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Hosenit munepan rapmut CsLiMg,(SizO4y)F, — Tprnokrasnpryeckas cioza, 1e3UMeBbIit
aHaJIoT TallHMOJUTAa — OOHAPYXKEeH B CYIIECTBEHHO KBaplEeBOii MOPo/e B IIEJTOYHOM Mac-
cuse [apau-ITués (Pamrckuii, panee Iapmckuii paiion, LleHTpanbHblii TamkKUKKUCTaH).
MuHepan nosydyust Ha3BaHHWE N0 MECTy HaxoAKu. B TecHoit accouualuy ¢ rapMUTOM Ha-
XomsTcs: Mn-comepxKalllnii IeKTOJIUT, 3TUPUH, Sr-comepXkalnuii ¢pIIoopuT, KBapll, AaTO-
JIUT, MOJUJIUTUOHUT. [apMuUT 006pa3yeT rmiaacTuHuyaTeie 3epHa 10 0.2 MM B MONepeyHUKe U
TonuuHoi 10 20 MkM. MuHepas npo3pauHblii 6eciBeTHblil. CriailHOCTh BecbMa COBep-
IIEHHAs 10 (001) Tsepnocts o Moocy 2.5, mukpotsepaocts VHN,, = 90 (pa3dpoc ot 86
no 111) KF/MM IToTHOCTH MUHEpaia u3M. — 3.34(2), Bbiu. — 3.336 r/CM3 Tlapmur momu-
HECLIMPYET B KOPOTKOBOJIHOBOM YJILTPa(prONETOBOM u3nydyeHUr (A = 245 Hwm) GJenHo-
KEITBIM CBETOM. MMHepasl ONTUYeCKH OTPULATENbHBIN, OBYOCHBIH, 2V, = —10(5)°,
n, = 1.582(2), nyy= 1.601(2), ny = 1.602(2). XuMMUeCKMii COCTaB (JEKTPOHHO-30HIOBbIE
nanHble, Li 1 H — SIMS, mac. %): SiO, 47.39; Al,05 0.71; TiO, 0.71; Nb,O5 0.12; FeO 2.12;
MnO 0.85; MgO 9.01; ZnO 2.23; K,0 0.16; Cs,0 26.98; Li,O 3.57; H,O 0.08; F 7.23;
—O0=F, 3.04; cymma 99.90. ODmnupudeckas ¢opmyna (pacuer Ha 12 atomoB O + F):
(Cs0.95K0.02)30.97L11.21(M81 37700 16Fe,15Al9,07MNg, 06 Ti0.04)51.85513.99010.04(F1.920H0,04)51.96-

MuHepaia MOHOKJIMHHBIMN, nip. rp. C2/m, C2 wiu Cm; nonutun 1 M. [TapameTpsbl 2J1eMeH-
TapHOM sYeiiku: a = 5. 234(2) b=9.042(4); c = 10.780(4) A; B =99.73(4)°; ¥ = 502.8(6) A3
Z = 2. CubHBIe IMHUI PEHTIEHOBCKOM nopowkorpammsl (d B A, I, hkl): 4.48, 35, 110;
3.70, 70, —112; 3.45, 44, 022; 2.608, 70, —201, 130; 2.580, 100, 200, —131; 2.241, 45, 220;
2.187, 80, —133. To0TUIIHBII 0Opa3el] rapMUTa XPaHUTCS B KOJUIEKIIUM MUHepaiornye-
ckoro my3sest uM. A.E. ®epcmana PAH (Mocksa), No 95894.

Kntouesole cnrosa: TapMuT, HOBBII MUHEpasl, TPUOKTA3ApUIeCKasl CI0a, JUTUH, 1Ie3Ui,
meaouHblie mopoabl, Hapan-ITués, Anaiickuit xpeder, Tamkukuctan
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BBEJEHUE

B onHoit u3 menounbix nopon Hapau-TTuésckoro maccusa (Painrckuit, 6biBIImic 'apm-
ckuii paitoH, LleHTpanbHblil TamkukucTaH) oGHapy>keH HOBbI MUHEPAJI C UIeaTM3UPOBaH-
Hoii (opmynoit CsLiMg,(SiyOy)F, u3 rpynmel cmon (MOArpymnna TpUOKTadIPUYECKUX CIIION),
Le3ureBblii aHanor TaliHnonuta KLiMg,(Si O4)F,. MuHepan nmosmy4mit Ha3BaHKe TapMUT IO Me-
cty Haxonku 6113 noc. [apm. OH yrBepxkieH KHMHK MMA 19 anpens 2017 r. (IMA 2017-008).
TonotunHelit obpazelr rapMuta (TUlaCTUHYATBIE 3epHa rapMuTa pasMepamu 10 0.1 MM B eKTo-
JINTOBOM arperatre, CMOHTUPOBAHHbIE B LIAIIKY U3 SIIOKCUIHON CMOJIbl) XPAHUTCSI B CUCTEMATU -
yecKoM Koyuiekiu MuHepanorndeckoro mysest umeHu A.E. depcmana PAH (MockBa) non
HoMepoM 95894.

KPATKHWE CBEJEHUWA O TEOTPA®UHN 1 TEOJIOTUN MECTA HAXOJKHN

Hapau-ITuésckuii menounoit maccus (N 39°27; E 70°43”) pacrioyioxXeH Ha I0KHOM CKJIO-
He Auaiickoro xpe0GTa BOJM3U CThIKa TpeX CyOIIMPOTHBIX XpeObToB — TypKecTaHCKOTO,
Amnaiickoro u 3epaBIlIaHCKOro. MaccHB Tpope3aH B MEPUAMOHAIBHOM HampaBJIeHUN Jie/-
HUKOBOI moiauHo# pexku Hapan-I1n€3, spusromeiics IeBbIM IIPUTOKOM peku Apxbra. 3Ha-
YUTETbHAS YaCTh MaCCUBA TEPEeKPHITA JITHUKAMU, & KOPEHHbBIE BHIXOABI IIOPOJ YaCTO Mpe/I-
CTaBJISIIOT COOOM TPYTHOIOCTYIHBIE CKaJlbHble OOHaxXeHus (puc. 1). DTu obCTosSITENbCTBA
CWIBHO 3aTPYAHSIIOT €ro reoJIorThuyecKoe M3ydeHue. 3HauUuTelbHasl 10Jisi MHDOopMaluu 1no
nerporpadvu U MUHEPaJIOTUM MacCHUBa IMOJIydeHa MPU M3YYEHUM MOPEHHOTO MaTepuasia
nenHuka apan-ITnés.

