, b).

Gald

The pyrites in the samples from Herja and Nistru
contained significant concentration of invisible Au,
generally in the 20-50 ppm range, but with individual
analyses up to 66 ppm (Fig. 7c, d). No evidence
of inhomogeneous distributions was indicated, except
for the presence of one micro-inclusion exposed in a
single grain.

(2]
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Fig. 6 - Depth profiles for two arsenopyrite grains (sample

BBI-1), showing sub-microscopic inclusion of Au minerals.

Discussion

Silver

In polymetallic VMS ores, Ag is generally dis-
tributed between the following four mineralogical
hosts (e.g. Chryssoulis, Surges, 1988; Petruk, Wil-
son, 1993): (i) galena, the main sulphide host for solid
soluticn Ag, or for sub-microscopic Ag-bearing min-
erals; (ii) other common sulphide minerals (pyrite,
sphalerite and chalcopyrite); (iii) sulphosalts of the
tetrahedrite-tennantite family and (iv) other discrete
Ag-sulphosalts and other Ag carriers (e.g. electrum,
tellurides, selenides, argentite-acanthite etc).

Previous data (Cook, 1995; 1997b) has indicated
that galena is the most important host of Ag in the
metamorphosed VMS ores at Baia Borsa. Galena
may contain concentrations as high as 1.6 wt. % Ag,
although the majority of values are closer to the mean
(0.3940.35 wt.%). Tetrahedrite plays a generally sec-
ondary role, except in Cu-rich ores containing little
galena, where, on the basis of the abundance of tetra-
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Fig. 7 — Histograms indicating concentrations of Ag in pyrite

within (a) sample 22N (Nistru) and (b) sample 8255 (Herja)

and Au in pyrite in (c) sample 22N (Nistru) and (d) sample
' 8255 (Herja).

hedrite in all studied samples, it would appear to be
the dominant Ag-carrier; the tetrahedrite typically
contains 12-17 wt. % Ag. Tennantite, the dominant
fahlore phase in Pb-Zn rich ores contains less than
1.0 wt. % Ag. The presence of other Ag-bearing min-
erals, including electrum, pyrargyrite and acanthite,
has been confirmed by observation and electron probe
microanalysis (Cook, 1997b). However, these phases
are generally rare and are considered to account for
only a minor amount of Ag in the ores.

The present study addresses the concentrations of
Ag within pyrite, chalcopyrite and sphalerite, which
had not previously been addressed. Several studies
(e.g. Harris et al., 1984; Chryssoulis, Surges, 1988;
Petruk, Wilson, 1993; see also Cabri, 1992) have
shown that sphalerite and chalcopyrite may contain
significant Ag concentrations in VMS ores and may
make a major contribution to the overall mineralogi-
cal balance of Ag in the deposit. In addition, pyrite
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can also contain significant concentrations of Ag (e.g.
Huston et al., 1995; Larocque et al., 1995b) and may,
by virtute of its abundance in most ores, also make a
major contribution.

The role of invisible silver in sphalerite, chalcopy-
rite and pyrite in the metamorphosed ores at Baia
Borsa can be assessed in terms of the mean concentra-
tions and the proportion of each sulphide, by mode,
in the sample. Given the mineralogical and geochem-
ical diversity in the ores, only a semi-quantitative es-
timate may be given ; quantitative data is best ob-
tained from millfeed or concentrates, rather than chip
samples,

Ag concentrations of about 10 ppm within spha-
lerite, given a sphalerite content of between 8 and 15
vol. % in the investigated samples, and Ag contents
in mill feed approx. 100 ppm, suggest that no more
than 1 to 2 ppm of the total Ag in the ore (i.e. about
1-2 %) is present in sphalerite. However, some cau-
tion should be to this interpretation, given the small
number of analysed samples and the wide range in
individual analyses. For the purposes of compari-
son, Petruk and Wilson (1993) attribute sphalerite a
greater role in studied Canadian VMS ores, account-
ing for 3% (Faro), 4% (Brunswick No. 12) and 19%
(Trout Lake) of total silver.

The ion-probe analyses of chalcopyrite have abso-
lute values similar to those of sphalerite. With aver-
age concentrations of about 10 ppm, and chalcopy-
rite contents of about 5-10 % (high grade samples),
we can infer that chalcopyrite accounts for only in-
significant (under 1% of total) amounts of Ag. The
presence of appreciably higher concentrations in one
sample may, however, infer that,in some instances,
chalcopyrite does take on a more significant role as a
silver carrier. However, the extent of, and an expla-
nation for, these higher distributions is not known at
present.

Despite the relatively low Ag concentrations mea-
sured in pyrite, that mineral can, by virtue of its
abundance (50-80 % the ore by volume), be regarded
as the third most important Ag-carrier in the ores,
accounting for 2-5 % of total Ag, i.e. greater than
that of sphalerite and chalcopyrite combined.

In the hydrothermal vein ores, the study has
shown that neither sphalerite nor chalcopyrite are
significant silver carriers. Pyrite, with concentrations
around 10 ppm can be considered as of minor signifi-
cance, accounting for a few percent of total Ag. Silver
concentrations in pyrite from Herja and Nistru are
appreciably higher, and suggest that pyrite should
not be ignored in any subsequent detailed study of
the mineralogical distribution of silver in the Neo-
gene vein deposits.

Electron (Cook, 1995;

probe microanalysis
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1997a,b) has indicated galena from the Toroioaga
vein system to be very Ag-rich, with the matildite
(AgBiz) component in galena as high as 17 mol. % in
some instances (Cook, 1997a). Together with tetra-
hedrite and diverse Ag-bearing minerals, including
freislebenite, matildite, argentite, pyrargyrite and
stromeyerite (Szoke, in Szdke, Steclaci, 1962), and
a range of Ag-Pb-Bi-Sb sulphosalts (Cook, 1997a),
galena clearly accounts for the majority of Ag in the
vein ores,
Gold

Gold concentrations in the metamorphosed ores
are generally extremely low, well under 0.5 ppm.
Although small grains of visible gold as electrum
have been sporadically reported from the massive
ores, they are extremely rare. The occurrence of
gold within chalcopyrite-quartz mobilisates has been
documented and led Cook (1997b) to propose syn-
metamorphic mobilisation of gold, in which gold
made available during the recrystallisation of pyrite
has been relocated into the immediate wallrock.
Such a model has been conclusively demonstrated by
Larocque et al. (1995a) for the Mobrun VMS deposit,
Quebec, Canada, by comparing the invisible gold con-
centrations of pyrites in different textural settings.
In contrast to the Mobrun deposit, despite a com-
parable metamorphic history, no evidence has been
found in the Baia Borga deposits to suggest survival
of primary pyrite and all pyrite would appear to have
recrystallised during regional metamorphism.

Although the concentrations of invisible gold de-
tected in pyrite are low, it can be reasonably proposed
that this invisible gold, even at such low concentra-
tions, probably accounts for a majority of the Au
remaining in the massive ores after metamorphic re-
crystallisation and associated mobilisation. The low
concentrations are in full accordance with mineralog-
ical observations and a model of pyrite recrystallisa-
tion and reconcentration of gold in mobilised segre-
gations.

The hydrothermal vein ores are characterised
by enrichment in gold, yet the mineralogical distri-
bution of gold in the deposits is poorly understood.
Arsenopyrite has been demonstrated to be an impor-
tant host for invisible gold in a number of ore deposits
(e.g. Cathelineau et al., 1989; Cook, Chryssoulis,
1990; Cabri, 1992). Although rarely a major com-
ponent in Toroioaga ores, fine-grained arsenopyrite
is an abundant minor component of many of the mi-
nor hydrothermal veins and fault-related fracture fill-
ings throughout the orefield. Locally, it may, together
with sphalerite, make up the greater part of the sul-
phide mass, as in the fault-fill veins cross-cutting
the Colbu and Iviscoaia massive sulphide lenses (BB
372a; BBI-1). Geochemical analysis of samples from

this particular locality indicated the presence of sev-
eral ppm Au, but not visible gold is observed dur-
ing microscopic study, prompting the likelihood of
invisible gold. Confirmation of the presence of invisi-
ble gold in arsenopyrite at significant concentrations
is therefore significant, and promts a wider-ranging
study of arsenopyrite within the vein ores.

Of still greater importance is the confirmation of
significant concentrations of invisible gold (tens of
ppm) within pyrite in the samples from Herja and
Nistru. Although they do not pretend to be repre-
sentative, these data suggest that the role of invisi-
ble gold within the Neogene deposits of NW Romania
could be significantly greater than previously believed
and warrant a much more extensive study. This is
highlighted by the recent recognition (Andras, Ra-
gan, 1995; Andrds et al., 1995) that invisible gold,
hosted within both arsenopyrite and pyrite, is of sig-
nificance within comparable deposits (e.g. Pezinok),
of similar age in the Western Carpathians, Slovakia.

Conclusions

1. Silver occurs at the ppm level in solid solu-
tion within sphalerite, chalcopyrite and pyrite in the
metamorphosed VMS ores. The proportion of Ag
in the ore hosted within these sulphides is, however.
considered to be below 5 % of the total. There is ev-
idence of higher Ag values in some chalcopyrites, but
pyrite probably accounts for more Ag than sphalerite.

2. The major Ag-carrier in the metamorphosed
ores is, as previously believed, galena, with tetra-
hedrite playing a subordinate role. They probably
account together for more than 90 % of Ag in the
ores. Neither chalcopyrite nor sphalerite are signifi-
cant Ag carriers in the vein ores; a small percentage
of total Ag may be present in pyrite.

3. Very little invisible gold is present within pyrite
in the metamorphosed ores. This is in full accordance
with the observation that all pyrite has recrystallised
during metamorphism, and that gold has undergone
remobilisation, being concentrated in structurally-
controlled zones in the wall rock.

4. Arsenopyrite is, on the basis of the preliminary
data presented here, identified as an important host
for invisible gold in the vein ores, with individual
grains containing up to 89 ppm. Imaging indicates
an inhomogeneous Au distribution within arsenopy-
rite grains,

5. Although arsenian pyrite co-existing with ar-
senopyrite in the Toroioaga deposits does not contain
significant amounts of invisible gold, significant con-
centrations of invisible Au were determined in pyritic
samples from the Herja and Nistru deposits.

6. The confirmation of invisible silver and, espe-
cially, of gold within a number of Neogene deposits
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in NW Romania represent a significant advance in

the knowledge of mineralogical distributions in these
economically important deposits. The data strongly
suggest that a more detailed and representative in-
vestigation should be undertaken, in order to verify
these findings. The data presented here are not only
of considerable interest to the ore deposits geologist,
but also represent information which could have im-
portant implications for the successful exploitation of
the deposits.
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Plate

(a) - Reflected light photomicrograph showing pyrite (smaller grain, left) and arsenopyrite (larger grain, right)
selected for imaging (sample BBI-1). Areas 'b’ and 'c’ are shown as elemental images in (b) and (c). Oval
spot in centre of field ‘b’ is SIMS crater. Width of picture: 640um.

(b) and (¢) - show selected areas of the two grains. Images are shown for mass 34 (S), 75 (As) and 197 (Au).
Note the clear inhomogeneous distribution of Au in both grains.
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ACCESSORY MINERALS IN ALKALINE ROCKS FROM THE DITRAU
MASSIF (EAST CARPATHIANS), ROMANIA.

PETROGENETIC IMPLICATIONS

lon Nicolae ROBU, Lucia ROBU

Institutul Geologic al Romaniei. Str. Caransebeg nr.1, 78344, Bucuresti, Romania

Key words: Hornblendites. Syenites. Zircon. Apatite. Titanite. Magnetite. Petro-
- genetic Implications. Typology.

Abstract: The Ditriiu alkaline massif in the East Carpathians is made up of a large
variety of rock types (hornblendites, syenites, granites, diorites) and numerous dikes
cross—cutting it. Accessory minerals (zircon, apatite, titanite, magnetite) from differ-
ent rock types have been studied in order to establish the relationships between their
mineralogical, chemical and physical properties and either chemical composition of
the host rocks or geological setting. Zircon exhibits two crystal types pointing out a
mantle origin and high concentrations of the radio-active elements in the first phases
of magma evolution, preserved during its entire evolution and enriched in the final
stages. Apatite crystals have been observed in some hornblendites and syenites with
two morphological aspects, determined by the simple or complex combination of the
morphological elements. The sporadic presence of the apatite crystals points out a
P and HoO deficit of the parental magma; the absence of opaque inclusions in the
apatite is the result of a precocious crystallization of the apatite crystals. Titanite
crystals have been observed in different concentrations in the studied rocks, but no
differences between titanite crystals from hornblendites and syenites seem to exist.
Magnetite is present in all studied samples, having two important morphological as-
pects. Frequently magnetite is substituted by hematite and goethite and sometimes
it is associated with ilmenite. The sporadic presence of the ilmenite is an indirect

criterion for the deep origin of the magmas that generated these alkaline rocks.

Introduction

The mineralogical, chemical and physical (color, in-
ternal structure of the crystals, morphology) charac-
teristics of the accessory minerals selected from dif-
ferent rock types of the Ditrau alkaline massif have
been studied for establising some connections be-
tween these minerals and the chemical composition
or geological setting of their host rocks.

Geological setting

The Ditrau alkaline massif is cropping out in the
Kast Carpathians, in the Carpian and Marisian su-
pergroups (Krautner, 1980) of the Bucovinian Nappe
(Sandulescu, 1975); it is intruded in the crystalline
formations of the Tulghes Series, that are low—grade
metamorphosed (green schists facies) and sometimes
have a retrograde character (Popescu, 1971).

In the northern part, between the Ditrau valley and
the Jolotca valley, the Ditriu massif is covered by the
Pliocene and Quaternary deposits.

The contact between the alkaline massif and the
Tulghes crystalline schists is characterized by the
mineral associations specific to the contact zones: bi-
otite 4+ andalusite + cordierite + corundum -+ spinel
+ chloritoid + alkaline amphibole bearing rocks, or
the spot knot structure of rocks (Streckeisen, 1974).

Petrological and structural characters of the
massif

The Ditrau alkaline massif is characterized by a
large variety of mineralogical, petrographical and
chemical compositions, which reflect complicated
structural and textural aspects. Thus, they counld
have been separated (Anastasiu, Constantinescu,
1979) in: (1) foid rocks (monzonites, syenites), (2)
alkali-feldspar rocks (syenites, monzonites, monzo—
diorites), (3) quartz-feldspar rocks (granites and dior-
ites), (4) ultramafic rocks (hornblendites and peri-
dotites) (Fig. 1).

The samples were selected from different kinds of
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lig. 1 - Geological sketch (after Anastasiu, Constantinescu, 1979) and location of the samples:
hornblenditic rocks; B - syenitic rocks; C - syenitic alluviums: Samples: 1, hornblenditic rocks; 2, sw
alluviums.
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rocks and alluviums, and they are described in Table
T

Rock type and the mineral

The description of each accessory minerals is pre-

sented below:

Table 1
assemblages of the studied samples

Sample Rock type Mineral assemblages
D-1 hornblendite ho+ti & nph =+ ap+zr £ bi+mgt
D-4 hornblendite ho+ti & ap+zr &+ bi+mgt + il
D-5 hornblendite ho+ti + ap+zr = bi+megt £ il
D--28 nepheline syenite nph+pgfdkfd+bitti+zr+megi-+il
D-22 nepheline syenite nph+pgfd+kfd £+ bi+ti + ap+mgt + il42r
D-38 nepheline syenite nph+pgfd+kfd+bitti+ap+mgt-+zr
D-41 alkali-feldspar syenite | pgfd+kfd+bi+ti+zr+mgt £ il
D-31 alkali-feldspar syenite | pgfd-+kfd+ap-+zr £ mgt

D-35 alkali-feldspar syenite | pgfd+kfd+ti+ap+4rutzr+mgt £ il
D-16 alkali—feldspar syenite | pgfd-+kfd+bi+zr+mgt = il

D-29 syenitic alluviums ho+tu-+bi+rutap+zr+mgt-+il
D-10 syenitic alluviums bi4rudrutap-+zr+ti+mgt--il
D-39 syenitic alluviums bi+tu4rutzr+ti+megt4il

[)-35 syenitic alluviums bi+tu+zr+ti+mgt+il

D-40 syenitic alluviums bi+ap+zr+ti+mgt+il

ho = hornblende; bi = biotite; amph = amphibole; pgfd = plagioclase-feldspar;
kfd = alkali-feldspar; nph = nepheline; ti = titanite; ap = apatite; tu = tour-

maline; zr = zircon; mgt = magnetite; il = ilmenite; ru = rutile.

Techniques of study

The rocks have been crushed under 1 mm and then
separated using Frantz isodynamic magnetic separa-
tor and dense liquids (bromoform).

The crystal faces were indexed by using: (1) the
abaca method (Caruba, 1975, fide Duchesne et al.)
for zircon crystals, or (2) for other minerals, as ap-
atite, titanite, magnetite, the observed faces have
been compared with data from literature.

The morphology of zircon crystals had been inter-
preted according to original typology classification of
gircon, proposed by Pupin, Turco (1972).

The optical characteristics have been observed un-
der binocular and Jenapol microscopes. The chemical
composition has been established using wet chemical
method (titanite) or Geol JXA-50 microprobe ana-
lyzer for other minerals.

Mineralogical, chemical and physical
properties of the accessory minerals

Zircon, apatite, titanite and magnetite are the ac-
cessory minerals that have an important petrogenetic
semnificance and have been identified in the Ditrdu
alkaline massif. Table 2 indicates the sample loca-
tion, rock type and the accessory minerals frequency
for each studied samples.

It is to remark the same mineralogical associations
and relatively the same frequency for all samples.

Zircon: Table 3 summarizes the mineralogical
properties of zircons. Some common characteristics
of all samples are emphasized: (1) the good develop-
ment of the prism faces, (110), (100), (2) a complete
absence or low-development of the (211) pyramidal
one, (3) the absence or sporadical presence of the in-
clusions, zoning or core crystals.

Two zircon types could be separated due to: (1)
the variation of prism or pyramidal face development,
and (2) the optical properties:

- long prismatic crystals, with well-developed, but
unequal growth of the prismatic faces [(100)> (110)]
and pyramidal ones [(211) (101)]; their color varies
between light and dark pink, sometimes dark brown,
and they have a good transparency. The translucent,
zoned and overgrown crystals are few, but a small
number of them contains inclusions. This zircon type
is specific to hornblendite rocks;

~ short prismatic crystals, with well-developed
(100) prismatic faces, and (101) pyramidal ones; the
appearance of (110) prismatic and (211) pyramidal
faces are sporadical. The color of this type is more
homogeneous than the first zircon type (zircon from
hornblendite), varying between light and dark brown.
Most of zircon crystals are opaque, and only a few of
them are transparent. No more inclusions, cores or
zoned crystals exist. This second type of zircon lis
characteristic of syenitic rocks.

The morphological and the optical properties point
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Table 2
Sample location, rock type and accessory mineral frequency for each sample
Sample | Sample location Rock type Zircon | Apatite | Titanite | Magnetite
D-1 Ditrau Valley hornblendite + + + +
D—4 Jolotea Valley hornblendite + -+ + +
D-5 Jolotca Valley hornblendite + + + +
D-28 Ditréu Valley nepheline syenite + - + +
D-22 Comarnic hill nepheline syenite + + + +
D-38 Csanod Valley nepheline syenite + .t 4+ A
D-41 Cetatii Valley alkali-feldspar syenite + - + +
D-31 | Csinod Valley alkali-feldspar syenite + + - +
D-35 | Belcina Valley alkali-feldspar syenite - + + +
D-16 | Putna Valley alkali-feldspar syenite + - - -
D-29 | Ditriu Valley syenitic alluviums 2 + - -
D-10 | Jolotca Valley syenitic alluviums + + + +
D-39 | Belcina Valley syenitic alluviums + - + +
D-35 | Belcina Valley syenitic alluviums + - + +
D-40 | Ghidut Valley syenitic alluviums + + -+ -
+ = yes; - = no.
Table 3
Mineralogical properties of zircon populations
Sample Color Transparency | Inclusions Zoning Core Morphology
D-1 Cl, LP yes very rare | very rare no (100),(110),(101)
D-4 Cl, LP yes Very rare no no (100),(110),(101)
D-5 LP, DP ves no no no (100),(110),(101),(211)
D-28 LP, DP yes no no no (100},(110),(101)
D-22 DP, LB yes, 1o no no no (100),(110),(101),(211)
D-38 LB, DP yes no no no (100),(110),(101),(211)
D-41 LB, DB yes, no no no no (100),(110),(101),(211)
D--31 Cl, LP ves no no no (100),(110),(101)
D-35 LB, DB yes, no VETY rare no no (100),(110),(101),(211)
D-16 Cl, LP yes, no very rare no no (100),(110),(101)
D-29 Cl, LB yes, no no no no (100},(110),(101)
D-10 Cl, DP, LB yes, no Very rare no very rare | (100),(110),(101),(211)
D-39 CL, LB yes no no no (100),(110),(101)
D-35 LP, DB no no no no (100),(110),(101)
D-40 Cl, LP, LB no no no no (100),(110),(101)

Cl = colorless; LP = light pink; DP = dark pink; LB = light brown; DB = dark brown.

to a common origin of the hornblendite and syenite
rocks, the differences emphasized by this study be-
ing determined by the magma evolution, mainly by
the content of the HoO and radio-active elements.
Thus, in the initial stage, when magma could have a
low H.O content and an important concentration of
the radio-active elements (hornblenditic stage), the
light color and long prismatic zircon crystals formed
and had been included in the hornblenditic rocks.
Later, when the degree of hydration and the radio—
active elements contents increased, the short pris-
matic zircons had crystallized, being characteristic of
the syenitic rocks (the variation of zircon habit with

the magma hydration degree is demonstrated experi-
mentally (Caruba, 1975, 1978; Caruba et al., 1975,
fide Duchesne, Caruba, Iacconi, 1987). It is also
known that the color variations of metamictic degree
of zircons are correlated with the concentrations of
the radio-active elements in the magma (Duchesne,
Caruba, Iacconi, 1987).

The absence of zoned and core crystals, or
their sporadical appearance in the hornblenditic and
syenitic rocks, points to the same crystallization con-
ditions, without chemical (especially Zr content) and
kinetic major variations, during the zircon crystal-
lization, and the scarcity or the absence of the assimi-
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of zircon populations (after Pupin, 1980) from: 1, aluminous
leucogranites; 2, (sub) autochthonous monzogranites and gra-
nodiorites; 3, intrusive aluminous monzogranites; 4, a, b, cale—
alkaline series granites (granites of crustal 4+ mantle origin,
hybrid granites); 5, sub-alkaline series granites (granites of
mantle or mainly mantle origin); 6, alkaline series granites; 7,
tholeiitic series granites (magmatic charnockites area); 8, Mu
limit of muscovite granites; A, hornblenditic rocks; B, syenitic
rocks; C, syenitic alluviums.
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ilon phenomena.

The morphological variations, especially the rela-
tion between the growth degree of two pyramidal
faces, (211) and (101), emphasize the variations in
magma alkalinity, during its evolution (Pupin, 1980).
Thus, the morphological types observed (Fig. 2) in
hornblendites and syenites are very similar, pointing
to the high alkalinity degree of magma from the ini-
tial stage, until the final one.

Typological interpretation of the zircon morpho-
logical characters, according to Pupin, Turco (1972),
indicates zircon crystals specific to hyperalkaline
syenites and granites (Fig. 3) and a mantle, or some-
times hybrid origin (crust + mantle) for all zircon
populations (Fig. 4).

Apatite: Apatite crystals have been observed in
sinall concentrations in the hornblenditic and syenitic
rocks, much more abundant in the last ones; they are
colorless, transparent, without inclusions, and show
hexagonal long prismatic habit, frequently without
terminations.

Two morphological crystal types have been sep-
arated (Fig. 5): (1) crystals with simple termina-
tion, constituted of hexagonal prismatic faces. un-
equal growth (1010) > (0110), combined with pyra-
midal ones (1011) > (0111), and (2) complex termi-
nation crystals, with equal hexagonal prismatic faces

[(1010) = (0110)], equal hexagonal pyramidal faces
[(1011) = (0111)]. and a [(0001)] basal pinacoid.
107
>
/A 0001
1011
1010
a b

Fig. 5 - Apatite crystals

The low frequency of the apatite crystals is prob-
ably depending on the low P concentration in the
parental magma; the absence of the opaque and mafic
inclusions can be due to the early crystallization of
apatite, before the appearance of the opaque and
mafic minerals, or much later, when these are crys-
tallized and included in other minerals.

Titanite: The abundence of titanite crystals in
hornblendites and syenites is very different: high
in hornblenditic rocks (20-30%) and less or none in
syenitic ones. The morphology of titanite crystals is
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characterized by the well developed (001) and (201)
faces (Fig. 6), which are smooth and glossy. The
color of titanite is yellow—brown; the crystals contain
inclusions of opaque and mafic minerals, chaotically
disposed.

m
10
£
100
Iig. i Tlitanite crystals

The chemical composition (Tab. 4) points out a
small Al content, varying from 0.38 to 2.90, and a few
substitutions between Ti, O, and Al, OH, F; some re-
actions, suggested by the analytical data, (according
to Franz, Spear, 1985) could be possible, as follows:

(1) Ti*t + 0%~ = AP+ + OH™, (2) Ti*t + O*F
— AI¥t 4+ P, (3) Si*t — 4H* + vacancy, but their
intensity is very low.

The differences between the ideal values and ours
could be determined by the presence of REE ele-
ments, some impurities, that are under detection lim-
its in the considered samples.

The calculation of the formula for general titanite
(CaTiSiOs) made on the basis of five oxygens, point
out a CaTiSi0s term of CaTiOs - CaAlSiO4(OH) -
CaAlSiO4(F) series (Tab. 4).

The low Al content could be determined by the low
H,0 and F fugacity, and high CO5 one (according to
Franz, Spear, 1983, fide Franz, Spear, 1985), and low
pressure and high temperature (according to exper-
imental studies, Holland, 1979; Franz, Spear, 1983,
fide Franz, Spear, 1985).

Magnetite: Magnetite has been observed in all
hornblenditic and syenitic rocks in indifferent propor-
tions. Its crystals are dominated by two morpholog-
ical aspects, the same in hornblendites and syenites:
(I) octahedral crystals, with (1) smooth and glossy
faces or (2) well-developed growth striae ones, dis-
posed parallel with the edges of the crystals and (II)
granular aggregates, without crystallographic faces.
In reflected light, we have observed magnetite (crys-
tals and granular aggregates) substituted by hematite
and goethite. These substitutions are partial and,

sometimes, total and are developed from the edge of
the crystals to the central zone. or have been observed
on the numerous fissures cutting them across.

Sometimes magnetite is associated with ilmenite.
The sporadic presence of the ilmenite points out a
deep origin, probable in the upper mantle for parental
magma.

The appearance of hematite and goethite points to
a high variation of the oxygen fugacity the magma
evolution.

Table 4
The orides values (%) for two titanite samples

Oxide Oxide value (%)
sample number D-38 4da
Si0, 35.12 24.87
TiO2 33.68 34.87
Al Oz 2.90 0.38
Fes O3 1.75 2.13
FeO 0.14 1222 1
MnO 0.15 0.00
MgO 0.17 0.07
CaO 23.59 0.22
Nas O 0.59 28,44
K0 Q.75 0.23
H.O 0.83 0.13
P20s 0.30 0.45
b= 0.04 0.10
Total 100.01 93.63
Cations (base 6, O, F)
Si 1.100 0.885
Ti 0.799 0.920
Ca - 1.082
Conclusions

Morphological, chemical and optical characters of
the accessory minerals (zircon, apatite, titanite, mag-
netite) from the Ditrau alkaline massif point to:

- a common origin for hornblenditic and syenitic
rocks;

~ a deep origin for parental magma (probable up-
per mantle) which, during its evolution, maintained
its initial high alkaline character, suffering (1) an in-
crease of the radioactive elements and HoO contents
and (2) a high variation of O4 fugacity.

References

Anastasiu, N., Constantinescu, E. (1979) Observatii

mineralogice in rocile sienitice din masivul alcalin
Ditrdu. Anal. Univ. Buc. an. XXVII, p. 77-83.
Duchesne, J. C., Caruba, R., lacconi, I. (1987) Zir-

con in charnockitic rocks from Rogaland (Southwest
Norway); petrogenetic implications.  Lithos, 20, p.
357-368.

W/ \l Institutul Geologic al Romaniei
IGR



130 I. N. ROBU, L. ROBU

Franz. G.. Spear. K. (1985) Aluminous titanite (sphene) Pupin, J. P., Turco, G. (1972) LUne typologie originale du

from the eclogite zone, South-Central Tauern Window, zircon accesoire. Bull. Soc. Cr. Mineral. Cristallogr.,
Austria. Chemical Geology, 50, p. 33-46. 95, p. 348-359.

Popescu, C. Gh. (1971) Despre retromorfismul sisturilor Sandulescu. M. (1975) Essai de synthése structurale des
cristaline din zona zdcimantului Bilan; semnificatia sa Carpathes. Bull. Soe. Geol. France, (7), XVII, 3, p.
metalogeneticd si geologicd. Anal. Univ. Buc. Geol., 299-358, Paris.

XX, p. 17-31.
. ) o " Streckeisen, A., Hunziker, J. C. (1974) On the Origin
Edphnede b (LO00). Livoan dnd anite peliviagy. Codiot. and Kge.of the Nepheline Syenite Maasit' of Ditro. Sohn,

Mineral. Petrol., 73, p. 207-220. )
Miner. Petr. Mitt., 54, 1, p. 59-78. Zurich.

_(/\l Institutul Geologic al Roméniei
IGR



Rom. J. Mineralogy, 79, p. 131-112. Bucuregti, 1999

”
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Abstract: Chemical data (spectral and those obtained using an electron probe mi-
croanalyzer) gave us the opportunity to focus our researches on two directions: the
chemical characterization of pegmatite minerals and pegmatites themselves (minor
elements) and the distribution of these elements in different types of pegmatites or in
different occurrences of pegmatite. The study of minor elements distribution after a
SW-NE direction - that means parallel with the fold axis rendered evident by different
researchers - revealed some geochimical anomalies for barium, lead, lithium, tin, tita-
nium - in pegmatite as total sample, respectively for tin, gallium, niobium and man-
ganese - in muscovite and tourmaline. These anomalies have a qualitative significance
only and they superpose each other in some spatial areas: Crigseni area, middle vallevs
of Seimului and Calului rivers and upper part of lara Valley. In our opinion anomalies
pointed out by our researches superpose on some granitization zones (under ultrameta-
morphic conditions) in which pegmatite bodies formed by anatexis processes and not
by metamorphic differentiation as in the other areas; this phenomenon made possible
the development of some postpegmatite stages in the evolution scheme: pegmatite -
pneumatholyte - hydrothermal processes. Finally, lithium and rubidium distribution
in potassium feldspars and muscovites show that pegmatites from mesometamorphic
rocks of the Gilau Mts belong to barren pegmatites of the mica-bearing provinces,
formed at great depth in the earth’s crust (7-8 to 10-11 km); after Ginsburg et al.
{1979) researches these pegmatites occurred as a result of anatectic processes. On the
other hand we found a geochemical trend of these pegmatites to barren pegmatites of
rare-elements provinces.

