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AbStrACt

Yusupovite, ideally Na2Zr(Si6O15)(H2O)3, is a new silicate mineral from the Darai-Pioz alkaline 
massif in the upper reaches of the Darai-Pioz river, area of the joint Turkestansky, Zeravshansky, and 
Alaisky ridges, Tajikistan. Yusupovite was found in a pegmatite composed mainly of reedmergnerite, 
aegirine, microcline, and polylithionite. It occurs as prismatic grains about 2 mm in size embedded in 
UHHGPHUJQHULWH��DVVRFLDWHG�PLQHUDOV�DUH�TXDUW]��SHFWROLWH��]HUDYVKDQLWH��PHQGHOHHYLWH��&H���ÀXRULWH��
leucosphenite, a pyrochlore-group mineral, neptunite, telyushenkoite, moskvinite-(Y), and shibkovite. 
<XVXSRYLWH�LV�FRORUOHVV��WUDQVSDUHQW�ZLWK�D�ZKLWH�VWUHDN��KDV�D�YLWUHRXV�OXVWHU��DQG�GRHV�QRW�ÀXRUHVFH�
under ultraviolet light. Cleavage is perfect on {110}, parting was not observed. Mohs hardness is 5. 
Yusupovite is brittle with a splintery fracture. The measured and calculated densities are 2.69(2) and 
2.713 g/cm3, respectively. Yusupovite is optically biaxial (+) with refractive indices (O = 589 nm) D = 
1.563(2), E = 1.565(2), J = 1.577(2); 2Vmeas = 42(3)q, 2Vcalc = 45q, strong dispersion: r > v. Yusupovite 
is monoclinic, C2/m, a = 14.5975(4), b = 14.1100(4), c = 14.4394(4) Å, E = 90.0399(4)q, V = 2974.1(3) 
Å3��7KH�VL[�VWURQJHVW�UHÀHFWLRQV�LQ�WKH�;�UD\�SRZGHU�GLIIUDFWLRQ�GDWD�>d (Å), I, (hkl)] are 7.05, 100, 
(020); 3.24, 96, (420); 3.10, 69, (241, 241); 5.13, 53, (202, 202); 6.51, 42, (201, 201); 3.17, 34, (042). 
The chemical composition (electron microprobe) is: Nb2O5 0.39, SiO2 58.84, ZrO2 16.55, HfO2 0.30, 
FeO 0.01, Y2O3 3.05, Cs2O 2.58, K2O 0.95, Na2O 8.91, H2Ocalc 7.40, total 98.98 wt%, with H2O calcu-
ODWHG�IURP�VWUXFWXUH�UH¿QHPHQW��7KH�HPSLULFDO�IRUPXOD��EDVHG�RQ������2�DSIX��LV��1D1.76K0.12Cs0.11)61.99 
(Zr0.82Y0.17Nb0.02Hf0.01)61.02(Si6.01O14.98)(H2O)2.52, Z� ����7KH�FU\VWDO�VWUXFWXUH�RI�\XVXSRYLWH�ZDV�UH¿QHG�WR�
R1� �������EDVHG�RQ������REVHUYHG�UHÀHFWLRQV��,Q�WKH�FU\VWDO�VWUXFWXUH��WKHUH�DUH�VL[�6L�VLWHV�RFFXSLHG�
by Si, two M sites occupied mainly by Zr with minor Y and Hf. Si tetrahedra form an epididymite 
Si6O15�ULEERQ�DORQJ�>���@��(SLGLG\PLWH�ULEERQV�DQG�=U�GRPLQDQW�0�RFWDKHGUD�VKDUH�FRPPRQ�YHUWLFHV�
to form a heteropolyhedral Si-Zr-O framework. There are six interstitial sites partly occupied by alkali 
FDWLRQV�1D��.��DQG�&V��7KH�WKUHH�>�@�FRRUGLQDWHG�1D�VLWHV�DUH�RFFXSLHG�E\�1D�DW���������DQG������7KH�
three A sites are occupied by K and Cs at 12, 18, and 16%. There are 10 W sites occupied by H2O 
groups at 18–84%. Due to (K,Cs), Na and H2O disorder, the symmetry of yusupovite decreases from 
orthorhombic, space group Pbcm (elpidite), to monoclinic, space group C2/m, and the b unit-cell pa-
rameter of yusupovite is doubled compared to the corresponding cell parameter in elpidite, byus = 2aelp. 
Yusupovite, ideally Na2Zr(Si6O15)(H2O)3, is a dimorph of elpidite, Na2Zr(Si6O15)(H2O)3.

Keywords: Yusupovite, new mineral species, silicate, Darai-Pioz massif, Tajikistan, electron 
PLFURSUREH�DQDO\VLV��;�UD\�SRZGHU�GLIIUDFWLRQ�GDWD��HOSLGLWH��FU\VWDO�VWUXFWXUH��DONDOLQH�SHJPDWLWH

introduCtion

Yusupovite is a new mineral found in the moraine of the 
Darai-Pioz glacier in the upper reaches of the Darai-Pioz River, 
the Alaisky mountain ridge, Tien-Shan Mountains, Tajikistan. 
The new mineral species and its name were approved by the 
Commission on New Minerals, Nomenclature and Classification 
of the International Mineralogical Association (IMA 2014-022). 
The mineral is named yusupovite (Cyrillic: ɸɫɭɩɨɜɢɬ) after 

Rustam Gumirovich Yusupov (born 1935), a prominent Uzbek 
mineralogist and a curator at the Geological Museum, Tashkent, 
Uzbekistan. The holotype specimen has been deposited in the 
mineral collection of the Fersman Mineralogical Museum, 
Moscow, Russia, registration no. 4543/1. We describe here this 
new Zr silicate and report its crystal structure.
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Yusupovite, ideally Na2Zr(Si6O15)(H2O)3, is a dimorph of 
elpidite, Na2Zr(Si6O15)(H2O)3 (Table 1). The crystal structure 
of elpidite was first solved on a heavily twinned crystal from 
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