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EUGENITE, Ag;;Hg, — A NEW MINERAL FROM
ZECHSTEIN COPPER DEPOSITS IN POLAND

Abstract. Ag,;Hg, occurs in grains up to 4 mm in size in the Zechstein copper deposits on
the Fore-Sudetic monocline, Poland. In reflected light the mineral is white with a vellow tinge.
Its reflectance in air is: 546 nm — 80.1%, 589 nm — 82.7%, 656 nm — 85.6%, VHN,s; — 96.2+
+6 kG/mm?. It has a cubic structure and is optically isotropic, @, = 10.02--0.02 A, space group

143 (the structure of yo-brass, D8,y), Z=4. Dpyess. =10.75+0.03 g/cm>, Dy =10.45 g/cm?3.
The strongest diffraction lines are: 2.37(10), 2.10(8), 1.457(7), 1.233(7), 1.193(6), 1.033(5), 0.950(8),
0.925(8).

INTRODUCTION

On the Fore-Sudetic monocline, copper occurrences of economic value are
confined to the white sandstones (0—42 m in thickness), the boundary dolomite
(0—20 cm in thickness), black shale (0—100 cm), and the bottom part of the overly-
ing dolomites. The average thickness of the mineralized horizon is about 4 m. Hori-
zontally sulphides show zonal distribution round the Rote Faule (Rydzewski 1976).
Cu and other transition elements (Ni, Co, U, Mo, Re, As, Bi, Se, PGM, Au) occur
in the vicinity of the Rote Faule. The central zone is mineralized with lead, and
the outer zone with zinc (Cd). In the vertical section, heavy metals concentrate
mainly in the bottom part of black shale, the boundary dolomite, and in a few top
centimetres of white sandstone.

The contact zone between the copper-bearing and lead-bearing shales shows
an increased concentration of noble metals on the copper-bearing side, and high
contents of Ag and Hg on the lead-bearing side. The shales can be facially replaced
by organogenic dolomite, which may contain Pt-bearing gold, sobolevskite, native
palladium, native lead, and AuPb, in paragenesis with kerogen-thucholite and
clausthalite (Kucha 1981).

Rich mercury mineralization has been found at the contact of Cu and Pb zones,
on the side of lead-bearing shales. The principal minerals are silver amalgams,
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oceurring in the bottom of shales and in the top of white sandstones, They generally
appear in two parageneses :

1. Pb—Zn—Cu—Ag—Hg, widespread in the lead-bearing shales on the contact
with the copper-bearing zone, The content of Ag in the shale, boundary dolomite
and in the top part of sandstone runs up to 1500 ppm, while Hg _cnnlcm may rise
to 1000 ppm, Silver amalgams contain from 8.6 to 22.2 wt 7, Hg. From the minera-
logical point of view, the amalgams in question are mainly represented by kongsber-
gite, a phase of the native silve. type, and by cugenite, Ag, Hg,. The llg, content
in silver sulphides (Ag,S, AgCuS) averages 0.75 wt %, sometimes running up to
2 wt % in sphalerite,

2. Calcite-eugenite-gypsum-haematite. Eugenite forms grains up to 4 mm in
size and usually occurs at the caleite-gypsum boundary in the boundary dolomite.
Gypsum has increased contents of transition metals: 0.5 wt %, Mn and 0.3 wt % V
Ni, Co and Fe.

Four minerals are known to occur in the Ag—Hg system:

1. Moschellandsbergite, described as Ag,Hgy (Harcourt 1942), v — Ag,Hg,
(Palache ef al. 1962), and recently described again as the ideal v phase AgsHgg
(Ramdohr 1975), Space group Im3m, specific gravity 13.5—13.7 glem?® (Palache
et al. 1951--1962), or 1512 g/em® (Ramdohr 1975). The latter range, however,
15 too wide as it comprises the data for kongsbergite (Ramdohr 1975).

Our knowledge of the structural properties of the y phases belonging to the
Ag—Hg system is still unsatisfactory. The y field of the Ag—Hg system is very
limited (Hansen, Anderko 1958), corresponding to the composition AgyHg,, though
the ideal composition is Ag.Hg,. The v phase in question has an electron concen-
tration of 1,57, that is much lower than other ¥ (phase Hume-Rothery et al., 1952).

