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Abstract. Native arsenic spherulites, formed of platy individuals (Akadani type aggregates) were found in
the Sedefche deposit.

The described spherulites are about 1 mm in size. On breaking they reveal a typical onion like
foliation. Enlarged SEM images of the spherulite surfaces show a number of perfectly shaped
pseudohexagonal platy crystals about 20 um in size, almost parallel to each other and with their ¢ axes
parallel to the spherulite radius. The observed in SEM foliation is expressed in the polished section as
concentric zone boundaries. Under crossed polars an almost perfect Maltian cross is observed.

Oxidation is a typical feature of the observed material. It starts being noticeable as early as one day
after polishing. SEM observations of the tarnished surface show numerous, small (3 um mean size)
perfectly shaped As,O4 crystals.

In the Sedefche locality the native As is deposited at the very end of the mineralization process. Its
deposition from hydrothermal solutions is only possible under 150°C. In this case very low S activity is
required for the native As formation instead of sulphoarsenides. This requirement looks to be fulfilled in
our case, because the whole quantity of S available is already deposited in earlier deposition stages.
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KepectenxusuaT.,BMnaneuosa, 1998. Cheponurn or caMOpOAeH apCeH OT HAXO/IHILE
Cenetae, VisTounu Pononu. - I'eoxum., munepaa. u nempoan., 34, 27-34

Cdeponuri OoT caMOpOIASH apceH, CHCTOAIK C¢ OT IJIOCKH KPHCTATHM HEIUBHOK (arperaTtd THI
AxamaHu) 6sXa yeTaHOBEHH B Haxonuie Cenedue.

PasmepsT Ra cheponuruTe e okono 1 MM. [Ipu pasgynsaHe Te MOKa3BaT XapaKTEPHO JIYKOBHYHO pPas-
mictBade. Habmonenuero B SEM paskpuBa MHOXECTBO A0Ope OQOPMCHH TICEBIO-XCKCATOHAIHHA TIIIOCKH
KPHCT&JH, PA3IIOIIOKCHHM TTOYTH YCIIOPEAHO E€NUH CIPIAMO JAPYr H ¢ OCHTE ¢ IapalielIHH Ha pajuyca Ha
ctheponnra. HabmonaBaHOTO JIYKOBHYHO PA3/IMCTBAHE Ce NMPOSBABA KATO KOHIIEHTPHYHA 30HAIHOCT B
nojupanuTe muugu. IIpu xpbcTocaHy HUKOIK ce HabMronasa Aodpe u3paseH ManTHitcku Kphor.

OKHCIIABaHETO € XapakTEPHO CBOWCTBO HA M3cIeBaHWA MaTepuay. TO 3amouBa Ja CTaBa BHIHMO
aopu 1 nen cnen nosmpadero. Habnronenuero B SEM paskpupa MHOXECTBO Majkd (3 Lm cpenmHo),
nobpe oopmenu kpucraniera ot As,Os.

B naxonume Cenmedde MUHEPATBT € OTJIOKCH B CAaMHAT Kpall Ha xuapoTepManHns nponec. Herosoro
OTJIaTaHe OT PasTBOpA € BB3MOXHO caMo Ip# temmepartypu on 150°C. Ilpu ToBa mMoONOXeHHE € HeoOX0-
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IMMO aKTHBHOCTTA HA S Ia € W3KIIOYATENHO HUCKa, 3a Aa He ce 00pasysat cyndoapcerunu. Tosa yciosue
U3IJIEKIa M3ITBIHEHO B HALHA CIIy4Yad, Thil KaTO MAJO0TO KONMYECTBO S € OMIIO BeUe OTJIOKEHO B Kpas Ha

nporeca.

Karuoeu dymu: apcen, cheponut, Uzrounu Pononu
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Introduction

Even known long ago native arsenic is a
relatively scarce mineral. This applies
especially for the spherulitic morphology.
Well developed spherulites, consisting of
tiny individuals regularly spread in all
directions are extremely rare (Gediegen
Arsen, 1983). This sort of aggregates,
revealing fine rhombohedral or flat pris-
matic crystal terminations on the surface is
known as Akadani type aggregates (after
the Akadani mine, Japan, where they were
described for the first time).

