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Nabokoit

KCu6CuTeO4(SO4)5Cl

Atlasovite

KCu6FeBiO4(SO4)5Cl

Elasmochloite

Na3Cu6BiO4(SO4)5

Favreauite

PbCu6BiO4(SeO3)4(OH)·H2O
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American Museum of Natural History's New Hall 

of Minerals and Gems in NYC

Structure with migration paths

Structural stability during cation migration

How can we find it?03



is the chemical alteration of a rock by hydrothermal and other fluids. It is the replacement 

of one rock by another of different mineralogical and chemical composition.

2Mg3Si2O5(OH)4 + 3CO2 → Mg3Si4O10(OH)2 + 

3MgCO3 + 3H2O

Ca2+ Ca2+ Ca2+ Ca2+

Pb2+ Pb2+ Pb2+Ca2+ Ca2+ Ca2+

Pb2+ Pb2+ Pb2+ Pb2+

04 Metasomatism



Name Pyrochlore

Formula NaCaNb2O6F

Crystal system Cubic

Space group Fd3m

Cell Parameters a = 10.590(5) Å

Pyrochlore

Mendig, Mayen-Koblenz, Rhineland-

Palatinate, Germany
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PyrochloreName Fluornatropyrochlore

Formula (Na,Pb,Ca,REE,U)2Nb2O6F

Crystal system Cubic

Space group Fd3m

Cell Parameters a = 10.505(5) Å

Lovozero complex



Pyrochlore

Araxa deposit

Name Hydroxykenopyrochlore

Formula (◻,Ce,Ba)2(Nb,Ti)2O6(OH,F)

Crystal system Cubic

Space group Fd3m

Cell Parameters a = 10.590(5) Å

https://www.mindat.org/photo-284496.html



Pyrochlore

A2Nb2(O,OH)6X

A is Na, Ca, Sn2+, Sr, Pb2+, Sb3+, Y, U4+, H2O 

or ◻.

X is OH, F, O, H2O or ◻

NaCaNb2O6F + H2O + BaSO4 → NaBaNb2O6F + CaSO4 + H2O
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NaCaNb2O6F KNiCrF6

0.5 eV

Pyrochlore09



Al2[(OH)0.5F0.5]6

Pyrochlore10



Na(M1
II)(M2

III)F6 Na2(M1
II)(M2

III)F7

Name Webrite

Formula Na2MgAlF7

Crystal system Orthorhombic

Space group Immm

Cell Parameters a = 7.31 Å, 

b = 7.06 Å, 

c = 9.99 Å

Weberite11



1 eV

P3121

a        b        c      

7.421  7.421 18.166 

Weberite12



Hyunyoung Park, et al. Energy & Environmental Science vol. 14(3) pp. 1469-1479 (2021) 

Foley, Emily E., et al. Chemistry of 

Materials 35.9, 3614-3627, (2023)

13 Na2FeFeF7



Lu, Tenglong,. et al.  arXiv preprint arXiv:2310.04222 (2023)

Na2MMF7



Name Komarovite

Formula (Ca,Mn)(Nb,Ti)2[Si2O7](O,

F)3·3.5H2O

Crystal system Orthorhombic

Space group Cmmm

Cell Parameters a = 21.30 Å, 

b = 14.00 Å, 

c = 17.19 Å

Name Fersmanite

Formula Ca4(Na,Ca)4(Ti,Nb)4(Si2O7)2O8F3

Crystal system Triclinic

Space group P1

Cell Parameters a = 7.21 Å, b = 7.21 Å, c = 20.45 Å
α = 95.15°, β = 95.6°, γ = 89.04°

15 Fersmanite & Komarovite



Komarovite



Si2O7

P2O7

Abakumov, Artem M., et al. Nature Communications 

11.1 : 4976 (2020)

(Mg,Fe)2SiO4

LiFePO4

Na2Ti(SiO4)O

Na3V2(PO4)2F3

Silicate



Name Sulphohalite

Formula Na6(SO4)2FCl

Crystal system Cubic

Space group Fm3m

Cell Parameters a = 10.068 Å



Fang, Yongjin, et al. Chem 4.5 : 1167-1180, (2018)
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Name Titanite

Formula CaTi(SiO4)O

Crystal system Monoclinic

Space group P21/c

Cell Parameters a = 7.06 Å, b = 8.71 Å, c = 6.55 Å
β = 113.79°

NaVOPO4



Name Sitinakite

Formula KNa2Ti4(SiO4)2O5(OH)·4H2O

Crystal system Tetragonal

Space group P42/mcm

Cell Parameters a = 7.819(2) Å
c = 12.099(4) Å

Silicate22



Name Labuntsovite

Formula Na1.33TiSi2O6 (O0.34OH0.66) ·2.58H2O

Crystal system Orthorhombic

Space group Cmmm

Cell 

Parameters

a = 7.278 Å, 

b = 14.134 Å, 

c = 7.118 Å

Silicate



Name Elpidite

Formula Na2ZrSi6O15 · 3H2O

Crystal system Orthorhombic

Space group Pbcm

Cell Parameters a = 7.14 Å, 

b = 14.68 Å, 

c = 14.65 Å

Name Hilairite

Formula Na2Zr[SiO3]3·3H2O

Crystal system Trigonal

Space group R3

Cell Parameters a = 10.477 Å, 

c = 15.377 Å



Name Sidorenkite

Formula Na3Mn2+(CO3)(PO4)

Crystal system Monoclinic

Space group P21/m

Cell Parameters a = 8.997Å, b = 6.741Å, c = 5.163 Å
β = 90.16(4)°

Брэдлиит

Na3Mg(CO3)(PO4)

Бонштедтит 

Na3Fe2+(CO3)(PO4)

Крофордит 

Na3Sr(CO3)(PO4)

Na3(VO)2+(PO4)(CO3) 



Chen, H., et al. Chemistry of Materials, 25(14), 2777–2786 (2013)

Huang, Weifeng, et al. Scientific reports 4.1, 4188 (2014)

Na3MnPO4CO3



Name Caswellsilverite

Formula NaCrS2

Crystal system Trigonal

Fd3m R3m

Cell Parameters a = 3.54 Å, 

c = 19.35 Å

Caswellsilverite

NaCrS2

Schöllhornite

Na0.3CrS2·H2O

Cronusite

Ca0.2CrS2·2H2O



NaCrS2 NaCrO2

Shadike, Z., et al. Nature Communications, 8(1), (2017)

Yu, C.-Y., et. al. Energy & 

Environmental Science, 8(7), 

2019–2026, (2015)

29 NaCrS2



Autunite (Ca(UO2)2(PO4)2·10H2O)

Uranocircite (Ba(UO2)2(PO4)2·10H2O) Torbernite (Cu(UO2)2(PO4)2·12H2O)

Saléeite (Mg(UO2)2(PO4)2·10H2O)



VOPO4
.2H2O

NaVOPO4



Beneš, L., et al. Journal of Inclusion Phenomena and Macrocyclic 

Chemistry, 73(1-4), 33–53, 2012