Hapaun-TTu€3ckuii MacCuB MMeeT B TUIaHE KOJIBIIEBOE CTPOCHHUE: IIEHTPAIBbHYIO YaCTh Mac-
CHBa CJIaraloT TMPUHOBBIE M KBaplieBble CUEHUTHI, BHEIIHSISI 30HA CJIOXEHAa TPaHUTaMU.
Bo3spacTt maccuBa paHHe-Tmo3gHenepMcKuii. bosiee monpooHyo nHGoOpMaLUIo O reoJornye-
CKOM CTPOCHUU MacCHBa, UCTOPUM €ro U3yUYeHUsI, MUHEPAJIOTUU, TTIeTporpacduu U TeOXUMUU
MOXHO TTOYePITHYTh U3 psina pabot (MocksuH, 1937; dycmatos, 1968; 1970; 1971; 1993; Ce-
MeHoB, [lycmaroB, 1975; I'ansees u ap., 1976; Belakovskiy, 1991; Grew et al., 1993; Bnanpi-
KMH U ap., 1995; BnaneikuH, Jycmaros, 1996; [TayTos u ap., 1996; IMayroB, AraxaHos, 1997,
Reguir et al., 2004; Pautov et al., 2004a; AraxaHos u ap., 2011; IlayToB u ap., 2022, a TakKe
JIMTEPATYPHbIC CCHLUIKU B 3TOM CTaThe).

OnHoli 13 MHTepecHenmunx ocobenHocteil Japan-IIné3sckoro MmaccuBa sIBIsIeTCsS pa3-
HooOpa3ue MuHepanoB 1e3us (Araxanon, 2010). K HacTosmeMy BpeMeHH B OpoAax Mac-
CHBa OTKPBITO 13 COOCTBEHHBIX MUHEPAJIOB 3TOTO PEIKOTO 3JIEMEHTA: e3UNKYTUIETCKUT
(Cs, K, Na);(Mn, Fe);(Ti, Nb),SigO,4(0, OH, F); (EdumoB u ap., 1971), TeqiomeHKOUT
CsNag[Be,(Si, Al, Zn)3049]F, (AraxanoB wu  1p., 2003), 3epaBLIaHUT
Na,Cs,Zr3[Si 30451 2H,0 (ITaytoB u ap., 2004), cenkeBuunut CsKNaCa,TiO[Si;O3](OH) (Ara-
xaHoB u np., 2005), cokomoBaut CsLi,Al(Si4O0)F, (ITayroB m mp., 2006), xupxroddur
Cs(BSi,Og) (Agakhanov et al., 2012), menneneeBur-(Ce) Csg[Ce,,Cag](Si7gO0175)(OH,F)14,(H,0),
(IMayroB u np., 2013), onururpuut CsNasCas[Si4B,013]F, (Agakhanov et al., 2016), meHze-
seeBUT-(Nd) Csg[Ndy;Ca;](Siz90475)(OH,F)19(H,0)4 (Agakhanov et al., 2017a), ropbyHo-
But CsLi,(Ti,Fe)Si O,y(F,0H,0), (Agakhanov et al., 2017b), kpeiiteput CsLi2Fe3+Si4010F2
(Agakhanov et al., 2019b), dropanodunaut-(Cs) CsCay(SigO,)F-8H,0 (Agakhanov et al.,
2019a) n onuceiBaeMblii B HacTosuIelt cratbe rapMutT CsLiMg,(SiyOq) F,.

OBIIAS XAPAKTEPUCTUKA CYILIECTBEHHO KBAPLIEBOM
IMoPOAbI CTAPMUTOM

lapmut o6HapyeH B 00JJOMKaxX M HEOKaTaHHBIX WJIM CIa00 OKaTaHHBIX IIbI0ax (pa3Me-
paMu 10 2 M) CYILLIECTBEHHO KBapIIeBOIi TIOPO/Ibl, HAliIECHHO B MOPEHHBIX OTJIOXKEHUSIX JIeI-
Huka apau-TTués. Dra mopona BcTpeyaeTcss Ha MOPEHE HeYacTo, OOJIBILIMHCTBO HAXOMIOK €€
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Puc. 1. Bua Ha nipaBblit 60pT nonaunsl Japau-ITués ot ueHtpa Mmopensl. Ha gajiibHeM ruiaHe BUIEH JienHUK casi Jle-
IIOBOTO. DTOT Y4aCTOK JIeTHUKA XapaKTEPU3yeTCsl OOMIMEM B MOPEHHBIX OTIIOXEHHUSIX 00JIOMKOB (heHUTOB, U 3/1€Ch
e HaliZieHbl “KBaplieBble MIBIOBI”, B KOTOPBIX OOHapyKeH rapMuT. Ha mepenHeM rjiaHe — uccieaoBaTeib U y4acT-
HUK MHOTOYMCJICHHBIX 9Kcnieaunii Ha Jlapau-ITués I1.B. XBopos.

Fig. 1. View on right bank of the Darai-Piyoz valley from the axial part of the moraine.