Introduction

Généralités

Les pegmatites mises en place dans les forma-
tions mésométamorphiques de la série (groupe) de
Somes appartiennent - d’aprés la systématisation des
pegmatites de Roumanie congue par Marza (1980)
- & la sousprovince pegmatitique Gilau - Muntele
Mare; cette sousprovince, conjointement avec les
sousprovinces Preluca, Rodna et Gétique, fait par-
tie de la province pegmatitique Carpatique. A son
tour, la sousprovince Gilau - Muntele Mare a été
divisée, par le meme auteur, en deux districts: le
district Somesul Rece - Valea lara (avec les champs
pegmatitiques Muntele Rece et Valea Iara), dont les
pegmatites sont niises en place dans les formations de
la série de Somes; le district Geamdna- Méazaratu, on

les corps pegmatitiques ont comme roches encais-
santes les mésométamorphites de la série de Bala
de Aries. [En ce qui concerne nos recherches, elles
ont eu comme objet d’étude les pegmatites mises en
place dans les formations mésométamorphiques du
cristallin de Gilau, plus précisément les peamatites
qui se trouvent dans les métamorphites de la série
("group”) du Somes situées a l'est du granite de
Muntele Mare.

La série de Somes - nommée "group” par Dimi-
trescu (1988) et, plus récemment, ”lithogroup”
par  Balintoni  (1997)  (celui-ci  introduisant
aussi dans cette unité structurale la formation
épimétamorphique d’Arada et la soit-dite litho-
zone Botfei) - est constituée & l'est du granite de
Muntele Mare par des migmatites, leptynites, gneiss,
micaschistes a l'almandine, disthéne, staurotide, sil-
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" limanite et - subordonnémment - par des quartzites,
amphibolites et calcaires cristallins; ces roches sont
associées a des granitoides. Au point de vue lithos-
tratigraphique, les recherches menées par de nom-
breaux géologues (Borcos, Borcos, 1962; Radulescu,
Dimitrescu, 1982; Dimitrescu, 1988; Hartopanu et
al., 1982 a, b, 1986 etc.) ont mis en évidence
trois formations dans la série de Somes (la for-
mation terrigéne inférieure, la formation moyenne
des gneiss quartzo-feldspathiques et la formation
terrigéne supérieure), dont seulement les premiéres
deux ont été trouvées a l'est du granite de Muntele
Mare. Parmi les éléments de tectonique décrits
par les géologues, nous considérons importante pour
nos recherches l'existence d’un pli orienté SO-NE
dans les formations métamorphiques de la série de
Somes, pli considéré comme synclinal par Hartopanu
et al. (1982 a, b) et Hartopanu, Hartopanu
(1986), respectivement un anticlinal - Dimitrescu
(1994). Les roches encaissantes des pegmatites ont
été soumises a un métamorphisme régional pro-
gressif et, ultérieurement, rétrograde, Hartopanu et
Hartopanu (1986) soulignant le caractére polycy-
clique de ce processus; les auteurs mentionnés trou-
vent les suivantes lignes isogrades intersectées de
meétamorphisme: staurotide - disthéne/staurotide, al-
mandine/staurotide (I°" cycle); sillimanite (II*™¢ cy-
cle); biotite/chlorite (IIT*™ cycle - rétromorphique).

Les pegmatites apparalssent soit sous forme de
corps lenticulaires (simples ou ramifiés), soit comme
des filons. Les filons ont des dimensions qui vari-
ent entre des metres, dizaines et, rarement, centaines
des métres de longueur, respectivement des épaisseurs
comprises entre moins d'un centimétre jusqu’a 10-20
metres. Les corps pegmatitiques & 1’aspect lenticu-
laire sont moins développés: longueurs de dizaines
de meéires, rarement 250 m. et épaisseurs qui varient
entre 5-50 m, plus rarement 100 m. Les corps peg-
matitiques les plus développés ont été trouvés dans le
périmetre Crigeni - Muntele Rece et ils ont fait ’objet
de l'exploitation pour le feldspath. Les corps peg-
matitiques filoniens représentent généralement des
corps épigénétiques par rapport aux roches encais-
santes, mais nous avons trouvé aussi des corps aux
contours irréguliers avec des passages gradués vers la
roche métamorphique.

La minéralogie des pegmatites du cristallin de
Monts Gildu est une minéralogie trés simple, carac-
téristique aux pegmatites métamorphiques: quartz
(plusieurs génération), feldspaths potassique (micro-
cline qui domine au point de vue quantitativement
I'orthoclase), feldspaths calco - sodiques (albite -
oligoclase) et, subordonnémment, biotite, tourma-
line, grenats. Les recherches menées par d’autres sci-
entifiques ont mis en évidence aussi la présence du

béryl (Stoicovici, Trif, 1963; Constantinescu et al.,
1976; Marza, 1980, 1988), cordiérite, staurotide, sil-
limanite, amphiboles (Constantinescu et al., 1976).

Au point de vue chimique, les pegmatites étudiées
dans cet ouvrage sont granitiques, mais leurs geneése
est métamorphique. Ce dernier aspect est soutenu
et argumenté par Marza (1980), d’aprés lequel les
granites (le granite de Muntele Mare), les pegmatites
et les migmatites de Monts Gildu sont les produits
d’un processus unitaire d’anatexie - granitisation (ul-
tramétamorphique) développé en étapes et ils ont
résulté soit par différenciation magmatique (fusion
compléte), soit par différenciation métamorphique
(fusion partiale).

Moyens analytiques

Les données analytiques utilisées pour la carac-
térisation des minéraux pegmatitiques et des peg-
matites de la série mésométamorphique de Somes ont
été obtenues soit par nous-mémes a ['aide d’une mi-
crosonde électronique marque CAMECA SX 50, dans
le Laboratoire de Pétrologie de I'Université Paris VI
(France), soit ont été mises & notre disposition par
I’amabilité des chercheurs de I'Institut Géologique de
Roumanie; les derniéres analyses ont été obtenues par
voie spectrale (soit par émission, soit par absorbtion).

Considérations géochimiques sur les éléments
mineurs
Eléments mineurs dans les muscovites et les
tourmalines pegmatitiques

Muscovite

Manganése.  Les muscovites pegmatitiques du
cristallin de Gilau sont caractérisées par une partici-
pation modeste du manganése, comprise entre 94 et
240 ppm, avec une moyenne de 154 ppm Mn. Les
données fournies par la microsonde électronique in-
diquent des valeurs plus élevées (217-426 ppm Mn,
avec une valeur moyenne de 296 ppm Mn); cet as-
pect est mis par nous sur le crédit d’une pureté plus
élevée des échantillons analysés par la microsonde
électronique, par rapport aux échantillons analysés
par voie spectrale. La comparaison des teneurs en
manganese pour les muscovites étudiées avec celles
publiées pour d’autres occurrences pegmatitique de
Roumanie montre des valeurs plus basses pour les
muscovites des pegmatites de Gildu. La distribution
du manganése par rapport au type minéralogique de
pegmatite indique une diminution de la teneur, au
fur et & mesure que la participation de la muscovite
dans les pegmatites encaissantes augmente et que la
participation du feldspath diminue.

L’étain participe dans les muscovites étudides
avec des valeurs qui varient entre 50 et 635 ppm
(moyenne de 252 ppm Sn). La participation de |’étain
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est plus élevée dans les muscovites des pegmatites
plagioclase-microcliniques & muscovite (277 ppm Sn)
et celles des pegmatites plagioclase-muscovitiques
(715 ppmSn) mises en place dans des roches gran-
itoides (pegmatites magmatiques), par rapport aux
teneurs obtenues pour les muscovites provenant des
pegmatites du meme type minéralogique, mises en
place dans des roches métamorphiques: 237 ppm Sn
pour les pegmatites plagioclase - microcliniques a
muscovite, respectivement 332 ppm pour celles pla-
gioclase - muscovitiques.

La distribution des corps pegmatitiques sur une
aire trés étendue, la variation du relief et la mise
en évidence de I'anticlinal orienté SO-NE nous ont
mené a I'idée de voir s'il n'y a une régle qui controle
la distribution des éléments mineurs - 'étain, en
ce cas-la dans les minéraux pegmatitiques. Ainsi,
nous trouvons intéressant de souligner quelques as-
pects: dans le périmétre étudié, le relief est plus éléve
daus le secteur SO et il diminue d’aprés une direc-
tion SO-NE, ce qui a comme signification géologique
une profondeur plus élevée pour la mise en place
des pegmatites du nord-est, par rapport aux peg-
matites du secteur sud-ouest; d’autre part, les con-
ditions physiques pression-température) qui régnent
sur la mise en place des pegmatites sur les flancs
de Danticlinal SO - NE different de celles qui ca-
ractérisent les pegmatites plus proches de I'axe du
ph.

Vu ce qui a été dit ci-dessus, on a projeté les
échantillons analysés d’aprés une direction SO-NE et
on a construit le diagramme de la figure 1, qui révele
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pegmatites, d’aprés la direction SO-NE

d’une part la diminution de la participation de
I’étain de sud-ouest vers le nord-est et, d’autre part,
I'existence de quelques exceptions (échantillons 31,
[16. 127, 135A et Crigeni) - nommeées par nous
anomalies positives - situées sur le cours supérieur de
la vallée de la Tara (éch. 116), le cours moyen de la
Vallée Soimului (éch. 31), la Vallée Ursului (éch. 127)
et le périmétre de Crigeni (fig. 2). Il faut souligner
que les anomalies trouvées offrent seulement une in-
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formation qualitative, par suite de la fagon dont elles
ont été mises en évidence.

Enfin, les teneurs en étain des muscovites étudiées
sont beaucoup plus élevées par rapport aux données
publiées pour les autres sousprovinces pegmatitiques
de Roumanie.

Titane. La teneur en titane des muscovites varie
entre 122 et 935 ppm, avec une valeur moyenne
de 465 ppm Ti, supérieure a celle des muscovites
provenant des pegmatites mises en place dans les
roches métamorphiques (412 ppm Ti). De Pautre
part, la participation de I’étain dans les muscovites
des pegmatites des sousprovinces Preluca, Rodna et
Gétique est plus élevée par rapport aux muscovites
étudiées par nous.

Cuivre. Les muscovites analysées montrent une
teneur en culvre comprise dans I'intervalle < 1-16
ppm, la majeure partie des valeurs balayant le do-
maine < -4 ppm.

Plomb. Le plomb participe comme élément mineur
dans les muscovites pegmatitiques des Monts Gilau
dans un domaine restreint de valeurs (4,4-11,6 ppm
Pb) avec une moyenne (6 ppm Pb) qui ressemble &
celle trouvée pour les pegmatites des granitoides (5
ppm Pb). L'intervalle de fréquence maximum des
teneur est compris entre 4,4 et 6,2 ppm Pb.

Le gallium est présent en quantités relativement
importantes dans les muscovites étudiées; il est capa-
ble de pénétrer la structure de ce minéral en substi-
tuant 'aluminium, par suite de leurs rayons ioniques
proches: 0,57 kX pour AI**, respectivement 0,62 kX
pour Ga 3T,

La participation du gallium dans les muscovites des
pegmatites mises en place en métamorphites (76-146
ppm Ga) a une moyenne - 95 ppm - plus basse par
rapport a la teneur moyenne trouvée pour les mus-
covites des pegmatites magmatiques - 132 ppm Ga.
La distribution du gallium dans les muscovites par
rapport a la position de prélévement - aprés la direc-
tion SO-NE dont on a déja parlé - met en évidence
la manifestation des anomalies positives pour cet
élément (fig. 3) qui se superposent a peu prés sur
les meémes positions spatiales que celles trouvées pour
[’étain: cours supérieur de la vallée de la Iara (éch.
116), cours moyen de la Vallée Soimului (éch. 31)
et la Vallée Ursului (éch. 127) (fig. 2); on observe
une légére augmentation du gallium dans le périmétre
Crigeni (éch. 144, Crigeni).

Niobium. La participation du niobhium dans les
muscovites des pegmatites de la série de Somes varie
entre 23 et 207 ppm (82 ppm Nb - moyenne). Par
rapport au type minéralogique de pegmatite, on a
trouvé les suivantes valeurs moyennes: 68 ppm Nb
pour les muscovites des pegmatites microcliniques a
structure graphique; 98 ppm Nb - pegmatites plagi-
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L’analyse de la teneur en niobium d’apreés la direc-
tion SO - NE révele - encore une fois - la manifes-
tation des zones anomales (anomalies positives) dans
les périmétres suivants: vallée de la lara (éch. 116)
Vallée Ursului (éch. 127), Vallée Calului (éch. 135

Lithium. La concentration du lithium comme
¢lément mineur dans les muscovites des pegmatites
étudices est inférieure a celle mise en évidence pour

les biotites; I'intervalle de variation pour cet élément
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tiques des Monts Preluca - Lapus et celles de la vallée
Gilort, les muscovites étudiées par nous présentent
une teneur plus élevée.

La distribution du lithium dans les divers types
minéralogiques de pegmatite montre des teneurs
de 232 ppm Li dans les pegmatites a structure
graphique, 127 ppm Li dans les pegmatites plagio-
clase - microcliniques & muscovite et 125 ppm Li dans
les pegmatites plagioclase - muscovitiques. La varia-
tion du lithium par rapport & la direction SO-NE (fig.
4) met en évidence une participation généralement
constante de cet élément, avec des valeurs plus élevées
(anamales) vour les échantillons des occurrences peg-

SV ® m

127}F
135AF

-
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I'ig. 4 - La distribution du lithium dans les muscovites cles
pegmatites, d'aprés la direction SO-NE

matitiques du conrs supérieur de la vallée de la Iara
(éch. 116), cours moyen de la Vallée Calului (éch.
134 a), cours de la Vallée Soimului (éch. 92) et le
périmetre Crigeni (fig. 2). D’autre part, la pro-
jection des teneurs de lithium sur le diagramme de
Trueman et Cerny (1982) indique la disposition des
échantillons dans le domaine des pegmatites stériles
mises en place dans les provinces micaféres (fig. 5);
les valeurs les plus élevées passent vers le champs
des pegmatites stériles situées dans les provinces aux
éléments rares.

Rubidium. La teneur en rubidium varie dans les
muscovites étudides entre 60 et 1582 ppm, mais le
nonibre réduit d’analyses et la différence importante
entre les deux limites ne nous a pas permis de calculer
une movenne crédible. De 'autre part, la projection
des valeurs sur le diagramme de la figure 5 indique la
disposition des échantillons & la limite du domaine
des pegmatites stériles des provinces a mica, avec
le domaine des pegmatites stériles des provinces aux
éléments rares; on remarque la similitude du résultat
avec celui obtenu en utilisant la teneur en lithium des
muscovites.

Tourmaline

Zinc. Dans la tourmaline des pegmatites des Monts
Gilsu, le zinc a une participation entre 1000 et 2550
ppi, avec une teneur moyenne de 1262 ppm Zn.
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I“ig. 5 - La teneur spécifique en lithium (a) et rubidium (1)
Jans la muscovite des pegmatites: stériles mises en place dans
les provinces 2 mica (IB) et stériles aux éléments rares ([A):
muscovite-feldspathiques au Be, Nb, Ta (11}; spoduméniques
au Li, Be, Ta (Nb, Sn) (ITI); & spodumeéne et lépidolite avec
du Li, Cs, Ta, Be (Nb, Sn) (IV) (d'aprés Trueman, Cerny,

1432)

('es valeurs sont nettement plus élevés par rapport
aux teneurs caractéristiques des tourmalines peg-
matitiques des autres sousprovinces de Roumanie:
175 ppm Zn dans les tourmalines des pegmatites du
massif Rodna (Murariu, 1979); 50 ppm Zn dans les
tourmalines pegmatitiques de Copalnic (Murariu et
Dumitrescu, 1976). D’autre part, Hann (1987) met
en évidence pour les tourmalines de Muntele Mic un
intervalle plus étendu de variation de la teneur en zinc
(60-1150 ppm), dont la limite supérieure est compa-
rable avec les données trouvées par nous.

Lithium. La participation du lithium dans les tour-
malines pegmatitiques étudiées par nous varie entre
58 et 158 ppm (79 ppm Li - moyenne). Les données
analytiques montrent une teneur de 58 ppm Li pour
les tourmalines des pegmatites a structure graphique,
70 ppm Li pour les tourmalines des occurrences pla-
gioclase - microcliniques, 95 ppm Li - tourmalines des
pegmatites plagioclase - microcliniques & muscovite
et 60 ppm Li - tourmalines des pegmatites plagio-
clase - muscovitigues.

1l est intéressant de souligner que la participation
du lithium dans les tourmalines pegmatitiques des
Monts Gilan est bien plus élevée par rapport aux
données publiées par Murariu et Zamarca (1979) pour
les occurrences de la sousprovince pegmatitique Pre-
luca (30 ppm Li) et Hann (1987) pour les occurrences
de Muntele Mic - sousprovince pegmatitique Gétique
(33 ppm Li - valeur moyenne).

Gallium. La tourmaline - de pair avec la muscovite
- représente le principal concentreur de gallium, par
suite de la liaison de cet élément avec Ialuminium; le
domaine de variation pour la teneur en gallium est
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61.5-96 ppm (66,6 ppm Ga comme valeur moyenne).
La participation du gallium est identique pour les
tourmalines des pegmatites & structure graphique et
des pegmatites plagioclase - microcliniques (80 ppm
(za); les tourmalines provenant des pegmatites pla-
gioclase - microcliniques & muscovite présentent la
teneur la plus élevée en gallium (96 ppm), tandis
que dans les tourmalines des pegmatites plagioclase -
muscovitiques, la participation du gallium soit la plus
modeste (61,5 ppm).

La variation de la teneur en gallium des tourma-
lines par rapport & la position des occurrences peg-
matitiques d'apres la direction SO-NE (c’est-a-dire
paralléle & la direction de I’axe anticlinal) montre une
corrélation négative entre les paires de valeurs teneur
en gallium/distance par rapport & un point repére (O)
situé au contact du granite de Muntele Mare avec les
roches métamorphiques encaissantes (fig. 6).
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IMig. 6 La variation de la tencur en gallivm des tourmiadines

d'aprés la direction SO-NE, par rapport le point repére O

La comparaison des données analytiques carac-
térisant les tourmalines pegmatitiques des Mont~
Gilau avec celles publiées par Constantinescu et al.
(1976) pour les occurrences du massif Preluca-Lipus
(58 ppm Ga), respectivement celles de Hann (1987)
pour les occurrences de Muntele Mic (17-48 ppm Ga),
montre des teneurs supérieures pour le premier cas.

Manganése. La participation du manganése dans
les tourmalines des pegmatites étudiées varie entre
1000 et 2000 ppm, avec une moyenne de 1358 ppm
Mn. Pour cet élément aussi on a mis en évidence des
valeurs différentes par rapport au type minéralogique
de pegmatite: 1150 ppm Mn dans les tourmalines
provenant des pegmatites microcliniques & structure
graphique; 1000 ppm Mn pour les tourmalines des
pegmatites plagioclase - microcliniques; 1516 ppm
Mn - pegmatites plagioclase - microcliniques & mus-
covite: 1450 ppm Mn - pegmatites plagioclase - mus-
covitiques.

L’étude de la distribution du manganése d’apres
la divection SO-NE (fig. 7) met aussi en évidence
des valeurs anomales (positive) qui se superposent
partiellement sur les périmeétres anomaux décrits au
cours de cet ouvrage (fig. 8). D'autre part, la com-
paraison entre la teneur en manganése trouvée par
Murariu (1979) pour un échantillon de tourmaline

D. STUMBEA

provenant des micaschistes de la série de Rodna et
la participation du manganése dans les tourmalines
pegmatitique de Monts Gilau révele la valeur la plus
élevée du manganése dans le deuxieme cas; les seules
valeurs rapprochées de celles publiées par Murariu
(1979) sont les teneur qui caractérisent les tourma-
lines des occurrences situées dans les périmétres o
on n'a pas mis en évidence de valeurs anomales pour
les différents éléments mineurs. D’aprés Rankama
et Sahama (1970), le manganése se concentre no-
tablement dans les étapes tardives - pegmatitique et
pueumatolytique - du processus magmatique; cet as-
pect pourrait signifier que dans 1’évolution des peg-
matites des Monts Apuseni peuvent étre décélés des
stades tardifs (pneumatolytiques et, possiblement,
hydrotermaux) qui se développent seulement dans
les périmetres ol 'on a pu mettre en évidence des
teneurs anomales pour les éléments mineurs.
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I'ig. 7 - La distribution du manganése dans les tourmalines

des pegmatites, d'aprés la direction SO-NE

Titane. Les limites de variation du titane dans
les tourmalines étudiées sont 700 et 1800 ppm; la
moyenne mise en évidence par nous est de 1195 ppm
Ti. La distribution du titane dans les tourmalines
d’apres la direction SO-NE (fig. 9) montre des valeurs
anomales (anomalies négatives) dans les occurrences
situées sur le cours supérieur de la vallée de la Tara
(éch. 102), respectivement Criseni (éch. Crigeni) (fig.
8).

Plomb. La distribution du plomb dans la tourma-
line des pegmatites des Monts Giliu est relativement
modeste; elle est comprise entre 4,3 et 25.5 ppi, avec
une moyenne de 12,6 ppm Ph. Cette donnée est com-
parable avec celles publiées par Murariu (1979) pour
les occurrences du massif Rodna (10,8 ppm Ph). re-
spectivement Hann (1987) pour les occurrences de
Muntele Mic (8 ppm Pb).

Le cuivre participe dans les tourmalines étudides
dans une proportion de 1 ppm, Jusqu'a 9 ppm. La
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Fig. 8 — Les anomalies géochimiques
qualitatives mises en évidence pour

quelques éléments mineurs. dans les

tourmalines pegmatitiques des Monts
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Fig. 4 - La distribution du titane dans les tourmalines des

pegmatites, d’aprés la direction SO-NE

moyenue établie par nous est comparable & celle cal-
culée pour les tourmalines de Muntele Mic (6 ppm
Cu) - Hann (1987), mais nettement inférieure par rap-

port aux données de Murariu (1979), respectivement
Murariu et Dumitrescu (1976) concernant les occur-
rences du massif Rodna (114 ppm Cu) et celles de
Copalnic (130 ppm Cu).

Eléments mineurs dans les pegmatites

Baryum. Les pegmatites mises en place dans les
formations métamorphiques des Monts Gildu sont
caractérisées par une teneur en baryum qui varie en-
fre 11,5 et 550 ppm avec une valeur moyenne de 112
ppm Ba, nettement inférieure a celle obtenue pour
les pegmatites intragranitiques de Muntele Mare (511
ppm Ba).

Une participation plus importante du baryum
a été trouvée pour les pegmatites plagioclase-
microcliniques (382 ppm Ba) et celles plagioclase-
muscovitiques (202 ppm Ba), tandis que la teneur
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la plus réduite caractérise les pegmatites a structure
graphique (21 ppm Ba).

Le diagramme de variation du baryum par rapport
a la place que le corps pegmatitique occupe dans le
périmetre étudié (fig. 10) - c'est-a-dire d'aprés la
direction SO-NE révéle la variation importante de
cet élément. En plus, il est intéressant de souligner
que les teneurs les plus élevées sont caractéristiques
aux périmetres ol I'on a trouvé des valeurs anomales
pour d’autres éléments mineurs, pendant cette étude:
cours supérienr de la vallée de la lara, cours moyen
de la Vallée Soimului. Vallée Ursului, le périmétre de
Crrsemt (g, 11D,

100}

_. Balppm)
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Fig. 10 - La variation de la teneur du baryum en pegmatiles

NE

d'aprés la direction SO-NE. par rapport au point repére O

Le strontiun participe dans les pegmatites étudiées
avec des teneurs comprises entre des limites trés
larges: 3-155 ppmi; la moyenne est 36 ppm Sr. De
meme que pour le baryum, on remarque des partici-
pations plus importantes du strontium dans les peg-
matites du granite de Muntele Mare (98 ppm Sr) dans
lesquelles, en plus, le domaine de variation est plus
restreint: 73-142 ppm Sr.

Par rapport au type minéralogique de pegmatite, la
teneur la plus élevée en strontium a été trouvée dans
les pegmatites plagioclase - microcliniques (100 ppm
Sr), tandis que les pegmatites plagioclase - muscovi-
tiques et celles microcliniques & structure graphique
présentent pour la participation du strontium des
valeurs approchées: 34 ppm Sr, respectivement 29
ppm Sr.

Plomb. La participation du plomb dans les peg-
matites des Monts Gildu s’encadre dans un intervalle
large de variation (3-250 ppm); la moyenne calculée
par nous est de 54 ppm Ph, c’est-a-dire un peu plus
basse que celle mise en évidence pour le -plomb des
pegmatites intragranitiques (63 ppm Pb).

En établissant les limites de variation et la
moyenne des teneurs en plomb par rapport au type
minéralogique de pegmatite. on a pu mettre en
évidence des participations voisines pour les peg-
matites plagioclase-microcliniques (30 ppm Phb), les
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pegmatites plagioclase - microcliniques & muscovite
(32 ppm Pb) et celles plagioclase - muscovitiques (25
ppm Pb), tandis que dans les pegmatites microclini-
ques & structure graphique le plomb participe avec
une teneur bien plus élevée (53 ppm).

La présence du plomb dans les pegmatites est due
- d’apres Rankama et Sahama (1970) - & sa capacité
de remplacer le potassium et, subordonnémment, le
calcium; cet aspect nous a mené a rédiger les dia-
grammes de corrélation Pb: K.0O (fig. 12) et Ph;
CaO (fig. 13) qui mettent en évidence - dune
part - une population de valeurs caractérisée par
des corrélations positives (a) entre les deux paires
de valeurs et - de Iautre part - une population de
valeurs manifestant une corrélation négative (b). Il
st intéressant de souligner que les échantillons pour
lesquels on a trouvé la corrélation négative provien-
nent de périmetres nommés par nous anomaux par
suite de la mise en évidence des anomalies dont. on
a déja parlé au cours de cette étude. pendant que
les autre ont été prélevés du fond géochimique de
la région. En plus, la variation de la teneur en
plomb des pegmatites d’apres la direction SO-NE
utilisée fréquemment au cours de cette étude, suggére
- une fois encore - la manifestation des anomalies
pour I'élément dont nous parlons, dans les périmeétres
("riseni, Vallée Ursului, Vallée Soimului et le cours
supérieur de la vallée lara (fig. 11).

Cuivre.  La distribution du cuivre dans les peg-
tatites des Monts Gilau se range dans un intervalle
de variation compris entre 1 et 11 ppm. La liai-
son mise en évidence par nous entre la participation
du cuivre et le type minéralogique de pegmatite est
mise au crédit du pouvoir différent de captation ma-
nifesté par la muscovite (teneur moyenne en cuivre:
4 ppm), par rapport aux feldspaths (teneur moyenne
en cuivre: < 1 ppm),

Titane. La teneur en titane des pegmatites
étudiées s’encadre entre des limites trés larges de vari-
ation (9-2400 ppm), avec une moyenne plutot réduite
(258 ppm Ti). La distribution du titane par rapport
a la direction SO-NE met en évidence des valeurs
anomales (anomalies négatives) pour les échantillons
des périmetres Crigeni, Vallée Ursului et le cours
moyen de la Vallée Soimului.

Manganése. Les pegmatites des Monts (filiu sont
caractérisées par des teneurs en manganése qui vari-
ent entre des limites trés larges (25-3500 ppi), nos
recherches mettant en évidence une distribution de |a
participation de cet élément par rapport au type mi-
neralogique de pegmatite: 879 ppm Mn dans les peg-
matites plagioclase-microcliniques & muscovite: 205
ppm Mn dans les pegmatites microcliniques & struc-
ture graphique; 224 ppm Mn dans les pegmatites
plagioclase-microcliniques; 8 ppm Mn dans les peg-
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Iig. 11 - Les anomalies géochimiques
qualitatives mises en évidence pour
quelgues éléments mineurs, dans les

pegmatites des Monts Gilau

Muntele Rece
Valea lara

Ba (+)

Pb (+)

Li {+)

Sn (+)

Group de
Somes

Granite de
Muntele Mare

KQO P/o]

Fig. 12 — Le diagramme de corrélation
Pb: Ks pour les pegmatites des Monts
Gilsu. a, pegmatites du fond
géochimique; b, pegmatites des zones

anomales.
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Fig. 13 - Le diagramme de corrélation Pb:
Ca0 pour les pegmatites de Monts Gilau.
a, pegmatites du fond géochimique; b, peg-

matites des zones anomales.
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matites  microcline-muscovitiques a4  structure
graphique.

La teneur en lithium des pegmatites est comprise
entre 8.5 et 263, avec une valeur moyenne de 78,6
ppm Li, semblable a celle trouvée pour les peg-
matites intragranitiques de Muntele Mare (75,5 ppm
Li). Pour le cas du lithium aussi, on peut dis-
cuter d'un controle minéralogique de sa participa-
tion (fig. 14), controle soutenu en plus par le di-
agramme de corrélation entre la teneur en Li et la
participation de la muscovite dans les associations
minéralogiques des pegmatites (fig. 15). Ce dernier
diagramme suggere la corrélation positive entre les
deux parameétres et met en évidence la séparation
des échantillons des périmeétres de fond (a) et ceux
anomaux (b). D’autre part, la poursuite de la teneur
en lithium dans les différentes occurrences pegmati-
tiques d'apres la direction SO-NE prouve Pexistence
dles anomalies représentées dans la figure 11.

110 }
E
(=8
(=9
—70f
—

301

PM  PMm Pm Mg Mmg

Fig. 14 La distribution du lithium par rapport au [SQTE

minéralogique de pegmatite. PM, pegmatites plagioclase-
microclinique; PMm, pegmatites plagioclase-microcliniques
& muscovite; Mg, pegmatites microcliniques & structure
graphique; Mmg, pegmatites microcline-muscovitiques & struc-

ture graphique.

Etain. Les pegmatites mises en place dans les
métamorphites de la série de Somes présentent. une
participation de I'étain comprise entre 1,5 et 440
ppm, avec une moyenne de 54 ppm Sn. En analysant
la figure 15, on peut observer une augmentation de la
teneur en cet élément en partant des échantillons de
granite (7,9 ppm Sn), jusqu’a la pegmatite mise en
place dans les roches métamorphiques (54 ppm Sn).

La variation de I’étain par rapport & la position
des occurrences projétées sur la direction SO-NE (fig.
6) met en évidence des anomalies positives pour cet
élément (fig. 11), superposées sur les zones anomales
déja établies a 'aide d’autres éléments mineurs.

La teneur en bore des pegmatites étudiées varie
dans un intervalle large de valeurs (7-1900 ppm),
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Fig. 16 ~ La variation de la teneur en étain en pagmatites

d'aprés la direction SO-NE, par rapport au point repére ()

avec une moyenne de 425 ppm B, supérieure a celles
obtenues pour les pegmatites intragranitiques de
Muntele Mare (214 ppm B), respectivement le granite
méme (< 83 ppm B) (fig. 17).

Conclusions

L’étude de la distribution des éléments mineurs
dans les pegmatites mises en place dans les roches
métamorphiques des Monts Giliu nous méne & tirer
les conclusions suivantes.

