aa arhoni Foldtani T"i"sh'fa,

Foldtani Kdzlony

Mingartan Geological S00e™

152/3,201-212., Budapest, 2022
DOI: 10.23928/foldt.koz1.2022.152.3.201

Study on andorite-series minerals from the Meleg Hill,
Velence Mts., Hungary

Papp, Richard Z.", Topa, Boglarka A.2, ZAJzoN, Norbert?

University of Miskolc, Institute of Mineralogy and Geology; askprz@uni-miskolc.hu
2University of Miskolc, Institute of Mineralogy and Geology; boglarka.topa@uni-miskolc.hu
3University of Miskolc, Institute of Mineralogy and Geology; nzajzon @uni-miskolc.hu
*Correspondence: askprz@uni-miskolc.hu

Az andoritsor dsvdnyainak vizsgdlata a velencei-hegységi Meleg-hegy teriiletérdl

Osszefoglalds

A Meleg-hegy (Velencei-hegység) paleogén koru hidrotermds breccsdjdnak északkeleti, antimonitban gazdag részé-
bdl szarmazo breccsamintak elektronmikroszondés vizsgalata soran két j, a teriiletr6l eddig nem ismert dsvanyfajt talal-
tunk. Az dsvanyok a lillianit homolég sorba tartoz6 andoritsor tagjainak bizonyultak. Kémiai 0sszetételiik és az andorit
helyettesitési szazalékuk (%) alapjan andorit VI-ként és roscsinitként azonosithatéak.

Az andorit VI 6 kénatomra normalt képlete az dtlagos kémiai dsszetétel alapjan Ag, ,,Cu, 1P oSb, 44Biy,,AS, 5S4
(L% = 102,65 — 109,84), a roscsinit 96 kénatomra normalt képlete Ag,,,,Cu, s;Pb,, JHg( 1,20 1€ 1:Sb30 73Bis 55ASs 05506
(L% = 119,52 - 123,48). Eredményeink arra utalnak, hogy a korabban alkalmazott sszehasonlit6 (Ag,S + Cu,S)—(Sb,S,
+Bi,S; + As,S;) — (PbS + HgS + FeS + ZnS + CdS) haromszoégdiagram nem elégséges az andoritsor dsvdnyainak pontos
elkiilonitéséhez az Me*, Me?* és Me** kationok esetében megjelend viltozo elemhelyettesitések miatt. Ez alapjan kije-
lenthet6, hogy az andorit helyettesitési szdzalék (L%) és az andorit homoldg érték (N) kiszdmitdsa minden esetben elen-
gedhetetlen az andoritdsvanyok fajszintli meghatdrozasahoz.

Targyszavak: andorit VI; kémiai vdltozatossdg; roscsinit; szulfoso; Velencei Grdnit Formdcio

Abstract

During the last decades, different sulphosalts were observed in several samples that were investigated from the Meleg
hill, Velence Mts. The investigated sample of this study was collected from the less studied north-eastern, stibnite-rich
part of the hydrothermal breccia at the Meleg Hill. Based on the results of electron microprobe analysis, we found that the
sample contained two sulphosalt minerals of the andorite series that have not been described from Hungary before. The
andorite series is a subgroup of the lillianite homologous series. The individual minerals, andorite VI and roshchinite,
within the andorite series were identified on the basis of their chemical composition and the andorite substitution
percentage (L%).

Andorite VI has Ag, ,,Cu, ,Pb, ¢,Sb, ,4Bi, »,As, 1S, average chemical formula (normalized to six sulphur atoms) and
L% = 102.65-109.84, whereas roshchinite has Ag,,,Cu, ,Pb, Hg  .Zn, Fe  ,Sb,, ,sBis 5,As; 1Sy, average chemical
formula (normalized to 96 sulphur atoms) and L% = 119.52-123.48. Our results suggest that the formerly used
comparative ternary diagrams of the system (Ag,S + Cu,S)—(Sb,S;+ Bi,S; + As,S;)—(PbS + HgS + FeS + ZnS + CdS) is
not adequate to differentiate the andorite-series minerals from each other, due to the highly variable element substitution
of Me*, Me?* and Me?** cations. The andorite substitution percentage (%) and the andorite homologue order value (N)
are always necessary to calculate to distinguish the mineral species.

Keywords: andorite VI; chemical variability; roshchinite; sulphosalt; Velence Granite Formation
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Introduction

In the last few years, numerous samples were collected
from the southern part of Meleg Hill, Velence Mountains,
Hungary (Figure I). The sampling aimed to collect minerals
for different Hungarian mineral collections (e.g., Herman
Ott6é Museum in Miskolc, Hungary) and for the CriticEl pro-
ject between 2012-2014 to assess potential mineral deposits
in Hungary. They were studied with scanning electron mi-
croscopy (SEM) and electron microprobe analysis (EPMA),
but only one of them contained andorite-series minerals.