DJILIO COeJIaHO y IIpaBoro 6opTa JISMTHUKOBOM JOJIUHEI B paiioHe cas JlemoBoro (puc. 2). K co-
JKaJICHUI0, HU HaMU, HUA MIPENbIAYIIMMU UCCIIEIOBaTEISIMU 3Ta TTIOpoIa He Oblj1a 0GHapyKe-
Ha B KOpEHHOM 3ajieraHnu. bojee Toro, He ObUIO BCTPEYEHO 00JIOMKOB 3TOI KBapIlIeBOii ITO-
poIbl, B KOTOPBIX Obl HAOII0AaICsS KOHTAKT €€ C JIIo0Ooi Ipyroii mopoaoii, 4yTo elle 6oJjee 3a-
TPYAHSIET YCTAHOBJIEHUE €€ MPOUCXOXKIeHUs. M3-3a 3THX OCOOEHHOCTEN U IIJIs TOTO, UTOOBI
HEe BHOCUTb HEeJIOKa3aHHOM reHeTUYEeCKOI Harpy3Ku B Ha3BaHME, Mbl OyJIeM HUXe Ha3bIBaTh
9TU 00pa3oBaHUs HAa3bIBATh MPOCTO “KBAplLEBbIMU DIbIOAMU”, KaK 3TO YK€ TPaTUIIMOHHO
IPUHSATO BO MHOrux Iyonmkanusax no Hapau-IIué€sy. O6cyXneHUI0 BOIIPOCOB TeHe3uca
5THUX TTOPOJ M KOHLIEHTPUPOBAHUS B HUX 11€31s TTOCBSIIeHA OTAeIbHAasl Hallla CTaThsl B 3TOM
Ke BhIycke xXypHana (ITaytos u ap., 2022).

KBapiieBbie bIOHI c10kKeHbI Ha 90—95% cpenHe-KpyITHO3EpHUCTHIM (3epHa UMEIOT pas-
Mepbl 2 MM—2 CM) KBaplieM JILAMCTOrO 00JIMKa. XapaKTepHbIii 00JIMK 3TOM MOPOIbI OTIpeie-
JISIIOT BTOPOCTETNIEHHbIE U aKIIECCOPHBIE MUHEpatbl (puc. 2): KpyrHbie (10 10 cM B monepey-
HUKe) TabJINTYaThIe U TJIaCTUHYATHIC 30JI0OTUCTO-KOPUYHEBbIE KPUCTAJLTBI TTOJTMIUTHOHUTA,
pPO30BBIE TIACTUHBI MUHEPAJIOB Psifia COTMMAaHUT—CYTUIIUT, CKOTUICHUS U TabIuTIYaThIe 3eP-
Ha OpaHXeBO-MaJIeBOTO PUAMEPIKHEPUTA, YePHBbIE KPUCTAJUIbI 3TMPUHA, OPaHXEBO-KO-
PUUYHEBbIE MOJYNTPO3pauHbIe YeueBUIIE0O0pa3Hble KPUCTAILIbI CTUILTYaJutuTa-(Ce), TpaBsHO-
3eJICHbIE WJIN KEeJITOBATO-3eJIeHbIe MOJIyITpO3pauyHble U TTPOo3pavyHble KPUCTAJUIBI Jieiikoche-
HUTA, TEMHO-3€JICHbIE CTOJI0YAThIE KPUCTAJLIBI TYPKECTaHNUTA, KPUCTAJLJIBI M arperaTbl KpyTi-
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Puc. 2. MuHepasibl CylIECTBEHHO KBapLIEBbIX MOPOJ — (PparMeHThl “KBapLIEBbIX IIbIO”, ¢ KOTOPBIMU CBSI3aHa B T.U.
pa3HOoOOpa3Hasl Lie3ueBasi MUHepaIu3alusi: @ — KpyImHoe (hHUOoJIETOBO-PO30BOE TAOIUTIATOE 36PHO MUHEpaa psiia
COrIMaHUT—CYTUIUT B KBapiie. PazMepsl o6pasua 12 X 7 X 4 cM; 6 — KpaCHO-KOPUYHEBBIN KPUCTAIUT CTUILITYIJUTH -
Ta-(Ce) B KBaple ¢ pUIMEPIKHEPUTOM; YepHOe — aTUPUH. Pazmepsl obpasia 12 X 8 X 5 cM; ¢ — KpyIHbIe 30JI0TH-
CTO-KOPUYHEBBIE TUIACTUHBI MOJTWJIMTUOHUTA U OPaHKEBO-PO30BbIC TAOIUTUAThIE 36pHA PUAMEPIKHEPUTA B KBap-
ue. Pazmepsl o6pasua 11 X 9 X 5 cM; ¢ — MeJIKO-CpeJHE3EPHUCTBII Oypblil MEKTOJIUTOBBI arperar ¢ puaMepaxHe-
puTtoM B kBaplie. Pazmepsl o6pasia 13 X 9 X 8 cm.

Fig. 2. Minerals of the essentially quartz rocks: (a) purple sogdianite—sugilite series mineral in quartz; (6) reddish-
brown stillwellite-(Ce) crystal with reedmergnerite in quartz; (¢) golden-brown lamellar polylithionite with light or-
ange reedmergnerite in quartz; (¢) brown pectolite aggregate with reedmergnerite in quartz.

HBIX 3epeH MUKPOKJIMHA Gesioro 1BeTta. Bce 3T MUHepasbl pacnpeie/ieHbl B KBApIIEBOM ar-
perare XaoTU4YHO U KpaliHe HepaBHOMEPHO, 00pasys 1100 OTIeTbHbIE PA3HOOPUEHTUPOBAH-
HBIE KPUCTAJIIBI, IM0O CKOIICHMsI, KaK OBl “IIaBaiolnue” B KBapleBOI MaTpHUIIE.