Les pegmatites mises en place dans les
mésométamorphites de la serie de Somes présentent
les caractéristiques des pegmatites d’origine

métamorphique et elles sont, généralement, sem-
blables & celles décrites par divers auteurs dans
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les autres sousprovinces pegmatitiques de Roumanie.
Par contre, on a trouvé des différences nettes -
au niveau des éléments mineurs - entre les peg-
matites étudiées par nous et les pegmatites intra-
granitiques de Muntele Mare, ce qui prouve la genése
différente des deux types de pegmatites: magmatique
pour les pegmatites intragranitiques, respectivement
métamorphique pour les pegmatites de la série de
Somes.

Le mécanisme génétique responsable de la mise
en place des pegmatites du cristallin de Gilau est
celui de la différenciation métamorphique pour la
majeure partie des occurrences, mais les anomalies
qualitatives superposées décrites au cours de cette
étude mettent en évidence également la manifestation
des processus anatectiques dans certains périmetres
de la région, ce qui a permis le développement des
stades tardifs d’évolution dans la succession peg-
matitogenése - pneumatolyse - hydrothermalisme;
ces stades sont responsables de la manifestation des
anomalies décrites au niveau des éléments mineurs
étudiés (par exemple Li, Sn, Pb).

A notre avis, le développement des stades tardifs
est en étroite relation avec la variation des paramétres
pression - température dans le périmetre géologique
étudié. Ainsi, les pegmatites du secteur sud-ouest se
sont formées & des profondeurs plus réduites, c’est-
a-dire & des pressions plus basses (on pourrait donc
envisager des températures plus élevées) par rapport
aux corps pegmatitiques du nord-est; d’une part, les
pegmatites proches par rapport a l'axe anticlinal se
sont formées dans les conditions d’une pression plus
importante, par rapport aux pegmatites éloignées de
axe. Ces aspects sont prouvés par nos récentes
recherches (Stumbea, 1997; Stumbea, 1998) qui met-
tent en évidence - d’une part - des températures plus
glevées pour les pegmatites du secteur sud-ouest, par
rapport aux corps du nord-est et - d’autre part - une
diminution des températures des pegmatites au fur
et & mesure que les corps pegmatitiques occupent des
positions plus proches par rapport a I'axe anticlinal.

Les anomalies sont (il faut le dire encore une
fois) qualitatives et - par du fait du nombre plutot
réduit de données analytiques - ponctuelles, mais
nous pouvons avancer I’hypothése conformément a
laquelle elles s’inscriveraient sur une ligne courbe al-
longée d’aprés la direction de 1'axe anticlinal, paral-
lele donc aux isolignes de température trouvées
par nous au cours des études géothermométriques
(Stumbea, 1997; Stumbea 1998). Cet aspect nous
porte & opiner que sur cette ligne courbe le jeu
de la variation des parameétres évoqués (la pro-
fondeur de la mise en place, la position des corps
par rapport a la charniére de I’anticlinal) pro-
duisent des conditions P-T semblables, qui permet-
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tent le développement des stades tardifs d’évolution
(pneumatolyse-hydrothermalisme). En plus, cette
courbe se superpose d’une maniére approximative sur
la limite du changement de la lithologie (facies a
gneiss/faciés & micaschistes) ce qui doit etre accom-
pagner d’une modification du chimisme de la roche
au crédit de laquelle les pegmatites se sont formeées.

Il faut dire, aussi, qu’on ne peut pas nier la pos-
sibilité que des résultats semblables & ceux presentés
(anomalies géochimiques, isolignes de température)
soient mis au crédit des éventuels bombements (apex)
du granite de Muntele Mare, cachés sous les for-
mations mésométamorphiques de la série de Somes.
Quand méme, une telle hypothése devrait etre
prouvée - au moins - par des résultats d’investigation
géophysique, de meme que la premiére hypotheése
(celle de la relation génétique entre les occurrences
pegmatitiques et le pli anticlinal) devrait etre prouvée
- & son tour - par des recherches structurales. Iin
plus - faut le souligner - les résultats offerts par la
premiére hypothése ne sont que partiellement en ac-
cord avec les isogrades métamorphiques trouvées par
Hartopanu et al. (1986).

Finalement, la teneur en lithium et rubidium de
la muscovite montre l'appartenance des pegmatites
étudiées & un domaine de transition entre celui des
pegmatites stériles mises en place dans les provinces a
muscovite et le domaine des pegmatites stériles mises
en place dans les provinces aux métaux rares.
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SULFATIC FACIES IN THE NORTH-WESTERN PART OF THE
TRANSYLVANIAN BASIN-MESES AREA AND THEIR GENETIC
SIGNIFICANCE
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Key words: Meses area. Sulfates. Eocene. Laminithic facies. Nodular facies.

?Chicken-wire”. Enterolithic facies. Clastic gypsum.

Abstract: The sulfatic accumulations from the Meses area are situated at the level
of the Foidas Formation (Upper Lutetian) and of the Turbuta Formation (Lower Pri-
abonian), which represents the equivalent of the Jebuc Formation from the Gildu area
(Popescu, 1984). The mineralogical and structural-textural features of the evaporitic
deposits generally reflect both the depositional context, in which the separation from
natural intrabasinal solutions played an essential role, and a complex of diagenetic
transformations, which caused significant remobilizations and recrystallizations at the
level of these evaporites. From a mineralogical point of view, they are represented by
gypsum, anhydrite and subordinate celestite and barite. A complex characterisation
of the typical sulfatic facies is given, i.e.: laminithic, nodular of the "chicken-wire”
type, entherclithic, gypscretic and classic. The sulfatic associations as well as the

mineralogy of the deposits fit in with the schema suggested by Tucker (1991).

The present stucly offers an analysis of sulfatic sedi-
mentary facies occurring in the north-western part of
the Transylvanian Basin, in the area of the Meseg
Mountains. Actually, our study is representative for
the tendency of bringing up to date certain problems
closely connected to this type of deposits. From a
stratigraphic point of view, all analysed sulfatic de-
posits are positioned on the level of the Foidag For-
mation (Upper Lutetian) as well as on the level of the
Turbuta Formation (Lower Priabonian) (Fig. 1).

1. Petrographic features of facies

The morphology of facies serves as a diagnosis el-
ement for both the deciphering of genetic circum-
stances and the subsequent reconstitution of deposi-
tional environments, their evolution in time and space
being reflected by the variation of these facies on both
vertical and horizontal line.

A variation of this type can be noticed within the
gypsum levels which include in most of their out-
crops several successions consisting of sets of prograde
parasequences representing transitions from lagoonal
facies at their base to coastal Sabkha facies in the
upper part.

1.1. Laminithic facies

This type of facies often occurs within the sulfatic
deposits of the area. [t represents a succession con-
sisting of gypsum laminae alternating with laminae
of clayey character. On the vertical line the thick-
ness of the gypsum laminae varies from few millime-
tres to several centimetres. Several alternating lightly
coloured bands and other darker ones may also be no-
ticed (Pl 1, Fig. 1).

All these variations reflect in fact the successive
changes of dynamic circumstances within the sedi-
mentary basin and they depend on the duration of
the basins stable periods. The fact that these lam-
inae might be noticed and correlated on long dis-
tances constitutes a significant specific feature indi-
cating a uniformity of all moulding circumstances on
relatively large areas.

Usually, the calcium sulfate crystals are very fine,
emerging directly from the waters of a relatively deep
basin, below the basic level of waves. The seasonal
changes within the temperature and chemical field
of water are reflected by the existence of the colour
variations of laminae (varves).

The clayey intercalations causing the lamination
process on various levels represent, after Popescu

/ \\ Institutul Geologic al Romaniei
IGR



I14

I. BEDELEAN et al.

o STANA

OAGRIJ
~ < ' Gypsum
5 5 BUCIUMI 0 1 2 3 4 km
L 1 L i 1 J




SULFATIC' FACIES FROM MESES AREA

(1976), the products of a deposition of the material
in suspension, as a result of the existence of stable
evaporation conditions, with periodical influxes.

The anhydrite from the border of the Meseg crys-
talline occurs under the same aspect. It consists
of alternating centimetric laminae of anhydrite, con-
taining organic matter, and submillimetrical clayey
laminae, also with carbonatic material. The organic
matter is probably of sapropelic provenance, deriving
from the phytoplankton of the photic zone.

1.2. Nodular facies

This type of facies occurs either in form of small
nodules spread in the stratified levels or in form of
large-sized nodules. Thus, their dimensions vary from
1-2 em to 8 or even 10 cm. These nodules occur
included in a clayey matrix usually of a grey-green
colour (PL. I, Fig. 2).

The nodular facies is specific to the Sabkha sed-
imentation and it has an anhydrous character (sec-
ondary gypsiferous).

Sabkha represents in fact a backshore zone period-
ically flooded by sea water under the circumstances
of a dry climate, when a lack of poise occurs between
the water share and the most important evaporation.
Thus, a progressive increasing of the water salinity
takes place. The anhydrite nodules (secondary gyp-
sum) grow in the area of these swampy zones which
are particularly frequent in tidal zones, in silts which
can be either carbonatic or clayey. They evolve by
an addition of new crystals to the pre-existing ma-
trix and, on no account, by a further development of
the already existing crystals (Shearman, 1986). The
ionic share for the continental Sabkha waters which is
necessary for the emergence of the crystals is supplied
by the sea. This growing process causes the expul-
sion of the soft sediment around the nodules, followed
by the constitution of the mosaic type, the ”chicken-
wire” type structures (Pl. I, Fig. 3). The joining of
nodules takes place following the lines marked by the
presence of carbonate or clay.

1.3. Enterolithic facies

The blending of anhydritic nodule series leads to
the formation of strata and their continuous evolu-
tion requires a growing space. Both the effects of
the lateral pressure resulting on that account and the
limitation of the existing space are the causes for the
sinuosity of the strata. The result is the setting up of
enterolithic facies (Shearman, 1986) (Pl. I, Fig. 4).

The same type of facies is also frequent in sec-
ondary gypsiferous rocks, formed later on near to
the surface by the hydration of anhydritic rocks. A
comparison of the mentioned type of secondary gyp-
siferous stuctures with those belonging to anhydritic
rocks, even to some recent sediments (coast Sabkha,
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Abu Dhabi), makes obvious the fact that these struc-
tures represent primary structures of growth (Shear-
man, 1986).

1.4. Gypsiferous crusts (gypscrete)

The gypsiferous crusts occur concomitantly with
other types of facies in all outcrops, being products
of the diagenesis mediated by solutions (Pl. I, Fig. 5).
They represent continental facies formed as a result
of the diffusion process which takes place on the ionic
level, stimulated by the presence of the upwelling cir-
culation of solutions.

1.5. Clastic gypsum

Localised only within a single outerop (Treznea),
clastic gypsum represents a reshuffled product re-
sulted by the disintegration of a preexising deposit
of the same nature. It occurs as a well individualised
level, made up of an agglomeration of fragments with
a flattened shape, microscopically proved to be of
gypsiferous composition (Pl. I, Fig. 6).

This level might have been formed under emerse
conditions, by the disintegration of the subjacent
rock, followed either by a remaining on place of the
material or by its transport and subsequently by its
subaquatic deposition. The chaotic position of frag-
ments within the level, their flattened shape as well as
the clayey matrix in which they are included, having
the same nature as the rest of clayey intercalations
deposited in submerse circumstances and associated
with sulfatic levels, lead us to the assumption regard-
ing a transport following the disintegration and a sub-
aquatic deposition .

2. Mineralogical characteristics

The mineralogical parageneses are dominated in all
analysed sulfatic deposits by sulfates: gypsum, an-
hydrite, celestite and barite with minor non-sulfatic
minerals: calcite, dolomite, smectite, illite, kaolin-
ite, quartz and chalcedony (Tab. 1). The quasi-
monomineral composition is confirmed also by the
chemical analyses of the same samples of gypsum
(Tab. 2).

2.1. Gypsum

The most common of sulfates and the most fre-
quent one within sedimentary rocks, gypsum, is the
prevalent mineral of the evaporitic deposits from the
studied area.

Microscopically, it shows a negative relief, inferfor
to that af anhydrite and a poor birefringence (grey of
I order). The monoclinic oblique cleavage is visible in
most cases. It occurs either as hypidiomorphic crys-
tals with a short prismatic habitus or with a porphy-
roblastic aspect, with a compact, irregular structure
which is sometimes pseudostratified showing prints
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Table 1
Chemical composition of the gypsiferous samples from Meses Area

Occurrence Chemical composition (%)
SO3 COQ Ca0 AlgOs F6203 MgO HQO Ins HCI
Ortelec 4455 | 1.95 | 32.51 | 0.33 012 | 049 | 19.25 0.80
Stana 4590 | 0.69 | 32.58 | 0.03 0.05 0.52 | 19.86 0.45
Treznea 46.18 | 1.33 | 3243 | 0.32 0.10 0.80 | 18.33 0.51
Buciumi | 47.09 | 0.17 | 33.04 | 0.37 0.75 0.45 | 17.49 0.91
Table 2

Mineralogical composition of the gypsiferous samples from Meses Area

Occurrence Mineralogical composition (%)
Residue +
CaS042H,0 | CaS0Q, CaCQO3 MgCO3 | FeaO3+Al,05
Ortelec 94.32 1.18 3.35 3.35 -
Stana 94.91 2.87 1.01 1.13 0.53
Treznea 93.04 2.76 2.48 0.92 5
Buciumi 83.71 13.87 0.22 0.38 1.85

of gypsum crystals. The texture is generally granular-
lamellar, not homogeneous from a dimensional view-
point and irregular as regarding the shape of crystals,
but it might also be fine-granular, even cryptoerys-
talline (PL. II, Figs. 1, 2).

Regarding gypsum, two generations could be iden-
tified. On the one hand, there are monocrystals
or crystal-aggregates, usually granular, cogged ones,
partly affected by corrosion processes, and on the
other hand, we find a microcrystalline mass of gyp-
sum made up of lamellar or granular microcrystals,
which are sometimes prolonged, tabular. All dimen-
sions of crystals are variable, ranging between 0.1-0.3
mm and 0.02-0.005 mm.

The aspect of interpenetration of gypsum crystals
is ubiquitous. This interpenetration has been de-
scribed by Truc (1986) and defined as a specific as-
pect of the gypsum crystals resulting from the total
transformation anhydrite-gypsum.

The fibrous gypsum variety appears on the micro-
scopic scale in form of little veins with millimetrical
thicknesses. Within these veins, which usually grow
on fracture lines and diaclases, the gypsum crystals
have a perpendicular orientation to the walls.

2.2. Anhydrite

This mineral occurs in association with gypsum,
as a relic but, at the same time, it is the main con-
stituent of a level evidenced by some samples ex-
tracted from a drilling made on the border of the
Mt. Meses (depth 180 m).

Microscopically, all prismatic crystals with a spe-

cific orthorhombic cleavage posses a relief, which is
superior to that of gypsum. stronger birefringence
and straight extinction (Pl. II, Fig. 4).

The characteristic mineral within the anhydritic
level occurs in form of chaotically disposed lamellae
(0.1-0.25 mm), giving a lamellar textural character
with some crystals of variable dimensions as well as
a massive, irregular structural one. This disposing
can be sometimes rosette-like, suggesting the possi-
ble primary nature of anhydrite.

We may notice within this level a gradual passing
from the lower part, where some poor hydration and
gypsification processes commonly occur, to the upper
part, with its mass almost entirely of gypsum, the
anhydrite occurring just as relics (P1. 11, Fig. 3).

As a result of these hydration processes the anhy-
drite lamellae become locally corroded or substituted
by secondary gypsum, without being totally pseudo-
morphosed (gypsification process).

The anhydrite occurs in all surface deposits only
in small amounts and only as relics in the gypsum
mass, being evidenced diffractometrically and micro-
scopically.

2.3. Other minerals

Celestite and barite occur entirely sporadically as
hypidiomorphic crystals, corroded by gypsum, which
constitutes the microcristalline mass.

By means of diffractometric, thermic and micro-
scopic studies, there were also evidenced some other
minerals occurring in association with sulfatic miner-
als, such as carbonates (calcite and dolomite — P).
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380°C

II, Fig. 5), clayey minerals (smectite, illite, kaolinite)
and silica (qurtz, chalcedony Pl. 11, Fig. 6).

The DTA analyses of some samples of gypsum.,
show their quasi-monomineral character. The en-
dothermal peaks at 160° and 208" indicate the two
steps of dehydration.leading to the transformation
of gypsum into anhydrite and the exothermal peak
STANA at 380° the polymorphous transformation of ('aSO4
(Fig. 2). :

The evidence of some carbonatic impurities
(dolomite and calcite) are the endotherms at 760%-
825°% (Fig. 2).

The X-ray analyses of the gypsum, clays and car-
bonatic intercalations samples prove the followings:

- the diffractograms on sulfatic samples show 2®
values which characterise gypsum; the variable in-
794°C tensity of the peaks is due to the crystallinity degree
0°C (Fig. 3);

— the carbonatic intercalations are represented in
the diffractograms by the peaks of dolomite and sub-
ordinated calcite (Fig. 4);

— the samples from the clay intercalations were se-

208°C lected (<2u) and oriented using the sedimentation

method. The clay minerals assemblage counsists of
165°C smectite and smectite/illite interstratification (Fig.
5), which could be formed in the alkaline environ-
ment of the sedimentary basin.

ORTELEC 2

ORTELEC1 3g0°C

e, 4 - The DTA analyses of sume gypsiferous samples

STANA

\

TREZNEA
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TREZNEA
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Fig. 4 — The X-ray analyses for the carbonatic impurities from gypsiferous samples (dolomite, calcite)

At

Fig. 5 ~ The X-ray analyses of clay intercalations from gypsiferous samples
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Conclusions

This study describes from the facial view-point the
Palaeogene sulfatic accumulations occurring in the
Meses area. We described in these levels the follow-
ing facies: laminithic, nodular, enterolithic, clastic,
gypscretic.

All limits observed at the level of transitions be-
tween these types of facies are mainly of marine flood.
They delimit prograde parasequences occurring in
several sets of parasequences.

On the basis of the presented material, we se-
lected as predominant genetic models those of coastal
Sabkha and of lagoon. The genetic alternatives, as
regards the origin of the initial sediment, should be:

1. Anhydritic initial sediment, subsequently hy-
drated and converted into gypsum, its evolution fol-
lowing the scheme of Sabkha facies, from anhydritic
nodules to enterolithic structures.

2. Gypsiferous initial sediment.

Most of the possible arguments brought in connec-
tion with this subject favour the existence of an an-
hydritic sediment at the origin.

At least locally, we presume the presence of a more
complex transformation, starting from the stage of
microcrystalline primary gypsum, which changes in
the early diagenesis by recrystallization into aggre-
gates of anhedral and approximately equigranular
crystals and subsequently into anhydrite. The de-
velopment of these processes takes place having as
background the dehydration of gypsum as a result of
a progressive burial. Subsequently, due to the lift-
ing of deposits the hydration of secondary anhydrite
might take place, resulting in the formation of por-
phyroblastic gypsum (Fig. 6).

basin shelf/logoon intertidal  sabkha back sabkhag
Y F— 738y : 0
:r/ﬁn,ed AR 6o S
== selenite gypsum nodules of  hydration of
gypsum anhydrite - anhydrite to
laminated \ gypsum
gypsum ..._‘__‘_-‘ / //
-
burial diagenesis -
] - alabastrine
dehydration o gypsum

of any gypsum -~ :
12 fibrous

i &Y gypsum
some recrystallization veins
of anhydrite
i 2 &) hyrotopes
hydration of D@ OO porphyrotop
anhydrite on uplift ()QJ&Q of gypsum

Fig. 6 — Genetic scheme for the sulfatic formations from the
Meses Area (after M. E. Tucker, 1991)
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Plate I
Petrological faciesal features

Fig. 1 — Laminithic facies (Buciumi).

Fig. 2 — Nodular facies (Stana).

Fig. 3 — Nodular facies, "chicken-wire” type (Stana).
Fig. 4 — Enterolithic facies (Stana).

Fig. 5 — Crust of gypsum (Stana).

Fig. 6 — Clastic gypsum (Treznea).
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Plate II
Mineralogical features of gypsum samples

Figs. 1,2 — Large aggregates of xenomorph gypsum crystals, with distinct granulometry, partially af-
fected by corrosion, surrounded by a microcrystalline groundmass of the same nature. Some micro-
inclusions of anhydritic nature occur. Ortelec (1), Treznea (2), (N+ , 58 X).

Fig. 3 — Anhydritic relics irregulary shaped or rosettes as remnants of the hydration processes. Meses
Mountains-borehole. (N+ , 76 X). '

Fig. 4 — Anhydrite with prismatic-lamellar aspect. Low intensity hydration and gypsum formation can
be mentioned. Meses Mountains-borehole. (N4, 76 X).

Fig. 5 — Gypsiferous microcrystalline mass associated with calcite. Stana.(N+, 58 X).

Fig. 6 — Association consisting of cryptocrystalline silica (chalcedony), gypsum and calcite in a gypsif-
erous mass. Meses Mountains- borehole. (N4, 76 X).

f \l Institutul Geologic al Romaniei
IGR:



I. BEDELEAN

..-rm]mn]lﬂ};
2;@3,

et al.  SULFATIC FACIES FROM MESES AREA

Rom. J. Mineralogy, vol. 79, Bucuresti, 1999

4 \1 Institutul Geologic al Romaniei
IGR:

PL II




Rom. J. Mineralogyv, 79. p. 151-157, Bucuresti, 1999

HUNTITE FORMED UNDER SUPERGENE CONDITIONS IN

VALEA REA CAVE (BIHOR MOUNTAINS)

Lucretia GHERGARI, Tudor TAMAS
Facultatea de Biologie si Geologie, Catedra de Mineralogie-Petrometalogenie,

Universitatea " Babeg-Bolyai”, Str. M. Kogilniceanu nr. 1, RO-3400 Cluj-Napoca, Romania

Key words: Huntite. Hydromagnesite. Aragonite. Magnesian calcite. Valea Rea
Cave. Bihor Mountains. Romania.

Abstract: A new huntite occurrence is presented from Valea Rea Cave (Bihor Moun-
tains, Romania), where the mineral appears as creamy-white, thin early lamellar
masses forming the filling of various fissures. Huntite from the Valea Rea Cave is asso-
clated with hydromagnesite, aragonite and magnesian calcite. Huntite has a lamellar
habit with almost square shape (unit cell edges of: ap = 9,51 A, o = 7,78 A) and
shows two endothermic effects, at 590 °C (destruction of huntite lattice and the disso-
ciation of MgCQs3), and at 860°C (decomposition of calcium carbonate). Theé mineral
association: huntite, hydromagnesite, aragonite and magnesian calcite, was formed
under supergene conditions.

Introduction

Huntite, C'aMgg(COg)4, was firstly described by
Faust (1953) in Tertiary magnesite deposits from
Currant Creek, Nevada. The first huntite occur-
rence was, however, mentioned in the Dorog mine
(Hungary) by Venkovitz in 1949 (Koblencz, Nemecz,
1953), but the identification and the description of
the Dorog mineral were done by Ioblencz and Ne-
mecz only in 1953. The presence of huntite was
later mentioned in other parts of the world (Skin-
ner, 1958: Kinsman, 1967; Cole, Lancucki, 1975; Hill,
1976: Hill, Forti, 1997), in connection with the weath-
ering zone of magnesium-rich rocks. Huntite forms
deposits from bicarbonate solutions close to the sur-
face or in underground cavities (caves or mine work-
ings). In caves, huntite was reported from coatings,
crusts, moonmilk and flowstones (Hill, 1976: Hill,
Forti, 1997). The first model for the crystal structure
of huntite was proposed by Graf & Bradley (1962),
on the basis of samples taken from Currant Creek. In
1986, Dollase & Reeder determined the structure of
this mineral, which has the spatial group R32.

The only description of huntite in Romania belongs
to Diaconu et al. (1977), who identified it in associa-
tion with hydromagnesite, calcite and aragonite in a
moonmilk deposit in Fagului Cave, Bihor Mountains.

General outlook on the geology of Valea Rea
Cave region

The southern slope of the Carligati - Fantana Rece
- Cornu Muntilor ridge, in the upper basin of Valea
Rea valley, was investigated by Bordea & Bordea
(1972), while general data on the region were syn-
thetised by lanovici et al. (1976), Bleahu et al.
(1985), Stefan (1980). Stefan et al. (1988. 1992).
Mineralogical studies on the cave deposits from Valea
Rea Cave were done by Onac et al. (1995), Damin
et al. (1996), Ghergari et al. (1998), that described
until now about 29 minerals from this cave.

The Valea Rea Cave, with a mapped passage length
of 18 km, is developed in Anisian dolostones and lime-
stones belonging to the Ferice Nappe, SE of the an-
desitic ridge Carligati - Fantana Rece (Fig. 1). In the
area there also appear several microgranitic dykes,
that are probably responsible for the vein mineraliza-
tions within the cave (Ghergari et al., 1997, in press).

The huntite occurrence is located in the ” Pompieri
II” passage from Valea Rea Cave. The passage begins
at the depth of -55 m from the entrance, in the wall
of a great shaft ("Marea Prapastie”) and is carved
in dolomites. ”"Pompieri II" is a fossil, descendant
canyon with phreatic morphology, lately remod-
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IYig. 1 - Geological map of the Valea Rea area, showing the location of the cave:

1, non-karstifiable sedimentary rocks (Permian shales and feldspar sandstones, Werfenian

quartzitic sandstones); 2, karstifiable rocks (Anisian limestones and dolostones, Ladinian-

Lower Norian black limestones); 3, andesites with hornblende and pyroxenes (Lower Paleo-

gene); 4, v§ - granodiorites with hornblende and biotite (Lower Paleogene); mym - porphyry

microgranites (Lower Paleogene); 5, cave (geology after Bleahu et al., 1985).

elled in vadose regime, with erosion levels, drops and
whirlpools filled with a sandy material that partly
resulted from the weathering of the dolomitic rock.
There is a noticeable air flow through the passage,
while the average temperature reaches about 8-9°C.
Huntite appears in a ceiling pocket at some 20 m from
the beginning of the passage and forms the fillings of
some fissures able with the bedding.

The carbonate rock in which the passage is carved
is an inequigranular dolosparite that shows a weak
thermal metamorphism; it is easy to recognise areas

with lower crystallinity, included in other areas with
crystals largely developed. The mineralogical consti-
tution of the rock is attested by the X-ray diffrac-
tion recording, characteristic of dolomite (Fig. 2a).
Dedolomitization is the main phenomena that may be
observed in the huntite occurrence area; the process
is induced by solutions seeping through fissures in
the rock. X-ray diffraction pattern showed the pres-
ence of calcite and a small amount of dolomite (low
dolomitic limestone), due to magnesium removal as
bicarbonate (Fig. 2b).
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Fig. 2 - X-ray diagrams: a, dolomite; b, dolomite affectod
by dedolomitization {(Q - quartz line; D - dolomite line; others

are calcite lines).

The supergene minerals association

Huntite from Valea Rea forms consistent, creamy-
white earthy masses. while hydromagnesite forms
grainy, grey-white earthy loose aggregates of skele-
tal crystals. Tven if they both appear on the fissures,
the two minerals do not mix, showing different con-
ditions of deposition. Each mineral forms aggregates
with a maximum diameter of 3 to 5 cm. From a tex-
tural point of view there is a zoning in the deposition
of the minerals. On the walls of the fissures, there oc-
cur porous dedolomitized carbonate rock, aragonite
crystals deposit; next fluffy hydromagnesite aggre-
gates and/or more consistent huntite earthy masses
with silky aspect may appear. Huntite and hydro-
magnesite deposit on the surface of aragonite crystals
or fill the spaces between them. In the huntite aggre-
gates there are parallel intergrowths of small carbon-
ate erystals (0.1-0.2 pm) with rthombohedral habit,
observed under the transmission electron microscope
(opaque under electron pencil), that correspond to
low magnesian calcite (Pl. I, Figs. 2, 3, 4).

Huntite CaMgs(CO3)4

Morphology. Huntite exhibits porous masses,
more or less consistent, formed by small lamellar ag-

gregates or parallel intergrowths with varied disposi-
tion (Pl. I, Figs. 1, 2). Huntite crystals have lamellar
habit and rhombohedral shape, usually elongated in
one direction. Lamellas are extremely thin, almost
transparent under the electron pencil, frequently have
curly surface and net edges. Their dimensions vary
from 0.1 to 0.8 pm, rarely reaching 1 pm (Pl 1II,
Figs. 1, 2). Due to their submicrometric dimensions, -
huntite crystals were not suitable for determining op-
tical constants. The only optical property observed
was their high birefringence.

Structural characteristies. The X-ray diffrac-
tion recording obtained on pure huntite from Valea
Rea (Table 1) is complete, with well represented lines
and corresponds to the trigonal form, space group
R32. Its calculated lattice parameters are: ap —
9,51+0.04 A, cg = 7,78+0.024.