Andorite-series minerals (7Table I) usually crystallize in
low-temperature polymetallic hydrothermal veins in a stib-
nite, sphalerite, quartz, pyrite, tetrahedrite, pyrargyrite com-
prising the paragenesis in the final stage of mineralization
after the precipitation of stibnite (OzDIN & SEJKORA 2009,
PRSEK et al. 2009). Their significance in ore-forming pro-
cesses is currently unknown due to their complex structure
and difficulties in their identification.

In some earlier studies, andorite VI may have been re-
ferred to as senandorite, andorite IV quatrandorite and the
copper-rich variety of andorite VI, nakaséite.

The aim of this work was to identify these minerals and
understand their genetic significance. These newly found
minerals, andorite VI and roshchinite, have not been de-
scribed in detail and nor mentioned previously from Hun-
gary due to the very detailed chemical measurements which
are required to distinguish them from each other. The average
chemical composition of these minerals is similar (7able I);
therefore, special parameters, such as andorite homologue
order value [N] and substitution percentage [L.%], are used
for their distinction. These values can be calculated from the
chemical composition. The chemical composition also caus-
es problems during the measurements, because the PbM and
the SK (and the HgM ) lines overlap on the energy-disper-
sive spectrum, therefore the EDX systems are not suitable for
quantification of these elements. Moreover, the minute size
(mainly 0.5-15 um and only occasionally 30—50 um) of the
grains and the chemical inhomogeneity also cause difficul-
ties during the measurements.

Geological setting

The Meleg Hill is situated in the Velence Mountains, in
Hungary. The Velence Mts., in turn, is situated on the South-
ern margin of the Transdanubian Mountain Range (TMR)
along the Periadriatic—-Balaton Line (PABL).

The TMR was originally situated between the Eastern
and Southern Alps and in the late Paleogene to Early Neo-
gene it moved out from the Alpine collision zone. This
process was also accompanied by the right-lateral displace-
ment of the Velence Mountains to its current position (BAL-
LA 1985, KAZMER & KoVAcCs 1985, CSONTOS & VOROS 2004,
BENKO et al. 2014).

The Velence Mountains can be divided into two main
igneous rock units. The intrusion of the western part con-

sists of the rocks of the Permian Velence Granite Formation,
meanwhile, the eastern part is built up by the rocks of the
Oligocene Nadap Andesite Formation (Palaecogene Volca-
nic Unit — PVU). Both igneous units were intruded into the
rocks of the Ordovician to Devonian Lovas Slate Formation.

From geochemical and geochronological points of view,
the granite of the Velence Mts. is comparable to other A-
type granites along the PABL formed after the Variscan oro-
geny (BuDA et al. 2004, UHER & BROSKA 1994, GYALOG &
HORVATH 2004). According to studies of Bupa (1993),
MOLNAR et al (1995) and Molndr (1997), this granite was
formed at a pressure of 2 kbar and in the temperature range
of 550-690 °C.

In the late stage of the crystallization of the granite,
aplite and granite porphyry dykes were formed by the intru-
sion of the residual melt. These dykes are oriented north-
east-southwest throughout the whole granite body (JANTSKY
1957, HORVATH et al. 2004)

The PVU is situated in the eastern part of the Velence
Mountains, east from the Nadap Line. The hydrothermally
altered andesitic stratovolcanic sequence is underlain by a
diorite intrusion.

The area of the Velence Mountains was affected by sev-
eral different hydrothermal alteration events during the Per-
mian, the Triassic and the Paleogene periods (MOLNAR et al.
1995; MOLNAR 1996, 1997, 2004; BENKO et al. 2008, 2012,
2014; ToTH 2016; KovAcs et al. 2019, 2020). The Permian,
Triassic and Paleogene hydrothermal events distinguished
by characteristic clay mineral and fluid inclusion assem-
blages are summarized in Table I1.

In the hydrothermal breccia of Meleg Hill, two different
element enrichments can be observed: (1) enargite-bearing
siliceous alteration with different fahlores are characteristic
in the north-western part and (2) antimony-rich minerals
including stibnite, (Ag)-Sb-Pb sulphosalts and antimony

— Figure 1. A: Location of Meleg Hill, Velence Mountains; B: Geological map
of the Velence Mountains (GYALOG 2005a, 2005b); C: Schematic geological
map of Meleg Hill after TOTH (2016) and the occurrence of the andorite-series
minerals

Legend: 1 = artificial fill; 2-17 = Pleistocene and Holocene formations; 18 = Pannonian
Tihany Formation; 19-21 = Pannonian sediments; 22 = Oligocene Pazmand Meta-
somatite Member of the Nadap Andesite Formation; 23 = Oligocene Sorompovolgy
Andesite Member of the Nadap Andesite Formation; 24 = Upper Cretaceous Budakeszi
Picrite Formation; 25 = Cretaceous quartz vein; 26 = Lower Permian Velence Granite
Formation; 27 = Lower Permian Pakozd Granite Porphyry Member of the Velence Gra-
nite Formation; 28 = Lower Permian Kisfalud Microgranite Member of the Velence Gra-
nite Formation; 29 = Silurian-Devonian Bencehegy Microgabbro Formation; 30 = Ordo-
vician-Devonian Lovas Slate Formation; 31 = Hydrothermal breccia at the Meleg Hill
area; 32 = Granite porphyry in the Velence Granite Formation; 33 = Aplite and
microgranite in the Velence Granite Formation; 34 = Nadap Line; 35 = Nadap-
Lovasberény road; 36 = Enargite-bearing siliceous alteration at Meleg Hill; 37 = Stibnite
rich hydrothermal breccia at Meleg Hill; 38 = Locality of the investigated sample;
Abbreviation: Szfv. = Székesfehérvar

