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Foreword

CONGRATULATIONS!

This is an excellent book with outstanding illustrations. | know it will be very successful

and will become an essential reference for Brazil's type minerals.

Moreover, | learned a tremendous amount about the Mineralogy of Brazil. Thanks for the
opportunty.

Best wishes and good luck with the book!

Skip

William B. Simmons,

Research Director of the Maine Mineral and Gem Musdgthel, Maine, USA

and Emeritus Professor of Mineralogy of the University of New Or|dangsiana
USA.
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Preface

This is a compilation of bibliographic (historical and descriptive) information for the
minerals first described from Brazil; it includes both valid senvdlid, discredited species
unnamed, unidentified, problematic mineralsd so onThis work bringgogether as much
data as possible concerning type mineral spdtied| save future researchers a lot of work
because it contains data from many publications that are difficult to obtain.
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Introduction

The concept of a mineral species

The current official definition of mineral isfrom Nickel and Grice (1998)A
mineral species is a naturally occurring solid thvedisformed by geological processes,
either on earth or in extraterrestrial bodies, with wedfined chemical composition and
crystallographic properties, and which merits a unique name. It is defined mainly on
chemical composition and crystallographic projpes, and these must therefore be the
key factors in determining whether the creation of a new mineral species is justified.
Nevertheless, especially over the last 20 years, the reported definitions of a mineral, as
stated in introductory geoscien@nd mneralogyrelated textbooks and online, generally
have become progressively broadad more detailed (Carabakt al. 2015). To some
extent, this is likely due ttheadvancement of the mineralogical sciences that is, in part,
driven by new characteriZzah tools and methods, aralsq by an increase ithe number
of scientists who are interested in minerals. Recently, Frehah(2012) compiled up
to-date authoritative descriptions of the term mineral, producing the following definition:
Currently, minerals are most commonly defined as naturally occurring substances,
produced by (bio)geochemical processes, with a highly ordeegmkating atomic
arrangement (a crystalline substance) whose composition can be described by a chemical
formula that is either fixed or variable (or, also as often stated, a definite, but not
necessarily fixed, composition). Samples of the same minenalirvderms of minor
and/or trace element composition, and in the case of solid solution, major element
composition, as long as these substitutions do not change the average crystal structure.
Finally, it follows that minerals of the same major and minenent composition will
express a set of measurable and consistent physical and chemical proffextremeral
is foundwhose composition or crystallographic properties (or both) are substantially
different from those of any existing mineral specieggli®a possibility that it may be a
new species.

The Commission on New Minerals, Nomenclature and Classification (CNMNC)

of the International Mineralogical Association (IMA) was formed in July 2006 by a
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merger between the Commission on New Minerals anteMi Names (CNMMN) and
the Commission on Classification of Minerals (CCM).

The CNMMN was established in 19&9control the introduction of new minerals
and mineral names, and of rationalizing mineral nomenclature. Since that time, the work
of the CNMMN has gained overwhelming support from the international mineralogical
community. The CCNb objective was to review existing systems of mineral
classification and provide advice on the classification of minerals to the mineralogical
community. The CNMNC consts of representatives appointed by national
mineralogical bodies and an executive commit®mosedf a chair, two vicechairs
andasecretary. An official IMACNMNC list of Mineral Names can be accessed on the
IMA web-site.

The founding of the CNMMNnarked a turning point in the history of mineral
nomenclaturede Fourestier 2002). Up until that time, the naming of minerals had been
a haphazard and inexact aspect of our science at best. ThiSamemission had the
mandate to put order into maognturies of conflicting and divergent methods of giving
names to naturally occurring chemical substances. There clearly had betrahess
adequate agreement on what constituted a mineral. In fact, many mixtures of minerals
and most biogenic substanceascls as amber or coal, were included in early treatises on
minerals.

The mineral species in the latest official IMANMNC list (SeptembeR020) are
5,636, including 98questionable minerals. The development of mineralogy in the latter
half of the 28". Cenury has been marked by an accelerating pefceew mineral
discoveries. The number of minerals discovered worldwide since 1970 is roughly equal
to that recorded throughout the preceding histébtime (Khomyakov 2001). Skinner
and Skinner (1980) concluddtat there are no predictable limits to the number of
minerals. According to the predictions of Khomyakov (1998a, b) based on correlation
diagrams (the number of species versus time), the total number of known minerals will
approach 11,000 by the year 208 contrastthe number of artificial compounds with
a specific chemistry and specific properties amounts to many millions.

The longheld thesis that there is a limit to the number of mineral species is valid
only for ordinary types of rocks and minkexeposits. The principal sources of new
mineral discoveries are deposits formed in anomalous geotectonic and geochemical
environments under conditions that virtually encompass the entire range of

physicochemical parameters accessible to modern experimenm@ralogy and,
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moreover, include geological time and other factors unattainable experimentally in the
laboratory. All this serves to remove any barriers that limit the number of mineral species
(Khomyakov 2001)A remarkably interesting paper on thentds in the discovery of new
mineralsis that by Barton (2019).

The description of a new mineral

The description of a new mineral species requires data from a wide variety of
experimentad classical and moded methodsThe following information is from the
IMA -CNMNC site: Researchers finding a phase of which they think that it might be a
new minerdare encouraged to use the following procedure in order to get it approved
by the IMACNMNC. Please read carefully the procedures and guidelines of the IMA
CNMNC on the criteria for a new mineral species and the treatment of annasval
proposal. Pleasalso consult these procedures and guidelines if proposing changes to
existing nomenclature. If the possibility of a new mineral still stands after reading the
procedures and guidelines, please download the checklist formeeral proposals.
Provide thedata asked for, as far as possible. Send the completed checklist (preferably
in electronic format) to the CNMNC chairman. Send proposals to change existing
nomenclature to the CNMNC vichairman.

It is necessary that a nawineral proposal be submittedrfapproval by the
CNMNC before publication. Such a submission should contain as much information as
possible so that the Commission can adequately judge the validity of the proposal (Nickel
andGrice 1998). Ideally, a newineral proposal should contairfanmation quoted in
Tablel.1.
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Tablel.1. Data for a new mineral nomenclature proposal.

Proposed name and reason for its selection.

Description of the occurrence (geographic and geological occurrences, paragenesis, and

associated minerals, particularly those in apparent equilibrium with the new mineral).

Chemical composition and method of analysis.

Chemical formula, empiral and simplified.

Crystallography: crystal system, crystal class, space group, point groupellimarameters, uniell

volume, number of formula units per unit cell, anaday powderdiffraction data.

Crystal structure: general description, site populations, structural formula, reliability factor.

General appearance and physical properties: grain or crystal size, morphology, type of aggregg
streak, luster, transparency, hardness, tenadégyage, parting, fracture, density, both measured

calculated.

Optical properties:

a) Nonopaque minerals: optical character (isotropic or anisotropic; uniaxial or biaxial), optical
indices of refraction, 2V, dispersion, orientation, pleocoand absorption. The compatibility ind

using the GladstorieDale relationship should also be calculated.

b) Opaque minerals: color in reflected plaowarized light, internal reflections, reflectanc
bireflectance, pleochroism and anisotropy. Téiectance must be measured relative to a reflect
standard approved by the IMA Commission on Ore Microscopy {I®BM), ideally from 400 to 70(
nm at intervals of 20 nm. The minimum requirement is for reflectance data at the wavelengths 4
589 and 650 nm.

Other data: Thermal behavior, infrared spectrum, response to chemical tests, etc.

Type material: The type material should be designated and deposited as permanent reference 1

at least one major museum or a nationally recognized mineral collection.

Relationship to other species.

Relevant references.

Any other data that wiklarify difficult parts of the description.

It is recognized that it may not always be possible to obtain all these data; in such

cases, the author should give reasons for the omissions. Of particular importance is the

calculation of HO content in with it has not been determined analytically. HCHis

reported by difference, the method of calculation should be clearly stated and, if possible,

evidence for the presence of®ishould be provided. Also, ample justification should be

given for the alloation of hydrogen to D, OH or BO. Because of great differences in

the amount and type of information that can be obtained from the study of a particular

mineral specimen, it is not practical to specify the irreducible minimum of information

required fora mineral to be approved; each proposal must be considered on its own merits

(Nickel andGrice 1998).
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The importance of the minerals

In general, we tend to thinkboutminerals in mineralogical terms, instead of
considering them in the broader context of inorganic materials. Some new minerals are
also new compounds. Because of their chemical composition and crystal structure, some
new minerals have interesting propestiavhether physical, electronic, optical or
magnetic, which have applications in technology. According to Khomyakov (2001),
although the great majority of these will be mineralogical rarities, the identification and
study of the yet undescribed natural gdesarenot only of interest from a purely scientific
point of view but also hee practical implications. Among the future minerals, there will
undoubtedly be various types of commercial ores and compounds with unique structures
and technologically useful properties. Having a broader view of our study material, we
can explore our findigs more fully and, at the same time, raise the scientific profile of
descriptive mineralogy.

In the past, minerals were seen, in general, merely as sources of chemicals: iron
ore, copper ore, etc. However, minerals are not just chemicals associahoaghsy
display crystal structures. These two features together provide properties that can be
technologically useful. Even thougl mineral may occur in an exceedingly small
amount, whiclprecludests extraction, it can serve as a model for obtaimsgnthetic
analog on an industrial scal&everaltype minerals from Brazil are particularly
technologicallyimportantand some of thesuch as menezesite, coutinhoite, lindbergite,
pauloabibite, waimirit€Y), quintinite, palladseite, jacutingaite, meldie, gorceixite,

and tavoritehave their importance discussed in this book:

Mineral species first described from Brazil

Of thenearly 5,80 known mineral species, oiiwere first described from Brazil
These ar¢he type minerals frorBrazil. Nineteen were published between 1789 and 1959
(0.11 per year). From 1959, when the CNMMN (today CNMN@YA was established,
to 2000, B8 approved Brazilian mineral species remain valid4@dr year). However, the
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number of type minerals from Baid approved in the lasRO years (2001 to 2ZD)
substantially increased 38 (1.90per year). Nevertheless, this number is exceedingly small
considering the wide range of Brazilian geological environments.
Compaed with other parts of the world, we camention that in several specific
individual locations in various countriggianymore new species were described than in
Brazil, for example:
y The al kaline Khibiny maZ2sewbpedies. t he Kol

Yy Iron and man giaS8veden: 3mw mieerals.— ngban

y Franklin Mining District, Sussex Co.,
y Tsumeb, Otjikoto Regewspecie§. Oshi kot o), Na
y

Nephel i ne s y-HiliietQaebar fCanttadGéw sfeaigs.n t

Finally, within the Italian territory, much smaller than Brazil@3ew species were
discovered. These figuresiggesthat there has been a neglect of the Brazilian Geological
and Mining sectors at all levels (mining companies, DNPM, universities, geologists and
mining engineers) with respect to the knowledge of mineralogy of the depdsitzal
species of high scientific and commercial value and new mineral species are probably being
destroyed without having the opportunity to be known.

The IMA-CNMNC list includes two questionable minerals with Brazil as the type
locality: JoséiteA and palladinite. In addition, arrojadi{gFe), lipscombite, and
tantalaeschynit€Y) are erroneouslyescriled as Brazilian type minerals, alashthanite
(La) is, alsancorrectly, notrecognizd as a type specimen of Brazil.

Table .2 gives the mineral names in chronological order; Téldeshows the
chemical classification of valid Brazilian type specimems &ablel.4 lists the species

arranged by locality.
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Table I.2: Valid type minerals from Brazil.

IMA Mineral Reference
number
1 Chrysoberyl Werner (n Hoffmann 1789, and Karsten 1789)
2 Euclase Delamétherie (1792); Haug Delamétherie (1797)
3 Palladium Wollaston (1809)
4 Goyazite Damour (1884)
5 Zirkelite Hussak and Prior (1895)
6 Derbylite Hussak and Prior (1897a)
7 Tripuhyite Hussak and Prior (1897b)
8 Senaite Hussak and Prior (1898)
9 Florencite(Ce) Hussakand Prior (1900)
10 Gorceixite Hussak (1906d)
11 Brazilianite Pough and Hendersofh945a, b, ¢, 1946
12 Souzalite Pecora and Fahey (1949a)
13 Scorzalite Pecora and Fahey (1949a)
14 Frondelite Lindberg (1949)
15 Faheyite Lindberg ancdMurata (1953)
16 Moraesite Lindberget al.(1953)
17 Barbosalite Lindberg and Pecora (196 and 195)
18 Tavorite Lindberg and Pecora (1955)
19 | 1973002a | Arsenopalladinite Hey (1955)
20 | 1973050 Atheneite Clarket al.(1974)
21 | 1973057 Isomertieite Clarket al(1974)
22 | 1974027 Bahianite Mooreet al. (19763
23 | 1975001 Whiteite-(CaFeMQ) Moore and Ito (1978)
24 | 1975001 Whiteite-(MnFeMg) Moore and Ito (1978)
25 | 1975026 Palladseite Daviset al.(1977)
26 | 1979074 Lanthanite(Nd) Robertset al. (1980)
27 | 1983090 MinasgeraisitgY) Foordet al.(1986)
28 Lanthanite(La) Nickel and Mandarino (1987)
29 | 1986054 Zanazziite Leavenset al.(1990)
30 | 1988008 Arupite Buchwald (1990)
31 | 1990052 Yanomamite Botelhoet al. (1994)
32| 1992028 Quintinite Chao and Gault (1997)
33 | 1998006 Serrabrancaite Witzke et al. (2000)
34 | 1998018 Fluornatromicrolite Witzke et al.(2011)
35| 1998053a | Bendadaite Kolitsch et al.(2010)
36 | 1999021 Dukeite Burnset al.(2000)
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37 | 2003025 Coutinhoite Atencioet al.(2004a)

38 | 2003029 Lindbergite Atencioet al.(200%)

39 | 2004013 Oxykinoshitalite Kogarkoet al.(2005)

40 | 2004041 Atencioite Chukanowet al. (20060)

41 | 2004047 Kalungaite Botelhoet al. (2006)

42 | 2005011 Matioliite Atencioet al.(2006)

43 | 2005023 Menezesite Atencioet al.(2008a)

44 | 2005056 Arrojadite-(PbFe) Chopinet al.(2006)

45 | 2005061 Ruifrancoite Atencioet al.(2007)

46 | 2006028 Guimaraesite Chukanowet al.(2007)

47 | 2008028 Brumadoite Atencioet al.(2008b)

48 | 2009039 Manganoeudialyte Nomuraet al.(2010)

49 | 2009076 Ferrogingheiite Hatertet al. (2010)

50 Hydroxycalciorongite Atencioet al. (201()

51 | 2010047 Carlosbarbosaite Atencioet al. (2012)

52 | 2010078 Jacutingaite Vymazalovéet al.(2012)
53 | 2011071 Fluor-elbaite Bosiet al.(2013)

54 | 2011103 Hydrokenomicrolite Andradeet al.(2013a)

55 | 2012036 Fluorcalciomicrolite Andradeet al.(2013b)

56 | 2012090 Pauloabibite Menezes Filhet al. (2015%)
57 | 2012099 Césarferreiraite Scholzet al. (2014)

58 | 2013007 Correianevesite Chukanowt al. (2014a)

59 | 2013020 Almeidaite Menezes Filhet al. (2015b)
60 | 2013073 Hydroxycalciomicrolite | Andradeet al.(2017)

61 | 2013102 Fluorlamprophyllite Andradeet al.(2018b)

62 | 2013108 Waimirite-(Y) Atencioet al.(2015)

63 | 2014075 Lefontite Yanget al.(2015)

64 | 2014097 Jeffbenite Nestolaet al.(2016)

65 | 2015018 Melcherite Andradeet al.(2018a)

66 | 2015034 Wilancookite Hatertet al.(2017)

67 | 2016031 Parisite(La) Menezes Filheet al. (2018)
68 | 2016071a | Brand&oite Menezes Filheet al. (2019)
69 | 2017030 Hydroxykenopyrochlorg Miyawaki et al. (2017)

70 | 2017118 Jahnsite{MnMnMg) Vignolaet al (2018)

71| 2018017 Jahnsite(NaMnMg) Kampfet al.(2018b)

72| 2018062 Breyite Brenkeret al.(2020)

73| 2019091 Ellinaite Sharyginet al. (2020)

74| 2019110 Oxycalciomicrolite Menezes d&ilva et al.(2020)
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Table I.3. Chemicalclassification of the valid Brazilian type minerals.

arsenides, an(

antimonides

Native Formula, crystal system
elements
Palladium Pd, cubic
Sulfides,
selenides,

Atheneite

Pdb(Aso.73Hdo.25), hexagonal

Arsenopalladinite

PdsASs; 5Shy s, triclinic

Isomertieite

Pdi:ShAs,, cubic

Palladseite

Pdi7Seas, cubic

Jacutingaite

PtHgSe, trigonal

Kalungaite PdAsSe, cubic
Halides
Waimirite-(Y) YFs3, orthorhombic
Oxides and
hydroxides
Chrysoberyl BeAl;O4, orthorhombic
Ellinaite CaCrP*,0s, orthorhombic
Pauloabibite NaNbG;, trigonal
Almeidaite PbZn(Mn?*,Y)(Ti,Fe**)1s03/(OH,0O), trigonal
Senaite (Pb,Sr)Mi*(Fe*,Zn)(Ti,Fe*)15(0O,0H)s, trigonal
Tripuhyite Fe*Sk>*0,, tetragonal
Derbylite Fe*,Ti**S*013(OH), monoclinic
Bahianite AlsSP*3014OH)z, monoclinic
Hydroxykenopyrochlorg ( ,#):Nb,Os(OH), cubic

Fluornatromicrolite

(Na,#»Ta0sF, cubic

Fluorcalciomicrolite

(Ca,#»TaOsF, cubic

Hydroxycalciomicrolite

(Ca,#»Ta0s(OH), cubic

Oxycalciomicrolite

CaTa060, cubic

Hydrokenomicrolite

( #)2Ta0s(H20), cubic and trigonal

Hydroxycalcioromeite

(Ca,#)SIP*,06(OH), cubic

Zirkelite

(Ti,Ca,Zr)Q, cubic
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Melcherite

(Ba,K)z(Na,CayMg(NbsO19) 6H-0, trigonal

Menezesite

(1, B, Mg)sZra(BaNb0s) 12H:0, cubic

Carlosbarbosaite

(UO2)2Nb,Og(OH), PH,0, orthorhombic

Dukeite

Bi%*24Cr8*0s/(OH)e-3H20, trigonal

Quintinite Mg4Al(OH)1(COs) 3H,0, hexagonal
Carbonates

Lanthanite(Nd) (Nd,La)(C0s)3-8H,0, orthorhombic

Lanthanite(La) (La,Nd}(C0O3)3-8H,0, orthorhombic

Parisite(La) CalLa(CQs)2F2, monoclinic
Tellurates

Brumadoite Cws(Te?*O4)(OH)4-5H,0, monoclinic
Phosphates

Ferrogingheiite

NaNaFé&*(MgAl)(POg)s, monoclinic

Serrabrancaite

Mn2*(PQy)-H0, monoclinic

Arupite

Niz(PQy) 2-8H,0, monoclinic

Correianevesite

FE*Mn2*y(PQy)2-3H,0, orthorhombic

Faheyite BexMn?*Fe¥(PQy)4-6H,0, hexagonal
Wilancookite (Ba,K,Na}( B a , ¢Beu(P®))s32H,0, cubic
Tavorite LiFe**(PQy)(OH), triclinic

Lefontite FeHAl L Be(PQ)2(OH)s, orthorhombic
Goyazite SrAl3(PQu)(PO;0OH)(OH), trigonal

Florencite(Ce)

CeAly(PQy)2(OHY)s, trigonal

Gorceixite BaAlz(PQy)(POsOH)(OH), trigonalor monoclinic
Brazilianite NaAlz(POy)2(OH)s, monoclinic

Scorzalite (F€*,Mg)Alx(PQy)2(OH),, monoclinic

Barbosalite Fe*Fe**,(PQy)2(OH),, monoclinic

Frondelite (Mn?% sF€¥* 5)2Fe¥*3(PQy)3(OH)s, orthorhombic
Arrojadite-(PbFe) PbFé&*Na,CaF&*13AlI(PO4)11(PO;OH)(OH);, monoclinic
Souzalite MgsAl 4(PQy)4(OH)s-2H0, triclinic

Moraesite Bex(PQy)(OH)-4H,O, monoclinic

Brand&oite BeAly(PQu)2(OH),-4H,0, triclinic

Jahnsitg(MnMnMg) Mn2*Mn?*MgzFe*2(PQy)4(OH),-8H;0, monoclinic
Jahnsiteg(NaMnMg) (Na,Ca)Mri*(Mg,Fe*)Fe*2(PQy)4(OH),-8H;0, monoclinic
Whiteite-(CaFeMg) CaFé*Mg2Al (PQy)4(OH),-8H,0, monoclinic
Whiteite-(MnFeMg) Mn2*Fe&* Mg2Al 2(PQy)4(OH)2-8H20, monoclinic
Matioliite NaMgAls(POy)4(OH)e:2H,0, monoclinic
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Zanazziite

Guimaraesite

Ca( | Mg )BBA®O:)s[(OH)4(H20),]-4H.0, monoclinic
Ca( | Z nBedPoy)s(OH)s(H20)7]-4H:0, monoclinic

Ruifrancoite

Cal JFe¥4Bey(PQy)s(OH)s-4H;0, monaclinic

Atencioite

CaFe*MgaFeeBes(PQy)s(OH)4-6H:0, triclinic

Arsenates

Yanomamite

In(AsOs)-2H,0, orthorhombic

Bendadaite

F62+Fé+2(ASO4)2(OH)2-4H20, monoclinic

Césarferreiraite

FE&*F&"2(As0s)2(OH)2-8H0, triclinic

Silicates

Euclase

BeAISiOsOH, monoclinic

Jeffbenite

MgsAl2SisO12, tetragonal

MinasgeraisitgY)

BiCa(Y,Ln)( T , 2NbBe,B,Si)Sis016(OH),0]s, triclinic

Coutinhoite

(T 2(¥Op),SisO13A 4,® monoclinic

Fluorlamprophyllite

Nag(SrNa) T(Si207)202F2, monoclinic

Breyite

CaCaSizOq, triclinic

Fluor-elbaite

Na(Li1,5A| 1_5)A| e(SieOlg)(BOQ,)a(OH)sF, trigonal

Manganoeudialyte

NaysCasM n2+3Zr3[Si26072(OH)2] Cl>-4H,0, trigonal

Oxykinoshitalite

BaMgs(SizAl)O 1002, monoclinic

Oxalates

Lindbergite

Mn2*(C;04)-2H,0, monoclinic
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Table I.4. Geographical distribution of the valid Brazilian type minerals.

Amazonas
Presidente Figueiredo
Pitinga mine
Waimirite-(Y)
Mato Grosso
Juina
Sao Luiz river alluvials
Jeffbenite
Breyite
Ellinaite
Goias

Monte Alegre de Goias
Mangabeira tin deposit
Yanomamite
Cavalcante
Buraco do Ouro gold mine
Kalungaite
Verissimo river
Gorceixite

Rio Grande doNorte
Equador
Alto do Giz pegmatite
Hydrokenomicrolite

Paraiba
Frei Martinho
Alto Quixaba pegmatite
Fluornatromicrolite
Pedra Lavrada
Alto Serra Brancpegmatite
Serrabrancaite

Pernambuco
Fernando de Noronhbsland
Oxykinoshitalite

Bahia
Brumado
Pedra Preta mine
Brumadoite
Erico Cardoso
Paramirim das Crioulas
Bahianite
Novo Horizonte
Mula mine
Almeidaite

Parisite(La)
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Minas Gerais
Aracuai(probably)
Chrysoberyl
Sao José da Safira
Cruzeiro mine
Fluor-elbaite
Itinga
Lavra da Ilha
Whiteite-(CaFeMq)
Whiteite-(MnFeMq)
Zanazziite
Lavra Ponte do Piaui
Guimaraesite
Wilancookite
Urubu mine
Fluor-elbaite
Conselheiro Pena
Eduardo pegmatite
Césarferreiraite
Cigana (Jocao) mine
Correianevesite
Divino das Laranjeiras
Cérrego Frio granitic pegmatite, Lindpolis
Brazilianite
Souzalite
Scorzalite
Lavra do Almerindo, Linépolis
Bendadaite
Jodo Firmino claim, Lin6polis
Atencioite
Brandaoite
Sebastido Cristino pegmatite, Linépolis
Ferrogirgheiite
Joado Teodoro mine, Lin6polis
Lefontite

Galileia
Sapucaia pegmatite (Proberil min8pucaia do Norte
Frondelite
Faheyite
Moraesite
Barbosalite
Tavorite
Ruifrancoite
Arrojadite-(PbFe)
JahnsitgfeMnMnMgq)
Jahnsitge NaMnMq)
Lavra da Boca Rica, Sapucaia do Norte
Lindbergite
Lavra Urucum
Coutinhoite
Mendes Pimentel
Gentil mine
Matioliite
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Conceicdo do Mato Dentro
S&o José mine, Posse farm, Brejalba
Dukeite
Morro do Pilar and Bom Sucesso, Serro
Palladium
Itabira
Caué mine
Arsenopalladinite
Atheneite
Isomertieite
Palladseite

Jacutingaite

Jaguaracu
José Pinto quarry
MinasgeraisitgY)
Carlosbarbosaite

Nazareno
Volta Grande pegmatite
Hydrokenomicrolite
Fluorcalciomicrolite
Hydroxycalciomicrolite
Fumalpegmatite
Oxycalciomicrolite

Diamantina
Ribeirdo do Inferno, Congonhas range of mountains
Goyazite
neighbourhooaf Diamantina (Datas, Cipé river etc.)
Senaite
Santo Antonio do Itambé
Mata dos Crioulos
Florencite(Ce)
Ouro Preto
Euclase
Trés Cruzes farm cinnabar mine, Tripui
Derbylite
Tripuhyite
Hydroxycalcioromeite

Florencite(Ce)

Morro doCaxambu, near Tripui
Florencite(Ce)
Pocos de Caldas
Pedra Baldo
Manganoeudialyte
Morro do Serrote
Fluorlamprophyllite

Araxa
CBMM mine
Hydroxykenopyrochlore
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Séao Paulo
Cajati

Jacupiranga mine
Zirkelite
Quintinite
Menezesite
Pauloabibite
Melcherite

Parana
Curitiba

Curitibai Paranaguéa highway
Lanthanite(Nd)
Lanthanite(La)

Santa Catarina
Sao Francisco do Sul
Morro do Rocio
Arupite

Previous work

There are some publications that deal specifically with Brazilian type minerals:
Atencio (1996a, 1996b, 1998a, 1998b, 1999a, 2000a, 2000b, 2006a, 2006b, 2007a, 2007b,

2008a, 2008b, 2012a, 2012b, 2045¢2016), andChaveset al. (2017). This book is an
update of the one by Atencio (2000b).
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TYPE
MINERALOGY
OF BRAZIL

(Preliminary edition)

Daniel
Atencio

Universidade de Sao Paulo
Instituto de Geociéncias
@ Museu de Geociéncias
Figurel.1. The preliminary version of this book (Atencio 2000Db).

There aralso some&ompilations that deal with athemineralsthat occuin Brazil:
Ferreira (1885)Ferraz(1928, Oliveira (1930)Abreu (1937 andL960), Leonarda (1955),
andFrancoet al. (1972) The book by Ferraz (1928) was updated by Borges (1992)
text by Leonards (1955) was updated byranco (1981) The publications by
Schobbenhauand Coelho (19851986, 1988 and Schobbenhaust al. (1991, 1997a,
1997b) represenipdates of the Abreu (L937 andL960) books Thereis also acompilation
that dead with all themineralsthat occuiin the S&o Paulo Stat&necht (1950).

The EncclopédiadosMinerasdoBrasil is currently being publishedt should have
10 volumes, 7 of which have already been rele@édedes and Atencio 2012014, 2015,
2016, 2017, 201,8&nd2019a) There is already a secoadition of the first voluméNeves
and Atencio 2019b)
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OPEDIA UIES ENCICLOPEDIA

‘.
' ' T : OXIDOS e
HIDROXIDOS

AISDO - MINERAISDO  MINERAISDO ATV
I BRASIL __ BRASIL .- B4

Paulo Pereira das Neves
Daniel Atencio

y (0] ‘ A : =

Editora cs ULSRA Entora ¢ ULBRA

BNCICLOPEDIA

CARBONATOS, SULFATOS e OSFATO
COMBINACOES ORGANICAS AR 0

MINERAIS DO
BRASIL

Paulo César Pereira das Neves
Daniel Atencio

A Fapese

[0}

Eorora da ULBRA

Figurel.2. The released volumes of Enciclopédia dos Minerais do Brasil (Neves and
Atencio 20132019b,2014, 2015, 2016, 2017, 20Ehd2019a)

This book

Next, the description of the valtgpe minerad from Brazilarepresented, as well
as the discredited, invalid, unnamed, unidentified, problematic minanalso on. There
are also some names of varieties of minerals and two names given to meteorites (catarinite
and bendegite) are conkgswithmineralnames.

Mineral science advances continuously with the publication of new data.
Therefore, this book will be out of date quickly, requiring frequent updates. That is, it
will always be an unfinished book. Hence the subtitle "a book in @megie is my
intention to publish new editioriszquently

I n the flor msl smandfigfidanc understood to mee
amount of anunspecified chargbalancing component. Tygpecimen data are in
general from the original papessfrom Lapaire (2020)The designationdUM..." come
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from the publicationby Smith and Nickel(2007) and updatedMA -CNMNC lists
(http://cnmnc.main.jp/ Thedesign@ions "Unnamed (..Qare fromthe Mindatdatabase
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Chapter 1

Native elements and intermetallic alloyssilicides,carbides, nitrides

Porpezite

Frobel (1843)

(=palladiumbearing gold)

Other names: porpezita, Porpezit, porpecita, patiadiado, ouro paladiado,
ouro-paladio, palladium gold, palladiumgold, palladian gold, palladiated gold,

palladiferous gold, ouro com paladio, ouro branco, oro branco, ouro podre,

rotten gold, ouro cinzento, silver, rotten gold

Figurel.l. Palladiumbe ar i ng gol d (Aporpeziteo) from It
1111/401, Museu de Geociéncias, Universidade de Sao P&uiojo: Thales Trigo.