Thermal behaviour. Huntite presents two en-
dothermic effects, accompanied by mass losses (Fig.
3). The first endothermic effect takes place at 590°C
with a loss of 39% C'Os corresponding to the decom-
position of three MgCO3 molecules, while the second
one appears at 860°C', with a loss of 11% COs that
results from the decomposition of a CaC' Qs moleeule,

T('Q)

Fig. 3 - Thermal analysis of huntite (Pestera din Valea Rea)

The temperatures we obtained for the endothermic
effects of huntite are lower than those obtained by
Todor {1972: 635°C, respectively, 880°C), but iden-
tical to those of Koblencz and Nemecz (1953: 590°C,
respectively, 86000), The first endothermic effect
recorded at lower values than the temperature of
magnesite decomposition shows that the thermal sta-
bility of huntite is lower than that of magnesite:
therefore we consider the first effect as being deter-
mined by the destruction of the huntite lattice, fol-
lowed by the decomposition of the magnesium car-
bonate resulted. We do not agree with the opinion
that huntite thermally behaves as being a 3:1 mixture
of magnesite and calcite (Todor, 1972).
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X-ray diffraction pattern of huntite from the Valea Rea Cave. Bihor Mountains,
compared with data from literature

HUNTITE, Pestera din Valea Rea, Bihor Mountains
a,=951+ 004 A, c,= 7,78+0,02 A

Huntite (Valea Rea Buntite* d (literature)
d obs. id calc. bkl i dcalc. | Faust | Koblencz & | Skinner |Graf & Bradley |Diaconu et
(1953) | Nemecz (1953) | (1958) |(1963) al. (1877)
5.6755 | 5.6612 101 0.81] 5.6693 | 5.69 5.64 5.66
47513 | 4.81 4.73 4.75
4.16
3.66 | 3.6432 021 1.6 1 3.6416 | 3.67 3.65 3.63 3.64
3.532] 3.53
3.15 3.145 3.12
2.8854 | 2.8930 | 211, 121 122.41 2.8503 | 2.51 2.91 2.89 2.88 2.859
2.8302 | 2.830% 202 100 | 2.8346 | 2.838 2.825 2.830 2.83 2.840
27611 | 2.7481 300 12 | 2.7432 - - 2.74 2.74 2.764
2.6016 | 2.5958 003 0.2 | 2.6071 - 2.58 2.598 2.604 2.601
243271 24329 1 122,212 | 9.4 | 2.4343 | 2.444 2.434 2.443 2.432 2.433
2.3743 1 2.379% 220 8.7 | 2.3757 | 2.388 2.379 2.372 2.375 2.426
22807 | 2.2789 | 113,133 | 4.7 | 2.2856 | 2.298 2.297 2.279 2.284 2.281
_ 2.254 2.203
2.1897 | 2.1939 | 311,131 | 6.2 | 2.1911 - - 2.188 2,190 2.185
1.9868 | 1.9225 401 10.4| 1.9897 | 1.986 1.98% 1.988 1.991
15681 1.5717 | 132,312 | 23 | 1.9713 - - 1.966 1972 1.96%
1.607 | 1.8947 104 1.2 | 1.9023 | 1.90C 1.855 1.896
1.8868 88 1.888
© 83371 1.837% | 231,321 1 45 | 1.8353 | 1.840 36 1.832 i.835
1.8208 1.818 1.821
17958 | 1.803 1.753 1.756 ]
1.7628 | 1.7604 024 16.7| 1.7660 | 1,769 1.767 1.762 1.785
1.7548 1 1.7542 223 14.5] 1.7560 - - 1.752 1.757 1.758
1,696 | 1.7013 | 322,232 | 1.6 | 17002 | 1.708 1.705 1.656 1.700
______ L 1.6554 1.655 1.655 ] ]
_____ _ 1.610¢6 1.608
1.5832 | 1.5866 | 330 183 ] 1.5838 | 1.580 1.589 1.581 1.584
| ) - 1.5367
1152351 1.5277 | 421 12 | 1.5254 | 1.528 1.525 1.523 1.528
W L L . i 1,515 1518
j 14345
14785 1.4786 | 143, 14;, 4 14789 | 1.488 1.489 1.47% 1481
413,413
i _ 1.4622 1.462 - _
144701 1.4546 | 151,511 2 1.4524 | 1.453 1.451 1.443 1445
* & veiues obtained from 2 cornplete powder diffraction spectrum for an elementary cell with 2,=53.59270, ¢=7.82120,

spece group R372.
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Table 2

Nevay diffraction patlcrn of hydromagne site from the Valea Rea Cure, Bihor Mountuains

NolE001 A,

Y DROMNANGNESITE, ostera din Valea Rea; ap = I8353£0.03.4: b = 0.00£0.034, ¢o =

Mo a d. obs d.calc | hkl
1: 4.82 9166 9.267 4G 200
2. £85 5,458 6479 20 210
3. 7.58 5839 5.854 15 111
4 9.59 4.623 4.633 16 400
5 10.75 4129 4.107 14 102
5 4.125 410

G 11.38 3903 390 3 121
7 11.57 3.840 g 3 [012]
3834 202

8 11.90 a.735 3.755 1 411

g; 12,45 3.572 2 5

10. 12.63 3.522 3531 4 212
a4 13.35 3.335 3.352 14 321
12. 14.08 3163 3.177 22 511
13 14,37 3.103 3.089 14 600
3.116 402

14, 15.33 2913 2927 90 222
2,900 601

i5. 15.98 2797 2.810 3 131
2.B08 003

16. 16.56 2702 2713 22 330
2.718 231

2.715 521

17 17.81 2.518 2.525 16 701
2.530 430

18 18.08 2 181 2.491 11 602
3 19 18.52 2.424 2.433 g 71
2.401 132

612

20 18.99 2367 2367 o 123
237 522

4 19.52 2.305 2316 100 800
2321 413

22. 2004 * 2247 2,248 3 140
2.244 810

23 20.55 2 144 2.:00 18 240
24 20.93 2156 2172 20 141
2,168 811

2,176 712

2173 513

2159 530

2169 432

25 22.65 2.000 2,000 a1
2.002 214

2003 821

2.008 722

2.007 233

2.006 523

26 23.06 1.966 1.978 i) 441
27 2336 1.942 1953 8 951
1.94G6 314

1.950 242

1.951 333

28, 23.73 1914 1.917 5 404
29 24.36 1.867 1.870 224
1,874 920

1.875 414

30. 24.74 1.840 1.838 14 830
31, 2498 1,823 1.824 15 324
1.830 921

> 1.831 504

1826 540

32. 2586 1.765 1.785 4] 424
1.771 051

1772 723

33 26.15 1.747 1.740 <] 604
1.753 813

1.756 542

1.755 143

34, 27.37 1.675 1.678 5 105
1.676 542

35 28.43 1617 1619 20 84
1.621 714

1.618 434

36 29.18 1.579 1.679 g 025
1.579 10.30

1.577 932

37 29.42 1568 1.563 19 534
1.565 452

38, 30.13 1.534 1.536 ] 551
1.537 144

1.535 814
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Hydromagnesite Mgs[OH (CO3);],04H50

Mowrphology.  Hydromagnesite forms earthy,
sometimes loose masses with snowy aspect, less con-
sistent when compared to huntite aggregates. The
hydromagnesite mass appears as an elongated aggre-
gate, usually consisting of skeletal crystals. In certain
areas the crystals are preferentially oriented in two di-
rections, with an angle of ca 50° between them. The
crystals form also prisms, sometimes flattened after
(100) and are ended with (021) prism faces. The crys-
tal lengths vary from 5 pm to 40 pm - much bigger
than those of huntite.

X-ray diffraction properties. The X-ray pow-
der diffraction pattern of hydromagnesite is presented
in Table 2.

Thermal behaviour. The thermal diagrams, ob-
tained for the Valea Rea hydromagnesite (Fig. 4)
are consistent with those previously recorded for this
mineral. In the interval 300-600°C, the TG and
DTG, the curves reveal five reactions accompanied
by mass losses. The temperatures of these reac-
tions are given by four endothermics (336°C, 398°C,
492°C', 548°C) and one exothermic (472°C) on the
DTA curve,

gl

il SR

L

o T u T T ﬁ T 1 r v 1“;

T(C) b
I'ig. 4 — Thermal analysis of hydromagnesite (Valea Rea

Cave)
Low magnesian calcite

Morphology. Low magnesian calcite associates
to huntite and appears as rhombohedral crystals.
It usually exhibits parallel intergrowths or crystal
groups (PL. II, Figs. 2, 3). Some of the crystals show
signs of corrosion and sometimes huntite crystallises
on their surfaces; in this latter case, magnesian cal-
cite is a crystallisation support for huntite (PLII, Fig.
4).
X-ray diffraction. X-ray diffraction of some
huntite samples shows calcite lines with d;01) values
of 3.027, somewhat lower than that of pure calcite,
due to MgCOgz contents of about 2.5 to 3%.

L. GHERGARI, T. TAMAS

Aragonite

Morphology. Aragonite forms aggregates of pris-
matic to needle-like crystals, disposed as rosettes or
fans, parallel or oblique to the surface of the carbon-
ate rock, thus resulting in small geodes. The crys-
tals are elongated after the ¢ crystallographic axis,
with {110} and {100} crystallographic forms. Cer-
tain crystals exhibit the (101) prism faces. Some-
times alternate twinning can also be seen. The crys-
tal length varies from 0.1 mm to 3 mm.

X-ray diffraction. The presence of aragonite was
confirmed by X-ray powder diffraction (Fig. 5).

-

“lz

<
T T T T T
n ) n [t} £l

Fig. 5 — X-ray powder diffraction pattern of aragonite from

Valea Rea Cave
Genetic considerations

Huntite forms under exogenous conditions, the
source of magnesium being dolomite and possibly
brucite formed by the hydration of periclase, the lat-
ter being a result of the fractionated decomposition of
dolomite during thermal metamorphism. We did not
find brucite during our study, but there were impor-
tant brucite concentrations described in the neigh-
bouring area (Ionescu, 1998). Brucite, Mg(OH)s,,
which has been repported from caves only as a mi-
nor/trace mineral, is stable only at low ('O partial
pressures and high pH (Hill, Forti, 1997) and in a nor-
mal cave environment it fastly reacts with CQOg, form-
ing hydromagnesite. So, hydromagnesite deposition
on fissures could be an argument for pre-existence of
brucite.

The circulation of the COs-bearing solutions de-
termined the partial dissolution of the carbonate
rock, dedolomitization being the main phenomenon
that was observed by means of optical microscopy.
Dolomite dissolution occurred according to the fol-
lowing reaction:

CaMg(COs;): + 2H:0 + 2CO; — Ca(HCO;:.)g +
Mg(HCO:)-

The partial dissolution of the primary dolomite has
led to an increase of the rock porosity:
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The bicarbonate solutions deposited prismatic
aragonite microcrystals sometimes alternately
twinned on the walls of the fissures, thus resulting
in a Mg enrichment, which could also be determined
by forming of some concentration gradients during
the diffusion of the solution through the rock pores,
controlled by-the different mobility and solubility of
(C'a and Mg bicarbonates.

The different depositional conditions of calcium
and magnesinm carbonates are presented in Lipp-
mann’s stability diagram (1973) (Fig. 6).

5,

aL CALCITE
& b
@
= 1~ \DOLOMlTE calctta
il Mg-calcits,
59 o+
i BRUCITE sez watar O £
Cow 2= ~< £ 0
¥ i —0 —w-omo.  § ¢
it |t P g
ClE af 3 §"
] = =
B 4l H
A E MAGMESITE H
Al g
5 L i 1 I I L1 I

12 11 18 2 g T & 5 4 3 2 1 o
-Log Peo, (atm) :

<p— Garton Diloxide Loss

Iz, 6 - Lhe evolution of cave water with respect to

increasing evaporation and carbon dioxide loss (after
Lippmann, 1973) '

The increase of the Cat?/Mg*? ratio, concurring
with a reduced amount of the seepage water at corre-
sponding COs partial pressures, determines the depo-
sition of magnesian calcite, aragonite, huntite and hy-
dromagnesite. The stability diagram shows different
conditions for each mineral present in the association.
For huntite and hydromagnesite the Cat? /Mgt? ra-
tio is nearly the same but these two minerals form
at different values of CO, partial pressure (smaller
for hydromagnesite than for huntite). In the case of
aragonite and Mg-calcite deposition, the differences
in the Cat?/Mg*? ratio are essential, while CO4 par-
tial pressures are almost the same. The presence of
the four minerals in the association proves the com-
positional variations (Cat?/Mg*t?) of the solutions,
as well as the variations of the COy partial pressures,
induced by the air flow.
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Plate I

SEM images on huntite and hvdromagnesite samples:

. 1 - Lamellar huntite aggregates.
. 2 - Lammelar huntite aggregates, detail of photo 1.

. 3 - Prismatic hydromagnesite aggregates.

4 - Prisimnatic hydromagnesite aggregates, detail photo 3.
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Fig.
Fig.
Fig.
Fig.

Plate II

TEM 1mages on huntite samples:
1 - Hunt iLt". crystals,
2 - Huntite + magnesian calcite.
3 — Huntite + magnesian calcite.

4 - Detail showing huntite deposition by overgrowth on the edge of a corroded Mg-calcite crystal.
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Abstract: Fifteen lacustrine sediments, sampled during the 1994-95 Austral sum-
mer in Northern Victoria Land (Antarctica), were characterised by X-ray diffraction,
instrumental neutron activation analysis and °'Fe Mbssbauer spectroscopy. These
sediments are related to the intrusive rocks from Granite Harbour, to the meta-
morphic rocks of the Complex of Wilson Terrane and the volcanic rocks from Mc
Murdo. The samples contain quartz, alkaline feldspars, plagioclases, amphiboles, bi-
otite, chlorite and muscovite except for the sediments of volcanic genesis that contain
alkaline feldspars, plagioclases and pyroxenes. The paramagnetic components of the
Mébssbauer spectra have been assigned mainly to the iron sites in biotites except for
those displayed from the sediments of volcanic genesis assigned mainly to pyroxenes.
Mésshauer spectra at room temperature do not display magnetic ordering except for
those of the sediments of volcanic genesis containing bulk magnetite, haematite and
goethite. Mossbauer spectra collected at the liquid helium temperature exhibit al-
ways magnetic ordering. This spectral difference has been attributed to the different
dimensions of the iron oxide particles in sediments. The scarce weathering involves
a partial transformation of magnetite in haematite and goethite in the sediments of
volcanic genesis. In the remaining sediments a partial hydrolysis of biotite together

with a partial oxidation of iron (II) retained in silicates is present.

Introduction

In primary rocks most of the iron is located as
structural iron(II) in silicates as pyroxenes, amphi-
boles, biotites etc. The chemical weathering of pri-
mary rocks may determine the decomposition of sili-
cates by hydrolysis and the oxidation by atmospheric
oxygen of the iron(II) structurally present in the sil-
icates. The neo-formed iron(III) cations may be re-
tained in silicate sites as structural iron(III) or pre-
cipitated as oxyhydroxides in different particle-sizes.
In weathered soils, the iron(III) oxyhydroxides may
be mobilised under anaerobic conditions by microbial
reduction of the organic biomass to iron(I)-bearing
species. Once mobilised the iron(Il)-bearing species

* Author to whom correspondence should be addressed

can be redistributed within the soil, or from a soil
into a lake or sea, and they may enter in biological
cycles (Coey, 1984).

This iron mobilisation is not generally observed in
Antarctica since the process of formation of the sed-
iments is at its initial stage. In fact water is gener-
ally frozen and consequently the chemical processes
involved in weathering are scarcely present. How-
ever, this general statement does not take into ac-
count the chemical and mineralogical nature of the
primary rocks, which might be affected by weather-
ing in different ways.

In order to clarify some aspects of the weathering
processes the study of a set of lacustrine sediments
of different genesis seemed suitable. These sediments
sampled in Northern Victoria Land result from the
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Table 1. Details about the sampling points

S. STIEVANO et al.

Sample Area Geographic Coordinates
Al Edmonson Point 74°18° S 165°04° E
A2 Skua Lake 74°42° S 164°07 E
A3 Tarn Flat 74°58’ S 162°30° E
Ad Carezza Lake 74°42° S 164°03° E
A5 Inexpressible Island 74°52° S 163°43'E
A6 Camp Qasis 74°42° S 164°06° E
A7 Camp Icarus 74°41°’S  164°06° E
A8 Adelie Cove South 74°37° S 164°50" E
A9 Adelie Cove North 74°37° S 164°50° E
Al0 Snowy Point 74°35" S 163°49° E
All Cape Confusion 74°35°'S  163°48’ E
Al12 Gondwana Lake 74°37°S  164°13'E
Al3 Markham Island 74°36° S 164°56" E
Ald Teall Nunatak 74°50° S 163°33°E
AlS Vegetation Island 74°47° S 163°39’E

mechanical desegregation and the chemical weather-
ing of volcanic rocks from Mc Murdo (dating back
to Late Cenogzoic), of intrusive rocks from Granite
Harbour (Cambrian-Ordovician period) and of meta-
morphic rocks from the Complex of Wilson Terrane
(Precambrian) (Armienti et al., 1991; Beccaluva et
al., 1991).

These sediments were mainly characterised by X-
ray diffraction analysis (XRD) and instrumental neu-
tron activation analysis (INAA). Since iron is sub-
stantially present in sediments, their iron chemistry
was investigated by 57Fe Mosshauer spectroscopy.
This technique can provide quantitative information
about the relative population of the iron species to-
gether with specific properties of the individual iron
sites as oxidation state, coordination geometry, mag-
netic order etc. Another advantage is that Mdssbauer
spectra can be collected for both crystalline and
amorphous materials. So, iron hydroxides, or oxy-
hydroxides, or oxides (hereafter referred to as iron
oxides) can be evidenced (Hilton et al., 1987; John-
ston and Lewis, 1987; Murad and Johnston, 1987).

This paper reports some chemical data concern-
ing fifteen lacustrine samples collected in the region
of Northern Victoria Land close to Skua Lake, Tarn
Flat, Carezza Lake, Inexpressible Island, Camp Oa-
sis, Snowy Point, Gondwana Lake, Teall Nunatak and
Vegetation Island.

Experimental
Sampling

The sediments of lacustrine origin listed in Table 1
were sampled by the team of the Italian National

Program for Antarctica Research (PNRA) during the
1994-95 Austral summer. The specimens, collected
at the temperature of about -20°C, were enclosed in
hermetically sealed bottles, frozen and placed in a
freeze-drier. The measurements were performed on
the samples without preliminary treatments.

Instrumental neutron activation analysis

Three subsamples for every sediment (after
grounding, powdering <100 mesh and homogenis-
ing) were submitted to a test of homogeneity. The
variance analysis, assumed as an index of the sam-
pling variability, showed that samples of about 400
mg are quite homogeneous and representative of the
material investigated. The samples were heat- sealed
into polyethylene vials. Samples of about 500 mg
were subjected to a first neutron irradiation for 2
h and to a second irradiation, at a thermal flux of
10'* n em™? s, for 25 h in the 250 kW Triga
Mark II reactor of Pavia. In the same way the stan-
dard SRM 1633a (National Institute for Sciences and
Technology, USA) and another standard (prepared
by adding known amounts of other elements in the
reach of INAA to pure SiO;) were irradiated. A g-
ray spectrometry and a Ge(Li) detector coupled to
an analyser-computer measured the induced radioac-
tivity from 3 to 50 d after irradiation. The reliabil-
ity of the procedure is confirmed by the good agree-
ment, between found and known elemental contents,
obtained for the two standards. The abundance for
La, Ce, Nd, Sm, Eu, Gd, Th, Ho, Tm, Yb, Lu, Sc, Cr,
Co, Ni, Zn, As, Se, Rb, Zr, Sb, Cs, Ba, Hf, Ta, Th, U,
and Fe is reported as an average of three independent
determinations in Table 2.
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Table 2. Elemental abundance from INAA in ppm, except for Fe in %

Al A2 A3 Ad AS A6 A7 A8 A9 Al0
La 94.66 8292 315 §2.77 84.63 88.55 131.65 53.38 44.11 83.89
Ce 177.84 | 15519 S8.03 152,61 | 106995 | 186.71 | 2066.00 | 104.88 | 91.48 160.52
Nd 73.81 62.32 21.54 62.52 7093 75.94 128.37 | 43.07 42.27 66.61
Sm 13.37 1116 4.57 12,58 12.40 13.99 23.22 8.07 FalZ 13,44
Eu 349 231 0.92 2.54 2.78 2.42 4.1 1.71 1.54 2.44
Gd 11.89 10.50 5.7 13.70 14.56 17.21 16.42 6.73 7.40 10.08
Th 2.14 1.69 1.01 1.96 223 2.73 2.63 1.22 1.20 1.73
Mo || 284 | 217 | 116 | 227 | 280 | 310 | 356 | 143 | 1470 | 249
Tm 1.06 0.68 0.46 0.82 1.08 0.99 1.22 (.54 0.52 0.97
Yb 5.54 3.84 213 4.27 110 4.86 797 3.23 2.80 5.04
Lu 0.63 0.47 0.31 0.56 3.48 0.61 0.96 0.43 0.34 0.66
Sc 7.02 9.60 8.24 15.50 13.29 14.41 20.88 10.68 9.27 16.55
cr || 1601 | 3704 | 2082 | 6129 | 8951 | 8467 | 77.93 | 4923 | 4123 | 92.52
Co 8.48 9.72 8.96 17.7.3 4.61 19.07 24.04 10.90 9.05 32.99
Ni 54.90 21.46 13.5% 47.29 9.17 48.88 18.38 9.21 11.34 72.91
Zn 135.59 | 7411 60.35 122.95 | 24.10 150.34 | 353.54 | 64.50 60.12 | 151.09
As 2.68 5.14 1.43 4.11 17.77 831 22.50 1.68 1.09 4.52
Se 892 5.52 235 6.92 7.87 6.65 14.51 3.60 2.76 6.56
Rb 10589 | 111.64 | 12673 | 14197 | 111.31 | 146.24 | 18335 | 110.75 | 121.23 | 177.42
zr 363.92 | 265.65 | 134,59 | 32232 | 364.79 | 296.82 | 70771 | 178.64 | 163.56 | 281.82
Sb 0.23 0.25 0.14 29.91 28.68 0.34 23.00 0.00 0.00 0.24
Cs 1.66 2.69 4.38 5.45 4.46 7.97 6.34 3.59 4.33 10.98
Ba 732.52 | 600.19 | 59595 | 653.17 | 530.27 | 560.73 | 385.03 | 656.54 | 646.65 | 601.77
11f 13.33 12.61 4.30 15.05 17.93 11.61 35.02 7.64 6.10 11.90
Ta 7.95 2.01 1.16 2.58 2.50 379 2.55 1.36 1.16 3.58
Th 16.56 16.48 11.60 20.08 18.41 22.05 24.74 15.75 12.49 26.32
U 5.50 3.05 4.59 5.43 4.96 7.71 5.52 4.84 3.19 7.35
Fe (%) 5.50 3.29 2.46 5.28 4.99 5.30 8.28 3.01 279 6.50

All  Al12 | Al13 | Al4 | AlS

La 6663 | $9.00 | 39.62 | 71.66 | 130.09

Ce 130.72 | 11850 74.93 94.85 | 239.13

Nd 5492 | 4863 | 3819 | 4290 | 87.67

Smo 1092 | 1023 | 739 | 958 | 1530

Eu 2.36 1.83 2.62 2.16 2.50

Gd 836 | 627 | 909 | 956 | 1258

Th 1.52 1.14 1.58 1.70 1.72

Ho 222 | 164 | 225 [ 570 [ 201

Tm 0.93 0.67 0.98 0.94 0.69

Yb 4.45 4.70 2.38 2.52 372

Lu 053 | 064 | 023 | 024 [ 050

Se 10.92 8.88 21.42 20.85 10.55

Cr 47.04 53.22 76.67 75.55 26.90

Co 11.02 8.45 43.47 39,70 8.15

Ni 32.76 2721 31.72 34.81 112

Zn 85.59 74.75 117.72 | 109.68 | 68.45

As 2.56 2.40 0.03 0.03 0.07

Se 5.67 3.79 3.68 3.62 4.90

Rb  110.56 | 10848 | 29.89 | 13429 | 150.68

Lr 281.34 | 213.83 | 18491 | 194.73 | 305.75

Sh 027 0.46 0.25 0.22 0.13

Cs 3.85 4.98 0.55 4.15 .44

Ba 54147 | 539.11 | 321.44 | 387.91 | 880.06

o 1328 | 781 | 520 | 562 | 1L6l

Ta. 36 | 203 | 335 | 12 | 1D

Th 1551 | 1920 | 383 | 1619 | 2125

U 473 | 681 | 202 | 896 | 9.80

Fe(%) 3.81 | 325 | 1018 | 251 | 2.8
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Table 3. Mincralogical species detected by X-ray diffraction

Quartz | Alkaline Plagioclase Pyroxene Amphibole | Biotite Chlorite Muscovite
feldspar

Ala + -
Azh +++ ++ +
A3? +++ + + + + +
Ad® + ++ + +
A5 ++ + + + + + ++
A6’ et ++ ++ ++ + + +
A7? A+t b + +
Asb -+ ++ ++ + + + +
A.)b At + + + 4
A10° L + : n T s
Are? ++ ++ +
A12S o+ o ++ + + +
A132 ++ ++ +
A14? +++ ++ ++ +
A15” ++ ++ ++ ++ + + +

“ Sediments related to lavas from Mc Murdo or Mclbournc Volcano

b . ; ; 5
Scdiments related to the intrusive rocks of Granite Harbour

© Sediments linked (o the metamorphic rocks of the Complex of Wilson Terranc

Mossbauer Spectroscopy and XRD

The X-ray diffraction (XRD) patterns were ob-
tained by a diffractometer opetating with a CuKa /Ni
radiation. The detected minerals are listed in Table
e

The Méssbauer spectra were collected at room
and at the liquid helium temperature by a 57Co/Rh
source and a conventional spectrometer operating
with a sinusoidal velocity waveform. Both source and
absorber were kept at the same temperature. The fit

of the spectra was performed by sets of appropriate
Lorentzian doublets and of magnetic sextets by the
software package MOS-90 (Grosse, 1992). The litera-
ture parameters for some silicates were used as input
in the preliminary fits (Bancroft et al., 1967; Coey,
1984). Table 4 lists the room temperature parame-
ters, such as the magnetic hyperfine field (B in Tesla,
T), the electric quadrupole splitting (QS in mms™),
the isomer shift (IS in mms™'), together with the
relative resonance area (A in percent of the total

Institutul Geologic al Romaniei
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Table 4. Mgssbauer parameters at room temperature

Sediment Bur Qs Is* LW A Site
(Tesla) (mms™) (mms™) (mms™) (%)
Al 50.7 -0.19 (.37 0.30 7 hacmatite
47.1 -0.02 0.26 0.30 5 magndite
45.8 0.00 0.66 .30 3 magnctile
389 -0.26 0.37 0.30 3 gocthite
- 2.79 1.13 0.31 14 Fe(1l)
- 1.99 1.05 0.68 48 Fe(Il)
- 0.70 0.40 061 20 Fe(I1])
A2 - 2.64 1.11 0.34 26 Fe(ll)
. 2.04 1.13 0.38 23 Fe(ll)
. 0.78 033 0.49 36 Fe(11)
- 1.22 0.65 0.85 15 Fe(111)
A3 & 2,61 1.11 0.31 20 Fe(ll)
- 2.01 1.11 0.42 23 Fe(11)
- 0.68 0.35 0.53 44 Fe(I11)
= 118 .44 0.56 13 Fe(I1T)
Ad - 2.68 1.10 0.29 19 Fe(1l)
- 2.06 1.13 0.39 24 Fe(1l)
z 0.79 0.30 0.43 35 Fe(Ill)
- 0.93 0.53 0.01 22 Fe(IIT)
AS - 2.08 1.10 0.33 23 Fe(1l)
- 2.04 1.3 0.52 25 Fe(II)
- 0.72 0.32 .49 41 Fe(1IT)
- 0.93 .54 0.63 11 Fe(11I)
A6 - 2.64 1.10 031 27 (Il
- 2.06 1.14 0.40 14 Fe(ll)
- 0.81 0.33 0.52 46 Fe(III)
- 1.18 0.51 0.47 13 Fe(llh
AT L 2.63 1.10 0.28 17 Fe(ID)
- 2.02 1.14 0.40 24 Fe(Il)
2 0.67 0.25 0.44 43 Fe(II1)
- 1.09 0.41 0.50 16 Fe(Ill)
A8 - 2.62 1.11 0.33 46 Fe(ll)
- 2.04 1.10 0.41 24 Fe(ll)
- .78 0.36 .65 30 Fe(111)
A9 - 2.61 .11 (.43 45 Iie(11)
. 2.05 1.10 0.38 26 Fe(ll)
- 0,78 0.32 0.65 29 lie(111)
AlD = 2.67 1.08 0.32 19 (1)
- 2.26 1.04 0.59 22 Fe(ll)
< 0.55 0.37 0.39 27 Fe(lil)
= 1.10 0.40 0.42 32 Fe(lll)
All E 2.64 111 0.34 30 Fe(Il)
- 2.06 1.08 0.48 30 Fe(Il)
- 0.82 0.37 0.70 40 Fe(1ll)
Al2 — 2.60 1.10 0.34 40 Fe(ll)
- 2.06 1.05 0.40 20 Te(1l)
= 0.78 0.35 0.62 40 Fe(111)
Al3 5.2 -0.19 0.37 0.30 = haematite
47.6 -0.02 0.26 0.30 8 magnetite
46.2 0.00 0.66 0.30 4 magnetite
395 -(1.26 0.37 .30 2 gocthile
‘ 2.89 1.13 0.30 13 Fe(Il)
= 1.89 1.00 0.99 19 Fe(1)
- 0.70 0.37 0.31 25 Fe(I1T)
Al4 . 2.65 111 0.28 27 Fe(ll)
A 2.19 1.08 0.46 25 Fe(1l)
. 0.79 0.35 0.59 48 Fe(I11)
AlS - 2.65 1.11 0.28 27 Fe(Il)
2 2.17 1.10 0.40 24 Fe(ll)
- .80 (1.35 .60 49 eIy

4 The isomer shift (IS) quoted relative to Fe metal.
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Table 5. Relative resonance arca (in percent) for the four fractions of the Gondwana sample A12 obtained
after the magnetic scparation performed by Frantz scparator

As received® | Fraction 1 | Fraction 2 | Fraction 3 | Fraction 4
(<04 A) [(04-08A)(0.8-1.8A)| (Residue)
Biotite + Chlorite 40 36 36 31 21
Fe(ll) |
Biotite Fe(ll) 2 20 29 27 28 725
Biotite Fe(III) | 40 10 11 15
Biotite Fe(lll) 2 - 5 4 11
Ampbhibole Fe(ll) 1 - 12 11 2
Amphibole Fe(ll) 1 - 5 3 2 2
Amphibole Fe(Ill) - 5 17 24

* From Tablc 4

ironj.  As reported in Appendix a selective Frantz
isodynamic separator was employed for fractionating
the sediments. The fractions were characterised by
Mossbauer spectroscopy and XRD. The composition
of the fractions for a typical sample is reported in
Table 5.

Results and discussion

INAA and XRD data

The elemental abundance for main and trace el-
ements is reported in Table 2. Even if large varia-
tions are observed among the samples, no systematic
trend is apparent among sediments related to vol-
canic or intrusive or metamorphic rocks and their el-
emental composition. For comparison purposes the
elemental content has been normalised to the mean
sediment composition following Bowen (1979). The
results are displayed on the top of Figure 1. It can
be seen that the elemental contents, in particular for
Se and Hf, are generally larger in the Antarctic sam-
ples than in the reference sediment. The REE con-
tent in Antarctic sediments has been normalised to
NASC i.e. North American Shale Composition fol-
lowing Haskin et al. (1979). As displayed at the bot-
tom of Figure 1, the REE content is generally larger
in the Antarctic sediments than in NASC. In conclu-
sion the sediments cannot be discriminated by their
elemental composition and their elemental content is
larger than those of the reference standards.

The sediments can be instead subdivided in two
groups on the basis of the mineralogical species of Ta-
ble 3 detected by XRD. The first group includes the
sediments Al and A13, collected at Edmonson Point
and Markham Island, respectively. They contain al-
kaline feldspars, plagioclases and pyroxenes. The sec-
ond group includes the sediments linked to the me-

tamorphic and intrusive rocks. They contain vari-
able amounts of quartz, alkaline feldspars, plagio-
clase, amphiboles, biotite, chlorite and muscovite.

Mossbauer Spectra

The Mossbauer spectra collected at room tempera-
ture display magnetic ordering only for the first group
of sediments Al and A13 (cf. Fig. 2). Their fit points
to the presence of magnetic sextets with Mdsshauer
parameters listed in Table 4 close to those reported
for bulk haematite (B 51.6 T, QS -0.19 mms™!, IS
0.27 mms~'), magnetite (B 48.6 and 45.5 T, QS -0.01
and 0.01 mms™", IS 0.17 and 0.55 mms~1), goethite
(B 38.0 T, QS -0.26 mms™!, IS 0.37 mms~!) (Mu-
rad & Johnston, 1987; Vandenberghe, 1990). The
presence of magnetic sextets at room temperature
shows that in the first group of sediments the iron ox-
ides are bulk i.e. with particle-size in average larger
than the 100 .On going from room temperature to
liquid helium temperature, the magnetic ordering is
also observed in the spectra of the remaining sedi-
ments. That is shown in Figure 3 for the represen-
tative Mosshauer spectrum of the sediment A3 from
Tarn Flat indicating the presence of finely divided
iron oxides in all the samples of the second group
of sediments. Unfortunately the quantitative inter-
pretation of the Mosshauer spectra at 4.2 K is com-
plicated by the superparamagnetic relaxation of the
iron(II) sites in silicates in addition to the magnetic
ordering of the finely divided particles of iron oxides
(Coey 1975 and 1980; Townsend et al., 1986). The fit
of the spectra at 4.2 K required one (or more) mag-
netic sextet(s) attributable to iron oxides and one (or
more) octet(s) due the iron(I) sites in silicates. An
additional complication in the fitting procedure is the
presence of the paramagnetic doublets due to iron(11)
and iron(I1I) sites also at 4.2 K.
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Even if the typical Mossbauer spectrum collected
at room temperature (Fig. 3) appears relatively sim-
ple, it may result from a large variety of spectral com-
ponents attributable to the iron-containing silicates
listed in Table 3. Since the assignment of a doublet
to its site is not straightforward, the preliminary fits
were performed by starting from the parameters re-
ported for the silicates listed in Table 3. The final

IGR

fit was performed by using three diffevent sets of pa-
rameters.