— 1. dbra. A: A Velencei-hegység elhelyezkedése; B: A Velencei-hegység és északi
eldterének foldtani térképe (GvaLo 2005a, b alapjan). C: A Meleg-hegy sematikus
geolagiai térképe ToTH (2016) alapjan és az andoritsor dsvdnyainak eldforduldsa
Jelmagyardzat: 1 = mesterséges feltoltés; 2- 17 = pleisztocén és holocén formaciok; 18 = pan-
noniai Tihanyi Formdcio; 19-21 = panndniai iiledékek; 22 = kozépsi-elsé eocén Nadapi
Andezit Formdcio Pazmdndi Metaszomatit Tagozata; 23 = kdzépsi-felsd eocén Nadapi Ande-
zit Formdcié Sorompovilgyi Andezit Tagozata; 24 = felsd kréta Budakeszi Pikrit Formdcid; 25
= kréta kvarctelér; 26 = also perm Velencei Granit Formdcio; 27 = alsé perm Velencei Granit
Formdcio Pakozdi Granitporfir Tagozata; 28 = alsé perm Velencei Grdnit Formdcio Kisfaludi
Mikrogrdnit Tagozata; 29 = szilur-devon Bencehegyi Mikrogabbré Formdcid; 30 = ordovi-
cium-devon Lovasi Agyagpala Formdcio; Szfv.-i blokk = Székesfehérvari blokk
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Table I. Minerals of the andorite-series with their chemical composition, space group, substitution percentage
(L%) and andorite homologue order value (N) (MOELO et al. 2013, Pazout 2017)

L. tablazat. Az andoritsor dsvanyainak kémiai dsszetétele, tércsoportjuk, helyettesitési szdazalékuk (L%), valamint

andorithomolog értékiik (N) (MoELO et al. 2008, Pzout 2017)

avoid any oxidation of the sample
surface during the process.

The analytical measurements
(SEM and EMPA) were per-

Name Chemical composition Space group L% N formed at the Department of Min-
uchucchacuaite Pb;MnAgSb.S,, Pmmm Ands, 4 eralogy and Geology and at the
fizélyite AgPD,SbS. P2./n Ande.. 4 3D Lab at the University of Mis-
. ) kolc. Further EMPA analyses were
ramdohrite (Cd,Mn,Fe)Ag; ;Pb,,Sb;, :S. P2,/n Andg 4
} made at the Department of Elec-
andorite IV AgisPb1SbSos F2 Andyszs 4 tron Microanalysis, Geological In-
andorite VI AgPbSh:S, Pmn2, And,q, 4 stitute of Dionyz Stur in Bratisla-
arsenquatrandorite Py, sAg 17 6Sb1s05AS 1 S0 P2./b And,, 4 va, Slovakia.
roshehinite PbisAgisSby s Prma And, s 4 Electron microprobe measure-
oscarkempffite Pb.Ag0Sby;BisS. Pnca And,» 4 meztsg‘gg{)e gerformeg ona ‘LEOL
XA- rpr i -
clino-oscarkempffite PbyAg,SbyBiisSys P2./b And. 4 J uperprobe with up
) ; o . ) graded SAMX software, 20 kV
Jasrouxite DAL SbuAS S ] Andyses acceleration voltage and 20 nA

oxides are dominant in the southern part (Figure 1/C). The
antimony oxides were produced during the alteration pro-
cesses of the original Sb-rich ore. The investigated andorite-
series mineral-bearing sample was collected from this latter
zone of the hydrothermal breccia.

Analytical methods and sample preparation

During sample preparation, polished surface mounts
were made. The samples were vacuum impregnated in Aral-
dite epoxy resin. Once solidified, they were cut and their sur-
face was ground under dry condition on SiC abrasive paper
and polished with diamond paste (6 pm, 3 um, 1 um, 1/4 um)
under wet conditions. Alcohol-based lubricant was used to

Table II. Summary of the hydrothermal events of Velence Mts. based on BENKO et al. (2014) and KOVACsS et al.

(2019); P = Permian, T = Triassic, Ol, = Lower Oligocene

1L tabldzat. A Velencei-hegység hidrotermds eseményeinek dsszefoglaldsa BENKO et al. (2014) és Kovics et al. (2019)

alapjan; P=perm, T = tridsz, Ol, = alsé oligocén

beam current (Miskolc) and with
a Cameca SX-100 microprobe with 25 kV acceleration
voltage and 10 nA beam current (Bratislava). Table III
contains the analyser crystal types and standards that were
used during the wavelength-dispersive X-ray spectroscopic
(WDX) measurements.

