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I) E. M. ECbKOBA,* B. J(. ,ayCM,ITOB, " P. K. PACUBCTAEBA.*** H. H. ~YKAHOB ..... IA. A. BOPOHKOG~ 

CYPXOI>H.T (C" Nal(B., K)(Fe" , Mn).Ti,(Si.O,,)O,(F, OH, 0), -
HODbIH l\1lfHEPAJI (AJIAfiCKI1A XPEEET, TAD)KJ1KI1CTAH), 

£. M. ESKOlfA, V. D. DUSMATOV. R. K. RASTSVf.7AEVA , /\/, V. CHUKANOV, It 11. VOI?ONf<.OV. 
SURKHOBITE (Ca. Na)(Bu, K)(Fe:!-t, MlI )~ThlS i~OI ~)02( F, OH. 0 ) 3. THE NEW MINERAL 

(THE ALAI RIDGE. TADJIKISTA NI 

+ Wllc mumy m ,I.IUIlC'f'/(I!lfIlU!I, lenXU,M11U /I "l' lH.'l!tfl.ll.WX!/.,IWU PCI}J.;UX EJ.'l/:',lf l'HI1I()(f PAH (HMrp.'3). 
12057. M()(.'A"(1{/, )'Jf . 8(PCC:II('(J(I, 15 

:j: ,< Mm/f'!J)(j.'wlJj~Cc~uij l>I),J(' ti lUI. A. E. /1J cl)C.Mllml PAH. M OI:IIIu/. 8-7/ , ll"l luJlc"uu lip., J8-2 
,. .... I1IT<:mwllym KPfiL'l1/tur.10lpm!lIJu PAN, If 731.1, MOr.: t.(JlI, JJeHw/cKuf{ lip., 59 

.... o;<t HnwiUlII}'111 njlo(l,nCM X/jA!lI'I(X'Koti (/m::Wh'l{ Plifl, 142432, Mlln:oaclwK 06"1., c. l/r.:pJU!lO .. 7081;(/ 

Th~ new InineraJ :iurkhubite h ~s been found occlLlTing together with E1cgirine, microclinc. ,'11bitc, quarLL. 
amphibole, snnile, bllfcnisitc. a~troph)'llhc, zircon, fluorite. polyJilhionite. Sli liwe lilC . ):ogd iilnile. lactj iki(c in the 
r(lrc-metal sy~itc-pegmatile of Dara-l-'ioz mAssif, ill Tadjikistan. It funns Ihere plaly crysrals , up to 1 mm. and grain~ 
up to 2 x 1 x 0.4 em in size. Surkhobite i::; transhlcent,browllisn-red. Wilh vitreous lusler ilnd white streak; perfect 
cleavage by (001 1_ Its hardness is aniso tropic: HI ~ 259 k.g/mm2, H2 = 432 kglmm2~ Mobs' hardness- 4.5. Biaxial. 
negaci '!!!, ~ = 1.858( 10), Y= 1.888(10) ; 2V = 65(5)°; 0: = .1.790 (c!\ JcuJat~d from 2V). Optical orientation: X =b. 
'1 h Z = 34°. DL~persion is strong, r< Y. Pl~ochroism": Y (urllngc) > Z (bright-yellow);> X (yellow), Mict"oLwinnillg 
observed nn (001 ). Do;ak = 3,98 glcmJ; Dn'o!M = 3.84( 10) g/cm). IR spCCU'um is given. Wel chemical analysis gives 
(wt %l: Na20 1.57, K20 1.30, CaO 4.74, SrD OJ}6, HaO 14.45. MnO 12,75. reO 13.0Q, FC20] 3.47, AJ]OJ 1.10. 
Si02 26.68, Ti02 14.00, Nb20s 1.00. Zr02 2.40, l'hO 1.17. F 4.06. -0 = F2 - 1.70, toral 100.05. The empirical 
fOim ula i~ (2::: 8): (Cao.7(,Ni\(I.~Srnmh:L23(Ba(l.8~ Ko.2sCiiO.021 rl. \ !(F~T:6JMn 1.i">2Fet"h,A 10. t!)Ll.Iu(,fi 1.5KZrO.lK 
Nbtl.m)It.~J(Si~ . O tOI .. )02.2~Ft .9.l( OH)I . 17. Th~ .~imlllified formula: (Ca, Na)(Ba, K)(Fe 2;·. Mn).(J'i2(Si40i4)02(F, OH. 
Oh. The crysta l Stll)Clure. hns been ;Hudicd (R::: 0.(47) . Surkhobite is monoclinic, space group C2; (I = 10:723(1 ). 
" ;: = 13.826(2): c = 20.791(4) A., ~ :=. 95.00( I)", Surkliobi'te is structurally relaLed to pCl"raultite. The strongc~l1incs 
of [h, pow;e[ diff,.",ioll paue", [d, A(I, %) (1#) ) are: lO.)9 (20) (002), ).454 (100) (OIXi), J.ISG (15) (l2 1), 2 .&62 

(15) (225) , .2.592 (70) (008),2.074 (40) (048), 

HO Bb1li ",HfHepDJJ ·'cypxo6uT· CHaa.BaHlfbl~1 'no MecT)' HaXO)l,Kn B 6acceffHe p. Cypxo6) 
6blJI o6Hapy;t.;.eH II BepX'He,lJ,apaJ.fht[e~ct<:·OM ~taCCHHe men Ol".rHI,IX., napO)l, pacnaJJO)KeHHOM 
B Bep~OBbe p. gapa~l:-nH~~_. Bn.pH~O,ll0:p'a3JI.eJ1~H9.H '=tacTH lO)K HOro CKJlOH8 AnaUcltoro 
xpe6Tfl, Ha TeppHTO[Jt.nl. UeliTpanblHJf'O Ta.JJ)K}IKHCTaua·. B nnane MaCCI1B liMeeT 1f30-