1) The paramagnetic resonance, exhibited from the
first group of sediments Al and A13 related to vol-
canic rocks, has mainly been attributed to the pres-
ence of pyroxenes. Since two distinct metal sites are
present in pyroxenes, the fit requires two doublets as-
signed to two iron(Il) sites and one doublet related
to iron(ITI) sites. The results are listed in Table 5.
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Fig. 2 — Mésshauer spectra of the sediments A1 (top) and A13 (bottom)

magnetically split at room temperature

2) The spectra of part of the sediments A8, A9,
All, A12, A14 and A15 of the second group were fit-
ted with three doublets, two attributable to iron(II)
and one to the iron(III) sites. Their M&sshauer pa-
rameters reported in Table 5 are in agreement with
those reported from Goodman and Wilson (1973) for
biotite (Fe(II): QS 2.64, 2.19 mms~!; IS 1.13, 1.11
mms™!. Fe(I1I): QS 0.89 mms™'; IS 0.34 mms~1).

3) The spectra of the remaining sediments A2,
A3, A4, A5, A6, A7 and A10 cannot be fitted with
only three components and they require an additional
component. The fit was performed by using four
doublets: two for the iron(II) sites and two for the
iron(III) ones. The found Mésshauer parameters in
Table 5 are in rough agreement with those reported
for biotite partially oxidised and altered to chlorite
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Fig. 3 — Maossbauer spectra for the sediment A3 at room (top) and the liquid helium temperature {(bottom)

and muscovite (Fe(Il): QS 2.66 and 2.11 mms™*,

IS 1.13 and 1.15 mms-1; Fe(III) QS 1.08 and 0.76
mms~1; IS 0.41 and 0.34 mms~! in Goodman and
Wilson, 1973). It was no possible the discrimination
of the spectral contributions of chlorite and muscovite
since the Mossbauer parameters for chlorite (QS 2.62
mms=!, IS 1.01mms~!) and muscovite (iron(Il): QS
9 65-2.90 mms~ 1, IS 1.11-1.18 mms™*; iron(I1T): QS

0.50, 1S 0.34 mms~! in Coey, 1984) are too close to
those of biotite.

In conclusion Mdsshauer spectroscopy allows a fur-
ther subdivision within the second group of sediments
volcanic related to intrusive or metamorphic rocks on
the basis of the presence of large amounts of altered
biotite.
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Fig. 4 — Mossbauer spectra for the four fractions obtained by Frantz separation

The chemical weathering

Some iron-bearing components present in the sed-
iments are probably related o local oxidative and
* basic conditions. In fact in presence of liquid water
some alterations related to the hydrolyse of silicates
and to the oxidation of iron(II) are possible.

In the first group of sediments of volcanic gene-
sis (Al and A13) Maéssbauer spectroscopy does not
detect a sensible alteration of pyroxemes. On the
contrary, the main alteration concerns the iron(IT)
present in primary magnetite in such a way that
the slow oxidisation by atmospheric oxygen trans-
forms it in haematite and goethite. The neo-formed
haematite or goethite derives from the oxidation of
the primary magnetite and not from oxidation, re-
Jection and precipitation of the iron(II) present in
pyroxenes.

In the second group of sediments, Mdssbauer spec-
troscopy shows that biotite is sensibly altered by hy-
drolysis in such a way that the fit requires additional
components in many samples. It is known in fact that
biotite can partially be oxidised and transformed in
other phases such as chlorite and muscovite (Good-

..-f/_\ Institutul
IGR

man, Wilson, 1973). Weathering can determine not
only the alteration of biotite but also an increase
of Fe® retained in the silicate lattices or precipi-
tated as fine dispersed iron oxide (Schwertmann. Coor-
nell, 1991). The alteration by hydrolysis of biotite
mobilises a large number of iron(II) cations. Con-
sequently when liquid water is suddenly available
during the Austral summer, a large number of iron
cations passes from silicates to solution forming many
nuclei of condensation of iron oxides. The forma-
tion of a large number of fine dispersed particles ex-
plains the absence of magnetic order at room tem-
perature observed in the Méssbauer spectra of the
second group of sediments.

Appendix

In order to clarify the nature of the iron-bearing
silicates present in the specimens, some sediments
were fractionated by a selective Frantz isodynamic
separator (-15° long, +20° lat) with magnetic fields
generated by an intensity of current up to 1.8 A).
The results of this procedure are shown here for the
Gondwana sediment A12 for which biotite together
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with chlorite and amphiboles has been detected by
XRD (Table 3). The efficiency of the separation was
checked performing XRD and Mossbauer spectra on
the four fractions (cf. Figure 4).

A simultaneous fit with common parameters
(Grosse, 1992) was performed for the Mossbauer
spectra belonging to the sample after separation. In
the simultaneous fit with common parameters, all pa-
rameters (except the relative resonance areas and the
linewidlths) are common since they are changed simul-
taneously in such a way that they assume the same
value in all the spectra of the considered set. This
means that the common parameters of all spectra are
identical with each other and they may be changed
only simultaneously. Common parameters were used
for the paramagnetic components. The free param-
eters were the resonance areas and the linewidths:
they are free since they concern only the spectrum
they belong to and are changed in a completely free
way. The simultaneous fit has been performed by
writing a macro file to connect the parameters of the
spectra before and after Frantz separation. The rel-
ative resonance areas (in percent) of the components
present in the fractions of the sediment are listed in
Table 5.
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Mossbauer Spec-

Abstract: Marine, lacustrine and terrestrial soil cores, sampled in a restricted area of
Wood Bay in Antarctica. were characterised by X-ray diffractign, instrumental neu-
tron activation analysis and °"Fe Méssbauer spectroscopy. The soils, formed from
mechanical disgregation and weathering of rocks of volcanic origin from Mt. Mel-
bourne, consist of alkaline feldspar, olivine, augitic clinopyroxene, and iron oxides
such as haematite, goethite, and magnetite. Lacusirine and terrestrial soils are richer
in clinopyroxene whereas marine soils are richer in olivine. This finding shows that
the soils retain a content in olivine and clinopyroxene comparable to that found in the
parent lava outcropping in the Mt. Melbourne volcano. The soils appear at the initial
stage of weathering. Two main weathering effects are observed: 1) atmospheric oxy-
gen determines the oxidation of the iron(Il) present in olivine and clinopyroxene and
the neo-formed iron(I11) is mainly retained in silicate sites as structural iron(111). 2] A
part of magnetite, present as a primary constituent of the volcanic rocks, is oxidised

to bulk haematite and goethite,

INTRODUCTION

Much has been reported on the volcanism of
Mt. Melbourne Province in Northern Victoria Land,
Antarctica, by a number of authors, inter alia Hoig
et al. (1991), Worner, Viereck (1989), Viereck et al.
(1989), Glasby et al.(1975, 1985). Many geochemical
and petrological data concerning a wide range of vol-
canic rocks, sampled in the Mt. Melbourne region,
have been reported by Beccaluva et al. (1991) and
Armienti et al. (1991, 1994). These volcanic rocks,
produced at high temperature and pressure in re-
ducing conditions, contain mainly alkaline feldspars,
olivines, clinopyroxenes. and magnetite. Their con-
tent of olivines and clinopyroxenes is variable depend-
ing on the different conditions of formation: the rocks
richer in olivines were formed at lower pressure con-
trary to those richer in clinopyroxenes formed at re-

* Author to whom correspondence should be addressed

latively higher pressure (Armienti et al. 1991). Con-
sidering the soils sampled in Wood Bay, i.e. the mate-
rial probably formed by mechanical disgregation and
weathering of lava outcropped from Mt. Melbourne
volcano, two phenomena seem prominent in the soil
evolution. The first is related to the redox processes,
since the iron(I1)-bearing silicates may be altered and
the iron(II} cations partially oxidised; the second is
related to the enrichment or depauperation of some
elements. Since iron, a redox probe of local varia-
tions, is substantially present in these volcanic ma-
terials, °"Fe Mossbauer spectroscopy can be a use-
ful tool because it provides quantitative information
about the relative population of the iron species (Van-
denberghe et al., 1990; Hilton et al., 1986). In addi-
tion Maosshauer effect, depending primarily on short-
range order in solids, can detect specific properties of
the individual iron sites as oxidation state, coordina-
tion symmetry, magnetic order etc. Another advan-
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tage is that Mossbauer spectra can be collected for
both crystalline and amorphous materials. So, poorly
crvstallised iron hydroxides, or oxyhydroxides, or ox-
ides (hereafter referred to as iron oxides) can be ev-
idenced (Johnston et al., 1987; Murad et al., 1987,
Bowen et al., 1993). On the other hand, instrumen-
tal neutron activation analysis (INAA) is a reliable
tool to detect the enrichment or the depauperation
of many heavy elements along the depth profile of
cores, or among soils belonging to different environ-
ments. These two techniques, together with N-ray
diffraction (XRD), were used for studying selected
marine, lacustrine, and terrestrial cores of Wood Bay
and the results are here reported and discussed.

EXPERIMENTAL

Sampling

The soil cores were sampled in Wood Bay in
the framework of the Italian National Program for
Antarctica Research (PNRA) during the 1993-1994
Austral summer. The sampled cores were enclosed
in hermetically sealed bottles. Subsequently, the
cores were extruded, sectioned, frozen and placed in
a freeze-drier. After sectioning the cores in layers,
the pieces larger than 2mm were excluded and veg-
etable organisms removed. The marine core (8 MS;
T4=B020" lat. S, 165=B06" long. E) was collected
not too far from the shore, close to Edmonson Point.
The marine core of 25 cm was sectioned in eight lay-
ers. The lacustrine core (12 LS ; 74°18 lat. S, 165°5°
long. E) was sampled, at 2 m from the shore at a
water-depth of 20 em, from a small lacustrine fed by
waler of defrosting. The lacustrine samples derive
from a core of 15 cm sectioned in eight layers. The
terrestrial core (12 TS, 10x10x15h em®) was collec-
tec at. the Wood Bay station (30 m a.s.l., 3 km North
of Edmonson Point, 74°18 lat. S, 165%5° long. E)
close to the ltalian base of Terranova. The terres-
trial core of 15 em was sectioned in three layers of
5 em. Subsequently the terrestrial layer 0-5 em was
fractionated in four granulometric ranges 0-50, 50—
100, 100-200, and 200-2000 mm. Instrumental neu-
tron activation analysis (INAA). Three subsamples
for every specimen (after grounding, powdering < 100
mesh and homogenising) were submitted to a test of
homogeneity according to Jaffrezic (1976). The vari-
ance analysis, assumed as an index of the sampling
variability, showed that samples of about 400 mg are
quite homogeneous and representative of the mate-
rial investigated. Samples of about 500 mg were sub-
jected to a first neutron irradiation for 2 h and to a
second irradiation, at a thermal flux of 1012 n em~—?2
571, for 25 h in a 250 kW Triga Mark II reactor. In
the same way the standard SRM 1633a from National
Institute for Sciences and Technology, USA, and an-
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other standard (prepared by adding known amounts
of other elements in the reach of INAA to pure SiO?)
were irradiated. A gray spectrometry and a Ge(Li)
detector coupled to an analyser-computer measured
induced radioactivity from 3 to 50 d after the irradi-
ation. The reliability of the procedure is confirmed
by the good agreement, between found and known
elemental contents, obtained for the two standards.
Major, minor, and REE abundances for La, Ce, Nd,
Sm, Eu, Gd, Th, Ho, Tm, Yb, Lu, Sc¢, Cr, Co. Ni,
Zn, As, Se, Rb, Zr, Sb, Cs, Ba, Hf, Ta, Th, U, Fe,
reported in ppm, except for Fe in %, as an average of
three independent determinations, are listed in Ta-
bles 1A, 1B, and 1C for the three soil cores.

Mossbauer spectroscopy

The ®"Fe Mossbauer spectra were collected mainly
at room temperature but also at the liquid nitro-
gen or liquid helium temperature with a 37Coo source
in a rhodium matrix with a sinusoidal velocity wave
form. The spectra were fitted with appropriate super-
position of Lorentzian lines and of magnetic sextets
using the MOS-90 software package (Grosse, 1992).
The reference Méssbauer parameters for olivines and
clinopyroxenes were taken from literature (Bancroft
et al., 1967; Coey 1984). 'The resulting spectral
parameters (such as the magnetic hyperfine field B
in Tesla T, the electric quadrupole splitting QS in
mms~!, the isomer shift IS in mms™!, relative to
metallic iron, and the relative resonance areas A of
the different components of the absorption patterns)
are reported in Tables 2A, 2B and 2C. The estimated
error is less than 1%. The X-ray diffraction (XRD)
patterns were obtained by a diffractometer operating
with a Cul{a/Ni radiation.

RESULTS AND DISCUSSION

INAA and XRD data ¥

The variation in the elemental composition listed
in Tables 1A-1C 1s relatively scarce and depends on
local environmental conditions. This dependence is
displayed on comparing lacustrine soils (Table 1B)
with the unfractioned terrestrial sample (last column
of Table 1C): there is a depauperation in REE, Se,
Rb, Ba, Hf, Th, Fe and an enrichment in Sc, Cr, Co,
Ni, U, Zr, Sb. This finding may be explained con-
sidering the lacustrine soil as a collector of defrost-
ing water, which transports detritus materials and
leached elements. Therefore transport and deposi-
tion, in comparison with the terrestrial sample, alter
the elemental distribution in lacustrine soils.

Comparing marine soils with the unfractioned ter-
restrial sample (Table 1A and last column of Tahble
1C) a depauperation is observed for most elements.
The finding implies the presence of diffusion fAuxes,
(resulting from concentration gradients at the sedi-
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Table 1A, Elemental abundance in ppm, (cxcept for Fe in %) for the marine soil core vs. the depth profile

-2cm 2-5¢m | 5-8em ||B-11 ¢m 11-14  ¢m 14-17 ¢m | 17-23¢m | 23-25cm
La 74 (3) 74 (4) 72(1) 68 (1) 795 (1) 75 (3) 77(1) 69 (3)
Ce 142 (9) 139 (8) 136 (3) 131 (3) 150 (3) 139 (1) 141 (8) 128 (1)
Nd 61 (3) 62 (3) 61 (2) 571(4) 64 (2) 58 (4) 61 (3) 56 (5)
Sm 12.4 (8) 12.6 (8) 12.2 (2) 11.5(3) 126 (1) 12.1 (8) 125 (%) 11.3(9)
Eu 32(2) 33(2) 31 () 30 3.07 (9) 12(3) 33(3) 32(3)
Gd 162(1) | 160¢1) | 153(D) 16.5(1) 16.3 (1) 154 (1) 16.3 (1) 14.6 (1)
Th 269(1) 278 (1) 289 (1) 275(1) 2.82 (3) 2.46 (3) 258 (1) 3.0(5)
Ho 335() | 341() | 344 () 3.35(2) 346 () 278 (1) 287 (1) 288 (2)
Tm 112¢5) | 1029 1.1 (8) 0.94 (4) 0.95 (4) .94 (3) 0,79 (1) 1.0 (1)
Yh 4.6 (2) 4.5 (3) 43(2) 4.17(7) 44(1) 4.4 (4) 45(2) 4.2 (4)
Lu (.55 (2) 0,54 (3) 0.54 (1) 0.50 (1) 0.56 (1) 0.52 (2) 0.56 (1) 0.51 (3) -
Se¢ 9.4 (5) 0.7 (1) 10.2 (6) 8.7 (2) 9.9 (4) 9.7 (2) 9.9(7) 10.2 (6)
Cr 229 (6) 8.8 (6) 47 (2) 28.6 (2) 292 (5 184 (2) 292 (6) 3RO (3)
Co 11.0(3) 12,1 () 11.2 (1) 10.0(1) 11.5(2) 100.75 (5) 10.92 (5) 11.6 (4)
Ni 314 29.7(2) 46.4 (3) 28 (1) 63.4 (9 17.4 (7Y 19.9 (3) 23.3(7)
Zn 128 (2) 145 (3) 166 (3) 126 (2) 166 (2) 133 (2) 146 (2) 106 (2)
As 1.99 (5) 24(1) 1.75 (3) 2.05(2) 1.6 (1) 1.7 (3) 1.8 (.2) 1.66 (8)
Se 7.6 (1) 6.6 (5) 6.5 (2) 6.7 (2) 6.9 (3) 7.6 (4) 74(3) 7.0(3)
Rb 767 (7Y 73 (2) 66.3 (T) 713 (1) 59.2 (8) 843 (B) 79.3(2) T5.9(T)
Zr 339(5) | 338(16)| 338012) 294 (7) 361 (21) 325 (10) 354(3) [ 3095())
Sh 1.98 (2) 6.3(2) 1.17 (1) 6(4) 1.5(1) 1.5(2) 2.3(1) 1.56 (8)
Cs 1.14 (4) 0.97(2) 093 (1) 0.87 (2) 082 (7 1.20 (2) L1 (%) 1.0 (2)
Ba 862 (28) 889 (16) 840 (15) 753 (3) 852 (23) 836 (22) 948 (5) 864 (26)
Hf 108 (6) 99(6) | 100 9.7 (3) 10.8 (1) 11.5 (5) 11,5 (3) 10,5 (7)
Ta 55 (1) 52(1) | 5.01¢5) 4.90 (8) 5.00 (6) 5.69 (9) 5.44 (9) 50(2)
Th 1125 | 1005 9.7(1) 10,0 (1) 9.9 (1) 112 (4) 1082) 9.8 (5)
| }] 5.6 (4) 5.0(3) 4.8 (2), 5.02 (6) 4.9 (2) 5.1 (6) 34 (2) 47(2)
Fe (%) 6.6 (3) 7.8 (6) 6.0 (2) 6.8 (9) 83(1) 6.5 (1) 6,97 (4) 7.0 (3)

Table 1B. Elemental abundance in ppm. (except for Fe in %) for the lacustrine core vs. the depth profile

-2 em 2-dcem| 4-6 cm 6-8 cm 8-10 cm 10-12em | 12-14 com
La 89.1(5) 948 (1) 90 (3) 88 (2) 74 (3) 87 (2) 96 (1)
Ce 166 (1) 187 (1) 178 (4) 1700.5 (2) 148 (2) 157 (4) 185 (3)
Nd 69 (1) 76(4) | 78.3(9) 67 (3) 60 (2) 065.1(4) 80 (2)
Sm 13.4(3) 14,6 (%) 14.8(7) 142 (3) 11.8 (3) 12.5 (4) 154 (4)
Eu 395(9) 4.3(2) | 423(1) 5.1(N 33.(1) 3.7(1) 4.1 (D)
Gd 154 (1) 18.3 (3) 17.8(2) 18.2(1) 15.2 (1) 163 (1) 18.4 (1)
Th 249 (2) 3.03(2) | 2.87(1) 271 (4 2.68 (3) 279 (1) 293 (4)
Ho 2.84 (5) 3.6(2) | 3.57(2) 3.46 (V) 346 (9 lo(l) 354 (%)
Tm 1.24 (2) 1.36 (3) Li¢n 1.1 (4) 1.2 (2) 1.25 (3) 1.16 (2)
Yb 4.96 (9) 53@) |512(7) 53(2) 43(D) 50(1) 55(2)
Lu 0.59 (1) 0.63 (4) | 0.59 (6) 0.38 (3) 0.50 (4) 0.56 (1) 0.65 (3)
Sc 8.30 (6) 9.8 (5) 7(1) 7.5 (1) 5.96 (8) 8 (6) 6.7 (5)
Cr 13.1(1) 20.3 (5) 20(3) 20.2 (6) 14.0(2) 40.1 (D) 20,6 (8)
Co 6.0 (3) 7.3(2) 6.4 (2) 6.5 (1) 52(4) 5.1(2) 572 (8)
Ni 25(2) 28.0(4) | 32.2(8) 21.5(D) 27 (3) 22 (1) 56.0 (6)
In 142 (6) 145.6 (3) 168 (7Y 133 (8) 126.0 (1) 121 (5) 164 (3)
As 2.30(7) 2.6 (8) 1.88 (6) 1.85 (5) 1.8 (1) 2.4 (4) 2.8 (2)
Se 8.1(7) 9.2 (6) B8.9(3) 9.6 (2) 6.9 (8) 7.6 (7) 9(1)
Rb 87 (1D 102 (2) 104 (4) 107.0 (7) 82 () 98 () 121 (9)
Zr 312 (18) 361 (17) | 340 (6) 308 (36) 272 (17) 326 (18) 34021
Sbh 2.5 (1) 19.6 (2) 1.2(9) 8.3 (6) 8 (6) 1.15 (3) 22(2)
Cs 1.37 (9) 1.3 (1) 1.4(1) 1.65 (8) 1.20 (1) 1.4 (1) 1.47 (6)
Ba 1118 (33) 855 (13) | 858 (24) 1382 (12) 083 (20) 1155 (31) 882 (28)
Hf 13.0(7) 13.9(7) 111 129 (2) 10.9 (D) 12,1 (8) 126 (D
Ta 6.9 (1) 74(1) 7.0(4) 6.9 (2) 59(3) 6.9 (3) 8.0 (2)
Th 145 (4) 15.5 (4) 14.8 (8) 14.7 (3) 12.5 (6) 14.5 (4) 16.8 (2)
L] 3.6 (2) 4.51(2) 4.6 () 2.8(7) 3.9(8) 4.5 (6) 51 (%
Fe (%) | 1.9(2) 1.5(3) 1.0 (1) 1.4 (3) 1.4 (1) 1.5 (2) 1.8 (3)

=
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Table 1C. Elemental abundance in ppm. (except for Fe in %) for the terrestrial layer 0-5 cm vs. the granulometry

0-50 pm 50 - 100 pm 100 - 200 pm 200 - 2000 pm unfra ctioned
La 97 (5) 85 (2) 76 (6) 71 (1) 82 (5)
Ce 174 (9) 156 (3) 137 (12) 134 (5) 150 (12)
Nd 80 (1) 68.8 (9) 59 (6) 63 (3) 68 (9)
Sm 13.8 (9) 13.1 (1) 12.4 (7) 125 3) 12.9 (9)
Eu 47 (2) 3.7 2) 3.5 (3) 3.7 ) 3.9 3)
Gd 17.9 (1) 16.9 (1) 16.1 (1) 16.4 (1) 16.8 (1)
Th 2.79 (2) 2.82 (2) 2.75 (1) 2.79 (2) 2.79 (2)
Ho 3.51(5) 3.42 (2) 333 (2) 334 (3) 3.4 (5)
Tm 1.26 2) 112 (1) 1.16 (2) 1.14 (1) 117 (2)
Yb 5.72 (8) 47 Q) 4.4 (4) 4.1Q2) 47 (8)
Lu 0.65 (4) 0.55 (3) 0.52 (3) 0.46 (1) 0.54 (4)
Sc 7.7 (5) 8.1 (8) 10 2) 14.6 (9) 10.1 (8)
Cr 20.7 (1) 25 (7) 43 (1) 83.0 (8) 42.7 (7)
Co 9.4 (5) 12.5 (1) 16.0 (3) 24.8 (1) 15.7 (5)
Ni 68 (1) 28.1 (1) 27.0 (5) 36.6 (2) 39.9 (5
Zn 146 (12) 123 4) 159 (7) 146 (3) 143.5 (7)
As 3.27 (9) 2.36 (1) 2.17 (3) 2.6 (1) 2.6 9)
Se 9.6 (2) 7.9 (1) 7.9 (5) 6.9 (1) 8.1 (5)
Rb 109 (7) 93 (1) 76 (1) 67.6 (1) 86.4 (7)
Zr 409 (13) 302 (13) 395 (2) 404 (4) 377 (13)
Sb 15.2 (7) 18.3 (5) 11.61 (4) 8.99 (5) 13.5 (7)
Cs 1.9 (1) 1.8 (1) 1.4 (2) 1.04 (5) 15 (5)
Ba 543 (24) 632 (10) 962 (32) 945 (32) 770 (32)
Hf 12.7 9) 12,5 (6) 11.2 3) 10.2 (3) 11.6 (9)
Ta 82 (1) 7.05 (2) 6.20 (5) 5.84 (4) 6.82 (5)
Th 18.3 (5) 144 (2) 11.5 (3) 9.5 (1) 13.4 (5)
U 5.0 (2) 4.05(7) 5.6 (2) 4.9 (2) 4.9(D
Fe (%) | 6.5 4) 5.9 (6) 6.5 (5) 62 (4) 6.3 (5)
ment-water interface), that transport elements from ger in Antarctic soils than in the reference sediment

the soils to the overlying seawater. This flux is com-
pensated from another, in the opposite direction, con-
cerning in particular Cs, Ba and Rb. In both lacus-
trine and marine soils, the elemental content gener-
ally increases on going from the top core to a depth
of 5-10 cm. The elemental content decreases in the
middle part of the core and increases again at the bot-
tom. The influence of the physical subdivision on el-
emental distribution is displayed from the terrestrial
layer at depth (-5 cm fractionated in the ranges (-
50. 50-100, 100-200, and 200-2000 mm. INAA data
exhibit a depauperation for REE, Ni, As, Se, Rb, Cs,
Hf, Ta, Th and an enrichment for Se, Cr, Fe, Co,
Ba considering samples ordered following increasing
granulometry. For comparison purposes the elemen-
tal content of Antarctic soils has been normalised to
mean sediment composition (Bowen, 1979). It is dis-
played at the top of Figures 1A, 1B and 1C. It can
be seen that the elemental content is generally lar-

IGR

in particular for Se. Some elements in particular As
and Cs exhibit an opposite trend. The REE content
in Antarctic soils has been normalised to NASC i.e.
North American Shale Composition (Haskin et al.,
1979). The trend, displayed at the bottom of Fig-
ures 1A, 1B and 1C, shows that the content is always
larger than in NASC. Figures 1A, 1B and 1C show
that the Antarctic specimens are similar among them
but very different in elemental content from reference
standards. Similar XRD patterns were found for ma-
rine, terrestrial, and lacustrine soils, as shown in Fig-
ure 2 for representative specimens. The major con-
stituents are alkaline feldspars, olivines (OI), augitic
clinopyroxenes (hereafter referred to as clinopyrox-
ene, Cpx) and iron oxides. As expected, the lacus-
trine soils result more amorphous than the others
since less intense and numerous peaks are observed
and in particular olivines are less present. It is inter-
esting to note that the constituents present in soils
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Table 2A. Mossbauer parameters at 293 K for marine lavers

Layer B Qs 152 A Sitel
(cm) (Tesla) (mms™) (mms’ly (%)
0-2 50.5 -0.19 0.37 8 Haematite
47.7 -0.02 0.26 5 Magnetite 1
45.9 0.00 0.66 3 Magnetite 2
36.7 -0.26 037 3 Gocethite
- 2.78 1.14 42 Fe(ll) Ol M2
2 2.12 1.13 18 Fe(1l) Cpx M1
- 1.62 0.99 T Fe(Il) Cpx M2
0.47 0.65 14 Fe(11I) :
2-5 50.5 -0.19 .37 11 Haematite
47.7 -0.02 0.26 6 Magnetite 1
45.7 0.00 0.66 4 Magnetite 2
39.4 -0.26 0.37 3 Goethite
- 2.78 1.14 31 Fe(Il) Ol M2
- 2.08 1.14 18 Fe(II) Cpx M1
. 1.45 1.08 g Fe(IT) Cpx M2
0.88 0.42 19 Fe(111)
5-8 50.4 -0.19 0.37 9 aematite
473 -0.02 0.26 5 Magnetite 1
45.8 0.00 0.66 4 Magnetite 2
37.0 -0.26 0.37 3 Goethite
- 2.77 1.14 33 Fe(ll) Ol M2
- 2.07 1.15 21 Fe(Il) Cpx M1
- 1.42 1.11 8 Fe(ll) Cpx M2
0.91 0.41 17 Fe(11)
B-11 50.8 -0.19 0.37 11 Haematite
48.2 -0.02 0.26 7 Magnetite |
46.7 0.00 0.66 4 Magnetite 2
37.1 -0.26 037 4 Goethite
- 2.79 1.14 31 Fe(ll) O M2
- 2.06 1.14 20 Fe(Il) Cpx M1
- 1.26 1.14 ¥ Fe(Il) Cpx M2
- 0.91 0.44 16 Fe(IIT)
11-14 S50.7 -0.19 0.37 13 Haematite
47.6 -0.02 0.26 7 Magnetite 1
45.9 0.00 0.66 4 Magnetite 2
385 -0.26 0.37 4 Goethite
- 2.79 1.15 25 Fe(Il) Ol M2
= 2.06 113 19 Fe(Il) Cpx MI
- 1.42 1.07 8 Fe(Il) Cpx M2
0.86 0.39 20 Fe(11l)
14-17 51.1 -0.19 037 10 Haematite
48.0 -0.02 0.26 5 Magnetite 1
46.5 0.00 0.66 4 Magnetite 2
38.4 -0.26 037 3 Goethite
- 2.87 1.15 27 Fe(Il) O M2
. 2.36 1.13 20 Fe(Il) Cpx M1
- 1.83 1.10 14 Fe(Il) Cpx M2
0.62 0.59 17 Fe(I11)
17-23 51.4 -0.19 0.37 9 Haematite
49.0 -0.02 0.26 5 Magnetite 1
48.1 0.00 0.66 - Magnetite 2
R4 -0.26 0.37 3 Goethite
- 2.83 1.15 41 Fe(Il) O M2
- 2.10 1.14 13 Fe(Il) Cpx M1
- 1.50 1.04 7 Fe(ll) Cpx M2
0.86 0.37 18 Fe(IID)
23-25 50.6 -0.19 0.37 10 Haematite
477 -0.02 0.26 6 Magnetite 1
46.1 0.00 0.66 4 Magnetite 2
39.0 . -0.26 0.37 3 Goethite
- 2.79 1.15 34 Fe(Il) O M2
< 2:12 1.16 20 Fe(Il) Cpx M1
- 1.51 1.11 7 Fe(II) Cpx M2
0.87 0.37 16 Fe(11l)

4 The isomer shift (IS) quoted relative to Fe metal.

"0l = olivine, Cpx = augitic clinopyroxene
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Table 2B. Mgssbaucr parametcers at 293 K for lacustrine layers