The name porpezite (Porpezit) was introduced by Frobel (1843) to designate a
variety of palladiursbearing gold malyzed by Berzelius (1835). L a b eolird pedig=
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rotten gold), E. Pohl sent me a type of native gold that is found in the Capitania de Porpez,
in South America. This gold forms polyhedral grains of an impure goldedlais gold is
composed, according to an analysis | did on a unique grain among the largest ones weighing
0.623g: Au 85. 98 %,(BeRaius2838B.5%, Ag 4. 17 %. O

Controversy exists about the origin of this material. According to Hussak (1906a
b), porpezie came from the state of Goias (formerly the states were designated capitanias).
The geologist Pohl traveled through Goids and Berzelius might have misread his
handwriting as fAPorpezo instead of AfnGoyazo
Accordingto Eschwege (1833), the rotten gold was found abundantly in 1740 in alluvial
deposits of the area known as AArrayas, Goy
in the state of Tocantins). On the other hand, O.A. Derby (personal communicatiamgin Da
1892) believed that Porpez was an error in the spelling of Pompéu mine (Pompeo or
Pompeio), near Sabara, Minas Gerais. Today there is a town in Sabara called Pompéu and a
nearby municipal district with the same name [the Fazenda do Pompéu, described by
Eschwege (1833, p. 173, v. 2 and N. of T. 434, p. 294 and 295, v. 2) became this city].

A letter from Pedro Taques de Almeida to D. Jodo de Lencastro, in 1700, in Sao
Paulo, and published by Derby (1900) gives news of the first discoveries of gold by Borba
Gato in the district of Sabara, Minas Gerais, and makes references to a metal found together
with gold in the alluvium called Asilver o
Hussak (1906&b), refer, very probably, to the palladitmearing goldthen unknown, that
is found in the area rich in itabirites.

Hussak (1906a) also believed that the alloy mentioned by Lampadius and Plattner
(1833) with the composition Au 52.95, Pt 30.60, Ag 9.52 and Ir 1.42 wt.% was, in fact,
porpezite, with some camion arising between Pt and Pd.

The name fAporpecitad was used by Gagarin

AOuro brancoo (= white gol d)-beaviaggoldi sed i n
and also fonative platinum. The first citation seems to be by Antonil (1711) who described
material from a mine in the Itatiaia mountain, near Ouro Preto. Palldmtanng gold can
also be yellow, coppeed, and brown (Hussak 190

Olivo et al. (1994 and 199) identified palladiurb e ar i ng gol d i n Aj a
hydrothermallyaltered Lake Superidype carbonatdearing oxide facies ireformation)
from the Caué mine, Itabira, Minas Gerais, and obtained several point analyses by electron
microprobe. This mimal occurs as inclusions in tourmaline and quartz; its chemical
composition is: Au 78.5t0 99, Pd 1 to 19, Cuup to 4.6, Agup to 0.6, Fe up to 3.2, Zn up to
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3 wt.% (Olivo and Gammons 1996). Additional data were obtained by Keiitio(2002)

and Cabraét al.(2002).
Palladiumbearing gold from Gongo Soco mine, Bar&o de Cocais, Minas Gerais,

was studied by Cabral al.(2002) and Cabral and Lehmann (2003).
As it is just a variety of gold, the use of the name porpezite (and its several variants)

isune ceptabl e and one shoul dbegearfiemg tgpoltche®. mi n
See also. Unnamed oxygetvearing compounds of PdAu-Cu-FeMn, Au7Pd,

AuzPd and AgPd
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Unnamed AwPd
Cabralet al. (200, 20021), Cabral (200%
Other names: palladiayold

Figurel.2. Reflectedight photomicrograph illustrating the relationships of native
palladium (Pd) and a P@ phase in unnamed ARd from Serra Pelagd&arajas, Para
Stripes of native palladium (white), associated with &dgdhase (dark grey), line vugs
filled by goethite (black). Note incipient stage ofi Rdformation in a crystal of
vincentite (the autdAs)®,qgbatetdhiiguasgtlt hei
vincentite). Cabraét al. (2002).

38



Daniel Atencioi Type Mineralogy of Brail, a book in progress

Figurel.3. Backscattered electron (BSE) images of unnamegPAudrom Serra

PeladaCarajas, Par&oated by goethite. Note inclusions of YAdd Fé&Pd O phase
in the goethite coating. Black: resin. (Calethl 20021)

Cabralet al. (200Z, 20021) and Cabral (20Q6described dendritic and coarse
grained palladiunibearing gold from Serra Pelada, Carajas, Para. Electron microprobe
analyses of about forty individual crystals indicate a constant stoichiometry®él Alhe
phase stability of the A&d structure is distssed bySluiter et al. (2006). 1t displays a
CaGe structure, with Au in a 4b site (1/2, 0, 0) and in a 24d site (0, *an#4Pd in 4a site
0, 0, 0).
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Figurel4. View of the hypothetical crystal structure of unnamedPaly drawn using
VESTA 3(Momma and Izumi 2011 Data fromSluiteret al (2006).

See alsoPorpeziteunnamed AePd and AgPd
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Unnamed AuPd and AgPd
Cabralet al. (2008)
Other namesJnnamed (AdPd Alloy 1), UM2008-11-E:AuPd

AceNV Magn Det WD b—————— 200um
20.0 kV 263x BSE 108 CDM - CVRD

Figurel5. Arborescent grains of palladifer®gold from Cérrego Bom SucesSerro,
Minas GeraigCabralet al. 2008).

Arborescent crystals of palladiferous gold were identified by Calbral (2008)
in platiniferous alluvium from Coérrego Bom Sucesso, Serro redinas GeraisThe
Cérrego Bom Sucesso alluvium is regarded as the type localigllatium being also
famous for dendritic PPd Hg nuggets. Two neatoichiometric alloys, AsPd and
AusPd, determined by electranicroprobe analysis, may correspoadihnamed mineral
phases.

In the Au Pd synthetic system, a ARd phase with a cubic @Au-type crystal
structure is known to be stable below 850°C (Nagasetval. 1965, Okamoto and
Massalski 1985). The synthetic &&d compoundsostructural wittbogdanovite, AsCu,
seems to be aamnalogto the natural phase documented by Caérall. (2008), though
crystallographic confirmation is required. Theoretical calculation predictsdengd

41



Daniel Atencioi Type Mineralogy of Brail, a book in progress

superstructures close to the natural alloy offAlstoichiomey (Sluiteret al.2006).

Figurel6. View of the hypothetical crystal structure of unnamedP&l) drawn using
VESTA 3 (Momma and Izumi 2011pata fromNagasawat al.(1965) and Okamoto
and Massalski (1985).

See alsoPalladium porpeziteandunnamed AwPd

Unnamed AgHg

Baptista and Baptista (1986)

(probably weishanite)

Other names: gold amalgam, amalgama de ouro

Baptista and Baptista (1986) studied the sample labelled 6210M in the mineralogical
collection of the National Museum of Rio de Janeiro, from Sumidouro (now Padre Viegas),
district of Mariana, Minas Gerais. This sample consists of grains, among whiadnae s
microcrystalline aggregates and rosettes of pale yellow, metallic, hexagonal prismatic
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crystals, identified by Xay diffractometry as AgiHg. Three Xray powder diffraction
patterns were compared to that of synthetic material. The studyrgflecrystalby X-ray

diffraction using a precession camera indicated hexagonal symmetng 28%1 andc

4.810 A.

Spectrochemical analyses showed Au, Hg, and Fe as principal elements, Mn, Pb,
and Ag as secondary elements, and W, Zn, and Cu as trace elenteqisarititative
chemical data were presented. Associated minerals are stolzite, raspite, galena, mimetite or
vanadinite, a pyrochlorgroup mineral, mercury and pyromorphite. Regarding the origin of
the amalgam, some evidence points to its natural formatloereas other data suggests that
it could be the consequence of previous work of miners in the area (Baptista and Baptista
1986).

Jambor(1989) pointed out that the same mineral had already been described in
China (Poshan Mining District, Tongban Co., Henan Province) and has been named
weishanite. Weishanite is (Au,Af)g>, hexagonal, and its-¥ay powder diffraction pattern
is similar tothat obtained for the Brazilian material.

Unnamed AgPd
Zanget al.(1992)
Other names: silvgpalladium alloy, UM199206-E:AgPd

A silver-palladium alloy with a chemical formula close to Agiak found in laterite
from the Igarapé Bahia gold deposit, Serra de Carajas, Parauapebas, Para, in a void in an
iron oxide nodule, associated with goethite and hematite. The angular shape and
protuberances of the alloy grains suggested to £aaly(19R) crystal growth in a lateritic
environment, indicating that the alloy is a secondary miridretoprobe data (2): Pd 49.49,
Ag 49.31, Cu 0.11, Pt, Au and Hg not detected, total 98.91 wt.%. Empirical formula:
Ago.gadPd00’Clo.oos An abstract about thimineral as published by Jambor (1994 the
synthetic compound with the formula AgPd, space gféupm, ordered structure was not
observed (Ziyaet al. 2011). Consequently, it would be not a new mineral, but an

intermediatenemberof the series silvepalladium.
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Catarinite
Meunier (1884)
(= taenite + tetrataenite + troilite + schreibersite)

Other names: catarinita, Catarinit, catharinita

Figurel.7. Santa Catarina meteorite (catarinite) fromMt@ro do Rocio, Sdo Francisco
do Sul, Santa Catarin8pecimen from the Museu de Ciéncia e Técnica da Escola de
Minasde Ouro Preto, Minas GeraRhoto: Ricardo Scholz.

The name was given to the SwmetaorCiadqae d n.
found in 1875. Based on chemical analyses by Damour (1877) [Fe 63.69, Ni 33.97, Co 1.48,
P 0.05, S 0.16, C 0.20, Si 0.01, total 99.56 wt.%], Meunier (1884) assumed the formula
FeNi and gave it the name ficéatmi7Binglched. The
(Damour 1877). The name ficatharinitaodo was u
probably corresponds to a mixture of the minerals taenite [(Ni,Fe) cubic], tetrataenite (FeNi
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tetragonal), troilite FeS hexagonal), and schreibersigeN{isP tetragonal], identified in the
Santa Catarina meteorite.

Seealso. Tetrataenitearupiteand bendegite

Bendegite
Meunier (189)
Other names: bendigite, bendegita

ANTO
Figure1.8 Bendegd meteorite (bendegite) from near the Bensteg@m, Uaua, Bahia.

Museu Nacional, Rio de Janeifhoto: AndrélL.R. Moutinho.

Thisname was given to the Bendeg:-"'s
near the Bendegd streampnte Santo (currently UaydBahia.The minerals identified in
this meteorite are iron, taenitgchreibersite, cohenite and chronf@arvalhoet al.2011)

See alsoCatarinite.
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Tetrataenite
Clark and Scott (1980)
(type specimen is not from Brazil)

Other names: tetrataenita, clear taenite

Tetrataenite, FeNietragonal, was described simultaneously in several meteorites,
including the Brazilian Santa Catarina (S&o Francisco do Sul, Santa Catarina), Avanhandava
( AvanhandavaSéo Paulo), Sao José do Rio Preto (Sao José do Rio Preto, Sao Paulo), and
Ipiranga (Foz do Iguagu, Parana), but Clark and Scott (1980) defined tetrataenite from the
Estherville meteorite, Emmet Co., lowa, USA, as the type specltr@nresponds to the
Aficlear taeniteo of Taylor and Heymann (1971

Seealso.Catarinite and arupite.

Osmiridium

Steffens (1824)

(= osmiumbearing iridium)
and

Iridosmine

Breithaupt (1827)

(= iridium-bearing osmium)

Other namesosmiridio, iridosmina, Osthridium, Ore of Iridium, IridOsmin

The use of the names osmiridiuamd iridosmine and its countless variants
(mentioned in Hey 1963) is quite intricate. All these names were officially abandoned
(Harris and Cabri 1991); osmiridium is now osmibiaring iridium (a cubic alloy with Ir
predominant) and iridosmine is iridiubearing osmium (a hexagonal alloy with Os
predominant). The name rutheniridosmine was retained for hexagonal alloys in which Ir is
the dominant element.

Natural alloys of Os and Ir have been known since the article by Wollaston (1805),
who called the mire a | nOre of l ridi umo, although he

constituent, and a number of later authors called it iridium (Hey 1963). The name Osm
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Iridium was attributed originally by Steffens (1824) to a hexagonal alloy from Brazil, of
then unknown quaditative composition, the same alloy that Haty (1822) had termed
Alridium osmi ®. This alloy, supplied by Wo
named AOre of Iridiumo was from Col ombia],
found Ir 72.9, O224.5, Fe 2.6 wt.%, but his method greatly underestimated the osmium
content (Hey 1963). The name h@smin was applied by Breithaupt (1827) for a material
without chemical analyses froNizhnii Tagil, Sverdlovsk Oblast, Russia
AOsmiridiumonandoldcurdasmoci ated with pl
Minas Gerais (Ferraz 1928Jussak (1906a, b) quoted osmiridium from Bom Successo and
Condado mines, North of Serro city, near the Itambé peak, Minas Gé&naysand Picot
(1961) published the occurmem of native osmium [90.8% Os, 3.7% Ir] in platinum
concentrates froran unknown location iBrazil. Native osmium occurs at the ultramafic
complex of Campo Formoso, Bahi&druti et al. 2008) and in Niquelandia, Goias
(Milliotti and Stumpfl 1993Garutiet al. 2012)
Additional studies on native osmium and iridium from Brazil are necessary. The
original material being hexagonal, would be iridisaring osmium if Os is dominant, or
rutheniridosmine if Ir is dominant. The type localities, after the redefsi by Hey (1963),
wer e: i ridosmine, ABrazil o; osmiridium, the
rutheniridosmine, Hokkaido, Japan. No type locality was defined for iridium. Today, the
official IMA mineral list gives as type localities: osmiumgonesia; iridium, Russia?; and
rutheniridosmine, Japan.

See alsoUnnamed Ru and Ir oxides and hydroxides
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Palladium
Wollaston (1809)
Pd, cubic

Other names: paladio, palladio

Figurel.9 Palladium fronTCérregoBom Sucesso, Serro, Minas Geraibout 1 mm.

Specimen: Paulo C.P. Neyesllected by Alexandre R. Cabral. Photo: Luciano Valério.

The citations regarding the discovery of the chemical element palladium and of the
mineral native palladium are confusifidhe original papers by Wollaston and some other
review articles, however, suggest the following sequence of facts. The chemical element
palladium was named by Wollaston in an anonymous footnote in an article by Chenevix
(1803). According to Frondel (19723)Vollaston had already attributed this name to the
element in 1802 in his laboratory notes. Alaocording to Frondel (1972), a circular,
privately printed in 1803 by Jacob Forster, announced the discovery of a new metal named
palladium. The platinum sangs used by Wollaston to isolate palladium and rhodium were

acquired from J. Forster, collector and merchant of minerals in London, England. Later,
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Wollaston (1804 and 1805) published new data on the elements palladium and rhodium and
how they were extraetl from platinum (i.e.chemically separatedjot the minerals
palladium and rhodium)rhe provenance of the platinum samples was not mentioned, but,
according to Frondel (1972), they were from South America.

Wollaston (1809) described new samples, frgoid mines in Brazil, received
from the ambassador of the court of Portugal, Souza Coutinho. In this article, he compares
the new samples with the ones from the 1| o
suggesting that the previoudiudied samplescameb m A Per uo. At-that ti
ki ngdom of Perudo occupied al most t he whol e
Colombia. Wollaston (1809) described the occurrence of the mineral native palladium for
the first time, and identified some of the graisspalladium, found together with native
platinum. Among the platinum grains, Wollaston found two grains with the same color,
luster, and habit (divergent fibrous structure) as platinum, that were, however, more easily
attacked by aqua regia; besides PohesBt and Ir were also identified. Based on Wollaston's
descriptions, Hussak (19063, among others, thought that the samples most probably came
from Lages creek, near Conceicao do Serro (= Concei¢do do Mato Dentro), Minas Gerais,
because it is the onlglace where native platinum occurs with this habit. According to
Leonardos (1969 and 1970), the samples are from Fazenda Limeira (= Limeira farm), Lajes
creek [Largos (Lajes) or Ouro Branco river], a tributary of the Santo Antonio river, 6.5 km
from Concetdo (= Conceicdo do Mato Dentro), in the district of Morro do Pilar, Minas
Gerais, where platinum is found together with gold and black iron oxide, and also from
Goias. In Morro do Pilar, Barbosa (1962) also identified the mineral potarite. The habit,
accading to Cassedanne and Alves (1992) and Cassecdrme(1996) is typical of
samples from Bom Sucesso creek and other creeks in the Serro area, Minas Gerais.
According to Fleetet al. (2002), the two nuggets presumed to be of native palladium
examined B Wollaston were likely to be composite. The study by Féedl. (2002)
demonstrated unequivocally that the mineral palladium occurs-Bs $adid solution with
up to 65 at.% Pd, in the interior of the Bom Sucesso nuggets, and may have formed by
alteraton of earlier dendritic goldich potarite. These nuggets also contain several unnamed
minerals: AuPd, AuPd, PdPt, an(Pd,AuxHg.

According to Hussak (1906h), the massive native palladium occurs in the residual
concentrates fromthe goWa s hi ngs of auri ferousalteiedacut i nog
Lake Superiotype carbonatéearing iroaformation) from Itabira, Minas Gerais.

Olivo and Gauthier (1995) and Oliwat al. (1995) identified native palladium in
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fjacutinga from the Caué mindtabira, Minas Gerais, and presented the results of electron
microprobe point analyses of palladium. The grains occur in gaadZaoliniterich bands

and are coated with pure gold. They generally have corroded interiors, partially replaced by
gold (Olivo and Gammons 1996).

At Gongo Soco, Bardo de Cocais, Minas Geraisetteshaged, oxyga-deficient
PdO associated with native Pd was quoted by Cabral and Kwtkeiro (2004), and
native Pd formed byehydroxylation of PeD-H was reported by Cabratal. (2004).

Native Pd from the Serra Pelada-Rd-Pt deposit, Carajas mineral province,
Curionopolis, Para, characteristically situated in the goethite coating, is intimately
as®ciated with a P@ phasgCabralet al.2002]).

Palladium is considered alichmineral species by CNMNCIMA , but it still lacks
a complete description in the literature. As quoted by Eleadt (2002) information on the
occurrence and paragenetic position of the mineral palladium is sparse. Native palladium is
a rare and poorly documented mineral (Cabral and Lehmann 2003). Most of the data
presented in the following description of palladium are fotrstic material.

Occurrenceln alluvium, with platinum, potarite, anatase, cassiterite, crichtorite
senait®), hematite, ilmenite, kyanite, magnetite, muscovite, rutile, xendginezircon,
gold, and diamond at Morro do Pilar County, and Bom So¢c&&sro County, Minas Gerais
(type locality) Palladium also occurs in several Brazilian and world localities.

Appearance and physical propertiétabit: commonly in grains, sometimes with a
radial fibrous texture. Forms: rarely as octahedra {111}. Twigtmone mentionedolor.
megascopic color unknown. Streak: unknown. Luster: metallic. Opaque. Hardness (Mohs):
4%, to 5. Tenacity: malleable and ductile. Cleavage: none observed. Fracture: not given.
Density :11.9 g/cfi(meas.), 11.87 g/chfcalc.). Kwitko et al.(2002) described aggregates
of native palladium over a mass of iron oxyhydroxide, associated with palladianmg
gold fromCaué iron mine, Itabira, Minas Geralhieaggregatesonsist of tiny rosettéke
crystals whose pattern is formed roughly by the intersection of discs in three orthogonal
directions. According t@€Cabral and KwitkeRibeiro (2004) it is a R@® compoungdnot
native palladium.

Optical properties.In reflected light: white to pale stegtay, isotropic, no
bireflectance. Pleochroism: absent. R: (67.8) 540 nm.

Chemical dataMicroprobe analysis (4): Pd 45.02, Pt 53.01, Hg 0.98, Au 0.09, total
99.10 wt.%. Empirical formula: (B@dPb.3dHgo.o)s1o0 (Ptrich palladium from Bom

Sucesso stream alluvium, Serro, Minas Gerais, Etesdt 2002).Microprobe analysis: Pd
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91.99, Au 1.98, Cu 1.31, Fe 1.31, Hg and Se not detected, total 96.65 wt.%. Empirical
formula: (Pd.od e .0:CW.02AUo.01)s1.00 (Cauéiron mine, Itabira, Minas Gerais, Olivo and
Gauthier 1995).

Crystallography. Cubic, Fm3m, a 3 . 8 8 9\85 8U, 852 4.UX-ray powder
diffraction data @ in A (1) (hkl)]: 2.246 (100) (111), 1.945 (42) (200), 1.376 (25) (220),
1.173 (24) (311), 1.1232 (822), 0.9723 (3) (400), 0.8924 (13) (331), 0.8697 (11) (420).

Name.For the asteroid Pallas, discovered in 1802 by Dr. Olbers (Wollaston 1805).
Nevertheless, according to Ferraz (1928), this name deriveg#itedion diminutive of
Pallas, referring toraimage of the goddess Pallas Athena, given to the city of Troy.
According to Greek mythology, the city could not be captured while the image remained
there.

Type materialNo data on the type specimen.

Relationship to other species member of the platim group.

Figurel.1Q View of the crystal structure of palladium (synthetic), drawn using VESTA
3 (Momma and Izumi 2011). Data from Eliner (1981).
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Crystal structureCubic closest packed (CCP), fawentered cubic (FCC) crystal
structure.

Synthetic. Originally obtained by Wollaston (in Chenevix 1803). Metal
nanoparticles, including Pd, can be obtained via two main approaches: subdivision of bulk
metal (a physical method) or particle growth by reduction of the metal ionic precursor (a
chemi@al method) (Saldaet al.2015).

See alsoUnnamed AuvPd, AgPd, PdPt(Pd,AukHg., oxygendeficient PdO, Pd
O-H, PdO phase, senaite, palladsed@adPalladiumplatin.

Unnamed PdRind (Pt,HgPd
Cabralet al.(2006)
Other namedJM2006-02-E:HgPdPt

¢
! - 26
sy
-
-
229 palladiferous
PdPt platinum
10 um
. _——

Figurel.11 Hexagorshaped crystals of unnamed PdPt in palladiferous platinum from a
marginal zone of an arborescent gréiom Cérrego Bom Sucesso, Serro, Minas Gerais
(Cabralet al.2006).

According to Fleeet al.(2002), the more common product of alteration of potarite
from Cérrego Bom Sucesso, Serro, Minas Gerais, is an alloy of compositionsoet,Pt

whose status as a phase distinct from either platinum or palladium is dubious.eCabral
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(2006) also stied arborescent, botryoidal and reniform grains of platinum and palladium
from Corrego Bom Sucesso. According to them, the nuggets reach a maximum length of
2.5 mm and exhibit cor®-rim compositional zoning in platinum, palladium and mercury
contents. @e grain is notevorthy for a marginal halo of mercurich palladiferous
platinum and internal vermiform lamellae enriched in mercury and gold. The meatury
palladiferous platinum has 120 wt.% Hg and an empirical stoichiometry close to
(Pt,HgyPd. Hexagonal crystals occur in palladiferous platintmmming a peripheral zone
of an arborescent grain. These crystals are compositionally analogous to stoichiometric PdPt
and seem to represent to Caletadl. (2006) an ordered phase distinct from eithatiplim
or palladium in opposition to Fleet al.(2002).Synthetic PdPt ia disorderedubic,Fm3m
phasejntermediate betwegpalladiumandplatinum(Raub 1959).

See alsoUnnamed AePd, AuPd,(Pd,AuxHgy, palladium,andPalladiumplatin
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Palladiumplatin
Hussak (19048, b)
(= palladiumrich platinum + platinunrrich palladium + pure platinum + geld

rich potarite)

Other names: palladian platinum, palladic platinum, platina palladiada

Figure 112 Botryoidal PtPd nuggets from Bom Sucesso creek, Serro, Minas Gerais The

largestis 4.2x 2.6 x 1.3mm. Specimen and photédson Ferreira dos Santos.
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Figure 113. Botryoidal Pt Pd nugget (white), partially coated with aggregates of titanium
oxide, from Bom Sucessweek Serro, Minas Gerais (Cabketlal.2006).

A name given by Hussak (199®) to a variety of palladiurbearing platinum from
Fazenda do Condado (= Condado farm), Serro, Minas Gegésded as thgpe locality
of palladium The Jodo Caboclo creek [near Bom Sucesso creek] corresponds to the Ignez
creek of the early authors, wimentioned the area as Fazenda do Condado (Metraés
1937). Cassedanne and Casseddh974) and Cassedanne and Alves (1992) presented the
results of wet chemical analyses for samples from Bom Sucesso creek. They are compared
to the ananlay speasl loafdifapdlaadt ior APal |l adi umpl at.i
Serro, Minas Gerais, by Hussak (1808, in Tablel.1 Analyses 3, 4, and 5 were done on
polymineralic samples. It is also quite probable that analyses 1 and 2 refer to a mixture of
phases. Nggets from the Bom Sucesso stream alluvium have been investigated by-electron
probe microanalysis by Fleedt al. (2002), who identified palladiumch platinum,

platinumrich palladium pure platinum and goldch potarite.
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Tablel.1. Wetchemical analyses Wtpo f or fpedrliarmdg upl at i numo fr

Minas Gerais

1 2 3 4 5
Pt 73.99 72.96 85.2 78.1 68.0
Pd 21.77 21.82 11.7 18.6 29.3
Ir 0.08 0.88 1.2 2.1 14
Os 3.14 3.92 tr. n.d. tr.
Fe 0.10 tr. 1.9 tr. n.d.
Cu n.d. n.d. n.d. n.d. n.d.
Insol. 0.92 0.42 n.d. n.d. n.d.
Total 100.00 100.00 99.1 98.8 98.7

1 and 2: Hussak (198¢b)

3 to 5: Cassedanne and Cassedanne (1974)

See alsoPalladiumunnamed ApPd, AwPd, PdPt, an(Pd,AuxHg..
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Unnamed (Pd,AuHg,
Fleetet al.(2002), Cabraét al.(2009)
Other names: Unnamed {Adi-Hg Alloy)

SE  100pm

Figure 114. Arborescent nugget with a core of dendritic auriferous pagtartieoad interior
zone of nearly pure platinum, and a narrow (20 pum) rim of palladian platinum, from

Corrego Bom Sucesso, Serro, Minas Gerais (Eteat2002).

Potarite, ideally PdHg, is reported in the literature to have compositions varying from
PdHy or Pd(Hg,Au) to PgHg.. Such a PdHg. phase is unknown in the synthetici Pigy
binary system. For the first time, IRdly grains recovered from the histori€airrego daBom
Sucesso alluvium, Serro, Minas Gerais, regarded aypeeldcality of palladiumwere
shown by Cabragt al. (2009) to onsist of arborescent and lamellar intergrowths of two
intermetallic compounds, compositionally close to empirical Pd(Hg,Au),aLeiferous
potarite, and (Pd,Agllg.. The PdHgi Au grains have a rim of palladiferous Pt. The
otherwise sharp P&igi Au intergrowths become diffuse at the contact with the palladiferous
Pt rim. Both the PidHgi Au compounds and the palladiferous Pt rim did not diffract using
the electrorbackscattered diffraction (EBSD) powder Xray microdiffraction techniques,
indicating thatthey are poorly crystalline. Their poor crystallinity and the diffuse zone
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between the HdHgi Au core and the Rich overgrowth are suggestive of electrochemical
metal precipitation from dilute solutions within the alluvium (Cabtaill.2009). Fleeet 4.
(2002) yet characteezl auriferous potarite from Bom Sucesso as an alloy varying in
composition from PgHgz to near Pd(Hg,Au).

See alsoPalladium unnamedu2Pd, AgPd, PdPt, and Palladiumplatin

Unnamed PdHg-Au alloy
Clarket al.(1974)

Clarket al.(1974)quoted that the concentrates of Caué mitabirg Minas Gerais,
also contain a few grains of native gold, often intergrown with a pallagiarcurygold
alloy. Noadditional data.

See alsoUnnamed (Pd,AuHg.
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Carbonado

Tennant (1852)

(variety of diamond )

Other namegdiamante negro, diamante amorpho, carb&o, carbonita, carbono,

carbonato, lavrita, lavrite, carbjtoarbon bort

Figurel.15 Carbonado (diamond) from Lencois, Bahia. 282.7x 16.4mm. Specimen
and photoEdson Ferreira dos Santos.

Black or grayish diamond, massive, and fine grained, it was first found in the Lavras
- Diamantina region, Chapada Diamantina, Bahia, in 1843, and later recorded in the
diamond area of Minas Gerais, between Diamantina and Grao Mongol, Serra do Espinhaco;
in Goias, Mato Grosso and Parana (Oliveira 1930). According to Ferraz (1928), it is called
Al avritao, from Liavirea sd d soicgan a ttiyo n [bonga Bparha pao. s
Carneiro 1904]and at once admitted by us in the Escola PolitécnicadaBaldas | avr i t ao
(Souza Carneiro 1908).
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UnnamedreN
Kaminsky and Wirth (202)

Other names: Unnamed (Iron Nitride 1)

Diamond

Figurel.16 Unnamed FeN as an inclusion in a diamond crystal from alluvial deposits

of Sorrisoriver, Chicoria farm, Juina, Mato Gros@¢aminsky and Wirth 207).

Unnamed FeN was reported byKaminsky and Wirth(2017) as inclusios in
diamond crysta from alluvial deposits of Sorrisaver, Chicéria farm, Juina, Mato
Grosso. It occurs aslularor equidimensional singlphase grains,i2.5 um in size
Some of such inclusions are intergrown with smgB80' 400 nm) grains of oxideShe

synthetic egivalent ( -BeN) was obtainedby a high pressure soltate metathesis
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reaction between alkaline or alkalearth metal ferrite (NaFeQ® MgFeQOs, and
CaFe0Os) and boromnitride by Yin et al. (2014) It is trigonal, P312,a 4.7410(2),c
4.3862(2) AV 85.38 A2,

Figurel.17. View of the crystal structure ohnamed F&N (synthetic) drawn using
VESTA 3 (Momma and Izumi 2011pata fromYin et al.(2014).

Several other minerals as inclusions in the diamonds of Juina, Mato Gvesso,
described.

See also Jeffbenite, ellinaite, breyite, nitroyarlongite, nitrocohers,
nitrochalypite unnamedFeN, Fe&SIiC, (Ba,Sr)AlFs, orthorhombic MgO, MgGLsa,
NasMgs(PQu)2(P-07), F&* Fa?*(P,07)4, and NaMg pyroxene.
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UnnamedreN
Kaminsky and Wirth (202)
Other names: Unnamed (lron Nitride II)

Graphite

Fe,N

Diamond

Figurel.18 Unnamed FgN as an inclusion in a diamond crystal from alluvial deposits

of Sorrisoriver, Chicoria farm, Juina, Mato Gros@¢aminsky and Wirth 207).