The SEM images were taken with a Thermo Scientific
Helios G4PFIB XCe, Xe Plasma Focused Ion Beam Scan-
ning Electron Microscope, equipped with an EDAX Team
Pegasus system (Octane detector), with 15-20 kV accelera-
tion voltage and 3.2—-13 nA beam current. The acceleration
voltage and the beam current were modified according to
the method of use (imaging or chemical measurement).

Due to the size of the minerals examined, optical mi-
croscopy was not used for further mineral identification.

Crystal chemical
calculations in the
andorite series

Total homogenization temp.,

Formation .
Formation pressure

Age References

Andorite-series minerals are
the Sb-rich members of the lil-
lianite homologous series. The

quartz-molybdenite-pyrite

. . A 220-320 °C, 1.3-2.5 kbar P
fahlore mineralization

MOLNAR 1997

minerals of the lillianite homolo-
gous series are complex sulphides

base-metal veins with fluorite 190-245 *C, 0.4-0.5 kbar T
" diorite .il.ﬂ.rugi.on, andesite o

. 0],
vulcanism
HS-type epithermal 220-290 °C, 160-200 bar ol
mineralization in andesite 310-380 °C, 160-200 bar '
Indrolhermdlbrecua enargne— . 26(} 460 C S O]I .
bearing siliceous alteration
porphyry copper 220-570 °C, 100-280 bar 0],
quartz-barite veins, illitic 150-200 °C.30-40bar

alteration

70-180 “C, 0.4-0.5 kbar,

~220 °C, 30-40 bar

BENKO et al. 2008, 2010, 2014;
MOLNAR 1996

* DARIDATICHY 1987, BENEDEK et

al. 2004

MOLNAR 1996, 1997, MOLNAR et
al. 1995; BaINOCzI et al. 2010

* MOLNAR 1996, 1997; MOLNAR et

al. 1995

MOLNAR 1996, BAINOCZI et al.
2010, MOLNAR et al. 2010

* BENKO et al. 2012, Kovics et al.

2020

with Pb-Bi-Sb-Ag-S chemistry.
The crystal structure of the lil-
lianite series is built up from al-
ternating layers of PbS parallel to
the (311),,¢ lattice plane. In the
case of the andorite-series miner-
als, under- and oversubstitution
can be observed by the replace-
ment of the Pb atom in these alter-
nating PbS layers.

For our calculations, we used
the work of MAKOVICKY & KA-
RUP-M@LLER (1977a, 1977b) and
MAKOVICKY (2019) regarding the
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Table III. List of analysing crystals and standards used in this study with
corresponding measured elements (normal font: University of Miskolc; italic
font: Geological Institute of Dionyz Stir).

111. tablazat. A kiilonbozé dsvianyok mérése sordn haszndlt analizdatorkristalyok és
sztenderdek (normal betiik: Miskolci Egyetem; dolt betiik: Geological Institute of
Dionyz Stiir)

Element Anal. crystal Standard

As Lo TAP[TAP GaAs/GaAs
Ag Lo PET/LPET Ag/Ag

S Kax PET/LPET MnS,/CuFeS,
Cu La/Ka TAP/LLIF CusSe,/CuFeS,
Sh La PET/LLIF Sb,S;/Sh

Bi Ma/La PET/LLIF Bi/Bi

Fe Ka LIF/LLIF FeS./CuFeS,
Pb M« PET/LPET PbS/PbS

Zn La/Ka TAP/LLIF Zn/ZnS

Hg La LIF/LLIF HgS/HgS

classification of the lillianite series. This classification is
based on the lillianite homologue, the molar fraction and the
substitution percentage of the phases.

The andorite homologue value (N) was calculated with
the following equation:

N=—1+4+1/(Sbi+Pbi/2-1/2) (1)

where Sbi = Sb/(Ag + Sb + Pb) Pbi =Pb/ (Ag + Sb + Pb);
Sb=Sb +Bi+ As; Ag=Ag+ Cuand Pb=Pb +Zn + Hg +
Cd (MoELo et al. 1984, MAKOVICKY 2019).

The substitution percentage (L%) of the Ag-Sb end
member of the andorite is equal to

L%=1-(2Sbi—Pbi—1)/6x(Bi+Pbi/2-5/6)x100 (2)
and the substitution parameter is:
x=(L% x (N-2))/20 3)

The equations were calculated with the chemical formu-
la of andorite VI (PbAgSb,S,).

The andorite series comprises well-defined minerals
with limited composition ranges and limited content of spe-
cific minor elements. The substitution percentages of the
andorite-series minerals can be seen in Table I, but due to the
continuous under- and oversubstitution of the specimens in
nature, the substitution percentage can be described as a
continuous range between the two neighbouring mineral
species (MOELO et al. 2008, PazouT 2017).

N and L values were calculated for selected members of
the andorite series from different localities based on analyti-
cal data taken from earlier publications (Kostov & MINCE-
VA-STEFANOVA 1981; MAKOCIVKY & MUMME 1983; MOELO
1984; MoELO et al. 2008; MAKOVICKY et al. 2013, 2018)
(Table I).