Layer B Qs Is? A Site?
(em) (Tesla) (mms™) (ms™) (%)
0-2 51.5 -0.19 0.37 4 Haematite
47.5 -0.02 0.26 5 Magnetite 1
46.5 0.00 0.66 4 Magnetite 2
39.4 -0.26 0.37 6 Goethite
y 2.75 1.12 19 Fe(ll) O1 M2
- 2.01 1.06 26 Fe(Il) Cpx M1
- 1.38 1.02 14 Fe(ll) Cpx M2
0.83 0.36 22 Fe(lIn)
2-4 50.9 -0.19 0.37 3 Haematite
479 -0.02 0.26 4 Magnatite 1
46.3 0.00 0.66 4 Magnetite 2
379 -0.26 0.37 4 Gocthite
- 2.73 1.13 22 Fe(ll) Ol M2
- 2.01 1.06 28 Fe(Il) Cpx M1
- 1.37 1.03 14 Fe(Il) Cpx M2
0.94 0.40 21 Fe(Il)
4-6 51.7 -0.19 0.37 4 Haematite
46.1 -0.02 0.26 5 Magnetite |
44.5 0.00 0.66 3 Magnetite 2
39.4 -0.26 0.37 4 Goethite
- 2.67 1.15 20 Fe(Il) O M2
- 1.94 1.09 29 Fe(Il) Cpx M1
- 1.24 1.03 13 Fe(Ill) Cpx M2
1.00 037 22 Fe(lI])
6-8 50.7 -0.19 0.37 4 Haematite
46.1 -0.02 0.26 5 Magnetite 1
44,0 0.00 0.66 3 Magnetite 2
39.4 -0.26 0.37 4 Godahile
- 2.73 1.09 17 Fe(ll) Ol M2
. 2.19 1.03 24 Fe(IT) Cpx M1
- 1.65 1.00 20 Fe(ll) Cpx M2
0.56 0.46 23 Fe(IIT)
8-10 52.0 -0.19 0.37 4 Haematite
474 -0.02 0.26 5 Magnetite |
46.6 0.00 0.66 6 Magnetite 2
39.2 -0.26 0.37 2 Gocthite
- 2.68 1.10 18 Fe(ll) O M2
- 2.03 1.06 27 Fe(ll) Cpx M1
- 1.44 1.00 15 Fe(ll) CpxM2
0.84 0.39 23 Fe(111)
10-12 50.0 -0.19 0.37 4 Haematite
47.0 -0.02 0.26 5 Magnetite 1
45.6 0.00 0.66 6 Magnetitc 2
39. -0.26 0.37 2 Goethite
- 2.76 1.07 19 Fe(ll) Ol M2
- 2.05 1.02 30 Fe(ll) Cpx M1
= 1.38 1.00 13 Fe(ll) Cpx M2
0.41 0.46 2] Fe(111)
12-14 51.7 -0.19 0.37 3 Haematite
47.8 -0.02 0.26 4 Magnetite 1
46.8 0.00 0.66 2 Magnetite 2
393 -0.26 037 5 Gocthite
- 2.74 1.09 18 Fe(lly Ol M2
- 2.10 1.03 28 Fe(Il) Cpx M1
- 1.57 0.95 17 Fe(I) Cpx M2
0.51 0.54 23 Fe(111)
14-15 51.4 -0.19 0.37 5 Haematite
48.2 -0.02 0.26 3 Magnetite 1
46.2 0.00 0.66 4 Magnetite 2
36.9 -0.26 0.37 5 Gocthite
- 2.71 1.11 16 Fe(Il) OI M2
- 2.05 1.08 26 Fe(Il) Cpx M1
- 1.43 1.03 15 Fe(Il) Cpx M2
.88 .38 26 Fe(I1l)

4 The isomer shift (IS) quoted relative to Fe metal.
bol= olivine; Cpx = augitic clinopyroxene
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Table 2C. Mossbauer parameters at 293 K for terrestrial layers

Layer B Qs 1sa A Siteb
(cm) (Tesla) | (mms™) | (mms™) (%)
0-5 50.5 -0.19 0.37 6 Haematite
47.2 -0.02 0.26 5 Magnetite 1
45.9 0.00 0.66 5 Magnetite 2
39.1 -0.26 0.37 4 Gocthite
- 2.82 1.14 34 Fe(Il) Ol M2
. 2.07 1.07 17 Fe(Il) Cpx M1
- 1.45 0.96 11 IFe(Il) Cpx M2
0.44 0.69 18 Fe(I1I)
5-10 51.3 -0.19 0.37 14 FHaematite
48.7 -0.02 0.26 5 Magnetite 1
43.1 0.00 0.66 5 Magnetite 2
39.1 -0.26 0.37 3 Gocthite
- 2.80 1.14 18 Fe(Il) O M2
- 2.00 1.08 18 Fe(ll) Cpx M1
- 1.30 1.03 10 Fe(ll) Cpx M2
0.83 0.38 A7 Fe(Ill)
10-15 50.9 -0.19 0.37 4 Haematite
46.9 -0.02 0.26 4 Magnetite 1
45.6 0.00 0.66 4 Magnetite 2
374 -0.26 0.37 3 Goethite
- 2.83 1.14 34 Fe(ll) Ol M2
- 2.05 1.05 19 Fe(1l) Cpx M1
- 1.33 0.90 12 Fe(Il) Cpx M2
0.39 0.66 20 Fe(I1T)

4 The isomer shift (IS) quoted relative to Fe metal.

bor= olivine; Cpx = augitic clinopyroxcne

were also found in volcanic rocks of Mt. Melbourne
Province according to Beccaluva et al., 1991; Armi-
enti et al., 1994 and 1991.

The iron-bearing silicates

The representative Maosshauer spectra at 273, 80
and 4.2 K, displayed in Figures 3 and 4, show that
magnetic and paramagnetic resonance is present.

The Mossbauer fit of the paramagnetic resonance
was carried out on the basis of the presence of olivine
and clinopyroxene, the two iron-bearing silicates de-
tected by XRD in soils. Although two distinct metal
sites (M1 and M2) are reported for natural olivines
(Bragg et al., 1965) the fit of its spectrum is gen-
erally performed by only one doublet (Shinno et
al.. 1974). Also natural clinopyroxenes present two
non-equivalent metal sites, M1 and M2 (Clark et
al., 1969). The M1 site contains iron(II), together
with other small cations, coordinated to six oxygen
atoms in a nearly regular octahedron. The iron(II)
in the M1 site gives rise to one doublet with large
quadrupole splitting. Analogously the M2 site con-
tains iron(II), together with large cations, coordi-
nated up to eight oxygen atoms. Iron(Il) in the site
M2 gives rise to another doublet with quadrupole
splitting smaller than that of M1. Natural olivines
and clinopyroxenes may also contain in their metallic

sites, M1 and M2, a variable amount of iron(IIl)
which gives rise to another spectral component poorly
split.

A complication can derive when finely divided
particles of iron oxides are present. These very
small particles are called superparamagnetic since
the fluctuations of the electron spin direction may
be so fast that the iron-nucleus can no longer
follow them and the nucleus therefore senses a
net zero magnetic field (Murad, Johnston, 1987).
Consequently superparamagnetic iron oxides and
structural iron(III) cations cannot be discriminated
and only one broad spectral component is detected.
As a consequence of the previous considerations, the
fit of the paramagnetic subspectra was performed
by using four doublets, with linewidths of about
0.3 mms™!: one for olivine, two for clinopyroxene
and one for both structural iron(IlI) and super-
paramagnetic iron oxide. The resulting Mossbauer
parameters are listed in Tables 2A-2C together with
the relative iron content for the four sites labelled
as Fe(II) Ol M2, Fe(II) Cpx M1, Fe(Il) Cpx M2
and Fe(IIl). These Mossbauer parameters are in
agreement with the structural and electronic config-
urations assumed for the iron sites in olivines and
clinopyroxenes. For instance the quadrupole splitting
for iron(II) in olivine (ranging from 2.6 to 2.8 mms™')
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points to an enough regular site whereas its isomer
shift (about 1.1 mms™!) is consistent with its octa-
hedral coordination. The same considerations can be
done for the quadrupole splitting of the sites M1/M2
of clinopyroxenes, about 2.1/1.6 mms™!. The isomer
shift for the sites M1/M2 in marine, lacustrine, and
terrestrial samples is less positive for the M2 site indi-
cating probably that the coordination number of the
site M2 is less than eight.

The broad spectral component attributed in Ta-
bles 2A-2C to iron(IIT) is assigned both to structural
iron(I11) cations in silicates and to superparamag-
netic iron oxides. The presence of two spectral con-
tributions can he inferred from the variability of the
Mossbauer parameters of the doublet reported in Ta-
bles 2A-2C. The two spectral contributions cannot be
separated even at the liquid helium temperature. As
shown for the representative spectrum of Figure 3, all
the Mossbauer spectra collected at 4.2 K exhibit the
superparamaguetic relaxations for the iron(Il) sites
of olivine and pyroxene in addition to the magnetic
ordering of the particles of iron oxides (Coey, 1975,
1980).

[n conclusion the Mosshauer parameters for the
iron sites remain substantially the same along the
soil cores, even if olivines and clinopyroxenes contain
iron and other metallic cations in their metallic sites
(Coey, 1984).

The iron oxides

The possible presence of various iron oxides was
taken into account in the fits of the Mossbauer spec-
tra. The best fit required four sextets was attributed
to haemalite, magnetite, and goethite mainly because
of the values of their magnetic fields (Murad, John-
ston, 1987).

The larger six-lines subspectrum (the first reported
in Tables 2A-2C) is assigned to bulk haematite i.e.
with average particle-size larger than 100 = (5.
In fact the Mossbauer parameters of this subspec-
trum agree with those reported for pure and bulk
haematite: B = 51.7 T, QS = -0.19 mms~!, IS =
0.37mms~! (Murad, Johnston, 1987).

Two magnetic subspectra (the second and ihe
third in Table 2A-2C") were assigned to bulk mag-
netite. Their Mossbauer parameters are consistent,
with those reported for bulk and pure magnetite: B
49 and 46 T, QS = -0.02 and 0.00 mms™!, IS =
0.26 and 0.66 mms™' (Murad, Johnston, 1987). Mag-
netite is a primary oxide in soils being already present,
in the parent rocks of the Mt. Melbourne volcano.

The narrow six-line subspectrum (the fourth in Ta
bles 2A-2C) is related to goethite. Its Mossbaucr
parameters are in fact not far from those reported
for bulk and pure goethite: B= 38.0 T, QS = -0.26
mms™!, IS = 0.37 mms™! (Murad, Johnston, 1987).

M. BERTELLI et al,
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Fig. 3 - Masshauver spectra at 293 K (top). 80 K and 1.2 I
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Fig. 4 - Méssbauer spectra at 283 K (top) and 80 X
(bottom) for the layer 15-18 of the sea soil.

Moreover, the spectral assignment for haematite
and goethite is consistent with the statement that
they are thermodynamically the most stable neo-
formed oxides in aerobic conditions and in pres-
ence of liquid solutions (Schwertmann, Cornell, 1991;
Cornell, Schwertmann, 1996). Additional evidence
for the presence of goethite derives by comparing
Méssbauer spectra collected at room and liguid he-
liwmn temperature. The representative spectrum at
the helium temperature of Figure 4 shows the ex-
pected increase in splitting, for its magnetic sextet,
from the room temperature value of about 38 (Fig. 2)
up to 50 T (Murad, Johnston, 1987). The spectrum
of Figure 4 concerns the terrestrial layer at a depth of
0-5 em. This spectrum is representative of a general
behaviour: the presence of superparamagnetic relax-
ations for the iron(1I) sites of olivine and pyroxene at
the liquid helium temperature (Coey, 1975, 1980).

Distribution of the iron among the various
sites

As shown in Figure 5, the iron content present in
the various sites changes remarkably from marine to
the lacustrine core. The most striking feature is the
iron(II) content in olivines and clinopyroxenes. In
fact in marine soils the iron(II) content is larger in
olivines than in clino-pyroxenes, whereas in lacustrine
soils the iron(Il) content is larger in clinopyroxenes
than in olivines. Since olivines are less stable than py-
roxenes, the large presence of olivine in marine soils
cannot be attributed to weathering but to their gen-
esis from primary rocks. The soils retain amounts
of olivines and clinopyroxenes probably comparable
to that found in rocks confirming the close connec-
tion between soils of Wood Bay and rocks of Mt.
Melbourne volcano: the rocks richer in olivine have
been considered formed at lower pressure, contrary to
rhose richer in clinopyroxenes formed at higher pres-
sire (Armienti et al.. 1991).

Effect (%)

Velocity (mm/s)

Ettect (%)

-10 -5 0 5

Velocity (mm/s)
Iig. 5 - Mossbauer spectra at 293 K (top) and 4.2 K

(bottom) for the layer 0-5 cm of the terrestrial soil.

Institutul Geologic al Romaniei



184

M. BERTELLE et al.

45

30
25 ¢
20

Iron content in %

10 ¢

40}
N \/H—\/A\A

/\/"’.\'—.—.
sl B —g

g—0—0—0—o—%—p ¢

—&— Fe(ll) Ol M2

—#- Fe(ll) Cpx M1
- Fe(ll) Cpx M2
== Fe(lll)

0-2 25

Depth in cm

36

5-8 8-11 11-14 14-17 17-23 23-25

—e— Total Fe-oxides

32

28 ¢

24

20

16

Iron content in %

12W

—A— Fe(ll) Ol M2
~m- Fe(ll) Cpx M1
—~ Fe(ll) Cpx M2
-%- Fe(lll)

02 24 46

Depth in cm

6-8 8-10 10-12 12-14 14-15

—@— Total Fe-oxide

Fig. 6 - Percentage content of the iron in the various sites along the depth profile, in em, for the marine core (top) and

lacustrine core (bottom). A = Fe(II) OI M2; = Fe(II) Cpx M1;

= Fe(II) Cpx M2;

= = Fe(III); = Total Fe-oxides

All the soils contain iron(III)-bearing species due to
structural iron(III) cations in silicates and to super-
paramagnetic iron oxides. The content of the struc-
tural iron(IIT) might be due to weathering in fact,
because of the prevalent reducing conditions existing
during the formation of primary volcanic rocks their
iron(III) content is negligible or very low (Beccaluva
et al., 1991). On the contrary in soils, atmospheric
oxygen determines a partial oxidation of the iron(II)
content in olivines and clinopyroxenes.

A key factor for weathering

The relative percentage content of the iron in the
various sites along the depth profile, displayed in Fig-
ure 6, shows that there are not large variations within
the marine or lacustrine core. Taking into account
the difficulty of the sampling and of the Méssbauer
fitting procedure, the deviations in the amount of the
various iron sites along the depth profiles shown in
Figure 6 are not significant. Analogously the varia-
tions in the amount of magnetite, haematite, and
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goethite within the marine or lacustrine core shown
in Figure 7 are relatively small. The absence of large
variations can visually be observed in Figure 8 where
the envelopes obtained in the fit of the Mssbauer
spectra for marine layers are reported.

The scarce variation in the content of the various
iron sites along the depth profiles indicates that the
same chemical processes are operative on the surface
layer of the soils in Austral summer. This chemical
weathering can take place only if a liquid solution is

present and, since the values of pH and Eh are
favourable, iron(II})-bearing materials can be oxi-
dised. As a consequence 1) the neo- formed iron(I1I)
is retained in the original silicates, 2) the oxidation of
the iron(II) in magnetite determines the formation of
bulk haematite and goethite evidenced in Mossbauer
spectra (Johnston, Lewis, 1987; Schwertmann, Cor-
nell, 1991; Murad, Schwertmann, 1980).

In conclusion the presence of different iron oxides
together with the iron population in silicate sites, de-
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I'ig. 8 - Envelops obtained by the fitted Massbauer spectra for the marine layers

pend not only on pH and Eh but also on the tem-
perature, a key factor [or the presence of liquid solu-
tions. Since water is generally frozen, the process of
formation of the soils is at the initial stage of weath-
ering. The silicates are in fact not altered. This is
shown from the marine soils that retain a content in
olivine larger than in clinopyroxenes even if olivines
are less stable than pyroxenes. In addition iron is
immobilised in silicate sites or in iron oxides.
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Preliminary Topics of ICAM 2000

1 Materials
= Advanced malerials
= Biomaterials
- Semiconductors, superconduclars
— Smart materials, sensors
- Composiles
= Glasses, glass ceramics,
+ Ceramics, chemically bonded ceramics
» Building materials, cemeant
+ Single crystal growth

2 Surfaces
* Surface and structura
+ Inlerfaces
= Catalysis
« Coatings, thin films
» Corrosion, protective coatings
= Manoparticles

3 Mining
+ Ore deposils
* Exploration
* Mineral processing, leaching
= Benalficiation
* Tailings
= Acid rock drainage
* Industrial minerals

4 Environment
= Residues (slag, fly ash, aerosols)
* Long-term behavior, kinetics
* Landiilis, repositories for hazardous wasle
= Recyciing
* Waste treatrment
* Modeling and simulation
* Remediation, immobilization

5 Precious stones, rare minerals
* Gems
+ Precious metals
* Rare earth elements

& Cultural heritage

* Archeometry

* Weathering of artifacts

* Geochemical fingarprints

* Conservalion issues

* Surface treatment
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NEW MINERALS RECENTLY APPROVED
BY THE
COMMISSION ON NEW MINERALS AND MINERAL NAMES
INTERNATIONAL MINERALOGICAL ASSOCIATION

The information given here is provided by the Commission on New Minerals and Mineral
Names, I. M. A. for comparative purposes and as a service to mineralogists working on new
species.

Each mineral is descr:bed in the following format:
IMA No. (any relationship to other minerals)

Chemical Formula

Crystal system, space group

unit cell parameters

Colour; lustre; diaphaneity.

Optical properties.

Strongest lines in the X-ray powder diffraction pattern.

The names of these approved species are considered confidential information until the
authors have published their descriptions or released information themselves.

NO OTHER INFORMATION WILL BE RELEASED BY THE COMMISSION.

J. A. Mandarino, Chairman Emeritus and J. D. Grice, Chairman
Commission on New Minerals and Mineral Names
International Mineralogical Association

1994 PROPOSALS

IMA No. 94-001  The Fe’**-dominant analogue of warwickite
Mg(Fe**,Fe**,Al, Ti,Mg)(BO,)O
Orthorhombic: Pnam .
a9.258(6) b9.351(4) <¢3.081(2) A
Black; adamantine to submetallic; subtranslucent to nearly opaque.
In reflected light: light grey, weak anisotropism, indistinct bireflectance, pleochroic
from dark red to dark brown. R, : (9.99 %)470nm, (9.66 %)540nm,
(9.29 %)589nm, (8.79 %)650nm.
6.563 (23), 4.176 (38), 2.957 (30), 2.570 (100), 2.088 (20), 1.591 (18), 1.550 (19).

IMA No. 94-002
Mn,Si0,(0OH), H,0
Orthorhombic: Pca2;, .
a 12.682(4) b7.214(2) ©5.337(1) A
Brown-yellowish; vitreous; transparent.
Biaxial (-), o 1.681, 3 1.688, v 1.690, 2V(meas.) 54.4°, 2V (calc.) 56.1°.
7.220 (60), 4.083 (60), 3.011 (100), 2.547 (80), 2.456 (80), 2.440 (80), 1.552 (60).



IMA No. 94-004 A member of the amphibole group.
NaNa,Mn2*Mn3*Si;0,,
Monoclinic: C2/m
a 9.89(2) b 18.04(3) ¢ 5.29(1) A B 104.6(1)°
Cherry red to very dark red; adamantine; transparent.
Biaxial (-), @ 1.717, 8 1.780, v 1.800, 2V(meas.) 51°, 2V(calc.) 57°.
3.400 (8), 3.146 (9), 2.544 (9), 2.176 (10), 1.656 (8), 1.447 (9).

IMA No. 94-005
(Zn,Cu)sZn,(OH),5[(S1,8)(0,0H),1,
Hexagonal (trigonal): P3
a8.322(1) ¢ 7.376(1) A
Light green; vitreous; transparent.
Uniaxial (-), w 1.705, € 1.611.
1.37 (100}, 3.623(25), 3.282 (30}, 2.724 (30),2.556 (50}, 2.191 (15), 1.572 (20}

IMA No. 94-006
Mg, 01),Mg,,(PO,)s(PO;0H),0.H;. ., x =0t00.3
Hexagonal: P6;mc
a 12.47(1) ¢ 5.036(6) A
Azure blue; vitreous; transparent.
Uniaxial (-), n ~ 1.61, A ~ 0.01.
3.66 (65), 3.15 (100), 3.109 (100), 2.692 (95), 2.213 (70), 1.803 (50), 1.552 (50).

IMA No. 94-007
Na;(Fe?*  Fe**)4[Ti,S1,,04,(0,0H),](0OH,0), 2H,0
Monoclinic: P2/c
a5.353(4) b 16.18(1) <c21.952) A B 94.6(2)°
Dark brown-green; vitreous to silky; translucent.
Biaxial (-), @ 1.627, B 1.667, v 1.693, 2V(meas.) 75°, 2V(calc.) 76°.
13.00 (30), 10.94 (100), 4.44 (30), 2.728 (50), 2.641 (40), 2.547 (30), 2.480 (30).

IMA No. 94-008

AgFeS,

Tetragonal: P4,mc
a5.64(1) ¢ 10.34(3) A

Megascopic colour not observed; metallic; opaque.

In reflected light: cream with a greyish tint, moderate anisotropism, no bireflectance,
nonpleochroic. R, & Ry, : (27.2, 30.1 %)470nm, (32.3, 36.4 %)546nm,
(33.0, 37.1 %)589nm, (31.2, 35.3 %)650nm.

3.15 (10), 2.445 (2), 2.340 (<2), 1.910 (4), 1.692 (2).

IMA No. 94-010 A member of the milarite group.
K(,Na,)(Mn,Zr,Y),(Zn,Li);Si,,0;4,
Hexagonal: P6/mcc
a10.196(5) ¢ 14.284(8) A
Dark blue, violet blue, greyish brown-blue; vitreous; transparent.
Uniaxial (-), w 1.590, ¢ 1.586.
7.13 (30), 4.15 (45), 3.75 (50), 3.25 (100), 2.924 (39), 2.777 (32), 2.548 (520).
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IMA No. 94-011
(NH,,K)NO,
Orthorhombic: Pbnm
a7.075(3) b 7.647(5) ¢5.779(5) A
White; vitreous; transparent.
Biaxial (-), « 1.458, 8 1.527, v 1.599, 2V(meas.) ~ 90°, 2V(calc.) 87°.
3.863 (73), 3.364 (85), 3.212 (95), 3.194 (100), 2.805 (35), 2.595 (90), 2.400 (50).

IMA No. 94-012
(Na,Mn,Fe,Al,REE),s(Y,REE,Ca,Na),(CO;)s(SO;F)Cl
Hexagonal: P3
a8.773(1) ¢ 10.746(2) A
Yellow to orange-brown; vitreous; transparent.
Uniaxial (-), w 1.548, € 1.537. :
6.20 (40), 4.39 (80), 2.774 (80), 2.532 (100), 2.240 (80), 2.067 (30), 1.657 (40).

IMA No. 94-013
Cu,Zn[(As,Sb)0,](OH),
Hexagonal (trigonal): P3
a 8.201 (1) c7.315() A
Emerald green; adamantine; transparent.
Uniaxial (-), « 1.801, € 1.796.
2.522 (100), 2.166 (88), 1.805 (92), 1.550 (100), 1.513 (85).

IMA No. 94-014
CuNiSb,
Hexagonal (trigonal): P3ml
a4.04892) ¢ 5.1358(3) A
Silver-white; metallic; opaque.
In reflected light: white with yellowish hue, distinct anisotropism, weak bireflectance,
nonpleochroic. Ry & Rg: (59.3, 52.4 %)470nm, (63.0, 56.8 %)546nm,
(65.5, 60.9 %)589nm, (68.6, 64.9 %)650nm.
2.901 (100), 2.572 (10), 2.074 (65), 2.023 (51), 1.660 (11), 1.284 (10).

IMA No. 94-016  The Zn-dominant analogue of hdgbomite-8H.
(Zn,Fe* ), Ti,ALO, x ~ 0.12
Hexagonal: most probably P6;mc
a5.708(4) c18.312) A
Deep brown to black; adamantine; transparent in thin sections.
Uniaxial (-), w 1.878, € 1.832.
2.85 (50), 2.60 (80), 2.42 (100), 1.592 (60), 1.550 (50), 1.470 (70), 1.425 (80).

IMA No. 94-017
Nag(Mn,Fe**, Ti),S1,00,5(OH,Cl),-10H,0
Orthorhombic: C222, ’
a 13.46(2) b 14.98(1) ¢ 17.51(2) A
Yellow to orange; vitreous; transparent.
Biaxial (+), « 1.532, 8 1.540, v 1.550, 2V(meas.) 89°, 2V(calc.) 84°.
10.049 (100), 8.823 (50), 5.025 (20), 3.806 (20), 2.718 (50).



IMA No. 94-018
PbCa,Al(F,OH),
Monoclinic: A2, A2/m or Am
a23.905(5) b7.516(2) ¢7.6992) A B 92.25(2)°
White to colourless; vitreous; transparent.
Biaxial (-), @ 1.510, 8 1.528, v 1.531, 2V(meas.) 36°, 2V(calc.) 44°.
11.9 (100), 3.71 (70), 3.51 (85), 2.98 (60), 2.94 (60), 2.027 (60), 1.971 (60).

MA No. 94-019  The cobalt-dominant member of the halotrichite group.
(Co,Mg,Ni)AL(SO,),22H,0
Monoclinic: P2,/c _
a6.189(4) b24.23(1) c¢21.20(1) A B 100.33(5)°
Empire rose; silky; transparent.
Biaxial (sign unknown), « 1.477, 8 unknown, v 1.484, 2V unknown.
6.03 (22), 4.790 (100), 4.295 (27), 4.106 (22), 3.945 (26), 3.768 (33), 3.494 (92).

IMA No. 94-020 A member of the magnetoplumbite group.

Pb(Zn,Fe’*);(Fe’* ,M’* ,Mn**,Al, Ti),0,,

Hexagonal: P6;/mmc
a5.854(1) c22.882(6) A

Black; metallic; opaque.

In reflected light: black, isotropic, no bireflectance, nonpleochroic.
Roeant (23.8 %)470nm, (22.4 %)546nm, (21.7 %)589nm, (20.7 %)650nm.

11.39 (45), 3.811 (100), 2.858 (75), 2.745 (50), 2.605 (40), 2.407 (25), 1.6361 (30).

IMA No. 94-021  The gallium-dominant analogue of beudantite.
Pb(Ga, Al,Fe);(AsO,)(SO,)(OH),
Hexagonal: R3m
a7.225(4) ¢ 17.03(2) A
Pale yellow; vitreous; transparent.
Uniaxial (), w 1.763, € 1.750.
5.85 (90), 3.59 (40), 3.038 (100), 2.851 (30), 2.513 (30), 2.271 (40), 1.948 (30).

IMA No. 94-022  The F-analogue of thalenite-(Y).
Y;8i;0,,F
Monoclinic: P2,/n
a7321(2) b11.1334) c10.3756) A g 97.17(2)°
Colourless to white; adamantine; translucent.
Biaxial (-), o 1.719, 8 1.739, v 1.748, 2V(meas.) 73°, 2V(calc.) 67°.
5.60 (5), 3.81 (5), 3.12 (10), 2.828 (8), 2.253 (8), 2.187 4), 2.131 (4).

IMA No. 94-023  The Ir-dominant analogue of isoferroplatinum.

Ir;Fe

Cubic: Pm3m
a3.792(5) A

Steel black; metallic; opaque.

In reflected light: bright white with yellowish tint, isotropic, nonbireflectant,
nonpleochroic. R: (66.2 %)470nm, (69.3 %)546nm, (71.1 %)3589nm,
(72.5 %)650nm.

2.18 (80), 1.89 (60), 1.34 (70), 1.26 (20), 1.200 (15), 1.142 (100), 1.094 (80).



IMA No. 94-024  An orthorhombic polymorph of walpurgite.
(U0O,)Bi,0,(As0,).2H,0
Orthorhombic: Pbcm
a5.492(1) b 13.324(2) ¢ 20.685(3) A
Yellow; adamantine; transparent.
Biaxial (-), & 1.90, 8 1.99, v 2.00 (calc.), 2V(meas 3367,
10.354 (94), 5.610 (40), 3.277 (56), 3.208 (100), 3.088 (76), 2.999 (50), 2.852 (46).

#»A No. 94-025
<0,)5(S0,)(OH),;13H,0
Monoclinic: P2,/a
a 18.553(8) b 9.276(2) ¢ 13.532(7) A (B 125.56(2)°
Yellow; vitreous; translucent.
Biaxial (-), « 1.715, 8 1.718, v 1.720, 2V(calc.) 78°.
7.56 (100), 7.13 (48), 3.771 (34), 3.554 (20), 3.234 (10), 3.206 (13), 2.052 (8).

IMA No. 94-026
NaCa,[B;0,,(OH),] 2H,0
Monoclinic: P2,/c
a 11.4994(8) b 12.5878(9) c 10.5297(1) A f99.423(6)°
Colourless to light dirty-yellow and light grey; vitreous; transparent.
Biaxial (+), o 1.532, B 1.538, v 1.564, 2V(meas.) 54°, 2V(calc.) 52°.
5.41 (66), 5.20 (57), 4.20 (56), 3.35 (89), 3.27 (39), 3.04 (100), 2.210 (59).

IMA No. 94-030

Pb,Bi,(S,Se),

Hexagonal (trigonal): P3 or P3m
a4.1912) ¢ 39.60(3) A

Silver-grey; metallic; opaque.

Inreflected light: yellowish-white, distinct anisotropism, practically absentblreﬂectance,
bluish-grey to brownish pleochroism. R; & R,: (49.7, 48.5 %)470nm,
(48.4, 47.4 %)546nm, (47.9, 46.8 %)589nm, (47.9, 46.2 %)650nm.

3.42 (5), 3.04 (10), 2.096 (8), 1.806 (6), 1.725 (5), 1.298 (7), 1.233 (6).

IMA No. 94-031
HgSAg(Cl,Br)
Hexagonal: P6,, P6,, P6,22 or P6,22
a8.234(4) ¢ 19.38(1) A
Red to brownish red; adamantine; translucent.
Uniaxial (-), w 2.3 (from polished section), e could not be measured)
6.47 (20), 4.124 (30), 3.357 (60), 3.237 (30), 3.127 (50), 2.879 (100), 2.009 (50).

IMA No. 94-032
Si;N,
Hexagonal (trigonal): P31c
a 7.758(5) ¢ 5.623(5) A
Brownish red to colourless; probably adamantine; transparent.
Uniaxial (-), @ 2.03, € 2.02.
2.893 (85), 2.599 (75), 2.547 (100), 2.320 (60), 1.486 (70), 1.418 (60), 1.351 (75).



IMA No. 94-033  Isostructural with the arrojadite-dickonsonite series.
(Ba,K,Pb)Na,(Ca,Sr)(Fe,Mg,Mn),,Al(OH),(PO,),,
Monoclinic: C2/c

a 16.406(5) b9.945(3) <¢24.470(5) A £ 105.73(2)°
Greenish-grey; greasy; translucent.
Biaxial (sign unknown), Iy 1.65.
3.186 (45), 3.018 (100), 2.824 (39), 2.813 (36), 2.685 (50), 2.530 (35).

IMA No. 94-034  The magnesium-analogue of coulsonite.

