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CunukaTtHble clOpnpusbl:
OTKPbITME ABYX HOBbIX MMHEPANOB
CO C/TIOUCTON CTPYKTYpOMU

P.K.Pacugetaesal, B. M. [puaumnHa®

WncturyT kpuctannorpadmu umenn A, B. LLlyGHukoBa DeaepanbHOro HayuHO-MCCIea0BaTeNbCKoro LieHTpa «Kpuctannorpadus u GotoHukas PAH

(Mockga, Poccus)

B cTaTbe pacckasbiBaeTcs 06 OTKPbITUM ABYX HOBbIX MUHEPANOB CEMEMCTBA COMCTbIX CUIMKATOB — KantoxkHbIuTa-(Ce) u neThukosuTa-(Ce). OHu Hailae-
Hbl B LLenoyHoM Maccuse [lapan-Tno3 B ropax TaHb-LUans (TamkukucTan). B crpykTypax 3TMX MUHEpanoB COAEPXATCA HOBbIE TUMbI CIOEB U3 KpEMHe-
KMCNOPOAHBIX TETPa3APOB — KaMOXHLIMTOBbIN ABOIMHON CNOW [Sig0y:]**~ v neTHMKoBMTOBbIN CNOiA [Si;017(OH)]’~. OnncaHbl Ux 0COBEHHOCTH B CpaBHe-
HUW C 6AM3KOPOACTBEHHBIMM CIOUCTBIMM CMKaTaMu. 063 MUHEPana C LIMPOKMMM KaHanaMmu B CTPYKTYPax MOrYT CyXMTb NpOTOTUNaMM AN CMHTE3a

TEXHONIOTMYECKM MONE3HBIX MUKPOMOPUCTBIX MATEPUANOB.

KntoueBble cnosa: kantoxHbiuT-(Ce), neTHukoBuT-(Ce), HOBbI MUHEpa, KpUCTanN4eckas CTPYKTYpa, KamoXHbIUTOBbIN ABOMHON cnoii [Sis0y]™", net-

HMKOBUTOBBIH oM [Si;017(OH))"™.

JIONCTBlE CHUJIMKAThl COZEp)XaT OecKOHedHble
B 7BYX HAmpaBJleHUAX KpPeMHEKUCJIOPOJHbIe
pagukansl U3 SiO,-TeTpasApoB, COeJUHEHHBIX
KUCJIOPOIHBIMU BeplIMHAMU. B ciosix obpasyrorcs
NeTIM Pa3IuyHbIX pPasMepoB, cofiepXkaliue oT 3 1o
10 TeTpasapos. Berpevatoresi u Gosiee KpynHbIe MeT-
i u3 12, 14 u naxe 18 Terpasgpos. Ciion OT/INYAIOTCA
He TOJIbKO pa3Mepamu, Ho i ¢popmoii retesnb. Haubo-
Jiee pacIpoCTpaHeHb! KOJIbIieBble UK OBaJIbHbIe IIeT-
JIM M3 LIEeCTH U BOCBMU TeTPa3/pOB, HO OBIBAIOT MeT-
JIM ¥ CIOKHOU KoHUrypanuu. Harmpumep, cTpykTypa
wiroMbocuwinkaTa xurrmenTta Pb;gBa,CasMn,Fe,Sis,
09oCl - 6H,0 [1] comepsKuT CJIOU C MeTISAMU K30THYe-
ckoii popmbl u3 18 TeTpasapos (puc. 1).
Pa3HoOGpa3ue CIOUCTBIX PaJMKaIOB HOCTHIAeT-
cs TaKXKe 33 c4eT KOMOMHMPOBAHNUSA NeTeNb JIBYX UIH
Tpex TUMOB. JlajbHelIe pa3indus CIOUCTIX dpar-
MEHTOB 00YCJIOBJIEHbI OpHEHTAIel CBOOOHBIX (BHCS-
4rx) BepuyH SiO4-TeTpasfpoB BBepX WM BHU3 IO OT-
HOILIEHHIO K IJIOCKOCTH cJ1051. Kpome Toro, cion MoryT
00BbeIMHATHLCS Yepe3 001Ire KUCTOPO/IHbIE BEePIIAHbI
B MaKeThl Pa3HOM TOJILIVHBI — 4Yallle BCero JBOMHbIE.
HaiineHHble B TPUPOJHBIX U CUHTETUYECKUX COeIuHe-
HUAX TUIbI KDEMHEKUCIOPOJHBIX CI0eB PaCCMOTPEHbI
B 0630pe @. C. XoTopHa ¢ coaBTopamu [2]. Kazanoch 651,
BCe TalHbI CJIOMCTBIX CUJIMKATOB YK€ PacKphIThL. 11 BOT
OHU CHOBA ZIOKa3bIBAIOT CBOIO HeKc4epraeMocTsb. ITod-
TH ONHOBPEMeHHO MOSIBUJIUCH COOOIIIeH s 06 OTKPBITHI
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JIByX HOBBIX MUHEDAJIOB, B CTPYKTYpe KOTOPbIX 0OHapy-
’KeHbl HeN3BeCTHbIe paHee KPeMHEKUCIIOPO/IHbIE CJIOH.