MeTpH4HYIO CPOPMY. HeCKOJlLKO ~brT5IHyrylO B .cesepO-3an311tloM · HanpaBneliHI-I H" 3aUliMaeT 

nnoma.nli dk.oJrd 18 X"·1.'1. "B CTPYKtypl10M oTHOllleHli(.f OCHOBHa5I Mflcca erp Cq>OPMlIPO

nana,Cb B. )JApe ··Jl O'pQJ1bI:!9KpynH{)H ·L,.gIHi!<.IJHf:lanhJ:lO~ Ct\nIVlKH, CJlOiKeIiHo w·. TeppHreHuo

cJ1aiuJ,eBoH. TOJll.lJ..eft (<;2-3). CeBepHaSr '-taCTb, opeHMYllJ,eCTBeHHO rpaHHTI'HlSl, li3XQlllfTCH 

B npe.Q,eJ1J~~ .a~TIi KITHJ~ai11Hi9t1 · 'CJ0HlflKH ,~6pa30Ba HHOH nOpO)laM If H3BeCTf{.lIKOBO-CJI a H u,e

ooro cod'll.a (S·lW~S,ld ). ·' " 
. MaCCl~B HAle~T . cTp.QeHHe , <5JUi3KOe K~OJIbueBoMy, c aCI1MMeTpW-llibIM U;mlTpOM B 

BOCTO~IHO" \faCTH. BHeWHee KOflblJ,O -B 3ana,D.tl o ti l".laCn-l cnox<eHO ).1,8ycmO,ll1iHblMM TypMa

J1IWH311POBUIlULlMH rpallHTa'M~1 eEl), 38TeM CJleJ.1YlpT cpellHe3epHHCThie 6HOTHTOBble rpa

H"HTbl (Cl-P I) ' UeHTpa.flhliM II. 1l0CTO~HaSi 'iacni 'MaCClIsa CJJO)Ke libl MeJIKO- 11 cpeJlI~e-
3epHHCT'bIMH 3rHpH l!OBhlMH . CHelnlT'!.M~1 (Pt-P2); ueHTp 06pa30BaH ¢oihunal\u.t (P2..,-Tl)~ 
If I-JOKOHell" MeJ1K03epHHCl'·1I1e rpaHHTbl (J' r-:-T2) ceKYT Bee npe.nbJ.I.1Yll{He nOpOJlbL Pa,n,",o
norH'-teCKHe .1laJlHWe YKa31lIBftJOT H8 B03p.aCT nopo,D. n npelle.nax 180-150 Mil[-] neT. Do
c.rie.n:oBaTeJlbHOCTh o6pa30BaIHI~HopoJl. cJre.u.ylOwa~ : 6HOTHTOl:iLle rpaHWfbl. 31'HPHHOBule 

CHeHHTbl, l'aCTl1.Hrc~lTOBT~,e 11 6110THTo,...rpatWTOBble necpeJIHHO[lJ,Je Cl1eHIHhl (q,OHRHTbJ). 

C 3rHpHHOBbiMII CHeHHT3MH CB513aHO o6pa30BaI'JKC cepHH Cl-fem-fT-nef'Man'rl'o n :Jrl-IPH
HO-nOJleHOUmaTO-KuapueBoro COCTaHa . B 3aBHcHMOCT).{ 01' ux pe,1l.KOMeTaJIJlb liOK ClleUlfa-

I H ORhlii M}H1epWl cypx06ltT OJ106peu KO~IHCL;III::ii 110 IIOUlln! ~ll!llepa.rHl.~1 It H"3URIlIiIlM UIIHepa:lOU BMO 
12 mo.'.,!! 2002 r. Y·rcepiK.lell KO.lulcclldi no l!OHhIM ),.J1H1epl\Jl a~11! HIl3llar{lIjI~1 ~tlfllepllJlOn Me.a:JJ.Yllal){),!1HOii ~lIlIlcpa~ 
: lonltlCCKo ii aCCOI{IHHUIll 3 OKT,,6pl'l 2002 r . 
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JlH3aUI1H Uhl.u.CmUOTCSI. lIeCKOnbKO THrl OH nerMaTHTOB. H OBbl I{ MHllepaTI 06HapY:Keli Il 30-

1Ia.'lbnO~f pe)J,KOMeTaJlJlbHOM CHe uwr-llerM8T}fTe. 06oco6nellH5J cypxo6Hra TSl.T'OTeIOT K 

rpa!Ufue llepHq)epH"WCKoi{ 30lf bl, 06orameHHOH 3lll.PHHOM , C 30HOH 6noKoBoro MI1Kpo

Kll H1I a., 8JlOJ1h KOTOPOH npo~BlU'C51 HMO;KellliblH KBapueBo-nOllHnHTHOHHTOBbIH 3aMeU(a
IOUWH KOMl1neKC MHHepanOB, c nOCJIe.tl.YIOw.eH em aJTb6HTlf3aUHeii H KaIlblJ,HTIt3alll1(>.f!. B 
YllaCTKe nerMaTHT3, o60rmueHHOM aCTpo¢m.rtJIHTOM H SrHpm-IOM, Ha6mo.n.aeTCH cneaylO-
111351 nOCJleDOB8TeJl &IWCTb MHHepano06pa30BaHHH: no TeMHO-3eneIiOMY ::> rnpm:ly pa3BJ.(T 

3eJleHbJf~ :3t'HpI1H-aafl'lT, liD KOTOPOMY S CBOIO Ol£epe.ll,b pa3BHHalOTCR aMcpH60.11 It llemi,UO

MenaH c m eJiIaM Ii 6a¢epTlfCHTa. Ea¢epTH.CHT 3aMelUaeTC$I 30J10THCTbiM aCTpoqmJ1J1l1TOM 

H cypx06lfro~ . 3.neCb )Ke co,n.ep>KaTCSI. UHPKOH, CPJ1l00pHT! MeJlKOttewyi14aTbIH nOfllU IIITH

OHf-IT, a TaK)f(e CHUUlBeJ1JT1iT, COrnI-iaHHT H TaD:)(HKJiT. 