Results

The andorite-series minerals occur as 1-50 pm crystals
at Meleg Hill (Figure 2/A) in the hydrothermal breccia. Sev-
eral smaller grains have a flame-like appearance, where the
edge of the crystals is fibrous (Figure 2/B). Larger (20—
50 um) grains are chemically inhomogeneous (Figure 2/C).
The andorite-series minerals are enclosed in the siliceous
matrix of the breccia. Several different As-Sb-Pb sulpho-
salts (enargite, tennantite, tetrahedrite) and sulphides (stib-
nite, galena, pyrite, sphalerite and chalcopyrite) are associ-
ated with the grains of the andorite-series minerals.

Due to the small grain size (less than 5 um in diameter),
not all the crystals can be measured accurately. At an accel-
erating voltage of 20-25 kV, the interaction volume of the
penetrating electron beam can be larger than the volume of
the mineral. This effect can cause incomprehensible chemi-
cal information. The same problem occurs when the width
of the mineral to be examined is less than 1 um since the
diameter of the electron beam is comparable with this size.
To validate the results and get the proper chemical composi-
tion of the minerals, the same crystals were analysed with
two different electron microprobes. Altogether 25 different
point measurements were performed on the sample to get
the precise chemical composition. Based on these duplicate
analyses, two different phases can be distinguished. Table
1V and Table V contain the chemical compositions in wt%.
The main chemical features of the phases are similar, but
characteristic differences can be observed in the lead, bis-
muth and arsenic content. This chemical inhomogeneity on
the backscattered electron images is easily recognisable.

The andorite homologue number (N) and the substitu-
tion percentage (L%) of the phases are also different. For the
first mineral the average values are: N = 4.17, L% = 107.07
and for the second mineral N =3.70, L% = 121.41 (Table IV
and Table V contain the N and L% for all the measured
points).

Discussion

Based on the analytical data, the andorite homologue
value (N) and the substitution percentage (L.%) calculations,
two different types of andorite-series minerals can be distin-
guished in the sample with the following average compo-
sitions and values:

—andorite VI:

Ag)06C04PD S, 19Bi A8, 35S
N=4.17,L% =107.07
—roshchinite:
Ag1725CU 53Pbyg JHEZ) 0,700 0, Fe,0,Sb30 73B1s 55A85 0556
N=3.70,L% =121.41

Table VI and Table VII contain the chemical formulae
calculated from the analytical data; normalized to six
sulphur atoms for andorite VI and 96 for roshchinite,
compared with the theoretical composition of the given
minerals.
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®  12/18/2018 mage=® HV WD
Y 11:07:28 AM 650 x 15.00 kV 5.6 mm I

g WD  mode det curr  HFW 1 pm
AM 49 983 x 15.00 kV 5.0 mm 1 ABS 1.6 nA 4.15 pm Helios PFIB
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ABS 1.6 nA 319 pm
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Figure 2. Backscattered electron (BSE) images of the andorite-series minerals from the Meleg Hill; A: overview image of the andorite-series crystals; B: minerals
with fibrous habit; C: Different shades of grey corresponds to the different compositions within a grain in a BSE image

2. dbra. A Meleg-hegyen azonositott andoritsor dsvanyainak visszaszortelektron-képe (BSE); A: dsszefoglalo kép az andoritsor kristdlyairol; B: szdlas habitusii dsvanyok;
C: a sziirke kiilonbozé drnyalatai az dsvanyok kémiai Osszetételének eltérését mutatjik a BSE-felvételeken

The theoretical homologue value for the lillianite-group
minerals is N = 4, but in the case of the andorite-series, it
may deviate from 4 due to the element substitution in the dif-
ferent sites. In the andorite VI grains from Meleg Hill the
Me?* cation Pb is undersubstituted and the Me** cation Sb is
replaced with minor Bi and As compared to the theoretical
composition (Ag*Pb**Sb*.S,). In the roshchinite grains, the

Me?* and Me?* cations are oversubstituted, and the Me* is
undersubstituted (the theoretical composition for roshchi-
nite is Ag*,,Pb?*;Sb**;;S,,). In this case, higher Bi-As re-
placement can be observed in the Sb position.

Based on the measured wt% of the Me*, Me** and Me**
cations, two different kinds of minerals can be distinguished
in the Meleg Hill samples (Figures 3—4). The chemical com-
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Table IV. Results of the electron microprobe analysis of andorite VI grains from Meleg Hill in weight percent (wt%) together with the calculated

andorite homologue number (N) and substitution value (L%) (bdl = below the detection limit; No.: measurement ID)

1V. tablazat. A meleg-hegyi andorit VI kristalyok elektronmikroszondds mérési eredményei tomegszdzalékban (wt%) , valamint a szamitott andorit-

homolog értékek (N) és a helyettesitési szazalékok (L%) (bdl = kimutatdsi hatdarérték alatt; No.: a mérés sorszama)