HoBble MuHepasnbl KamrokHbIUT-(Ce) NaKCaSr
CeTi(Sis02)OF (H,0); u nerankoBuT-(Ce) (Nal)Ca,
Ce,[Si;01,(OH)]F4(H,0), [3, 4] B Buze Menkux (nonu
MUITMeTpa) GeclBeTHbIX KPUCTAJIOB IpU3MaTiye-



Puc. 1. ®parmeHT cnos 13 18 SiO,-TeTpasapoB B CTPYKTYpe XWTTLLENTA.

CKOM (pOpMBI HaliJieHbl B TIOPOZAAX XOPOIIO N3Y4eHHO-
ro mengoyHoro maccusa Jlapau-IIno3 B ropax TaHb-
[Tanst (TaKMKUCTAH) B aCCOLMATINM C KBapIieM, (II0o-
PUTOM, 3TUPUHOM, HENTYHUTOM, MeHzeneeBUTOM-(Ce),
3epaBIIaHATOM U PANOM Jpyrux MuHepasoB. Ob6a
MHUHepaja MOHOKJMHHble C IIapaMeTpaMH sdeek:
a=18.647(4) A, b=11.214(2) A, c=14.642(3) A,
B=129.55(3)°, V=2360.9(11) A® u a=7.4726(3) A,
b=22.9196(9) A, c=13.9360(6) A, p=105.550(5)",
V'=2299.43(17) A3, npocrpancTeenHnble rpymms P2/c
1 C2/m COOTBETCTBEHHO.

Kpemuexucnopogsblii cnoit [SigO,; |0 KamioxXHbI-
uta-(Ce) comepXuT et B BUAe KoJsel u3 10 terpa-
3apoB SiO,, 4To camo 1o cebe BCTpeyaeTcs JOBOJBHO
penko (puc. 2, a). OHr 06HAPYKeHBI B CTPYKTypaXx ellje
IBYX MUHepasioB — neHkBuiKenTa Na, TiSi,Oq - 2H,0 [5]
u Tymyauta Na,(Zr,Sn)Si,O4; - 2H,0 [6]. OnHako B ux
ropprpoBaHHBIX CIOsIX cocraBa [SisOy;]° KoJbLa He
OKpYIJIOH, a OBaJbHOW (HOPMBI, U YIOXKEHbI OHH He
napaJuleJbHO JADPYT APYTy, Kak B KantoxHbMTe-(Ce),
a CKOMIIOHOBAHBI TaK, YTO UX [JIMHHbIE OCH B3aIMHO
nepreHauKyasipHbl (puc. 2, 6). Ho rmaBHOe oTinyue
cJioeB KanoxHbIUTa-(Ce) B TOM, YTO OHU He OJJHap-
Hble, a IOTIAPHO COe/IMHEHHbIe B IBYXCIOWHBIN MaKeT.
JecATrueHHble KOJIblia 3THX TAKeTOB HAX0/ATCS OTHO
TIOZL IPYTUM Ha YpOBHAX y = +0.265 u y = —-0.265 u co-
eVHAIOTCA JBYMSA MOCTUKOBBIMU SiO4-TeTpasgpamu
¢ obpasoBanuem guoprorpymi [Si,0,].