Cypxo6wr o6pa3yeT GYPoRaTo-KpacHLle nJ1aCTHIi'UTble 3epHa pa3MepoM .no 
2 x 1 x 0.4 eM H llCCOBepWeJlllble Y!IJI Ow,eIHII.IC no {OO I} KPJ.1CTaJlJlbl pa3MepoM.uo 1 MM. 

MUI-lcpan xpynK~IH , 06.naJ].aeT COBepweHllOH cnaiil'IOCThiO no {OOI}; J.13JlOM HepOBHh!i:j. 

MHKpOTBepilOCTb, H3MepCHHR>I C. JII. JIe6e..a.eBoH (I1MfP3) n p.a3JlH l IHO opHewmpo

BaHHl>IX 3epHax (TIMT-3, uarpY3Ka 20-30 r), xnpaKTeplnyerc.fl aHH3lYrponHeti. 
11 pona: II, = 2 12- 292 Krf""" (cpelluee 3O(""eH"e 250 <rfMM'), H, = 432-543 Krf" ,,' 
(cpeJJ.tiee :ma\le!Hle 482 Kr/MM 2), qTO cO OTBeTCTByeT TBCp.uOCTH no LUKa.lIe Meoca OKOJlO 

4 112. n J10THOCn. cypX06HT3, BbIlIHCJ]eH )laSi IUt OCHOBe :ilMflHplillecKoH cpopMynbl , 

pasHa 3.98 r/cM 3. nJl OTIIOeTT1, H3Mepe HH afl BOJl!OMoMeTpHlIecKHM MeTo.uOM, parma 

3.84( I 0) r/cM'-
MUKpocKonwlecKHe .ICCJ]e.nOBa H~Uf YCTanOIJHJll1, lfTO trnlJlepan OnTIfl.feCKM ,1J.BYOCH&lii, 

OTI'" ~aTeJJbfl"'ii. nOKa3flT<'.ITH npenOMnellH" Cypx06HTa: "" = 1.858( I 0), n, = 1.888( I 0) 
(onpe,.lle.fJeHl>I J1.. K. iUep6a l ,eBblM, I1Mrp3, Ha aBTOManiqeCKOH MHKpocneKTpOMerpH
~lecKoH YCTaHOHKe MHKpc)cKon + cneKTplliIbHbrH Bbl4HCJIHreJlblII>lH KOMOJleKc KCBY = 12, 
),=590 liM); 2V = ~5(5)'; 11,,= L790 (BblQllCJTeHO '" 2V). j:{HcnepCHa. CllIlbH'", r< v. B 
J.UJIH¢ax cypx06wr HMeeT ~e.II"yfO Ii opaH;KeBYlo OKpacKy. TIJ1eOx.poH3M: Y (opau:lKe
Hblfi) > Z (51pKO-)KeJ1TblH) ~ X (>KenTb(ii) .. llilOCKOCTL. onTt.fyeCKHX .. oedi nepnellAI-l K.yJUlpHa 

(010) ; X::::;:; b, a /\ Z = 34 0
• [ioCTosIlWO OTMe'UHOTCSI npOC'fble H nOJIHCI·HITeTl{4eCKMe D.Boif

lIMPI C ~HO"HHKOllOrl OCblO (001). 
CypX06HT OTJ!H\laeTC.K OT aCCQl\HUPYJOUJ.tWO C HJiM 11 JmeWHe Cx.OIlMoro C HHM 6a

~epTHcHTa opHelHHpoBKOH on!,H~ ,~.cK01! .. , ... HH.nHK~TpHc bl .. [;J.JHl 6avepnlcHT3 Y:::; b. 
oA2=5.5', cAX=24', nJlOCKOeTbOnTH~~CKHX oeeil napa.rrnemHa (O lO), 2V=+86'] . 

. XH"HfgecKHH COCTaB cyp~Q6"Ta 6blfl. H3Yge'H"Me'fO)laMH''afHUlJtTH'':l eCKOH XHMIUt (aMaH 