Mg(V,Cr),0,

Cubic: Fd3m
a 8.385(3) A

Black; metallic; opaque.

in reflected light: light grey, isotropic, no bireflectance, nonpleochroic.
R: (14.0 %)470nm, (13.7 %)546nm, (13.7 %)589nm, (13.7 %)650nm.

4.84 (9), 2.52 (10), 2.093 (8), 1.612 (8), 1.482 (9), 1.092 (7), 1.048 (5).

IMA No. 94-035
(Na,Ca,K)Cu;(AsO,),C1-5H,0
Tetragonal: P4,2,2 or P4,22
a 10.085(2) ¢ 23.836(8) A
Intense blue to emerald green; vitreous; translucent.
Uniaxial (-), w 1.686, € 1.635.
11.90 (100), 9.29 (60), 7.132 (50), 5.043 (60), 4.641 (40), 3.098 (80), 3.061 (70).

IMA No. 94-036

Hg*Hg**[Cl,(OH)],0,

Orthorhombic: Pbma
a 11.790(3) b 13.881(4) c¢ 6.450(2) A

Black to very dark brown; metallic; opaque.

In reflected light: white, strong anisotropism, moderate bireflectance, pleochroic from
white to a higher reflecting blue-white. R, & R,: (22.8, 29.6 %)470nm,
(20.7, 25.7 %)546nm, (20.3, 24.6 %)589nm, (20.2, 23.2 %)650nm.

5.25 (80), 3.164 (60), 3.053 (100), 2.954 (70), 2.681 (50), 2.411 (50).

IMA No. 94-038

Ag(Cd,Pb)AsS,

Tetragonal: 14/amd
a5.499(5) ¢33.914) A

‘Grey; metallic; opaque.

In reflected light: greyish white with bluish tint; anisotropism, bireflectance and
pleochroism not observed. Ry: (31.3 %)470nm, (30.4 %)543nm, (29.3 %)587nm,
(27.1 %)657nm.

3.19 (50), 2.77 (100), 1.960 (80), 1.679 (70), 1.598 (70), 1.274 (60).
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IMA No. 94-043
Cui* T 02H,0
Monoclinic: P2,/n
29.2042) b9.1702) c¢7.584(1) A 3 102.32(3)°
Emerald green; adamantine; transparent.
Biaxial (sign unknown), n 1.91 - 1.92.
6.428 (100), 3.217 (70), 2.601 (40), 2.530 (50), 2.144 (35), 1.750 (35).

IMA No. 94-045
Fe**(Mn,Fe** ,Mg)(PO,)O
Monoclinic: 12/a
29.977(2) b6.339(2) c¢11.836(3) A B 105.77(3)°
Black; weakly submetallic; opaque.
Optical properties could not be measured due to the opaque nature of the mineral.
3.256 (23), 2.970 (100), 2.861 (35), 2.810 (98), 2.064 (25), 1.778 (22).

IMA No. 94-046 A member of the amphibole group.
(K,Na)Ca,(Mg,Fe**,Al,Fe’*, Ti):(8i,Al);0,,[(OH),F,0]
Monoclinic: C2/m
a9.9199(4) b 18.0591(8) c 5.3180(3) A B 105.36(1)°
Black; vitreous; opaque, but translucent in thin splinters.
Biaxial (-), « 1.654, 8 1.664, y 1.670, 2V(meas.) = 79°, 2V(calc.) = 75°.
8.45 (95), 3.283 (45), 3.140 (100), 2.707 (35), 2.344 (70), 2.018 (35), 1.652 (40).

IMA No. 94-047
(Cu,Fe)(Sn,Sb)
Tetragonal: space group unknown
a4.22(1) c¢5.103) A
Megascopic colour was not observed; metallic; opaque.
In reflected light: pinkish-white, distinct anisotropism, distinct bireflectance, pleochroic
from light pink to pinkish-white. R, & Ry, (72.6, 64.8 %)470nm,
(77.4, 68.2 %)546nm, (78.5, 68.9 %)589nm, (79.0, 69.0 %)650nm.
2.96 (9), 2.10 (10), 1.72 (3), 1.488 (3), 1.214 (4), 1.092 (4).

IMA No. 94-048 A member of the epidote group.
(Mn**,Ca)(La,Ce,Ca)(Al,Mn** ,Mn**),(S1;0,,)O(OH)
Monoclinic: P2,/m
a 8.891(3) b 5.704(3) ¢ 10.107(8) A B 113.99(2)°
Brown-red; vitreous; transparent.
Because of the small grain size, most of the optical properties could not be determined.

2.897 (100), 2.857 (45), 2.707 (60), 2.615 (60), 2.178 (60), 2.145 (60).



IMA No. 94-049

Mn,(Nb, Ta);(Nb,Mn),W,0,,

Monoclinic: P2,
a24.73(2) b5.056(3) ¢5.760(3) A B 103.50(7)°

Red to brown-red; metallic; opaque.

In reflected light: light grey, weak anisotropism, weak bireflectance, nonpleochroic.
Ry & Reyo: (19.2, 18.0 %)470nm, (18.5, 17.5 %)546nm, (19.3, 18.5 %)589nm,
(16.5, 16.0 %)650nm.

6.0 (5), 3.74 (8), 3.69 (8), 2.98 (10), 1.783 (5), 1.744 (6), 1.732 (7), 1.456 (3).

IMA No. 94-050  An F-dominant, triclinic polymorph of canasite, with additional
H,O0.
K;Na;Cay(S1,,05)(F;0H) H,0
Triclinic: P1
a 10.0941(3) b 12.6913(2) c 7.2405(1) A
a 90.00(2)° B 111.02(2)° v 110.20(2)°
Lilac-grey, blue-grey, rarely greenish; vitreous; translucent.
Biaxial (-), @ 1.536, 8 1.539, y 1.542, 2V(meas.) = 70°, 2V(calc.) = 89.8°.
5.88 (37), 4.70 (54), 4.21 (40), 3.01 (25), 2.915 (100), 2.354 (30), 2.307 (21).

IMA No. 94-051

Pb,Bi,Te,S;

Hexagonal: space group unknown
a4.230(4) c¢33.432) A

Dark grey to black; metallic; opaque.

In reflected light: greyish-white with a slight pinkish tint, very faint anisotropism, very
weak bireflectance, nonpleochroic. Ry & Rg: (40.4, 39.3 %)470nm,
(42.1, 40.8 %)546nm, (41.3, 40.8 %)589nm, (41.9, 40.9 %)650nm.

3.35 (40), 3.06 (100), 2.22 (25), 2.115 (50), 1.311 (25), 1.213 (25).

IMA No. 94-052
K,Na,Ca;Ti,Be,Si;,044
Orthorhombic: Fddd
a 12.778(4) b 14.343(3) c 33.69(1) A
Pink, dark red, seldom white; vitreous; transparent.
Biaxial (+), « 1.630, 8 1.644(calc.), v 1.675, 2V(meas.) = 70°.
9.23 (9), 4.15 (10), 3.30 (10), 3.16 (10), 2.53 (10), 2.42 (10), 1.582 (9).

IMA No. 94-053
Na,C,0,
Monoclinic: P2,/a
a 10.426(9) b 5.255(5) <c3.4793) A B 93.14(8)°
Pale yellow; vitreous; transparent.
Biaxial (-), o 1.415, B 1.524, v 1.592, 2V(meas.) = 72°, 2V(calc.) = 72°.
5.203 (13), 2.898 (27), 2.826 (100), 2.602 (56), 2.334 (33), 2.177 (13), 2.041 (14).



IMA No. 94-054 A member of the zeolite group.
Na;Mg;Ca;sAl 4Si;,,0,7,93H,0
Orthorhombic: Cmca
a 13.698(2) b25.213(3) c¢22.660(2) A
Colourless to light straw; vitreous; transparent.
Biaxial (-), o 1.480, 8 1.485, v 1.486, 2V(meas.) < 60°, 2V(calc.) 48°.
11.34 (100), 10.64 (31), 4.64 (35), 4.37 (79), 4.01 (57), 3.938 (36), 3.282 (68).

IMA No. 94-055 A member of the cuprorivaite group.
SrCuSi,0
Tetragonal: P4/ncc
a7.366(1) c15.574(3) A
Colour; vitreous; transparent.
Uniaxial (-), w 1.630, € 1.590.
7.79 (35), 3.444 (40), 3.330 (100), 3.119 (55), 3.033 (50), 2.605 (30), 2.322 (30).

IMA No. 94-056

Agy HgASSy

Hexagonal: space group unknown
a15.00(1) c 15.46(3) A

Wine-red to violet; metallic; opaque.

In reflected light: grey, weak to moderate anisotropism, very low bireflec
pleochroism. R, & Ryn: (31.0, 30.3 %)470nm, (29.2, 27.6 %)546m.
(27.6, 26.0 %)589nm, (24.6, 23.9 %)650nm.

3.17 (6), 3.091 (10), 2.998 (4), 2.755 (3), 1.878 (8).

IMA No. 94-057 A member of the crichtonite group.

(St,Pb)(Y,U)(Ti,Fe**),00x

Hexagonal (rthombohedral): R3
a9.197(1) « 68.75(2)°

Black; metallic; opaque.

In reflected light: ash-grey with pale bluish tones, weak anisotropism, low bireflectance,
very weak pleochroism. R; & R,: (17.73, 17.22 %)470nm, (17.14, 16.50 %)546nm,
(16.54, 16.11 %)589nm, (16.48, 16.00 %)650nm.

3.412 (m), 2.902 (m), 2.846 (mw), 2.499 (mw), 1.916 (mw), 1.603 (m), 1.441 (m).

IMA No. 94-058  The Ba-analogue of hennomartinite.
BaMn3 *[Si,0,](OH), H,0
Orthorhombic: Cmem (?)
a 6.325(1) b9.120(1) c 13.613(1) A
Dark brown; earthy to brilliant; translucent to transparent.
Biaxial (-), o 1.82, 8 1.845 (calc.), v 1.85, 2V(meas.) 46°.
4.85 (100), 4.557 (50), 4.322 (59), 3.416 (77), 2.869 (80), 2.729 (82).
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IMA No. 94-059 A member of the amphibole group.
(Na,K)(Ca,Na,Fe?*),Mg;(Si, Al)sO,,(F,0,0H),
Monoclinic: C2/m

29.803(4) b 18.015(5) c5.279(3) A B 104.61(4)°
Grey to black; vitreous; opaque, but thin fragments are transparent.
‘Biaxial (-), o 1.603, 8 1.613, v 1.623, 2V(meas.) 90°, 2V(calc.) 89°.
9.06 (6), 8.46 (8), 3.282 (9), 3.140 (10), 2.703 (6), 1.443 (7).

1995 PROPOSALS

IMA No. 95-001 A member of the crandallite group.

SrFe’*,(PO,),(OH,H,0);,

Hexagonal (trigonal): R3m

a 7.28 ¢ 16.85 A

Yellow, brown; vitreous to resinous; transparent to translucent.

Uniaxial (-), w 1.872, € 1.862

5.88 (10), 3.65 (6), 3.06 (9), 2.96 (5), 2.81 (5), 2.53 (5), 2.25 (6), 1.969 (5),
1.820 (5). : ;

IMA No. 95-002 The Mn?* and (O,F) analogue of paulkerrite.
(H,0,K),TiMn** ,Fe?**), (Fe**,Ti**),(P0,)4(0,F), 14H,0
Orthorhombic: Pbca
a 10.561 b 20.858 c 12.516 A
Greenish-yellow, sometimes light brown; vitreous; transparent.
Biaxial (+), « 1.612, 8 1.621, v 1.649, 2V(calc.) 59.9°.
10.40 (90), 7.50 (80), 6.28 (100), 5.22 (40), 3.97 (40), 3.77 (50), 3.13 (100),
2.88 (40).

IMA No. 95-003

Cu(Pt,Ir),S,

Cubic: Fd3m
a 9.940 A

Steel grey; metallic; opaque.

In reflected light: white with greenish tint, isotropic, no bireflectance or
pleochroism. R: (37.3 %)470nm, (37.7 %)546nm, (38.1 %)589nm,
(38.6 %)650nm.

5.72 (4), 2.98 (6), 2.48 (5), 1.90 (7), 1.75 (10), 1.29 (5), 1.014 (5).

IMA No. 95-005 The strontium end-member of the cryptomelane group.

(Sr,Ba,K)Mn;0,,

Monoclinic: P2,/n
al0.00 b5.758 c9.88A B 90.64°

Black; submetallic; opaque.

In reflected light: grey, strong anisotropism, grey-blue to white bireflectance,
pleochroism strong. R, & R..: (34.2, 26.0 %)470nm, (31.7, 24.4
%)546nm, (30.6, 23.4 %)589nm, (27.9, 22.3 %)650nm.

3.15 (100), 3.13 (80), 2.409 (80), 2.229 (40), 2.170 (60), 2.170 (60),

1.556 (50).



IMA No. 95-006 The silver analogue of roquesite in the chalcopyrite group.

AglnS,

Tetragonal: 142d
a5.880 cll.21A

Havana brown; metallic; opaque.

In reflected light: brownish grey; abundant red internal reflections; strong
anisotropism in oil from red brick with orange tint to bluish-grey and
purplish; pleochroism weak, brown to clear brown-grey inoil. R, & R, :
(29.3, 27.8 %)460nm, (27.5, 25.9 %)540nm, (27.65, 25.6 %)580nm,
(27.4, 27.5 %)660nm.

3.351 (100), 2.941 (80), 2.082 (75), 2.030 (75), 1.767 (80), 1.188 (40).

IMA No. 95-007 Probably belongs to the marcasite group.

CoSbAs

Orthorhombic: space group unknown
a3.304 b6.092 cl10.26A

White; metallic; opaque.

Inreflected light: silver-white, weak to distinct anisotropism, weak bireflectance,
nonpleochroic. R, & R;: (§8.2, 55.5 %)470nm, (56.8, 55.6 %)546nm,
(55.8, 55.5 %)589nm, (55.0, 55.5 %)650nm.

2.63 (10), 2.53 (8), 1.942 (10), 1.730 (4), 1.640 (4), 1.3963 (4), 1.1182 (8).

IMA No. 95-009 The natural analogue of synthetic PtSe,.

PtSe, )

Hexagonal (trigonal): P3ml
a3.730 c5024 A

Silvery lead grey; metallic; opaque.

In reflected light: white; anisotropism moderate to strong with tints from
pinkish-yellow to dark-grey-lilac; strong bireflectance; pleochroism: R,
light-yellow, R, light-lilac. R, & R, : (48.4, 35.1 %)470nm,
(48.3, 35.0 %)546nm, (49.1, 35.3 %)589nm, (50.8, 36.5 %)650nm.

5.04 (3), 2.72 (10), 1.983 (5), 1.859 (5), 1.747 (3), 1.360 (4).

IMA No. 95-011
Cu(Mg,Cu,Fe,Zn),Te®*O46H,0
Hexagonal (trigonal): P3
a5.305 c¢9693A
Pale yellow to pale orange-yellow; vitreous; transparent to somewhat translucent.
Uniaxial (-), w 1.803, € 1.581 (calc.).
9.70 (100), 4.834 (80), 4.604 (60), 2.655 (60), 2.556 (70), 2.326 (70),
1.789 (40).

IMA No. 95-012

Cu[AsO,0H] 2H,0

Triclinic: P1 °

a6.020 b7.632 cll.168A a 74.43° (3 89.32° + 86.55°

Turquoise blue; vitreous; transparent.

Biaxial (-), « 1.615, 3 1.660, v 1.700, 2V(meas.) 82°, 2V(calc.) 84°.
7.35 (100), 5.239 (50), 4.440 (60), 3.936 (60), 3.302 (40), 3.008 (50),
2.840 (395).



IMA No. 95-013 The zinc analogue of arsenbrackebuschite.

Pb,(Zn,Fe)[(As,S5)0,],'H,0

Monoclinic: P2, or P2,/m
a8973 b5955 c7.766 A B 112.20°

Pale olive green with streaks of white; adamantine; transparent.

In reflected light: pale brownish grey; abundant colourless to very pale yellow
internal reflections; anisotropism not detectable by eye; bireflectance
measurable but not noticeable by the eye; nonpleochroic. R, & R..:
(11.2, 11.5 %)470nm, (10.8, 10.9 %)546nm, (10.7, 10.8 %)589nm,
(10.7, 10.8 %)650nm.

4.85 (50), 3.659 (30), 3.246 (100), 2.988 (60), 2.769 (60), 2.293 (30),

2.107 (50), 1.889 (30).

IMA No. 95-014
Ca,FeCl[B,0,;(OH)¢] 4H,0
Monoclinic: P2,
all.é4 b9.38 c8735A B98.40°
Pale yellow; vitreous; transparent.
Biaxial (+-), « 1.550, 8 1.554, v 1.592, 2V(meas.) 36.6°, 2V(calc.) 32.6°.
8.65 (3), 7.29 (10), 5.32 (2), 4.50 (2), 2.958 (3), 2.744 (2), 2.113 (3).

" IMA No. 95-015
Ca4(SiO,),S0O,
Orthorhombic: Pnma
a6.863 b 15.387 c10.181 A
Bright blue; vitreous; transparent.
Biaxial (-), @ 1.630, B 1.637, y 1.640, 2V(meas.) 63.3°, 2V(calc.) 66.2°.
3.198 (27), 3.042 (32), 2.853 (40), 2.830 (100), 2.617 (32), 2.565 (57),
1.9612 (26), 1.8924 (27).

IMA No. 95-016
Mn,V(V,As)0,2H,0
Monoclinic: P2,/n
a7.809 bl4.554 c6.705A [B93.25°
Orange-red; vitreous; transparent.
Biaxial mean n 1.82, 2V small.
5.32 (80), 3.436 (50), 3.260 (50), 3.039 (100), 2.723 (60), 2.573 (50b),
2.441 (50), 1.592 (60).

IMA No. 95-017 The natural analogue of synthetic FeNb,S,.

FeNb,S,

Hexagonal: P6,22
a5.771 ¢ 12.190 A

Dark grey to black; metallic; opaque.

In reflected light: grey; distinct to strong anisotropism from blue-grey to dark-
brown; distinct bireflectance; pleochroism, light grey to grey. R, & R
(36.3, 29.5 %)470nm, (36.6, 29.4 %)546nm, (36.1, 28.9 %)589nm,
(34.7, 28.1 %)650nm.

6.11 (8), 3.04 (6), 2.88 (5), 2.606 (8), 2.096 (10), 1.665 (8), 1.524 (6).

min. *



IMA No. 95-018 A member of the mica group (compare 95-019).
K(Fe* . Mg)(Fe’",Al)Si,0,,(0H),
Monoclinic: C2/m
a5270 b9.106 c¢10.125A B 100.27°
Blue green; earthy; translucent in thin section.
Complete optical data could not be measured, mean n 1.640.
3.65 (52), 3.358 (86), 3.321 (100), 3.090 (60), 2.584 (50).

IMA No. 95-019 A member of the mica group (compare 95-018).
K(Fe'",Mg)(ALFe™)Si,0,,(OH),
Monoclinic: C2/m

a5.270 b9.106 ¢ 10.125 A B 100.27°
Blue green; earthy; translucent in thin section.

Complete optical data could not be measured, mean n 1.625.
3.65 (52), 3.358 (86), 3.321 (100), 3.090 (60), 2.584 (50).

NOTE: The minerals represented b}' 95-018 and 95-019 occur intimately mixed, have
the same unit cell parameters, and give the same X-ray powder diffraction
data. They differ in chemical composition.

IMA No. 95-020

CaB,0,(OH),

Monoclinic: Pc

17234 b8130 c8378A  p9822°

Colourless to white; vitreous: transparent to translucent.

Biaxial (-), o 1.580, B 1.605, y 1.623, 2V(meas.) 6‘3", 2V(calc.) 80°.
4.30 (64), 3.379 (100), 3.169 (25), 3.122 (31), 2.151 (20), 1.919 (20),
1.846 (45).

IMA No. 95-021 The natural analogue of synthetic PbSb,0Oq.

PbSb.O4
Hexagonal (trigonal): P31m
a5295 ¢53724A
Colourless to pale yellow; resinous; transparent.
Uniaxial (-), © 2.092, € 1.920
3.49 (VS), 2.648 (M), 2.110 (W), 1.887 (W), 1.651 (W), 1.531 (W).

IMA No. 95-022
KFe’y(PO,)s(OH),8H,0
Monoclinic: C2, Cm or C2/m
22952 b5249 ¢ 1856 A B 109.27° _
Yellowish brown, pale yellow, cream to white; vitreous to silky; translucent.

Biaxial (+), o 1.780, B 1.785, y 1.800, 2V(calc.) 60°.
9.41 (60), 4.84 (90), 4.32 (70), 4.25 (50), 3.470 (60), 3.216 (100), 3.116 (80).
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IMA No. 95-023

Sr;Na(La,Ce)(PO,);(F.OH)

Hexagonal (trigonal): P3

a9.647(1) ¢ 7.170(1) A

Bright yellow to greenish-yellow; vitreous; transparent.

Uniaxial (-), © 1.653, ¢ 1.635.

3.59 (87), 3.30 (65), 3.17 (32), 2.897 (100), 2.884 (100), 2.790 (54),
1.910 (36), 1.796 (36).

IMA No. 95-024 The cubic polymorph of lueshite and natroniobite.

NaNbO,

Cubic: Pm3 or P23
a3911 A

Brownish-black; adamantine; opaque.

In reflected light: bluish; reddish-brown internal reflections; isotropic;
nonpleochroic. R: (15.75 %)480nm, (15.00 %)540nm, (14.70 %)580nm,
(14.35 %)660nm. '

3.915 (35), 2.765 (100), 1.953 (53), 1.747 (8), 1.594 (30), 1.380 (22),

1.234 (7).

IMA No. 95-025
[Zng (Al (OH)(][(SO,),1.,,Na,(H,0),]
Hexagonal (trigonal) : P3
a3.082 <clll1l6A
Pale blue; vitreous to waxy, translucent.

Uniaxial (sign unknown), ® 1.532, € unknown.
11.12 (100), 5.549 (24), 3.704 (15), 2.595 (6), 2.408 (6), 2.167 (4), 1.926 (4).

IMA No. 95-026 A member of the zeolite group.
NaCaAl,Si,,0,, -7H,0
Orthorhombic: Cmem
a9.747 b 23.880 ¢ 20.068 A
Colourless; vitreous; transparent.
Biaxial (+), a 1.476, B 1.478, vy 1.483, 2V(meas.) 65°, 2V(calc.) 65°.
11.94 (40), 9.04 (33), 8.23 (29), 7.69 (29), 3.79 (100), 3.61 (40).

IMA No. 95-027

Cu(V0,),0,n(Cs,Rb,K)ClI

Hexagonal (trigonal): P3
26375 ¢8399 A

Black; resinous-metallic; opaque.

Reflectance measurements could not be made because the material is too fine
grained.

3.43 (7), 2.810 (4), 2.315 (10), 2.131 (3), 1.598 (4).
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IMA No. 95-028 An hexagonal polymorph of alabandite.
MnS

Hexagonal: P6;mc
a 3.9817 c 6.4447 A
Dark brown to black; resinous; opaque.
In reflected light: steel- grey; brown-red internal reflections; anisotropism, 2.62
to 2.77; bireflectance, 0.15; nonpleochroic. R, & R_ :
(24.5, 22.1 %)470nm, (22.6, 20.5 %)546nm, (22.1, 20.0 %)58%nm,
(21.6, 19.6 %)650nm.
3.445 (89), 3.217 (72), 3.036 (66), 1.988 (82), 1.820 (100), 1.691 (63).

IMA No. 95-029 The Mn-analogue of berthierite.

MnSb.S,

Orthorhombic: Pnam
alld4? bl436 c381A

Black; submetallic; opaque.

In reflected light: light grey; distinct anisotropism; faint bireflectance;
nonpleochroic. R, & R, (35.0, 24.0 %)470nm, (36.1, 23.9 %)546nm,
(36.9, 24.9 %)589nm, (35.6, 25.7 %)650nm.

4.46 (40), 3.69 (90), 3.23 (70), 3.05 (40), 2.90 (80), 2.65 (100), 2.18 (40),

1.906 (40), 1.813 (50).

IMA No. 95-030
Zn,Cuy(S0,),(OH)¢4H,0
Triclinic: P1
as5415 b 6338 ¢10475 A o 94.38° B 90.08° ¥ 90.24°
Greenish blue; vitreous; transparent.
Biaxial (+), « 1.629, B 1.630, y 1.637, 2V(meas.) 60°, 2V(calc.) 42°,
10.439 (61), 5.230 (74), 3.486 (40), 3.157 (6), 2.728 (6), 2.493 (7), 2.355 (7),
1.743 (9).

IMA No. 95-031
(K,Na),(Nb,Ti),51,0,,(0,0H),4H,0
Monoclinic: Cm
a 14.692 b 14.164 c7.859 A B 117.87°
White; vitreous; translucent.
Biaxial (+), a 1.649, B 1.655, y 1.759, 2V(meas.) 20°, 2V(calc.) 28°.
7.10 (9), 4.98 (6), 3.262 (10), 3.151 (8b), 2.956 (6), 2.549 (4), 1.723 (4),
1.591 (4b), 1.451 (4b).

IMA No. 95-032
(Fe,Os,Ru,lIr)

Hexagonal: P6;/mmc
22591 c4.168A

Megascopic colour unknown; metallic; opaque.

In reflected light: white; weak anisotropism. R: (57.4 %)470nm,
(53.4 %)546nm, (53.3 %)589nm, (54.4 %)650nm.

2.246 (5), 2.087 (6), 1.976 (10), 1.297 (6b), 1.180 (6b), 1.100 (5b).
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IMA No. 95-033
Na,Mn(Ti,Nb)Si (O,0H),-4H,0
Monoclinic: 12/m

a 13.033 b 18.717 c12.264 A B 99.62°
Yellow, pinkish-yellow or pink; vitreous to greasy; translucent to transparent.

Biaxial (-), & 1.536, B 1.545, v 1.553, 2V(meas.) 87°, 2V(calc.) 86°.
10.56 (100), 6.38 (50), 5.5 (45), 4.78 (40), 4.253 (40), 3.196 (80), 2.608 (50).

IMA No. 95-034

Na,(Y,Dy,Gd)(Ti,Nb)Si;O,;-6H,0

Hexagonal (trigonal): R32

a 10.696 c15.728 A

Colourless; vitreous; transparent or cloudy.

Uniaxial (-), o 1.612, ¢ 1.607.

5.99 (60), 3.21 (100), 3.093 (40), 2.990 (85), 2.61 (40), 1.998 (55),
1.481 (44Db).

IMA No. 95-035

(Nb,Ta)C

Cubic: Fm3m
a4.45 A

Bronze-yellow; metallic; opaque.

In reflected light: yellowish- to rose-cream; no anisotropism, bireflectance or -
pleochroism. R: (33.9 %)480nm, (38.5 %)540nm, (45.1 %)580nm,
(52.8 %)660nm.

2.56 (10), 2.22 (9), 1.574 (8), 1.343 (8), 1.289 (7), 1.115 (3).

IMA No. 95-036 The calcium-dominant analogue of belovite-(Ce).
Na(Ca,Sr),Ce(PO,),F
Hexagonal (trigonal): P3
a 9.51 c7.01 A
Bright yellow; vitreous; transparent.

Uniaxial (- ) o 1.682, € 1.660.
3.51 (30), 3.12 (40), 2.84 (100b), 2.753 (40), 1.967 (30). 1.870 (30).

IMA No. 95-037 The natural analogue of synthetic Fel"PO,.
Fel PO,
Hexagonal (trigonal): R3m
a7994 c6855A
Brown to red brown; greasy; non-translucent.
Optical data could not be obtained because of the small size of the domains.
4.86 (10), 3.09 (100), 2.446 (16), 2.078 (20), 1.997 (13), 1.845 (11),
1.623 (23), 1.545 (12), 1.440 (16).
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IMA No. 95-038 The natural analogue of synthetic Fe* PO,
Fe PO,
Hexagonal (trigonal): P3,21
a5048 cl112154
Brown to red-brown; greasy; non-translucent.
Optical data could not be obtained because of the small size of the domains.
4.360 (19), 3.445 (100), 2.518 (7), 2.362 (14), 2.298 (7), 2.180 (10),
1.8846 (12), 1.5814 (8), 1.4214 (10).

IMA No. 95-039

Cu;Zny(Te*"0,),(OH)¢-7H,0

Triclinic: P1 or P1
a8794 1999 ¢5660A - al104.10° B 90.07° Y 96.34°

Pale blue to deeper blue-green; vitreous to pearly; transparent to translucent.

In reflected light: very pale light brown; light emerald green internal reflections;
anisotropism unknown; slight bireflectance. R values could not be measured
with certainty.

9.638 (100), 8.736 (50), 4.841 (100), 2.747 (60), 2.600 (45).

IMA No. 95-040
Ba,Ce(CO;) ;F
Monoclinic: P2,/m or P2,
a 13.396 b 5067 ¢6.701 A B 106.58°
Yellow; vitreous; transparent.
Biaxial (), o 1.584, B 1.724, y 1.728, 2V(meas.) 16°, 2V (calc.) 18°.
4.000 (10), 3.269 (100), 2.535 (20), 2.140 (40), 2.003 (40), 1.635 (10),

1.373 (10).

IMA No. 95-041

In,Pt ) )

Cubic: Fm3m, F432 or F43m
a 6.364 A

Bright white; metallic; opaque.

In reflected light: bright white with yellowish tint; no anisotropism, bireflectance or
pleochroism. R: (49.3 %)470nm, (60.6 %)550nm, (68.5 %)590nm, (80.1 %)650nm.

2.25 (100), 1.92 (60), 1.59 (60), 1.299 (80), 1.125 (60), 1.076 (60), 1.006 (60).

IMA No. 95-042

InPt,

Cubic: Pm3m
a3.988 A

Bright white; metallic; opaque.

In reflected light: bright white with yellowish tint; no anisotropism, bireflectance or
pleochroism. R: (56.1 %)470nm., (62.5 %)350nm, (65.7 %)590nm, (71.3 %)650nm.

2.30 (100), 1.99 (60), 1.411 (40), 1.203 (80), 1.151 (40), 0.997 (20).



IMA No. 95-043

Fe,(Ta,Nb)

Hexagonal: P6;/mmc, P6; mc or P62¢c
a 4.87 c7.76 A

Greyish-yellow; metallic; opaque.

In reflected light: greyish white; no anisotropism, bireflectance or pleochroism.
R: (55.4 %)460nm, (60.8 %)540nm, (65.7 %)590nm, (71.3 %)660nm.

2.84 (7), 2.46 (6), 2.22 (9), 2.00 (3), 1.92 (4), 1.41 (3), 1.34 (8).

IMA No. 95-044 The natural analogue of synthetic Bi,CrO,,.

BiCrO,, 5

Tetragonal: 14, 14 or 14/m
a8649 1724 A

Orange-brown; adamantine; translucent.

Uniaxial (+), © 2.50, € 2.55.

In reflected light: greyish white to light orange; orange internal reflections; weak
anisotropism; weak bireflectance; very weak pleochroism. R; & Rg:
(21.46, 19.40 %)470nm, (27.46, 25.22 %)546nm, (29.80, 26.22 %)589nm,
(29.98, 25.96 %)650nm.

