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HOBbIll MHHeparr xHJIJIeCXallMHT Hall,l(eH B 6a3arrbTOBOM Kapbepe rpaylliIll 6llH3 ropo,l(a XHJIJIeCXallM 
(roPbI All$ellb, PellHJIaH,l(-II$arrbl(, repMaHHlI) B COCTaBe n03,l(Hell aCCOl(Hal(HH, BKlllO'IalOIl(ell B ce61I He
$ellHH, aBrHT, $TopanaTHT, MarHeTHT, aKepMaHHT, nepoBcKHT, reTl(eHHT H 6a,RHeBble MHHeparrbI rpynnbI 
llaMnpo$HJIJIHTa. 3MnHpH'IeCKaH $oPMYJIa: KO.96Nao.osBao.16Ca0.56Mgo.ss Fe~j7 [Si9.62AI3.32023(OH)6] . 
[(OH)o,dH20)o.1s]· 8H20. MHHeparr pOM6H'IeCKHll, Pmmn: a = 6.979(11), b = 37.1815(18), 
C = 6.5296(15) A; V= 1694(3) A3, Z = 2. Ha3BaH no MeCTY ero HaXO,l(KH. 3TarroHHbIll 06pa3el( xpaHHTclI 
B MHHeparrOrH'IeCKOM My3ee HM. A. E. <I>epcMaHa PAH (MocKBa), per. HOMep 4174/1. 

/{JIIO'leBble CJlOBa: xHllllecxallMHT, rpynna rIOHTep6JIaCCHTa, HOBbIll: MHHeparr, $HJIJIOCHJIHKaTbI, KPHC
TarrJIH'IeCKaH cTPYKTypa, rpayJIlIll, All$ellb, Il(eJIO'IHOll 6a3arrbT. 

N. V. CHUKANOV, N. V. ZUBKOVA, 1. P. PEKOV, D. 1. BELAKOVSKlY, W. SCHULLER, B. TERNES, 
G. BLASS, D. Yli. PUSHCHAROVSKY. HILLESHEIMITE, (K,Ca,Dh(Mg,Fe,Ca,Dh[(Si,Al)1302JCOH)61' 

(OH)· 8Hp, A NEW PHYLLOSILICATE MINERAL OF THE nONTERBLASSITE GROUP 

A new mineral hillesheimite has been found in the basalt quarry Graulai, near the town Hillesheim, in 
Eifel Mountains, Rheinland-Pfalz, Germany. It occurs in the late association including nepheline, augite, -
fluorapatite, magnetite, perovskite, priderite, giitzenite, lamprophyllite-group minerals, and akermanite. 
Flattened colorless crystals of hill eshei mite are up to 0.2 X 1 X 1.5 mm in size and their aggregates occur 
in miarolitic cavities in alkaline basalt. The mineral is brittle, with Mohs' hardness 4. Cleavage is perfect 
on (010) and distinct on (100) and (001). Deale = 2.174 glcm3, Drneas = 2.16(1) glcm3. IR spectrum is given. 
Hillesheimite is biaxial (-), a = 1.496(2), f3 = 1.498(2), Y = 1.499(2), 2Vrneas = 80°. Chemical composition 
(electron microprobe, mean of 4 point analyses, H20 determined from structural data, wt %) is: Na20 
0.24, K20 4.15, MgO 2.14, CaO 2.90, BaO 2.20, FeO 2.41, Al20 3 15.54, Si02 52.94, H20 19.14, total 
sum 101.65. The empirical formula is: KO.96Nao.osBao.16Ca0.56Mgo.5sFe~j7[Si9.62AI3.32023(OH)6]· 

[(OH)o.dH20)O.IS] . 8H20. The crystal structure was studied on single crystal, R = 0.1735. Hilleshei
mite is orthorhombic, space group Pmmn, unit cell parameters: a = 6.979(11), b = 37.1815(18), 
c= 6.5296(15) A; V=1694(3)A3, Z=2. The basis of the crystal structure is the block 
[(Si,AI)!302s(OH,O)4] consisting of three single tetrahedral layers connected via common vertices, which 
is topologically identical to triple layers in giinterblassite and umbrianite. Strong lines of the X-ray po
wder diffraction pattern [d, A (I, %)] are: 6.857(58), 6.545(100), 6.284(53), 4.787(96), 4.499(59), 
3.065(86), 2.958(62), 2.767(62). The mineral was named after the locality of its discovery. Type speci-

1 HOBbIH MIIHeparr XIIllllecxaHMIIT II ero Ha3BaHIIe YTBeplK,!leHbl KOMIIccIlell no HOBbIM MIIHeparraM, HOMeHKJIa
Type II KJIaCClIIpIIKal(llH MliHeparroB MelK,!lYHapO,l(HOH MliHeparroruqeCKOll aCCOl(llal(llll 1 H01I6pH 2011 r., IMA 
No. 2011-080. 
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mens are deposited in the Fersman Mineralogical Museum of the Russian Academy of Sciences, Moscow 
with registration number 4174/1. ' 

Key words: hillesheimite, giinterblassite group, new mineral, phyllosilicate, crystal structure, Graulai, 
Eifel, alkaline basalt. 

BBEJJ:EHHE 

He,n;aBHO OTKPLITblM MlIHepaJI rIOHTep6JIaCCHT (K,Ca,Ba,Na,D)3Fe[(Si,Al)13025' 

(OH,O)4] • 7H20 (lIYKaHoB H ,n;p., 2012), KOTOPblM 6LIJI 06HapY)l{eH B COCTaBe lI03,n;HeM acco

:U:Ha:U:HH, CB5!3aHHOM C lI(eJIO'lHblMH 6a3aJILTaMH ropbl POTep KOlI<p B BYJIKaHH'leCKOM paMO

He AM<peJIL (fepMaHH5I), 5IBHJICJI po,n;OHa'laJILHHKOM BeCLMa He06LI'lHOM rpYlIlIbl <pHJI

JIOCHJIHKaTOB, B OCHOBe KPHCTaJIJIH'leCKHX CTPYKTYP KOTOPLIX JIe)l{HT TpeXCJIOMHblM TeT

pa3,n;pH'leCKHM lIaKeT COCTaBa [(Si,Al)13(0,OH)29] (Pac:U:BeTaeBa H ,n;p., 2012). 
B COCTaBJIJlIOII(HX 3TOT lIaKeT KpeMHeKHCJIOpO,n;HblX CJIOJlX [Si40 1O] (r,n;e 0 = 0, OH) MO)l{HO 

Bbl,n;eJIHTL 8- H 4-'lJIeHHble TeTpa3,n;pH'leCKHe KOJIL:u:a. TaKoe )l{e (HJIH aHaJIOrH'lHOe, HO C 

,n;PyroM opHeHTHpoBKOM TeTPa3,n;poB lIO OTHOlIIeHHIO K lIJIOCKOCTH CJIOJl) 'lepe,n;oBaHHe 8- H 

4-'lJIeHHLIX KOJIe:u: HMeeT MeCTO B pJl,n;e po,n;cTBeHHLlx O,n;HOCJIOMHLIX (MaYHTHHHT, rnJIblKO

BHT, KPHIIT0<pHJIJIHT) H ,n;BYXCJIOMHblX [po,n;e3HT, MaK,n;OHaJIL,n;HT, ceM,n;HT-(Ce), MOHTepe,n;

)l{HaHHT-(Y), ,n;eJILXaMeJIHT, <pHBeruT, ru,n;po,n;eJILXaMeJIHT] <pHJIJIOCHJIHKaToB. IIepe'lHcJIeH

HLle MHHepaJILI C o,n;HHapHblMH KpeMHeKHCJIOpO,n;HLIMH CJIOJlMH COCTaBJIJlIOT ceMeMcTBo Ma

YHTHHHTa (Zubkova et aI., 2010), ,n;BYXCJIOMHble - MepO-lIJIe3HOTHlIHYIO cepHIO po,n;e3HTa 

(Ferraris, Gula, 2005; Cadoni, Ferraris, 2009; Pekov et aI., 2011), TpeXCJIOMHble Mbl lIpe,n;JIa-

Ta6JIHna 1 

CpaBHHTeJIhHble )1;aHHhIe )1;JIH MHHepaJIOB rpynnhI nOHTep6JIaCCliTa 

Comparative data for giinterb1assite-group minerals 
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XIIJIJIeCXailMlIT 

(K,Ca,Dh(Mg,Fe,Ca,Dh' 
[(Si,A1)130 23(OH)6l(OH) . 
8H20 
POMfiWIeCKaH 

Pmmll 

6.979 
37.1815 
6.5296 
1694 
2 

6.857-58 
6.545-100 
6.284-53 
4.787-96 
4.499-59 
3.065-86 
2.958---{)2 
2.767---{)2 

2.16 (113M.), 
2.174 (BhI'I.) 