HHTHK A. B. SoIKOBa, I1MfP<3).COllepJKil!IM':mIlBH bIX . tioM~;oHeHrOB (Mac. %): Na,O 
1.57, K,O 1.30, CaO 4.74, SrO 0.06, BaO 1"4.45, MuO 1-2.75,FeQ 13.00, !le,O, 3.47 , 
AI,O" l.lO, SiO, 26.1;8, TiO, 14;00, Nb,O, 1.00, Zi-o, 2AO, ' H20 1.17 (onpelleneflo 
"eTOIlOM IleH<pHJTAa), f 4.0(j i ,AO'9'1', - 1.70;'. " ";mi.~f~' •. -100:05.' j:{onOJ1H"Tem,,1O 1f3 
OTlleJfbHOii HaBeCK"· 3 . T.KaT.a~Bbii ·'tI1MFP3y' onp~it""eHhl '· Q.;p9 Mac. % .Ta,O,· M 
0,27· Mac. % Cs,o; Mg, Z n, CI, i,.c i!¢1oOi!apyJltelf!>1iH0I1i1~pH'Iecl"I~; cjJopMyna,paccqH
TRIm", Ha 12 KaTHonoa {Z~ .8)': ''( C:-.i;'6N'';.'"6SrDd'iJ.'I.",(Ba~.sI<o.il:CsDD!hl.,,(Felj"Mn .. " X 
Fei;,,Alo, ,h,,(Ti 1.,OLr". "NboD7).,.,,(Si'111014)9"J:,i;F,:!.1(0m·I .. l j, YO,goUle'''I'' <popMy:na cyp
X06HTfi c yt-ICTOM CTpYKTypnblx .llaHHbIX (Ctvt~-:':HH~e)-.'Mo·>KeT 6ii;m.>~ ·3anHcaHa ·CJlenYIOll.(HM 
06pa:Jo" : (Ca, Na)(Ba, K)(Fe", Mn),Ti,(Si,O,,)O,(F\ 0H, 0),. COO1"9., OTBe'lalOlllllH Hlle
wm3HpoBaHMoii cjJopMyJle CaBaFel+Mn,Ti,(Si,014)O,(F,O) (Mace %): CaO 6.11, BaO 16 .72, 
MnO 15.47, FeO 15.67, TiO, 17.42, SiO, 26.21 ,· F 4.14, -0 o:P, -1 .74, c)IMMa 100.00. 

HCCJIe./l,OBaHHe MOHOKPHC'rartJ!OB cypxo6wra MeTO,ll.OM peHTreHoBCKoH rolHIoMerpJ01 D 

KaMepe PKOrr YCTallOBHJIO HX npHHa.u,ne)KH·oCTb K· ~MoHbKimHHoj{ cmlroHH'H, K K.naccy 
Jlay~ 21m. napaMeTpbl 6oKoueinpupoBaHBoH A-Sf":le:Hl(H. onpeJieJlelHlhle HH MOI'IOKPHCH 

TaJlbI'lOM J1"cjJpaKToMeTpe ENRAF-NONiUS SADA, 6blfiH paBH": a = 20.809(14), b = 
= 13 .84 1(5), c = 10.716(5) A, P = 95.11 (5)' . Bilom .cex oceH OTMeqmOTCn ,eTKlle nceB
lI.OnepHo,UM, paBl lhlC COOTSeTCTRel"IHO 10.40, 6.92 H 5.36 A. 06polllaeT Ha ce6R" RHHMaHJ1e 
cOH3MepHMot:Tb napaMeTpoB j;I\lei-lul CypXQGHTa H 6acpepTHcHTa (llJI5:I 6f1cpe'pTl1Cl-l'ra nRH 

a U3JlOrWIHoi1 YCTaHoBKe, 01'Bel.JalOlUei-i np. rp. P2,/m, (f:::; 10.98, b = 6~80, c:::; 5.36 A, 
~=94' - CM . ryanb 5!··C)lHb J.! Ap., 1963). 
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Pile. I . l1K.-cneXTflbJ CypXOOIlTa (1). m:ppOil-lTU (2), U.JHHhtll<lU:!AIHITR (3). 6acpcPTl1CI1T!l (4) It xefimatUfTa (5) (113 

OHMHOTCku 3'l'8JIOKHNX ClleKTpOfi H. S. ll)'K6I1oRa). 

Fig. 1. IR sp~ctra Qr surkhobite (/), pcrraultitc (2), jimhajiangite (3), bnfcrtisile (4) and hejtm'lInitc (5) (from. 
Chukanov'~ -collection of standard $pectt'u). 

UK-cneKTp CypX06Hl'a, n.p~\l(THl{~€JClt -~}I)l;eHrH'!eH CrreKTpaM neppOTHTa 1fl1.3ltHbWau-
3S1HRTa, HO"l.;ecrKO" QTntlt[4eTCH,·QT Cners;.TpOB -. 6a<Pe:pTHCHTa " em Mn- AOMItHaHTHoro aHa· 
nora. xe~l'Ma}dHf1'a (p HC" 1) .. ,B , qaCrJ-iOcJiH;' B :'H1<~cneKTpax cypxo61na: H em atlaJloro8 
0-TC~TuyeT 'nonoca np:H ,J()56 C.M:-~ ~apaxTepHa}l Wl5f -6acPepTHcHT3 ,H xdiTMaHHTa, ' 3aTO 
ffPMCYT~TBYI<:>.T Jl.OrJo.ntIfiTenLl'bl~ iq~Kfie_ nOJI OCbl 'TIP" ·633 H 532 CM- l , OTIlOC5l.lU,Hec.!!. no 

B~e~i ;BH)IHMOC'fIij·," K ;Ba.neHTtHIIM.' Kl0Jle6aH:H~M . MOCTHKo.B Ti-O(H)-Ti H Ti-F-Ti. 
l\PQM~: Toro~ · Iionoca ,O-:-H,.BaneHTUbiX <KQJfe6a~lH~ B CIleK'fpaX cypX'o6HTa, neppoTHTa .·11 . 