Unnamed FeN was reported byKaminsky and Wirth(2017) as inclusios in
diamond crysta from alluvial deposits ofSorrisoriver, Chicéria farm, Juina, Mato
Grosso. It occurs aslongated inclusions, consisting of an aggregéteitride and/or
replaéng polycrystalline graphiteUnnamed FeN forms irregular, 0.61.5 um grains
along the periphery dhe aggegate and smaller (0.Q.3um), irregularly shaped, relics
within the graphite matrix, demonstrating a typical structureesérption of the initial
nitride grain by graphite. In darkndbright-field images the relic iron nitride grains show
the samecrystallographic orientation, confirming that they belong tfmaner, single
large crystalThe synthetic equivalent was obtaineda short time by a simple direct
nitriding reaction between metal and a supercritical nitrogen fluid at high pressures (abou
10 GPa) and higtemperatures (about 1800,Kising diamond anvil cell and YAG laser
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heating systemby Hasegawa and Yogi (200%) is orthorhombicPbcn a 4.423(4) b
5.531(3) ¢ 4.821(3)A, V 117.9(1)A3. The structure i®bQ-type, whereiron occupies
8d site and nitrogen doeg 4ite

Figure1.19 View of the crystal structure ofhhnamed FéN (synthetic) drawn using
VESTA 3 (Momma and Izumi 2011pata fromHasegawa and Yogi (2005)

Several other minerals as inclusions in the diamonds of Juina, Mato Gvesso,
described.

See also Jeffbenite, ellinaite, breyite, nitroyarlongite, nitrocohers,
nitrochalypite unnamedFeN, Fe&SIiC, (Ba,Sr)AlFs, orthorhombic MgO, MgGOs,
NasMgs(PQu)2(P-07), Fe&**Fes?*(P,0r)4, and NaMg pyroxene.
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UnnamedrFeSiC
Kaminskyet al. (2015)

Unnamed FsSiC was reported byKaminsky et al. (2015) as inclusios in
diamond crysta from alluvial deposits ofSorrisoriver, Chicéria farm, JuinaMato
Grosso.This compounds well known amonghanocomposite ntarials, buthas never
previously been identified in the naturahvironment The structure and magnetic
properties othe synthetic materialyhich was produced by the mechanical alloying of
mixture Fe:C:Si = 70:17:13 at.%nd subsequent annealing of the resultant amorphous
phase at 500°C for 1, Have been studietly Lomaevaet al. (2005) FeSiC is
orthorhombi¢ Cmc;, with unit cell parametersa 10.043,b 7.944, andc 7.469 A V
595.89v3, Z 16 (synthetic), and 11.094 b 7.656, andc 7.423 A (natural).

Figurel.2Q View of the crystal structure aihnamed FSiC (synthetic)drawn using
VESTA 3 (Momma and Izumi 2011pata fromLomaeveet al.(2005).

Several other minerals as inclusions in the diamonds of Juina, Mato Gvesso,
described.

See also Jeffbenite, ellinaite, breyite, nitroyarlongite, nitrocohers,
nitrochalypite unnamedFesN, FeN, (Ba,Sr)Alrs, orthorhombic MgO, MgGOs,
NasMgs(PQu)2(P207), Fe**Fes?*(P.0r)4, and NaMg pyroxene.
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Nitroyarlongite
Kaminskyet al.(2015)
Fe(N,C)s, trigonal

Other namesUnnamed (lron Carbonitride)

Figurel.21 Nitroyarlongite, F&§No.sCo.2)4 and nitrochalypiteFe;(C,N): or Fe(C,N)
from alluvial deposits of Sorriso river, Chicoria farm, Juina, Mato Grosso (Kaminsky
and Wirth 2017).

A trigonal iron carbonitride mineral was inferred byra§ diffraction data as an

inclusion in a diamond crystal from alluvial deposits of Sorriso river, Chicoria farm,
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Juina, Mato Grosso (Kaminsky and Wirth 20I)e diffraction pattern igdin A (hkI)]:

4.47 (001), 4.02 (100), 2.99 (101). As such, the peaks could be indexed on the basis of a
di ffraction pat t eFeosdohoi.38 whicly as Fe/éCt+N) equadtb | oy ,
2.17, similar to the RE€ composition but with a C/(C+N) value of 0.@@., an extreme
predominance of nitrogen over carbgd)in A (hkl)]: 4.406 (001), 4.135 (100), 3.015

(101) (Leinewebeet al. 2001). The C:N ratio in this synthetic alloy can vary because
both carbon and nitrogen are located in the interstitial positainthe lattice.The
synthetic material was prepared by treating iron powder witly NHz - H2 mixtures and

a special carbonitriding atmosphere, in technical nitridation furnades.synthetic
compound is a carbonitride of great importance in metallutgy trigonal, Polm, a
4.7743,c 4.4063A, vV 86.98v3, Z 2 (Leinewebetet al.2001)

Kaminsky et al. (2015) applied the name nitroyarlongite to this mineral, without
submission to IMA. Anyway, this name does not make sense, because yarlongite is
CrsFeNiCs. The formula attributed by the authors was(EéN), but N>C inapfu
Consequently, the correct would be(RgC.

Figurel.22 View of the crystal structure oftroyarlongite (syntheti¢)drawn using
VESTA 3 (Momma and lzumi 2011pata fromLeinewebelet al. (2001)

Several other minerals as inclusions in the diamonds of Juina, Mato Gvesso,
described.

See also Jeffbenite,ellinaite, breyite,nitrocohenie, nitrochalypite unnamed
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FesN, FeN, FaSIiC, (Ba,Sr)AlFs, orthorhombic MgO, MgGO4, NauMga(POy)2(P207),
FeFes?*(P.07)4, and NaMg pyroxene.

Nitrocohenite
Kaminskyet al.(2015)
Fe;(C,N), orthorhombic

(N-rich cohenite)

The name nitrocohenite was introducedithout submission to IMA by
Kaminsky et al. (2015) for an Nrich variety of cohenite, EE€, which occurs ags
inclusions in a diamond crystal from alluvial deposits of Sorriso river, Chicéria farm,
Juina, Mato Grosso.

Several other minerals as inclusions in the diamonds of Juina, Mato Gvesso,
described.

See also Jeffbenite ellinaite, breyite nitroyarlongite, nitrochalypiteunnamed
FeN, FeN, FeSiC, (Ba,Sr)AlFs, orthorhombic MgO, MgGOas, NasMga(PQu)2(P207),
Fe®*Fes?*(P,0r)4, and NaMg pyroxene.

67



Daniel Atencioi Type Mineralogy of Brail, a book in progress

Nitrochalypite
Kaminskyet al.(2015)
Fe/(C,N); or Fe(C,N)
(N-rich chalypite)

Other names: Unnamed (lron Carbide), Unnamed (lron Carbide II)

See Figurd..21

The name nitrdealypte was introduced without submission to IMA by
Kaminsky et al. (2015) for an Nrich variety of chalypite, a not valid mineral, which
occurs asas inclusions in a diamond crystal from alluvial deposits of Sorriso river,
Chicoria farm, Juina, Mato Grosso.

Several other minerals as inclusions in the diamonds of Juina, Mato Gnesso,
described.

See also Jeffbenite,ellinaite, breyite,nitroyarlongite, nitrocohergt, unnamed
FeN, FeN, FeSIiC, (Ba,Sr)AlFs, orthorhombic MgO, MgG0Oa, NauMgs(PQs)2(P-07),
Fe®*Fe?*(P,0r)4, and NaMg pyroxene.

Unnamed (Ce,La)Si and (Al,Fe)Si
Kachalovskajat al.(1999)
Other namedJM1999-31-Si:REE,UM1999-30-Si:AlFe

The occurrence of these phases, associ a
linzhiite, FeS4, tetragonal) and native silicon, was described in the Fazenda Brasileiro
gold mine, Barrocas, Bahia. Quartz, feldspar, carbonates, chlorite, muscovite, fluorite,
apatite, zircon, titanite, pyrite, arsenopyrite, pyrrhotite, ilmenite, anatase, rutile, gold,
scheelite, wolframite, sphalerite, and galena were identified in the ore. Silicides and
native silicon were observed in crushed samples and in heavy mineral concelmtrates.
the opinion of the authors, the natural origin of these phases remains quéstionab

The mean chemical composition of the unnamed (Ce,La)Si is: La 24.26, Ce 36.92,
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Pr 4.73, Nd 8,92, Gd 3.25, Si 16.75, Ca 3.61, Al 1.12, Fe 0.44, total 100.00 wt.%
corresponding to [(Ged-ao.2d\do.odP10.05G 0h.03)s0.85C .14 s0.9d Sio.92Al 0.08F&0.02)s1.00- It
occurs as drops, lenticular, dendritic and irregular grains up ten50ntimately
associated with linzhiite, unnamed (Al,Fe)Si and native silicon. Opaque, without
cleavage, brittle, no internal reflection, ViEYN515 to 645 (mean 618y/mnt. It is light
creamwhite in reflected light, visible anisotropism in faded colors, weakly bireflectant.
Reflectance percentages (Si standard, in airpaen in 20 nm steps from 400 to 700
nm; representativBvaluesard Rg6 and Rpdo) : ,58.2 494,(56Cné), 7 (480
54.5, 50.0 (580 nm), and 56.8, 52.3 (660 nm). It is orthorhombic, space Igroapa
4.272,b4.118,c 14.02 A,Z 4. Strongest lines of the powder pattern (57 mm camera, Fe
radiation) argd in A (1) (hkl)]: 3.49 (30) (004), 3.13 (® (103), 2.76 (100) (112), 2.32
(50) (105,006), 2.13 (30) (200), 2.10 (50) (020), 1.908 (30) (211), 1.867 (30) (121), 1.841
(50) (116), 1.813 (40) (204,107), and 1.296 (20) (132).

The mean chemical composition of the unnamed (Al,Fe)Si is: Si 32.63,3% 32.
Al 17.29, La 3.68, Ce 7.90, Pr 1.03, Nd 2.65, Gd 0.50, Ca 1.85, total 100.00 wt.%
corresponding to (Alss-e.sdCe.05Ca.04-80.0Ndo.0P10.01)s1.20S11.00. It OCCUrS as irregular
grains, up to 0.02 mmntimately associated with the other silicides and native silicon.
Opaque,VHNso 753 to 893 (mean 824&g/mn¥. Its color is whitein reflected light
isotropic and, like (Ce,La)Si, it does not show internal reflectidRstlectance
percentages (Si standa in air) are given in 20 nm steps from 400 to 700 nm;
representativ® values are 46.7 (480), 48.9 (560), 49.0 (580), and 49.3 (660).
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Chapter 2

Sulfides, selenides, arsenides, tatides, and antimonides

Atheneite
Clarket al.(1974)

Pd(Asp 73Hgo.25), hexagonal
Approved CNMMN- IMA 1973050

Other names: atheneite, atheneita, ateneita, atenasita

100 pm

Figure2.1 Backscattered electron SEM photograph of atheneite (Ath), associated with
arsenopalladinite (Ars) and gold (G) from the Caué irameniiabira, Minas Gerais (Bindi
2010).

See also Figurex10, 2.13,and2.14
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A sample of residual concentrates from the gold washings of the Caué iron mine,
Itabira Minas Gerais, was collected by Sanders and incorporated to the Natural History
Museum, London, England (number BM 1934,72). From this sample, Hey (1955) defined
the new mineral arsenopalladiniteater studies by Clarket al. (1974) redefined
arsenopalldinite and described atheneite and isomertieite. In addition, they noted the
presence of a palladium selenide, later described and named palladseitet(Blai/@s 7).
They also identified native gold, a Pd and Hg oxide (palladinite),-BlgP4u alloy,
hematite, quartz, and superficial oxidation products. Davial. (1977) identified two
isotropicCubeari ng Pd oxides as inclusions in pal
mertieitell, temagamite, stibiopalladinite, and palladoarsenide to theflminerals found
on this sample. Based on studies of the same sample e2atr{1977) and Clark and
Criddle (1982) attributed new formulae to arsenopalladinite and isomertieite. Jedwab (1995)
and Jedwab and Cassedanne (1998) identified a grougeaiihg PiPd-Au-Cu-FeMn
compounds, coexisting with Fe and/ or Mn oxi
p r e tCaué mine is the type locality of arsenopalladinite, atheneite, isomertieite,
palladseite and jacutingaite.

The historical data of atheite were revised by Bindi (2010). Claek al. (1974)
supplied a detailed chemical and physical characterization of the mineral and described
it as the first naturally occurring Pdg arsenide with the formula (Pd,H§¥s (with Pd
2.67 and Hg 0.33pfu) andZ 2. They were able to index the diffraction pattern, obtained
with a Gandolfi camera, using the parameters of a hexagonalalinfte., a 6.80,c 3.48
A, space groupP6/mmn) given by Claringbull and Hey (1957a) for the mineral
arsenopalladinite. Clarkt al.( 1974) then stated: AThe densi
Claringbull and Hey 1957a) is 10.2, comparing very favorably with the calculated value
of 10.16 based on two formula unitesa.per uni
(1974) errmeously interpreted the measured density for the mineral atheneite [given by
Claringbull and Hey (1957a)], which they used to estimat@ tifehe atheneite formula.
Actually, Claringbull and Hey (1957a) measured a value of 10.2 3gffum
arsenopallading (with only Pd and As, without Hg), and not for atheneite. Therefore, the
density of atheneite is definitely higher than that measured for arsenopalladinite, and the
Z of the formula given by Clar&t al.(1974) is likely wrong. The mistake of Clagk al.
(1974) persisted in the mineralogical literature (e.g., Anthetngl. 1990), in several

mineralogical databases (e.g., www.webmineral.com; www.mindat.org), as well as in
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successive studies on-Bdaringarsenides (Cabrat al. 2008, and references therein).
To help resolve the concerns relating to the mineral atheneite, esyrsieture data for

the mineral from its type locality, the Itabira deposit, were investigated by Bindi (2010),
together with pisical and chemical data.

Occurrence.n goldrich jacutinga (a hydrothermalitered Lake Superidype
carbonateébearing oxide facies ireformation), originally recovered from residual
concentrates from the gold washings, from Caué iron mine, Ithbiras Gerais, associated
with arsenopalladinite, isomertieite, palladseite, and other minerals. Intergrowths with
arsenopalladinite are present. Rounded grains of hematite occur as inchtiensite in
the Caué mine was also documented by Kwekal (2002).Also, known fromother
Brazilian and several world occurrences.

Appearance and physical propertiédgihedral to subhedral grains up to 200 pm
across. It does not show any inclusions of other minerals or intergrowths. Morphology:
could not be detenined. Twinning: none mentioned. Color: gialack (under a
binocular microscope). Streak: unknown. Luster: metallic. Opaque. Hardness (Mohs): 5;
VHN100 (2 grains): 419 to 442 (mean 431) kg/f(@lark et al. 1974); VHNoo: 415 to
435 (mean 427) kg/mh{Bindi 2010). Tenacity: not given. Cleavage: none observed.
Fracture: not given. Density: 11.36 gft(oalc.).

Optical properties.In reflected light: white with a yelloish-cream hue, faintly
bluish, strong anisotropism, no bireflectaneochroism: absent in air, very weak in olil,
with tints from pale yellowvhite to bluishgray white.In planepolarized light, the
separate grains of atheneite appear to be the same color as arsenopaNadaviigence
of growth zonation or twinnings observed. Under crossed polars, the mineral does not
extinguish. It displays a range of bright anisotropic tints, from ptbyevn through light
grey to a metallic dark greyr:, Ry;; ™Ry, ™Rz (50.3, 53.0; 37.0, 39.9) 470 nm, (54.3,
56.9; 41.2, 43.8%46 nm, (56.0, 58.0; 43.1, 45.0) 589 nm, (57.5, 58.7; 44.7, 45.7) 650
nm. According to Bindi (2010), reflectance percentages for Rmin and Rmax are 47.2,
54.3 (471.1 nm), 50.1, 57.8 (548.3 nm), 53.0, 60.7 (586.6 nm), and 55.2, 62.9 (652.3 nm),
respectivelyin excellent agreement with those measured by @laak (1974).

Chemical dataMicroprobe (WDS mode) analyses (6): Pd 65.33, Pt 0.83, Hg 15.69,
Au 0.23, Fe 0.03, Cu 0.02, As 17.64, Sb 0.10, Sn 0.03, Se 0.04, Bi 0.03, total 99.97 wt.%
(Bindi 2010). Empical formula: PdodPh.01AS0.7dHgoos. The ideal formula requires Pd
66.68, As 17.61, Hg 15.71, total 100.00 wt.%.

Crystallography Hexagonal Pg2m, a 6.813(1) ¢ 3.4892(5)A, V 140.26(4)A3, Z
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3, c:a= 0.5121. Xray powder diffraction datadfin A (1) (hk)]: 2.423 (100) (111), 2.246
(90) (201), 2.221 (60) (210), 1.871 (70) (211), 1.371 (80) (212), 1.302 (80) (302), 1.286 (60)
(410), 1.259 (80) (321), 1.205 (60) (411), 1.034 (70) (412). The grairfarsie original
determination of cell parameters of arsenopalladinite (Claringbull and Hey 1957a) was in
fact of atheneite.
Name In reference to its palladium content, from the Greek goddess Pallas Athena.
Branco (1979) transaoated this name as fAaten
Type materialThe Natural History Museum, London, England, BM 1934,72, BM
1977,259 (holotype); National Museum of Natural History, Washington, D.C., USA,
142504A0[donatorNatural History MuseumLondon;on same specimen with and filed
under arsenoplaldinite, part of BM 1934,72] (type).
Relationship to other specie&s noted by Bindi (2010), the crystal structure of
atheneite strongly resembles that of synthe
and M = 3d transition element (Rdjontreuil et al 1968, Deyriset al. 1979).

Figure2.2 View of the crystal structure of atheneite (from the type occurrence), drawn
using VESTA 3 (Momma and Izumi 2011). Data from Bindi (2010).

Crystal structure.There are two fully occupied Pd sites: site Pd1 hasdiein
coordination, and Pd2, elew#old coordination. The two As atoms in the structure have
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a tricapped trigonal prismatic coordination; Asl is filled by arsenic only, whereas As2
has an occupancy 660 As and 0.40 Hg. The presence of Hg at the As2 site accounts
for the longer distances observed (Bindi 2010).

See also.Arsenopalladinite, isomertieite, palladseite, palladinite, porpezite,

jacutingaite, unnamed Rdg-Au alloy, andunnamed oxygebearng compounds of Pt

PdAu-Cu-FeMn.
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Arsenopalladinite

Hey (1955)

P&AS; 5Shy 5, triclinic

Approved CNMMN- IMA 1973002a

Other names: arsenopaladinita

L N ~
’

e
I

s

Figure2.3. Arsenopalladinite (white), replaced bynercurian varietyf palladinite
(grey) from Caué mine, Itabira, Minas Gerais. This replacement, from grain margins, is
crystallographically controlled, forming linear features in section. Reflected-plane
polarized light digital image from transparency. Field of view:rir2. The type
specimen, BM 1934,72, Natural History Museum, London, England. P@btds J.
Stanley

See also Figurg.1.

The name arsenopalladinéppeared in Hey (1955) as a personal communication

from Bannister and mentioned in an unpublished work by Bannister, Claringbull and Hey
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(1955). According to Hey (1955), an unpublished analysis, obtained by him, suggested a
mineral with the composition RAs. On June 7, 1956, a study of arsenopalladinite was
presented by Claringbull and Hey (1957b) to a meeting of the Mineralogical Society, and a
summary was published in Mineralogical Abstracts (Claringbull and Hey 1957a).
According to them, small selected/stals of residual concentrates from the gold washings

of the Caué mine, Itabira, Minas Gerais, have Pd 79.8 and As 19.2 wt.%. Acsysiie

X-ray diffraction study indicated a hexagonal unit cell itB.80,c 3.48 A, Z 2, space
group P6/mmm assuring holohedral symmetry, overlain by an unusual type of
superstructure. Clargt al. (1974) concluded that the specimen studied by Claringbull and
Hey (1957a, b) consisted of several minerals. They redefined arsenopalladinite, the
predominant mineral of éhsample, as triclinic B@hs,Sb) with CNMMN - IMA approval
(1973002a) and gave name atheneite [(PdsAs])to the hexagonal mineral. Caletial.

(1977) revised the formula of arsenopalladinite ag/A2iSb}. The correct formula is
P&As, sShysbecause As and Sb occupy separate sites in the strg€armmovaet al.

2020)

Occurrence.n goldrich jacutinga (a hydrothermalitered Lake Superigype
carbonateébearing oxide facies ireformation), originally recovered from residual
concentrateBom the gold washings, from Caué iron mine, Itabira, Minas Gerais, associated
with atheneite, isomertieite, palladseite, and other min€alsé mine is the type locality
of atheneite,arsenopalladinite, isomertieite, palladseite @xltingaite.A sugerficial
coating on the arsenopalladinite grains, which it replaced and penetrated in the form of
oriented, parallel, wedgée plates was described by Clagkal. (1974) as a palladivim
mercury oxide (approx. 90% PdO and 10% HgO). This mineral is psobafolercurian
variety of palladinite. Arsenopalladinite was also recorded in several world occurrences.

Appearance and physical properti€rains from 0.3 to 1.8 mm, rarely intergrown
with atheneite or isomertieite. Morphology: could not be determinethniivg: complex
polysynthetic. Color (megascopic): unknown. Streak: unknown. Luster: metallic. Opaque.
Cleavage: none observed. Fracture: not given. Density: 10.4 (jfugas.), 11.02 g/cin
(calc.). Hardness (Mohs): 4; VHM (10 grains): 379 to 449 (med07) kg/mm. Tenacity
not given.

Optical properties.In reflected light: white with a yellossh-cream hue, strong
anisotropism, weak bireflectance. Pleochroism: absent. Under polarized light, the mineral
does not extingah-in any position, with colors from red and golden brown to-pl@ey in
air, khakibrown to bluegray and bright stegjray in oil. Ry, Rz; ™Ry, ™Ry (47.4, 48.5;
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34.4, 35.5) 470 nm; (52.5, 54.3; 39.7, 41.5) 546 (64.9, 56.8; 42.4, 44.2) 589 nm;
(57.4, 59.0; 44.9, 46.5) 650 nm.

Chemical dataMicroprobe (WDS mode) analyses (from 13 grains): Pd 77.56, As
17.08, Sb 5.15, total 99.79 wt.%. Empirical formulas B@s25:Sy.47)s298 The ideal
formula requires Pd7743, As 17.03, Sb 5.54, total 100.00 wt.%.

Crystallography. Triclinic, Pp, a 7.3344(7) b 7.3870(8) c 7.5255(7) A, a
98.869(8),b 102.566(8),g 119.096(11)°V 331.19(7)A3, Z 2,a:b:c = 0.9929:1:1.0187
(from the crystal structure study by Karimoetaal. (2020). Xray powder diffraction data
[din A (1) (hkD)]: 2.34 (60) ¢31), 2.28 (20) (122), 2.19 (20 15), 2.13 (100) (030), 1.41
(40) €19), 1.39 (20) @5p), 1.24 (30) 6.0.11), 1.21 (30)¢32). ICDD: 29959 k and|
interchanged).

Name For the chemical composition.

Type material. The Natural History Museum, London, England, BM 1934,72
(holotype);National Museum of Natural History; Smithsonian Institution, Washington,
D.C., USA, 142504 [donatdXatural History MuseumLondon; types of isomertieite,
atheneite and palladseite on same specipehof BM 1934, 7P(cotype); Royal Ontario
Museum, Toronto, Ontario, Canada, M34726 (<1mg) (type).

Relationship to other specieArsenopalladinite is not isotypical with the close
related mineral mertieitd, PdsSkp sAsos. The structures of the both minerals are built
up by nets of the same topology, but different stacking sequence is realized (Kaimova
al. 2020).
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b

Figure2.4. View of the crystal structure of arsenopalladinite (from the Kaarreoja River,
Inari commune, Finnish Lapland, Finland), drawn using VESTA 3 (Momma and lzumi

2011). Data fronKarimovaet al.(2020)

Crystal structure.The crystal structure of mineral aropalladinite from the
Kaarreoja River, Inari commune, Finnish Lapland, Finland, is formed by pnictogen (As,
Sb) and palladium atoms layers. The layers are paraltgiglane and stack alorzgpaxis
of the unit cell. Asand (As, Sbhets have triangulaopology @ andD nets). Palladium
layers are triangular or pentagtrangular netsB andC nets). The unit cell contains 6
layers, stacking sequence ABCDCBA(Karimovaet al.2020)

See alsoAtheneite, isomertieite, palladseite, palladinite, poitpefacutingaite,

and unnamed PHg-Au alloy.
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Isomertieite

Clarket al.(1974)

Pdi1ShAs,, cubic

Approved CNMMN- IMA 1973-057

Other names: isomertieita

Isomertieite

magnetite

Figure2.5. Isomertieite, Pdich gold, and Grich magnetitefrom the Cauéiron mine,
Itabira, Minas Gerai@Cabralet al 2002).

The historical data of isomertieite were revised by Karinmaiva. (2016). It was
discovered in the concentrates from gold washing at Itabira, Minas Gerais ¢Chdrk
1974). The concentrates werollected by B.H. Sanders, who left them for examination
at British Museum (National History) in 1934. The first data for isomertieite, formula
(Pd,Cu}(Sb,As), space groupdom, cell parametesi 12.382 A, were published by Clark
et al.(1974). The crystal structure of isomertieite was solved-bgnypowder diffraction
(photographic methods) using a synthetic analogSPBAs, by Shiet al. (1978). The
reliability factor of the proposed model wesatively high (15%). Further studies of
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isomertieite samples from different localities led to a revision of the chemical formula.
Cabri and Laflamme (1979) reported data for isomertieite from Lac des Isles, Ontario,
Canada. Crystal structure investigasashowed that the unit cell contains a total amount
of 120 atoms: 88 Pd, 16 As, 16 Sb. A compound with compositieiSBés, was
synthesized, and a-amalysis of isomertieite gave better agreement with the newly
proposed stoichiometry (Cabri 1980). Téfeare the chemical formula was revised to
PdiiSkrAs, (Cabri 1981).

Occurrence.n goldrich jacutinga (a hydrothermalitered Lake Superigype
carbonateébearing oxide facies ireformation), originally recovered from residual
concentrates from the goldashings, fronthe Caué iron mine, Itabira, Minas Gerais,
associated with arsenopalladinite, atheneite, palladseite, and other mDau@snine is
the type locality of arsenopalladinite, atheneite, isomertieite, palladseite and jacutingaite.
In one gran, intergrown with arsenopalladinite, isomertieite contains herddsite known
from several Brazilian and world occurrences.

Appearance and physical propertigSrains from 0.4 to 0.8 mm. Morphology:
could not be determined. Twinning: none mentionedoiCpale yellowwhite. Streak: not
determined. Luster: metallic. Opaque. Hardness (Mohs): 5%2;13HB85 to 598 (mean
592) kg/mn. Tenacity: not given. Cleavage: none observed; fracture not given. Density
could not be measured, 11.09 gidoalc.).

Optical properties.In reflected light: pale yellowvhite, isotropic or slightly
anisotropic, no bireflectance. Pleochroism: abserftRR; (46.4; 33.3) 470 nm; (54.0; 40.9)
546 nm; (56.8; 43.95) 589 nm; (59.45; 46.65) 650 nm.

Chemicaldata. Electron microprobe data (from 14 grains): Pd 72.53, Au 0.37, Cu
1.08, As 1042, Sb 1461, total 99.01 wt%. Empirical formula:
(Pho.64CW.27AU0.09)s10.9AS2.17Sh1 8g)sa.05. These data are from Clark and Criddle (1982),
where the formula R&ShyAs; is given, slightly different from that of the original work,
(Pd,Cu}(Sb,As}. The ideal formula RéSAsz requires Pd 74.85, As 9.58, Sb 15.57, total
100.00 wt.%.

CrystallographyCubic,Fdom, a 12.297(5) AV 1859.3(2)&, Z 8(singlecrystal),

a 12.283 AV 1853.16 &, Z 8 (powder data)X-ray powder diffraction datad[in A (1)
(hkI)]: 2.356 (90) (511), 2.167 (100) (440), 1.533 (70) (800), 1.446 (60) (660), 1.287 (60)
(931), 1.253 (70) (844), 1.234 (60) (933), 1.188 (70) (95182 (60) (10.2.2), 1.086 (60)
(880). ICDD: 26833 (17221 and 2958 ICDD cards probably refer to different minerals).
Name.For its crystallographic difference from mertieifewhich has the same
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composition. The minerals guanglinite and fengluanéee been considered identical to
isomertieite, but additional studies are needed.

Type materialThe Natural History Museum, London, England, BM 1934,72, BM
1977,260 (holotype)National Museum of Natural History; Smithsonian Institution,
Washington, D.G.USA, 142504B0 [donatorNatural History MuseumLondon,on the
same specimen with and filed under arsenopalladinite, part of BM 1934,72], (cotype).

Relationship to other speci€Bhe cubic dimorph of mertiefte Isostructural with

tornroosite.

Figure2.6. View of the crystal structure of isomertieigécimen from the Monche
Tundra intrusion, Monchegorsk Igneous Complex, Kola Peninsula, Rubsian using
VESTA 3 (Momma and Izumi 2011). Data frdtarimovaet al.(2016).

Crystalstructure.There are three symmetrically independent Pd positiéhavi2,
andM3. M1 formsM1As; tetrahedraM2 formsM2As; Sk tetrahedra, anil3 formsM3Sk
triangles connected via common edges and forming a framework in the structure (Karimova
et al.2016, specimen from the Monchi@endra intrusion, Monchegorsk Igneous Complex,
Kola Peninsula, Russia).
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See also. Arsenopalladinite, atheneite, palladseite, lgghhite, porpezite,

jacutingaite, and unnamed {P-Au alloy.

Palladseite

Daviset al.(1977)

Pdi;Sas, cubic

Approved CNMMN- IMA 1975-026

Other names: palladseite, paladseita

Cr-magnetite

AccV Magn Det WD F—— 20um
200 kV 1021x BSE 12.0 MEV Sutec- CVRD

Figure2.7. PalladseiteRdrich gold, and Grich magnetite, from th€aué iron mine,
Itabira, Minas Gerai@Cabralet al 2002).

See also Figuré.1

Originally described as an unnamed mineral by G#aek.(1974), this mineral was
later named as palladseite by Daatisl.(1977). Platinum group metal chalcogenides have

applications in catalysis, as low resistance ohmic contacts in semiconducting electronic
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devices, recording films in optical discs andddiaphic films, and light image receiving
materials with silver halides (Akhtat al. 2011). Pdi;Sas can be characterized as an
intermediate typdl superconductor as opposed to the strongly correlated
superconductivity in RitS;s, equivalent to miassite (Narenal.2011).