1.496 
1.498 
1.499 

(-) 80° 

HaCTOHII\aH pafiOTa 

nOllTep6JIaCClIT 

POM6wleCKaH 

Pm211l 

6.970 
37.216 
6.528 
1693 
2 
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6.263---{)7 
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2.18 (113M.), 
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1.490 
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(+) 80° 

'IYKaHOB II ,l\p., 2012 
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6.574 
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2 

9.65-100 
6.91--43 
6.59-97 

3.296--77 
3.118-70 
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1.537 
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1.544 

H30° 

Sharygin et aI., B rre"!aTH 
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3TaJIOHHblM 06pa3eII HOBor 

A. E. <l>epcMaHa PAH (MOCKBa: 

YCJIOBIDI HAXOlKJl:EH 

06pa3:U:bl C XHJIJIeCXaMMHTm 

(Graulay; ,n;pyrue BapHaHTbl Han 

xaMM (Hillesheim), 3eMJIJI PenH 

COCTaBe lI03,n;HeM acco:U:HaIIHH, E 

THT, aKepMaHHT, lIepOBCKHT, reI 

rno 06pa30BaHHble KPHCTaJIJILI I 

lIOJIOCTeM B lI(eJIO'lHOM 6a3aJILTI 

XHJIJIeCXaMMHT 5IBJI5IeTCJI 0)] 

HepaJIOM 3TOM aCCo:U:Ha:U:HH. CK' 

II(HX C XHJIJIeCXaMMHTOM MHHep 

XHJIJIeCXaMMHT 06pa3yeT y 
(PHC. 1) H HX cy6lIapaJIJIeJILHbI 

KPHCTaJIJIbl HMeIOT BH,n; lIPJlMOY 

T5IHYTblX (OT lIO'lTH KBa,n;paTHbIX 

,n;OB: {01O} (maBHa5I ra6HTycHa 

PHC. 1. KPHCTaJIJIhT X 
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Fig. 1. Crystals of hillesheimite (H) \ 
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yllosilicate, crystal structure, Graulai, 

(,Ca,Ba,Na,D)3Fe[(Si,Al)130 25 • 

lpY)KeH B COCTaBe n03,l.\HeU acco

) KonlP B BYJIKaHHTIeCKOM pauo

bMa Heo61>ITIHOU rpyrrrrbI IPHJI

)PbIX JIe)KHT TpeXCJIOUHbIH TeT

(PaCIJ;BeTaeBa H ,l.\p., 2012). 
:Si40 1O] (r,l.\e ° = 0, OH) MO)KHO 

:oe )Ke (HJIH aHaJIOrHTIHOe, HO C 

CKOCTH CJI05I) TIepe,l.\OBaHHe 8- H 

ICJIOHHbIX (MaYHTHHHT, iliJIbIKO

[b,l.\HT, CeH,l.\HT-(Ce), MOHTepe,l.\

PHJIJIocHJIHKaToB.IIepeTIHcJIeH

fIMH COCTaBJI5IIOT ceMeHCTBo Ma

[JIe3HOTHrrHYIO cepHIO pO,l.\e3HTa 

011), rpeXCJIOHHble MbI rrpe,l.\JIa-

,I nOHTep6JIaCCliTa 

p minerals 

Ta6JIIII:\a 1 

[T YM6pllaHlIT 

,AI)13 . K7Na2Ca2[SiIOAI3029]F2CI2 
) 

POM61I'leCKaiI 
Pmmn 

7.062 
38.420 
6.574 
1783.5 
2 

9.65-100 
6.91-43 
6.59-97 

3.296--77 
3.118-70 
2.903-52 
2.819-53 

1.537 
1.543 
1.544 
(-) 30° 

Sharygin et aI., B rre'laTIi 

raeM 06'be,l.\HHHTb B rpyrrrry rlOHTep6JIaCCHTa (Ta6JI. 1). KoppeKTHocTb HCrrOJIb30BaHH5I 

3,l.\eCb TepMHHa «rpyrrrra» 06YCJIOBJIeHa H,l.\eHTUTIHOCTblO CTpOeHH5I aJIlOMOCHJIHKaTHOro 

6JIOKa y BXO,l.\5III(HX B Hee MHHepaJIOB. 

OrrHcbIBaeMbIH B HaCT05III(eH CTaTbe HOBbIH rrpe,l.\CTaBHTeJIb rpyrrrrbI rlOHTep6JIaCCHTa 

XHJIJIeCXaHMHT rrOJIYTIHJI Ha3BaHHe no MecTY ero HaXO,l.\KH 6JIH3 ropo,l.\a XHJIJIeCXaHM B rep

MaHHH. 

3TaJIOHHbIH o6pa3eIJ; HOBoro MHHepaJIa xpaHHTC5I B MHHepaJIOrHTIeCKOM My3ee HM. 

A. E. <l>epcMaHa PAH (MocKBa), perHCTpaIJ;HOHHbIH HOMep 4174/1. 

YCJIOBIDI HAXO)l(,ZI;EHIDI, MOP<IlOJIOrIDI II <Illl311QECKIIE CBOHCTBA 

06pa3IJ;bI C XHJIJIeCXaHMHToM co6paHbI B ,l.\eHcTBYIOII(eM 6a3aJIbTOBOM Kapbepe rpaYJI5Iu 

(Graulay; ,l.\pynle BapHaHTbI HarrHCaHH5I - Graulai, Grauley, Graulei) 6JIH3 ropo,l.\a XHJIJIeC

xaHM (Hillesheim), 3eMJI5I PeHHJIaH,l.\-IIlPaJIbIJ;, repMaHH5I. HOBbIH MHHepaJI o6HapY)KeH B 

COCTaBe rr03,l.\HeH aCCOIJ;HaIJ;HH, BKJIIOTIalOII(eH B ce65I HelPeJIHH, aBrHT, IPToparraTHT, MarHe

THT, aKepMaHHT, rrepoBcKHT, reTIJ;eHHT, 6apHeBble TIJIeHbI rpyrrrr1>I JIaMrrpOIPHJIJIHTa. Xopo

iliO 06pa30BaHHble KPHCTaJIJIbI Bcex :nHX MHHepaJIOB HapaCTalOT Ha CTeHKH MHapOJIOBbIX 

rrOJIOCTeH B II(eJIOTIHOM 6a3aJIbTe. 

XUJIJIeCXaHMHT 5IBJI5IeTC5I O,l.\HHM U3 Hau60JIee rr03,l.\HHX H e,l.\HHCTBeHHbIM BO,l.\HbIM MH

HepaJIOM :nOH aCCOIJ;HaIJ;HH. CKopee Bcero, KPHCTaJIJIH3aIJ;H5I 60JIbiliHHCTBa aCCOIJ;HHPYIO

II(HX C XHJIJIeCXaHMHToM MHHepaJIOB rrpOHCxO,l.\HJIa Ha rrHeBMaTOJIHTOBOH CTa,l.\Hil. 

XUJIJIeCXaHMHT o6pa3yeT yrrJIOII(eHH1>Ie KpHCTaJIJIbI pa3MepaMH ,l.\O 0.2 X 1 X 1.5 MM 

(pHC. 1) H ux cy6rrapaJIJIeJIbHbIe HJIH Beepoo6pa3H1>Ie CpOCTKH ,l.\O 2 MM B rrOrrepeTIHHKe. 

KPHCTaJIJIbI HMelOT BH,l.\ rrp5IMoyrOJIbHbIX IIJIaCTHHOK HJIH Ta6JIHTIeK, B pa3HoH CTeneHU BbI

T5IHYTbIX (OT rrOTITH KBa,l.\paTHbIX,l.\O ,l.\OCKOBH,l.\HbIX), U 06Pa30BaHbI rpaH5IMH Tpex nHHaKOH

,l.\OB: {OlO} (rrraBHa5I ra6HTycHa5I lPopMa), {001}, {100} (6oKoBbIe rpaHH). 