No. Ag Cu Ph Fe Hg Zn Sh Bi As S Total N L%

I 1294 040 18.06  0.04 Dbd 0.07 3595 679 146 2234 |98.06 409 109.54
2 1348 037 17.69 0001 bd 0.05 3575 722 163 2241 |98.61 417 109.84
3 13.08 019 2043  bdl 0.18  bdl 3729 369 246 2176 |99.08 399  107.29
4 1388 032 1810 bdl 0.14  bdl 36.63 488 239 2220 |98.54 419 109.53
5 13.12 019 2041  bdl 0.18  bdl 3732369 245 2294 110030 401  107.16
6 1425 032 1825  bdl 0.14  bdl 36.47 492 238 2340 ]100.13 433 107.95
7 1447 033 1812 bdl bdl 0.03 3631 289 415 2362 |99.92 424 10951
8 1391 018 1627  0.02 0.4 bd 3349 877 277 2438 19993 419 108.36
9 13.05  0.09 1794  0.01 008 bdl 3577 647 262 2361 |99.64 406  107.35
10 1312 054 2041  bdl bdl bdl 3394 500 278 23.09  |98.98 441 102.65
11 1278 053 2041  bdl 0.26  bdl 3457 504 268 2322 |99.59 425 103.65
12 1290 030  20.09  bdl bdl bdl 3546 496 268 2357 19996 405 10694
13 1278 029 2071 0.04 0.1 bd 3531 429 3.02 2295 |99.50 405 105.76
14 13.23 039 2050 0.01  bdl bdl 36.05 417 313 2329 |100.77 411 106.46
15 1393 017 2061 002 bd bdl 3465 571 269 22.02 |99.80 436 103.35
16 1371 028 1890  bdl 0.17  bdl 3514 613 267 2215 |99.15 420 107.76
Aver. 1341 031 1918 001 009 001 3563 530 262 2293 19950 417 107.07

Table V. Results of the electron microprobe analysis of roshchinite grains from Meleg Hill in weight percent (wt% ) together with the calculated

andorite homologue number (N) and substitution value (L%) (bdl = below the detection limit; No.: measurement ID)

V. tablazat. A meleg-hegyi roscsinitkristalyok elektronmikroszondas mérési eredményei tomegszazalékban (wt%), valamint a szamitott ando-

rithomolog értékek (N) és a helyettesitési szazalékok (L%) (bdl = kimutatasi hatarérték alatt; No.: a mérés sorszama)

No. Ag Cu  Pb Fe  Hg Zn  Sh Bi As S Total N L%

17 13.88 0.3l 1560 0.03  bd bdl 35.31 8.66 328  22.26 99.31 383 120.57
18 1368 0.25 1574 bdl 011 002 3562 826 316 2285 |99.69 378 120.74
19 1334 049 1579  bd 0.22  bdl 3579 8.73 332 2297 100.65 356 121.79
20 13.83 0.41 15.85 bdl bdl bdl 3528 8.55 337 22,67 99.96 385 11952
21 13.72 029 1591 0.01  bdl bdl 3536 876 325 22.68 ]99.98 376 - 120.70
22 13.54  0.07 1584  bdl 001 007 3533 870 329 2236 |99.21 3.57 12277
23 13.68  0.33 1593 bdl bdl 0.0 3593 8.30 327  22.56 100.01 377 121.20
24 13.57  0.00 1596  0.02 0.14  bdl 35.65 8.30 333 22.59 99.56 3.62 12348
25 1365 0.09 1595 002 bdl 007 3565 805 336 2261 |99.45 3.60  121.94
Aver. 13.05 025 1584 0.00 005 002 3555 848 329 2262 99.76 370 12141
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Table VI. Formula coefficients (apfu) of the andorite VI normalized to six sulphur atoms, calculated from the data listed in Table IV (Ado VI:
ideal formula of andorite VI; bdl = below the detection limit)

VI. tabldzat. Az andorit VI kristdlyok 6 kénatomra normalt dsszetétele (apfur) a IV, tabldzatban kizolt adatok alapjdn. (Ado VI: az andorit VI idedlis
Jormuldja; bdl = kimutatdsi hatarérték alatt)

