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Llero naKeTbI npH06peTmO'i

BHe)],peHHeM B Me)KCJIOeBoe

TaKHM 06pa30M epOPMI1PY10'1

eM rI1J\pOKCHJJ,HbIX naKeTOB

HH5I BHyTpH naKeTOB npHBO,

Hoe pacnpe)],eJIeHHe KaTI10H

B TO )l(e BpeM51 B Me)KCJIOeBO

a TaIOKe MOJIeKyJIbI BO)],bI 11 P

ro paCCT05IHH51. TIPI1 3TOM pc

BHeM 4ero 51BJI5IeTC51 n051BJIel

MHoro06pa3I-Ie paCCMaTpHK
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Prinetto e. a., 2000; Khan, 0
)],aHHbIX pa60Tax).
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(F. Wall)JIeTOM 1999 rOJ.\a.

BOH (TaK lta3bIBaeMoi-i «aHOi'
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BBC,ll,CUnc. CJIOHCTbIe )],BofiHbIe rI1JJ,pOKCH)],bI - 061I1HpI-We CeMeHCTBO coe,/.\HHemIi1,

06beJJ,HH5IlOIUee npe,/.\CTamiTeJIeH 6JIH3KHX rpynn MHHepaJIOB - rI1JJ,POTaJIbKHTa, MaHacce­

HTa, KBI1HTlUIHTa, BY,/.\Bap,/.\HTa (Stnmz, Nickel, 2001) H 60JIblllOe KOJIWIeCTBO I1X CI1HTeTll­

LIeCKHX aHaJIOrOB. TOIlOJIOrH5I I1X CTpyt<Typ onpe)],eJI5IeTC5I HaJIHLIHeM rI1JJ,POKCHJ,J:HbIX CJIOeB

(naKeToB) 06IUero BI1,/.\a [(MtxM~+ )(OI-IhY+, npoH3Bo,/.\HbIX 01' aHaJIOrI-fLlHbIX CTpyKTyp­

HbIX e)],HHI1tJ, [M2+(OH»)z MI1HepaJIOB rpynnbI 6pycHTa. B 6pycHTe Hero aHaJIOraX Bce KaTl1­

OHbI M2+ JJ,ByxBaJIeHTHbI, n03TOMY 06IUHH 3ap5l)], rI-l)],pOKCHJJ,HblX CJIOeB CKOMneHCHpOBaI-t

(HyJIeBOH), a Me)KCJIOeBOe B3aI1Mo)],eHCTBl1e nOJJ,JJ,ep)KHBaeTC5I 3a CLIeT BO)],OpO)],HbIX CB5I3eH.

1-10 B CJIOI1CTblX )],BOHHbIX rI-l)],pOKCH)],ax LIaCTb ,/.\BYXBaJIeHTHbIX KaTHOHOB B rHJJ,pOKCH)],HbIX

CJI05IX 3aMeIUeHa TpeXBaJIeHTHbIMH (AP+ HJIH HOHbI MenlJlJIOB 01' V3t )],o Ni3+), B pe3YJIbTaTe
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KAPl.JEBCKIHn [Mg 1SAI9(OH)S4] [Srz(COJP04MHzO,HJO)11]
HOBhlH MIIHEPAJI II3 CEMEHCTBA

