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Abstract
A new phyllosilicate mineralipuite (IMA2014076), has beexliscoveredrom
t he NO CHh waen Katalgari Manganese Fields, Northern Cape Province,
Republic of South Africalt occurs as platyabular, or granulasrystals and veined
agglomerate in association with Mx@aring sugilite, taniajacoite ecently accepted
mineral IMA2014-107), pectolite, richterite, norrishitandnamansilite Lipuite is
darkred-brown withvitreouslustre red streakan estimated Mohs hardness5 and
measured densi®.83 (3) g/cr. It is biaxid (+) and characterized by bright red to
dark red colour in thin section with measured refractive indices in white light:

=1.635(1)b = 1 .® 53 ,RVEG6{A)°. The Raman spectra of lipuite are
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composed of over 21 bands respectively at 109, 146, 162, 183, 206, 244, 288, 342,
362, 455, 496, 520, 552, 613, 669, 886, 930, 971, 1097, 3487¢cB64The
empirical famula from microprobe analyses is (based on tutahber ofcatiors =
27.5 and structural refinemenk); 1Nag 16(MN4. 747 07)ga.84 MJo 44 [Si11.07030(OH)4] (POs)
0.040-(OH)»-4H,0. Theidealizedformula is:
KNagMn®*sMgo 4 Si12030(OH)a](PO4)Oo(OH),-4H,0.

Lipuite is athorhombi¢ gpace grougPnnm a = 9.080(3), b = 12.222(3), c =
17.093(5) A, V= 1897.0(9) &, Z = 2 The 10 strongest powder XRD peaks incldde
in A (1%): 9.965(40),4.861(29),2.938(33)2.895(100),2.77738), 2.713(53),
2.483(32),2.269@30),2.08(35), 1.534(40)The crystal structure of lipuite is
characterized by sheets of Sitrahedra that are linked together along [010] by K
Na’, Mn®**, Mg, and P* cations, as well as hydrogen bonds. These tetrahedral sheets
consist of 14dmembeed rings of SiQtetrahedra that zigzag along [100]. The two
independent Mi{ cations are both octahedrally coordinated. They form
five-membered, edgshared octahedral clusters between the &tahedral sheets.
Lipuite represents a rather unique staettype and its silicate tetrahedral sheets can

be considered a derivative of the silicate sheets in mica.
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Introduction

The KalaharManganeséields(KMF) in the North Cape Province of South
Africa hosts the largeshanganeseesourceon Earthabout 4 billion tons, accounting
for 80% of the mineable manganese ore on |&8sdikes, 1988 There are two types
of manganese ores in KMFhe low-gradeMamatvantype, making up about 97% of
the total reserve, is composed of microcrystalline braunitdaimdbhorite Idite and
occurs as stratiform beds in the Hotazel Formation oP#ieoproterozoic Transvaal
SupergroupThe highgradeWesselgype ore consttuting mainly of hausmannite,

bixbyite, braunite Il, and manganite@as formed fronstructurallycontrolled



hydrothermal enrichmemtround 1.61.25 Ga Cairncross and Beuke2013Gutzmer
& Beukes 1996; Dixon, 1989). Since 1981, 24 new minerals discouarMF have
been approved bihe Commission on New Minerals, Nomenclature and
Classification International Mineralogical Association (IMBNMNC) (Table 1),
most of which are from the ores of the higtadeWesselgype

Thenewmineral lipuite, is namel in honor of the late Chinese geochemist and
petrologist, Prof. Pu Li (1911968). Prof. Li received his BcSdegredrom the
Southwest Union University China in 1942 and Ph.D. from the University of
Cambridge in Englanoh 195Q He then became a Pesfsor at the Beijing Institute of
Geology and later at the Guiyang Institute of Geochemistry, Chinese Academy of
Sciences. Prof. Li was the founder and pioneer of isotope geochemistry in China. He
also made significant contributions to the developmenthifi€se geology in general
and petrology in particulaBoth thenewmineral andts namehave beempproved by
IMA -CNMNC (IMA 2014076). The otypesamplehas been deposited in the
collections of the Mineral Museum of the University of Arizona, Tucson,oflaz
USA (UAMM #20010) and the RRUFF Project with deposition number R140946
(http://rruff.info/R140946)