Pearson (1958) distinguished three space groups in the structure of y,.5: D8,
Imim, DS, 143m, and D8, — P43, Bradley and Jones (1933) were the first to
describe the structure of y=brass using the term of atom clusters, consisting of 26
atoms each, Recently Nyman and Anderson (1979) presented a very useful struc-
tural model of y-brass, using an ideal tetrahedron and triangle and introducing
“stella quadrangula”, Phases with the structure of y-brass belong to the 21/13
electron compounds (Hume-Rothery ef al, 1952), The structures of v phases are
not identical, yet they are very similar to one another. They have large unit cells
and are usually ordered. Some positions in the ¥ structure are occupied by the
solute and vnthc.rs by the solvent (Barret, Magsalski 1966). The ¢ structures tolerate
vacant lattice sites rather llmp excess electrons in the unit cell (tbidem), Therefore,
when the electron concentration attaing a value of 1,70, the atoms begin to drop

out of the lattice to maintain constant clectron concentration (Hume-Rothery et al
1952), In consequence, vacancies are produced, .
There are, however, y phases which do not cot i ;
‘ ' ) asct mply with the rule of electron
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EXPERIMENTAL

Investigations were carried out on samples containing silver amalgams from
the Lubin, Polkowice and Rudna mines,

Their chemical composition was determined with an ARL SEMOQ electron
probe operated at a voltage of 20 kV, a probe current of 150 pA, a sample current
of 9 nA, counting time 40 s, The following spectral lines, synthetic compounds and
specture standards were used: SK, (PbS), FeK,, CoK,, NiK,, CuK,, AsK,, AgL,,
Tel,, Aul,, HgL, (HgS), PbM, (PbS), BiM,. The calculated intensities of cha-
racteristic radiation were corrected for absorption (Philibert 1965) and atomic
number difference (Philibert, Tixier 1968). The samples were cooled with liquid
nitrogen,
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Fig. 1. Microprobe composition of silver ”
amalgam (wt %) plotted against time 21
counting (s). Grain 73/A2 with chemical e w

formula Agiy,00HE: 78 40 80 1200 160 '7200 s

The probe-determined chemical composition was studied as a function of count-
ing time (Fig. 1). As a result of the diffusion of sample components (sample 73/A42,
Fig. 1), effected by the electron beam, Ag concentration decreased from 75.7 to
73.7 wt % (by 1.95 wt %) during 200 s, while Hg content increased from 22.2 to
23.5 wt % (by 1.30 wt %). The observed changes in chemical composition are pre-
sumably due to the diffusion of mercury towards the sample surface and its eva-
poration under the influence of the electron beam, During the first 1040 s, the
changes in the chemical composition of a sample cooled with liquid nitrogen fall

Table 1
Microprobe composition of Ag—Hg alloys from boundary dolomite, Lubin mine, Poland
Weight %,
gﬁ::g: - - - — Atomic prop.
SK, AgL, HyL, z

63//‘/ 0.06 76.00 24,60 100.66 AB| I.OOH“l.yl

73//‘/ 0.10 69,00 28.20 97.30 Aﬂu,ooH‘j,;y

73/A2 0,10 76.20 22.80 99.10 A““,ooﬂﬂg,'u

731412 0.15 74.00 25.50 99.70 Agi1.00HBa. 10

73|81 0,10 70.10 27.50 97.70 Agi1.00HBa.52

73/1]3 0.15 70,00 27.40 97.60 A“] 1 ,ooHﬂz,;;
Sought for but not detected: Fe < 0.09, Co < 0,09, Ni< 0,11, Cu = 0.14, As = 0.38, Te < 0.10,
Au = 0.57, Pb<0.46, Bi< 0.67




within the error limits of the method; therefore, such counting time was sclected
to study the chemical composition of silver ;lmulgum.s;. LR

X-ray diffraction analysis was made twice for Co/Fe rz}dnulmn inall4 mm and
180 mm diameter Debye-Scherer camera, The investigations were carried out on
the samples 73/A1, A2, A12 and Bl (Table 1). ,

Electron diffraction patterns were obtained with a JEM 100B microscope operated
at 100 kV. Gold on carbon film placed beside the sample studied was used as standard.

The measuring accuracy of lattice constants under such conditions is about 19 of

the measured value (Hirsh er al. 1965). The particles to be investigated were taken
under the ore microscope from the samples 73/412 and 73/B1 from the arcas sub-
jected to electron microprobe analysis.