BHyTpu /1BOMHOrO €J10s1 BOOJIb OCU ¢ WAYT LIUPO-
Kye KaHaJbl, 3aroHeHHble Na, Ca u Monekynamu H,0,
a B 1ieHTpe 10-ueHHbIX KoJlel] HaXOAATCs KpyIHble Ka-
ToHb!l Pb, Sr, Cs u K. Mexzy TeTpasgpuyeckumy ma-
KeTaMu pacrosaraloTcs oktasapbl Ti u 6osee KpynHbIe
nosmaape!l Ce, Sr n Na, KOoTopele, COeUHAACH Yepes
BepIIMHbBI, 00Pa3y0T KAaTUOHHBIH CJIOi. DTH reTeporno-
JIM3APUAYECKYe CI0U YepefiyloTcs € TeTpasApuiecKUMU
BJIOJIb OCHU b ¥ 00'beIUHSAIOTCS BePIIMHAMY TETPaspPOB
B TpexXMepHyl0 NOCTPOUKy CJIoMCTOoro Tuma (puc.3).

Puc.2. OpuH cnoi nakeTa B CTPYKTYpe KanlXHbIUTA (OPaHXEBbIM
LIBETOM BblAE€NeHbl MOCTUKOBbIE TETPa3apbl) (a) M OAMHAPHBINA CIOM
TyMyauTa (6).
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Puc.3. Obwwii Bug, CTpyKTYpbl KanmoxHbiuTa-(Ce). [Si;0;]-amopro-
TpYnNbl NOKa3aHbl OpaHXeBbIM LBETOM.
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Puc. 4. KpemMHeknciopogiHble C1om B CTpYKTypax neTHukosuTa-(Ce) (a),
okeHuTa (6) M BapeHHecuTa (8). OpaHXeBbiM LBETOM BblAENeHbl
[Si05(OH)|-Tetpa3apbl, ronybbiMm Wwapamm nokasaHbl OH-rpynnbi.
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Puc.5. Obwuit Bu crpykTypsl netHukosuta-(Ce). OpaHxeBbiM LBe-
ToM BbifieneHsl [SiOs(OH)]-TeTpaagapei.
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Crpykrypa neTHUKOBUTA- (Ce), Ha NepBbIA B3IIAL,
MI0X0’Xa Ha CTPYKTYPY KantoxHbINTa-(Ce), HO HA CaMOM
ZleJie OHU pas3inyaioTcs. XoTs B KPeMHEeKUCJIOPOHBIX
cnoAx JeTHUKoBUTA-(Ce) Takxke ecTb 10-dyeHHbIE
KOJIbIIA, OfHAKO COEAMHSAIOTCS OHU JIPYT C APYroM
TOJIBKO B OJHOM HalpaBjieHUU (BAOJIb KOPOTKOTO Ma-
pametpa a="7.47 A), a Bgons apyroro mampasnenus
OTZEJISIOTCA IPYT OT ApYyra [enoYyKaMy IATHYIeHHbIX
KoJer (puc. 4, a), 4To YAJMHSET neproy b mpakTuye-
ck¥ B 71Ba pa3a (22.92 A nmporus 11.21 A). Mogo6Hoe
YyepeZoBaHue 1ernoveK (puc. 4, 6) ecTb U B CTPYKTypax
HekouTa CasSig0ysl;H,0, okenura CayoSiisOslisH,O
u 3epaBmanuTta Cs;Na,Zr;Si;sO4sH,0 [7-9]. B Hux
[IeNIOYKU TAHYTCS TaKKe BAOJNb KOPOTKHUX Iapame-
TpoB: ¢=7.339 A B Hekoure, b=7.28 A B oxenure
v b=7.5464 A B 3epaBmanuTe. OHAKO B TOIOJIOTU-
YeCKU CXOZIHBIX CJIOAX 3TUX MUHepasioB 10-dyeHHble
KOJIbIla 3aMeHeHbl Ha 8-uJleHHble, U COCTaB CJIos, Ta-
KkuM obpasom, He [Si;0;(OH)]”", KaK B JIETHUKOBH-
Te, a [SisO;5]¢". B mpyrom ke mMuHepase — BapeHHe-
cute NagMn,(Siy0,5) (OH,Cl);- 12H,0 — 10-uneHHbIe
KosibIia coxpansitoresi [10]. Ho oHu He 06beIMHSIOTCS
B L[eTI0YKY HU B OZJTHOM HallpaBJIeHUH, a U30JIMPOBaHbI
IPYT OT fipyra 5- 1 4-4yeHHbIMU KonbliaMu. ©opmyna
TakKoro cyos [SinOas]0 (puc. 4, 8).