PIIC. 1. KPIiCTaJIJThI XIIJIJIeCXallMliTa (H) c aBrHTOM (A) II He<jJeJIIiHOM (N). 

illnplIHa IIOJIiI 2 MM. <DoTOrpa<jJ1IiI <D. KpyueHa. 

Fig. 1. Crystals of hillesheimite (H) with augite (A) and nepheline (N). Field of view 2 mm. Photograph: 
F. Kruijen. 
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Puc. 2. HK-crreKTP XIIJIJIeCXaHMHTa. 

Fig. 2 IR spectrum of hill eshei mite. 

3500 CM-1 

II;BeT xMJIJIeCXallMHTa BapbHpyeT OT )l(eJITOrO ,n;o KOpHqHeBaTOro, ero KpHCTanJIbI npo-
3paqHbIe ,n;o npoc]3eqHBaIOIIIHx. lJepTa 6eJIaJl. MHHepan xpynKHll, ero TBep,n;ocTb no IIIKane 
Mooca COCTaBJIHeT 4, cnallHocTb BeCbMa cOBepIIIeHHaH no (010) H MeHee cOBepIIIeHHaJl no 
(100) H (001). BbIqHCJIeHHaJl nJIOTHOCTb paBHa 2.174 r/cM3, H3MepeHHaJl MeTo,n;OM ypaBHo
BeIIIHBaHllJI B TJI)l(eJIbIX )l(H,n;KOCTJlX - 2.16(2) r/cM3. JIIOMHHecIIeHIIHH B YJIbTpaqlllOJIeTO
BbIX H KaTo,n;HbIX JIyqax He Ha6JIIO,n;aeTCJI. 

MK-cneKTp XHJIJIeCXallMHTa (PHC. 2), nOJIyqeHHbIll C nOMOIIIbIO <PYPbe-crreKTpoMeTpa 
ALPHA FTIR <pHPMbI Bruker Optics npH pa3peIIIaIOIIIell cnoco6HoCTH 4 C~l, 6JIH30K K 
cneKTpy rIOHTep6JIaCCHTa (lJYKaHoB H ,n;p., 2012) H, KaK H nOCJIe,n;HHll, xapaKTepH3yeTcJI 
rrJIOXOll pa3peIIIeHHocTbIO nOJIOC, "ITO OTpa)l(aeT pa3ynopJl,n;OqeHHOCTb KaTHOHOB B CTPYK
Typax OOOHX MHHepanOB. ITOJIO)l(eHHJI (C~l) H OTHeCeHllJI nOJIOC MK-crreKTPa CJIe,n;YIOIIIHe 
(s - CHJIbHaH nOJIoca, sh - nJIeqo): 3535, 3290sh (O-H-BaneHTHbIe KOJIe6aHHJI), 1800 
(,n;e<p0pMaIIHoHHbIe KOJIe6aHHJI HOHOB H30+), 1650 (,n;e<p0pMaIIHoHHbIe KOJIe6aHHJI MOJIeKYJI 
HzO), 1165sh, 1035s, 900sh (Si-O-BaneHTHbIe KOJIe6aHllJI), 780sh, 675sh, 580 (,n;e<popMa
IIHOHHbIe KOJIe6aHllJI O-Si-O), 450s, 390sh (KoM6HHaIIHJI ,n;e<p0pMaIIHoHHbIX KOJIe6aHHll 
Si-O-Si H BaneHTHbIX KOJIe6aHHll nOJIH3,n;pOB M06, r,n;e M = Mg, Fe, Ca). ITOJIOCbI B- H 
C-co,n;ep)l(aIIIHX rpyrrrr (,n;Hana30H 1200-1500 C~l) B MK-cneKTPe XHJIJIeCXallMHTa OTCYT
CTBYIOT. 

ITo cpaBHeHHIO C rIOHTep6JIaCCHTOM XHJIJIeCXallMHT xapaKTepH3yeTcJI 60JIee BbICOKHM 
3Ha"IeHHeM BOJIHOBOrO qHCJIa B MaKcHMYMe rrOJIOCbI M-O-BaneHTHbIx KOJIe6aHHll (COOT
BeTCTBeHHO 442 H 450 C~l), "ITO MO)l(eT 6bITb CBJl3aHO C Pa3JIHqHbIMH Koop,n;HHaIIHOHHbIMH 
qHCJIaMH M-KaTHOHa B 3THX MHHepanax (cooTBeTcTBeHHo 7 H 6), a Tal()l(e C ,n;OMHHHpOBaHH
eM B M-n03HIIHH XHJIJIeCXallMHTa 60JIee JIerKOrO KaTHOHa (Mg), qeM B aHaJIOrHqHOll Fe-,n;o
MHHaHTHoll n03HIIHH rIOHTep6JIaCCHTa (Ta6JI. 1). 

HOBbIll MHHepan OnTHqeCKH ,n;BYOCHbIll OTPHIIaTeJIbHbIll, IIp = 1.496(2), 11m = 1.498(2), 
11g = 1.499(2); 2 Vo,,, = 80(5)°, 2 VB"''! = 70°. ~HcrrepcHH OnTH"IeCKHX ocell He Ha6JIIO,n;aeTCJI. 
OrrTHqeCKaJl opHeHTHpOBKa: Y = b; OCH OnTHqeCKOll HH,n;HKaTPHCbI nepneH,n;HKYJIJlPHbI 
nJIOCKOCTJlM crrallHOCTH. XHJIJIeCXallMHT OTJIHqaeTCJI OT rIOHTep6JIaCCHTa OnTHqeCKHM 3Ha
KOM H 60JIee BbICOKHMH nOKa3aTeJIJlMH npeJIOMJIeHHJI (Ta6JI. 1). 
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XHMHQeCKHH COCTaB XIIi 

Chemical compositi 

KOMITOHeHT 

Na20 
KzO 
MgO 
CaO 
BaO 
FeO 

Alz0 3 
SiOz 
HzO* 

CYMMa 

Co;~e 

II 

npUMe'laHlle. COl\ep~ 

CJIOeBbIX MoneKyn H20, K001\.'], 

P, S, Cl, Ti, Cr, Mn!l Sr H!lA'C 

MeTO,UOM. 

XHMHqeCKHll COCTaB XHJIne, 
TpaJIbHOrO aHaJIH3a Ha CKaHHpYI 
peHTreHOBCKHM 3HeprO,n;HCnepCT 
npH YCKOpJlIOIIIeM HarrpJl)l(eHHII 
3JIeI<TpOHOB Ha Co 0.5 HA. Yron 
CTOJlHHe Me)K,n;y 06pa3IIOM H ,n;C1 

Bo,n;a He orrpe,n;errJlrraCb BBIl~ 
HzO, BblqHCrreHHoe no ,n;aHHblill 
19.14 Mac. %. 

Pe3yrrbTaTbI onpe,n;erreHHJI ;; I' 
<popMyrra XIIJIrreCXallMHTa, pac 
HbIM ,n;aHHbIM): KO.96Nao.08Bao.i('( 
8H20. B ynpoIIIeHHOM BH,n;e q 
(K,Ca,DMMg,Fe,Ca,D)2[(Si,Al: 

CXO,n;HMOCTb <pH3HqeCKHX Cl 
Ha-~ellrra XOpOIIIaJl: (l-Kp/Kc) = 

PEHTrEHOrPA<I>H'IECKI 

PeHTreHorpaMMa rropOlliKH x 
rrOMOIIIbIO MOHOKpHCTanbHoro .n 
Ta CHrHarra (image plate -detect! 
45 KB H TOKe 30 MA. C'beMKa !I] 

paCCTOJlHHe 06pa3eII-,n;eTeKTO] 
ITopolliKorpaMMa XHrrrreCXH 

YTOqHeHHbIMH no MHK nar 
V = 1690(6) A3. 