CJIOMCThlX )l,BOMHhlX rM)l,POKCM)l,OBI

S. N. BH/TV/N, N. V. CHUKANOV, G. K. BEKENOVA, M. A. YAGOVKfNA, A. V. ANTONOV,

A. N. BOGDANOVA, N. f. KRASNOVA. KARCHEVSKYITE
[MgI8AI9(OH)s4][Sr2(COJ,P04l9(H20,H30)ld - A NEW MINERAL IN FAMILY

OF LAYERED DOUBLE HYDROXIDES

Y!~K 549.0

Karehevskyite, a new mineral related to family of layered double hydroxides (LDH), has been found in Zhe­
lezny open-pit mine at Kovdor earbonatite massif (Kola Peninsula, Russia). It forms spherulites, up to 1.5 mm in
diameter, composed of thin bended platelets. Associated minerals arc dolomite, magnetite, quintinite-3T and
strontium earbonate-fouorapatite. Karehevskyite is white in aggregates and colorless in loose platelets. Luster
vitreous with pearly shine on cleavage surfaces. Non-t1uoreseent. Mohs' hardness 2. Cleavage perfect (micaceo­
us) by {OO I}. Dmcos 2.21 (2), Deale 2.18( I) g/em3 The mineral colorless and non-pleochroic in immersion liquids.
Uniaxial, negative, W 1.542(2), I.' 1.534(2). Chemical composition, wt % (average of 10 electron microprobe ana­
oyses, H20 by difference, standard deviation in parenlheses); MgO 29. 7( 1.1), AI20} 18.3(0.7), SrO 7.4(0.4),
CaO 0.2(0.1),1'2°51.3(0.2), CO2 14.5(0.4), H20 28.6, total 100.0. Empirical formula based on Al = 9: Mg 18.00
AI90o(OHh4oo(Sr I 79 Mg0.48Ca009h36 (C03)S.26(1'04)0.46( H20)654(H30 )418' Ideal formula [Mg\J3Al,!C0I.:D54]
[Sr2(C03, P04MH20,J-J30)1 tJ. Slowly dissolves in 10 % HCI with weak effervescence. Trigonal, P3, P3, P31111,
P3111l, P312, P321, P31111 or P311l1; 1/ 16.055(6), C 25.66( 1) A, V 5728(7) A3, Z = 3. Strongest lines of powder
diffraction pattern [d(l)(hkl)]: 8.52( I 0)(003), 6.41 (4)(004), 5.13(3)(005), 4.27(6)(006), 3.665(9)(007),
3.547(9)(107),3.081(6) (315). 1R-speetrum (s - shouldcr): 3470, 34205, 3035, 2960s, 1650, 1426, 1366, 1024,
937, 860, 779, 678, 615s, 553, 449, 386 em-I. TGA: total weight loss 42.0 wt %, with three stages of loss:
12.2 %, max. rate at 230 DC, 6.1 %, max. rate at 320 DC, 23.7 %, max. rate at 440 DC. Late stage hydrothermal
mineral. It is mUlled in memory for Pavel Karehevsky (1976-2002), Russian mineralogist, for his contributions
to study of carbonatite massifs. Type material is deposited at the Mineralogical Museum of Departmcnt of Mine­
ralogy in the Saint-Petersburg State University, Universitetskaya Nab. 7/9, 199034, St. Petersburg, Russia, and
in Fersman Mineralogical Museum of the Russian Academy of Sciences, Moscow.
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ImpHoe ceMeHcTBO COe,L\llHemIH,

flOB - nI,L\pOTaJIbKI1Ta, MaHacce­

Dflbwoe KOJ1l1'IeCTBO I1X CI1HTeTI1-

HaJ1l'I'lI1eM rI1,L\pOKCI1,L\HbIX CfloeB

lHbIX 01' aHaJIOrI1'lHbIX cTpyK'ryp­

Jpycl1Te 11 ero aHaflorax Bce KaTI1­

:CI1,L\HbIX CfloeB CKOMneHCl1pOBaH

~TC~ 3a ClJeT BO,L\0P0,L\HbIX CBJI3eH.

THbIX KaTHOHOB B rl1,L\pOI(CH,L\HbIX

JIOB 01' V 3+ ,L\O Ni3+), B pe3YflbTaTe

leCl1erl no HOBbIM MI1HepaJIaM BMO
laM 11 Ha3BaHI1lIM MI1HepanOB MMA

qero rraKeTbI rrpl106peTalOT nOJIQ)KHTeflbHbIH 3ap~,L\. KOMneHcalIl1~ 3ap~,L\a ,L\OCTHraeTC~

BHe,L\peHHeM B Me)KCflOeBoe rrpOCTpaHcTBo pa3flHlJHbIX aHHOHOB (CO~- , SO~-' ,NO:; 11 ,L\p.).

TaKHM 06pa30M qJOpMHPYI{)TC~rfI6pl1,L\Hble crpyl<Typbl, xapaKTepl13YKllllHec~'Iepe,L\OBaHI1­

eM rI1L~pOKCI1,L\HbIX rraKeTOB H Me)KCflOeBbIX aHHOHHbIX KOMrrfleKCOB. KaTI10HHble 3aMellle­

HI1~ BHYTpl1 rraKeTOB rrpI1BO,L\~TK pa3Ho06pa3HbIM Bapl1alIl1~M I1X COCTaBa, a yrrop~,L\O'IeH­

Hoe paCnpe,L\efleHHe KaTHOHOB B HHX - K B03HI1KHOBeHHlO MO,L\YflI1pOBaHHbIX CTpyKTyp.