~H:tTI!waUj){.mT'a He paClUerUlel,),a. I·no. MO)KeT ' 6bITb Cne;!lCTIlHeM ·BbICOKOro co,n.ep)KlIRIUI 

<tJTOp,aB' It3YQeHJiblX "oopa:Juax :3THX'MHHepanOB. ' 

TaK~M 06pn30M,Aaui'l·bIC ;HK~clle'II;:rPQCKO!1HH YKa3blBalOT Ha npHHa.D)ltDKHOCTb cypo 
x06Hra ,K CTpyKryPHOMy ,THny nepptlTHra, 3TOT ti>aKT "WOO"Hn npaBHJlbHO Bbl6pm 
:3neMeHTapHYIO fl\fCftKY, 'ITO.' B Jlarl1lHeHWe~ 6bUlo. ' H'CnOllb30B3t10 np" peUTreHOCTpyx.TYP· 

HOM alta.rm.3e H "Pl1 HlIJl.HU,HPOS[HUHpeHTrCHorpaMMbL 

KPHe.TaJlJlHtieCKajl; · crpyKTypa ·cypx06lfl'a YTO'I~eHa Ha MOHOKpHCraJIJIC B, allH30TpOO-

110M npH6nKlf(eH"H (aBTO)1H<ppalCTOMeTp , ENRAF-NONIUS , MO-H'MlY"eHlle, 3618 pe<\J
"eKeO") lIO R = 0.047. IlapaMeTpblMoHoKJTHHHOH .YeiiKH: a = 10.723(1), b = 13,826(2), 
c = 20.791(4)1\, P = 95.00(1)° , np, 'P, £'2, CypX06HT OTHOCHTC" K TOMy",e cTpyxryp
HOMY nmy, qro H neppOTHT-(,flMHOBa .1 np., 1998), H SlBn~eTC,SI npOHJ80nHOH OT CTPYK

TYPbl 6acpepTHcHTa, OTflJ.1·~a5ICb ,OT ,' nOCne.D,Heit reM, liTO TpeXCJIOHHbte naKeTbl H-O-H 
(r.n.e 0 - OKTa3ApHLleCKHH. CJlon, H - CMeU,laHHhlH CJl OM, 06pa300flHHblH JlHOprorpyn-

1l3MH Ii OKTa3.upUQecKw>.Hi KanlOuaMH) C,llBHHy'fl.l OTHOCHTeJll,HO .n.pyr .llpyr3. Ha 0.25 no 
OCM. x H y, H pe3YJlbTare ~Iero BblcTyrrmOlUl-le H3 H-cJ1051 BepWI1Hl>T Ti·oKTa311poB CMbIK<l-
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PIIC,', 2; ,KpHqTWlJlK':IeCKUe qTPYW~pl1ZypXp6lrl'a (~~) ll:6aQJep'rq,9''JlaJ6).~ , 

U'1S1 Fypx(l6J11'a S4lilPll~jfl "flOJ::,uaH bJ, .J{~'J1JOIff,(! Ba (6OJI6WU~ 1IIt!M/iNI!),i:l«:i(~t,?JI~ljlJ(l!(I'(~IIL1!lo/¢') INa :<tCn:(.M,(pICIIMl.It, cw:;n,mw);ClI 
(Ma.JIe'IM(UetlcJ,fHI~(~),: ![)lJl c~cpep"I:JIL:J;!;~ ic:~e:p~u!J ~o~~0~~~il,lp~:,~~a~, 

Fig, ,: 2., . ~Jysral stnlctures ot,Stlr~hobi,tc ((1) ,and, ba.fp:t-i~jte«(f).Ti:l9< ~u[<k~ob~e,(lIl~,*n~;:<l:!"p;sh{):W,l)!",b:i';spP.eqes as 
follow!ng-: Ba - lar~e dark, K ~ ,~a~'se light., Na ~"t;:11 ~,s.mHltligfr", C;:,~7 s,'ri(lllt/lrr;k.F?t· ib~ertisite:~b,e,s,~11crcs 

" ,' " ."',', "sbow Ba c:atlOri.'S:' ," " ""'", 
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JItJ~1 d1l3M " A 

20 1D.39 
10 5. 18 
5 4.06 
5 3.82 
5 3. 56 

100 3.454 
5 3.390 

15 3. 186 
15 2.862 
5 2.772 
3 2.725 

10 2.630 
70 2.592 
5 2.468 
3 2.435 
3 2.327 
J 2 285 
5 2.212 
J 1.187 

5 2. 124 
J 2.104 

PClYJlloTaTLoI pac 'leTa Jl.u<pllaKTorpaMMJ.I CYPXOQIlTa 

X-ray powder diffraction data on surkhobite 

d~bl4' A flk,I '113M dHJ~I' A d llbl'l,A 
~ ~ 

lO.36 002 40 2.074 2.074 
5.18 004 5 2.030 2.033 
4.05 203 2.027 
3.82 222 3 I. 779 1.779 
3.56 204,003 1.77S 
3.454 006 5 1.764 1.765 
3.394 224 1.76J 
3.189 312 . IS 1.728 1.728 
2.860 225 
2.772 226 3 1.712 1.71 2 
2.124 243, 136 10 1.589 1.589 
2.722 027 3 1.573 1.573 
2.631 243,136 " I, 3 1.470 1.471 

j;§90 OOR 1.470 
' i~68' 1 422 1.469 
2.434 . 245 5'(brood) 1.445 1.446 
2:326 ~," 2~5 1.444 
2.283 ·"423 10 1.427 1.428 

2 . 20~, ;i " .< 406 .' 1.427 
2.188 ': :~"ri(j3" 1.426 
2.U!~ ': 1 ~, ~~O9 3 1.355 !.lS5 
2.125 247 5 1.296 1.296 
2.104 512,426 1.295 

TnOJIHUa I 

ltJ:l 

048 
512 
406 
600 

0.4.10 
429 
249 

602,3.3.10, 
371 ,370 

3.1.10,4.0.10 
601 
376 

5.1. 11 
286 
607 

4.2.11 
641 

3.3.12, 431 
539, 2.413 
734,551 

•. 0.11,649 
2.6.13 

0.0.16, 4.2.13 

tOTCS! lJepe3 Enaro.napa .3TOMY cnOl1 ClUHBaEOTCii 

B TpexMepHblf{ pacna,n,aercSi Ha CKBOJ-

Hble KaHM bJ, Bocb1oUlyr0J1IlBb1M Cel.JeHHeM) II )' 

