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Abstract

RareTsumelminerals such as sohngeite, Ga(@i¢spectively stottite, FeGe(Oixould not
obtained synthetically as yet. We propose theirttegis via microbe activities. Such
synthesis route was recently offered for diopt&3e(SisO1g)- 6H,O, also a mineral of the
Tsumebparagenesislt opens further technological applications by gsthermally stable
dehydrated dioptase or its nano-crystalline decaitipo product CuSi@(orthorhombic) as
effective catalysts. Microbe activity possibly cdwdxplain the formation route of many rare
minerals from th& sumelmine multi-metallic ore deposit.
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1. Introduction

On march, 3 2022 the inauguration of the renovated buildinghef historic mineralogy took
place in Tsumebon the old mine site. On this occasion | woukklito write a small
contribution. TheTsumelmine in Namibia was operated between 1907 and &88as type-
locality of 72 minerals. The worldwide unique paragsis of rare germanium and gallium
minerals from this mine triggered early activities their synthesis, but with quite limited
success. Already in 19680tto synthesized the rarel'sumeb minerals fleischerite,
Ph:Ge(OH)}(SQ,).3BH,0 as well as schaurteit€aGe(OH)(SO,).BH,0 [1]. Also the isotypic
strontium compound was synthesized, which is unknasva mineral. The crystal structure of
fleischerite has been determined already in 197(8].
The worldwide unique pure gallium mineral from tAsumebtype-locality, sohngeite,
Ga(OH}, was described in 1965 I8trunzand named after the well-known formerly chief-
geologist of theTsumebmine, Gerhard S6hngé4|. However, the first who know about the
uniqueness of this new compound was the presehbiaats a formerly coworker @trunz
who performed that time a spark spectroscopic amalgnd a firstX-ray powder pattern
indicating the phase as being tetragonal pseudm-cli® to observed line splitting of back
reflections.Strunzsuspected germanium as main metallic componethteohew mineral, but
| confirmed to his surprise a pure gallium compauddwever, all efforts to synthesize the
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mineral failed that time. A synthesis of the minésanot known since today. So we propose a
new route to synthesize the rare mineral suppdijechicrobes as was shown recently in the
case of dioptase, also a secondary mineral fromTgwenebpoly-metallic Cu-Pb-Zn ore
deposit.

2. Proposal of aMicrobial Route for the Synthesis of Ga(OH)3

It was as a surprise to the present author studgiegremarkable and seminal work of a
microbially supported synthesis of £8is01g)- 6HO (dioptase) byRaoandKrishnaby using
only copper oxide (tenorite), quartz and microbesen if important information and
references are missing in this contribut[6h Special microbes are obviously able to create
the needed conditions of the mineral-bearing smhstisuch as an optimpH. We succeeded
before in the synthesis of germanate dioptase(G&O;g)- 6HO simply from solution and
the partial replacement of Ge by Si towards puoptdise, but could not even synthesize pure
dioptase[6] [7] [8]. So the synthesis supported by microbes is aditegnative for a large
scale production with respect to the applicationdehydrated dioptase as a cataljt
respectively its decomposition product orthorhomBicSiQ; [10] [11] [12] [13]. In contrast,
the proposed synthesis of Ga(@H3 only of academic interest for the time beingt b
research towards supercapacitor application coelldseful.

Ga(OH)} forms by weathering of the primary Ga-containinglfides sphalerite, ZnS,
respectively gallite, CuGaSwithin the second oxidation zone at depths of @0100 m.
The acidic environment resulting from sulfide oxida must be buffered. Here possibly
microbes come into play creating the optimyh for the Ga(OH) formation, while
otherwise only GaO(OH) would be formed. It is quuessible that surface water enriched
with microbes can reach the site of sohngeite e@taghpropriate depth down the pipe-like ore
body. One could try to detect such microbes there.

In this way it is recommended to decompose gallifeGa$ (tetragonal, chalcopyrite
prototype), under ambient hydrothermal conditiomghe presence of microbes. The same
microbe mixture used byRao and Krishna[5] could be applied: Stenotrophomonas
maltophilia, Psodomonas putila, Pseudomonas aersgin Enterobacta cloacae,
Staphylococcus sciuri, Acinectobacter calcloacsticuPantoeau agglomerans and
Flavobacterium spp. Whether the transformation t#bls gallium oxide hydroxide,
GaO(OH), into Ga(OH)in the presence of microbes is possible shoulthbestigated too.
GaO(OH) was recently found as a n€sumelmineral, named tsumgallifé4]. Its discovery
was only a matter of time. The naming tsumgalstendeed inappropriate, since gallite is a
sulfide, CuGag Names such as metasohngeite or gallaspor, mejeto the structural
prototype diaspore, would be more meaningful. Therabially supported synthesis of the
rareTsumelmineral stottite, FeGe(OHl)L5], should be considered, too.

Previously the Ga respectively O sites of Ga(©hie thought to be arranged in an
orthorhombic-distorted Re@Qype crystal structure witd = 8 formula units in the unit cell

[16], but recent investigations indicated polymorphiamd proton-driven transformation
behavior, based on a tetragonal unit-cell véts 7.4546 A and = 7.3915 A, space group

P4,/nmc orP4,/n [17]. This is still a distorted ReQype crystal structure!
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The ore deposite of thEsumelmine is indeed extremely rich on rare mineralsweleer, the
German Kupferschiefer, for instance, contains 5dnabal elements, and besides the metals
Pb, Zn, Cu, Co, Fe, Ni, V, Ag, Au, Ge and Ga alsoaRd U were observed, which are absent
in Tsumeb

This contribution presents only synthesis propgosaésause the present retired author no
longer works experimentally. But if he would stdlb experiments, he would study the
conditions under which a seed of gem quality disptavould continue to grow in the
environment of microbes, possibly paving the wayafonicrobial gemstone production.

3. Conclusion

This contribution focuses on the mineral synthegsmicrobial activities and proposed the
synthesis of rare minerals such as sohngeite, Gg(QBlspectively stottite, FeGe(O4)
found exclusively in the oxidation zone of theumelmine, Namibia. A successful synthesis
would help better understanding the extraordinaipenal paragenesis disumebmine.
Special microbes are obviously able to create #eded conditions of the mineral-bearing
solutions such as an optimpH. The formation of dioptase, g®isO1g):6H0, via the
activity of microbes, has large scale technologiogiortance, because dehydrated dioptase,
Cus(SisO18) shows pronounced catalytic activities. This altmosoluble silicate compound
with empty channels of sufficient opening of thexdmer silicate rings along the hexagonal
axis is very stable at high temperatures. Also alierassisted gemstone production may be
possible in future.
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