TonbKo B KBapleBbIX INIbIOAX BCTpedaroTcs rHe3aa (ot 1 mo 15 cM B HaubonbieM usMepe-
HUM), B OCHOBHOM CJIOXEHHBIE OYpPbIM WU CEPOBATO-KOPUYHEBBIM MEJIKO-CPEIHE3EePHU -
CTBIM OY€Hb CBOCOOPA3HBIM MOJIUMUHEPATBLHBIM arperatom (puc. 2, 2), COCTOSIIIIMM U3 3e-
peH Mn-conep:kaiero nekroiaura (1o 3.5 mac. % MnO), kBapua, Sr-comepxaiiero ¢iaoo-
pura (mo 21 mac. % Sr), o4yeHb GJIM3KOTO MO XMMUYECKOMY COCTaBY K KOHEUHOMY UJICHY
STUPUHA, TIOJUIUTUOHUTA, TATOJIUTA, U COMEPKAIIUM LEIYI0 TAMMY PEIKUX MUHEPAJIOB.

BoinesneHurst rapMuTa NpUypoYeHbl UMEHHO K TaKUM CYILIECTBEHHO MEKTOJIUTOBBIM arpe-
rataM. PacrnipenesieH HOBBIII MUHEpal B HUX KpailiHe HepaBHOMepHO. B 1ieiom, ata ciiona
SIBJISIETCSI BECbMa PEIKOI: OHa BCTpeYeHa JIMIIb B HECKOJBKUX 00pasliax, e, Kak MpaBuJIo,
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€€ BbIACIEeHUSI MPUYPOUYEHBI K TPaHMIIe TUPUHA C KBapleM, pexe — C MeKTOJIUTOM. Menkue
BBIZICJICHUSI TApMHTA TaKKe 00pa3yloT BpOCTKH B KpUCTajUIax aTupuHa (puc. 3).

lapmuT maet macTUHYATBIC 3epHA pa3MepaMM B HAaMOOJIbIIEM M3MEPEHUN OT 2 MKM 10
0.1 MM, penko go 0.2 mm. TommuHa ero 3epeH BapbupyeT OT noJieit MukKpoHa 10 20 Mmxm. Ya-
CTO BCTpeyaloTCsl BeepooOpa3Hble CPOCTKHU IJIACTUHYATHIX KPUCTAJUIOB. B OOJBIIMHCTBE
CBOEM 3epHa rapMuTa B TOI MU MHOM CTENeHU 1e(hOPMUPOBAHBI.

®U3UYECKUE CBOMCTBA

Tl'apmut — GecLBETHBI, B arperatax 0eyiblii MUHepa, BU3yaJlbHO HEOTJIUYMMBINI OT IpYy-
I'MX CBETJILIX CTIo. bilecK CTeKJISTHHBIN 1o MepaamMyTpoBoro. LIBeT mopoiiika (yepta) Oeblid.
CnaiiHocTh BechbMma coBepiieHHast o (001). JIuctouku muHepana rudbkue. TBepaocTh Mo
Moocy 2.5. TBepIoCcTh MUKPOBIABIUBAHUS, U3MepeHHas Ha rpubdope [IMT-3 npu Harpys-
ke 20 r, rpagyupoBanHoM 1o NaCl (cpenHee 3HaueHue no § 3amepam) VHN,, = 90 KT/MM?

npu paz6poce 3HaueHUit oT 86 10 111 kr/mMm2.

[T1oTHOCTH MUHEpasa OINpeaesijiach ypaBHOBEIIMBAHUEM 3epeH B pacTBope Kiiepuuu B
MMKpOKamMmepe (TPUKPHITasi TOKPOBHBIM CTEKJIOM JIyHKa B TIPEIMETHOM CTEKJIe, B KOTOPYIO MO~
MEIIAINCh NCCIIeAyeMOe 36pHO MUHEpaJa U TsDKeast XKUIKOCTh; HaGIIOIAIOCh IO MUKPOCKO-
niom). MI3MepeHHast INIOTHOCT MUHepaia — 3.34(2) T/cM, BeranciieHHast — 3.336 r/cm?. Tapmur
JIIOMUHECLIMPYET B KOPOTKOBOJIHOBOM YILTPaduOoIeTOBOM M3IydeHur (A = 245 Hm) Gien-
HO-3KEJITHIM CBETOM.

HoBbli1 MUHEpasT ONITUYECKU OTPULIATENIbHBINI, IBYOCHBIN. MI3MepeHHbIil Ha cTouke PDe-
noposa yroin 2V = —10(5)°, 2V, = —26°. Maublit pasmep BblIeJIeHUIT MUHEpalla, HEBBICO-
Koe IBymnpejomyieHue u n1ecoOpMUPOBAHHOCTh 3€PEH He TTO3BOJIUIIN MPOBECTH U3MEPEHMUS C
MEHbIIE TorperHocThio. [110CKOCTh ONMTUYECKUX OCEei TTPaKTUYECKU TIepIeHINKYJIsIpHA
rutockocTu cnaitHoctu (001). MuHepan 1o MUKPOCKOIIOM B MPOXOJSIIIEM CBeTe OecliBe-
teH. [Tneoxpousm He HaGmonaercs. [lokasatenu npenomieHus (I A = 589 HM) rapMuTa
U3MepeHbl UMMEPCUOHHBIM METOIOM Ha Bpallalolieiics Urjie U UMEIOT CIeayIolne 3Have-
Hust: n, = 1.582(2), n,= 1.601(2), n, = 1.602(2). Qucnepcus onruueckux oceit cnadas, r > v.