Occurrence.n goldrich jacutinga (a hydrothermalitered Lake Superigype
carbonateébearing oxide facies ireformation), originally recovered from residual
concentrates from the gold washings, frdm Caué iron mine, Itabira, Minas Gerais,
associated with arsenopalladinite, atheneite, isomertieite, and other minerals. It contains
inclusions of isotropic coppédrearing oxides of palladium, not identified (probably it is not
palladinite, which is tetragaf). Caué mine is the type locality of arsenopalladinite,
atheneite, isomertieite, palladseite and jacutingaMso, known from some other
Brazilian and world occurrences.

Appearance and physical properti€rains up to 0.5 mm. Morphology: could not
be determined. Twinning: none mentioned. Color (megascopic): unknown. Streak:
unknown. Luster: metallic. Opaque. Hardness (Mohs): 4% to 5;:%H390 to 437 (mean
414) kg/mni. Tenacity: not given. Cleavage: none observed. Fracture: not given. Density
could not be measured, 8.14 g¥dcalc.).

Optical properties. In reflected light: white, isotropic, no bireflectance.
Pleochroism: absent. F°R: (44.0; 30.0) 470 nm; (45.75; 31.4) 546 n@5.7; 313)
589nm;(45.65; 31.3) 650 nm.

Chemical dataElectron microprobe data (from 3 grains): Pd 55.46, Pt 0.14, Cu
407, Hg 153, Se 38.98, total 100.18 wt%. Empirical formula:
(Pdis 3w 8dHGo 2Pb 0d)s17.45@453 The ideal formula requires Pd 60.43, Se 39.57, total
100.00 wt.%.

Crystallography.Cubic, Pmom. a 10.635 A,V 1202.85 &, Z 2. X-ray powder
diffraction datadlin A (1) (hkD)]: 2.827 (95) (321), 2.563 (85) (410), 2.426 (85) (331), 2.037
(85) (333), 1.870 (100) (440), 1.715 (85) (611), 1.295 (75) (733), 1.284 (75) (820), 1.248
(75) (660), 1.232 (75) (750).

Name For the chemical composition: PALLADium SElenide.

Type material typelhe Natural History Museum, London, England, BM 1934,72,
BM 1977,500 (holotypeNational Museum of Natural History; Smithsonian Institution,
Washington, DC., USA, 142504donatorNatural History Museuiiondon,on the same
specimen with and filed under arsenopalladinite, part of BM 1934,72], (cotype).

Relationship to other specidsostructural with miassite, Ri%;s.
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Figure2.8. View of the crystal structure of palladseite (synthetic), drawn using VESTA
3 (Momma and Izumi 2011). Data from Geller (1962).

Crystal structure.There are four kinds of palladium atoms: 1) Rd&sular
octahedral; 2) Pd atom in a square of Se atomsveth@® Pd atoms in a line perpendicular
to the plane of the Se square; 3) Pd atom in a square of Se atoms and with 1 Pd atom in a
|l ine perpendicular to the plane of the Se
flattened tetrahedron) of Se atomswaibit (Geller 1962, crystal structure of synthetic
Pdi7;Ses).

SyntheticSeveral methods of palladsesynthesis exist. RgSas nanotubes have
been synthesized in large quantities by Xiatgal. (2005) from the reaction between
trigonal Se nanowires and Pd. Films ofi#3és were obtained fronthe compound
[bis(N,N-diethyFNMNpaphthoylselenoureato)palladiui] at 400, 450 and 500 °C by
Akhtar et al. (2011). Pdi7Seas nanoparticles, synthesized by Joshial. (2013) from a
single source precursor [Pd(LYE{L = 1,3-bis(phenylselenyl)propag-ol} and grafted
onto graphene oxide, show high catalytic activity irOCcoupling between
aryl/heteroaryl chlorides/bromidesdaphenol at room temperature (Pd loading 1 mol%;
yield up to 94%).
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Vymazalovéet al.(2014) studied the phase equilibria in the systefinP&Se by
the evacuatedilica glass tube method at 350, 430, and 530°C. They obtain¢siel3d
equivalent to palladge at these three temperatures. Several phases formed associated
with Pdi7Sas Ag:Se (equivalent to murmannite), ARkSe; (equivalent to
chrisstanleyite), PdSe(orthorhombic, not equivalent to verbeekite, monoclinic),
(Ag,Pdp-Se, AgPa&Se, PdsSas, Pd;Se and PdSe. The phases today only known as
synthetic compounds can be expected to be discovered as new minerals associated with
palladseite in the future (Vymazalogeéal.2014).

See also.Arsenopalladinite, isomertieite, atheneite, palladinite, potpe
jacutingaite jsotropic coppebearing oxides of palladiurmpnnamed PdHg-Au alloy, and
unnamed PsSe.

Unnamed Psbe
Cabral and Lehmann (2007)

(= palladseite?)

Sub to euhedral crystals, not exceeding 100 um in length, as inclusions in a nugget
of Ag-bearing, Pepoor gold (Pd < 0.4wt.%) from Gongo Soco, Bardo de Cocais, Minas
Gerais, were described by Cabral and Lehmann (2007). Based on microprobe data, they
quoed:

a) two-point analyses resulting in the formula (Pd,Sb,Ags8¢) No mineral name
was associated with this formula.

b) one point analysis resulting in the formula (Pd,Ag,Cu$5lg) attributed to an
"argentiferous palladseHie phase".

In addition,Cabral and Lehmann (2007) obtained 5 point analyses of palladseite
from Itabira, Minas Gerais, calculated foapfu Other analyses of palladseite from this
occurrence, obtained by Daws al. (1977) and Olivo and Gauthier (1995), have been
recalculatedn this way. All approach B8e..

According to Cabral and Lehmann (2007), palladseite is ideally stoichiometric
Pdi7Ses, but its empirical stoichiometry points to a compound of typS&dHowever, a
synthetic compound with formula £k was not obtained, unlike P&es. Since the

correspondence between palladseite and the synthetic compau®edeems proven and
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when calculated for 3@pfuall formulae are not substantially different fromy s, it is
more likely that all analyzkpoints refer to the wedtstablished palladseite.

Other inclusions identified in the Gongo Soco nugget are chrisstanleyite, a phase
similar to tischendorfite, unnameddg8b,Ag,Hg}Se; and Pg(Hg,Sb,Ag,)Se.

See alsoPalladseite, unnamed $8b,Ag,Hg)Se and Pg(Hg,Sb,Ag,)Se

UnnamedPd Pt),o(Se,As)
Cabral and Lehmann (280
Other namedJM200321-Se:AsPdPt

Cabral and Lehmann (2008ported hin threads of dright white SeAs-Pd-Pt
phase along microfractures at the contact betwezgreyish P& phase and isomertieite
and/orhematitéfrom Gongo Soco, Bardo de Cocais, Minas Gelkéiisroprobe datgmean
of 4 analyss). Pd43.87 Sb 0.05Se4.67, As 0.85,Pt46.80, Cu 065, Fe1.63,Hg 1.22
total .74 Empiricalformula: (Pd.7P%.3d~€.41CU0.14HJ0.00)x 9.74 S€.83AS0.16Sk0.01)x 1.00
Simplified formula:(Pd Ptho(Se,As)

Unnamed PgSb,Ag,Hg)Se and Pg(Hg,Sb,Ag)Se;
Cabral and Lehmann (2007)

Based on microprobe data, Cabral and Lehmann (2007) qua{&bPAd),Hg)Se
and Pg(Hg,Sb,Ag,)Se sub to euhedral crystals, not exceeding 100 um in length, as
inclusions in a nugget of Agearing, Pepoor gold (Pd < 0.4wt.%) from Gongo Soco, Baréo
de Cocais, Minas Gerais.

See alsoUnnamed Psbe..
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Unnamed PgPtSe, PdSe, P&(Se,Bi), and (Pd,Hg,Pige

Cabralet al.(20021), Cabral and Lehmann (2007)

Other namedJM2002-30-Se:BiPd UM2002-37-Se:HgPdUM2002-38-
Se:PdUM200251-Se:PdPt

Figure2.9. Ideal PdSe enclosedin AutPd al |l oy (empiri/édd)y ©Ehheiv
gold is enveloped by a dadolored, PdO-bearing coating of goethite (g), characteristic
of ouro pretq from Serra Pelada, Curionépolis, Pé&Eabral and Lehmann 2007).
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Au-Pd-Hg alloy 10 pm

Figure2.10. Ideal (Pd,Hg,Ph¥e adjacent to atheneite F0.73Hgo.s), on the margins of
Aui Pd Hg alloy in a groundmass of MBa oxide (possibly romanéchite, r&fom Serra
Pelada, Curiondpolis, Paf@abral and Lehmann 2007).

A number of PdPf Se phases occur as inclusions in, or attached to the margins of,
the dendritic palladiferous gold of the ABd-Pt) deposit of Serra Pelada, Curiondpolis,
Para. The minerals, up to 30 um across, can be divided into two groups: (i) ampiric
PabPtSe and PdSe, which are hosted in compositionally homogeneougPAduand (ii)
empirical Pg(Se,Bi) and (Pd,Hg,Pt§e, which are associated withiPid-bearing gold
(Cabral and Lehmann 2007). Synthetic compounds with formuls®ePahd PdSe are
known (Olseret al. 1979; Akhtaret al.2011).

The trigonal PgSe phase is stable in the temperature range of 390 to 635°C (Olsen
et al. 1979). The thermal stability of this phase is not in agreement with the temperature of
formation of the Serra Peladamaralization (below 150°C) (Cabral and Lehmann 2007).
According to Vymazalovét al.(2014), the phase B$k is probably stabilized by another
element (Pt or Au) at a lower temperature in nature, or it corresponds to other palladium
selenides (likely th@hase Pgbe), but an Xay diffraction study of the natural phase is
desirable.

See alsoUnnamed AwPd.
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Chalmersite
Hussak (1902)
(= cubanite)

Other names: chalmersita

.“ :, TN ‘t_i
. .

Figure2.11. A prismatic crystal of cubanife i ¢ h a | pbetwesen tivéattened clear
brown sideritecrystals and, in epitaxy, a smalledimost blackpyrrhotitecrystal from
Morro Velho Mine, Nova Lima, Minas Geraisargestcrystalsize: 1.2 mmSpecimen

and ota Gianfranco Ciccolini.

Chalmersite initially confused with millerite, NiS trigonal (Sax@bourgGotha
1890), was named by Hussak (1902, 1903, 1906c), in honor of the engineer George
Chalmers (1852928), superintendent of the Morro Velho mine. It occurs as needles,
generally coated by eltopyrite crystals, also associated with quartz, dolomite, pyrrhotite,
and siderite, at the Morro Velho mine, Nova Lima, Minas Gerais. Palache (1907) studied
the crystallography of chalmersite. The identity between chalmersite and cubani&sCuFe
orthorhombic, was proved by Kalb and Bendig (1923), Meetial. (1923) and Zenzén
(1925).
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JoséiteA

Kenngott (1853)

BisTeS, trigonal

An incompletely studiedineral

Other names: Joséit, joséite, joseita, joseite, joséite, tellure de bismuth,
bornine,Bornit, tellure bismuthifere du Brésil, tellurure de bismuth du Brésil,
Schwefelselettellurwismuth, Bismuthotellurites Brasiliensis, Tellurbismuth,
Tellurwismuth, joséited, joseiteA, joseitaA, joseiteU , telureto de

do Brasil

JoséiteA and jséiteB were described from many occurrences by different
authors in dozens of papers. Nevertheless, these minerals have been incompletely studied
and their crystal structures have not been determifexin X-ray diffraction patterns
Bayliss (1991) obserdethe absence of ordering of Te and S in joskitad joséiteB, and
also in the series B - BisTes (ikunolite - pilsenite). Following this interpretation the
formulae would be B{S,Te} for joséiteA and Bi(Te,S} for joséiteB. According to him,
this disorder is difficult to explain. Most of the relatively few studied specimens have
approximately integer ratios of S:Te, which would favor an ordered structure. -Foséite
would have a formula similar to that of tellurian ikunolite, and jodgjtgimilar to sulfurian
pilsenite. A compilation by Coat al.(2007), however, suggests that minerals in th8:Bi
BisSeil BisTes isoseries tend to have ordered structures.

The first mention of joséite, according to Leonar{t®73), seems to be that of
Eschwege (1832), who noted the occurrence efegd tabular plates, in the auriferous
veins of Furquim hill, between Mariana and S&o José, Minas Gerais. However, although
Eschwege knew that the mineral was a telluride heaiday so, or state who analyzed it.

The material would seem to be the bismuth telluride of Brazil found in a granular limestone
in Sao José, near Mariana and first taken to France by the naturalist Claussen, who traveled
through Minas Gerais in the firkalf of the 18 century. According to Leonardos (1973),
Damour (1844 describedthe mineraland redescribed it in the following year using the
name joséite (Damour 1845a, b). However, this is not correct, because the name joséite
(Joséit) was introducelly Kenggott in 1853. Initially, this mineral was mistaken for

Abornineo (= tetradymite) and tellurobismut
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simply mentioned the mineral: Glocker (1847) [Bismuthotellurites Brasiliensis], Hausmann
(1852) [Bornii, Kenggott (1853) [Joséit], Dufrénoy (1856) [tellure bismuthifére du Brésil],
Rammelsberg (1875) [Schwefelsekeurwismuth] and Genth (1886), among others.
According to Ferraz (1928), it occurs in the sands of the mines of S&o José and Sao Joao do
Morro, at the edge of the small village of Furquim, with mica, garnet, rutile and gold (8g/t).
Its name derives from the S&o José mine, near Mariana, Minas Gerais.
Peacock (1941) restudied the type specimen, collected by Damour, stored in the U.S.
National Mugum of Natural History (Smithsonian Institution), Washington DC, USA,
number R 400, and the sample analyzed by Genth (1886) stored in the Harvard
Mineralogical Museum, Harvard University, Cambridge, Massachusetts, USA, number
94935. He concluded that thexere two different species, with unit cell parameters slightly
different, Damour's specimen with formula.BTe1xS; and Genth's specimen with formula
Bis+x(Te,Se)xS. In the first case, Bi + Te =5, and in the second case Bi +Te + Spfa: 6
Cellparamlet er s f or Daarea#i240639 sp®ciji memd fom Gent ho
4.24,c¢ 39.69 A. The specimen studied by Ge(1B86), however, is composed of two
similar but distinct phases (PeacaeBi 1941) .
79.15, Te 15.93, Se 1.48, S 3.15, total 99.
14.67, Se 146, S 2.84, total 100.20 wt%mpirical formulae are
Bis.oo(T€1.41Bi0.275&.2150.11)5 2 . S.00 for Damour 0s speci men
BisooTe13BioasS& 2190005 2. S0of or Gent hds specimen. | n the
=5.89, and in the second case Bi +Te + Se = &88 Consequentlythe formula
Bisx(Te,Se)xS sati sfies both Damourdés and Gent hods
formulae noted by Peacock (1941) have been recognized in further (not Brazilian)
specimensThompson (1949) namdBisxTe1xS as joséiteA and BixTexxS as joseite
B.Bot h Damourdéds and GeBt hds speci mens are jo
A third type of Brazilian joséite, storedinthe Musm n at i o n adtureled Hi st oi
de Paris, with a distinctly different-dy powder diffraction pattern, was described by
Garrido and Feo (1938), and Peacock (1941) obtained a similar pattern from a sample from
Vernon, British Columbia, Canada. Cell parameters for the spedromanvVernonarea
4.41,c 42.09 A. The chemical data presented by Garrido and Feo (1938) for the Brazilian
speci men are the same as for the Damour 6s s
Based on a systematic study of 24 joséite samples from 13 world deposits,
Zav'lyalov and Begizoy1983) concluded that the formula of joséit@s Bis+xT €1.xySp+y,
with x = 0.08 to 0.33, and y .11 to 0.09. Substitutions of Pb for Bi and Se for S, are
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small. According to them, the formula of joséii@s Bis+xT €S, with x =-0.04 to 0.11.

Other names (joséH€, joséiteD and protojoséite) were introduced for samples
from other countries but are not recognized by the IMA. Because a complete description
does not exist for the Brazilian samples, the following descriptions of j@séitel jo®ite
B rely on data obtained from several localities.

Occurrence.(1) Said to occur in veins in limestone, associated with gold and
Aj oB®Di,t eat S«o0o Jos® mine (Tesoureiro mine),
Mariana, Minas Gerais, but the two bis&s of joséite from S&o José mine refer to the
composition of joséitd (see above). (Bonfim, Sulista, Queiroz, Catolé I, Gupiara,
Pedra Preta, Mulungu, and Matinha mines, Lajes Co., Rio Grande do Norte (Souza Neto
et al.2008) [The authors quotedishmineral as joséite; the chemical data correspond to
joséiteA but a wrong calculated formula corresponding to josBiteas presented]. Also
from several world occurrences.

Appearance and physical propertigdabit: dieets and plates with occasional
straight edges. Forms: none observed. Twinning: none observed. Color:-ghlena
inclining to silverwhite; old surfaces are leaplay or tarnished iridescent, stédlie to iron
black. Streak: not determined. Luster: metallic. Opaque. Hardness (MoN$IN2s (5
indentations): 29 to 43 kg/mfinTenacity: flexible, inelastic, sectile. Cleavage: {001}
perfect. Fracture: not given. Density: 8.26 gf¢meas.), 8.218 g/chicalc.).

Optical properties.In reflected light, slightly whiter than galena, moderate
anisotropism from light to dark gresh-gray. (*"R1-*'Rz; ™R1-™Ry) = (54.551.6; 41.2
37.2) 470nm. (55-51.4; 41.4536.5) 546nm. (55:51.0; 41.335.9) 589nm. (54:80.1;
40.6-34.8) 650nnijsample from Serrania de Ronda, Malaga, Spain]:

Chemical dataMicroprobe data: Bi 81.79, Te 10.86, S 6.27, total 98.92 wt.%.
Empirical formula: BiosTen.ss2.04 [sample from Lajes, Rio Grande do Norte; Souza Neto
et al.(2008) presented amcorrect empirical formula, Bbool €1.00551.098 Which corresponds
to joséiteB]. Additional chemical data for joséife (quoted as joséite) from Bonfim I
mine, Lajes, Rio Grande do Norte, by Pereiral. (2019): Bi 83.04, Fe 0.09, Gu07, Pb
033, ® 0.05, Ag 0.01, Se 032, Te 10.26, S 6.44, corresponding to
(Bis.9Pky.01)ga.0d T€.80S@.16)r0.962.01. The ideal formula requires Bi 81.34, Te 12.42, S 6.24,
total 100.00 wt.%.

Crystallography Trigonal,Rom,a 4.25¢ 39.81 AV 622.94 & 7 3,c:a= 9.3655.

X-ray powder diffraction datalfin A (1) (hkD)]: 4.41 (30) (009), 3.10 (100) (107), 2.25 (80)
(0.0.14), 2.13 (30) (110), 2.06 (30) (1.0.16), 1.973 (30) (0.1.17), 1.894 (30) (0.0.21), 1.752
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(30) (027), 1.658 (30) (1.1.15), 1.415 (40) (1.1.21). [sample from Glacier Gulch, Hudson
Bay Mountain, near Snfiers, British Columbia, Canada].

Name For the S&o José mine, related to josBite

Type materialQuoted as U.S. National Museum of Natural History (Smithsonian
Institution), Washington DC, USA, number R 400 (Damour's sample), but the available
chemicaldata are for joséitB.

Relationship to other specie€3ee the previous text and joséite

Crystal structureNot solved.

See alsaloséiteB and unnamed BIe:S, BeTe, BsTey, BisTes, and BiTe.
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JoséiteB
Thompson (1949)
BisTeS, trigonal

An incompletely studiednineral

Other names: joseHB, joséiteB, joseitaB, joseitel3

Figure2.12. JoséiteB from S&o José mine (Tesoureiro mine), Fazenda Sagarana,
Camargos district, Mariana, Minas Ger&larvard Mineralogical Museum, Harvard
University, Cambridge, Massachusetts, USA, number 94935 (Genth's specimen).

According to Thompson (1949), joséBeis identical with joséité\ in most
physical properties and distinguished only by accurate specific gravity measurements. The
type localityfor joséiteB is also quoted as Glacier Gulch, Hudson Bay Mountain, near
Smithers, British Columbia, Canada. See the text under j@séite

Occurrence(1) In veins in limestone, associated with gold and jog€(t®), at Sao

José mine (Tesoureiro minep#enda Sagarana, Camargos district, Mariana, Minas Gerais
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[The only two analyses of joséite from S&o José mine refer to the composition ofBoséite
(seethe text under joséitA)] (type locality). (2) Maria Lazara gold deposit, Guarinos Co.,
Goias (Pulzet al. 1992) [The authors quoted the presence of jodBjtebut no
mineralogical data were presentg@) Sao Sebastido gold deposit, Passagem de Mariana,
Mariana, Minas Gerais (Cabral and Corréa Neto 204Sh, known fromseveral world
occurrences.

Appearance and physical propertigdabit: dieets and plates with occasional
straight edges. Forms: none observed. Twinning: none observed. Color:-whitna
inclining to silverwhite; old surfaces are leaplay or tarnishettidescent, stedblue to iron
black. Streak: not determined. Luster: metallic. Opaque. Hardness (Mohs): 25 (81N
indentations): 46.1 (35.8 to 55.8) kg/rhrifenacity: flexible, inelastic, sectile. Cleavage:
{001} perfect. Fracture: not given. Densi8:30 g/cmi (meas.). 8.439 g/chfcalc.).

Optical properties.In reflected light, grayish, distinctly darker than the more
yellowish native bismuth, with distinct to strong bireflectance and anisotroBf&n2"Rz;
MR1-MRy) = (56.854.9;43.840.8) 470nm. (59:%56.25; 46.341.95) 546nm. (60:86.7;
47.242.4) 589nm. (6056.4; 47.242.1) 650nn{sample from Nagybdrzsony, Deutsch
Pilsen, Hungary].

Chemical data(1) Bi 79.15, Te 15.93, Se 1.48, S 3.15, total 99.71 wt.%. Empirical
formulae: BhodTeL4Bio2S®218011062 . S200 ( Damour 6s speci men) ; (2)
14.67, Se 146, S 284, total 100.20 wt%. Empirical formula:
Bis.oo(Ter3Bi0.4sS& 2150008 20S1.00( Gent hés specimen). (3) Bi 74
2.38, Se 0.88, total 99.70 wt.%. Empirical formula:
(BizoPl.os)z 4 .(DersBio.1e)a 2 .(SossSe.13Ten.02)é 1 . (560 Sebastido gold deposit, mean of
4 analyses)The ideal formula requires Bi 74.43, Te 22.72, S 2.85, total 100.00 wt.%.

Crystallography.Trigonal, space grouBom. Unit cell data:a 4.34¢ 40.83 A,V
666.02 &, Z 3,c:a = 9.4078. Xray powder diffraction datad[in A (1) (hk)]: 4.53 (20)
(009), 3.16(100) (107), 2.30 (40) (0.1.14), 2.17 (50) (110), 1.949 (20) (0.0.21), 1.784 (30)
(027), 1.570 (20) (1.1.18), 1.379 (20) (217). [sample from S&o José mine, Mariana, Minas
Gerais].

Name Related to joséité.

Type materialHarvard Mineralogical Museum, Haard University, Cambridge,
Massachusetts, USA, number 94935 (Genth's specimen)typbematerial goted for
joséiteA is at the U.S. National Museum of Natural History (Smithsonian Institution),
Washington DC, USA, number R 400 (Damour's sample), butviiéable chemical data
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are for joseiteB.
Relationship to other specie3ee joséité.
Crystal structureNot solved.

See alsaJoséiteA and unnamed BTez and BpTe.

Unnamed BiTe;S, BigTe, and BiTe
Oberthir and Weiser (2008)
Other namedJM200843-S:BiTe

Unnamed BiTe:S, BkTe, and BiTe> were described in the auriferous quirtz
tourmaline lodes of a lodgold deposit, the historically and economically important
Passagem de Mariana mine, Passagem de Mariana district, Maviewze, Gerais,
associated with arsenopyrite, 16llingite, pyrite, marcasite, pyrrhotite, chalcopyrite, galena,
native gold, native bismuth, maldonite, stibnite, berthierite, benjaminite, tetradymite,
tellurobismuthite, c 0 s a |l smutkinite, awdtilyitdy chledn 1 t e ,
hedleyite.

The unnamed mineral 8ieS occurs in aggregates together with native Bi and
hedleyite, and also in association with maldonite and gold in one case. It is grey in color,
has a reflectivity of ~60% in air, is distihcanisotropic, and slightly softer than hedleyite.

The samples carry up to Fe 1.49, Sb 0.88, As 0.21, Pb 0.11 wt.%, but no Se. The composition
varies between (BboShy.07AS0. 04 0.40r 6 . TELESL.02 and
(Bis.81Shy.11AS0. 0Pk ofF& 19k 6 . T€pe:S1.06 This mineral was also described at the Viceroy
mine, in Zimbabwe (Oberthir and Weiser 2008).

Analysis of Ahedleyiteo from Passagem de
BizTes and also to Bile, BeTe: and BigTes (Oberthiir and Weiser 2008).

Seealso.JoséiteA, joséiteB, and unnamed Bi'es and BpTe.

96



Daniel Atencioi Type Mineralogy of Brail, a book in progress

Unnamed BiTe; and BpTe
Cabral and Corréa Neto (2015)

Unnamed BjTes and BpTe were described in the S&o Sebastido gold deposit,
Passagem de Mariana district, Mariana, Minas Gerais, assoititeblavite, chalcopyrite,
pyrrhotite, gold, bismuth, hedleyite, and josd&teHeterogeneous material, consisting of
intergrowths of BiTes and BiTe and hedleyite (BTes) , woul d gi ve a 606bul k
close to that of hedleyite. This line of reasoning finds support in the broad range of
compositions reported for hedleyite (Cabral and Corréa Neto 2015).

BigTes chemical data (mean of 9 analyses): Bi 81.34, Pb < 0elQ8T13.S 0.05,

Se 0.17, total 99.69 wt.%. Empirical formulasB{Te.0:Se .040.09m3.00 BigTes, from a
sample regarded as hedleyite, was also found in the Passagem de Mariana mine (Oberthir
and Weiser 2008).

Bi-Te chemical data (mean of 4 analysBs)7.68, Pb < 0.40, Te 20.99.0.04, Se
0.75, total 99.46 wt.%. Empirical formula:2Bi(Tep.o0S&.0550.01)z0.96

See alspJoséiteA, joséiteB, unnamed Bire:;S, BiTe, and BiTe.

Unnamed PgTe,Bi), Pd(O,Te,Bp, (Pd,Fe,Cu)(O,Te)andFe,Pd,RO
(Mota-e-Silva et al.2016)

Unnamed PdletBi phases, including BRde,Bi), Pd(O,Te,Bb,
(Pd,Fe,Cu)(0O,Te) and Fe,Pd,PD (Motae-Silvaet al.2016) occur in gossans developed
on a NtCu(-PGE) deposiin Limoeiro, Pernambuco, associated with goethite, sperrylite,
irarsite, hollingworthite, unnamed Rel-O compounds, unnamed ¥ compounds,
and an unnamed H&-Rh-O phaseThey were only identified at shallow depths (<19m)
coincident with the absencef merenskyite. They are interpreted to occur as
pseudomorphs after merenskyite, assuming the same euhedral prismatic shape and size
as merenskyite in the unaltered sulfide mineralization. Th@&d2di forms a patchy
phase as it is partly oxidized and pareplaced by goethite. The extent of oxidation of
the original merenskyite is variable. The whole area of individual merenskyite
pseudomorphs (neoxidized relict cores + oxidized parts + goethite) varies fromZpm
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to 4400un3, with an average of 475 fnThis size range and average are very similar to

the dimensions of the merenskyite grains described in the fresh massive sulfide ore. The

PdTexBi grains are usually hosted by -Cand Sbearing goethite. The nesxidized

portion of this mineral phase is gaally too small (< 5um) to be analyzed quantitatively.

However, one of the identified grains provided a good quantitative analysis, which

indicates that Pde+Bi is relatively enriched in Pd up to 88.% and has much less Te

(22 wt.%) and Bi (8.4wt.%) compared to the precursor merenskyite. Precursor

merenskyite typically has 20t.% Pd, 48wt.% Te and 23wnt.% Bi. The oxidized part of

the PdT e N B i cont ai ns we%)e vaantde dovt.Bopdih §6 &P ostion

with variable amounts of Fe, Pt, CadaNi. Finally, highly oxidized PdexBi grains

with rare relict PGM cores develop frbearing Feoxides containing lower Pd (<44

wt . %), but higher Pt and bas-eSilke0ld) s, espec
See alsoUnnamed P€Cu-O and Pd-O conpounds, and unnamed-Pé¢Rh-O

phase.
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Jacutingaite

Vymazalovéet al.(2012)

PtHgSe, trigonal

Approved CNMNC- IMA 2010-078

Other names: jacutingaita

Figure2.13. Jacutingaite (blish-gray, in reflected light\with unnamed RO on the
surface of an aggregate of hematite, potarite and athefRita. Caué mine, Itabira,
Minas GeraisHolotype specimen (polished sectipB)e o Mus eum fA Geosamml un
the Technical University of Clausthal, Germany, catalog numbe&@ehoto:

Alexandre Raphael Cabral.
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hematite

atheneite

50 um

Figure2.14. Backscattered electron image of jacutingaite (white) with unnamied Pt
on the surface of an aggregate of hematite, potarite and athétoddype specimen
(polished sectionce o Mus@e@ons imml ungo at the Techni cze

Clausthal, Germany, catalog number 2658fmazalovéet al.(2012).

Cabralet al.(2008) preliminarily quoted this mineral as an unnamed phase. With
the support of documentation on the synthetic analog, Vymazetal.(2012) described
jacutingaite as a new mineral species. The single grain of natural material and its small
size prevented its extraction and investigation byay diffraction. Therefore, the
relevant crystallographic and structural investigatiomere performed on synthetic
PtHgSe and natural and synthetic materials were shown to have the same structure by
EBSD methods. This description and the recognition of a seleniferous signature in the
Pd Ptbearing auriferous mineralization in Brazil (CabandLehmann 2007) made the
phase relations within the systemilR§ Se relevant from a mineralogical point of view.
Hence Dréabelet al. (2012) undertook to experimentally study the phase relations within
this system. Recent experimental studies havevshihat jacutingaite displays the

properties of a quantum spin Hall insulator, and theoretical studies indicate that its two
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dimensional monolayer is a insulator with a robust topological gap®5 eV.
Jacutingaite is thus promising for potential appimas to nanoelectronics and
spintronics Longuinhoset al 2020).

Occurrence The mineral was discovered in an aggregate about 2 mm in size, in
a polished section, obtained from a heawiperal concentrate from friable Jacutinga
veintype mineralization from the Caué irame deposit, Itabira, Minas Gerais.
Associated minerals asgheneite, potarite, an unknowri Btlike phase, and hematite.