E1ie onHO BakHOe OT/IMUMe CJ1I0eB JieTHUKOBUTA-(Ce)
OT KaJIIOKHBIUTOBBIX COCTOUT B TOM, YTO OHU He CZIBO-
eHbl. XOTd 3TU CJIOM IIONAPHO PAaCIOJIOXKeHbl OfUH
HaJ ApyruM Ha ypoBHe z=0.69 1 z~1.21, oHU cABU-
HYTbI OTHOCUTEJILHO APYT ApyTa BAOJb a-apameTpa.
I[Ipu 3TOM TeTpasapbl, OPUEHTUPOBAHHBIE CBOOOIHON
BEepIIMHON BHU3 B BEPXHEM CJIO€ U BBEPX B HIKHEM,
He CMBIKAIOTCH, U WX BUCAYME BEepIIMHBI, 3aHATbIE
OH-rpynnamu, HaXOAATCA Ha paccTosiHuu 2.88 A Ipyr
OT ZIpyra, a CJIOW COENUHSIOTCS ClabbIMU BOZOPOJ-
HBIMH CBSI3SIMH, KOTOPbIe 06Pa3yIOTCs MeXAYy 3TUMHU
rpynnamu (puc. 5).

BHyTpu cniapeHHBIX TeTpas’ApHUYecKUX CJI0eB JIeT-
HUKoBUTa-(Ce) MMpPOKHe KaHAJbl 3al0JHEHb! I10JIH-



sapamu Na u Cs, a Takxe MOJIeKyJaMU BOZbL. ATOMBI
Ce, Kak u B KamoxHbiuTe- (Ce), pacrnonaraloTcs Mex-
Iy TeTpaspUyYecKUMHU CJIOSIMHU, T7ie OHU GOPMHUPYIOT
9-BepIIMHHUKY Hapsizy ¢ 7-BepiniHHUKamu Ca u 60-
Jlee MeJIKMMU OKTadzipamMu Mg. Kak u B KaJltOXXHbI-
ure-(Ce), MONU3APLI Pa3HOOOPA3HBIX KaTHOHOB, CO-
eZIMHAACh peOpaMu U BepUIMHAMU, 0OPa3yIoT reTepo-
MOJIU3IPAYeCKUi CJIoM, a Yyepe3 BepinHbI SiO,-TeTpa-
5IPOB 00bEIUHSAIOTCA B TPEXMEPHYIO IIOCTPOUKY CJIO-
ucrtoro tuma (CM. puc. 5).

HoBblit MuHepan kamoxHbIUT-(Ce) Ha3BaH B 4eCTb
M3BECTHOrO reojora Bacunua ABkcenTbeBu4a Ka-
moxHoro (1899-1993) 3a ero BKJan B TeOJIOTHIO
MeCTOpOXZIeHUH pecnybnuky KoMy 1 MUHEpaIoriio
TPaHUTHBIX erMatuToB TajkukucTana. OH ObLT Tak-
e Y4aCTHUKOM 3HaMeHUTOH ITamupo-Tamxukckoi
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HoBble OTKpPBITHA NONOJHUNN CIIUCOK MUHepasb-
HBIX BU/IOB KJIacCa CUJIMKATOB, @ HOBbIE TUIIbI KDeMHe-
KUCJIOPOJHBIX CJIOEB BOLIY B KPUCTATIOXUMHUYECKYIO
CHCTEMAaTUKy CHJIMKATOB I07] COOCTBEHHBIMU Ha3Ba-
HUAMU — KaJIIOKHBIUTOBBIX U JIETHUKOBUTOBBIX.
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Silicate Surprises: the Discovery of Two New Minerals with a Layered Structure
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This paper reports on the discovering of two new layered-silicate mineral species, kalyuzhnyite-(Ce) NaKCaSrCeTi(Sis0y:)OF(H,0); and letnikovite-(Ce)
(Nal))Ca,Ce,[Si;017(OH)]F4(H,0).. They are found in the Darai-Pioz alkaline massif in the Tien-Shan mountains of Tajikistan. The structure of these
minerals includes two new types of layers formed by SiO,-tetrahedra, the kalyuzhnyite double [Siz0,1]!%-sheet and letnikovite [Si;017(OH)]’--sheet.
The specific features of these minerals are described and compared with related layered minerals. Both of minerals with large channels potentially
can be used as a model for synthesis of microporous materials of industrial interest.

Keywords: kalyuzhnyite-(Ce), letnikovite-(Ce), new mineral, crystal structure, kalyuzhnyite (Sis051)!-double sheet, letnikovite [Si;07(OH)]’--sheet.
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