No. Ag Cu EMe" Pb Fe Hg Zn EMe" Sh Bi As EMe" S

Ado VI 1 1 3 6

1 1.05 0.06 110 0.76  0.01  bdl 0.01  0.78 258 0.28 0.17 3.03 6.09
2 1.09 0.05 114 0.74  bdl bdl 0.01  0.75 255 0.30 0.19 3.04 6.07
3 1.06  0.03 1.08 0.86  bdl 0.01  bdl 0.87 268 0.15 0.29 312 5.93
4 .11 0.04 Ll6 0.76  bdl 0.01  bdl 0.76 261 0.20 0.28 3.08 6.00
5 1.03  0.03 106 0.84  bdl 0.01  bdl 0.84 2,60 0.15 0.28 3.03 6.07
6 L1 0.04 LI15 0.74  bdl 0.01  bdl 0.74 251 0.20 0.27 2.98 6.13
7 1.11 0.04 1.15 0.74  bdl bdl bdl 0.74 2.46 0.11 0.46 3.03 6.08
8 1.06  0.02 109 0.74  bdl 0.01  bdl 0.75 226 035 0.30 291 6.26
9 1.03  0.01 104 0.79  bdl bdl bdl 0.79 236 0.26 0.30 292 6.25
10 1.04 007 111 0.84  bdl bdl bdl 0.84 238 0.21 0.32 290 6.15
11 .01 0.07 1.08 0.84  bdl 0.01  bdl 0.85 241 0.21 0.30 292 6.15
12 1.01  0.04 1.05 0.82  bdl bdl bdl 0.82 245 0.20 0.30 295 6.19
13 1.0 0.04 105 0.85 0.01  bdl bdl 0.86 247 0.7 0.34 2.99 6.10
14 1.03  0.05 108 0.83  bdl bdl bdl 0.83 248 0.17 0.35 3.00 6.09
15 112002 LI15 0.86  bdl bdl bdl 0.86 247 0.24 0.31 3.02 5.97
16 110 0.04 114 0.79  bdl 0.01  bdl 0.80 250 0.25 0.31 3.07 5.99
Aver. 1.6 004 110 0.80  bdl bdl bdl 0.81 249 0.22 0.30 3.00 6.10

Table VII. Formula coefficients (apfu) of roshchinite measurements normalized to 96 sulphur atoms, calculated from the data listed in Table V
(Rch.: ideal formula of roshchinite; bdl = below the detection limit)

VII. tablazat. A roscsinitkristalyok 96 kénatomra normdlt dsszetétele (apfu) az V. tabldzatban kozolt adatok alapjan. (Rch: a roscsinit idedlis képlete;
bdl = kimutatdsi hatdrérték alatt)

No. Ag Cu EMe" Pb Fe Hg Zn IMe" Sbh Bi As IMe" S

Reh. 19 10 51 96
17 1779 0.67  18.46 1041 0.07  bdl 0.01  10.49 40.10 573 6.05 5188 96
18 17.08 053 17.61 10.23  bdl 0.08 0.04 1035 3940 532 568 5041 96
19 16.57  1.03  17.60 10.21 bl 0.15  bdl 10.36 3938 5.60 594 5092 96
20 1741 088 18.28 10.39  bdl bl bdl 10.39 39.34 555 6.11 5100 96
21 1726 062 17.88 1042 0.02 bdl bdl 10.44 3941 569 589 5098 96
22 1728 015 1743 10.52  bdl 0.01  0.15 10.68 3994 573 6.04 S1T1 96
23 17.30 071 18.01 10.49  bdl bdl 0.02 1051 4026 542 595 5163 96
24 17.14  bdl 17.14 1049 0.05 0.10 bdl 10.64 3989 541  6.06 5136 96
25 1723 019 1742 10.48  0.05  bdl 0.15  10.67 3985 524 610 5120 96

Aver. 17.23 053 1776 1040 002  0.04 0.04  10.50 3973 552 598 5123 96
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Figure 3. Ternary diagram of the (Ag,S + Cu,S)-(Sb,S, + Bi,S, + As,S,)-(PbS + HgS + FeS + ZnS + CdS) showing the andorite substitution
(Ag,Cu)" + (Sb,Bi,As)*" « 2 (Pb,Hg,Fe,Zn,Cd)* (andorite series) in 58 measurements from this work and from other authors based on
Pazour (2017).

Pentagons: members of the andorite-series minerals with ideal chemical composition; Encircled in blue: field of the andorite-series minerals based on the results
of PAzZout (2017); Encircled in green: field of roshchinite (Rch) based on results of this study and Makovicky et al. (2018); Encircled in purple: field of andorite
VI based on the results of this study and PRSEK et al. (2009); - N: andorite homologue value; Jrx: jasrouxite, Cokp: clino-oscarkempffite, Okp. oscarkempffite,
Rch: roshchinite, Aado: arsenquatrandorite Ado VI: andorite VI, Ado IV: andorite IV, Rdh: ramdohrite, Fiz: fizélyite, Uch: uchucchacuaite; mineral symbols
after WARR (2021)

3. dbra. A meleg-hegyi mintdkban azonositott andoritsorbeli dsvanyok (Ag,S + Cu,S)-(Sb,S; + Bi,S, + 4s,S,)-(PbS + HgS + FeS + ZnS + CdS)
a jelen munka 58 mérése, valamint mds szerzok eredményei alapjdn.