Occurrence and paragenesis

Li puite was found on a number ofll speci men
mine (part of the Wessels Mine), KMF, North&ape Province, Republic of South
Africa. The geographic location &7°7'51"S, 22°50'2"E. In the specimens, a crust
composed of sugilitéipuite-pectolitetaniajacoite, 5 mm thick, wasoundona
matrix of aegerindraunite lthematite (Figl). Assocatedmineralsinclude
Mn-bearing sugilite, taniajacoite, pectolitmdrichterite (Fig. 2a, 2b). Norrishite and
namansiliteare occasionallpbservedn microscope as tiny grains in lipuite (Fig. 2c,
2d). Aegerine, hematite and braurikare commonly rplaced by lipuite (Fig. 2e, 2f).
Thehydrothermal everthatformedthe observed mineral assemblagas estimated
to be atconditions in the range of 27420 °Cat0.2-1.0 kbar Kleyenstuben984;
Gutzmer and Beukes 1996).



Physical and optical properties

Lipuite occurs as platy and granular crystat8, rhim in length, or as dark veined
agglomerates in the specimens (Fig. 1a), in which lipuite shows dark brown colour
with vitreouslustre. The mineral is brittle with uneven fracturee Mohs hardness is
esimated to be- 5 astested on the specimen by apatite and orthoclase standards.
and the streak colour is red. The measured density by the metfioatation in
heavyliquidsis 2.83 (3) g/cm, which is in good agreement with the calculated
density 2.86y/cnT. Lipuite is transparent in thin section and feaareharacteristic
red colour with weak pleochroism from bright red to dark red in parallel nicols (Fig.
2f). It is biaxial (+) and the interference colour in crossed nicols is alspnaahbly
dueto the strong influence of the intrinsic colour as seen in parallel nidods
measured refractiviedicesare:U =1 . 6b3 5= (11,6538 1 .GtFh 0 ( 1)
refractive dispersion of v > r. The measureda2igleis 86(2)° The calculated
compatibilityindex (0.009usingthe constants of Mandarino (1981) yie&superior
compatibilitywith the GladstoneDale relationship.

Chemical composition

The chemical composition of lipuiteasdetermined om Shimadzu EPMAL720
microprobein School of Geoscienseand Infophysics of Central South University by
wavelengthdispersivespectroscopyt conditions of accelerating voltage 15 kV, beam
current 10 nA and beam sizefn. Qualitative analysis revesldominant Na, K, Mn,
Si, P, O and minor MgndFe An intensive XPS scan tfieLi-1s electrorwas made
to determine whether Li was presesing aThermo ESCALAB 250Xi Xray
Photoelectron SpectromeiarModern Analysis ath Testing Centre of Central South
University, no peaks were detected in the range eéb8&V of binding energy
characteristiof Li. Quantitative analysis was carried out using standai@sfor Si
KUline, Ca(PQy)sF for P KUline, MgO for Mg KUline, MnSiO; for Mn KUline,
Fe0; for FeKUline, NaAlSi,Og for NaKUline andKAISi30g for K KUline. The

ZAF3 correction program supplied with thestrumentwas used fothe correction



calculation.During analysis, the sample stage was moved around to piesemt
damage to the sample, which was observed to have significantly affected the
quantitative analysi\ll Fe was assumed to ¥éecause of the association with
trivalent Mn.Thetheoreticalcontent ofof 7.74% ofH,O wereused forcalculding the
numbe of atoms in the empirical formulRepresentative datdable 2)yield an
empirical formula for the averadpased on total 27.5 cations and according to the
structuralanalysis

K1.12Nag 16(MN4. 77 €).07)r4.84 MQ0.44 Si11.97030(OH)4] (P Os) 0.0402(OH)-4H20.

The ideal formula i$(Na8Mn3+5Mgo,5[Si12030(OH)4](PO4)02(OH)2-4HZO.