MOHoKpHcTanbHble peHTrel 
XcaliburS CCD C Hcnorrb30BaHI 
rreHa He3aBHCHMO Ha OCHOBe np 



100 3500 CM-i 

t. 

fIeBaToro, ero KpHCTaJIJIbI npo
[lKHH, ero TBep~ocTb no IIIKaJIe 
010) H MeHee COBepIIIeHHaJl no 
H3MepeHHaJl MeTO~OM ypaBHo
IHecu;eHU;HH B YJIbTpaqmOJIeTO-

)MOIIl,bIO Q>ypbe-cneKTpoMeTpa 
;noco6HoCTH 4 C~l, 6JIH30K K 
nOCJIe~HHH, xapaKTepH3yeTCJI 

;OqeHHOCTb KaTHOHOB B CTPYK
OJIOC HK-cneKTpa CJIe~yIOIIl,He 
-BaJIeHTHbIe KOJIe6aHHJI), 1800 
tU;HoHHble KOJIe6aHHJI MOJIeKYJI 

" 780sh, 675sh, 580 (~eQ>opMa
~eQ>opMaU;HoHHbIX KOJIe6aHHH 

'r1 = Mg, Fe, Ca). IIOJIOCbI B- H 
rreKTpe XHJIJIeCXaHMHTa OTCYT-

laKTepH3yeTCJI 60JIee BbICOKHM 
·BaJIeHTHblX KOJIe6aHHH (COOT
m'IHbIMH Koop~HHaU;HoHHbIMH 
f 6), a TaJOKe C ~OMHHHpOBaHH
[g), 'IeM B aHaJIOrH'IHOH Fe-~o-

t, np = 1.496(2), nm = 1.498(2), 
'IeCKHX oceM He Ha6JIIO~aeTCJI. 
HKaTpHCbI nepneH~HKyJIJlPHbI 
Tep6JIaCCHTa OnTH'IeCKHM 3Ha-

. 1). 

XHMHQeClmH COCTaB XHJIJIeCXaHMHTa (cpeIJ.HHH, 110 4 JlOKaJlbHblM aHaJlH3aM) 

Chemical composition of hillesheimite (mean over 4 point analyses) 

KOMIIOHeHT COlleplI(aHUe, npelleJIl>I 3TaJIOH 
Mac. % cOllepll(aHInl 

Na20 0.24 0-0.43 AJIb6HT 
K20 4.15 3.47--4.95 MIIICPOJ(JIIIH 
MgO 2.14 1.47-3.04 ,Il,IionCIIIJ. 
CaO 2.90 2.32-3.99 BOJIJIaCTOHiiT 
BaO 2.20 0.85-3.75 BaF2 
FeO 2.41 2.01-2.59 Fe203 

A120 3 15.53 14.97-16.11 Al20 3 
Si02 52.94 52.31-54.16 Si02 
H2O* 19.14 

CYMMa 101.65 

npUMeqaHue. COllepll(aHJle H20 Bl>Iql!CJIeHO C yqeToM CTPYKTYPHl>IX lIaHHbIX (8 Mell(
CJIOeBbIX MOJIeKYJI H20, KOoplIl!HnpYJOlI1HX K-U03!!I1IlJO, Ha cjlOPMYJIY upn Z = 2). COllepll(aHIB! F, 
P, S, el, Ti, Cr, Mn II S1' RlDKe nenUqlIH IIopora ofiHapY)KemIH 3TIIX 3JIeMeHTOB MIIKP030H,IJ;OBbIM 

1leTO,U.OM. 

XHMWIECK.ITtI COCTAB 

XHMH'IeCKHH COCTaB XHJIJIeCXaHMHTa H3Y'IeH MeTO~OM JIOKaJIbHOrO peHTreHocneK
rpaJIbHOrO aHaJIH3a Ha CKaHHpYIOIIl,eM 3JIeKTpOHHOM MHKpOClwne Tescan Vega II XMU C 
peHTreHoBcKHM 3Hepro~HcnepcHoHHbIM cneKTpoMeTpoM INCAx-sight. AHaJIH3 BbillOJIHeH 
npH YCKopJlIOIIl,eM HanpJl)l(eHHH Ha BOJIbQ>paMoBoM KaTo~e 15.7 KB H TOKe nOrJIOIIl,eHHbIX 
3JIeKTpOHOB Ha Co 0.5 HA. YroJI oT6opa peHTreHoBcKoro H3JIY'IeHHJI COCTaBJIJlJI 35°, pac
CTOJlHHe Me)l(~y o6pa3u;oM H ~eTeI<TOpOM - 25 MM. 

Bo~a He onpe~eJIJlJIaCb BBH~Y He~OCTaTO'IHOrO KOJIH'IeCTBa MaTepHaJIa. CO~ep)l(aHHe 
H 20, BbI'IHCJIeHHOe no ~aHHbIM peHTreHocTpyKTypHoro aHaJIH3a (CM. HH)l(e), COCTaBJIJleT 
19.14 Mac. %. 

Pe3YJIbTaTbI onpe~eJIeHHJI XHMH'IeCKOrO COCTaBa npHBe~eHbI B Ta6JI. 2. 3MnHpn'IeCKaJl 

Q>0pMYJIa XIIJIJIeCXaHMHTa, paCC'InTaHHaJl Ha (Si,Al)13(O,OHb (comacHo CTPYI<TYP

HbIM ~aHHbIM): KO.96NaO.OS Ba O.16CaO.56Mg o.5sFe~~7 [Si9.62Al3.32023(OH)6] [(OH)o.szCH20)O.lS] . 
8H20. B ynpOIIl,eHHOM BH~e Q>0pMYJIa MO)l(eT 6bITb 3anHcaHa CJIe~yIOIIl,HM o6pa30M: 
(K,Ca,D)2(Mg,Fe,Ca,D)2[(Si,Al)13023(OH)6](OH) . 8H20. 

CXO~HMOCTb Q>H3H'IeCKHX CBOHCTB H XHMH'IeCKOrO COCTaBa no KpHTepHIO ['JIa~cToy
Ha-,ll;eMJIa XOpOllIaJl: (l-Kp/I<.,) = 0.004 (<<superiom). 

PEHTrEHorPA<J>WIECKIIE ,Il,AHHhIE H KPHCTAJIJIHqECKAH CTPYKTYPA 

PeHTreHorpaMMa nopOllIKa XHJIJIeCXaHMHTa (Ta6JI. 3) nOJIyqeHa MeTO~OM ['aH~OJIbQ>H C 
nOMOIIl,bIO MOHOKPHCTaJIbHOrO ~HQ>paKToMeTpa Stoe IPDS II C nJIOCKHM ~eTeKTopoM 3aXBa
Ta CHrHaJIa (image plate detector), Ha MoKu -H3JIY'IeHHH, npH YCKOpJlIOIIl,eM HanpJl)KeHHH 
45 KB H TOKe 30 MA. C'beMKa npOBO~HJIaCb C BpaIIl,eHHeM o6pa3u;a no ~ByM OCJlM (co H <p), 
paCCTOJlHHe o6pa3eu;-~eTeKTop 200 MM, BpeMJI 3Kcn03HU;HH 60 MHH. 

IIopollIKorpaMMa XHJIJIeCXaHMHTa XOPOiliO HH~HU;HpyeTcJI B pOM6H'IeCKOH JI'IeMKe C 
YTO'IHeHHbIMH no MHK napaMeTpaMH: a = 6.967(7), b = 6.523(7), c = 37.17(4) A; 
V= 1690(6) A3 . 

MOHoKpHCTaJIbHble peHTreH~HQ>paKU;HOHHbIe ~aHHble nOJIY'IeHbI Ha ~HQ>paKToMeTpe 
XcaliburS CCD C HCnOJIb30BaHHeM MOK -H3JIY'IeHHJI. CTpYKTypa XHJIJIeCXaMMHTa onpe~e
JIeHa He3aBHCHMO Ha OCHOBe npJlMbIX Me';:o~oB H YTO'IHeHa ~o R = 0.1706 ~JIJI 844 He3aBH-
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Ta6JIIIl(a 3 