It was found in a hematieach vein. The mineral formed in an oxidizing hydrothermal
system at relatively low temperature, probably below 300°C (Cabwdl 2008). Caué
mine is alsdhetype locality of arsenopalladinite, atheneite, isomertieite and palladseite.
A second occurrence was describedvy et al. (2020) atTilkerode, Harz Mountains,
Germany.

Appearance and physical propertielacutingaite occurs as a rounded fibrous
grainaboub 0 em in di ameter, i ntergrown with
partially altered to a PO phase. Habit: laminated particles. Forms: none determined.
Twinning: not known. Color: grey. Streak: grey. Luster: metallic. Opaque.- Non
fluorescent. Halness: VHNo (15 indentations on five grains of syntheticHjSe): 119
to 245 (mean 169) kg/mincorresponding to a Mohs hardness of approximately 3%.
Tenacity: brittle. Cleavage: {001} very good. Fracture: not observed. Density (meas.)
10.9 g/cm? for synthetic material by weighing in toluene. Density (calc.) 10.35 §/cm
(empirical formula)

Optical propertiesUnder planepolarized light, jacutingaite is light grey, has a
moderate to distinct bireflectance. Pleochroismishigrey to rusty brownAnisotropy:
weak to distinct. Internal reflections: absent. Reflectance values of synthetic jacutingaite
in air (Rmax, Rmin, in %): 51.1, 47.4 at 470 nm, 50.5, 48.2 at 546 nm, 49.6, 48.0 at 589
nm, and 47.8, 47.1 at 650 nm.

Chemical dataMicroprobe (WDSmode) analyses (3Pt 37.30, Pd 5.91, Hg
25.72, Ag 0.16, Cu 0.82, Se 31.48, total 101.39 wt.%. Empirical formula:
(Pt1.adPch.42CUo.10A00.00)% 1 .H.9sSes 04 The ideal formula requires Pt 47.14, Hg 24.24,
Se 28.62, total 100.00 wt.%.

Crystallography Trigonal,P3ml, a 7.3477(2) ¢ 5.2955(1) AV 247.59(1) R, Z
2, c:a 0.721.X-ray powder diffraction data of synthetic analagr A (1) (hkl)]: 5.2917
(100) (001), 2.7273 (16) (201), 2.4443 (10) (012), 2.0349 (18) (022), 1.7653 (37) (003),
1.3240 (11)004), 1.0449 (11) (025).
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Name.The mineral is named after the spectiamatiterich veintype gold
mi neralization | ocally known as fAjacutingac
gold, together with Pd and Pt minerals in hemiagjtexrt (talci kaolinite) veins, which
typically occur in some ircore deposits in the Quadrilatero Ferrifero of Minas Gerais
(e.g., Henwood 1871, Hussak 1904, Cabtaill.2009).

Type material.The holdype specimen (polished section) is deposited in the
collections of GeoMuseum fAGeosammlungo at
Clausthaizellerfeld, Germany, catalog number 26580.

Relationship to other specidsostructural withilkerodeite, PeHgSe (Ma et al.

(2020), and with theynthetic phases AtlSs, PuTl.Ses, and PAT|.Tes, all described by
Bronger and Bonsmann (1995). The layered structure of jacutingaite shows structural

features similar to minerals of the melonite group.

Figure2.15. View of the crystal structure of jacutingaite (from the type occurrence),
drawn using VESTA 3 (Momma and Izumi 2011). Data from VymazZeéd\al. (2012).

Crystal structureThe crystal structure of jacutingaitan be viewed as a layered
structure composed of PiSegtahedra and Ptgsquares. The layers are oriented parallel
to (001); Hg atoms are between these layers. The layered character of the jacutingaite
crystal structure is in accordance with its cleavaipng {001} (Laufeket al. 2011,
2012).

Synthetic. Pr epar ed usi ng Kul |-glasstuluk 6 method v acuat
(Kullerud 1971). Platinum, mercunand selenium were used as starting materials. A
carefully weighed sample was loaded into a pghity silica tube, and a tightly fitting
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silica glass rod was placed on the top of the reagents to keep the charge in place and
reduce the vapor volume on heating. The evacuated tube was sealed and annealed at
1200°C for 3 days. After cooling, the charge was gromndcetone and thoroughly
mixed. The resulting material was sealed in an evacuatedgidisa tube and reheated
at 800°C for 840 hours and 400°C for 1704 hours. The product was rapidly quenched in
acold-waterbath (Vymazalové&t al.2012).

See also Atheneite, unnamed {8, arsenopalladinite, isomertieite and

palladseite.

Brazil
Egleston (1892)

(= pyrite)
Other names: brassel, brasses, brassy, brazzil, brazzle, brassil

"Brazil" is listed as a synonym for pyrite (Egleston 1892), but with no references.
Egleston (1892) gives a list of 15 books and journals consulted, as well as "all the collections
of the School of Mines" [of Columbia College], but since the entry forZiBraas no
reference, it is possible it was found in the collections. The name of the cBuaniy
(Brasil, in Portuguese) is derived from the Portuguese and Spanishrasitdfrom brasa,
embe}, the name of an East Indian tree (also caladbrasi) with reddishkbrown wood
from which a red dye was extracted. The name pyrite is from the @yedke, in allusion
to the sparking produced when iron is struck by a lump of pyrite. The names brazil (ember)
and pyrite (fire) have a similar meaning, but it is also possible that Egleston misread a
locality as the mineral name back when he was comgiimtst.

According to Bates and Jackson (1987), brazil is an English dialectal term for pyrite,
especially associated with coal. Also, by extension, a term applied to a coal containing much
pyrite. Also spelled brassel, brasses, brassy, brazzil, hramdérassil (Thrush 1968, Bates
and Jackson 1987).
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Unnamed PdBi selenide
Marchetto and Figueiredo (1991)

(= padmaite?)

An unnamed palladiusbismuth selenide, containing minor Pt and Sb, was
identified by electron microprobe in samples from Bwraco do Ouro gold mine,
Cavalcante, GoiasThis mineral is probably padmaite, PdBiSe, which occurs associated
with kalungaite.

See alsoKalungaite, unnamed FBI-SeS mineral, and unnamed Ap-Bi-Se

minerals.
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Kalungaite

Botelhoet al.(2006)

PdAsSe, cubic

Approved CNMMN- IMA 2004-047

Other names: kalungaita

Figure 216. Kalungaite from Buraco do Ouro gold mine, Cavalcante, GBiéiected

light digital image of kalungaite (main phase) with inclusions of bright yellow gold and
slightly greenish white guanajuatite. Kalungaite grain is about 3A®0 um. Photo
Chris J. StanleyType specimen, BM 2004, 35, Natural History Museum, London,
England.

Occurrence.The mineral occurs in the Buraco do Ogd mine, Cavalcante,
Goias. Associated mineradsequartz, muscovite, gold, bohdanowiczite, an unnamed Pb
Bi-Se S mineral, clausthalite, stibiopalladinite, sperrylite, padmaite, and chalcopyrite.

Kalungaite is hosted in a quaitzuscovite mylonite, raked to an BNV shear zone in a
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Palaeoproterozoic peraluminous granite, forming a small Au + @GEMuUMgroup
element)deposit, in which the ore minerals are concentrated in sigmoid structures.
Although the association of gold and PGE minerals is unurstiails kind of rock, recent
studies have demonstrated that other nearby gold occurrences, in the same peraluminous
granitic suite, also contain PGE anomalies. This relationship suggests that kalungaite
formed during deformation and hydrothermal alteratad the peraluminous granite.
However, the source of these metals remains unknown.

Appearance and physical propertiéfabit:irregular grains, reaching a maximum
size of 0.2 mm, forming aggregates with gold, and the associated minerals listed above.
Isolated pure grains are rare. Color: lgady. Streak: black. Luster: metallic. Opaque.
Non-fluorescent. Hardness (Mohs):54 VHNzs: 429 to 455 (mean 438) kg/mm
Tenacity: brittle. Cleavage: none observed. Fracture: uneven. Density could not be
measured lmuse of the small grain size. Density (calc.) 7.59 Y/rased on the
empirical formula ané 6.089 A).

Optical propertiesin reflected light: creamy color (adjacent to gold grains), no
internal reflections, isotropic. Reflectance values in air (amiljn47.5 (33.3) at 470
nm, 46.9 (32.6) at 546 nm, 46.8 (32.6) at 589 nm and 48.0 (34.0) at 650 nm.

Chemical dataMicroprobe (WDS mode) analyses (8): Pd 41.32, As 27.49, Bi
0.35, Sb 159, Se 27.67, S 1.22, total 99.64 wt.%. Empirical formula:
Pdi.0od(AS0.956Skn.03Bi0.009% 0 . 65B90sS0.009% 1 . 0 bhe ideal formula requires Pd 40.88,

As 28.78, Se 30.33, total 100.00 wt.%.

Crystallography.Cubic, Pa3, a 6.089(4) A,V 225.8(1) &, Z 4. X-ray powder
diffraction datgdin A (1) (hkl)]: 3.027 (75)002), 2.725 65 (021), 2.478 (65) (112), 1.838
(100) (113), 1.625 (55) (123), 1.131 (60) (025), 1.077 (80) (044), 0.988 (70) (116), 0.929
(90) (335), 0.918 (70) (226).

Name.The name is for the Kalunga people, living outside Cavalcante and other
nearby towms. This community is composed of descendants of African slaves, brought to
Brazil by the Portuguese from thel® the 19' century; they were able to escape and
to form their own society.

Type material. Type material is deposited in the Natural Histdypiseum,
London, England, BM 2004, 35. Cotype is a polished section CAV1B.

Relationship to other speciéghe mineral is a member of the cobaltite group, the
Pd-dominant analog of jolliffeite (NiAsSe).
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b

Figure 217. View of the crystal structure of kalungaite (synthetic), drawn using VESTA
3 (Momma and Izumi 2011). Data from Foecker and Jeitschko (2001).

Crystal structureKalungaite has a pyritg/pe structure in which Pd atoms are
located at the corners and famenters of the cube, and (As,Se) atoms are arranged in
Adu-mbl | 0 pairs centered at the midpoints o
Each Pd atom is surrounded by six (As,Se) atoms at the corners of an octahedron, while
the (As,Se) ions are tetradrally coordinated by three Pd ions and one (As,Se) ion. As
the grain studied by Botelhet al. (2006) is not asinglecrystalof kalungaite and also
contains small inclusions of gold, the collection of diffraction data suitable for crystal
structure refiement was not possible. A calculategay diffraction pattern assumed (a)

As and Se disordered at site, §b) space groupao, (c) a 6.087(2), and (d) the
coordinate of As and S& € 0.38322) based on the structure of Pddescribed by Brese

and von Schnering (1994), showed a good match between the intensities calculated by
the Rietveld method and the observed intensities from the Gandolfi film.

SyntheticThe synthetic equivaletd kalungaite was prepared by reaction of powder
of PdSe with As in evacuated sealed silica tube. A silica tube with Pd and Se (Pd:Se = 1:1)
was heated to ca. 1000°C under vacuum to evaporate any water. It was then flushed with
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argon, evacuated, sealedag®#d in a cold furnace, heated to 450°C at a rate of 50°C/h,
annealed at that temperature for 1 day, followed by heating to 800°C at 10°C/h, and kept at
that temperature for 3 days. Finally, the sample was quenched in cold water. The product
was crushed ta powder, thoroughly mixed with As (Pd:Se:As = 1:1:1), and sealed again
in an evacuated silica tube. The sample was placed in a cold furnace and heated to 220°C at
a rate of 50°C/h, kept at that temperature for 2 h, followed by heating to 400°C at 50°C/h,
annealed at that temperature for 24 h, heated further to 690°C at 10°C/h, and annealed at
that temperature for 20 days. It was then slowly cooled to room temperature at a rate of
2°C/h (Foecker and Jeitschko 2001).

See alsoUnnamed PiBi-SeS mineral, unamed AgPb-Bi-Se minerals, and

unnamed PdBi selenide.

Unnamed PBi-SeS mineral
Botelhoet al.(2006)

This mineral occurs associated with kalungaite in the Buraco do Ouro gold mine,
Cavalcante, GoiadNo additional data were furnished.
See alsoKalungaiteunnamedAg-Pb-Bi-Se minerals and unnamed-Bidselenide.

Unnamed AgPb-Bi-Se minerals
Menez (2013)

According to Menez (2013ynidentified AgPb-Bi-Se phaseappear mainly as
irregular overgrowths on guanajuatite from the Buraco do Ouro gold mine, Cavalcante,
Goias. The observed textures between guanajuatite and both thehAand Seich
phase suggest a replacement of the guanajuatite grains by thesesmineral

The phase richest in silver has 42.2 wt.% Ag, twice as much as the bohdanowiczite
silver content, and the calculated ideal formula isBAge>.

The phase richest in selenium is characterized by the same textural relationship
observed in the Agich seknideguanajuatite association. This selenide has more than

50 wt.% Se (average value: 72.5 wt.%); no similar phase is described in the literature. By
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analogy with other alloys, this phase could be considered native selenium with bismuth,
silver, lead, an@dopper impurities.
See alsoUnnamed PiBi-SeS mineral (probably the same phaseamed Pb

Bi-Se mineralkalungaite and unnamed Bd-selenide.

UnnamedPb-Bi-Se mineral
Menez (2013)
Other namedJnnamed (PiBi Selenide)

An unidentified selenide is the Mi-Se phase which has lead content ranging
between 10.1 and 58.1 wt.% with an average value of 19.2fvarfréhe Buraco do Ouro
gold mine, Cavalcante, Goidélthough BSE images show a complex intergrowth
between guanagiite and clausthalite, which is dependent on the lead content, chemical
data from homogeneoaseas suggest a solid solution between these minerals, where the
Pb-Bi-Se phase would represent an intermediate composition. Where-BieSelphase
shows a led content less than ~ 20 wt.%, the BSE image is similar to that of guanajuatite
and where the lead content is greater than ~ 20 wt.% the image is similar to that of
clausthalite. Otherwise, this H-Se phase could represent a specific-described
mineral. A similar species described in the literature is platynite [F8B]S})], which
was however, discredited as a valid mineral, being a mixture of laitakari{(&¢E53]
and selenian galena [Pb(S,Se)] (Holtstam and Sdderhielm 1999). Such a mixturatdoes
appear to be the case here because a unique phase has been identified in the BSE analysis.
See alsoUnnamed AgPb-Bi-Se mineralsPb-Bi-SeS mineral, kalungaite and
Pd-Bi-selenide.
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Unnamed PbSbPkSb, and PbSb
Zaccariniet al.(2006)
Other namedJnnamed (Pi5b Alloy)

Investigation of minute grains of accessory minerals developed in layers of
chromitite from Campo Formoso, Bahia, revealed the presence of rather exotic minerals,
such as monazit¢a), monazitgCe), apatite, galena, donuthinite, antimony, and
unknown PESb minerals, corresponding to the formulae BJdSiSb, and PbSbAIl these
minerals are restricted to the secondary silicates of the matrix and to fractures crossing
altered chromite grains. They are typically assted with chromian clinochlore. The
minerals in the system P&b have been found as singlease grains, attaining only a few
pHm across. The compositional data do not match any known species. They, thus, potentially
represent new mineral species, but iswat possible to extend the investigation because of
the small size of the grains. From the point of view of phase equilibria, lead is known to
melt at 327°C, and the addition of Sb lowers the freezing point to 247°C. Thus, it is
theoretically possible #t the leaeantimony alloys and the antimony in this assemblage
crystallized from globules of melt during the hydrothermal staaeomitantly with the
growth of the chromian clinochlore. However, the phase diagram illustrated in the
metallurgical literatte is that of a simple binary system without solid solution and without
binary compounds (Zaccariet al.2006).

Chemical data from microprobe (wt.%), normalized results:

Unnamed PbSbPb 33.65, Sb 65.51, Bi 0.84. Empirical formulai &8by 9Bio.0s

Unnamed PéSb: Pb 84.78, Sb 14.31, Bi 0.91. Empirical formula;d8%in odBio.os

Unnamed PbSb (1) Pb 21.88, Sb 77.82, Bi 0.30. Empirical formula:
Phy.osShs sdBio.oz (2) Pb 21.45, Sb 77.88, Bi 0.67 Empirical formulaz 7Bk sBio.os
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Unnamed OsRhASS, RuTeAs, OsA9sRuAs and a complex (&-As-Te-
Fe'Y-Rh mineral
Marchetto (1986, 1990)

The occurrence of these phases was described at the O'Toole deposit, Fortaleza de
Minas Co., Minas Gerais. The deposit is aNitCo sulfide lens, host by ultrabasic rocks.
The main sulfides are pyrrhotite, pentlandite, and chalcopyrite. Colggtidorffite series
minerals and sphalerite are the most common accessory minerals. Kotukkitite,
irarsite, sperrylite, omeiite, osarsite, OSRhAsSTé&As, OsAs, OsRuAs, and a complex
OsReAs-Te-FeY-Rh occur as inclusions in cobaltgersdorffite. The second world
occurrence of unnamed Rg@&fter named rheniite) was found in this deposit. No additional

data were given for the unnamed minerals fRortaleza de Minas.

Unnamed kNi sulfide and undetermined essulfide
Garutiet al (2012)

An unnamed HNi sulfide and an undetermined -@ssulfide were identified by
Garutiet al. (2012) in the chromitites of Niquelandia, Goidssociated minerals are an
unnamed RFe o xi de, l aurite, erlichmanite, kash
isoferroplatinum, tetraferroplatinum, geversite, sudburyite, sobolevskite, kotulskite,
moncheite and stumpflite.

See alsalridosmine, unamed Pgrel, RuQ, and Ru and Ir oxides and hydroxides
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Chapter 3

Halides

Unnamed polymorph of fluocerite
Pireset al.(2006)
[= fluocerite(Ce)]

Other names: polimorfo de fluocerita

An exsolved phase in gagarin{té) from Pitinga mine,Presidente Figueiredo,
Amazonas, was initially interpreted by Pietsal. (2006) as a polymorph of fluocerite, but
further work (Bastos Netet al.2009, Pires 2010) proved it to be fluoce(i@e), hexagonal
CeR. Microprobe data (mean of 10 analyses3501, Si0.02, Ca 0.07, La 10.95, Ce 42.91,
Nd 10.29, Sm 1.16, Eu 0.56, Gd 0.37, Dy 0.22, Er 0.01, Yb 0.02, Y 0.27, total 101.86 wt.%.
Empirical formula: (Cesd-a0.1dNdo.12Smv.0ilEW.01)g 0 .Faao An excess of 0.69 negative
charges is noted in this fouta, implying an analytical error.

See alsoWaimirite-(Y) and atroarite.
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Waimirite -(Y)

Atencioet al.(2015)

YF3, orthorhombic

Approved CNMNCi IMA 2013-108

Other names: waimirita, waimirite, waimir{d)

Figure3.1 Waimirite-(Y) bearing sample from Pitinga mine, Presidente Figueiredo,
Amazonas. Cotype material (hnumber DR919) deposited in the collections of the Museu
de Geociéncias, Universidade de S&o Paulo (Atexi@ah 2015).
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Figure3.2 Backscattered electron image of waimh(¥ from Pitinga mine,

Presidente Figueiredo, Amazor(apherical aggregates of plates) and halloysite (tubes)
(Atencioet al.2015)

Fluoride crystalline materials are commonly studied owing to their applisation
solid state lasers and scintillators. Indeed, their good optical properties beside their low
nonradioactive emissions (mainly because of the lowotuphonon frequencies) make
these materials good host matrices for visible or infrared light emiasio other optical
applications. It is well known that fluoride materials can be used as active media for
tunable soliestate lasers (Laget al. 2004). The orthorhombic Yscrystals are non
hygroscopic and colourless under normal conditions essentialstoras active laser
materials. Kolliaet al. (1995) showed that Yaeould be a laser material.

A preliminary note on this mineral was published by Atemtial.(2014).The
luminescence properties whimirite-(Y) were studied by Atenciet al. (2017b).

Occurrence.Waimirite-(Y) occurs in thin hydrothermal veins crosscutting the
albite-enriched granite facies of antjpe Madeira granite (~1,820 Ma), Pitinga mine,
Presidente Figueiredo, Amazonas. The albitached granite facies correspondshe
Madeira worldclass SiNb-Ta (Y, REE, F, Zr, Li, and Th) deposit, with 130 million tons
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of disseminated ore. In the central portion of the akditeched zone, there is a massive
cryolite deposit of 10 million tons with a grade of 31.9%MBs. Directly associated
minerals are dickite and quartz. Other minerals in the adbtter i ched gr ani te a
feldsparo, albite, riebeckite, biotite, mus
pyrochloregr oup mi ner al s, hryodarr 0 K eerog r, a Ifisctod ruintbe t (efd
galena, fluorite, xenotiméY), gagarinite(Y), fluocerite (Ce), genthelvitéhelvite, topaz,
Ailliteo, kaol i nit etala2608).Tieodcurrencd of chliteandBa st o s
thomsenolite were reported bytehcioet al. (2018).Waimirite-(Y) also occurs at Jabal
Tawlah, Saudi Arabia (Atenciet al. 2015) and in the Tanintharyi Region of southern
Myanmar (Sanematset al.2016).

Appearance and physical properti@$ie mineral occurs as thin veins (up to 3 cm

thick) of platy crystals up to about 1 em i

displays pinacoids, prisms and bipyramids (@&al.2010). Twinning: none observed.
Color. pale pink. Streak: white. Luster: nonmetallic. Transparentamslucent. Non
fluorescent. Hardness: not measured due to the crystal dimensions. Tenacity: not
determined. Cleavage: none observed. Fracture: not determined. Density could not be
measured because of small grain size. Density (calc.) 5.91F ggamg tle empirical
formula.

Optical propertiesBiaxial. Due to the crystal dimensions, only a mean n 1.54
1.56 was measured.

Chemical dataMicroprobe (EDS) analyses (9): F 33.28, Ca 0.90, Y 39.11, Nd
0.69, Sm 0.44, Eu 0.05, Gd 1.97, Tb 0.99, Dy 9.10, Ho £600,01, Tm 1.13, Yb 6.27,
total 102.94 wt.%. The empirical formula (based on 4dpfu) s
(Y 0.74DY0.09E0.07Y D0.06C80.04G0h.02H00.02Ndo.01SMb.01TBo.01TMo.02)2 1 .F.e3 The
simplified formula requires: Y 60.93, F 39.07, total 100.00 wt.%.

Crystallography.Orthorhombic Pnma a 6.386(1),b 6.877(1),c 4.401(1)A, V
193.28(7) R, Z 4 (powder dataj:b:c = 0.929:1:0.640X-ray powder diffraction datai[
in A (1) (hkl)]: 3.707 (26) (011), 3.623 (78) (101), 3.438 (99) (020), 3.205 (100) (111), 2.894
(59) (210),1.937 (33) (131), 1.916 (24) (301), 1.862 (27) (230).

Name. The name is for the WaimiAtroari Indian people of Roraima and
Amazonas. The name fAwaimiriteo wasetal.nf or mal
(2003). The suffix "(Y)" was introduced becse it is a rar@arth mineral.

Type material. Type material is deposited in the collections of the Museu de
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Geociéncias, Universidade de Sao Paulo, specimen number DR919, and the Museu de
Mineralogia Luiz Englertinstituto de Geociéncias, Universidade Federal do Rio Grande
do Sul, Porto Alegre, specimen number 3620.

Relationship to other speciels.is a perovskite supergroup, nstoichiometric
perovskite group, oskarssonite subgroup mineral (Mitaedil. 2017). Fluocerite(Ce)
and fluocerite(La) are hexagonal Celnd Lak, respectively.

Figure3.3 View of the crystal structure of waimirH&) (from Jabal Tawlah, Saudi
Arabia), drawn using VESTA 3 (Momma and Izumi 2011). Data from Atestcab.
(2015).

Crystal structurelt is aB-site vacant perovskite (Mitchedt al.2017). The crystal
structure of synthetic orthorhombic ¥Wwas studied by Zalkin and Templeton (1953) and
Cheetham and Norman (1974). The Y ion is coordinated by 9 F ions to givétdyslig
deformed trigonal prism with atoms opposite each of the lateral faces. Eight of the nearest
neighbors lie at distances between 2.281 and 2.310 A. The ninth distance is 2.538 A.

Synthetic.The material has previously been synthesized and issivellel
(Zalkin and Templeton 1953, and Cheetham and Norman 1974). Several orthorhombic
and hexagonal synthetREH-3 compounds were also obtained (Zalkin and Templeton,
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1953).
See alsoAtroariteand unnamed polymorph of fluocerite

Atroarite
Minuzzi et al.(2003)
(= hydrokenoralstonite)

Other names: atroarita

Figure3.4 Hydr okenor al st Pitmgatmane, Présadnte Bigueiredd,e 0 )
Amazonas (Atenciet al.2017).
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Ge-USP EHT=¢Z0 .88 kY WD= 23 mm

[Ge ag SO )

1A )—1 Photo No.=12 letector= 5 .

Figure3.5 SEM i mage of hydrokenoralstonite (fiat
Figueiredo, Amazonas (Atenaib al.201 7).

i At r o accurstinetldn veins in the cord the albite granite forming the
nucleus of the Madeira granite in the Pitinga mine (Sn, Nb, Ta, Zr, LRBEE and
cryolite), Presidente Figueiredo, Amazonas. It forms dark grey octahedral crystals and is
shown by EDS (AF-Mg-Na-Si-O) to be an alumin@luoride Minuzzi et al.2003).The
original publication does not provide a formula for the phase. Strongest XRD lines are
5.67(100), 2.97(28), 2.84(45), 1.89(66), 1.74(11). The name informally proposed is an
etymological reference to the Waimiri Atroari tribe and can be confused tdth t
approved artroeite, another alumifhgoride.

A new study of "atroarite” (Atenciet al.2017a) from the Pitinga mine led to the
conclusion that it is identical to ralstonite [originally described by Brush (1871) in the
Ivigtut cryolite deposit, Ivittuti (Ivigtut), Arsuk Fjord, Sermersooq, Greenland].
Following the established naming rules for pyrochlore supergroup minerals (Agtncio
al. 201(), ralstonite was renamed hydrokenoralstonite (Ateatel.2017a). The name

ralstonite was transferred toetigroup (ralstonite group), whel* cationsaredominant
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in the B-site,andAl is dominantamongthem,andF" is thedominantanionin the X-site.

Hydrokenoralstonités intimately associated with galena and sphalerite. It forms
chemically homogeneousctahedra crystals, from 0.1 to 1 mm in si¥e. twinning is
observed. The mineral eoloress with white streak, vitreolisster, transparent, density
(calc.): 2.554 gho.

Microprobe analyses (11): Ma 2.14, kO 0.02, RbO 0.55, MgO 3.20, CaO 0.01,
Al20352.63, F 36.46, kO 22.70, O=F15.35,total 102.36 wt.%H20 was calculated
from crystal structure. Empirical formulgpased on 6 (F+OH) anionspfa)] is
( 1sMNap1Rboo)g 2 (AksdVgo.19g 2 [BausOH)25dg 6 .(H20). Simplified formula is
T 2Al2F6(H20).

The mineral is cubidrdom, a 9.8455(7)A, V 954.36 (12)A3, Z 8 (sngle-crystal
X-ray studies)X-ray powder diffraction datgd in A (1) (hkl)]: 5.687(100) (111),2.973
(18) (311),2.841(28) (222),1.893(36) (511).Unit-cell parameters refined from powder
dataarea 9.849(9)A, V 955(3) A3. Hydrokenoralstonite exhibits (Al,Mg) cations with
octahedral coordination and Na cations are located within distorted cubes.

See alsoWaimirite-(Y) and unnamed polymorph of fluocerite
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Figure3.6. Vi ew of the crystal structure of
Pitinga mine, Presidente Figueiredo, Amazonas), drawn using VESTA 3 (Momma and
Izumi 2011).Data from Atencicet al. (201 7).

Oxyfluoride-(La) and oxyfluoridgCe)
Teixeira and Botelho (2004, 2006)
Other names: oxifluoreti.a), oxifluorete(Ce), oxifluoreto de ETR, REE

oxyfluoride

These minerals occur as dark brown, nearly opaque anhedral grains of variable size,
associated wit fluocerite in Srrich granites from Tocantins and Parana subprovinces, north
of Goias. The grains core is zoned between oxyfludtid® and oxyfluoridgCe). The
borders are homogeneous, Rp@orer than the core (Teixeira and Botelho 2004). No
chemicaldata are presented.

Few natural occurrences of REE oxyfluorides were known previous to this
discovery. Subhedral opaque crystals consisting of submicroscopic intergrowths-of REE
oxyfluorides occur in the zinnwaldite granite of the Cinovec (Zinnwald) granipola,
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Czech Republic. Fluocer#g.a) and two unnamed (Ce, La) oxyfluorides were observed:
1. CeOsF. with fluorite-type structure, a =5.470(8) A and a possible hexagonal or
tetragonal superstructure; 2. (Ce,La,Nd)OF, with a hexagonal, bastyasitenit-cell,
a7.007(10)c 9.840(15) A (Johan and Johan 1994).

Haleniusite(La), (La,Ce)OF cubic, with fluoriteype structure, is the first
naturally occurring rarearth oxyfluoride approved by the IMA CNMMN (Holtstaeh
al. 2004). It was discovered asacondary phase at the Bastnads deposit, Skinnskatteberg
District, Vastmanland Co., Sweden.

Teixeira and Botelho (2006) published two analyses for-8Huorides:

Serra Dourada Massif (Tocantins tin suiovince): F 9.89, #55 0.01, Ca(0.80,
SiOz 0.06, UQ 0.03, ThQ 1.74, LaOs 28.54, CeO3 38.52, PsO3 2.33, NdOs 6.60,
SmeOs 0.45, EuOs 0.34, GdOs 0.21, DyO3 0.09, YOz 0.03, FeOs 0.01, Y203 0.22,
O=F -4.16, total 85.71 wt.%. Empirical formula:
(Cen.ara0.38Ndo.odlPr0.08Ca&.035M.01T ho.o1) z0.9600.90671.04

Pedra Branca Massif (Parana tin gubvince): F 10.27, #s 0.03, CaO 0.71,
SiOz2 0.48, UQ 0.03, ThQ 0.51, LaOs 32.54, CeOs 38.87, PsO3 3.82, NdOs 8.07,
Sme0Os3 0.76, EuOs3 0.51, GdOs3 0.42, DyOs 0.14, YOz 0.02, FeOs 0.00, Y203 0.22,
O=F -4.32, total 93.08 wt.%. Empirical formula:
(Cen.ad_ag.37Ndo.odP10.04C&.02SMb.01E Un.01) #0.98S10.0101.00F1.00

The simplified formula for both analyses is CeOF, but the totals are very low. This
mi ner al coulted Crg 0fih |l ecruibusi or t he same

from Cinomev. In both cases it would be a new mineral species.
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Unnamed PgFel
Milliotti and Stumpfl (1996)

This phase occurs as an inclusion in chromite at the rim of a subheBmabfby
grain in goethite from Niquelandia, Goids. It displays an irregular shape and is
approximately 1Gvém long and 2 to 3m across. The mineral appears anisotropic, with
lower reflectance than goethite. Sequantitative microprobe analyses showed a large
variation in Pd (50 to 67 wt.%) and Fe (7 to 13 wt.%), (iodine not quoted), and the best
composition obtained was (B@Pb.04)sz2.0d Fer.s8Clo.1Nio.04)s1.0d0.92, Which appraimates
to PaFel. The wide range in composition observed in a single grain may be attributed to the
mineralizing processes linked to laterization. The coexistence of fhe &toy and this
phase suggests, according to Milliotti and Stumpfl (1996), migttbe mobility of platinum
group elements as an iodine complex in the alteration fluids, but also supports the supergene
origin of the Pte alloys.