Raman spectrum

The Raman spectra of lipuite from 12 spatg polishedsections were recorded
with Horiba LabranAramisRaman speabmeterin the State Key Laboratory of
Powder Metallurgy, Central South Universitye laser beartHe-Ne laser, 62.8nm,
laser power 2 mWyasfocused to Em with an 100x objective ianOlympus
microscopeThe time of eacscanin the range 10@000 cni was 20 minutes with a
resolution of 2 cil. A representative spectrum is shown in Figurét& spectrum is
composed of over 21 bands respectively at 109, 146, 162, 183, 206, 244, 288, 342,
362, 455, 496, 520, 552, 613, 669, 886, 930, 971, 1097, 3487cBE. Thebands
between 80 and 1097 cil may be assignem P-O andSi-O stretching vibrationsf
the PQand SiQ grougs (e.g. Litasov &odgornykh2017;Chakhmouradiaet al;
2014) Bands from 430 to 700 chare attributable to ®-O and GSi-O bending.
The bands below 400 ¢hare mainly associated with rotational and translational
modes of P@Qand SiQ tetrahedra, as well as MD interactions and lattice modes.

The bands between 84and 330 cmi® are due to €H stretching.

X-ray crystallography and structure determination
The X-ray powdeddiffraction data were collectemh a Rigaku D/MaxRapid IIR
micro-diffractometelin School of Geosciences and Infophysics of Central South

Universityat 40 kV and 250 mA using 0.1 mm collimator and exposore of 60



minutes. The diffraction data are listed in Table 3. The refineecefliparameters are:
a=9.0772(6),b=12.281(8),c=17.0% (2) A,Vv=18%.7 (1) A3 z=2

Singlecrystal Xray diffraction data of lipuite were collected on a BruKér
APEX2 CCD Xray diffractometer equipped with graphiteonochromatized Mg,
radiationin Department of Geosciences, University of Arizomad frame widths of
0.5 in wand 30s counting time per frame. All reflections were indexed on the basis
of an orttorhombic unitcell (Table 4).The intensity data were corrected foiray
absorption using the Bruker program SADABS. The systematic absences of
reflections suggest the possible space g or Pnnm The crystal structure was
solved and refined usingHELX-2014 (Sheldrick 2015) based on the space group
Pnnm because it yielded better refinement statistics in terms of bond lengths and
angles, atomic displacement parameters,Rifaattors. There are two possible models
for Mg in lipuite, both resulting ithe same R factors and partial siiecupancies. In
Model A, Mg is situated at the (0,0,0) site with ~40% occupancy and exhibits a (4 + 2)
coordination (four O2 atoms at 2.051 A andtwo O11 atoms at 2.718 A). This model,
nevertheless, produces an enornipeatongated displacement ellipsoid along the
a-axis. In model B, Mg occupies a split site at (0.0265, 0.0003, 0) (Table 5), with a (4
+ 1) coordinatior(two O2 atoms at 2DA, two O2 atoms at 2®A, oneO11 atom at
2.09A, and oned11 atom at B56A) (Table 6),similar tothat observed in
calcioferrite Lafuente et al. 2004 This model results in a total Mg site occupancy
similar to that in Model A, but a relatively more reasonable displacement ellipsoid.

Consequently, Model B is adopted in this study.

All four H atoms were located from the difference Fourier synth€bes.
positions of all atoms were refined with anisotropic displacement parameters, except
for H atoms, which were refined with a fixekl, value of 0.04. For simplicity, the
ideal chemisy was assumed during the structure refinemdisfinal coordinates
and displacement parameters of atoms, selected bond distamtéise hydrogen

bond scheme for lipuitare given in Tabke5, 6,and7, respectively,



Crystal structure description and discussion

The crystal structure of lipuite is characterized by sheets oft8iahedra that
are linked together along [010] by KNa', Mn**, Mg** and P cations, as well as
hydrogen bonds (Fig. 4). These tetrahedral sheets consisiheéberedings of
SiO, tetrahedra that zigzag along [100] (Figsnd5). Calculation of bond valence
sums (Table 8) indicates that one of the O atoms bonded to Si3 is protonatdfl (09
(Table 6). The two independent Rircations are both octahedrally coordinaaed
they form fivemembered, edgghared octahedral clusters (F&y between the SiQ
tetrahedral sheets. Among three distinct Na cations, Nal and Naf8@oediated,
whereas Naz2 is-6oordinated (Table,4ig. 7).