RESULTS
Physical properties

In reflected light eugenite is white with a faint yellow tinge. The yellow tinge is
intensified compared with haematite. The mineral is isotropic. The VHN was deter-
mined for two grains (samples 73/412 and 73/B1, Table 1) at a load of 15 g, making
10 measurements for cach grain. The obtained values are respectively 91.5 -6 kG/
/mm? (106.0-—85.8 kG/mm?) and 92.0 +6 kG/mm? (100.3—88.8 kG/mm?).

Reflectance in air, measured on the 73/B1 sample (Table 1) for the Zeiss tungsten-
~titanium carbide N° 143 standard is: 546 nm — 80.1%, 589 nm — 82.7%, 656 nm —
85.6;. Specific gravity, determined by microscopic method (Kucha, Salamon 1972),
18 Dpeqy, = 10.75 4003 g/em? for the samples 73/A1, A2, A12 and Bl (Table 1).

Chemical composition

The chemical composition of the silver amalgams studied differs markedly from
the ideal phase — AgsHgq, varying from Ag, ;. ooHg, 4 to Agi1.00H8,.30 (Table 1),
The observed differences in chemical composition are presumably reflected in the
structure, namely in the presence of two different types of centring of the unit cell —
the dominant body-centred type and subordinate primitive unit cell,

X-ray diffraction studies

The X-ray diffraction pattern of eugenite differs markedly from that of moschel-
lansbergite (Table 2). On the one hand, it shows the absence of some strong peaks
and on the other hand, the presence of some reflections that are not displayed b);
moschellandsbergite (Table 2).

Marked differences can also be observed in the intensity of some strong and
yvcak diffraction lines. The former are presumably due to the essential difference
in the chemical composition of moschellandsbergite, AgsHg,, and cugenite, Ag,Hg
whnch}changcs substantially the value of the structural factor [F. Thc’ latllclr zuzé
most likely associated with the differences in the structure of v, (moschellandsbergite)
a}r:'d Y2 (/'\g‘,,Hg'z), V\(hic'h lead to the strengthening of some reflections ;Nithbthc
.cR‘:)rl‘;?rc;nslt;cSll)\fhllcr indices and the weakening of the others (Betterton, Hume-

Eugenite is cubic, space group 143m, a,=10.02 40,02 A, Z=4, The number

Table 2

X-ray powder pattern of 73/A1, A2, A12 and BI material (Table 1) close to Ag,Hg,, compared
with moschellandsbergite (Palache er al., 1962)

Agi Hg, hkl v-Ag,Hgs
, d(A)mul. d(A)onlc, Bccl Pcz 1 d(A)
4.09 211 10 4.08
1 3.50 3.54 220 10 3.53
3 2.88 2.89 222 30 2.88
2.68 321 40 2,67
2 2.43 2.43 410
10 2.37 2.36 330,411 100 2.36
2 2.23 2.24 420 30 2.24
4 2.19 2.19 421
8 2.10 2.136 332 30 213
1 2.06 2.05 422 10 2.05
2 1.96 1.96 510,431 40 1,965
| 1.84 1.83 521 20 1.828
il 1,783 1.770 440
17 1.718 1.718 530,433
1.670 600,442 40 1.667
1 1.622 1.625 611,532 10 1.629
3 1.586 1.585 620 10 1.583
1.546 541 20 1.547
1.511 622 10 1.512
J 1.477 631 30 1.478
7 1.457 1.466 444 40 1.447
| 1,431 700
1.417 710,543 40 1.419
1.353 1.364 721,552 70 1.365
; 1.339 642 20 1.341
1.272 1.273 651,732 50 1.275
1.240 1.243
g 1,233 811,741 810 60 1.236
1.215 644 5 1.217
6 1.193 1.198 653 20 1.199
1.181 660 20 1.185
17 1.167 1.165 750 30 1.168
2 1,147 1.149 662 20 1.152
1.135 752 5 1,137
3 1.126 1.120 840 5 1:122
1.107 833 10 1.110
4 1.096 1.093 842 5 1.096
1.080 761 20 1.083
1.056 851 10 1.059
5 1.033 1.033 932 30 1.036
1.012 941 ; 30 1.014
1.007 1.007 33
4 @ 1.002 860 20 1.002
0.983 862 20 0,985
0.973 950 10 0.976
0.964 10.22 10 0.968
8 0.950 0,955 765 + 18 lines to
8 0,925 0.923 961 0.784