Otszigek: az andoritsor idedlis kémiai dsszetételii dsvinyai: Kék kirvonallal: az andoritsor dsvanyainak mezeje PAzout (2017) eredményei alapjan; Zild kirvonallal:
a roscsinit (Rch) dsvany mezeje jelen munka, valamint MAKovicKy et al. (2018) eredményei alapjdn. Lila kérvonallal: az andorit VI dsviny mezeje jelen vizsgdlat és
PrSEK et al. (2009) alapjdn; - N: andorithomolog érték; Jrx: jasrouxit, Cokp: klinooscarkempffit, Okp: oscarkempffit, Rch: roscsinit, Aado: arzénkvatrandorit, Ado VI:

andorit VI, Ado IV- andorit IV, Rdh: ramdohrit, Fiz: fizélyit, Uch: uchucchacuait; dsvanynév-roviditések és szimbolumok Warr (2021) utdn

position of roshchinite from Meleg Hill is similar to the
sample studied by MAKOVICKY et al. (2018) and to the ideal
chemical composition of the species. The chemical compo-
sition of roshchinite defines a well distinguishable range on
both of the diagrams (Figure 3, encircled in green; Figure 4,
green band). Figure 4 also shows a well-defined range of
andorite VI (purple band) that includes the results of this
study, PRSEK et al. (2009), PAzouT (2017) and the ideal ando-
rite VI. In Figure 3 andorite VI group (purple circle) overlap
with the ideal arsenquatrandorite and with the andorite IV
and fizélyite measurements of PAzout (2017). The original
results of PAzout (2017) show four separate groups of the

andorite VI, andorite IV, ramdohrite and fizélyite (Figure 3,
encircled in blue).

In the case of the samples of PRSEK et al. (2009) the differ-
ence between the ideal positions of the andorite-series miner-
als and the measured data on the ternary diagram is caused by
the Bi-As substitution and the low Me?* content of the samples.

The occurrence of the andorite VI and roshchinite in the
north-eastern part of the hydrothermal breccia of Meleg Hill
suggests a lower crystallization temperature than that of the
enargite-bearing siliceous alterations at the middle and west-
ern parts as suggested by the different element enrichments (cf.
RoBB 2005, OzDIN & SEIKORA 2009, PRSEK et al. 2009).
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Figure 4. The Bi / (Bi + Sb) (at%) vs. andorite substitution (Ag,Cu)* + (Sb,Bi,As)* < 2
(Pb,Hg,Fe,Zn,Cd)** plot of andorite-series minerals with 58 measurements from this work and from
other authors based on PAzout (2017). The plot shows the ideal (andorite VI), the undersubstituted
(uchucchacuaite, fizélyite, ramdohrite and andorite IV) and oversubstituted (arsenquatrandorite,
roshchinite, oscarkempffite, clino-oscarkempffite and jasrouxite) members of the andorite series with
pentagons. The colour bands represent the fields of the species

Jrx: jasrouxite, Cokp: clino-oscarkempffite, Okp: oscarkempffite, Rch: roshchinite, Aado: arsenquatrandorite Ado VI:
andorite VI, Ado IV: andorite IV, Rdh: ramdohrite, Fiz: fizélyite, Uch: uchucchacuaite; mineral symbols after WARR
(2021)

4. dbra. A Bi / (Bi + Sb) (at%) és az andorit helyettesitési szdzalék (Ag,Cu)* + (Sh,BiAs)’* « 2
(Pb,Hg,Fe,Zn,Cd)** diagramja (Pazout, 2017 nyomdn) a jelen munka 58 mérése, valamint mds szerzék
eredményei alapjan. Az dbrdn otszogekkel jelolve lathato az andoritsor dsvanyainak idedlis (andorit VI),
alulhelyettesitett (uchucchacuait, fizélyit, ramdohrit és andorit IV), valamint tiilhelyettesitett (arzénkvatran-
dorit, roscsinit, oscarkemplffit, klinooscarkempffit and jasrouxit) tagjai

Jrx: jasrouxit, Cokp: klinooscarkempffit, Okp: oscarkempffit, Rch: roscsinit, Aado: arzénkvatrandorit, Ado VI: andorit VI,
Ado IV-andorit IV, Rdh: ramdohrit, Fiz: fizélyit, Uch: uchucchacuait; dsvanynév-roviditések WARR (2021) utdn

Andorite VI (L% = 102.65-109.84)
(N = 3.99-4.41) with Ag,,_,,Cuy 07
Pby 14 056210 0.01HE00.01F€00.01502 26 2.6
Big i 035AS011_0465¢ and roshchinite (L%
= 119.52-123.48) (N = 3.56-3.85) with
AL 16.68-1771CU01.04PP10.25-10.55Z2090.15HEo-

0.155€0.0.075D30 41 402B1s 56 5 74AS5 734 6 13506-
The formerly used comparative ter-

nary diagrams of the system (Ag,S +
Cu,S)—(Sb,S; + Bi,S,; + As,S;)—(PbS +
HgS + FeS + ZnS + CdS) and the
Bi / (Bi + Sb) (at%) vs. andorite substi-
tution (Ag,Cu)* + (Sb,Bi,As)** < 2
(Pb,Hg,Fe,Zn,Cd)** plot of andorite-se-
ries minerals are not adequate enough to
separate the species from each other due
to the highly variable element substitu-
tion in the case of Me*, Me** and Me**
cations.

Calculation of the andorite substitu-
tion percentage (L%) and the homologue
order value (N), with their combined re-
presentation on the two diagrams is al-
ways necessary to distinguish the mineral
species.

Andorite VI and roshchinite were
identified in Hungary for the first time.
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