See alsoUnnamed Ru@ unnamed Ru and éxides and hydroxides, unnamed Ir

Ni sulfide and undetermined @ssulfide,and unnamed PBO compounds

Unnamed (Ba,Sr)Al§
Kaminskyet al. (2013)

Other names: Unnamed (Barit@trontium Aluminium Fluoride)

See Figure .6.

The compound (Ba,PklFs was identified in deep mantle primary carbonatitic
association, included in diamond fraamiuvial deposits of S&o Luiz riveduina, Mato
Grosso, where it forms 30100 nm grains. Other inclusion minerals are dolomite, halite,
sylvite, phlogopite, @inel, magnesite, eitelite, unnamed sMgs(PQu)2(P207),
oskarssonite, unnamée>"Fes>*(P.07)4, pentlandite, violarite, millerite, hematite, and
native iron.

The phase is extremely sensitive to electron irradiation damage; therefore, it was

possible to obtainonlyorles paci ng of approxi mately 13.
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chemical composition plus the odespacing only matches the unit cell paramaetéor
UBaAlFs. This compound is orthorhombi®2:2:2;, a 13.7168(3),b 5.6054(2),c
4.9329(1) AV 379.28 B, Z 4 (Le Bail etal. 1990. This phase was obtained from the
stoichiometric BaEAIF3 mixture (15 hours, 600°C) by solid state reaction in sealed tube,
under inert atmosphere (argon).

See also Jeffbenite, ellinaite, breyite, nitroyarlongite, nitrocohers,
nitrochalypite unnamed FeN, FeN, Fe&SIC, orthorhombic MgO, MgGOs,
NasMgs(PQu)2(P207), Fe**Fes?*(P0r)4, and NaMg pyroxene.

Figure 37. View of the crystal structure &¥BaAlFs (synthetic), drawn using VESTA 3
(Momma and Izumi 2011). Data from Le Batlal.(1990).
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Sergipite
Sonnenfeld an#&ihn (1993)
(= ghiaraite)

Other names: sergipita

Sonnenfeld and Kih(1993) quoted the possible occurrence of G&ELO in a
tachyhydrite deposit (evaporite) in Sergipe (potassium deposit of Muribeca Formation,
SergipeAlagoas Basin), and named it sergipite, without submission to the CNMMN
IMA. No mineralogical data werpublishedRossiet al. (2014) described ghiaraite, a
triclinic mineral with this formulaas a sublimates in volcanic fumaroles on Mount

Vesuvius, Italy.
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Chapter 4

Oxides and hydroxides

Palladinite

Shepard (1857)

(probably a validpecies)

Other names: Palladoxydat, iroch palladium oxidate, Palladiumoxydul,
Palladiumocker, palladiurachre, palladite, paladinita, palladinita, palladium

copper oxide

Figure4.1. Palladseite (white) replaced around the margins by palladinite (grey, finely

and rhythmically banded). Fro@aué mineltabira, Minas Gerais. Reflected plane
polarized light digital image from transparency. Field of view: 1.2 mm. Type specimen,
BM 1934,722, Natural History Museum, London, England. Ph@bris J. Stanley

See Figure.3.
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The name palladinite was introduced for a PdO compound, from Gongo Soco, Barao
de Cocais Minas Gerais. However, the original material analyzed by Johnson and
Lampadi us ( 18 3anironnetapalladum oxilatd [mallatborydaf (probably
an oxided . This paper was r ef er r eRdlladiumoxyplyy Ra mme |
AccordingtoJ o h ns o n a n dhislicanpopral deenasto,accémpany palladian gold,
and, being mixed with iron oxide, forms a brown ochreous crust that is soluble in
hydrochloricacid . Jedwab and Cassedanne (1998) note
are suppded by the original literature:

a) the existence of a distinct palladium
Is presented as a matter of fact.

b) the palladium oxide is claimed to be a mixture with a mineralogically distinct iron
oxide.

Shepardd 185 2) descr i pacihorne coOcceiamiasryl safali u m
spherical masses, with a radiated, fibrous structure. Color yellowish, orsgreite.
Blowpipe: acts like telluric acidzound very rarely at Fauberg and ZalathnaSiebenburg
[Fata Baii (Facebdj or Facebanya), near Zlatna, Transylvania, Romania]", without reference
to Johnson and Lampadius (1837). Jedwab and Cassedanne (1998) consider all this
information to be incorrect and is actually a description of telluritep&ta (1857) gave the
name palladini-tehteot hAdédma(l1&@d9umsupplied t
added a chemical formula PdO, disregarding the major iron.

Dana (1857) must be commended, according to Jedwab and Cassedanne (1998), for
hisrenar kab |l e c¢ ar e Palladiunmn@ckre The palladiumechre,rwiich has
still a doubtful existence, is called Palladinite by Shepayd b u t his stand be
cri ti c aAbrowmochre®Us Bubstarice associated with the Palladium GBlazil
has been considered a Palladium Ochre or oxyd. It is soluble in muriatic acid. Detected by
Johnson and LampadiogDana1858) Ver nadsky (1914) wused the |
mineral.

The compound of Johnson and Lampadius (1837) seems tbdeveerified again
in Gongo Soco by Cabratal.( 1 9 9A® intriguifig dark palladiumand ironrich coating
around gold grains suggests some-sit@ge palladium enrichment.

According to Jedwab and Cassedanne (1998), PdO is known to exist in itlze Itab
iron mines, Minas Gerais (Cladt al. 1974, Jedwabt al. 1993, Olivo and Gauthier 1995),

and has a tetragonal-pdy diffraction pattern and a stoichiometric composition, but this
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compound is not the mineral studied by Johnson and Lampadius (1837).

Pdladinite (PdO tetragonal) was identified in a sample of residual concentrates from
the gold washings of the Caué mine, Itabira, Minas Gerais [The Natural History Museum,
London, England, sample BM 1934,72, collected by Sanders]. From this sample, the new
minerals arsenopalladinite, atheneite, isomertieite, and palladseite were describest. Clark
al. (1974) observed PdO peaks in theay diffraction pattern of atheneite. In addition, they
described a coating of a grey, lgeflecting mineral (similar todmatite), which in crossed
polars is strongly anisotropic and frequently associated with hematite. This phase also
occurs as a superficial coating on arsenopalladinite grains, which it replaced and penetrated
in the form of oriented, parallel, wedgke plates. Clarket al. (1974) reported
approximately 90 wt.% PdO and 10 wt.% HgO, and concluded that this mineral is probably
a mercurian variety of palladinite.

Jedwalet al.(1993) informally proposed that, in the absence of the original Gongo
Soco palladiite, the ltabira material should be defined as the new type locality for
palladinite. According to them, unpolished grains display a deep black color, whereas
polished ones are dark grey, without internal reflections. The formation of palladinite results
from the oxidation of arsenides and antimonides (arsenopalladinite and isomertieite) and
selenides (palladseite), which are still observed as relics in the palladinite. Palladium
selenides alter more readily than arsenides and antimonides, and pallatliahegsi prone
to alteration. An occurrence of palladinite from Ruwe, Shaba, Zaire was mentioned by the
same authors.

Addi tional data were obtcadppeeadr fooxi dpeal)!l af
Ajacutingad rock sampl etsal(1994cand 1996)eOlivGand °©° mi n e
Gauthier (1995), and Olivo and Gammons (1996). According to Olivo and Gauthier (1995)
the grains are medium to dark grey, darker than hematite, slightly anisotropic and without
internal reflections in plarpolarized light in aior oil immersion. The grains are euhedral,
finely-zoned, coated with films of gold, and commonly do not exceedmO®oning is
characterized by the alternation of dadtored zones (high Pd/Cu ratios) with light areas
(low Pd/Cu ratios). The Hg conteis high in the cores (up to 1.42 wt.%) and diminishes
toward the edges of the grains (Hg < 0.1 wt.%). Se and Sb contents are low (< 0.1 wt.%)
and vary independently of the zone color and position in the grain (core or rim). Several
wavelenghidispersiveanalyses by electron microprobe were obtained by Olivo and
Gauthier (1995), and Olivet al. (1995) presented averages of two analyses for both dark
and light bands. Dark zone: PdO 93.06, CuO 4.99, HgO 0.26, AuO 004,1F£9, Se@
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0.08, ShOs 0.04, Toal 100.06wt.%. Light zone: PdO 89.13, CuO 6.90, HgO 1.13, AuO
0.31, FeOs 0.82, Se@ 0.03, SbOs 0.04, Total 98.36 wt.%. Dark zone:
(Pch.sdCUo.oF&.02)0.960. Light zone{Pch.s7Cuo.10F&.01HJ0.01)50.900.

A complete mineralogical description of palladinite is still lacking in the
l iteratur e, but Jedwab and Cassedanne (199
r ev al i Thafbllowdng description of palladinite is from unpublished data by Alan
Criddle, Chris J. StanleyJacques Jedwab, and Paul Piret (with permissioGHris J.

Stanley:

Occurrence.In goldrich jacutinga(a hydrothermallyaltered Lake Superigype
carbonateébearing oxide facies ireformation), originally recovered from residual
concentrates from the gold washings, from Caué iron mine, Itabira, Minas Gerais [The
Natural History Museum, London, Englandngple BM 1934, 72, collected by Sanders],
associated with hemat i t e, gol d, pal l adi an gol d
arsenopalladinite, isomertiete, atheneatied other minerals.

Appearance and physical propertiéds individual grains and alteration crusts on
gold, palladseite and arsenopalladint@alor: Black, blish-gray. Streak: black. Luster:
metallic. Opaque. Cleavage: not observed. Fracture: not observed. Density: 8.209 g/cm

(calc.). Inone partoftheunpd i shed text, the authors cited:
to 680 wunits with a mean of 49406 and in an
brittle.

Optical properties.In reflected light: blish-steel gray and zoned. Bireflectance:
week to moderatePleochroism: week. Rmax & Rmin (ai(8.7, 25.9) 470 nm; (27.6,
25.5) 546 nm; (26.4, 24.6) 589 nm; (25.2, 23.7) 650 nm. In polished mount, the
appearence in reflected plapelarized light is to some extent determined by the mineral
association. In gemal, the mineral is pale, somewhat islugray, and of lower

reflectance, bireflectance and anisotropy than hematite. Many of the arsenopalladinite

and pall adseite grains in the Sandersd con
However, one largé 250 € m) i nhomogeneous grain of p
concentrate. It is microgranular, with crystalltesup®4 e m i n si ze, and i s

bireflectant and pleochroic from pale blue gray to gray. Reflectance measurements in air
and in immersn oil gave spectra that are consistent with a very weakly pleochroic
mineral of modest bireflectance. The dispersion of the reflectance differs from that of
hematite which is about 4% higher reflecting at the blue end of the spectrum.

Chemical dataMicroprobe (WDS mode) analyses (mean of 5 sets): PdO 89.93,
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CuO 454, HgO 219, FeO 0.07, total 96.73 wt.%. Empirical formula:
(Pdb.sLCo.oHgo.o1)s1.0d0. Quantitative analyses show the presence of Pd, Cu and Hg, and
variable presence of Fe and Se. The regutbtals are generally too low, possibly due to
the high porosity of the mineral or to the presence of water in the structure. Indeed,
compounds with the formula Pa&.0O has been synthesized (Glemser and Peuschel
1955).

Crystallography TetragonalP4./mmc,a 2.997(1),c 5.3245(2) AV 47.825 R,
2,c:a= 1.777. %ray powder diffraction datgd in A (1) (hkl)]: 2.993 (5) (100), 2.679 (20)
(002), 2.611 (100) (101), 2.120 (20) (110), 1.660 (30) (112), 1.527 (20) (103), 1.498 (15)
(200),1.329 (5) (004), 1.301 (25) (202), 1.129 (5) (114), 1.071 (10) (213). These data were
obtained on a powder from black crusts separated by gentle crushing of the grains. A
comparison of the experimentairgy diffraction data of palladinite from Itabira tvithose
of the standard synthetic PdO shows close similarity between the two sets and their relative
intensities. However, a general shift of the Itabira palladinite peaks toward sthaller
spacings is observed and shows that this is more similar to tiet ®fnthetic compound
PdOxH-20, suggesting that the mineral may be hydrated. Glemser and Peuschel (1955)
synthesized the compound PaB>0 with varying HO concentrations. Cell parameters for
Itabira palladinitesuggest between 2 anadvé% H-0.
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Figure4.2 View of the crystal structure of palladinite (synthetic), drawn using VESTA
3 (Momma and Izumi 2011). Data from Waséal.(1953).

Crystal structureBased on neutron anddy diffraction data, the unit cell of PdO
is confirmed to be formed by 2Pd at 0, 0, 0; %2, %, ¥2 and 20 at %, 0, 1/8/4(\Waser

et al. 1953). Each oxygen atom is bound to four palladium atoms at the corners of a nearly
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regulartetrahedron, and each palladium atom forms four coplanar bonds to oxygen atoms
at the corners of the rectangle (Miual. 1990)

See alsoUnnamed coppdrearing palladium oxides, isotropic, sfu,AS)Q,
Pd(OH), PdOH:0, (Pd,Cu,Mn,H¥O, and PeD-H, oxygendeficient PdO, Pdoxides,
PdhOs, P03, CusPdiOg to Cus sPdh.509, P 502 to PGO2, oxygenbearing compounds of
PtPdAu-Cu-FeMn, arsenopalladinite, atheneite, isomertierite, palladsedad

porpezite

Unnamed PgDs
Cabralet al. (2002)
Other names: UM20023-O:AuHgPd

This palladium oxide occurs as an alteration halo craBdnide from the Serra
Pelada AuPdPt deposit,Curiondpolis,Carajas mineral province, Para (Cabealal.
2002). Microprobedata: Pd 78.09, Se <0.20, Au 7.17, Pt <0.20, Cu 0.19, Hg 4.45, Fe
<0.03, Mn 110, CI 0.08. O 7.31, total 98.39. Empirical formula:
(Pdk.03AU0.39Hg0.24MN0 22C o 039)x 8 . @s10dClo.02. Simplified formula: PeOs.

See also Palladinite unnamed coppdrearing plladium oxides, isotropjc
Pd&(Cu,As)@, Pd(OH)», PdOH2O, (Pd,Cu,Mn,Hg)O, P®-H, Pdoxides P&Os,
CusPhOg to Cs sPdh 509, Pdb 502 to P&O;, and oxygendeficient PdO.

Unnamed PgD3
Cabralet al. (2002)
Other names: UM20021-O:PdPtSe

This palladium oxide occurs as an alteration halo orfPP8e phasefrom the
Serra Pelada A®d-Pt depositCurionépolis Carajas mineral province, Para (Calegl
al. 20021). Microprobe datdmean of3): Pd67.01, Se4.01, Au<0.2Q Pt19.7Q Cu 0.D,
Hg 0.98 Fe 023, Mn 0.94 Cl 0.®. O 4.98 total 97.97. Empirical formula:
(Pdb.10P10.98S&.49MNo.16HJ0. 0sF & 04C o .02)x 7.8403.00. Simplified formula: PgDs.
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See also Palladinite, unnamed coppeearing palladium oxides, isotropic,
Pds(Cu,As)Q, Pd(OH), PdOH20, (Pd,Cu,Mn,Hg)O, R®-H, Pdoxides, PeOs,
CuwsPdhOg to Cus 5P 509, Pb 502 to P02, and oxygerdeficient PdO.

UnnamedCusPdiOg to Cus sPds 509
Cabralet al. (2002)
Other namedJM2002-08-O:CuPd

This PdCu-O phaseoccursin association withmertieitell at the Elefante
ProspectCurionopolisCarajas mineral province, Para (Calatzl.2002). Microprobe
data:(1) Pd 47.11, Se n.a, Au n.a., Pt pnGu 34.74, Hg <0.20, Fe 0.30, Mn 0.02, CI 0.06.
O 16.29, total 98.52. Empirical formula: £34°7 k.o e.0409.06Clo.02. Simplified formula:
CuwsPdiOo. (2) Pd48.52 Se n.a, Au n.a., Pt n.a., Cu 3&}.AHg <0.20, Fe 08 Mn 0.3,

Cl1 0.10. O 14.58 total 9837. Empirical formula: CelaoP th.5d~e.0709.06Clo.cz. Simplified
formula: Cus.sPth.s0.

See also Palladinite, unnamed coppgeearing palladium oxides, isotropic,
Pd(Cu,As)Q, Pd(OH), PAOH-0, (Pd,Cu,Mn,Hg)O, R®-H, Pdoxides, P03, PdOs,
P50z to P&O,, and oxygerdeficient PdO.

UnnamedPd 0, to P40,
Cabralet al. (200)

Native palladium from the Serra Pelada-RdPt depositCuriondpolis,Carajas
mineral province, Para, characteristically occurring in the goethite coating, is intimately
associated with a PO phase (Cabradt al. 20021). Microprobe data: (1) P80.15 Se
<0.20, Au 3.50 Pt<0.20, Cul.75 Hg 1.74 Fe 008, Mn 2.59 CI 016. O 9.11, total
99.08 Empirical formula: (Pth.6aMNo.16CUo.10A Uo.06HJ0.03)x2.9902.00Clo.02. - Simplified
formula: PdO.. (2) Pd 8000, Se <0.20, A2.21, Pt <0.20, Cu B6, Hg 0.6Q Fe 017,

Mn 366 ClI 046. O 1129  total 9975  Empirical formula:
(Pk.13Mno.19C b 0sAU0.c8HT0.01F &.01)x 2.4702.00Clo.os. Simplified formula: PelsO-.
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See also Palladinite, unnamed coppgeearing palladium oxides, isotropic,
Pd(Cu,As)Q, Pd(OH), PAOH-0, (Pd,Cu,Mn,Hg)O, R®-H, Pdoxides, PgOs, PdOs,
CusPdiOo to Cus.sPdhs09, and oxygerdeficient PdO.

Unnamed oxygeieficient PdO
Cabral and Lehmann (20QZ}abral and KwitkeRibeiro (2004)
Other names: UM20032-O:Pd

3V ' Det WD

0 kV B SE 896 MEMENoc - CVRD
N P - b
Figure4.3. SEM images of the P@ compound rosettes from Caué mine, Itabira, Minas
Gerais Kwitko etal. 2002)

Rosettes of a R@ compound occur at Caué mine, Itaplviinas Gerais, and at
Gongo SocoBarédo de Cocais, Minas GerdSabral and KwitkeRibeiro 2004). The
rosettes from Itabira were err Hwitloetials| v desc
(2002) because oxygen was recognized, but attributed to the subjacent iron

oxyhydroxide. At Gongo Soc®ear friends, This is the link to download my
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new book, Type Mineralogy of Brazil: a book in progress for free. All the

best, Daniel found native palladium derived from P@® masses that formed at the
expense of a prexisting arsenideantimonide of palladium. The Reth rosettes
described at Gongo Soco differ from that from Itabira because no relics of a primary Pd
Shi' As mineral were detected.stead of a primary PGM (platinugroup mineral), the
rosettes seem to have crystallized asidPghase that precipitated directly from aqueous
solution. Deoxygenation and dewatering at low temperatures could be responsible for the
crystallization of natie palladium from PdO precipitates. Quantitative electron
microprobe analyses of the Gongo Soco rosettes were hampered by the smalzgrain
(<2 &em). H o wmdcvoprobe analyises of tP@ ateration halos on arsenide
antimonide of palladium indate the existence of an oxygdeficient PdCu phase
(Cabralet al. 2003 and a significant negative linear correlation between oxygen and
palladium Cabral and Lehmann 2003, suggesting a transitional range from an
empirically derived Pd@ike stoichiometry to native palladium, where native palladium
would likely be the stable phase of palladium under supergenetioosdCabralet al.
2004). It was not possible to define whether therled rosettes are true Pd@r a
palladium hydroxide or hydrated compound) or an oxydgficient phase close to native
palladium. Whatever the case, this study gives evidence for the neoformation of PGM at
low temperatures. Possibly, the-Bch rosettes are supergene in origiorniied under
oxidizing conditions (stability field of hematite) (Cabral and KwiRibeiro 2004).

See also Palladinite, unnamed coppkearing palladium oxides, isotropic,
Pd&(Cu,As)Q, Pd(OH), PAOH-0, (Pd,Cu,Mn,HYO, PdO-H, Pdoxides,PcOs, PGOs,
CusPdiOg to Cus.sPds.s09, andPh.s02 to PGO:o.

Unnamed Pd(OH) PdOH_0, (Pd,Cu,Mn,Hg)O, and PG-H
Cabralet al. (2001 and 2004)

Several PdO species are documeritesh Gongo Soco, Bardo de Cocais, Minas
Gerais always in association with Cu, Fe, Mn and Hg, and includes Pd(oH)
PdOH20, and phases with metal excess in relation to oxygen, interpreted as metastable
(Cabralet al.2001).

Hydrogen determined in an unnamed®¢H phasdrom Gongo Soco, Batéde
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Cocais, Minas Geraisg lost during extended analysis, and unstable compared to goethite.
This fact would explain why such compound is deficient in oxygen, eventually giving
rise, via a deoxygenatieshehydration process, to native Rehpralet al. 2004).

See also. Palladinite unnamed coppdrearing palladium oxides, isotropic
P&(Cu,As)Q, oxygendeficient PdO, Pdoxides P&Os, PdOs, CwPdiOs to
Cus 5Pd; 509, and Pdb 502 to PGOy,.

Unnamed coppédpearing palladium oxides, isotropic
Daviset al.(1977)

Daviset al.(1977) observed inclusions in palladseite of two low reflecting minerals,
both isotropic, with square outlines in residual concentrates from the gold workings at the
Caué mine, Itabira, Minas Gerais [The Natural Histons®bum, London, England; sample
BM 1934, 72, collected by Sanders]. The lower reflecting grey phase encloses rectangular
cores of a higher reflecting phase; both are cepparing palladium oxides. As they are
isotropic they are unlikely to be palladin{tetragonal). Kumar and Saxena (1989) studied
cubic PdO and B® synthetic compounds. €Rd oxides (CtPdQ and CuPbOy) were
described from Broken Hill, Australia (Denmisal. 1994), but their optical properties were
not given. The occurrence of #@u,As)Q was noted from the Maquiné gold mine,
Passagem de Mariana, Mariana Co., Minas Gerais.

See also Palladinite, nnamed Pd&(Cu,As)@, Pd(OH), PdOH:0,
(Pd,Cu,Mn,HQ)O, P&-H, Pdoxides, oxygerdeficient PdO, P&kOs, PdOs, CusPhOo
to Cus5Pds.509, andP b 502 to PGOo.

Unnamed P¢{Cu,As)Q
Varajao (1994)

Other names: undefined i phase

This oxide (Varajao 1994, Varajébal.1998, 1999, 2000) was described in itabirite
from the Maquiné gold mine, PassagderMariana, Mariana Co., Minas Gerais, associated

with palladian gold, stibiopalladinite, isomertieite, and sperrylite. It occurs as anhedral
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grains up to 70mm, at the surface of ABdbearing gold particles hosted in a hematite
quartz rich matrix (pardal itabirite). These phases can be also accompanied by kaolinite
crystallites and by an ABi-bearing phosphate phase. Chemical analyses were obtained by
electron microprobe (wt.%): Pd 77.00, Cu 10.17, As 1.13, O 7.60, total 95.90 corresponding
to the empical formula Pd.74Cuh 05AS0.1003.11, With the ideal formula RECu,As)Gs.

See also.Palladinite, isomertieite, unnamed coppearing palladium oxides,
isotropic, Pd(OH)», PAdOH-0, (Pd,Cu,Mn,Hg)O, R®-H, oxygendeficient PdO, Pd
oxides,P&0Os, PdOs, CusPdiOg to Cus sPds 509, andP b 502 to PdO3,.

Unnamed P&Cu-O compounds
(Mota-e-Silvaet al 2016)

Unnamed P€Cu-O compounds with formulae (Pd,Cu,Fe)énd (Pd,Cu,Fe)O
(Mota-e-Silva et al 2016) occur in gossans developed on eCNEPGE) deposit in
Limoeiro, Pernambuco, associated with goethite, sperrylite, irarsite, hollingworthite,
unnamed Pde+Bi phases [PdTe,Bi), Pd(O,Te,Bb, (Pd,Fe,Cu)(O,Te)and Fe,Pd,Pt
O], unnamed P4-O phases [Pd(O4)(Pd,Fe)(O,h, and Fe,Pd;D], and arunnamed Fe
PtRhO phaseBoth saprolite and gossan host partly oxidizedd®eD compounds in
the shallow environment (< 7m). These-®d phases replace the partially oxidized Pd
TexBi phases suggesting a continuum of alteration from the pristine metenskipid
Cu-O compounds in the Limoeiro supergene zone. Analogous to thefRi phases,
the PdCu-O compounds occur mixed with goethite that is replacing merenskyite. The
whole merenskyite alteration area including thedReEO compounds, voids and god#)i
ranges from 2umto 2330unt with an average of 435inThese dimensions are very
similar to those reported for merenskyite grains in the fresh massive sulfide ore and for
the pseudomorphs filled with Pike£Bi in the gossans. The degree of-RdBi
replacement by P€u-O compounds is variable. Relict tellurides partially replaced by
PdCuO compounds and Faexides appear strongly leached in open spaces or very
porous areas of the samples. A less advanced replacement is proposed for smaller grains
betterprotected by the enclosing goethite. These have patcturdloys occupying
larger areas of the grains along with more consolidated masses of goethite. In most cases,

however, goethite largely pseudomorphs precursor merenskyite €l &yhregates are
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gparse. In detail, these goethite crusts are coated by th@uRulystals able to coalesce
and eventually form an almost continuous crystal surface. Under high magnification,
these PdCu crystals show diverse habits suggesting a sequential crystal gildweth.
occur (i) in a globular habit, as &l microspheres displaying a central axis, (ii) in a
radial habit, with crystals diverging from the center, and (iii) in a rodigtehabit, with
tabular crystals often in an "X" shape or as a combination ofadeems. PelCu rosettes
mainly coat goethite in merenskyite pseudomorphs but they are also located around them,
along contacts between crystals or fissures. Less often, they occur growing from goethite
in voids lacking Pele+Bi. Each rosette has a diaeredf about 2 um and crystal surfaces
formed by accreted rosettes are less than 5 um in length. None of them were large or
uniform enough to obtain quantitative analysis clear of interference from their goethite
substrate. The patchy Rl aggregates ardsa irregular but sometimes reach sizes up
to 10x 10 um. The analyses achieved on these grains show a rather uniform composition
close to "(Pd, Cu, Fe)O", with wtdemodetaed Pd at
oxygen w8 ahad | omiwo) Bhed (BOi wtdo)OCorhpared to precursor
PdTe, PdCu grains contain similar or even higher Pd values but reflect a sharp increase
in Cu up to 16mt.% and almost a complete loss of Te and Bi (Mefailva 2014).

See also. Palladinite, unnamed coppbearirg palladium oxides, isotropic,
Pd&(Cu,As)Q, Pd(OH), PdOH:0, (Pd,Cu,Mn,Hg)O, R®-H, Pc&kOs, PdOs, CusPdiOg
to CussPdisOg, PbsO2 to P&O», oxygendeficient PdO, Pd(Te,Bi), Pd(O,Te,Bb,
(Pd,Fe,Cu)(O,Te) Fe,Pd,RO, Pd(O,l», (Pd,Fe)(O,h, Fe,Pd 10 phases, and Het-Rh
O phase.

Unnamed Pd(O,}) (Pd,Fe)(0,h, and Fe,Pd;D phases
(Mota-e-Silvaet al 2016)
Other namesJnnamed (Pd-O Compound)

Unnamed Pd-O compounds, including Pd(Q,)(Pd,Fe)(O,h, and Fe,Pd;D
phases occur in gossans developed on@WHPGE) deposit in Limoeiro, Pernambuco,
associated with goethite, sperrylite, irarsite, hollingworthite, unnamedCuFa
compounds, PgTe,Bi), Pd(O,Te,Bp, (Pd,Fe,Cu)(O,Te) and Fe,Pd,PD, and an
unnamed B-P+Rh-O phaseThe PdI-O compound occurs as single, small, and euhedral
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crystals ranging in area from 0.4 to 8.8 3uand in one case appears to be replacing a
relatively large euhedral mineral producing a pseudomorph 40 pum in diameter. Analyses
of thelargest and freshest grain (~5 um in the longest dimension) reveal a composition
of Pd 37, Fe 2, I 52, and 20 9 hvats.e% tOIt aterr
yielded a similar composition with different proportions of these four elements including
some Cu and S content. The-P@ grains have an inhomogeneous surface, with parts
that are more @ich than others. Additionally, some of the tiny euhedralfdgrains
exhibit corroded crystal faces. EDS analyses of these phases give an averageioomposit
of (Pd,Fe,Cuw)e4O,l)2.06 The formation of¥ich PGM is a consequence of the dominance
of saline groundwaters in the Limoeiro area (Meigilvaet al 2016).

See alsoUnnamed Pgrel,unnamed P u-O compounds, unnamed 4Te,Bi),
Pd(O,Te,Bi}, (Pd,Fe,Cu)(O,Te) and Fe,Pd,PD, and an unnamed #-Rh-O phase.

Unnamed HtO
Cabralet al. (2008), Vymazalovét al.(2012)

See Figure2.13.and 214.

This mineral occurs associated with jacutingaite. No additional data were
furnished.

Seealso.Jacutingaite.

Unnamed oxygeibearing compounds of PdAu-Cu-Fe-Mn

Jedwab (1995)

Other namesouro preto,black gold, oiro preto, ouro negrannamed
hematitelooking Pt compoundiron-rich palladium oxidate, Palladoxydat
Unconventional Platinum Group Minerals and Mineraloids, UPGMandM,
ouropretoite, Antonil compounds

The first reliable appearance of the namueo preto(= black gold) is found in a
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report by Antonil (1711):As for the various sorts of gold, it is knowrat the one called

ouro preto, because of its surface is colored like unburnt steel, appears with a vivid yolk

yellow color when tried under the teeth. It is the finest gold, since it is almost 23 carats."