In Bulgaria native arsenic is described
twice: Vassilev (1958) in Velikovez,
Bourgas region and Mankov (1973) in
Osogovo ore district. Both descriptions
refer to irregular, kidney-like, or belt-
shaped aggregates.

Regional geological setting

The Sedefche deposit is of Miocene age and
is situated in the south-east periphery of the
Zvezdel-Pcheloyad ore field, located at the
border of the East Rhodope Paleogene
depression. The location of the ore field is
determined by the intersection of two deep-
reaching faults with submeridional and
subequatorial direction (Gergelchev, 1971).
The region comprises Pre-Tertiary
basement metamorphic rocks of the
Rhodope massif and Tertiary volcano-
sedimentary cover.

The metamorphic series appear only in
the eastern part of the region, consisting of
biatite- and two-micas-gneiss, amphibolites,
marble and kyanite-garnet-biotite schists.
The rest of the ore field is entirely
composed of the Tertiary cover. They
overlie unconformably and transgressively
the basement and include sedimentary,
volcano-sedimentary, volcanic and plutonic
rocks (Atanasov, 1965). The ore field itself
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is dominated by products of an intense
Oligocene magmatism consisting of
intermediate to acid volcanic-subvolcanic
rocks and post-intrusive dikes of dacites
and rhyolites, which are located in the
southern part of the region and intersect all
the above lithologic types.

All the magmatic rocks exhibit intense
and extensive hydrothermal alteration
assemblages, which refer to a series of
hydrothermal alterations  including
propylitization (Atanasov, 1965; Radonova,
1973). The different varieties of
propylitization are due to the composition
of the adjacent wall-rock.

The Sedefche deposit comprises a
submeridional area 2.5 km long and about
1.5 km wide. It consists of three mineralized
areas: Sedefche-South, Sedefche-North and
Ralitza. The most perspective one, Sedefche-
North, has a strike length of more than
400 m. Ralitza is located in the greatest
occurrence of metamorphic rocks in the
region and the most important
concentrations are established in the
silicified marbles.

The Sedeiche deposit is considered to be
of hydrothermal-metasomatic origin hosted
by metamorphic, volcanic and sediment
rocks.

Paragenetic sequence

Five distinct parageneses can be
distinguished on the basis of the textural
relations of the wvarious minerals
(Mladenova, 1997). The mineralogy of the
gangue is largely dominated by Si0;:
chalcedony and quartz.

Paragenesis 1 includes pyrrhotite, arseno-
pyrite and chalcedony. The pyrrhotite is
almost completely transformed into pyrite
and/or marcasite. Their grains are very po-
rous, lamellar, with narrow gaps. Arseno-
pyrite occurs as isolated rhombohedral



crystals or as microaggregates formed after
the primary pyrrhotite.

Paragenesis II  comprises pyrite,
marcasite, sphalerite, galena, chalcopyrite,
fahlore, chalcopyrite and quartz, the two first
formed partly at the expense of the preceding
pyrrhotite.

Paragenesis 111 is characterized by Ag-Pb
sulphoantimonides (freieslebenite, fizeliite,
andorite, diaphorite, polybasite, owyheeite
and two undetermined species) followed by
Ag sulphoantimonides (miargyrite,
pyrargyrite) and arsenopyrite as isolated
crystals.

Paragenesis IV~ represents  the
precipitation of abundant stibnite and scarce
native arsenic grains.

Paragenesis V is composed of baryte
formed separately, at the very end of the
process.

Materials and methods

Investigated samples are collected at the
locality surface, from highly silicified
hydrothermaly  altered  rocks.  The

silicification is developed over a breccia or
volcanic breccia with probable andesitic
composition. The rock-forming minerals
currently composing the samples are mainly
quartz, some pumpellyite and very few clay

minerals. This composition is to classify the
rock as secondary quartzite.