XUMHWYECKUI COCTAB

XUMUUYECKUI COCTaB rapMMTa M3ydasiCsl Ha 3JIEKTPOHHO-30HIOBOM MUKPOAHAIM3aTOpe
JCXA-733 dupmnl JEOL B nabopatopun MuHepanormyeckoro my3sest uM. A.E. Mepcmana
PAH u MeTon0M BTOPUYHO-MOHHOI Macc-CrieKTpoMeTpur (MOHHOro MUKpo3oHaa, SIMS)
Ha BTOPMYHO-MOHHOM MUKpockore Cameca IMS—4F B MHcTUTYTE MUKPOBJIEKTPOHUKHU U
nHbopmatuku PAH (SIpocnapnb). OnpeneneHue Bcex 3JeMEHTOB, KpoMme Topa, JUTUS U
BOAOPOIA, IIPOBOIWIOCH C MOMOIIBIO dHeproaucnepcroHHoro Si(Li)-meTekTopa ¢ cucrte-
moii aHanmm3a INCA Energy 350 dupmer Oxford Instruments Impu yCKopsTIoIeM HaIIpsDKeHUN
20 kB u Toke 30Hma 2 HA nipu nuaMmeTpe 3oHma S MKM. Bpems Habopa ciekrpoB 100—150 ¢ 6e3
yueta meptBoro BpemeHu. ConepxaHue Topa u3Mepsaoch Ha BOJTHOBOAUCIIEPCHUOHHOM
CIIEKTPOMETPE C ITOMOIIIBIO KprcTaa-aHanu3aTopa LDE1 nmpu yckopsioniem HanpsokeHAU
10 kB u Toke 3oHma 30 HA. 11 yMEHBIIEHUST IOBPEXICHMsI 00pa3la aHaJIu3 MPOBOIMICS
npu pachokycupoBaHHOM 10 10 MkM myuke. KoHIeHTpalliyu BOAOpPOIA U JUTUSL U3MEPSI-
juck MetonoM SIMS (ananutuk C.I. Cumakun). [TpuMeHsICS TepBUYHBINA ITy4YOK MOHOB

160;, choKycupOoOBaHHbIN B MsATHO auaMmeTpoM 10—15 mkm. MHTEeHCMBHOCTH TOKa GoMbap-
IUPYIOIIUX MOHOB cocTaBisia 3—8 HA. AGCOTIOTHBIE KOHLIEHTPALIUU 3JIEMEHTOB BbIUMCJISI-
JINCh U3 OTHOIICHWII MHTEHCUBHOCTEIl MOHHBIX TOKOB 2eMeHT/ ’SiT ¢ mcronp3oBaHueM
KaJIJMOPOBOYHBIX KOHCTAHT, MOJIYYEHHBIX Ha CTaHAAPTHBIX oOpa3iax. XUMUYECKUil cocTaB
rapMura npuBeaeH B TaoJ. 1.
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Taommna 1. Xumuuyeckuit coctas (Mac. %) rapmura
Table 1. Chemical composition (wt %) of garmite

KommnoHeHT o 1C6paelf:ne;3aM Cg;g;{?:ggﬁ CranpapThl (0Opas3iibl CPABHEHMS)
SiO, 47.39 46.23—48.54 Muxkpokiana USNM 143966
Al,O3 0.71 0.27—1.55 Muxkpokiana USNM 143966
TiO, 0.71 0.15-2.42 Wnbmenur USMN 96189
Nb,O54 0.12 0.0-0.47 CsNb,Oy;

FeO 2.12 1.46—5.92 HNnbemenur USMN 96189
MnO 0.85 0.63—1.06 MnTiO3

MgO 9.01 8.19—12.89 Huoncuag USMN 11773
ZnO 2.23 1.37-3.67 ZnS

K,0 0.16 0.10-0.27 Mukpokaa USNM 143966
Cs,0 26.98 26.11-27.71 CsTbP4O4,

Li,O* 3.57 [MonunurnoHuT

H,0* 0.08

F 7.23 6.68—7.61 MgF,

CyMmma 102.94

—0=F, —-3.04

Cymma 99.90

TMpumeuanue. * [To nanueim SIMS ananusza.

Omnupudeckas popmysia rapmuTta (pacuet Ha 12 atomoB O + F):

(C80.95K0.02)50.97L11 21(M8) 37Z1¢ 16Feq 15Alg 7Mng 06 Tig 04)51.85513.99010.04(F1.9200Hg 04)51.96-

HNneanuszuposanHas dopmyna: CsLiMg,(Si,O,9)F,. Hanbonee 3HauMmoil npumecsio B
rapMuTe sBisgercd UMHK. O Bapranusix coaepkaHus IMHKA B MTPOaHATIM3UPOBAHHBIX 3€pHaX
rapMyTa MOXHO CyIUTh IO TPOMHOI AuarpaMmMe, IpuBeASHHOI Ha puc. 4.

Borpockl KpUCTAJUTOXMMUM ¥ TIOBEACHUS IIMHKA B MUHEpaJIax MIEJTOYHbIX MAaCCUBOB pac-
cmotpeHsl B pabore M.B. Ilekosa (2005). MuTepecHa Haxonka B poHOMMTAX OKTIOPHCKOTO
IIEJIOYHOTO MacCHBa BBICOKOIIMHKOBOM CITIOIBI, TTPOMEXKYTOUHOM T10 COCTaBy MexXmy (hio-
TOMMUTOM M TaWHHWOJUTOM, C YCPEIHEHHBIM COCTAaBOM, COOTBETCTBYIOLIEM (opmyJie
KMgyZng 375Mng 55Lig 375[Alg 625513 3750101 F1.25(OH)g 75 (IHapeirun, 20095 Sharygin,
2009a). [MpuuuH oborameHus LIMHKOM rapMuUTa HaM MpPEACTaBIsIeTCs IBe: KPUCTAJLIO-
XUMUYecKas U reoxummuyeckas. [lepBas u, BUIuMo, 6oJjiee BaxkHast — 3TO OJIM30CTh MOH-
HBIX paanycoB Mg?t 0.72 A u Zn?* 0.74 A (Shannon, 1976), uto o6ieryaeT U3OMop-
dbusm. B caromax U3 accoumanuy ¢ rapMUTOM, He cofepXalux Mg B 3HaUMTEIbHOM KO-