The expressionuro pretowas applied to gold \th a dark surface or to the compounds that

form this surface. Dark brown to black compounds associated with native gold were
discovered in Minas Gerais, three hundred years ago, and have been known since then as

ouro preto(Jedwab and Cassedanne 1998).imuthe first decades of the period called

Afgold cycleo, this gold was found in such a
renamed Ouro Preto.

Studies of samples from Itabira, Minas Gerais (Jedwab 1995, Jedwab and
Cassedanne 1998) demonstratexd the dark surface oluro pretocorresponds to a group
of oxygenbearing compounds of Pd-Au-Cu-Fe-Mn, visually indistinguishable from the
coexisting Fe and/or Mn oxides and oxyhydroxides.

Ouro Pretofrom Timbopeba mine, Our@reto, Minas Gerais, was studied by
Galbiattiet al.(2009). The gold comes from hemaditearing veins which truncate the host
iron formation, i.e. itabirite. Its black color originates from a dark coating consisting of
hematite, goethite, and i phasés). The PeD component of the dark coating occurs on
palladium minerals located on the surface of palladiferous gold. TH@ €whting has
desiccation cracks, which represent the early stage of a deoxygeatedtigiration process
from a PdO-H phase towals native palladium.

Dark brown to black compounds associated with native gold were discovered three
hundred years ago in Minas Gerais, and have
by Jedwab (1995) and Jedwab and Cassedanne (1998) of consérdnatine Caué mine,

Itabira, Minas Gerais, proved that ouro preto is composed of a group of exgaeng
compounds of PPd-Au-Cu-Fe-Mn, coexisting with minor F&n oxides and hydroxides
and visually indistinguishable from them. These compounds werecty determined as
oxygenbearing compounds of PdFe by Lampadius and Plattner (1833), and Johnson
and Lampadius (1837).

Lampadius and Plattner (1833) studied ma
Ricao, Minas Ger ai s inamcduldfoimeiryconcbmatianwithdtleed t h a't
el ement s ; a britle pulvesizaldet neaterial fof a color that resembles that of
hematite, and can thus only with difficult be discerned by eye from thé.latteording to
Lampadius and Plattner (183#®)e analysis of separate fractions of this unnamed

hematitelooking Pt compound corroborates the former assumption and the visual

139



Daniel Atencioi Type Mineralogy of Brail, a book in progress

impression that the platinum and its normal associates are not chemically bound to the
gold in the studied ore, but insteadat the native argentian gold and the platinum ore
occur mingled one close to the other in the iron ore. Considering that the mechanical
separation of the gold from the hematite yielded no visible native platinum at all, that on
the other hand hematite damed platinum according to the analyses, but that separate
crystals of the same were entirely devoid of platinum, according tofulesvassay, the
following must consequently be assumed: either the platinum occurs in the native state
and is very finehdispersed in the iron ore, or it forms in combination with other materials

a brittle, pulverizable material, which color resembles that of hematite, and can thus
difficultly be discerned by eye from the sanarfpadius and Plater 1833.

Johnson and Lampaus (1837) described material from Gongo Soco mine, Bar&do
de Cocai s, Man ivaa-8ch akadiuani oxidate [Radladdkydat] (probably an
oxide). We have here, as a matter of interest, the first occurrence of a metal connected with
platinum in theoxidizedstat¢ . Unf ortunately, these papers w
and led to the erroneous definition of palladinite.

Carvalho da Silvat al.(1985), Roesegt al.(1989, 1991 and 1992) and Roeser and
Schiurmann (1990) detected only Fe oxidessociated with traces of @i oxides.
AccordingtoRoesestal.( 1992), Ain fact, ouro preto is p
enclosed by the gold and not in the coating

According to Jedwab (1995), the oxygeearing compounds of Pd-Au-Cu-Fe
Mn are encrustations deposited on, or included in, the gold grains observed in the heavy
mineral concentrates. The gold grains may be associated with palladoarsenide, palladseite,
isomertieite, palladinite etc.

The chemical compositions of thesempounds are extremely varied, even within
the same grain (Tablel. Although the presence of oxygen was shown qualitatively in the
analytical spectra, only the values for the metals are given in the analyses. -hhetaibo
character of the describedmpounds was established either through observation of their
color and weak RPM reflectivity, or through their lower apparent atomic number under the
SEM compared to the native PGE generally present in the samples. The possible oxygen
species, indicatetly the presence of %) OH and/or HO, could of course not to be

established with the methods used.
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1 2 3 4 5
wt.%
Pt 40.93 | 80.66 |4.29 33.72 | 0.26
Pd 3.98 2.84 81.02 |14.38 |9.97
Au 0.35 1.60 n.d. n.d. 6.03
Cu 0.76 1.30 11.52 | 4.29 n.d.
Mn 6.26 3.42 1.03 6.85 0.13
Fe 47.66 |10.17 |2.12 40.74 | 83.61
atoms %
Pt 17.05 |58.04 |2.15 14.04 | 0.08
Pd 3.04 |6.23 |74.30 [10.96 |5.90
Au 0.15 1.29 n.d. n.d. 1.95
Cu 0.98 5.11 17.74 | 5.49 n.d.
Mn 9.28 8.35 1.84 10.14 | 0.15
Fe 69.39 |25.15 |3.72 59.30 |91.87
Number of analyses | 3 3 1 1 3

The compounds show very diversified textures and are amorphousys XT heir
reflectance is generally weak, but variable (13 to 15 % at 588 nm). The color, the weak
reflectance, absence of crystalline structure, and high Fe and/or Mn content woubtlyproba

lead the uninitiated to classify these compounds as iron or mangandselmxides

(Jedwab 1995).

A very interesting text about these compounds is from Jedwab (2008):

AANTONI L

Abo
Group

less negativesounding name. Since then, and in recognitb their often and evidently

complex and/or mixed composition, | set up a comprehensive web site devoted to

ut 10 years

Mi n e r a-Lomdbn[22"t to 28MAegusiN$9]and | chatted briefly with
Louis Cabri and the late Alan Criddle about how to designate them with a more precise,

COMPOUNDS

ago,
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AUnconventional PG Mi ner aUBGMand Md
(/mww.ulb.ac.be/sciences/upgm/mguide.
See alsol/canmin.geoscienceworld.org/cgi/content/abstract/36/3/887)
Although it became obvious from gathering the literature that these compounds are
extremely widespread (in fact, all PGE/PGM deposits are endowed with some UPGMandM,
if one looks carefully), it isny contention that these compounds have received very little
scientific attention, probably because of a lack of a useable, or at least, a heuristic name.
Naming such diverse members, which we feel are out of the realm of definable
mineralogical species and classifications, is a challenging and risky task. Indeed, when a
brown PGEcompound is examined under the reflecting light microscope, analyzed under
the EMP, or under diffraction, one either gets naay diagram, or only that of native Pt
and/or Pd, which it is obviously not. Only32cases of crystallized palladinite (PdOtetr.)
have been recorded. They often contain a lot of minor and trace elemehig are often
left in the dark about O, OH and.@. It is thus absolutely out of question to give a name
sounding |li ke a species name: fAouropretoite
My proposition is to collectively design
recogniton of Padre Antonil, who was the first to describe in print the black auriferous
mineral grains found around 1696700 in Minas Gerais, Brazil, and known since then as
Aouro pretoo (Pt was to be discovered 50 ye
It is not a nmeralogical species name. It has no precise chemical meaning (except
for the presence of major P@&ontents), and it has never been used for something else. It
does not sound like a mineral name, but like other collective chemical objects (e.g.: Lewis
conpounds, Laves phases, Tutton's salts) which are of course much better defined.
| should very much appreciate receiving your opinions (pro et contra) about this
rather unusual proposition, which 1 find timely, and which could be the subject of a formal
publcation in print.
Thanks to all,
Jacques Jedwab

Uni versit® Libre de Bruxell esbo

See alsoPalladinite, palladseite, isomertieite, and porpezite.
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Unnamed REe-containing black crusts on gold
Eschwege (1833)

According to Eschwege (1833)Ouro podre [rotten gold]: Mr. Ddbereiner,
Court Counsellor at Jena, to whom | sent a small portion of that gold, analyzed it;
unfortunately, | lost his result, but | still remember clearly that it contained iron and a

l'ittle platina. o

Unnamed browmrusts on gold yielding a P@action
Hussak (1908, b)

"This palladian gold [from Itabira do Matto Dentre Itabira, Minas Gerajgs
not rarely covered with a brown earthy, limonitic crust, which proved to be palladium
oxide (PdO= palladinite), accordmto Lampadius. It is easily soluble in hydrochloric

acid and yields the characteristical microchemical reactionsthf FHussak 190&, b).

Unnamed black crusts on Pt "probably due to aRdroxide"
Guimaraes (1958)

"The black color [of some of the mdlary platinum fragments from Fazenda
Limeira (= Limeira farm), Lajes creek [Largos (Lajes) or Ouro Branco river], a tributary of
the Santo Anténio river, 6.5 km from Concei¢do (= Conceicdo do Mato Dentro), in the
district of Morro do Pilar, Minas Geraiss surficial, and probably due to an oxide of
manganese and iro" Guimaraes (1958 p. 18) [No analysis].

See alsoPalladium and Palladiumplatin.
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Unnamed FP+Rh-O phase
Mota-e-Silvaet al (2016)

Unnamed FeéPtRh-O phase occur in gossans developed on £WNIPGE)
deposit in Limoeiro, Pernambuco, associated with goethite, sperrylite, irarsite,
hollingworthite, unnamed P@etBi phases, Pd(O,) (Pd,Fe)(O,h, and Fe,Pd;O
phases, and unnamed-Ed-O compounds

See alsoUnnamed P¢{Te,Bi), Pd(O,Te,Bb, (Pd,Fe,Cu)(O,Te) and Fe,Pd,Pt
O, unnamed Pd(O3) (Pd,Fe)(O,h, and Fe,Pd;D phases, and unnamed-€d-O

compounds.

Unnamed Ru and Ir oxides and hydroxides
Milliotti and Stumpfl (1993)

A complex association of Rand Irbearing phases was identified by Milliotti and
Stumpfl (1993) in the chromitites of Niquelandia, Goias. They show very low reflectance
(~ 15 %, similar to spinel) when compared to the associated plajraup minerals. The
phasesre

a) Irregular brownistgray masses, sometimes with scattered small inclusions of Ir
rich laurite with the composition Ru-Fe-Cr-Al-Ni and similar grains in native osmium
with the composition R#e-Cr-Ti-Al.

b) Small pseudomorphicuhedral lighbrown crystals (up to 15m) in direct
contact with chromite: Rir-Fe-Cr-Al-Ni, Ru-Ir-Fe-Cr-Al, and I-Fe-Cr-Al.

c) Light-brown alteration rims on laurite grains, preserving their original euhedral
shape: Rur-Fe-Cr, RuFe-Cr-Al, and RuFeCr.

These phases were interpreted as oxides or hydroxides of plgfroupelements,
formed at a late stage, probably during laterization. Later on, Milliotti and Stumpfl (1996)
also described Ru@nd PdFel in these chromitites.

See alsoUnnamed #-Ni sulfide and undetermined @ssulfide, unnamed RuO©
and PdFel.
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Unnamed Ru®
Milliotti and Stumpfl (1996)

Supergene ruthenium oxide occurs in the chromitites of Niquelandia, Goias, as
alteration rims in Osich laurite crystals enclosed by ethchromite or goethite. The
thickness of these rims varies from 1 torb depending on the degree of laurite alteration.
Completion of the alteration process is indicated by euhedral psgddomorphs after ©s
rich laurite in chromite. In reflected light,is brownishgray and can be distinguished by
its low reflectance, similar to spinel, and isotropic character. The chemical composition
approaches Rupwith variable content of Ru, Fe and Ir (Tabl)4.

Table 42. Electron microprobe for ruthenium oxide (Milliotti and Stumpfl 1996) (wt.%).

Grain # 1 2 3 4 5

Os n.d. 0.03 1.07 n.d. 1.83
Ru 41.75 41.65 47.43 39.92 44.26
Fe 6.94 7.24 5.83 8.39 6.17
Pt n.d. 0.66 0.10 0.01 0.04
Rh 0.74 0.56 1.39 0.65 0.98
Cu 0.53 0.54 0.27 0.57 0.16
Ir 9.60 8.94 1.98 8.88 7.48
Pd n.d. n.d. n.d. n.d. n.d.
O 39.31 38.26 39.97 43.16 37.54
Total 98.87 97.88 98.04 101.58 98.46

1. (Rw.edFe.2dro.0RM0.01CU0.01)s0.9604.02

2. (Rw.edF&0.24r0.08RN0.01CW0.01Pt0.01)51.0103.99

3. (Rw.7éF&.17r0.02RNo.0Pt0.0105<0.01C Uk0.01)50.9704.02
4. (Rw.eoFen.2dr0.0RM0.01CU0.01)50.9204.08

5. (Rw.74/&.1dr0.0MN0.010%.01Pt0.01C U0.01)51.0203.97

Garuti et al. (2002, 2012) also observed (Rufexide in a heavy mineral

concentrate obtained from chromitites of the Niguelandia layered intrusion by the use of
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hydroseparation technology.

The Niguelandia Complex is a large layered malfimmafic cumulate sequence. A
large variety of PGM(platinumgroup mineral)inclusions within the chromitites,
displaying distinct textures has been documented. Three PGM generations have been
suggested by Milliotti and Stumpfl (1996): 1) early magmatic crystallization eic®s
laurite, erlichmanite, anééi r i dos mi ne o, trapped as discret
during chromite nucleation; 2) late magmatic crystallization of irarsite aRt dulfides,
formed in the silicate matrix after chromite crystallization had almost terminated; and 3)
supergea formation of Ru@and PdFel, as well as precipitation of-Pe and Og-elr
alloys from the alteration fluids, during chromite laterization. PGE (platigtoup
elementspearing goethite, hosting PGM phases, was also documented by Milliotti and
Stumpfl(1993).

See alsolridosmine, unnamed Ru and Ir oxides and hydroxides, unnamebRdO

PaFel, and unnamed-Ni sulfide and undetermined @ssulfide.
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Chrysoberyl

Werner (in Hoffmann 1789, and Karsten 1789)

BeAl,O4, orthorhombic

Other names: Krisoberil, Krysoberill, chrigeéril, chrysoberyll, cymophane,
Alaunerde + Kieselerde, alumina + silica, cimofana, chrysoberyllo,
cymophana, chrysolite, crisdlita, crisdlita do Brasil, criséliebrasil,

crisoberilo

Figure4.4. Chrysoberyl from Agua Branca comanity, Girau, Aracuai, Minas Geraighe

largest dimension is 4@m. SpecimenEdson Ferreira dos Santéhoto Daniel Atencio.
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According to Leonardos (1970), it is probable that the chrysoberyl analyzed by
Klaproth (17%) [alumina 71, silica 18, lime 6, oxide of iron 1.5, loss 3, total 99.5 wt.%] was
from Brazil. In fact, chrysoberyl is BeADs, but at that time beryllium had not been isolated.

The gem, known in Brazil as chrysolite and classified by Werner (in Hoffha8@, and

Karsten 1789) as chrysoberyl (Krisoberil), had been known since the middle ofthe 18

century from alluvium in northern Minas Gerais [especially in the area of Aracuai, old

Calhau, Minas Gerais (Leonardos 1945)], associated with colorless aadtdpaz,
aqguamari ne, tour mali ne, and g E&hrysobdryl is Accor d
characterized by its green asparagus color and is most commonly found in round grains. At

the moment, itis only available inBrazil Th e name c byrRpnséaélisle e was
(1772) for the gem variety of olivine, but, apparently, both de I'lsle and Werner confused

the gem names of antiquity. Chrysolite or 1
chrysoberyl of antiquity, as the name indicates, was gdiden. Klaproth (1795) simply

designated chrysoberyl as Alaunerde + Kieselerde (alumina + silica). Haly ¢bx@ it

the name cymophane. NevertheJédhe name chrysoberyl prevailed and Sey(EsR4

obtained a coect analysis showing it to bebaryllium mineral.

According to Ferraz (1928), Achrysoberyl
Minas Gerais (Lufa stream and Gravata river, in the NE part of the state; in the vicinity of
Araguai; in the Urubu creek; Piaui river, Minas Novas; Calhauedand Serro), in Sao
Paulo (Canoas river), and in Espirito Santo (Colatina, Doce river).

Gem varieties include gem chrysoberyl in shades of light yellow, green and brown;
al exandrite which shows col or eyd)achagpgantf r om d:
yellow or green variety with oriented acicular inclusions; and cat's eye alexandrite.

Occurrencellt is widespread and found in granitic pegmatites and aplites, mica
schists, rarely in dolomitic marble and fluorineh veins. Associated imerals include
garnet, spinel, beryl, phenakite, corundum, tourmaline, columbite, gahnite, and apatite.

Often found as a detrital mineral with diamond, corundum, garnet, and cassiterite. The type
locality is unknown, but probably is Aracuai, Minas Geflagonardos 1970Also, known
from countless Brazilian and world occurrences.

Appearance and physical properti@sabit: usually occurs as tabular crystals on
{100} or short prismatic along [001]. Forms: {100}, {010}, {011}, {110}, {120}, {130},

{101}, {111}, {121}; less common {001}, {021}, {230}, {211}, {122}; tabular on {100},
also short prismatic [001] or [100]; striated on {100} parallel to [001]. Twinning: common,

with twin plane {031} and flattened perpendicular to the composition plane; contact and
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penetration twins, sometimes forming pseudohexagonal crystals. Color: various shades of
green, yellow, greenisbrown, greenistiolack, sometimes green or blue in daylight and red

or brownishpink in incandescent light (variety, alexandrite). Streak: wNib@fluorescent,

except for the alexandrite variety which fluoresces red. Luster: vitreous. Transparent or
translucent, may be opaque and chatoyant with oriented inclusions. Hardness (Mohs): 8%-.
Tenacity: brittle. Cleavage: {011} distinct, {010} imperfe€t00} poor. Fracture: uneven

to conchoidal. Density: 3.75 g/érgmeas.), 3.78 g/chricalc.).

Optical propertiesBiaxial (+), a 1.746,b 1.748,91.756, 2 70 (meas.), 53
(calc.). Dispersionir > v. Pleochroism: generally absent or weak, but strong in
alexandrite, withX reddsh-purple,Y orangeZ green. OrientationX=a, Y=b, Z=c.

Chemical dataBeO 19.15, FeO 3.60, ADs 76.34, TiQ 0.55, total 99.64 wt.%.
Empirical formula: Beoo(Al 1.99e.07T10.01)s2.0804.00 The ideal formula requires BeO 19.70,
Al>03 80.30, total 100.00 wt.%.

CrystallographyOrthorhombicPbnm a4.429,b 9.413,c5.480 AV 228.46 &, Z
4, a:b:c = 0.4705:1:0.822. Xray powder diffraction datgd in A (I) (hkl)]: 3.2345 (37)

(111), 2.5609 (65) (130), 2.3199 (37) (131), 2.2622 (41) (112), 2.0884 (83) (122), 2,0779
(34) (140), 1.6175 (100) (222), 1.6129 (95) (240), 1.4645 (41) (152), 1.3614 (58) (062).
[sample from Minas Gerais].

Name From Greelchrysoggold) andberyllos(beryl).

Type materialNo precise information on the type occurrence of chrysoberyl or the
whereabouts and description of the type material is available.

Relationship to other spesiStructurally related to olivine.
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Figure4.5. View of the crystal structure of chrysoberyl (from Malyshevo near Terem
Tschanka, Sverdlovsk, Ural, Russia), drawn using VESTA 3 (Momma and lzumi 2011).
Data from Webeet al. (2007).

Crystal structure.Edge and cornesharing Al@ octahedra are connected into a
framework by isolated BeQetrahedra; olivine structure type (Faretlial. 1963).
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Unnamed orthorhombic MgO
Kaminskyet al.(2015)
MgO, orthorhombic

Other names: Unnamé¢@rthorhombic Polymorph of Magnesium Oxide)

a)

diamond

diamond

g

e

.

Nereynite, s “Mpbiishing debris o %y diamond

Figure4.6. Cubic crystals of parascandolaite KMgiRtergrown with hercynite(?) and
graphite (left), and with orthorhombic MgO (right) (Kamingkyal 2015).

MgO with an orthorhombic structure is a new phase, found in a microcrystalline
polymineral aggregate, identified in inclusions within lowantle diamond from the
Chicéria farm, Sorriso river, Juina, Mato Grosso. It is intergrown with parascandolaite.
Chamical  composition results in the following empirical formula:
(MgoosFa.03a01dz 0 . @ B has unit cell parametess21.4078,b 6.1099,c 4.2597 A,
which could only be indexed using the orthorhombic crystal structure. Coexists with
parascandolaite, ellinaite, unnamed MgrFér i ch peri cl ase, calcite,
periclase, wistite, and probably nitrogesaring yarlongite (Kamsky et al 2015).
Probably dimorphous with periclase. Today no synthetic orthorhombic MgO compound is
known.

See also Jeffbenite, ellinaite, breyite, nitroyarlongite, nitrocohenite,
nitrochalypite, unnamed FB&, FeaN, Fa&SIiC, (Ba,Sr)Al, MgCrOs,
NasMgs(PQu)2(P-07), F&® Fe?*(P,07)4, and NaMg pyroxene.
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Ellinaite

Sharygiret al.(2020)

CaC#f*,Qy, orthorhombic

Approved CNMNCi IMA 2019-091

Other names: ellinaita, unnamed G&lyy Unnamed (Calcium Chromium

Oxide Postspinel)

Foil #3601 4%

4

Ferropericlase
+ MgFe,0,

Figure4.7. (A) General view of diamond #B08,from the Chicoria farm, Sorriso river,
Juina, Mato Gross@B) Positions of foils in the diamond. (C) Polyphase mineral inclusion
with ellinaite, TEM photo (Kaminskgt al.2015). CaGiO4: ellinaite; MgCpO4: unnamed

MgCr.Os, MgFeOs: magnesioferrite.
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This mineral was originally described by Kamingkyal. (2015) as unnamed €2x
oxide with an orthorhombic structure, a new phase found in a microcrystalline polymineral
aggregate identified in inclusions within loweantle diamond from the Chicéria farm,
Sorriso river, Juina, Mato Grosso.

Sharygiret al.(2020) described this mineral as ellinaite, from the gehleaitkinite
paralavas in the Halamish and Zohar wadi, the southern part of the Hatrurim Basin, one of
largest combustion metamorphism complexes of the Hatrurim Formation (also known as the
AMotZdreeld) on the territory of I srael (hol ot
Mato Grosso (cotype specimen).

Occurrence.n Brazil ellinaite has been found asmicrocrystalline polymineral
aggregate identified in inclusions within lowmantle diamond from the Chicéria farm,
Sorriso river, Juina, Mato Grosgooexists with parascandolaite, unnamed M@ rFé
rich periclase, unnamed orthor homuistie, MgO, ¢
and probably nitrogehearing yarlongite. These diamehdsted phases, including ellinaite,
seem to be crystallized in lower mantle conditions and ellinaite might be potential host for
both Ca and Cr in the deep mantle (Kaminskal.2015).

Appearance and physical properti€Subhedral grain with size 21 ¢ QGolor:
black. Streak: black. Luster: suhetallic. Fluorescence: ndluorescent. Hardness (Mohs)

& 4l Hardness (Micrindentation): could not be measured because of the small grain
size. Cleavage: none observed. Parting: none observed. Tenacity: brittle. Fracture: could not
be observed. Density (meas.) could not be measured because of the small grain size. Density
(calc.) = 5.217(1) g/cir(for the Hatrurimsample) based on empirical formula and unit cell
volume refined from singlerystal XRD data.

Optical propertiesOpaque. In reflected light (Hatrurin specimen): Color: gray
with blue tint. Bireflectance: none observed. Pleochroism: none observed.répysot
weak. Internal reflections: weak, Hedown. Reflectance values (reference material: Si;
measured in airRmax Rmin (15.63, 15.35) 470 nm, (14.73, 14.59) 546 nm, (14.55, 14.42)
589 nm, (14.54, 14.48) 650 nm.

Chemical data.Brazilian specimen: Typef analysis: EDX TEM. Chemical
analysis (in at.%, without oxygen): Ca = 35.72; Cr =57.02; Fe = 1.93; Mg = 0.79; Mn =
0.69; Al =0.80; Ti = 1.09; V = 1.96. The empirical formula calculated on the basis of 3
cations and 4 oxygen ions 8ay.o{Cr¥*1.71F€"0.08V 0.06Ti0.08Al 0.03Mgo.oMNo.0g 1 usThe
ideal formula requires CaO 26.95,0% 73.05, total 100.00/t.%. Insoluble in water.

Crystallography Orthorhombic,Pnma a 9.017,b 2.874,¢ 10.170 AV 263.55
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A3,Z4,a:b:c3.1374:1:3.5386X-ray powder diffraction dataljn A (1) (hkI)] (calculated):
4.4341(23) (200),2.5887(54) (004),2.5671(100) (302),2.4241(69) (112),2.4181(32)
(210),2.1476(34) (113),1.7671(35) (214),1.7579(22) (410).

Name.Ellinaite is named in honor of Dr. Ellina Vladimirovna Sokol (b. 1961)
from Novosibirsk, Russia, a weéthown Russian mineralogist and petrologist,
specialized in studies of pyrometamorphic and combustion metamorphic rocks around
the world, including the Btrurim Formation (Mottled Zone) rocks, Israel and Jordan.

Type materialThe cotype sample, from Corrego Sorriso, Mato Grosso (foil from
diamond) is located in the scientific collection of F.V. Kaminsky (Vernadsky Institute of
Geochemistry and Analytic&hemistry, Moscow, Russia).

Relationship to other specie¥he Cranalog of harmunite, Cafs, and
marokite, CaMpOs. The Caanalog of chenmingite, Fefs, and Xieite, FeGOa.

Chemically similar to chromatite, Cal0sa.

Figure4.8 Viewofthec r y st al st r ueCatpOs¢roloably eguvaldgntice t i ¢
ellinaite), drawn using VESTA 3 (Momma and Izumi 2011). Data from Horkner and
Muller Buschbaum (1976).

Crystal structure The crystal structure of ellinaite is related to the orthorhombic
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tunnel structures of Cak®4, CaTbOs, and CaMpOs, which are considered to be post
spinel phases (Irifunet al. 1991, Kirbyet al. 1996).A framework composed of edge
and cornessharing [Cr@] octahedra bears a system of channels propagated alobg the
axis. The channels are occupied by calcium ions. Horkner and Miller Buschbaum (1976)
studi ed -GagaDi[dntothombicHbnm(alternative orientation d?nmaspace
group),a 10.639,0 9.094,¢ 2.960 A.V 286.38 &, Z 4], probably equivalent to ellinaite.

SyntheticHorkner and Muller Buschbaum (1976) obtained sihuglestak of b-
CaCpOa4 by solidstate reaction (1300 °C, 7d) of G&BOs mixture.

See also Jeffbenite, breyite, nitroyarlongite, nitrocohenite, nitrochalypite,
unnamed F&N, FeN, FeSIiC, (Ba,Sr)Alk, orthorhombic MgO, MgGOa,
NasMgs(PQu)2(P-07), F&**Fes?*(P,0r)4, and NaMg pyroxene.

Unnamed MgCiO,
Kaminskyet al.(2015)
MgCr,Oa, orthorhombic

Other names: Unnamed (Mg analog of xieite)

See Figurd.7.

Mg-Cr oxide with an orthorhombic structure is a new phase, found in a
microcrystalline polymineral aggregate identified in inclusions within lawantle diamond
from the Chicéria farm, Sorrisdver, Juina, Mato Grosso. Its chemical composition results
in the following empirical formula: (MgdVino.19g 1 (Gl 3F€"0.3V011Al 009 1 . Quz The
best fit is with a synthetic pure ¥€r.04, obtained by Cheast al (2003) in experiments
under pressure conditions above 20 GPa. Coexists with parascandolaite, ellinagk, Fe
pericl ase, unnamed orthorhombic MgO, cal cit
probably nitrogefbearing yarlongite (Kaminskgt d. 2015). Possibly the Mg analog of
xieite, FE"Cr,04. The term

See also Jeffbenite, ellinaite, breyite, nitroyarlongite, nitrocohend,
nitrochalypite unnamed FeN, FeN, FeSIiC, (Ba,Sr)AlFs, orthorhombic MgO,
NasMgs(PQu)2(P207), Fe**Fes?*(P,0r)4, and NaMg pyroxene.

155



Daniel Atencioi Type Mineralogy of Brail, a book in progress

Martite
Breithaupt (1828)
(hematite pseudomorphous after magnetite)

Other names: Matrtit, martita, Eisenoxyd

Name applied by Breithaupt (1828) (Martib octahedral crystals from Ipanema
farm, Aracoiaba hill, Iperd, Séo Paulo, and Itapicuru, Bahia, recognized before by Haidinger
(1827) and others as Eisenoxyd, dimorphous with hemat#8;.Fehey were demonstrated
to be hematite after-Xay diffraction studies by Aminoff (1919) and pseudomorphous after
magnetite, F€4, and perhaps, in part, after pyrite, FéSorceix 1880).

According to Leonardos (1973), Breithaupt examined the iron minerals collected by
von Martius in Aragoiaba hill [Iperd, Sdo Raly Gaspar Soares hill [Morro do Pilar, near
the Lajes creek, Conceicdo do Mato Dentro, Minas Gerais] and Villa de Pedra Branca [today
Santa Terezinha, Bahia], stored in the Brazilian Museum of Munich (Museum Brasilianum,
composed of the collections forth®y Spix and Martiusthis museum was built in 1821
and closed in 1835Germany. The name martite was given to an iron oxide characterized
by the o0ct ah e dsenanhetallic dustanof &@am dAn anbiemt urpublished
compilation of types organideby the Commission on Museums of the IMA gave
e r r o n eAmosaidvy ltagicuru, Minas Gerais as t he type occurrenc
the type specimen as being stored in the Technische Universitat's museum, Bergakademie
Freiberg, Germany. According to @eix (1880), Inficcionado (now Santa Rita Durao,
Mariana, Minas Gerais) is the place that supplied the first martite samples, described by Spix
and von Martius. Gorceix (1880) found a large amount of martite in the vicinity of Ouro
Preto in the stateofMNnas Ger ais. Martite derives from
the alchemists to iron (Breithaupt 1828). The name martite is not a tribute to von Martius,
as might be imagined.