(Y3KHe, C 3,T«' ~nfHepaJI bl C .llPYrHMI1 ueonll~ 

Torro)l.o6HhlMH ~~~~~;~:~:T;~O:'";~~.~ . _ BTopoe Ba)KHOe _of.JtK~lJe 
CTpYKTYpbl nma a~t H ero 'Mn-aHaJlora xeH:h,1a'HHT.a ,~ 

pa3Mepbl CTP,,,,,,ype"~~16~~;:~l~~&~i~~,t~ 8~:I,;r.:~~~~~.C~:A~Bi;u:;ra~ :H7;-O-H naKeTOB He"3a~1ICIl-
MhlMH 8 n r:c naKeTa, a He OJ.l.H'n':~-7't I 

eTpynype B CTpyK1'Ype neppOTH'raY~!'\il •• · 
eTCSL B G.nY'"lae TaX)Ke C.QBHra",Ut BlieK~p'K .. c-
tlblX KaTHOJlOB ynopSUlO~JeIiHeM, a 'ralC)f(e pac.hpe-
AeJJeUJ-leM IS KpynHhlx aHHOHQB f .ItOH 
nO.lll{epKHBaeT ' ~ ,, - ,: '_-:-_ 

KpHeTannoxHM ' . cjlopMynn H3),,!eJlHOrO o6paJua HMeeT BMll (Z = 4): [B,~twX 
K,.."l (Cn J.,N .... l nFe~(Mn,.1Na~,)[Ti,.2(Zr. Nli)o.,O,]ISi,O,J, } F,OH(OH, 0 ). 3Aecb . u~pB'I· 
MH ' nByMSI KBa,u,paTHbIMH cKo6KaMH HhI,[{e.neHO co.uep:KHMOe "fJOn HpOBalIHbIX-" iIo:ooc~ij' iI 
KananOB, qmrypHhT"'Ul cKo5xliM,if - 'cocraB H"-O- H naKeT"ofl, AIHIO!JhT F,OH,\~,;,O 
,UHcp¢epeHUHposaHbl B ',coO'~lleTC1'BHH C JlOK31tbHbIM 6a..naHcoM BaJ1eIlTHOCreH H~'a)~~9i'ii: 
1-13 l.J.eTh.lpeX al;OMoB ' F O,UHH pacrroIlaraeTC51 Bo6lUej.j BepwHfIe ,D,Byx THT3HOBhix o*iasn.° 
POR, B TO SpeM$I KaK Ofilll}fe HepUIIHlbJ TlnaHO ~ HHQ6J.-[C BLIX OKTa:3)J.pOH 3amtTDI 'rpygna
MH OH. OCTaJTbHhIe arOMbl F HaXOABTCH H 06UlHX BepWHltaX Tpex Pe, Mn OI\Ta~.itpOB 
ellO' Q. 

Pacnpelle.n.eHHe BHeJ(apKacHblx KftTHOH08 no n 03HlJ,lUIM B CTpy);:rypax l1eppOTUTa II 

cypxOOH'Ta XOT.H H HMeeT qepTL[ CXOIlCTlla (K8TUOU(,' ynop:;JAo "ICIII,1 no pa31thlM n.03,!IU.U-

5t M - n KBHa.llax H nOJlOCTsIX), AO ne H.IleI-TTW!1l0 : B CJlytlae cypxo6HTa aTOMhi Ca 
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Ta6 .1 Hua 2 
CP:1.8HHTCJlhllLlC }1.aRlUdC ,!UUl' CYPX06HT:1., lI.3HHbWall3HIIHTS. II ncppDnrr3 

Comparative data for sllrkholJlte, jinshajiangite and perrauJtite 

Xa[>f\KTepI ICTIt Kll 

Yn~)OweHHOI1 
<pop~ryna 

C(UrroHJ.UI 

np. rp. 

OupaMcTphl 
5l'lefiKM 

a,A 
b, A 
c, A 

P. rp<Ul 
V.P 

Z 

OOTH'{eCICHe 

CDOHCTDa 

np 

11m 

ng 

OnTJ1lIeCKI1H 
3 K£tK. 2 V, rp<Ui 

Dill,.. , r/CM~ 

. CltJlbHble- JIM- ' 

HJ1H _ peHTfe HO
rgAMMbtnO

pOlliKa d, 
AU. %lY'k~ 

(Ca,Na)( Ba, K) (FeH , Mn), 
Ti,(Si,O ,,) O,(F. 0 J·I, 0) J 

MOHO K.ilH HHI.UI 

C2 

10.723 
13 .826 
20.791 
95.00 
3071 

8 

1.790 
1.858 
1.888 

3.84 

1O.39('20)(002t' . 
3.454(100)(006). 
3 .. 186(15)(3;11-), 
2.8.62(15)(225) ... , .. 
2.590(70)(Od8)',' .. 
2:074( .fOl ( 048,,,, 

(N n. CaltHa, K) (FeH , Mn), 
Ti,(Si,O '4l0,( F. 0 ,0 \-{), 

MOHOKnliHHfln 

C21m. Cmlinli C2 

10.7l2 
13.847 
20.817 
95.05 
308 1 

8 

T791 
. ", .· UU}) ,' 

1.825' 

(Nn. Ca)( Ba, K)(Mn.Fe2+ ), 

Ti,(S;'O ,,)O,(OH.F12 

M DH OKJTI1HHII51 

C2 

10.820 
lJ.843 
20.93 
95.09 
3122.6 

S 

1.785 
<c. 1.8! 

1'.82 ' 

cc~.~. , 

3m!l!'~:;':~;;4Y aQ:'~Ui"ij~~[!1r' ~~~~i!~!~~~~~~~~~~~§~ 'I'HO _cNa, a KpyH~r:bJ:e:; am@Ntbt . 