Puc. 3. [ToruMuHepa bHBIi arperat ¢ rapMMTOM: BEpXHUI CHUMOK — BUJ TTOJMPOBaHHOTO LUTU(da (M300pakeHne
O] CKaHUPYIOLUM 3JIEKTPOHHBIM MUKPOCKOIIOM B PEXMME OTPaXeHHbIX 21eKTpoHOB — BSE). Grm — rapmur;
Qz — kBapi; Dat — natonut; Aeg — 3rupuH; Pct — NEKTONUT; YePHOE — MOPbI, YACTUYHO 3aTIOJTHEHHBIE SMTOKCUL-
HOI CMOJIOi; HUXe — (hparMeHT TMpeabIayliero CHUMKa: n3oopaxeHue B pexume BSE u xapTsl pacnipeneneHus
Pa3IMYHbIX 3JIEMEHTOB, MOJIYYEHHBIE B UX XapaKTePUCTUYECKOM PEHTIEHOBCKOM u3nyueHuu. [lon Kaxnoii kKapToi
yKa3aHbl 3JIEMEHT U PEHTI€HOBCKasl JIMHUS, UCTIOIb3YyeMast JUIsl TOCTPOCHUST U300paxKeHusI.

Fig. 3. Polymineralic aggregate with garmite in polished section: upper picture — SEM image (BSE mode): Grm —
garmite, Qz — quartz, Dat — datolite, Aeg — aegirine, Pct — pectolite (black — pores); lower pictures — fragment the
same picture and X-ray maps.
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Mg Fe + Mn + Al + Ti
2+ ,3+,4+ .
Puc. 4. CooTHolLlIeHUsT KAaTUOHOB M“ '°” 7" B OKTasApUYECKOI KOOPAMHALIMK B MU3YyYECHHBIX 0Opasliax rapMura.

2+,3+,4+

Fig. 4. Ratios of octahedrally coordinatied cations M’ in garmite.

nanuectBe — cokomosaute CsLi)Al(Siy0,0)F,, xpeiitepute CsLi,Fe’*Si,0,,(F,0H),,
ropoyHosure CsLi,(Ti,Fe)Si 0,o(F,0H,0), u noaunuruonure KLi,AlSi,O,,(F,OH), Ta-
KMX BBICOKMX COJIEp>KaHUi IIMHKA, KaK B rTapMUTE, HA pa3y He oTMevanoch. Bropas mpuuu-
Ha — reoOXMMMYecKast: 060raleHHOCTbh MUHEPaI000pas3yolieil cpenbl IMHKOM MTPU HU3KOM
aKTUBHOCTHU S’~ BCJICICTBYE OKMCINTEIBHBIX YCIOBHI KpUcTauT3anny. Eciy Hate npen-
MoJI0XeHNe 00 00pa30BaHNM “KBaplLEBBIX ITIHI0” M3 BOTHO-CUJINKATHBIX XKUOKOCTE (3TOT
BOIIPOC paCCMOTPEH ITOAPOOHEe B OTAEIBHOI ITyOIMKaII) BEPHO, TO MOBLIIIEHHOE COAep-
JKaHUe IIMHKA MOXKHO OOBSICHUTD MepepacipeneeHueM [IMHKa U3 COCYIIEeCTBYIOLIEro BOM-
HOro (JIrouIa B BOTHO-CWJIMKATHYIO XXUJIKOCTb, UTO UMEET SKCIIEPUMEHTAIbHOE MOATBEP-
xneHue (CmupHoB, 2015; CmupHOB u 1p., 2017).

PeasibHbIe COCTaBbl M3YYEHHBIX 3€PEH rapMUTa MOXHO TIPEICTaBUTh KaK TBEPAbIA pac-
TBOD, copepxxauiuii 75% muHana “naeanpbHoro” rapmura CsLiMg,(Si O,0)F, u 25% cneny-

IOLIUX MUHAJIOB (B nopsiake yobiBanus): CsLiZn,(Si,04¢)F,, CsLiFe%Jr Si,04F,, cokonosa-
nta CsLi,Al(SiyO4p)F,, CsLiMn,Si,O,(F,, ropbynosura CsLi,TiSi,O;o(FO) u nonmiurtno-
Hura KLi,Al(Si4Oy)F,. IlockonbKy caM BBIOOp MHUHAJOB B 3HAYUTEIBHONW Mepe
(popManbHBIA, TO MBI HE IPUBOIMM I€pECYETa COCTaBa rapMUTa HA MAHAJIBL.

PEHTTEHOBCKUWE JAHHLIE

M3ydyeHne MoOHOKpUCTaJIa rapMuTa ImpoBomiock Ha nudpakromerpe STOE IPDS 11 Ha
MoKao-uznyuenuu. [omyueHsl cienyroime napaMmeTpbl MOHOKJIMHHON 3JIEMEHTAPHOM STYeKU
(mpoctpancTBeHHas rpyrma C2/m, C2 wau Cm), orBevaroliue noautuiry 1M: a = 5.21(6);
b=9.02(8); c=10.2(3) A; B=100(2)°; V'=472(5) A3; Z=2. K coxaseHHIO, HaM He YIaI0Ch
OOHapYyXUTb HeAe(OPMUPOBAHHOTO 3€pHA rapMUTa, MPUTOAHOTO IJIsl ONpeNeeHUs Kpu-
CTAJJTMYECKOM CTPYKTYPHI.