IIOPOlUKoBble peHTreHorpatilHqeClme AaHHble AJIH XIIJIJIeCXaHMIITa 

X-ray powder diffraction data for hillesheimite 

dIl3M,A I Bo1q' % dBbItI,A hkl 

9.31 17 9.295 040 
6.857 88 6.859 110 
6.545 99 6.530 001 
6.284 57,100 6.431,6.197 011,060 
5.822 18 5.777 031 
5.105 40 5.089 150 
4.787 81 4.768 101 
4.499 38 4.495 061 
4.449 2 4.450 131 
4.221 9 4.227 170 
4.031 28 4.014 151 
3.776 7,7,5 3.786,3.779,3.718 081,161,0.10.0 
3.569 7,3 3.555,3.548 190,171 
3.497 7 3.490 200 
3.429 2 3.422 220 
3.346 3 3.328 181 
3.244 26,47 3.252,3.231 012,0.10.1 
3.065 95,18,23 3.067,3.042,3.041 211, 1.11.0,260 
2.958 4,40 2.957,2.948 102,112 
2.850 82 2.844 251 
2.767 74,46 2.758,2.756 1.11.1,261 
2.679 18 2.669 162 
2.525 9 2.544 2.10.0 
2.328 2,1,2 2.336,2.322,2.320 1.15.0,310,1.14.1 
2.192 6,5 2.191,2.189 301,0.16.1 
2.083 3,4,3 2.089,2.078,2.075 053,103,113 
1.983 1 2.007 2.10.2 
1.937 13 1.948 2.11.2 
1.851 2,3,12,1 1.859, 1.856, 1.847, 1.844 0.20.0,342,203,213 
1.818 1,6 1.814,1.812 1.10.3,362 
1.740 17 1.745 400 
1.696 2,7,2 1.696, 1.690, 1.688 3.15.0,0.22.0,3.10.2 
1.648 3,1 1.653, 1.642 3.11.2,3.15.1 
1.596 1,2,1 1.594, 1.593, 1.593 3.16.1,3.17.0,1.22.1 
1.553 1 1.554 154 
1.516 1,2 1.590, 1.519 4.12.0, 1.21.2 
1.504 4,1 1.508, 1.507 4.11.1,452 
1.365 4,1,7 1.374,1.365,1.355 2.10.4,501,2.11.1 

II P n M e 'If a H H e. ,lJ;mr BblqnCJIeHHOll IIOpOIIIKorpaMMbI npUBe.n;eHhl O'I'pa)KeHIUI C llHTeHCHBHOCTHMH ;;::: 1. dBbPI paCCQUTaHO 

113 MOHoKpnCTaJTbHhlX .n;aHHblX. 

CUMDIX OTpa)KeHUH C I> 20' (1) C UCIIOJIb30BaHueM KOMIIJIeKCa IIporpaMM SheIx (Sheldrick, 

1997a, 6). OCHoBHDIe KPUCTaJIJIOrpaqmqeCKUe xapaKTepUCTUKll XllJmeCXaHMUTa U )l;aHHDIe 

MOHOKPUCTaJIbHOrO 3KcIIepuMeHTa IIpUBe)l;eHDI B Ta6JI. 4. K CO)KaJIeHUIO, HU3Koe KaqeCTBO 

KPUCTaJIJIOB xUJIJIeCXaHMuTa (ux CUJIbHa5l pacru;eIIJIeHHOCTb U Tperu;UHOBaTOCTb) He II03BO

JIUJIU IIOJI)"'IUTb BDICOKOKaqeCTBeHHbIX 3KCIIepUMeHTaJIbHbIX MOHOKPUCTaJIbHbIX )l;aHHbIX 

U COOTBeTCTBeHHO HU3Koro 3HaqeHU5l <jJaKTopa paCXO)l;UMOCTU )l;JI5l 3Toro MUHepaJIa, II03TO

My Ha )l;aHHbIH MOMeHT MO)KHO rOBopUTb JIUmb 0 CTPYKTYPHOH MO)l;eJIU )l;JI5l XUJIJleCXaH

MIITa. B 1'0 )l(e BpeM5l CTPYKTypHa5l MO)l;eJIb IIpe)l;CTaBJI5leTC5l KoppeKTHOH, 'ITO IIO)l;TBep)l(

)l;aeTC5l xopomeH CXO)l;UMOCTblO 3KCIIepIIMeHTaJIbHOH U TeOpeTUqeCKOH IIopomKorpaMM, 

paCqeTHOH U U3MepeHHOH IIJIOTHOCTeH II CTPYKTYPHDIX )l;aHHblX C XUMUqeCKUM COCTaBOM 
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OCHoBHble KpIlCTaJIJII 
II AaIlHbll 

Principal crystallographic characte 

XapaKTepllCTIlKa 

XllJIJIecxai 
(K,Ca,Ba,1 

(Mg,Fe,Ca 
[(Si,Al)130 23(1 

(OR)' 8} 

<t>OPMYJIbHbIH Bec 
TeMlIepaTYPa, K 
CIIMMe1'plIlI, IIp. rp. 
IIapaMeTpbI 1I'IeHKll, A 

2183.55 
293 (2) 
POM6IIQeCKal!. 

a = 6.979 (11) 
b=37.1815 (1 
c = 6.5296 (15 
1694 (3) V,A3 

Z 
p, r/cM3 

/-l,MM-1 

F(OOO) 

2 
2.140 
1.140 

Pa3MepbI KpIICTaJIJIa, MM 

1081 
0.05xO.15xO 

Koop"l1~ 
BeT] 

Atom coordinates and II 

II031U11lJl x/'l 

K 
Mg 
T(l) 
T(2) 
T(3) 
T(4) 
T(5) 
T(6) 
0(1) 
0(2) 
0(3) 
0(4) 
0(5) 
0(6) 
0(7) 
0(8) 
0(9) 
0(10) 
0(11) 
0(12) 
0(13) 
0(14) 
0(15) 

0.25 
0.25 
0.25 
0.25 
0.25 
0.25 

-D.02961 
-D.02081 

0.05931 
0.0517, 
0.25 
0.25 

-D.007(: 
0.25 
0.0630 
0.75 
0.0617 
0.25 

-'0.75 
0.25 
0.25 
O.OOI( 
0.25 

IIpllMeQaHlIe. )l;J,. I 

YTOQHeHHbIX 3HaQeHUii 3neK 

10.08 epfu /lID! n03IU11lII Mg). 
,IJ,OnOJIHIITeJIbHbIMlI KaTHOHar 

TeJIbHbIMH KaTIIOHaMII Fe, C£ 



Ta6JIHu;a 3 

liB XHJIJIeCXaHMHTa 

esheimite 

hkl 

040 
110 
001 
011,060 
031 
150 
101 
061 
131 
170 
151 
081,161,0.10.0 
190, 171 
200 
220 
181 
012,0.10.1 
211,1.11.0,260 
102,112 
251 
1.11.1,261 
162 
2.10.0 
1.15.0,310,1.14.1 
301,0.16.1 
053,103,113 
2.10.2 
2.11.2 
0.20.0,342,203,213 
1.10.3,362 
400 

, 3.15.0,0.22.0,3.10.2 
3.11.2,3.15.1 
3.16.1,3.17.0,1.22.1 
154 
4.12.0, 1.21.2 
4.11.1,452 
2.10.4,501,2.11.1 

[ C IIHTeHCIIBHOCTHMII ~ 1. dBr..FI paccqJlTaHO 

:ca IIporpaMM SheIx (Sheldrick, 
:IIKII XIIJIJIeCXaHMIITa II ,n:aHHbIe 
: C02KaJIeHIIIO, HII3Koe KaIfeCTBO 
, II TpemIIHOBaTOCTb) He II03BO
.IX MOHOKPIICTaJIbHbIX ,n:aHHbIX 
TIl ,n:JIH 3Toro MIIHepaJIa, II03TO
PHOH Mo,n:eJIII ,n:IDI XIIJIJIeCXaH
H KoppeKTHOH, If TO IIo,n:TBep2K
opeTIIIfeCKOH IIopOIDKorpaMM, 
IHbIX C XIIMIIIfeCKIIM COCTaBOM 

Ta6JIHu;a 4 

OCHoBHble KpHCTaJIJIOrpalJlHqeCKHe xapaKTepHcTHKH XHJIJIeCXaUMHTa 
H lIaHHble MOHOKpHCTaJiLHOrO 3KcrrepHMeHTa 

Principal crystallographic characteristics of hillesheimite and data of the mono crystal experiment 

XHJIJleCXaHMHT XllJI1Iecxaih.fHT 
(K,Ca,Ba,Dlz . (K,Ca,Ba,Dlz . 