Lipuite represents a unique strueuype. Nonetheless, its silicate tetrahedral
sheets can be considered a derivative of the silicate sheets in mica, as illustrated in
Figure8. Figure8a shows a silicate sheet consisting-whémbered rings in mica. If
two tetrahedra are removed fravely four 6membered rings in the sheat
illustrated in Figuredb, then we will have a silicate sheet that is topologically
identical to that in |ipuite (Fig. 45).
tetrahedra with two edggharing Mn@Q octaledra, we obtain the polyhedral sheet
found in lipuite, which consists of two types ofrembered rings, with one made of
four tetrahedra and two octahedra and the other of five tetrahedra and one octahedra
(Fig. 8c). The MnXO2 bonds are the cause for #ieking of the silicate sheets in
lipuite (Fig. 4).Therefore, ibuite may be classified into Class ¥2wo-Dimensional
Infinite Sheets with other than sirembered rings in the Dana system or VIII/HX
Unclassified Strunz Phyllosilicates tine Strunz systm.

Interestingly, the O atoms bonded t Bre disordered over two distinct sites
(O10A and 010B) with each half occupied, giving rise to an apparent distorted cubic
coordination for . This disorder may be partly explained by the weak bonding
environments around the R@roup, which is only bonded to Nand H (hydrogen
bonds). Similar disorder of the O atoms in the, B@up has also been observed in
the eulytitetype compound Ska(PQy); (Barbier et al., 1990). A different kind of

disorder of P@groups has been observed in the whitloelyee minerals and

Fur



compounds (Zatovsky et al. 2007; Hughes et al. 2008; Tait et al. 2011 and references
therein), in which the Bosition in the PE@DH or PQF group is split; it is randomly
located either just abe or below the midplane, leading the apical ©HF anion to
point either along éori c.
There are two unique OH groups and one unigg@ id lipuite. The Raman
measurements reveal two weak bands in thé €retching region, one at 3487 and
the other3540 cmi* (Fig. 3) According to the correlation betweerHDstretching
frequenciesand®¢é O hydrogen bond | engths in miner a
these two bands would correspondto aH® O d i s t a-B.@Ae ageding @ith 8
OO Hé O di st an cdeogen honds forméddy,bh (Jable 5).
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Fig. 1. Occurrence and crystal morphology of lipuite
(a) Euhedral platy dark crystals of lipei(Lip) with pink-colored suidite (Sug), picture width = 2
cm. (b) Lipute-suglite-pectolite (Pet) crust on microcystalline aegefinaunite 11-hematite

agglomerate (Ae@rn-Hem), section vertical to the specimen surface, picture width =2 cm.

12



0.5mm

Fig. 2. Photomicrographs and baskattered electron images (BSE) of lipuite

showing occurrence and optical properties of lipuite

(a) Assemblage of lipuite (Lip), sugiilite (Sug) and taniajacoite (Taj) with relics of aegerine (Aeg),
parallel nicols, reflected light. (b) BSE image of the framed area in (A). (c) Tiny crystals of
norrishite (Nor) and richterite (Rit) in lipuite (BSE image). (d) Namansillite (Nam) and aegerine in
lipuite (BSE image). (e) Lipuite with pectolite (Pet), aegerine, hematite (Hem) and bidaunite
(Brn), parallel nicols, reflected light. (f) Charateristic retbcof lipuite, the same view as (e),

parallel nicols, transmitted light.
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Fig. 4. Crystal structure of lipuite, showing the zigzagged,3eédahedral sheets
stacking along the-axis and are linked together by K\Na", Mn**, Mg?*, and B*,

which are represented karger turquoise, smaller turquoise, brown, purple, small

yellow spheres, respectively.

Fig. 5. SiO, tetrahedral sheet consisting of-d¥embered rings in lipuiteésil, Si2 and

Si3 tetrahedra are represented by green, purple and yellow colors, respectively
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Fig. 6. A five-membered cluster of edghared Mpoctahedra in lipuite
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Fig. 7. #coordinated polyhedra (Nal, Na3) anddbrdinated polyhedra (Na2) in

lipuite
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Fig. 8. Comparison ofetrahedral shegin mica(7a) and lipuite (7b) and the location
of Mn octahedrd7c), Sil, Si2, and Si3 tetrahedra are represented by green, purple

and yellow colors, respectively
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