For along time, martitization was interpreted as a+m@tamorphic trasformation
but is now understood to be a supergene process. Vatagdid1996) showed that, when
magnetite is submitted to intense weathering conditions, it can be completely "martitized”;
or partially transf omangnme ti iohtamimonasplibie thant e or

martite leaving skeletal martite crystals, usually found in the top of the weathering profiles.
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Pseudorutile

Teufer and Temple (1966)

(Fe*, Ti*")4Ti*4[O,(OH)]16, hexagonal
(type specimen is not from Brazil)

Other names: pseudatilo

The name pseudorutile was introduced without CNMMMIA approval for a
hexagonal mineral with the formula ¥4i%30. Several occurrences were noted,
including one in Brazil (without specifying the exact locality). None of the investigated
specimens was designated as the spectypen The name was rejected (CNMMN 1968),
but subsequently it was officially validated (§ret al. 1994) and a neotype from South
Neptune Island, South Australia was proposed. The new formula is

(FE" Ti*"aTi*4[O,(OH)]16 (Greyetal.2 013) . Pseudorutile occurs

iimenite sands of Espirito Santo, and other localities.

See &0. Kalkowskynand manganoan pseudorutile
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Kalkowskyn

Rimann (1925)

(a mixture of pseudorutile, rutile, and hematite)

Other names: kolkowskyn, kalkowskite, kalkowskita, kolkowoskynita,

calcovskita, calcovsquita
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Figure4.10 Mi nerals present in the holotype sam

in the additional sample number 4545 ,(f©)m Ouro Preto, Minas Geraigseudorutile
(Psr), rutile (Rt), hematite (Hem), zircon (Zrn), monag@ie) (Mnz), muscovite (Ms), and
quartz (Qz). Hematite and rutile are commonly intergrowth (Hem + Rt) (Atencio and
Thalheim 2013).
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Kalkowskyn was identifiedby Rimann (1925 and1932) in a heavy mineral
concentrate from a muscovite pegmatite vein in conglomeratic quartzite, which occurs
between Ouro Preto and the Pico do Itacolomi, in a deep valley carved by the Funil river
(ARi beir«o do Funihloour, bnye ahroras ewaftreorni aQulr,o MAPorl
associated with zircon, monazite, and almandine. For geological background seedleite
(2010) and references therein. The name honors Professor Ernst Kalkowsk] 42851
of Dresden, Germany, who was Rinm's predecessor as a director of Nheseum flr
Mineralogie und Geologie and as a Professor at the Technical College in Dresden (Tréger
1950; Mathé 1993Several variants of this name appeared in the literature as, for example,
Akal kows ki t & alatChkeat1944gp. 7Y@ 24) and dkol kowskyn
1928, p. 20203).

Kalkowskyn occurs, according to Rimann (1926) platy grains measuring 0.02 to
0.1 mm, formed by irregularly linked sheets, with fibrous structure (verified in transmitted
light). The fibrous structure is a common feature of rutile, hemariteilmenite. The color
is pale brown, dark brown, black, with a redeisbwn streak. Luster is bright, submetallic
to greasy or resinous. It is transparent in thin splinters, cleasagEsent and fracture is
conchoidal. Measured density is 4.01(3) g/emd Mohs hardness is 3v2. Kalkowskyn is
partially decomposed by HCI. In transmitted light, it is reddiisbwn. The elongation of
fibers is positive, birefringence is weak and it is 4ptgochroic, withn > 1.769. Wet
chemical analyses yieldbR 0.67, CaO 1.64, MgO 0.48, (Ce k@3 2.66, SiQ 5.63, AbOs
2.21, FeOs 28.66, TiQ 54.62, (Ta,N)Os 1.67, ROs 0.28, BO 3.27, total 101.79 wt.%.
Rimann(1925) presented the formula (Fe £®)4(Ti,Si)O, after deduction of contents of
monazite(Ce) and muscovite. He yet verified that the grains were not monomineralic. His
description of kalkowskyn is for the submetallic material. The only extaay Xiffraction
data are the patterns obtained with atube for fresh and altered kalkowskyn, and
Afarizoniteodo (Rimann 1932).

Foshag (1925) observed that if i@ excluded, the formula is similar to that of
Aari zoniteo. A Ar i z o niimenie) rutie @and anatase actowdingeto of h e
Overholtetal.( 1950) . Later work by Karkhanavala (1¢
a specific and unique mineral. Rimann (1932) did not agree with Foshag (1925). Later,
Fl ei scher (1966) &udtkeodvsikgal KecwsHKimeeni te (?)
recognized as a valid species by the CNMNKA.

The type material, stored at tMuseum fir Mineralogie und Geologie Dresden
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(where Prof. Ernst Kalkowsky and also Prof. Eberhard Rimann were directdes)tbe
inventory number Min 13362 Sy (MMG Dresden) and an additional kalkowskyn sample,
from the Richard Baldauf collection, stored under the inventory number Min 4545 BaS
(MMG Dresden) were investigated by Atencio and Thalheim (2013). Baldauf-(1848
1931)was a friend from Kalkowsky and Rimann and probably he got the specimen from
one of the two.

The minerals identified by EDS andrdy diffractometry (Atencio and Thalheim
2013) correspond to a mixture of

rutile (Tio.ed=€0.08510.08210.0)1.0102,

hematite (F&1.71Sio.10Al0.06Ti0.05P0.02)#1.9403,

pseudorutile (F&3.12Tio.89)ga.00Ti2.0dO012.8{ OH)s.1416.00

monazite(Ce) (Ce.4d-a0.21Ndo.10F€**0.18T ho.04C & .08B20.02)0.98P1.0104,

muscovite K.97Al2.6F€%0.15Si3.15Ti0.02010(OH)z, zircon, and quartz.

The minerals observed in the other grains, quartz, almandine, muscovite, monazite
and zircon, have already been quoted by Rimann (1925).

To compare the new powderrdy diffraction results with the original patterns we
tried to calilvate the data from Rimar(1932), using rutile and quartz lines, but this was
unsuccessful, because they havesoale or numeric value and therefore impossible to
interpret.

The association of rutile, pseudorutismd hematite is usually interpreted as
generated by alteration of ilmenite (e.g. Getyal. 2013). The intergrowths of rutile and
hematite are interpreted as formed from pseudorufite texture is characteristic of
exsolution (Newhouse 1936).

See alsoPseudorutileand manganoan pseudorutile
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Manganoan pseudorutile

Cabral and Sder (2004)

(Mn3*, Ti*")4Ti**4[O,(OH)]16, hexagonal

(the Mnranalog of pseudorutile, a new species?)

Other nameavin-rich pseudorutildike minera] UM200426-O:FeMnTi

Alteration of Febearing pyrophanite from the manganese oxide deposit Conta
Historia, Antbnio Pereira district, Ouro Preto, Minas Gerais, was investigated by
electronmicroprobe analysis. Mean of 8 point analyses (recalculated for oxvae®):

55.90 TiQ, 33.46 MnOs, 8.60 FeOs, total 97.96. By analogy with pseudorutile, the
formula is (Mi#*2.7d7€**0.69Ti059)% 4 Tdod O125{OH)z49z 16 . 0 0

The microanalyses suggest that the alteration products range in composition from
Mn-deficient pyrophanite to a hypothetical Migch pseudorutildike mineral. Crystals
of Febearing pyrophanite cut by gibbsii#ed veinlets and vugs are altered, whereas
Mn-rich ilmenite from gibbsite pseudomorphs after garnet remains unaltered. As
observed by Cabral and Sattler (2004), pseudorutilé;,TF&)4Ti**4[O,(OH)]s, is an
intermediate alteration product of iimenite 2Ag*'Os. The alteration of ilmenite, whic
involves leaching of Fé and oxidation of the remaining iron to ¥eresults in
continuous phase transitions from Al eached
is a widespread accessory mineral in igneous and metamorphic rocks, reachingssre grad
in sandtype placer deposits, where it is almost invariably altered, the alteration of
iimenite has been investigated in detail. In contrast, pyrophanité:TMiOs, the
manganese analog of ilmenite, is a rare mineral and, consequently, its alteaatioot
been characterized properly (Cabral and Sattler 2001).

See alsoPseudorutileand kakowskyn
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Pauloabibite

Menezes Filhet al. (2015%)
NaNbG;, trigonal

Approved CNMNC- IMA 2012-090
Other names: pauloabibita

Figure4.11 Pinkishbrown pauloabibite intergrown witlersmite and hochelagajte

dolomite (white), and tochilinite (black), from the Jacupiranga mine, Cajati, Sdo Paulo.
Field of view: 4 mmMenezes Filhet al. (2015%)
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Figure4.12 Backscattered electron image of pauloabibite (dark) intergrown with
fersmite and hochelagaifkght), fromthe Jacupiranga mine, Cajati, S&o Paulo.
Menezes Filhet al. (20153)

NaNbQ is well-known to exhibit a rich polymorphism based on the perovskite
structure, with a number of displacive transition occurring over a range of temperatures,
which may also be sensitive to both pressure and crystallite size. Doped forms of the
material @e currently the focus of much attention because of their piezoelectric properties
(Modeshiaet al. 2009). Much work has been carried out on the synthesis of alkaline
niobates because of their excellent nonlinear optical, ferroelectric, piezoelecttim-elec
optic, ionic conductive, pyroelectric, photorefractive, selective ion exchange, and
photocatalytic properties. For example, léaek potassium and sodium niobates are
potential substitutes for lead zirconium titanate as -pigtiormance piezoelectric
ceramics. The high lead content in piezoelectric PZT introduces serious concerns about

environmental pollution during the fabrication, use and disposal of the materials, and
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therefore increasing attention has been paid to environmental issues nowadays, SO
research on potential substitutes is urgent @tvai.2010).

OccurrenceThe mineral occursinthesoa | | ed Ai nter medi ate zon
by high dolomite and slightly anomalous pyrochlore content) in the Jacupiranga carbonatite,
Cajati, Sdo PaulgMenezesFilho and Martins 1984)This is also the type locality of
quintinite, menezesite, melcherite and zirkelitdssociated minerals aréersmite,
hochelagaitedolomite, calcite, magnetite, phlogopite, pyrite, pyrrhotite, ane(@es,
tochilinite, f | uor apatit e, Apyrochl or eo, vigezzite,
embedded into the dolomite crystals, which in this zone of the mine can reach centimetric
sizes.

Appearance and physical properti€&ncrustation®f platy crystals up to 2 mm in
size in dolomite. Crystals are partially intergrown with fersmite and hochelagaite [in the
paper by Menezes Filletal.(201%) t hese two minerals were quo
CaNb o x Cadloe ginkish-brown. Sreak: white. Luster: vitreous. Transpardxarn-
fluorescentMohs hardnessiot measured due to the small crystal.siZleavage: perfect
on {0001}. Parting: not observeBracture: not determined. Density was not measured due
to the paucity of materiaDensity (calc.)4.246g/cn? (based on an empirical formula)

Optical properties. Uniaxial; n(meanjac. 2.078 using the Gladstosizale
relationship.

Chemical dataElectron microprobe data (from 17 pointdgO 16.36, MgO 0.04,

CaO 1.36, Mn@®.82, FeO 0.11, SrO 0.02, BaO 0.16, 8iM3, TiG0.86, NbOs78.66,
TaOs 0.34, total 98.76 wt.%. Empirical formula [based on 3 O apfu:
(Nap.88Ca.0AMN?*0.09)50.94Nbo 98T i0.02)s1.000s. The ideal formula requireblaeO 18.91,
Nb2Os 81.09,total 100.00 wt.%.

Crystallography Trigonal, Ro, a 5.3287(5),c 15.6197(17) AV 384.10(7) &, Z
6, c:a 2.9312 X-ray powder diffraction datf in A (1) (hkD]: 5.204 (100) (003), 4.435 (2)

(101), 3.977 (3) (012R.975(4) (104), 2.666 (2) (1102.604(5) (006),2.372(2) (113),
1.988(2) (024).

Name.The name is in honor of Professor Paulo Abib Andery (1B275),
Department of Mining Engineering at the Pelshnic School, Universidade de Séo
Paulo, who developed a flotation process for Serrana SA Mining, producing an apatite
concentrate that is used as a raw material for the production of phosphoric acid and a
calcite tailing that is used for the manufactofeement. He founded the mining research
facility known as Paulo Abib Engenharia in the early 1970s, a pioneering institution in
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developing ore dressing technology in Brazil.

Type materialDeposited under the number DR740 inMhgseu de Geociéncias,
Instituto de Geociéncias, Universidade de S&o Paulo.

Relationship to other specieRBauloabibitebelongs to the ilmenite group, which
comprises trigonalR ) oxides @ékimotoite, brizziite, ecandrewsite, geikielite, ilmenite,
melanosbite, pauloabibite, and pyrophanitéauloabibite, trigonal, is polymorphous
with isolueshite (cubic) and lueshite (orthorhombicatidniobiteis a poorly described
mineral that may be a monoclinic polymorph of NaNb@ a mineral with formula
NaNhOs(OH), related to fersmite (Chakhmouradetnal. 1997, Chakhmouradian and
Mitchell 1998). Chakhmouradian and Mitchell (1998) investigated a muspegimen
| abel ed fAnatroniobiteo (not the type speci
aggregate of lueshite and its replacement products, set in a matrix of dolomite and

fluorapatitebo.
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Figure4.13 View of the crystal structure of pauloabibfgynthetic), drawn using
VESTA 3 (Momma and Izumi 2011). Data from Kuiaat al.(1990).

Crystal structure Hexagonal close packing of oxygen atoms, with-thicds of
the octahedral interstices occupied by two unique sites of Na and Nb catilaysréd
ilmenite (FeTiQ) structure in which Nafand NbQ distorted octahedra share edges to
form fully ordered stacked Na and Nb layers alongctheis.

Synthetic.The synthetic analog of pauloabibites been studied by several
authors. NaNb®isostructural with ilmenite was reported by Kinomatal. (1984) and
Kumataet al. (1990) in a twestep synthesis method, involving the preparation of
NagNbeO19: 13H0 followed by hydrothermal reaction with NB&Gn a silverlined vessel

at 250°C. It was also prepared directly in one step under mild hydrothermal conditions
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by lowering pH and using close to stoichiometric amounts of metal precursors at 240°C
(Modeshiaet al.2009; Johnstoet al.2011).
See also. Quintinite, menezesite, melcherite, zirkelitdrazilite, barium

phlogopite,and unidentified G&b oxide

Unidentified CaNb oxide
Menezes Filhet al.(2015)

= fersmite + hochelagaite

Figure4.14 Fersmite finkishbeige) with pyritecarbocernaiteand amesite (?) (colorless,
radiated fiberspn calcite and dolomitigom the Jacupiranga mine, Cajati, Sdo Paulo.
Photo: Liz Zanchetta.
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vac mode HV det \|mag O| WD |pressure (h 20 um
ESEM [20.00 kV|GAD | 3000 x |16.6 mm| 400 Pa LCT - Quanta 600FEG

Figure4.15 Fersmite tfivinned by penetratigron amesite (?) from the Jacupiranga mine,

Cajati,Sao Paulo.

AA stildl UMb dexitdd d eddaTaquoetald20Blay Mene z €
associated with pauloabibiteom the Jacupiranga mine, Cajati, S&o Palu&der, it was
possible to identify by Xay powder diffraction data and microprobe data that it is an
association of fersmite, (Ca,Ce,Na)(Nb,Ta{)OH,Fy, and hochelagaite,
CaNkO11:8H20. Fermite was also identified in other samples ftbedacupiranganine
(Atencio, unpublished data).

See alsoQuintinite, menezesit@auloabibite melcherite zirkelite, brazilite,and
barium phlogopite.
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Almeidaite

Menezes Filhet al. (201%)
PbZn(Mn?*,Y)(Ti,Fe**)1037(OH,0), trigonal
Approved CNMNCi IMA 2013020

Other names: almeidaita

Figure4.16 Almeidaite an isolated platy crystal flattened on [0001] exhibiting the
typical cracked surface patterns and metallic shine (28®4x 7.3 mm), from
Garimpo da Mula, Vilarejo de Tapera, Novo Horizonte, Bahia. Specimen and photo:

Edson Ferreira dos Santos.

Occurrence.This mineral was originally found in December 2011 on the dump
of an abandoned (and bafiked) shaft (Garimpo da Mula, Vilarejo de Tapera) at Novo
Horizonte, Bahia. In April 2013 another shaft was opened 10 m away from the original
one from vhich it was possible to collect almeidaite in situ. The crystals are found in
altered dacite, 2 m away from a hydrothermal quartz vein that intercepts the dacite. In

association with almeidaite, several minerals were found that did not belong to the
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original dacite but are typical of the hydrothermal quartz veins abundantly present in the

area: yellow rutile crystals, tabular hematite crystals, quartz crystals with rutile
inclusions, and xenotimgr) crystals. Other associated minerals are anatase, kagplinit
muscovite,  gramaccioliit€y), xenotime(Y), parisite(La), monazitgLa),
rhabdophan€lLa), bastnasitéLa), fluocerite(La) and brockite. Thus almeidaite is a

product of the reaction of the hydrothermal fluids that generated the adjacent quartz vein

with the dacite host rock. The dacites, together with rhyolites and andesites, constitute
theseccal | ed AGrupo Ri o dos Rem®di oso, a packart
from a peraluminous and al kaline ltetredgmati sm
dacite close to a hydrothermal quartz vékarimpo da Mula is also the type locality of

parisite(La). Microprobe data obtained firZ-mand Nar i ¢ h dremDatas, Minas

Gerais (Foorcet al. 1984), and for crichtonitgroup mineals from Bjgndalen Quarry,

Tvedalen, Larvik, Vestfold, Norway (Larsen 1989), and from Khaldzan Buragtag massif,

Altai Mts, Hovd Aimag (Khovd Aimag), Mongolia (Kartashet al. 1993) correspond

to almeidaite compositiorChaves and Menezes Filho (2017) published thhesnical

analyses for almeidaite (and other five for crichtonite, five for senaite, and four for
gramaccioliite) from Guariba farm, Presidente Kubitschek, Minas Gé&aissequently,

these are additional occurrences of almeidaite.

Appearance and physicploperties.Isolated crystals measuring up to>880 x
6 mm in sizeHabit: platy crystals flattened on [0001]. Forndeminated by the basal
pinacoid {0001}, which is bounded by various, mostly steep rhombohedra, and the
hexagonal prisnil1¢0}. Twinning:most of the crystals are multiply twinned, with ron
planar contact surfaces that are approximately parallel wadkes. Color: black. Streak:
brown. Luster: submetallic. Opaque. Nfimorescent. Hardness (Mohs): 6. Tenacity:
brittle. Cleavag: none observed. Fracture: conchoidal. Density (meas.) 4§8(8)by
hydrostatic weighing. Density (calc.) 4.64&n"* using the empirical formula.

Optical properties. Uniaxial (+) (in reflected light). Birefringence: high.
Reflectance values (sivert andard in air) [ (Ro, Re) & (nm
15.43) 546; (12.91, 15.55) 589; (13.04, 15.75) 650.

Chemical dataMicroprobe (EDS) analyses (3J, Na, Mg, Al, P, CI, K, Sb and
REE heavier than La are below detection limitise Méssbauer spectrum displays only
a doublet corresponding to trivalent iron(Hwas determined by gas chromatography of
products of ignition at 1200°C. GQvas not determid because of the absence of

absorption bands corresponding to vibrations-@ 8onds in the IR spectrui@aO 0.12,
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SrO 0.69, PbO 7.13, MnO 2.64, ZnO 6.26;0£22.83, .03 2.81, La03 0.25, TiG
56.10, HO 0.4(1), total 99.23. wt.%Ilhe empirical formwd (based on 38 @pfu) is
(Phy.59S10.12C&0.04-80.09) 0.7 MN?*0.54Y 0.46)s1.002M1 .44 Ti13.08€**1.08)s18.0d F€*0.32MN0.15) 0
471037.1dOH)o.sdsss.00 The simplified formula iPbZ(Mn?*,Y)(Ti,Fe**)1s037(OH,0).
The endmember formula PbZiVin?*Ti1sFe**s037(OH) requires PbO 11.72, ZnO 8.55,
MnO 3.73, Fe03 20.97, TiQ 54.56, HO 0.47, total 100.00 wt.%.

Crystallography Trigonal Ro, a 10.4359(2) ¢ 21.0471(4)A, V 1.985.10(7)A3,

Z 3 (singlecrystal),a 10.462(5),c 21.09(2) A,V 2000(3) &, Z 3 (powder data)¢:a =
2.017.X-ray powder diffraction datgd in A (1) (hkl)] 3.436 (48) (024), 3.074 (50) (205),
3.023 (50) (300), 2.907 (100) (116,@n2r, 214, 107), 2.781 (44) (033, 303), 2.492 (55)
(131, 3b), 2.157 (55) (315, 18 119, 11y, 1.818 (43) (318, 407), 1.615 (50) (D),
1.449 (42) (250, 520).

Name.The mineral is named after Professor Fernando Flavio Marques de Almeida
(19162013),a Brazilian geologist. Almeida did the central works to understand the South
American geology

Type material. Type material is deposited in the collections of the Museu de
Geociéncias, Instituto de Geociéncias, Universidade de Sao Paulo, registration number
DR744.

Relationship to other specie&lmeidaite is a member of the crichtonite group
with Pbdominant in theA site (with 12fold coordination) and Zn dominant in thesite
(with 4-fold coordination). Almeidaite is a Zanalog of senaite and a fabhalog of
landavitei Senai tedo from St. Pet er Foddetael984)E|l Paso
is a new undescribed crichtongeoup mineral, the ¥quivalent of almeidaite.
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Figure4.17. View of the crystal structure of almeida{teom the type occurrence),
drawn using VESTA 3 (Momma and Izumi 2011). Data from Rastsvetdeala
(2014).

Crystal structureThe structure of almeidaite is consistent with that reported for
senaite and all other members of the crichtonite group blised on a clogmcked anion
framework with a nindayer stacking sequencdhchi® i n WA occupies one of
the anion sites within the cubic layers. Large cations, Pb, Na and Sr, occupy the 12
coordinateMO site. The octahedrdvil is occupied by #nlargest octahedral cations Mn
and Y. Zinc occupies th®2 tetrahedron. The three sitt3-M5 are grouped together
under theC layer and are occupied by the cationd*feed Ti** having rather close radii
(0.55 and 0.605 A, respectively). Additional oaedra coordinatind/16-9 sites share the
faces with theM0-5 polyhedra and can be occupied by cations only in case of vacant
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neighboring sites from the grol6-9 (Rastsvetaevat al. 2014, Menezes Filhet al
201%).
See alsoSenaite and parisi@.a).

Senaite

Hussak and Prior (1898)

(Pb,Sr)Mi*(Fe*,Zn)y(Ti,Fe**)15(0,0H)g, trigonal

Other names: senaita, Senait, sénaite, fer titané tantalifére, ferro titanado tantalifero

Figure4.18 Senaite on quartz, frothe Guariba farm, Presidenkaubitschek, Minas Gerais.
RRUFF Project. The identification of this mineral has been confirmed only by-siygtal X

ray diffraction.
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Figure4.19 Type specimen of senaite frddiamantina, Minas Gerais. Muséum national
d'Histoire naturelle, Paris, Frandéne label is 5 cm long. Donator: E. Hussak. Photo:

Cristiano Ferraris.

Senaite was originally described by Hussak and Prior (1898) in the neighborhood of
Diamantina, Minas Gais (Datas, Cipo river etc.). The type specimen was collected in
alluvium deposits near the city of Datas, Minas Gerais (Cassedanne and Chaves 1990).
Additional information was obtained by Hussak and Reitinger (1903), who reported

occurrences in Curralinhgnow Extracéo], Varas stream, and near Diamantina. A
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translation, into Portuguese, of the part of this paper regarding senaite (Hussak 1920) has
countless typographic errors that harm its conténssak {917) reported that sena@as

Afound by me for the first time in the dia
streams of Varas and Cipd, and in greater abundance in-ta#estdavrados Mido of

Mr. Pimenta, near Curralinho, Diamantina

Senaite was recognized inreeambrian diamondiferous conglomerates near
Diamantina, Minas Gerais, which were considered the source rocks of the diamondiferous
gravel of Serra do Espinhaco (Freise 198®telo (1968) studied samples stored in the
Divisdo de Geologia e Mineralogia seum, Departamento Nacional da Producéo Mineral,

Rio de Janeiro, from Datas (DGM/DNPM 1651) (= almeidaite); Vargeas, Diamantina
(DGM/DNPM 1653); Cip0 river, Diamantina (DGM/DNPM 1654) and Imbirucu, Santa
Quitéria (DGM/DNPM 1655), all in Minas Gerais State.

ASenaiteo from St. Peters Dome, EI Paso !
crichtonitegroup mineral, the ¥ qui val ent of -ahdmariidcahi tsee)n, a iat ned
(= almeidaite) from Datas, Minas Gerais (sample DGM/DNPM 1651) were studied by
Foordet al. (1984). It may be noticed that this last sample had been studied by Metelo
(1968).

The discovery of senaite in alluvial gravel containing gold and platinum, near Serro,

Minas Gerais (Cassedanne and Cassedanne 1974) initiated research hopingiteedater
location of the source rock of this mineral. Based only on a semiquantitative emission
spectrographic analysis, Cassedanne (1986), Hochleitner (1987), and Cassedanne and
Chaves (1990) described the firstsitu senaite occurrence in Brazil, at &ilbba farm, on

the right bank of the creek with the same name, ssmitheast of Presidente Kubitschek,

40 km south of Diamantina, Minas Gerais. Quantitative results (lEbatdLl994) showed,
however, that the mineral is fich crichtonite rather thasenaite. New singlerystal X

ray diffraction analyses suggested the presence of both crichtonite (RRUFF R060314 and
R090006) and senaite (RRUFF 060644). Chaves and Menezes Filho (2017) published five
chemical analyses for senaite (and other five for wigte, three for almeidaite, and four

for gramaccioliite) from Guariba farm.

Senaite was probably known by Damour (1
tantalif red. Due to dissolution by sul furi
as sulfateand was possibly analyzed as tantalum acid (Hussak and Reitinger 1903).

Occurrence In diamondiferous alluvium of Diamantina, Datas, and its

surroundings, Minas Gera{#lussak and Prior 1898)n Precambrian diamondiferous
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conglomerates fror@Diamantina, Minas Gerais (Freise 1930); in alluvial gravel containing

gold and platinum, near Serro, Minas Gerais (Cassedanne and Cassedanne 1974); and at
Guariba farm, on the right bank of the creek with the same name;ssuibieast of
Presidente Kubithek, 40 km south of Diamantina, Minas Gerais (Chaves and Menezes
Filho 2017). Alsg knownfrom several world occurrences.

Appearance and physical propertiétabit: isolated tabular crystals. Forms: basal
pinacoid, rhombohedra, hexagonal prism. The mineravery rich in faces. The
rhombohedral planes are very bright, while the basal plane, owing to twinning, is
generally uneven and, like the prism faces, dull. Twinning: none observed. Color:
greenishbrown. Streak: white. Luster: vitreous. Transpar&oti-fluorescentHardness
(Mohs): 4%. Tenacity: brittle. Cleavage: none observed. Fracture: uneven. Density
(meas.) 2.84(1) g/ctn(volumetric method), 2.86(1) g/ém(equilibration in heavy
liquids). Density (calc.) 2.832 g/chffrom the empirical formula).

Optical properties.Uniaxial (); n ~ 2.50 (Li). Lower to moderate reflectance.
Pleochroism: abser({R1, Rz; ™R1, ™R;) nm: (20.1, 21.1; 7.10, 7.79) 470, (18.7, 19.7; 6.23,
6.90) 546, (18.2, 19.2; 5.92, 6.59) 589, (17.8, 18.8; 5.73, 6.40) 650

Chemical dataMicroprobe dataMgO 0.02, CaO 0.10, MnO 4.08, FeO 8.53, NiO
0.08, SrO 0.20, PbO 9.24),03 0.05,Cr.030.16, Fe03 16.20, Y.030.86, La0s0.06,
Ce030.07, Nd0O30.01, TiG58.68, ZrQ 0.09,HfO2 0.13, ThO20.12, \L0Os 0.70, total
99.35 wt.%]Grey et al.(1976), U.S. National Museum of Natural History (Smithsonian
Institution), Washington DC, USA, Mineralogy Division, #R7241 specim&mpirical
formula
(Ply.77S0.04C8.0d-30.01C&.01Tho.01)s0.8AMN%*0.84Y 0.14Z10.01Hf0.01)s1.00(F€1.9Mli0.02
Mgo.01)s2.00( Ti13.74F€3.7dMIN0 24V 0.14C10.04Al 0.02)517.94 € 0.25038.

Microprobe data (mean of five analyseS)O 1.61, TiQ60.80, FeO 23.78 (all Fe
calculated as F&, MnO 2.55, ZnO 0.59, X031.66, Pb(Or.30, total 98.29 wt.%Chaves
and Menezes Filho 201 Empirical formula
(PtossSio.29g 0 .(M01%0.65Y 027 0 (E&€ 1.87ZN0.19)k 2 .(Tiaz.oF €7 4.09)¢ 1 8 F& 015038

The ideal formula PbMiFe*5(Ti14F€**4)Ossrequires Pb1.90, MnO 3.78, FeO
7.66, TiG 59.63, FeO3 17.03,total 100.00 wt.%.

Crystallography Trigonal,Ro. Rhombohedral unit cett9.172(1) A .a 69.020(5),

V 648.89 B, Z 1. Hexagonal unit cel1 10.393(2)c 20.811(5) Ac:a=2.0024V 1946.73
A3, 7 3 (data derived from the crystal structure study by Grey and Lloyd 1978@y X
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powder diffraction datgd in A (1) (hkl)]: 3.43 (90) (024), 2.894 (100) (116), 2.468 (50)
(131), 2.265 (50) (208), 2.146 (50) (315), 1.981 (75) (045), 1.603 (70) (1énd).447
(70) (2 2 12).
Name Honors Professor Joaquim Candido da Costa Sena-{P8%9, director of
the Escola de Minas of Ouro Preto.
Type materialMusdcum nati onal d ORariss Rramaer(E1.30% t ur el |
donator E. Hussak) (typeMusée Géologique Cantondlausanne, Switzerland (MGL
53207 (part of type 101.319 froMusecum nat i onal d,dPéfis, Ftarceé, r e nat
given in 1999, chemically analized in Lausanne); National MusgfuNatural History;
Smithsonian Institution, Washington, D.C., USA (R07241, donator E. Hussak, thru the
Roebling collection, 1933) (typeNatural History Museum, London, Englaf@3656,
86037).
Relationship to other specied\ crichtonite group mineral,sostrutural with

almeidaite

Figure4.20 View of the crystal structure of senaite (from Datas, Minas Gerais), drawn
using VESTA 3 (Momma and Izumi 2011). Data from Grey and Lloyd (1976).
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