Polished samples were prepared from
single spherulites included in plastic pills.
Because of the low hardness of the material
polishing was performed manually on very
soft cloth with Al,O; down to 0.05 pum.
Machine polishing was skipped to avoid
heating of the sample, that invokes rapid
oxidation. Bulk ore polished sections were
also prepared to reveal the assemblage.

Microprobe investigations were
performed on JEOL JSM 35 CF, at 25 kV
using Tracor Northern EDS analyzer.

TEM studies were made on TESLA

BS613.

Diffractometric  investigations were
performed on TUR M62 using CoKo and
step 0.025°G.

Debye-Scherrer photographs were taken
using CoKa and 22 h exposure.

Description of As aggregates

Hundreds of spherulites 0.5-1 mm in
diameter could be observed in the 10 cm
large hand specimen taken out of an
exploration shaft, about 10 m deep. They are
steel gray, with strong metallic luster and
brittle. Their hardness is considerably lower
then that of a steel needle well matching the

L

Fig. 1. Native As spherulites with onion like structure in highly quartzitized andesitic rock (left, SEM, x 60). Perfectly
shaped pseudohexagonal platy As crystals revealed in an interslice surface, on breaking the spherulite (right, SEM, x
440)

®ur. 1. Chepomurn OT CAaMOPOJIEH apCeH C JIYKOBUYHA CTPYKTYpa B CHJIHO OKBapueH anjesuT (nsso, SEM, x 60).
Jo6pe odopMeHH ICEBLOXEKCATOHAJIHH [IIOUECTH KPUCTANH OT CAMOPOLAEH apCeH Ceé Pa3KPHBAT 0 MEXIYCIOEBHUTE
rpaHHIIM NPH cuynBaHe Ha cheponura (ascHo, SEM, x 440)
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theoretical 3.5.

On breaking the spherulites reveal a
typical onion like foliation well visible on
Fig. 1(left). Enlarged SEM images of the
spherulite surfaces show a number of
perfectly shaped pseudohexagonal platy
crystals about 20 um in size (Fig.1, right)
almost parallel to each other and with their
¢ axes parallel to the spherulite radius.

Polished sections

Spherulitic aggregates are white and
strongly reflecting, without bireflectance
effects. They are almost uniform, excluding

some small imperfection in respect to the
equality of the direction spread.

Oxidation is a typical feature of the
observed material. It starts being noticeable
as early as one day after polishing. The
photograph on Fig. 3 (left) has been taken
2 days later. It reveals clear separation of
oxidizing and nonoxidizing areas in the
polished section.

SEM observations 4 days later (Fig.3,
right) show that tarnished surface consists
of numerous, small (3 mm mean size)
perfectly shaped As,O; crystals. They cover
the whole surface almost uniformly,
however, the areas corresponding to white

Fig. 2. Polished section across the spherulite center, revealing zonal structure and solid inclusions grabbed from the
andesitic matrix during the growth (right, parallel polars, x 120). Maltian cross, revealing the typical spherulitic
structure (left, crossed polars, x 120)
®ur. 2. [Tonupan npepes Opes LHeHTbpa Ha cheponT, pa3KpHUBalll 30HAIEH CTPOEeX U TBHPAH BKJIIOUEHHS, 3arpadenu
OT aHAE3MTOBATa MaTpHUIA MO BpeMe Ha pacTex (AACHO, ycmopeaHu HukonH, X 120). ManTuiicka XpBCT, pasKkpHBal]
TunuyHa chepoyinToBa cTpykTypa (N8B0, KPHCTOCAHH HUKOJH, X 120)

the small grains of quartz and silicates
grabbed from the basaltic matrix (Fig.2,
left). The observed in SEM foliation is
expressed in the polished section as
concentric zone boundaries.