XapaKTepncTIIKa (Mg,Fe,Ca,Dlz . XapaKTepIlcTIIKa (Mg,Fe,Ca,Dlz . 
[(Si,AI)130 23(OH,O)61· [(Si,AI)130 23(OH,O)61· 

(OH)·SH20 (OH)·SH20 

<I>0PMYJIbHbIH Bec 2183.55 ~H<ppaKTOMeTp Xcalibur S CCD, 
TeMrreparypa, K 293 (2) MOKo;, ).,=0.71073 
CHMMeTPHlI, rrp. rp. POM6H'IeCKaH, Pmmn I:llITepBaJILI cKaHHpoBaHHlI -8 S h s 8, 
IIapaMeTPbJ JIqeHKH, A a = 6.979 (11) -45 s k s 46, 

b=37.1815 (18) -8s1s8 
c= 6.5296 (15) 06m;ee qHCJIO pe<pJIeKCOB 26827 

V,A3 1694 (3) qHCJIO He3aBHCHMbIX pe<pJIeKCOB 1856 
Z 2 He3aBHcHMble pe<pJIeKCLI [I> 2cr(I)] 844 
p, r/cM3 2.140 qHCJIO yrOqHlIeMbIX rrapaMeTPoB 154 
).l,MM-1 1.140 R(F)[/> 2cr(I)]/wR(F)[/> 2cr(I)] 0.1706 
F(OOO) 1081 GoF 1.405 
Pa3MepLI KpHCTaJIJIa, MM 0.05XO.15XO.30 Apmax/Apmin> 3/A3 1.795/-0.658 

KooplIHHaTLI aTOMOB H KpaTHocTH rro3HU;Hu (Q) 
B CTPYKTyPHOU MOlleJiH XHJIJIeCXaHMHTa 

Ta6JIHu;a 5 

Atom coordinates and multiplicities (Q) for the structure model of hillesheimite 

II0311Ull1I xl!! ylb zlc Q 

K 0.25 0.34231(10) 0.0940(8) 4 
Mg 0.25 0.5032(2) -0.9764(12) 4 
T(l) 0.25 0.75 0.4146(8) 2 
T(2) 0.25 0.69929(14) 0.0427(8) 4 
T(3) 0.25 0.56273(19) -0.5809(9) 4 
T(4) 0.25 0.61354(15) 0.0339(9) 4 
T(5) -0.0296(7) 0.56714(17) -0.2203(8) 8 
T(6) -0.0208(6) 0.75 0.7929(7) 4 
0(1) 0.0593(16) 0.7142(3) 0.9164(14) 8 
0(2) 0.0517(15) 0.6013(3) -0.0927(19) 8 
0(3) 0.25 0.5244(4) -0.696(20 4 
0(4) 0.25 0.5977(4) -0.725(2) 4 
0(5) -0.007(2) 0.5286(4) -0. III (2) 8 
0(6) 0.25 0.6563(2) 0.057(3) 4 
0(7) 0.0630(17) 0.75 0.5510(17) 4 
0(8) 0.75 0.75 0.801(3) 2 
0(9) 0.0617(15) 0.5640(6) -0.4424(15) 8 
0(10) 0.25 0.7154(4) 0.2709(18) 4 
0(11) 0.75 0.5779(5) -0.262(3) 4 
0(12) 0.25 0.2919(13) -0.292(4) 4 
0(13) 0.25 0.3866(8) -0.266(4) 4 
0(14) 0.001(4) 0.6564(4) 0.551(30 8 
0(15) 0.25 0.4745(7) -0.269(3) 4 

IIplIMeqanIle. ,n:JIli n0311l1nil K n Mg npellJIO)](eHbI CJIellYIOIl111e HanOJIHeHIlJI; C yqeToM 
YTOqHeHlIbIX 3HaqelIIIil 3JIeKrpOHIIoro COllep)](aHllJI n03nnnil (eref) (20.33 epfu 11M n03I1unIl K II 
10.0S epfu IIJIli n03I1UIIIIMg), KooPIlIIHaunoHHblx nOJIII311pOB II Me)](aTOMHblX paccTOJIHIIil. K - K C 
,nOIIOJIHlITeJIbHbIMli KaTHOHaMH Ca, Ba, Na, BaKaHclleii II, B03MO:IKHO, H30; Mg ~ Mg C ,lJ;OIIOJIHll

TeJIbHbIMlI KaTllOHaMH Fe, Ca II BaKaHcnen. 
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Ta6J1lfI\a 6 

MelKaTOMHbIe paccToHHHH B CTPYKTYPHOH MOJleJIH XHJIJIeCXaHMHTa 

Interatomic distances in the structure model of hiIIesheimite 

K-O(13) 
-0(14) 
-0(2) 
-0(1) 
-0(12) 
-0(11) 

(K-O) 
T(l)-O(7) 

-0(10) 
(T(1)-O) 
T(2)-O(10) 

-0(6) 
-0(1) 

(T(2)-O) 
T(3)-O(4) 

-0(9) 
-0(3) 

(T(3)-O) 

2.87(3) 
2.91(2)X2 
2.972(13)X2 
3.012(1O)X2 
3.14(4) 
3.164(8) 
3.00 
1.580(12)X2 
1.594(13)X2 
1.59 
1.605(13) 
1.600(8) 
1.661(12)X2 
1.63 
1.607(9) 
1.596(8)X2 
1.611(9) 
1.60 

Mg-O(3) 
-0(5) 
-0(15) 
-0(5) 

(Mg-O) 
T(4)-O(6) 

-0(4) 
-0(2) 

(T(4)-O) 
T(5)-O(9) 

-0(5) 
-0(11) 
-0(2) 

(T(5)-O) 
T(6)-O(8) 

-0(1) 
-0(7) 

(T(6)-O) 

1.994(10) 
2.143(16)x2 
2.19(2) 
2.210(14)x2 
2.15 
1.598(8) 
1.679(14) 
1.675(11)X2 
1.66 
1.588(7) 
1.610(13) 
1.613(8) 
1.621(12) 
1.61 
1.601(5) 
1.655(12)X2 
1.684(12) 
1.65 

XHJIJIeCXallMIITa. OCHoBHbIe KPHCTaJIJIOrpaqmqeCKHe xapaKTepHcTHKH XHJIJIeCXallMHTa H 

~aHHbIe MOHOKPHCTaJIbHOrO 3KCrrepHMeHTa rrpe~CTaBJIeHbI B Ta6JI. 4. Koop~HHaTbI aTOMOB 

H rrapaMeTPbI HX TerrJIOBbIX cMern;eHHll rrpHBe~eHbI B Ta6JI. 5, Me)J(aTOMHbIe paccToHHHH 

B Ta6JI. 6. 
XHJIJIeCXallMHT HBJIJ[eTCH rrpe~CTaBHTeJIeM HOB oro CTPYKTypHoro THrra. OCHOBHOll 

CTPYKTYPHOll e~HHH[(ell Y Hero, KaK H Y ~pyrHX rrpe~CTaBHTeJIeH rpyrrrrbI nOHTep6JIaCCHTa 

(Ta6JI. 1), HBJIJlIOTCH 6JIOKH, COCTOJlrn;He H3 TPex TeTPa3~pHqeCKHX CJIOeB, C<P0pMHpoBaH

HbIX qepe~yIOrn;HMHcJI qeTbIpex- H BOCbMHqJIeHHbIMH KOJIb[(aMH T-TeTpa3~pOB (T = Si, AI) 

(PHC. 3). BHeIIIHHe CJIOH 6JIOKa [T40 IO] TOrrOJIOrHqeCKH H~eHTHqHbI CJIOHM B cTpyKTypax 

IIIJIbIKOBHTa H KpHrrTo<pHJIJIHTa, CJIOHCTbIX CHJIIIKaTOB ceMeHcTBa MaYHTHHHTa (Zubkova et 

aI., 2009, 2010). Ka)J(~bIH BHeIIIHHH CJIOll 6JIII30K K IIOJIOBHHe ~BYXCJIOHHOrO TeTpa3~pIIqe
CKoro rraKeTa B CTPYKTypax IIpe~cTaBIITeJIell po~e3HToBoll MepO-rrJIe3IIOTIIrrHoll cepHH 

(Cadoni, Ferraris, 2009). BHYTpeHHHH CJIOH 6JIOKa B XIIJIJIeCXaHMHTe co~ep)J(HT ~OrrOJIHH
TeJIbHbIH TeTPa3~p H HMeeT COCTaB [(Si,AI)5011]. Pa3MepbI TeTPa3~poB B TPeXCJIOllHOM 6JIo

Ke (Ta6JI. 6) rr03BOJIJ[IOT rrpe~rrOJIO)J(HTb BXO)J(~eHIIe ~OrrOJIHHTeJIbHbIX KaTHOHOB F e 3+ H Al B 

rr03II[(HIO T(6) HAl B rr03H[(IIIO T(4). AHaJIOrIIqHO rIOHTep6JIaCCHTY B cTpyKType XIIJIJIeC

xallMIITa BHCJlqIIe BepIIIHHbI T-TeTpa3~pOB BHeIIIHHX CJIOeB 3aHJlTbI CTaTHCTIIqeCKII 3aMe

rn;aIOrn;HMH ~pyr ~pyra aTOMaMII 0 H OH-rpyrrrraMH. 