PeHTreHoBCKast mopoIkorpaMMa rapMuTa IoJjiydueHa Ha MOHOKPUCTaJIbHOM PEHTICHOB-
ckoMm nmudpakromerpe Rigaku R-AXIS Rapid 11, 06opynoBaHHOM HMJIMHAPUYECKUM IETEK-
TOpOM ¢ ucnoyibzoBaHueM reomerpun Jedas—Ileppepa (d = 127.4 mm) Ha CoKow uznmyue-
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Ta6muna 2. PeHTreHoBCcKasi mopolIKOrpaMMa rapMuTa
Table 2. X-ray powder diffraction data for garmite

I Ay A dyrr A hil
17 10.65 10.625 001
10 5.31 5.312 002
35 4.48 4.481 110

8 4.37 4.364 —111
16 4.17 4.160 021
27 3.94 3.927 111
70 3.70 3.704 —112
18 3.55 3.542 003
44 3.45 3.443 022
31 3.20 3.201 112
28 3.00 3.001 —113
12 2.79 2.788 023
24 2.658 2.656 004
70 2.608 2.610 —201

2.602 130
100 2.580 2.579 200
2.579 —131

7 2.488 2.492 —202
10 2.419 2.420 -132
45 2.241 2.240 220
80 2.187 2.188 -133
25 2.126 2.125 005
15 2.018 2.017 133

9 1.784 1.784 134
20 1.721 1.721 044

1.719 -135
14 1.587 1.591 -206
27 1.510 1.510 33-1

9 1.307 1.307 40-1

8 1.274 1.274 028

6 1.227 1.227 334

1.226 315

an/IMC‘-IaHI/Ie. )KI/IprIM LLIpI/I(I)TOM BBIJIEJIEHbl Han0O0JIee UHTEHCUBHbBIE TUHUU.

HUU. Pe3ynbraThl pacyeTa peHTIeHOBCKOM MOPOIITKOrpaMMbl MpUBeaeHbI B Tab. 2. [Tapa-
METpPHI 3JIEMEHTAPHO STYEHKM, YTOUHEHHBIE Ha OCHOBE TTOPOIITKOBBIX JaHHBIX, CIICTYIOIINe:

a =5.234(2); b=9.042(4); c = 10.780(4) A; B = 99.73(4)°; V'= 502.8(6) A3.

Ilo cpaBHEHUIO C TAMHUOJUTOM, ITapaMeTp JIEMEHTApHOU STYeHKU ¢ y rapMuTa O00oJbliie
Ha 6%, 4TO CBSI3aHO MPEXJE BCEro ¢ GOJBIINM pafuycoM Mexcioesoro katuona Cst y rap-
muta otHocutensHo K y TaitHmonurta. CpaBHEHUE TI0 TTapaMeTpaM JIeMEHTAPHOI STYeHKI
rapmMmura ¢ CMUHTCTUYECCKMMU LIE3UCBBIMU aHaJloraMU TallHUOJIUTA C pas3iiMdYHbIMU OBYyXBa-
JICHTHBIMM KaTuOHaMU B okKTasnapuueckom cioe (Co, Fe, Mn) npuBeneHo B Tabj. 3 1 Ha
puc. 5, a ¢ IPUPOIHBIMHU IE3UEBBIMU TPUOKTANPUYECKUMHU CIIOJAMU U TAWHUOJIUTOM — B
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Tadoauma 3.

[TapameTpbl dJIeMEHTapHBIX SYEEeK T
CsLiM,Si,0,oF,, rie M = Mg (rapmur), Co?*, Fe?", Mn?*

Enomaaupnqecxmx caon ¢ obueit popmymnoit
(CUHTETUYECKUE CITIOJIBI)

Table 3. Unit-cell parameters of trioctahedral micas with the general formula CsLiM,Si;OyF; in

which M = Mg (garmite), Co’*, Fe?™, Mn”*

(synthetic micas)

CsLil\];IE:gp;]\é[grOlon CsLiCo,Si401(F, | CsLiFe,Sig0;oF, |CsLiMn,Si ;01oF,
Wonnbtit pamnyc VMY, Mg: 0.72 Co: 0.745 Fe: 0.78 Mn: 0.83
A (Shannon, 1976)
a, 5.234(2) 5.3051(11) 5.277(2) 5.3013(11)
b, A 9.042(4) 9.1710(18) 9.148(2) 9.1761(18)
e, A 10.780(4) 10.897(2) 10.804(2) 10.878(2)
B,° 99.73(4) 99.40(5) 99.19(3) 99.15(3)
v, A3 502.8(6) 523.05(18) 514.9(2) 522.44(18)
HUcTtounuk Hamwu nannele | Koch, Breu, 2013 | Mariychuk et al., | Baumgartner et al.,

2007 2009

Tabi. 4. Kak BumgHO u3 IIPUBCICHHBIX JaHHBIX, C POCTOM MOHHOTO pagunyca OKTas3ApHUIYCCKO-

ro katnoHa ot 0.72 A y Mg?" 10 0.83 A y Mn2* (Shannon, 1976) IiporcXoquT 3aKOHOMEPHOE
YMEHBIIIEHNE yTiia MOHOKIIMHHOCTH B oT 99.73(4)° y rapmwura 10 99.15(5)° y cuHTETHYECKO#

a, A b’ A

5.40 9.30

5.35¢ Co Mn 9.25F

5.30+ - Fe - 9.20 - Mn

* QCO Fe *

525 JMg 915 .

5.20 + 9.10 +

5151 905 oMg

5.10 1 1 1 1 1 1 J 9'00 1 1 1 1 1 1 J

0.70 0.72 0.74 0.76 0.78 0.80 0.82 0.84 0.70 0.72 0.74 0.76 0.78 0.80 0.82 0.84
Wonublit pagnye, A WouHublit pagnyc, A
¢, A B,°
11.00 99.8 -
M
10.95F 99-2 S
10.90 b Co Mn 99.6
* ¢ 995t c
10.85 - o
Fe 99.4 - A
10.80 + Mg * 99.3 |
10.75+ 997 | AFe Mn
10.70 | | | 1 1 1 J 91 1 1 1 1 Il 1 A J
0.70 0.72 0.74 0.76 0.78 0.80 0.82 0.84 0.70 0.72 0.74 0.76 0.78 0.80 0.82 0.84