H TpeTl:iIO- C08~{eCTHO c K. 
M~lIepa11a :'npJfj)O)),Hl' K , ," 

B.", H 0 .. noA4opK "YOb, '·~TO· .• ,,-oTJl<RlI !fe.l'o<IY.jj~~PWI!Ii}l;'J'i);'llf rd<,\'q'fW\!!~~'l t4H'j6W1!l!J' ;£!il. 
CTPY'<1YPHblM mrr9~f- ne"pot"""aNfKJt(jT(l'Pe~y ;g;moGH'WJ!. 'i"i.C\);p~qliW!;l~lfaK*e'ji<ll9,efiHA'. 
H 0,' H il(3H Illiru a~351H HT)- ·51 ,B.Tullonia .< I'J'e i CJlOKGU't~U~~.H;,t ' :,~:I~~P-f3,f;~,b{MH?, ~wra: ~'\OG»fUf.~ 'Qa!Y1 ,~' 
11 MeliH O .. H aJlH II "e , B 'h oCrreJlH\!lC,' Qebn HT"'bil'!~~lIi~~~~ll:l'.~~~:l~,!V~ q!,'jI'i.#,~q$!:'~~lCOK"X ·.co', 
.aep)f(aIUfHl 's 3!fHXd MHHepan.aXi'< HaTpH:,Sr·df K',8Jl~\l~VJ"f4 "J:i 'A~ttr" 'Z" J r[N~f;I'--f,~~ '. , /H,"l;-;V :-; ~ ' .,,, :, ~, 

RelJTreliorpaMMa nopowKa. iCypxooHTa ,();t.t<PP1lKtoMcn'(l<:¥,p,6;SO,JiM, di,ej{1k H3Ji1j{'i.li· 
HKC. , '31'aHGJI " ~ r-e.pM'3:HK-H) :Jl81f:a B_- 'T:a6n. b: , eQEJ.J.aGJ-JQ,:)"$pD~_11lm.~1Me ; ~ OYPPtOOlt't : MO .. 
1iOKJIJtHHbI~, np. rp. C2. Onpe.n.eneH<ftble _fl:O, nQp.o~Jo::oA~rM 4I:1~-,tU:lbIMi'tIJJ~(ll~V'lf.e:Jlp.~ lr i;l,tJ&Me·~ 
TapiIOH: '.Hl£eKKI.j.' 6.nH:3K~ K Cn0IT'BeTcl1BY101U"'M !"~ 3-lra\teH.l1llM~ \\'n0~)0I~J1Hbl:M _H:t "'G::ooi¥KTYPHiyl'~ 

.l 3rtflllCt.:1I 8MO. 1\: 2, :W[)~ r. 
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Plte. 3. Co,ueplKalIlH! Fe2+ f1 Mn (aToMOIl HfI 12 KflTliorfoR) B 6aq)l!pnrCIIH! ('tepHI>le K.pY>fI:Ji.u), xeihMlHIHe (mpt)'i'(I,n-
HWW), neppmHTe (po.A(liu), U]HHhwau,3J:IJlHTe (I:.Gw)pwm,l) H cYPxoClfne (HCJ{U/U1I1/-J.u KPY;./;OK),. 

f - DilIOllb·060, KllTair (ScmCIlQV, Chz.llan Pci-shan.1959); :2 - ,Uapan-nlle], TnnlKmmCn1.H mCKOB II lip., J999); J, 7, 11,16, 17-
D,.1pall-fTllcl, TaJl;KIl~II~TiHI (Jlalrllble aHToj:Klll):" - TapGanlTaii, K~~a.'(naH (}II::OllnenCK<lll, MH1!I:~l! n, 19(5); 5 - M!'io.rIue Xliill, 

3n)f6f!51 (Vrtina e, II,; 1992); 6 - Tpynolloe. Kuprlllll51 (rlcJ-;OIl It np" 1999); 3 ~ ... Gypna.1H, r;ypHII~ (rali3CCB 11 JI[I" 1968); '\1_ 
OK1'lI6p~CKIJr1 MaCCUB, YKpanli1l (nej{oB II .ap., [999); 10- CeI1T-J-l.1cp, KIlIla.:1Ft (Chao, 1991); 12 - U31l1lhlll<lUJam, KJITDit (HolI£ 

We!l~ing, FII Pillgiu, 1982): ]3·-15 -~ Hoppa 1.j~pp, Ulllt:l\lI~ ()lallll~le HlITOpon), 

Fig, 3. Contents of Fe1+ alld Mn (atoms per 12 cations) in bafertisite (Muck circfex). hejtmanite (tl1altgll!s);pena-
ultitc (rllOmvs), jinshajiangitc (squares) and surkhobitc (empr), circles). ' 

JlaBHbIX," ij aH'1II0rWIHOn,Y,,'~atlo"xe paBHhJ: ,,= 10.719(3) A, b = 13.83~(8LA, c= 
= 20.805(lO} A, P = 95.09(8)";1(=;.3074(3) A'. ", 

Boo?r:qe: :c~~.!(yeT OTMeTHTb, ,qto'HOCTexHoMeTpHH, cpH31"p:recKHM CBOi-iCTB:l~f 'i~"p~·IiT
reHOMeTp~,~fpCJSHM, xapaKTep~:(?HKa¥ CYPXQ6HT, nepponfT H ·U3HHbmaU311Ii~T)6JnI3KII 
Me.lK.1lY.CiO?m1,",lIO OTJJHllaIOTC5IOrf:IpOlJH)~_ «TI1TaHQCHflHKanlbIX cmO)J» - ~fJleHOB 6a~Jep
THcflT6B(iH"MepOrIJle3HOcepH:H(merople~ioseries - Ferraris e. a., 2001). KaK OTMe!.J.MOCL 