B cTpyKType xIIJIJIeCXaHMHTa (PHC. 4) TPeXCJIOllHbIe TeTPa3~pHqeCKHe 6JIOKH CBJl3aHbI 

Me)J(~y C060ll KOJIOHKaMII H3 pe6epHo-COe~I1HeHHbIX oKTa3~poB, xapaKTepH3YIOrn;IIXCJI qac

THqHOll 3aCeJIeHHOCTbIO II 3arrOJIHeHHbIX KaTHOHaMH Mg C rrpHMeCJlMH Fe H, B03MO)J(HO, Ca. 

CBo6o~HbIe BepIIIIIHbI OKTa3~pOB [rro3H[(HJI 0(15) B Ta6JI. 5] B OCHOBHOM 3aHJlTbI OH -rpyrr
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rraMH. MOJIeKYJIbI BO~bI [rro3H[(HH 0(12), 

0(13) II 0(14) B Ta6JI. 5] BXO~JlT B KOOp~H
Ha[(IIOHHbIH rrOJIII3~p rr03H[(IIII, 3arrOJIHeH-

PRC. 3. TpeXCJIOllHbIll TeTpa3J\plfqeCKlfll 6JIOK B 
CTpyK1ypax MHHepaJIOB rpyrnn.I rIOHTep6JIaCClfTa. 

Fig. 3. Triple-layered tetrahedral block in structu-
res of gunterblassite-group minerals. 

PRC. 4. KPlfCTaJIJIIlqeCI(, 

Fig. 4. Crystal stru 

HOll CTaTHCTHqeCKII 3aMern;aIOI 

rrpIIcYTCTBHe KaTHOHa OKCOHHJl 
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JIaHOJIbHbIX rpyrrrr rro cxeMe S 
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BXO)J(~eHIIe KaTHOHOB Ca KaK 1 

rr03H[(HIO. BXO)J(~eHHe Ca B 01 

CYTCTBIIeM B OKTa3~pHqeCKIIX 1 

rpYIIIIbI rIOHTep6JIaCCHTa - y 

MeHCTBa MaYHTHHIITa II po~e3Il 

xallMIITe cpe~Hee paCCTOJlHIIe 

Koe 3HaqeHHe BOJIHOBOrO qHCJl 

(450 CM-I) YKa3bIBaIOT Ha TO, 1 

3aHJlTa B OCHOBHOM Mg. TaKHM 

MO)J(eT 6bITb rrpe~CTaBJIeHa 

(OH,0)6](OH,H20)· 8HzO· 
a 
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Fig. 5. The fragment linking triple-l: 
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paKTepHCTHKH xHnnecxaHMHTa H 
hI B Ta6n. 4. KOOp.L\HHaThI aTOMOB 
[. 5, Me)KaTOMHhIe paccToHHHH -

CTPYKTypHoro THIIa. OCHOBHOH 
IHTeneH rpynnhI rIOHTep6naccHTa 
~pHqeCKHX cnoeB, C<P0pMHpOBaH
Ihl[aMH T-TeTpa3.L\pOB (T = Si, AI) 
H.L\eHTHqHhI cnOHM B cTpyKTypax 
~eHcTBa MaYHTHHHTa (Zubkova et 
MHe .L\ByxcnoHHoro TeTpa3.L\pHqe
~BOH Mepo-nne3HoTHnHoH cepHH 
JIeCXaHMHTe CO.L\ep)KHT .L\OnOnHH
[Terpa3.L\pOB B TpeXCJIOHHOM 6JIo
IHHTenhHhIX KaTHOHOB Fe3+ H Al B 

~p6naccHTY B CTpyKType XHnnec
)eB 3aHHThI CTaTHCTHqeCKH 3aMe-

reTpa3.L\pHqeCKHe 6JIOKH CBH3aHhI 
3.L\POB, xapaKTepH3YIOII[HXCH qac
npHMecHMH Fe H, B03MO)KHO, Ca. 
5] B OCHOBHOM 3aHHThI OH-rpyn
oneKynhI BO.L\hI [n03HI.(HH 0(12), 
)(14) B Ta6n. 5] BXO.L\HT B KOOP.L\H
bIH .rr0nH3.L\P n03HI.(I1I1, 3anonHeH-

~XCJIOllHhIll TeTPa3,l\pHQeCKHll 6JIOK B 
x MHHepaJIOB rpyrrrrbI nOHTep6JIaCCHTa. 

)Ie-Iayered tetrahedral block in structu
~f giinterblassite-group minerals. 

a 

6 

PHC. 4. KPHCTaJIJIHQecI<aJ! CTPyKrypa XHJIJleCXallMHTa B rrpoeI<I\= be (a) II ab (6). 

Fig. 4. Crystal structure of hill eshei mite in projections be (a) and ab (6). 

HOH CTaTI1CTI1qeCKI13aMeIl[aIOII[I1MI1 .L\pyr .L\pyra KaTI10HaMI1 K, Ca, Ba H H30. B03MO)KHOe 
npHCYTcTBI1e KaTI10Ha OKCOHI1H npe.L\nOnO)KeHO Ha OCHOBaHI1I1 .L\aHHhIX IlK -cneKrpocKOnI1I1 
(nonoca npH 1800 C~I). 06pa30BaHI1e KaTI10HOB OKCOHI1H B03MO)KHO 3a CqeT BO.L\0p0.L\a CI1-
naHonhHhIX rpynn no cxeMe Si-OH+5 + H 20 <-+ Si-O + H30+. IIpHHI1MaH BO BHI1MaHI1e 
pe3ynhTaThI YTOqHeHI1H 3neKTpOHHoro CO.L\ep)KaHI1H n03HI.(I1H KpynHhIx KaTI10HOB, a TaK)Ke 
cornaCHO .L\aHHhIM no XI1MI1qeCKOMY COCTaBY XI1JmeCXaHMI1Ta, MO)KHO npe.L\nOnO)KHTh 
BXO)K.L\eHI1e KaTI10HOB Ca KaK B K-n03HI.(I1IO, TaK H B OKTa3.L\pI1qeCKYIO Mg-.L\oMI1HaHTHYIO 
n03I1I.(I1IO. BXO)K.L\eHI1e Ca B OKTa3.L\pI1qeCKYIO n03HI.(I1IO TaK)Ke nO.L\TBep)K.L\aeTCH ero npH
CYTCTBI1eM B OKTa3.L\pHqeCKI1X n03I1I.(I1HX B CTpyKTypax eIl[e O.L\HOrO HOB oro npe.L\CTaBHTenH 
rpynnhI rIOHTep6naCCHTa - YM6pHaHI1Ta (Sharygin et aI., B neqaTH), a TaK)Ke qneHOB ce
MeHCTBa MaYHTI1HI1Ta 11 p0.L\e3I1TOBOH Mepo-nne3HOTI1nHOH CepHI1. B TO )Ke BpeMH B XHnnec
XaHMI1Te Cpe.L\Hee paCCTOHHI1e KaTHOH-aHI10H B oKTa3.L\pe (2.15 A) 11 OTHOCI1TenhHO BhICO
Iwe 3HaqeHI1e BonHOBoro qI1cna nonOChI BaneHTHhIX Kone6aHI1H OKTa3.L\pOB B IIK-cneKTpe 
(450 CM-I) YKa3hIBaIOT Ha TO, 'ITO OKTa3.L\pHqeCKaH n03I1I.(I1H B CTpYKType 3Toro MI1Hepana 
3aHHTa B OCHOBHOM Mg. TaKI1M 06Pa30M, KpI1CTannOXI1MI1qeCKaH <p0pMyna xI1nneCXaHMI1Ta 
MO)I(eT 6hITh npe.L\CTaBneHa B BH.L\e: (K,Ca,Ba,H30,D)z(Mg,Fe,Ca,DM(Si,AI,Fe)13023' 
(OH,O)6](OH,H20)' 8H20. 

a 6 

PHC. 5. <PpafMeHT, CBJ!3bIBaIOIl.\Hll TPeXCJIOllHble TeTPa3,l\plPIeCKHe 6JIOKH B cTPYKTypax fIOHTep6JIaCCHTa 
(lIYKaHoB H ,l\p., 2012) (a) H XHJIJIeCXallMHTa (6). 