' BBC — body-centered cube,

2 pC — primitive cube,



of molecules in the unit cell, calculated I_‘or the composition Ag, Hg, is Z =4.10.
The calculated density Dy = 10.48 g/em?, : . o : .
The slight heterogeneity in the material studied results in certain inconsistencies
in the X-ray diffraction data (Table 2). The ovcfull data poml to the body-centred
structure (1, BCC, v,). There are, however, a few reflections — (4]()) (421) and
(933) — odd for h- k-1 which are indicative of the primitive unit cell (type P).

Table 3
Electron diffraction pattern of 73/B1 sample (Table 1)
No hkl ‘/mu-. (A) d:ulu- (A)
] 110 6.98 7.09
2 200 4.97 5.01
33 211 4.05 4.09
4 220 3.54 3.54
5 310 3.20 <l
6 222 2.88 2.89
7 400 2.47 2.51
8 330 2,36 2.36
9 420 2,24 2.24
10 422 2.06 2,05
11 521 1.81 1.83
12 440 1.79 1.77
13 442 1.70 1.67
14 532 1.62 1.63
15 541 1.56 1588
16 622 1.50 1.51
17 631 1.47 1.48
18 444 1.46 1.45
19 640 1.40 1.39
20 633 1.35 1.36
21 800 1.23 1.25
22 811 123 123
23 820 1.19 1.22
24 660 slaly/ 1.18
25 662 1.15 1313
26 752 1.14 ke
27 844 1.03 1.02
28 10.11 0.995 0.992
29 666 0.968 0.964
30 965 0.839 0.841
31 12.02 0.830 0.824
32 12,62 0.740 0.739
33 12.64 0.718 0.716
34 10.86 0.708 0.709
35 15.42 0.643 0.640

' Values caleulated for cubic ap=10,02 A,

Electron diffraction studies

Electron diffraction was used to solve the problem of crystal symmetry of eugenite.
Investigations were carried out on the samples 73/B1, 73/A12 and 73/A2. The samples
of a composition close to Ag,,Hg,, i.e. 73/Bl and 73|A12, show body-centred
symmetry (/, BCC, 143m) for the basal orientations 100 (Phot. 1), 110 (Phot. 2)
and /11 (Phot. 3). The sum of squares of indices is 2n, 4n or 6n, which corresponds
to the BCC structure (Andrews et al. 1967).

Some of the obtained electron diffraction patterns with high zone axis indices
show mixed indices, indicative of the primitive unit cell. Yet this type of symmetry
is subordinate and has been noted so far for high zone axis indices only. For thta
reason, it has not been possible to determine unequivocally the position of the

P-type symmetry in relation to the basic /43m structure. The suggested second
component of the amalgams studied, i.e. the one with simple cubic symmetry, is
to be associated with some significant deviations in chemical composition from the
formula Ag,;Hg,. Such deviations were noted in the sample 73/A2 (Table 1).
It seems that the component with simple cubic symmetry has also a large unit cell,
close to 10 A, because for this value of a, the electron diffraction patterns were
indexed correctly. However, further chemical and structural studies are required
to explain satisfactorily the question of the second phase with primitive symmetry.
It secems feasible that this phase is responsible for the presence of odd-indexed ref-
lections in the X-ray diffraction pattern (Table 2).

DISCUSSION

Eugenite has presumably the structure of y-brass. Phases of this type have the
value of the e/a ratio (number of electrons per atom averaged in relation to the unit
cell composition) equal to 1.54—1.70 (Barret, Massalski 1966). The e/a ratio for
the cugenite studied is much lower than the typical values. There are three alternatives
that would account for this:

I. Eugenite, like AgsLi,q, is a y phase that does not comply with the rule of
clectron compounds (Hume-Rothery et al. 1952).

2. Eugenite has a defect structure in which some lattice sites are vacant. It is
generally held that such compounds may behave like electron phases (Barret, Massal-
ski 1966).

3. About one half of Ag atoms are bivalent.

On the basis of the data obtained it is difficult to say which alternative is correct,
and further studies are required to solve this problem.