In polarized light (crossed polars) an
almost perfect Maltian cross is observed
(Fig.2, right). This typical for spherulitic
aggregates pattern proves the availability of
subindividuals equally spread in all
directions so that there are always enough
of them oriented in the respective directions
of light fading. The cross remains on its
place on rotating, however some distortion
can be noticed. The last feature proves
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ones on Fig. 3 (right) are considerably less
populated. On the plain polished section
surface the crystals are irregularly oriented,
however in the interslice boundaries, where
the population is very high (because of the
better vapor circulation) they are parallel to
each other and laterally plated.

Chemical composition

Microprobe analyses showed almost pure
As, with Sb contents varying from 0.5 to 2
wt.%. Numerous analyses were performed to
check the aggregate homogeneity with



Fig. 3. Tarnishing of the section surface 48 h after the polishing. The different amount of oxidation appears related to
interslice boundaries and areas with more inclusions or other defects (left, parallel polars, x 120). Arsenolite crystals
on the surface and in interslice boundaries where they are closely packed and laterally flattened (right, SEM, x 1100)
®ur. 3. Oxkucnenue Ha MOBBPXHOCTTA Ha 1umHda 48 waca cien monupaHeTo. Pa3jmuuHara OKCHOALIMA M3TJIEKIA €
CBBP3aHa ¢ MEXOYCIOEBH IPAaHHIM H 0DJIACTH C HOBeYe BKJIIOUEHHS WK fedexTH (JI1BO, YCIOpPeIHH HHKOMH, X 120).
ApCEHOJIMTOBH KPHCTAlM HAa MOBBPXHOCTTA M B MEXAYCA0EBH NPOCTPAHCTBA KBAETO KPHCTANUTE CA ILTBTHO
NOJpEe/IeHH ¥ CTPaHUYHO cIecHaTH (ascHo, SEM, x 1100)

regard to the possible zonal distribution of
impurities, causing different tarnishing
effects. The results didn't prove this
possibility. The Sb content in the mentioned
limits was uniformly spread, without any
dependence to the zoning.

X-ray studies

The heterogeneous tarnishing is described
by Ramdohr (1975) as characteristic for the
orthorhombic As variety - arsenolamprite
gave us the reason to test the possibility by
X-ray methods.

The Debye-Scherrer photograph taken
from a single growth band (table 1) showed
at least one peak (5.30 A) corresponding
within the limits of accuracy to the strongest
arsenolamprite line 5.44 A" and unavailable
both in native As and arsenolite diagrams.
All the other peaks that could be attributed
to arsenolamprite (unavailable in native As)
could also be treated as arsenolite lines.

In the diffractometric sample (Fig. 4),
prepared by grinding of several spherulites
the 5.30 A peak was not observed.

This leaves us still in the position to
accept the possibility for minor amount of
arsenolamprite in some spherulites, that we
have been lucky to have in the Debye-

Scherrer sample and happened to be too
small in the diffractometric case.

Anyway, we are uncertain to prove the
existence of arsenolamprite in our samples
based on the available data. The very
similar X-ray patterns of the two As
minerals, together with the close
coincidence between arsenolamprite lines
and those of the always available there
arsenolite is the reason for the long way to
the recognition of arsenolamprite by the
IMA new minerals commission after its
characterization by Johan (1959). Our
situation is similar to that in Copiapo,
where Hintze (1886) introduced the
arsenolamprite mineral name for the first
time, but both Jung (1926) and Padera and
Fishera (1956) found only rhombohedral
As and arsenolite in their X-ray patterns
from samples collected at the same locality.
The situation was very doubtful until
arsenolamprite was confirmed by Clark
(1970). In our case we even have data for
the existence and nonexistence of
arsenolamprite from one and the same
hand specimen.

In respect to the oxidation product
formed on the polished section surface we
also had two structural possibilities
arsenolite and claudetite. As far as no single
species sample could be prepared from
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Fig. 4. X-ray diffraction patterns of the As spherutites: 0, 48 and 240 h after grinding respectively. Arsenolite peaks

denoted by asterisk

®ur. 4. PerTrenosa nudpakiMOHHA KapTHHA HA ApCeHOBUTE cheposuTH - crorBeTHO 0, 48 B 240 yaca cnen cTpuBane.