WouHublit paguyc, A

WoHHbI paguyc, A

Puc. 5. 3aBucMMOCTb TTapaMeTpOB 3JIEMEHTApPHOI STYeKM B TPUOKTAAPUUECKUX Cllofax ¢ obuieit dhopmynoit
CsLiM;Si O oF,, rmne M = Mg (rapmur), C02+, F62+, Mn2" (CMHTETMYECKHE CITIOJbI) OT MIOHHOTO paanyca OKTa-
MPUYECKOro KaTuoHa. JlaHHbIe MO MapaMmeTpaM siueek 3auMcTBOBaHbI u3 padot: miasg Co-cmonsl (Koch, Breu,
2013); nnst Fe-cmonet (Mariychuk et al., 2007); nist Mn-cmonst (Baumgartner et al., 2009). MoHHbIe pannychl B3SITh

u3 pabotsl (Shannon, 1976).
Fig. 5. Correlation between unit-cell parameters of trioctahedral micas with the general formula CsLiM;Si O oF, [in

which M = Mg (garmite), C02+, Fez+, Mn2* (synthetic micas)] and atomic radii of M cations.
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cmoasl CsLiMn,Si 0,yF, (Baumgartner et al., 2009). Han6oJsee 4yBCTBUTEIBHBIM K pa3Mepy
KaTHOHa B OKTa3IpUUYECKOM OKPYXEHUM OKa3bIBaeTcCs IMapamMeTp b, OMHAKO 3Ta 3aBUCU-
MOCTb HOCHUT CJIOXKHBIN xapakTep (puc. 5). [IprumnHa Takoi CJI0XKHO# 3aBUCUMOCTHU, BEPOSIT-
HO, KPOETCSI B pa3/IMYHOM POJIM pa3HbIX MEXaHU3MOB KOMIIEHCAIIMU HECOPA3MEPHOCTH OK-
Ta3APUYECKUX U TETPA3IPUIECKUX cIoeB (TropupoBKa cioes, pa3BopoT Si—O TeTpasapos,
nedopMals — yIUIOIIeHWe OKTadApUIeCKOTro CI0S U T.A.). BO3MOXHBIE MeXaHU3MBI pa3-
MEPHOTO COTIACOBaHMS IS OKTa3APUYECKOTOo M TeTpasapuyeckux ciioeB B Cs aHajorax
TaliHMONMUTa paccMOTpeHbl B psae pabot (Mariychuk et al., 2007; Baumgartner et al., 2009;
Koch, Breu, 2013 u ap.).

3HayeHUsl MHIEKca CXOAMMOCTH cocTaBa U CBOUCTB 1o [maacrony-eitny (Mandarino,
1981) cnemyromue: 1-(Kp/Ke) = —0.018 ans D,,,, = 3.336 r/cm?® (superior) u —0.016 st
D, =3.34 r/cm? (superior).

O6pa3oBaHKWe TapMHTa, IO HallleMy MHEHMIO, CBS3aHO C pacKpHMCTATU3aleil BOTHO-
CWJIMKATHOM XMIKOCTU, oboralieHHON 1e3neM. Borpocam oOpa3oBaHUsT TaKoM cyOGCTaH-

I U TIPUIMHAM KOHIICHTPAILIMU 1e3UsT B Hel TOCBsIIIIeHa OTAe/bHAS Hallla IMyOJIMKaIIHs
(ITaytoB u ap., 2022).
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Garmite, CsLiMg,(Si O()F,, a New Mica-Group Mineral from “Quartz Lumps”
of the Darai-Piyoz Alkaline Massif, Tajikistan
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The new trioctahedral mica garmite, CsLiMg,(Si4O4y)F,, a Cs analogue of tainiolite was
found in an essentially quartz rock in the Darai-Piyoz alkaline massif, Rasht district (for-
merly Garm district), Central Tajikistan, and named after discovery locality. It is closely as-
sociated with Mn-bearing pectolite, aegirine, Sr-enriched fluorite, quartz, datolite, and
polylithionite. Garmite forms lamellae up to 0.2 mm across and up to 0.02 mm thick. The
mineral is transparent, colourless, with perfect, mica-like cleavage on (001). The Mohs
hardness is 2.5, the micro-indentation hardness VHN,, = 90 kg/mm?. Dieas = 3.34(2),
Dy = 3.336 g/cm3. Garmite is optically biaxial (—), 2V eas = —10(5)°, a0 = 1.582(2), B =
=1.601(2), y = 1.602(2). The chemical composition (electron microprobe, Li and H by
SIMS, wt %): SiO, 47.39; Al,05 0.71; TiO, 0.71; Nb,O5 0.12; FeO 2.12; MnO 0.85; MgO
9.01; ZnO 2.23; K,0 0.16; Cs,0 26.98; Li,O 3.57; H,O 0.08; F 7.23; —O=F, 3.04; total 99.90.
The empirical formula calculated based on 12 O + F apfu is

(Cs.95K0.02)50.97L1.21(Mg; 37214 16Feq 15Alp, 07Mng 06 Tip 04)51.85513.99010.04(F1.9200H0 04)51.96-
Garmite is monoclinic, space group C2/m, C2 or Cm; polytype 1 M. The unit-cell parame-
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ters are: a = 5.234(2); b = 9.042(4); ¢ = 10.780(4) A; B =99.73(4)°; V= 502.8(6) A3; Z=2.
The strongest reflections of the powder XRD pattern (d in Al hkl) are: 4.48, 35, 110; 3.70,
70, —112; 3.45, 44, 022; 2.608, 70, —201, 130; 2.580, 100, 200, —131; 2.241, 45, 220; 2.187, 80,
—133. The holotype specimen is deposited in Fersman Mineralogical Museum of RAS, Moscow
with catalogue no. 95894.

Keywords: garmite, new mineral, trioctahedral mica, lithium, cesium, alkaline rocks, Darai-
Piyoz, Alai Range, Tajikistan
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