The results obtained for cugenite, Ag,,Hg,, show certain similarities to the
data presented for the Fe—Zn and Ni—Zn systems, in which the following y phases
are known: Fe,Zn,,, FesZn,,, Ni,Zn,, and NiyZn,, (Johansson et al. 1968,
Brandon et al. 1974). The crystal structures of 7,2Zn,, (7' — transition metal) and
T'3Zn,, are different despite only small differences in chemical composition, although
they both occur within the known field y—7—Zn (Brandon et al. 1974). A similar
situation is possible within the natural y phases in the Ag—Hg system.



CONCLUSIONS

ite di ite i ical composition, space group

te differs from moschellandsbergite in chemica : ( !
andE‘s]s:cTzlilﬁz gravity. The X-ray diffraction pattern of eugenite differs essentially
i that of moschellandsbergite. : )
l.On’lq"he presented data for silver amalgams suggest the necessity of studying the
Ag—Hg system again, with special emphasis placed on the fields of y phases.

and its name “eugenite”” have been aproved by the Commission

i i i to do honour to Professor

f New Minerals and Mineral Names, IMA. The‘name was given 5 ¢
guge:\ F. Stumpfl, Austria, for his great contribution to the studies qf noble, ma}nl){ péatmum
metals. The typical material is kept at the Institute of Geology and Mineral Deposits in Cracow,

Poland, reference number MAR 73.

The new mineral Ag;;Hg,

Translated by Hanna Kisielewska
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Henryk KUCHA

EUGENIT, Ag,,Hg,, NOWY MINERAL Z CECHSZTYNSKICH
7x.0Z MIEDZI W POLSCE

Streszczenie

' Ag,;Hg, wystepuje w ziarnach wielkosci do 4 mm w cechsztyriskich ztozach mie-
dzi na monoklinie przedsudeckiej w Polsce. W $wietle odbitym minerat jest biaty
z odcieniem z6ttym. Zdolnos¢ refleksyjna mierzona w powietrzu wynosi: 546 nm —
80,17, 589 nm — 82,77, i 656 nm — 85,6%, VHN,s, = 96,2+6 kG/mm?. Minerat
Jest regularny, optycznie izotropowy, a,= 10,02 +0,02 A, grupa przestrzenna 143m
(struktura y,-mosigdzu, D8,), Z=4. Dpe,s, =10,75 £0,03 g/cm?®. D.ue. = 10,45 g/
Jem?®. Najsilniejsze linie dyfrakcyjne: 2,37(10), 2,10(8), 1,457(7), 1,233(7), 1,193(6),
1,033(5), 0,950(8), 0,925(8).

Nazwa eugenit i nowy mineral zostaly zatwierdzone przez Komisje Nowych
Mineratéw i Nazw Mineratéw IMA. Nazwe nadano, aby uhonorowaé Prof. dr Eugen
F. Stumpfla, Loeben, Austria, za jego istotny wklad w badanie metali szlachetnych,
gtéwnie platynowcow.

OBJASNIENIE FIGURY

Fig. 1. Za}leinoéé sktadu chemicznego (7, wag.), amalgamatu srebrowego, oznaczonego za pomoca
mikrosondy elektronowej, od czasu pomiaru (s). Ziarno 73/A42 (tab. 1) o wzorze chemicz-
nym Ag;,00Hg1,78

OBJASNIENIA FOTOGRAFII

Fot. 1. Elektronogram amalgamatu srebrowego o skladzie 73/BI (Tab. 1) uvw=[100], h+k-+I
parzyste, h*-+-k?-+1?=2n, komérka regularna przestrzennie centrowana

Fot. 2. Elektronogram stopu 73/BI (Tab. 1) o skladzie zblizonym do Ag,,Hg,, uvw=[110],
h-+k+1 parzyste, h>+k*+1>=4n i 6n. Komorka regularna przestrzennie centrowana.

Fot. 3. Elektronogram stopu 73/BI (Tab. 1) o skladzie zblizonym do Ag, Hg,. uvw=[111],
h-+k-+1 parzyste, h*+k*+1>=6n. Komérka regularna przestrzennie centrowana.