3.19 (100), 2.730 (403, 1.980 (40), 1.715 (30), 1.655 (53), 1.124 (25),

1.054 (25).

IMA No. 95-045 A member of the amphibole group.
Liy(Mg,Fe*);Fe,”"8i30,,(OH),
Monoclinic: C2/m
a9474 b 17.858 c 5.268 A B 101.88°
Black; vitreous; translucent.

Biaxial (+), o 1.699, B 1.703, y 1.708, 2V(meas.) 72°, 2V(calc.) 84°.
8.222 (61), 4.458 (19), 3.044 (100), 2.741 (53), 2.712 (14), 2.341 (14),

1.433 (46), 1.392 (14).

IMA No. 95-046
Na,(Sr,Ba),;Na,Al,,F¢(F,OH),
Monoclinic: C2/m
a 16.046 b 10.971 c7281 A P 101.734°
Colourless to white; vitreous; translucent.
Biaxial (-), o 1.436, B 1.442, y 1.442, 2V(meas.) 0-5°, 2V(calc.) 0°.
7.844 (8), 3.643 (9), 3.453 (10), 3.193 (10), 3.112 (9), 2.989 (9), 2.220 (8),
2.173 (9), 2.001 (8).

IMA No. 95-047
[rBiS
Cubic: P23
a6.164 A
Steel black; metallic; opaque.
In reflected light: bright white with yellowish tint, isotropic.
R: (46.2 %)470nm, (47.2 %)550nm, (47.6 %)390nm, (47.4 %)650nm.
2.75 (70), 2.51 (60), 1.860 (100), 1.090 (50), 1.090 (50).
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IMA No. 95-048 A polymorph of geminite.
Cu*(AsO,0H)-H,0
Triclinic: P1 or P1
a6.435 b 11.257 c 18.662 A a 79.40° B 86.48° vy 83.59°
Very light green to colourless; vitreous; transparent.
Biaxial (+), a 1.602, B 1.642, y 1.725, 2V(meas.) 70°, 2V(calc.) 73°.
18.3 (25), 11.00 (100), 3.171 (30), 2.952 (50), 2.920 (60), 2.816 (50), 2.492 (25).

IMA No. 95-049 The Pt-dominant analogue of taimyrite.

(Pt,Pd,Cu),Cu;Sn,

Orthorhombic: Pmmm, Pmm?2 or P222
a7.89 b 4.07 c773 A

Pinkish lilac; metallic; opaque.

In reflected light: pinkish lilac, distinct to moderate anisotropism, weak to distinct
bireflectance, pleochroic from brownish pink to pinkish lilac. R, & R, : (44.1,
42.8 %)470nm, (50.0, 49.5 %)546nm, (54.6, 51.8 %)589nm, (56.8, 55.6 %)650nm.

2.283 (10), 2.163 (4), 2.030 (2), 1.369 (3), 1.218 (2), 1.143 (2).

IMA No. 95-050 The vanadium analogue of atelestite.
Bi,O(OH)VO,
Monoclinic: P2,/c

a6973 b7539 c10881A B 107.00°
Light brown; adamantine; transparent to translucent.
Biaxial (+), a 2.26, B 2.27, y 2.30, 2V(meas.) 65°, 2V(calc.) 61°.
6.667 (23), 6.102 (22), 4.279 (38), 3.267 (100+), 3.150 (62), 2.734 (36), 2.549 QI

1.889 (21).

IMA No. 95-051 A member of the zeolite group.
Ca,(Ca,Sr,K,Ba);Cu,Al,S1,,0,5(OH),~H,0
Cubic: Fm3m
a3l.62 A
Light blue; vitreous; transparent.
Isotropic: n 1.505.
18.34 (100), 15.82 (50), 9.69 (5), 4.43 (5), 3.87 (5), 3.47 (5)."

IMA No. 95-052 A member of the mica group; the Cr-dominant analogue of muscovite.
KCr,[AlS1;0,,](OH,F),
Monoclinic: C2/c
a5.32 b 9.07 ¢ 20.20 A B 95.6°
Emerald green; vitreous; transparent.
Biaxial (-), a 1.619, B 1.669, y 1.673, 2V(meas.) 31°, 2V(calc.) 31°.
9.94 (6), 4.52 (8), 2.60 (10), 2.40 (6), 2.15 (6), 1.519 (10).

IMA No. 95-053 The lanthanum-dominant analogue of ancylite-(Ce).
SrLa(CO,),(OH)H,0
Orthorhombic: Pmen
as5.072 b8589 «¢7276A
" Light yellow to yellowish brown; vitreous; transparent.

Biaxial (+), o 1.640, B 1.668 (calc.), y 1.731, 2V(meas.) 70°,
4.36 (92), 3.738 (88), 3.705 (90), 2.955 (100), 2.664 (89), 2.358 (87), 2.092  (80).



Rom. J. Mineralogy, 79, p. 208-209, Bucuregti, 1999

RECENZII - BOOK REVIEWS - BUCHBESPRECHUNG - ANALYSE D'OUVRAGES

Editura F. Enke din Stuttgart, Germania, a scos pe piata in ultimele luni mai multe cirti de geologie, care
aratd interesul traditional al editurii pentru Stiintele PAmantului gi faptul ¢ geologia in general reprezinta
incid un domeniu i care publicarea ideilor, conceptelor i realizdrilor meritd si fie mentionatd. Cele trei
cAryi prezentate mai jos "atacd” domenii deosebite, dar la fel de interesante. In ordinea prezentarii acestea
sunt: (1) - un dictionar geologic, binevenit intr-o perioadd in care apar numerosi termeni noi, se redefinesc
concepte ete.; (2) - un indreptar pentru observatii de teren, extrem de util celor care incep dificila meserie
de geolog i (3) - un ghid geologic pentru o zond interesantd, care ar trebui si serveasca drept model pentru
popularizarea geologiei, incd o "cenugdreasd”, cunoscutd doar accidental si incomplet, in multe tdri europene.

HANS MURAWSKI, WILHELM MEYER -~ Geologisches Worterbuch (Dictionar geologic).
Editura F. Enke, Stuttgart, 1998, 278 p., 82 fig., 7 tab,, format 12x19 cm, 24.80 DM.

Este a zecea editie a acestui dictionar, prima editie datand din 1937 (autor C. Chr. Beringer). Incepand
cu 1957 au aparut mai multe edifii realizate de H. Murawski.

Fatd de ultima editie (1992, a 9-a) sunt introduse numeroase date noi, prof. W. Meyer apeland la
specialigti din alte domenii pentru aducerea la zi g1 organizarea nivelului stiintific al notiunilor g1 termenilor.

Un aspect care trebuie subliniat i mod deosebit este stradania autorului actualel editii (W. Meyer) de
a stabili paternitatea diverselor nofiuni, chiar daci sensul actual al acestora s-a modificat intr-o méasura sau
alta. In cazurile in care paternitatea ramane necunoscuta s-a mentionat autorul care a utilizat pentru prima
data i lucriari o notiune sau un termen anume. Interesant este, de asemenea, demersul pentru a stabili
etimologia principalilor termeni (latind, greacd) sau derivarea acestora de la denuniri de localitati tip, de
exemplu denumirea etajelor: Aalenian de la localitatea Aalen din Germania, Maastrichtian de la localitatea
Maastricht din Olanda, Permian de la regiunea Perm din Urali, Dacian de la Dacia etc.

Sunt pugine lipsuri, dar ele pot fi totusl remarcate: nu se vorbeste nimic despre fractali, care au o
importantd deosebitd in evaluarea corectd a porozitifii rocilor sedimentare, in explicarea cristalizarii den-
dritice sau scheletice etc.; nu este amintitd anomalia de Ir de la limita Cretacic/Tertiar, mult discutatd in
legatura cu extinctia dinozaurilor, "mixing” si "mingling” ete.

Valoarea dictionarului este insd indiscutabild; mtr-un volum redus sunt incluse numeroase nofiuni,
sunt explicatl termeni mai putin cunoscuti, sunt prezentate scheme si clasificiri extrem de utile geologilor
meepdtori si nu numai lor. Cartea merita sa fie achizitionata de orice biblioteca de geologie sau de Stiintele
Pamantului in general.

MARTIN KLEIN - Geologie im Gelinde (Geologia pe teren)
Editura F. Enke, Stuttgart, 1999, 119 p., numeroase figuri gi tabele, format 15,5x23 cm, 23.80 DM.

O aparitie inedita, care pune la indemana geologilor incepatori un excelent ghid, in care sunt prezentate
toate "cheile” pentru inregistrarea completd g1 sistematici a datelor oferite de teren. Sunt incluse numeroase
sugestii pentru asigurarea unui echipament corespunzator, "unelte” elementare pentru determiniri expeditive
pe teren (placuta de portelan, un magnet, sticluta cu acid, lupa etc.), scheme generale pentru recunoasterea
diverselor tipuri de roci gi pentru descrierea lor, sugestii pentru misurarea elementelor tectonice, un tabel cu
culorile mineralelor si cu proprietatile principale ale celor mai raspandite minerale, elemente esentiale pentru
recunoagterea grupelor de organisme fosile, scara stratigrafici pani la nivelul etajelor, un extrem de util
mdreptar pentru evaluarea participarii procentuale a componentilor, modele de legenda pentru hirti etc.

Pentru Germania (dar nu numai) sunt date adrese utile ale institutiilor geologice. Nu lipseste o bibliografie
adecvatd, un index de termeni si, in final, modele pentru carnetele de teren, cu exemple de inregistrare a
observatiilor.

Pentru geologii cu experienta, cartea d-lui Klein este un prilej de comparare a stilurilor proprii de
achizifionare a datelor de pe teren, iar pentru geologii incepatori - un model adecvat si demn de preluai.
Oricum, o asemenea carte, intr-un format potrivit pentru teren, este recomandati oricirui geolog "boboc”
pentru maximizarea observatiilor de teren.
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CHRISTOPH HEBESTREIT - Wutach und Feldberg region. Ein geologischer Fithrer
(Regiunea Wutach si Feldberg. Un ghid geologic).
Editura F. Enke prin Georg Thieme Verlag, Stuttgart - New York, 1999, 136 p., 44 fig. (inclusiv fotografii),
format 12x19 cm, 29.90 DAL

Partea de sud a masivului Padurea Neagra (Schwarzwald) congine formatiuni geclogice de varste extrem
de diferite, acoperind intervale de timp de la Paleozoic la Cuaternar. Acest motiv prilejuieste autorului o
prezentare succesiva a caracteristicilor perioadelor geologice care pot fi examinate in aceasta zoni. Sunt
localizate exact locurile cel mai bine reprezentate pentru principalele entitdti cronostratigrafice care sunt
ilustrate prin schite si sectiuni geologice, fotografii si bloc diagrame. In egali misuri interesanti pentru
specialigti g1 amatori, cartea oferd o informare completa asupra geologiei zonelor Wutach gi Feldberg, dupa
principiul unui ghid geologic elaborat de un cunoscitor al regiunii. Adrese utile, "de sprijin™ pentru vizitatori,
precum i un glosar de termeni, adresat in special amatorilor, completeazd in mod fericit aceasti "interfaii”
intre o lucrare de specialitate si una de popularizare. Stilul prietenos al textului usureazid accesul spre
taramul incd putin explorat al celor care vor sd stie mal mnlt despre trecutul Pamantului.

Prof. Dr. Gheorghe Udubasa
Institutul Geologic al Romaniet
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OANA PETREUS, ION PETREUS - Materiale compozite
Editura Gh. Asachi, lasi, 1999, 183 p.

Colaborarea dintre un chimist (O.P.) si un mineralog (I.P.) a produs un unicat, perfect miscibilizat.
Unicat din punctul de vedere al nouté{ii pe piata romaneascd a cirtii, unicat prin omogenizarea limbajului
chimic si al stiintel materialelor, cartea oferd cititorului interesat o introducere eleganti in inci prea putin
cunoscuta lume a materialelor avansate.

Interesul pentru materialele compozite (MC) rezidd atat i performanfele lor, care depisesc deseori
materialele clasice, monocomponente sau monofazice, cat si in faptul ci uneori ele sunt mai ieftine decat
cele clasice. Realizarea acestor materiale implicd un efort deosebit de inovare, un "consum” ridicat de
inteligentd, in scopul de a reuni componente relativ banale gi cu proprietd{i modeste in materiale noi, cu
rezisten{a nebanuita, utilizabile in ramuri industriale care implica deseori conditii extreme (de temperatur,
presiune, frecare etc.).

Pornind de la exemplul cel mai banal (si probabil cel mai vechi ?) de material compozit, chirpiciul,
(matrice argiloasa si fire de paie), autorii prezinta diferitele tipuri de materiale compozite moderne, relativ
numeroase, cu domeniile lor de utilizare.

Dupa definitii ("combinarea inteligentd a doud materiale distincte cu proprietiti mai bune decat mate-
rialele initiale in parte”) si clasificari (MC cu particule, cu fibre, cu structuri/lamele), sunt prezentate cele
mai importante compozite, in care atat matricea, cat gi "arméatura” (ranfortul) sunt variabile,

Textul lucrarii este foarte condensat, astfel ci, in loc de un rezumat, am optat pentru enumerarea
materialelor compozite descrise de autori: compozite cu matrice metalicd ranforsati cu fibre (de bor, de
grafit, de carbura de siliciu etc.), compozite cu matrice ceramica (cu fibre de carbon, cu whiskeri de SiC
ete.), compozite cu matrice de carbon ranforsatd cu fibre, compozite cu matrice polimerici ranforsati cu
fibre, compozite hibride etc. Urmeazi o introducere in tehnologiile de fabricatie (difuzie, pulberi, de turnare,
fabricatie "in situ”), prezentarea proprietidtilor MC cu fibre, utilizarile acestora, compozitele laminare, MC
structurale naturale, compozitele ortopedice etc.

Spre incheiere sunt amintite domeniile de perpectivd in domeniul MC ortopedice (cu fibre de carbon
acoperite cu material bioceramic in matrice polimerici; matrici polimere biodegradabile, ranforsate cu fibre
de hidroxiapatit), calitatea esentiald a multor MC gi anume aceea de a fi biodegradabile gi, in final, necesitatea
cooperaril intre specialigti, care si-gi dezvolte "o noud structuri de gandire”.

Cartea ar trebui sa fie prezentd practic in orice bibliotecd (din picate tirajul n-a putut fi decat la nivel...
provocativ, suportat de autori), fiind probabil necesar ca in curand si apari o noud editie.

* k%
Desi reprezintd un domeniu colateral al preocupirilor mele, ag recomanda cilduros si cartea ” Materiale
polimerice” de Oana Petreus, apirutd in acelagi an la Editura Cermi din Iasi, 293 p., in care una dintre

componentele importante ale materialelor compozite, polimerii, este prezentatd in detaliu. Aceasti carte
aduce un supliment de informatii fatd de prima lucrare, bine venit pentru cei interesati de ambele domenii.

Prof. dr. G. Udubasga
M.c. al Academiei Romane
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R. P. C. MORGAN - Eroziunea si conservarea solului (Bodenerosion und Bodenerhaltung).
Enke/Georg Thieme, Stuttgart, 236 p., 61 fig., 45 tabele. Aparuti 1999. Pret: Euro 50.62.

Dupa doud cérti de bazi in domeniul pedologiei (Chimia solului / Bodenchemie de G. Sposito si Tratat
de Pedologie de Scheffer / Schachtschebel, ambele publicate in 1998) editura Georg Thieme din grupul Enke
continud seria cirtilor care trateazd solul, de aceastd datd cu o carte care intruneste dous aspecte aparent
contradictorii, eroziunea si conservarea solului ! " Ofensiva pedologica” a editurii (G. Thieme este bineveniti,
mtrucat solul, ca i apa, este un element esential pentru mentinerea vietil la un nivel acceptabil.

Cartea prof. Morgan, de la colegiul Silsoe al Universiti{ii Cranfield, Bedford, Anglia, in traducerea a
doi specialigti germani, H. H. Becher si Susanne Witt, este un tratat cuprinzator, care se adreseazi, n
egald masura pedologilor, geologilor, inginerilor de mediu, celor care se ocupd de utilizarea terenurilor. Un
text cu mare densitate de informatii, cu o bibliografie initiala de cca 30 pagini, la care se adaugi literatura
germand in domeniu, suplimentata de traducatori si un index de subiecte abordate in cuprinsul cartii. Toate
acestea recomanda cu caldurd aceastd aparitie editoriald tuturor celor care, direct sau indirect, se ocupa de
sol, "atacd” sau conserva solul, fac planificiri strategice sau tactice privind productia agricold, extinderea
diverselor constructii ete.

Structura car{ii cuprinde 11 capitole, prezentate intr-o ordine logici, in felul urmitor:

1. Réspandirea fenomenelor de eroziune a solului;

2. Procesele 51 mecanismele de eroziune (bazele hidrologice, eroziunea propriu-zisi produsi de factori
diversi, de la torenti la vant);

3. Factorii care influenteazd eroziunea (inclusiv rolul piturii vegetale)

4. Evaluarea riscurilor de eroziune;

5. Modelarea eroziunii (modele, validarea acestora, selectarea unui model acceptabil /previzibil);

6. Masurarea eroziunii solului (pe teren si in laborator);

7. Strategii pentru controlul eroziunii (toleranta de pierdere a solului, principii de conservare si planificare
a acesteia);

8. Metode de stabilizare a solurilor;

9. Valorificarea/utilizarea solurilor;

10. Procedee tehnice de control al eroziunii;

I1. Punerea in aplicare a acestora (elemente socio-economice, conditii politice locale, orgalnisme respon-
sabile, cadrul juridic de aplicare etc.). '

Numeroase tabele, schite, diagrame, modele matematice de evaluare a eroziunii, hartl exemplificative
privind modalitatea de cartare a proceselor de eroziune etc. completeazi textul saturat de informatii. Un
avantaj evident al acestei ciirti este oferit de acoperirea globald a proceselor erozionale, diferentiate in functie
de conditiile fizico-geografice, de existenta unor organisme locale sau regionale de studiu, supraveghere si
aplicare a unor metode de stopare sau diminuare a eroziunii solului. Exemplele date sunt din toat3 lumea.

In final, o carte necesard oricrei institutii de profil, de la stiinte naturale la ingineria mediului, de la
lucrari publice la agricultura.

1

Prof. dr. G. Udubasga
M.c. al Academiei Romane
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0. WAGENBRETH - Istoria Geologiei in Germania (Geschichte der Geologie in Deutschland).
Enke im Georg Thieme Verlag, Stuttgart, 264 p., 123 figuri, 1999, Pret: DM 128.

Cartea prof. Wagenbreth de la Universitatea Tehnicd a Academiei de Mine din Freiberg, (GGermania, se
situeaz la granita dintre geologie si istorie, fiind la fel de interesantd atat pentru geologi, cat si pentru
istoricl.

Structuratd in 5 capitole, cartea incepe cu un interesant demers (Cap. 1, Introducere) privind definirea
stiintei si a legilor evolutiei, situatia geologiei, in general, gi in Germania si influenta complexititii geologice
asupra degvoltarii Stiintelor Pdmantului, exemplificate de Germania, in special prin Saxonia i, mal ales,
prin Muntii Metaliferi ai Saxoniei. :

Cap. 2. "Preistoria geologiei ca stiin{d” cuprinde informatii asupra conceptiilor din antichitate gi Evul
Mediu asupra dezvoltarii stiintelor naturii, rolul perioadelor Renagterii (evidentiindu-se G. Agricola, consi-
derat parintele mineralogiei moderne) si Huminismul (N. Steno, A. Kircher) m crearea fundamentelor geolo-
giel moderne,

C'ap. 3. “Formarea (Gieologiei ca Stiintd” numeste pe J. Hutton (Scotia) si A. G. Werner (Germa-
nia) ca fondatori ai geologiel, desi impéartageau conceptii opuse privind originea rocilor (plutonist i nep-
tunist). Interesante sunt datele privind preocupdrile lui Goethe in geologie (si fizica, mai ales optica) si
mostenirea stiintificd lasatd de Werner numeroaselor sale generatii de studenti la faimoasa Academie de
Mine din Freiberg.

Clap. 4. "Geologia ca stiinta naturald clasici a secolului al XIX-lea in Germania” se extinde pe aproape
100 de pagini si cuprinde toate contributiile germane la dezvoltarea geologiei. Sunt mentionate universitatile
germane 1n care stiinele geologice erau deja diferentiate, personalitatile cu realizari deosebite (L.V. Buch,
[5. Suess, C.F. von Gumbel, F. Zirkel, H. Rosenbrusch, B.V. Cotta, C. Ochseuins etc.), devenite clasici ai
geologiel in general.

Cap. 5. "Geologia in Germania in secolul al XX-lea” cuprinde realizéri germane in diversele domenii ale
geologiel, institutiile proeminente gi profesorii acestora, asociatlile profesionale gi revistele de specialitate. H.
Stille, A. Wegener, H. Cloos, P. Ramdohr sunt cativa titani ai geologiei mondiale din acest secol, ale caror
lucrdri constituie imeca pietre de hotar in gandirea geologic actuala.

Un index util de persoane si unul de subiecte incheie aceastd carte, incitanta, care ar trebul sa fie tradusa
si n alte limbi, pentru ca rolul geologiei germane g1 al geologilor germani sa fie mai bine cunoscut.

Prof, Dr. G. Udubasga
M.c. al Academiel Romane
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JACQUES-MARIE BARDINTZEFF: Vulcanologie (Vulkanologie).
" Traducere in limba germani de Sven Lewerenz. Enke/Georg Thieme, Stuttgart, 1999, 280 p., 150 fig.

Autorul ”Vulcanologiei”, Jacques-Marie Bardintzeff, Profesor la Universitatea Paris-Sud, este o figurd
binecunoscuta in toatd lumea vulcanologilor contemporani, neobosit globe-trotter in ciutarea ”evenimentelor”
vulecanice fierbinti, oriunde s-ar desfagura acestea, nelipsit de la majoritatea manifestarilor stiingifice din
domeniu, unul dintre cel mai buni cunoscéatori ai fenomenului vulcanic. Cercetiator dedicat si cu rezultate
notabile, recunoscute pe plan international, este in aceeasi masura si un redutabil " popularizator” al stiintei
vulcanologiel, autor al aproximativ unel duzine de cirti despre vulcani.

Cartea de fatd, scrisa intr-un stil sobru, accesibil in acelagi timp, se adreseazi unui cerc larg de specialisti,
geologi i geofizicieni, nu neaparat vulcanologi, reprezentand o excelentd Introducere 1n Vulcanologia zilelor
noastre. In cele 280 de pagini ale sale, cartea oferd cititorului, fie el om al catedrei, student, cercetitor
sau geolog dedicat aplicatiilor practice, o imagine clara i comprehensiva, la nivelul cercetirilor zilel, asupra
stiintel interdisciplinare a vulcanologiel. Ilustratia bogata (peste 50 de fotografii, marea lor majoritate color
g1 executate de autor) conferd cartil o valoare suplimentara.

Vulecanologia Profesorului Bardintzeff este structurati in trei parti (cu 16 capitole in total), dintre care
prima ("De la manta la camera magmaticd”) reprezinta introducerea absolut necesara pentru mtelegerea
fenomenului vuleanic. Ea se referd la procesele premergitoare eruptiilor vulcanice, ce au loc i manta si
crustd, de la formarea magmelor prin topirea parfiald a fenomenelor binecunoscute de cristalizare fractionata.
contaminare gi amestec de magme. Se accentueazéd, pe buni dreptate, rolul apei gi al flmdelor din magma,
factor esential in determinarea explozivitatii, respectiv, a stilului eruptiilor vulcanice.

Cu partea a doud a cartii ("ajungerea magmei la suprafatd si tipurile de eruptie”) se ajunge, de fapt,
domeniul propriu-zis al vulcanologiei. Renuntand la nomenclatura greoaie gi oarecumn subiectiva a tipurilor
de eruptie practicatd in deceniile trecute, mai ales in urma lucrarilor lui Rittman g1 Taziefl (tipul hawaiian,
strombolian etc.), autorul preferd o prezentare dupa criterii fenomenologice a activitatil eruptive a vulcanilor
in urmatoarea ordine: eruptii de lava (curgeri de lava, lacuri de lava, domurn de lava si intruziuni), caderi
piroclastice (cu digresiuni utile privind morfologia conurilor vulcanice, craterele si calderele), curgeri piro-
clastice (incluzand gi fenomenul de val piroclastic, pe langa procesele de tip "nuée ardente” si eruptiile de
ignimbrite). hidrovulcanismul (interactiunea dintre magma i api in mediu ferestru) §i vulcanismul sub-
marin. In mod surprinzitor, procese secundare in raport cu eruptiile vulcanice, cum sunt laharurile, sunt
tratate in subcapitolul " Curgeri piroclastice”, i timp ce alte procese secundare, cum sunt de pilda avalangele
de debrite, nu sunt prezentate defel in capitolele referitoare la fenomenologia vulcanica. Procesele eruptive
abordate sunt tratate succint cu accent pe relevarea aspectelor esentiale in intelegerea fenomenelor respec-
tive. Ultimele doud capitole ale partii a doua a cirtil se referd, pe scurt, la produsele activitagi vulcanice gi
la contextul geodinamic al vuleanismului, capitol care, in majoritatea manualelor de vulcanologie 151 géseste
locul privilegiat la inceputul tratatelor sau, concluziv, la sfargitul lor.

Cea de-a treia parte a Vulcanologiei, intitulatd " Vulcanii g1 omul” se ocupd, in principal, cu cele doua
laturi ale prezentei vulcanilor in mediul ambiant al omului, (1) permanenta amenintare a vulcanilor activi
asupra comunititilor umane ce triiesc in apropierea lor, tipurile de hazard vulcanic g tehnicile de evaluare
a riscului, si (2) latura beneficd a relatiel vulcan-om (vulcanii ca resursa de energie si vulcanii ca resursa de
prosperitate, recreere si agrement). Anul 1979 a intrat in analele vulcanologiei ca un exemplu de nereusité in
“managementul” unei crize vulcanice majore, si pe care autorul l-a triit, de altfel, din plin, pe propria sa piele
w calitate de membru al echipei de supraveghere a vulcanului. Adresandu-se cititorului de limba germana.
traducerea Vulcanologiei de Jacques-Marie Bardintzeff se incheie cu un scurt capitol in care se prezinta,
in doaf cateva pagini, vulcanismul alcalin intracontinental de tip monogenetic de varsta Pleistocena din
Germania (zonele Eifel, Vogelsberg si Kaiserstuhl), al carui studiu a stat in decursul mai multor secole, la
originea unor progrese remarcabile ale vulcanologiei moderne.
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Cartea Profesorului Bardintzeff se inscrie meritoriu, prin originalitatea abordarii, caracterul deosebit de
clar gi didactic al prezentarii i calitatea deosebita a ilustratiel, originala si ea in cea mai mare parte, pe lista
tratatelor de vulcanologie modernd care au vazut lumina tiparului in ultimul deceniu al mileniului al 2-lea, si,
nu m ultimul rand, pe lista tot mai lunga si mai prestigioasa a lucrarilor autorului insugi. Am sublinia faptul
¢8 pe piata cartii de vulcanologie, dominati covargitor in ultimii ani de autorii anglo-americani, aparitia
tratatelor de vulcanologie in limba franceza ale lui Jacques-Marie Bardintzeff, s1 a traducerilor acestora in
limba germand, vine in intAmpinarea unel nevol reale a comunitatilor gtiintifice g1 universitare in multe {ari
ale lumil. Traducerea in limba romana a cirtii, alaturi de alte tratate de vulcanologie din literatura engleza.
cu abordare diferitd a tematicii, ar fi binevenita.

Alexandru Szakacs, Gheorghe Udubasga

/ \\ Institutul Geologic al Roméaniei
IGR



Y P

v 8 §F Oz
el RNTRe,

b

..;.' >, i
!

1

e T OES

0 S

5

INSTRUCTIONS TO AUTHORS '- et LN

ROMANIAN JOURNAL OF MINERALOGY publishes
original scientific contributions dealing with any subject
of this field.

Only papers presenting concisely and clearly new infor-
mation will be accepted. The manuscript will be submit-
ted for critical lecture to one or several advisers, Papers
will be definitely rejected after a second unsatisfactory
revision by the authors. The manuscripts will not be re-
turned to the authors even if rejected.

Manuscripts are prefered in English or French.
Manuscripts submitted in Romanian will be accompanied
by an abstract in English or French (maximum 10 per cent
of the manuscript volume).

Papers should be submitted on diskette and typed
text in duplicate to the secretary of the Editorial Board,
including the reproduction ready original figures. The
manuscript should comprise: text (with a title page which
is the first page of it), references, key words, abstract,
illustrations. captions and a summary for technical pur-
poses.

Author(s) should add a separate sheet with a short
title (colontitle) of maximum 60 strokes and a summary
indicating the hierarchy of headings from the text listed
in decimal classification (1; 1.1; 1.1.1) but not exceeding
four categories.

Text should be on diskette, format ASCII and 2 copies,
holding an empty place of 3 cm on the left side of the page.
The text cannot exceed 10 typewritten pages (including
references and figures).

Front page (first page of the text) should comprise: a)
title of the paper (concise but informative) with an empty
space of 8 cm above it; b) full name(s) of the author(s);
¢) institution(s) and address(es) for each author or group
of authors; d) text.

Footnotes should be numbered consequtively.

Citations in the text should include the name of the au-
thor and the publication year. Example: lonescu (1970)
or (lonescu, 1970). For two authors: lonescu, Popescu
(1969) or (lonescu, Popescu, 1969). For more than two
authors: lonescu et al. (1980) or (lonescu et al., 1980).
For papers which are in course of print the publication
vear will be replaced by "in press”. Unpublished papers
or reports will be cited in the text like the published ones.

Abstract, of maximum 20 lines (on separate sheet),
must be in English, summarizing the main results and
conclusions (not a simple listing of topics).

ey words (max. 10 items), in English or French, fol-
lowing the language used in the text (or the Resumé if the
text is in Romanian), given in succession from general to
specific, should be typed on the abstract page.

References should be typed in double-line spacing,
listed in alphabetical order and chronological order for
authors with more than one reference. Abbreviations
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of journals or publishing houses should be in accordance

with the recommendations of the respective publications

or with the international practice.

Examples:

a) journals:

Giuged, D. (1952) Contributions & 'étude cristallochi-
mique des niobates. An. Com. Geol., XXIII, p. 259-
268, Bucuresti.

-, Pavelescu, L. (1954) Contributii la studiul mine-
ralogic al zdc&mintului de la Musca. Comm. Acad.
Rom., IV, 11-12, p. 658-991, Bucuresti.

b) special issues:

Strand, T. (1972) The Norwegian Caledonides. p. 1-
20. In: Kulling, O., Strand, T. (eds.) Scandinavian
Caledonides, 560 p., Interscience Publishers.

¢) boaoks:

Bélan, M. (1976) Zicimintele manganifere de la lacobeni.
Ed. Acad. Rom., 132 p., Bucuresti.

d) maps:
lonescu, ., Popescu, P., Georgescu, G. (1990) Geological

Map of Romania, scale 1:50,000, sheet Cimpulung.
Inst. Geol. Geofiz., Bucuresti.

e) unpublished papers or reports:

Dumitrescu, D., lonescu, I, Moldoveanu, M. (1987)
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