ITuxoeeTe HA APCEHOJINTA ca O3HAYECHH CBbC 3BE3THUYKA

these ultra fine crystals (Fig.3, right) the
diffractometric patterns of arsenic spheruli-
tes were taken just after grinding and after
48 and 240 hours respectively. This provi-
ded the possibility to trace the intensity
changes of characteristic peaks due to the
progressive alteration of As into As,O,
(Fig. 4). The observed extra lines in the As
pattern could all be indexed as arsenolite
lines and no evidence for claudetite existen-
ce could be found there.

Microdiffraction

An unsuccessful attempt for microdiffracto-
metric investigation was made using 100 kV
transmission electron microscope. The As
(arsenolamprite?) particles got melted as
soon as the beam was targeted on them
because of the very high absorption of the As.

Syngle crystal X-ray studies

Buerger's precession photograph was
tried for elucidating the fine aggregate
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texture, but samples gave almost no X-
ray patterns. The possible explanation of
this phenomenon is probably the same as
in the case of microdiffraction. If not
complete melting, the X-ray probably
causes isomorphization of the material
when exposed for the longer time
necessary for this method. The duration
of the Debye-Scherrer experiment looks
to be the upper time limit (at the given
intensity) for X-ray exposure before
loosing structure.

Genetic considerations

In Sedefche As is represented as a major
constituent or trace element in a number of
minerals (Mladenova, 1997). As a native
element it 1s deposited at the very end of the
deposition process. According to Sergeeva
and Chodakhovski (1969) native As can be
deposited from hydrothermal solutions
under 150°C. In this case very low S activity
is required for the native As formation
instead of  sulphoarsenides.  This



Table !

X-ray powder diffraction data of the investigated sample
(Debye-Scherrer method), compared to related reference
data

Tabnuna 1

Mexcdynaockocmuu  pazcmoanus HAG UCACOBAHUA
oopasey ([Hebati-lllepep) csnocmasenu csc cpagounu
daHuu

Arsenolamprite

Arscnic This study
PDF 5-0632 PDF 29-0142
dA 1 hki dA I dA 1 hki
5300 20 5440 100 002
3520 26 003 3480 60 3480 60 012
3112 6 011 3.130 30
2771 100 102 2770 100
2.740 80 004
2720 100 111
2260 20 2235 60 020
2050 24 014 2040 80
1.960 1o
1.879 26 110  1.875 90 1.877 60 121
1.836 20 006
1.815 60 200
1.768 10 105 1.779 5

1.757 7 006
1.658 6 113

1.760 10 1.731 80 115
1.656 30 1.697 40 016
1.622 20 ?
1.559 40 1.548 20 ?
1.520 60 204
1.444 20 125
1.420 10 1.419 20 026

1.556 11 022

1.386 6 204 1.390 30 1.380 20 ?
1.367 4 017 1.362 60 131
1.289 5 025
1.284 5 116 1.283 60 1.261 60 206
1.222 1 121 1.224 20
1.199 7 212 1.202 70 1.209 60 127
1.172 1 009 1.172 20 1.197 40 30t
1.155 40 036

1.116 4 124 1.120 60 1.113 100 119
1.106 2 207 1.106 30
1.086 3 300 1.086 50
1.063 3 215 1.064 50
1.037 2 303 1.037 20

1.029 30
0.995 2 119 0.997 10
0.953 2 127 0.970 20
0.940 I 220
0.920 3 1.0.11
0.900 1 218
0.890 2 132

requirement looks to be fulfilled in our case,
because the whole quantity of S available is
already deposited in earlier deposition
stages. Additional argument for the solution
exhausting is the low Sb content in
described As samples (very common as an
impurity in native arsenic in other cases),
regardless of the availability of Sb minerals
earlier in the paragenesis.
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