Bbrl9,~,9yPxPPUT ,;H,,[JJippon[l,':o~~IP~51TCj] ,i J( Q.llHOMY CTpYr<TypnoMY Tlmy. ;XOT~ :;~g\l:qrml. 
J1~l.feCK,~~ ~ 9{t;pYKT~p~'\1~~HHhlllalq,sJJrJ1'T~.AQ;CHX nap He H3y~reHa. Ha OCHosaHlIH ;:XHMlf!Y;~" 
KotO': ',COCTa~'~~':nap4'h1e!p,OB 5lH~ek'IT6c:mb'WHHCTBa q:.113Hl.JeCKHX CBonCTB MQ)KHO'~.::~~!P(};; 
KOH,Gren~H~I~, ~?CTO~epHOCTH.o:orlycTHTb,npHHau.ne))(HOCTb 3Toro MHHepana, K:C')'P~~P~ 
HOMY '1'Hrry · cypxo6uTa-nepPOTH"nt ·HaH6oJIee Ha)l,C)f(HhIM MeTOJ{bM"Y¢?~;~tJ{~Th~!W~ 
npHlla}]Jle:Kf"IOCTH MJHIepana K ~rOMY CTPYKTypHOMY TJ.-my 5IBJUleTC5I ¥IK .. cneKTPop~JfH~, 
CpaBHI1TeIrb~taJI xapaKTepl1CTIlKa Bcex Tpex MHHeparrOB llaIia s Ta6I1.2. KaK 'BI1AtfOB 
Ta6rr,;2 1 rnUBHblM. 01'J111'4H:CtA cYPx:oOuTa· oT·neppoTHTa H U3HHhIlIRU3MHHT8,HBnReTC,J!",:,Up¢" 

06.n'8nalule' K'arIbU'115f Han' .R$I.'pH.eMl:'lB' ,ueOJII1TH blX KaHaJlax, a OT nepponvrWi 7G.;\~)elIJ,¢i'>.I1 
npe06Jia,o;afIwe>)KeJIe3a'ha.n: MapraHueM; ) " ~; ,;y~:;p,, 

KOppeKTHOCTb onpC)1,eneHIiil XHMHqeCKorococTasa, 1l0Ka:mTCJleu. 'liIpe~1QMJleliH~:i:;;H 
ITJTOTHOc.'rwcypxo6f1ta nO~TI~CplK:n:aeTCll xopor.ueH, CXO,UHMOCTblO no, J<!pHTepHlO ;rfltl.lfFrQ:-

Ylla~eilna (l~K/ K, =-0.003 )1,-'" D",,,; 1-K/ K, = 0.032 )J)l~ D,,,,) , " ". ,+ ," 

8 '3aKJ1IOQellHe OCraHOBl1MCH Ha oco6eHflocT,HX 1f30MoprpJil3Ma R ~~THTanocHJ]ij)X;~~:~x 
CJIIO,nfiX))-, OTHOC}llll,HXC5I K ceMeHcTBBM 6acpepTI1CHTa H neppoTHTa. KaKBH:ElHO',\Ha''1~~~.J:, 

R OKTa~JlPH"lJeCKHX CnD.SIX peaJ'IH3yeTc5I HerrpepbIBHblH H30MOpq:II{3M Me)!(llyM:n:;H.iS"Eq.~. 
Hnyl{) C}{TyaUHI{) Mbl Ha6JlIO.ll,aeM )J,JBI'BHeKapKacr"Iblx K8THOI-IOB (pHC. 4}.B J(OOp}.1HH8,'raX 

«co)J.cp)«aHHe.Ba ......... co.nep)KaH'He ea»' cnOI1CTble HITaHOCHJ1J.fKaTbI ceMeti.cTlla 6acpepT!J.:tCUTa 

o6oco6mIl(JTc~ 0'1" KapKaCHL[X THTaHOCHJTl-1KaTOB ceMei1cTBa neppOTI1Ta. [lPH.'8T0MtlUITC· 

peCHO OTMeTHTb, [{'fO lll-lc6a.nalic 3ap.lI)]a, n03HHKalOlUMH npM 3fiMeUJ,eHHH' na'TIpH.II<K'aJjk 
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PUL!. 4. COJl.epli.Il.Hl1e Bll H ea II MI1HepanaX ce~Ie}iCTD 6!lcPepTHCltHI 11 neppOTIIT(l, 060matICl:IHSI COrJHICHO pm~. 3. 

Fig. 4. Contet)ls of Ba and ell. in minerals of baferLls.iLe filld perraultite families, 

UHeM, He KOMneHcupyeTC5J 3aMeL~eJlHeM 6apH2 KaTIHeM. nO-BH,ll.l1MOMY, KOMnetlcau.H5I 

3ap9,il.a I'l ::lTOM cnyy:ae ocyw.eC'l'BJUleTC}I nYTeM reTt:~pOBa.J]eHTHhIX H30MOPCPHbIX 3aMeIlle

md1 H OKTaaJI.pl1'-1eCK~lX n03Hu.mIX, a TaK)Ke B rpynne ,UonOJIIIHTeJlhHbIX atmOI-lon. 

3TaJlOmlbIH 06pa3eu. cypxd5HTa rrepe.uaH B MHr-IeponOrHGeCKJilH MY3eH HM. A. E. <Depc~ 
Malia PAH B MocKBe, per. N,28821l. 

Pa60Ta BbmOflliefla npw nOMep)f(Ke P<jJcDI1 CnpoeKT N,01-05-64739). 
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