Fig. 5. The fragment linking triple-layered tetrahedral blocks in structures of giinterblassite (Chukanov et aI., 
2012) (a) and hillesheimite (6). 
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OliCY)I()J;EHIIE 

B CTPYKType rIOHTep6JIaCCHTa TPeXCJIOHHI,Ie naKeTbI CBJI3aHbI Me)Kl\Y C060H CeMHBep

IIIHHHHKaMH, 3anOJIHeHHbIMH KaTHOHaMH Fe, Mg H Ca (IIYKaHoB H l\p., 2012), a B XHJIJIeC

xaHMHTe TeTpa3l\pHqeCKHe 6JIOKH CBR3aHbI Me)Kl\Y C060H KOJIOHKaMH H3 pe6epHO-CBJI-

3aHHbIX OKTa3l\POB, xapaKTepH3YIOrrrHXCR qaCTHqHOH 3aCeJIeHHOCTbIO H 3anOJIHeHHbIX Ka

THOHaMH Mg C npHMecRMH Fe H, B03MO)KHO, Ca. Pa3JIHqHOe cTpoeHHe <pparMeHTOB, 

CBR3bIBaIOrrrHX TeTPa3l\pHqeCKHe 6JIOKH B CTpYKTypax rIOHTep6JIaCCHTa H XHJIJIeCXaHMHTa, 

nOKa3aHO Ha pHC. 5. lIo-BHl\HMoMY, HMeHHO 3TO pa3JIHqHe IIpHBOl\HT K 60JIee HH3KOH CHM

MeTpHH rIOHTep6JIaCCHTa (Pm2 j n) no cpaBHeHHIO C XHJIJIeCXaHMHToM (Pmmn). 
KaK CJIel\yeT H3 CTPYKTypHbIX l\aHHbIX, XHJIJIeCXaHMHT OTJIHQaeTCH OT rIOHTep6JIaCCH

Ta H 60JIee BbICOKHM cOl\ep)KaHHeM H 20. 3TOT BbIBOl\ nOl\TBep)Kl\aeTCH TeM <paKTOM, QTO 

nOJIOCbI, OTHOCHrrrHecH K KOJIe6aHHHM MOJIeKYJI H 20 B MK-cneKTpe XHJIJIeCXaHMHTa 60JIee 

HHTeHcHBHbIe, QeM aHaJIOrHQHbIe nOJIOCbI B cneKTpe rIOHTep6JIaCCHTa (IIYKaHOB H l\p., 

2012). 

XHJIJIeCXaHMHT, rIOHTep6JIaCCHT H YM6pHaHHT (Ta6JI. 1) HBJIHIOTCH npel\CTaBHTeJIHMH 

HOB oro TOnOJIOrHQeCKOrO THna aJIIOMOCHJIHKaTOB, CTPYKTypbI KOTOPbIX COl\ep)KaT Tpex

CJIOHHbIH TeTpa3l\pHQeCKHH naKeT. 3Ta rpyrrna MHHepaJIOB HapHl(y C HX l\BYXCJIOHHbIMH H 

Ol\HOCJIOHHbIMH aHaJIOraMH HaMeQaeT cneQH<pHQeCKHe nOJIHCOMaTHQeCKHe pRl\bI, CBH3bIBa

IOrrrHe CJIOHCTbIe CHJIHKaTbI H aJIIOMOCHJIHKaTbI C KapKaCHbIMH. rHnOTeTHQeCKHMH «KOHeQ

HbIMH QJIeHa~1H» 3THX PHl\OB HBJIHIOTCR CHJIHKaTbI C KapKacaMH QeOJIHTHOrO nma. 

lIo aHaJIOrHH C rIOHTep6JIaCCHTOM (IIYKaHoB H l\p., 2012) H TPaHc<popMaQHoHHbIM 3BO

JIIOQHOHHbIM PHl\OM l\eJIbXaHeJIHT-tPHBerHT-rHl\pOl\eJIbXaHeJIHT (IIeKoB H l\p., 2010), a 

TaK)Ke npHHHMaH BO BHHMaHHe oco6eHHocTH KpHCTaJIJIHQeCKOH CTPYKTypbI XHJIJIeCXaHMH

Ta (HeynopHl\OQeHHOCTb pacnpel\eJIeHHH KpynHblx KaTHOHOB, cyrrrecTBeHHYIO BaKaHCHOH

HOCTb HX n03HQHH, BbICOKoe cOl\ep)KaHHe BO,Il,bI H 6apHH), MO)J(HO npel\nOJIO)KHTb, QTO XHJI

JIeCXaHMHT HBJIHeTCR TpaHctPopMaQHOHHbIM MHHepaJIbHbIM BHl\OM, o6pa30BaBIIIHMcH B pe-

3YJIbTaTe rH,II,paTaQHH H BblrrreJIaQHBaHHH 3HaQHTeJIbHOH QaCTH rrreJIOQHbIX KaTHOHOB, 

KaJIbQHH H, B03MO)J(HO, raJIOreHOB H3 rHnOTeTHQeCKOrO nepBHQHOrO 6e3BOl\HOrO KaTH

OH-HaCbIrrreHHoro MHHepaJIa THna YM6pHaHHTa C coxpaHeHHeM HCXO,Il,HOrO TPeXCJIOHHOrO 

aJIIOMOCHJIHKaTHOro rraKeTa. 

Pa60Ta BbIIIOJIHeHa npH nOl\l\ep)KKe POCcHHcKoro <poHl\a tPYHl\aMeHTaJIbHbIX HCCJIel\O

BaHHH (npoeKTbI 1l-05-12001-0tPH-M-2011, 1l-05-00407-a H 1l-05-91331-HHMO_a). 
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HOBbIH MHHepaJI KacaTKHHHT Ba2CasBsSis032(OHh . 6H20 YCTaHoBlIeH B rrOlIOCTlIX pO,LIHHrIITOB Ha 
nalKeHoBcKoM MecTopolK,n;eHIIH XPH30THlI-ac6ecTa, Cpe,LIHHll Yparr, POCCIIlI. 3MrrHpH'feCKalI cpoPMYJIa 
NaO.llKo.1SBaL66Ca7.S4Bs.osAlo.osSis.o003LSO(OH)3.06Fo.o4' 6.lOH20. MOHOKJIHHHbIll, P2 1/c, P21c lIlIH Pc, 
a = 5.745(3), b = 7.238(2), C = 20.79(1) A, ~ = 90.82(5)°, V= 864(1) A3, Z= 1. Ha3BaHlIe ,n;aHO B 'leCTb 
POCclIHcKoro MHHeparrora-lII06HTeJIlI II KOJIJIeKI\HOHepa A. B. KacaTKHHa (p. 1970), 06HapYllmBIIIero MII
Heparr. 3TarroHHhIH 06pa3eI\ rrepe,LIaH B MHHepaJIOrH'feCKHH MY3eH lIM. A. E. <DepcMaHa P AH B MocKBe. 

NIO'leeble c1Ioea: KacaTKIIHHT, HOBbIH MHHeparr, 60POCHJIHKaT, pO,LIIIHrIIT, na)KeHOBCKoe MeCTopOlK
,n;eHHe, Yparr. 

1. V. PEKOV, N V. CHUKANOV, Ya. E. FILINCHUK, A. E. ZADOV, N N KONONKOVA, 
S. G. EPANCHINTSEV, P. KADEN, A. KUTZER, J. GOTTLICHER. KASATKlNlTE, 

Ba2CasBsSis032(OHh . 6H20, A NEW MINERAL FROM BAZHENOVSKOYE DEPOSIT 
(THE MIDDLE URALS, RUSSIA) 

The new mineral kasatkinite, Ba2CasBsSis032(OH)3' 6H20, has been found at the Bazhenovskoe 
chrysotile asbestos deposit, the Middle Urals, Russia. It occurs in cavities of rhodingites, in two associati-

1 HOBI,Ill MHHeparr KacaTKHHHT Hero Ha:lBaHIle o,n;06peHbI KOMHCCHeH no HOBbIM MHHeparraM PMO II )'TBep
lK,n;eHbI KOMIICCIIell no HOBbIM MHHeparraM, HOMeHKJIaType II IOIaCCHcpHKal11U1 MHHeparrOB MMA 4 IIIOJIlI 2011 r., 
IMA No. 2011-045. 
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