Xenpvik KYXA

SUTEHUT, Ag,,Hg,, HOBBII MUHEPAJ W3 LEXIITEAHOBBIX
MEJHBIX MECTOPOK/JEHUI B IOJIBLIE

Pesrome

B nexuiteitHOBBIX MeOHBIX MECTOPOXAeHUAX Ha [Ipeacynaerckodl MOHOKJIMHAIIH
Ag,Hg, npucyrcrByeT B 3epHax pazmepoM 10 4 MM. B oTpaxkeHHOM cBeTe Oesrblit
C KEJNTHIM OoTTeHKOM. OTpaxaTeabHast ClIOCOOHOCTb B BO3/yXe COCTABIACT: 546 HM
— 80,1%;, 589 um — 82,7% n 656 um — 85,6%, VHN;s: =96,2-+6 kxI'/Mm?. Munepan
ONTUYECKA U30TPOTEH, IPUHAIIEKUT K KyOHUeCKON CHHTOHMH, a, = 10,02-40,02 A,
OPOCTPAHCTBEHHAA Trpynna peweTkn I43m (cTpykrypa y,—iaatyuu, DS,), Z=

11



4, Dypy=10,754-0,03 r/cM?®, Dy = 10,45 r/cm®. Haubonee WHHTEHCHBHBIE
mudpaxuvonssie anmn: 2,37 (10), 2,10 (8), 1,457 (7), 1,233 (7), 1,193 (6), 1,033 (5)
0,950 (8), 0,925 (8). _

Haspanue sirenur v Hopwlit Munepast Ag, Hg, yrsepxnennst Komuccueit HoBbIX
MUHEpAIOB ¥ Haszpaunii munepanos MMA. Haumenopanne B HeCT npodeccopa
n-pa Ditrena O, IWrymndng uz Jleoben B ABCTPUM 34 €r0 BAKHBIM BKJIAJ B U3Y-
YeHUH 6JArOPOJIHBIX MCETAJUIOB, B YACTHOCTH ILJIATUHOM/IOB.

Dur. 1.

Doro 1.

Doro 2.

Doro 3.

OBBACHEHUSA K ®UT'YPE

3aBUCUMOCTE XUMUYECKOTO cocTtapa (Bec. %), ONPEHCIICHHOrO Ha MUKPO3ZOH/IE, aMalb-
ramel cepebpa o1 Bpemenu nimepenns (cex). 3epuo 73/A2 (tabi. 1) ¢ xummudeckoir hopmy-
nok Agii1Hg:, s

OBBACHEHUA K ®OTOI'PADUAM

DNEKTPOHOrpaMMa amanbramel cepebpa cocrapa 73/B1 (1abn. 1), uvm = [100], h+k+1

YCTHBIC, h*+4-k* 417 = 2n, 0OBLEMOUCHTPUPOBAHHAA KyOUYECKad PElICTKA

Dnexrponorpamma crurasa 73/B1 (tabs. 1) coctapa COMMKEHHOro X Agi i Hg, - uvw -
[110), h+k+1 wernpie, h*4-k*+1* =4n u 6n. OGHLEMOUCHTPUPOBAHEAA KyOUYCCKAA

peLeTKa

Dnextponorpamma crutaga 73/B1 (tabn. 1) cocrapa COIMKEHHOro X Agi Hgs - uvw
[111), h+k+1 yerusre, h*+k? 412 = 6n, O6BLEMOUCHTPUPOBAHHAA KyOUYCECKas PEIeTKa

MINERAL. POL. VOL. 17, No 2 1986

PLATE 1

Phot. 1. The uvw —[/00) diffraction pattern of Ag-amalgam with 73/B/ composition (Tabl. 1).

h+k+1=even, h*+k?+1?

2n. Body centeed cube

Phot. 2. Electron diffraction pattern of the alloy with 73/Bl composition (Tab. 1) very close to
Agi1Hg,. Orientation uvw —[110), h-+k -+ even, h*4k*+[* =4n and 6n. Body centered cube

Henryk KUCHA Eugenite, Ag,,Hg,
deposits in Poland

A new mineral from Zechstein copper
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Phot. 3. Electron diffraction pattern of 73/B1 composition alloy (Tab. 1) a very close to Ag,,Hg,.
Orientation uvw =[111], h+k+1 even, h*+k?+12 — 6n. Body centered cube

Henryk KUCHA Eugenite, Ag, , Hg, -

— A new mineral from Zechstein copper
deposits in Poland