B TO )Ke BpeM~ B Me)KCflOeBoe npOCTpaHCTBO MoryT BXO,L\HTb npaKTI1lJeCKH JIKl6ble aHHOHbI,

a TaIOKe MOfleKYflbI BO,L\bl 11 P~,L\ KpyrrHblx KaTI10HOB, BflH~WlllI1XHa BeflH'lHHy Me)lmaKeTHO­

ro paCCTO~HI1~.TIPI1 3TOM peaJ1l13ywTCl.I pa3flHqHbie Bapl1aHTbI ynaKOBKI1 naKeTOB, CJle,L\CT­

BlieM lJero 5IBfl~eTC~rrO~BfleHHepa3flH'lHbIX nOflHTl1nOB. Bce 3TH epaKTopbI 06yCflOBfll1BaIOT

MHoro06pa3He paCCMaTpHBaeMbIX COe,L\HHeHHH, rry6flI1KalIHH no KOTOpblM I1ClJHCfl~KlTC~

COTH5IMH HaHMeHOBaHHH (cM,:Miyata, Kimura, 1973; Miyata, 1975; Miyata, Okada, 1977;

Prinetto e. a., 2000; Khan, O'Hare, 2002; K10progge e. a., 2002 11 CCblflKH, rrpl1BO,L\HMble B

,L\aHHbIX pa60Tax).

B HaCT05l1lleH CTaTbe MbI rrpe,L\CTaBJIl.IeM HOBblH MHHepaJI KapqeBCKHHT (karchevskyite),

OTHOC~lllHI;icl.IK CflOHCTbIM ,L\BOHHbIM ni,L\pOKCH,L\aM, O,L\HaKO He I1MelOlllHH np5IMbIX amlJlO­

rOB cpe,L\11 COe,L\HHeHI1H ,L\aHHOrO ceMeHCTIJa. MHHepafl HaH,L\eH B ,L\OJIOMHT-MarHeTI1TOBbIX

pY,L\ax KOB,L\0pCI<oro )Kefle30pYl-lHOro MeCTopQ)K,L\eHH~.OH Ha3BaH B rraM~Tb 0 TIaBfle Kap­

'IeBCKOM (1976-2002), pyCCKOM MI1HepaflOre, 3a ero BKJla,L\ B H3Y'leHl1e MI1HepaflOrHI1 Kap­

60HaTHToBbiX KOMrrfleKCOB (Karchevsky, Moutte, 2004; Kap'leBCI<l1H, 2005). PaBHolIeHHble

qaCTI1 rOflOTl1nHOrO 06pa31Ia KapqeBCKI1HTa HaXO,L\~TCl.IHa XpaHeH1111 B My3ee KaclJe,L\pbI MI1­

HepaJIOrHl1 CaHKT-TIeTep6yprcKoro rocy,L\apCTBeHHoro yHHBepcHTeTa H B MHHep,1J10rWle­

CKOM My3ee 11M. A. E. <DepcMaHa PAH.

ACCOI~HaI~l'mHepH3H'leClme cBoiicTBa. KOB,L\OPCKHH MaCCI1B - KpyIIHeHw111-i Kap60­

HaTI1T-C!JOCKOPI1TOBbIH KOMrrfleKC KOflbCKoro rroflyocTpoBa, pacnOflQ)KeHHbIH B ero 3alIa.L~­

HOH 'IaCTI1. leOflOrl1'IeCKOe CTpoeHHe, neTpOJIOrH~H MHHepaflonI~ KOB,L\Opa paCCMOTpeHbI

IJ p5I,L\e MOHorpacllHH 11 0630pHbiX CTaTeH (KyxapeHKO 11 ,L\p., 1965; Krasnova, 2001; Wall,

Zaitsev, 2004; Kap'IeBCKI1H, 2005), TIOPO,L\bI MaCCI1Ba xopowo 06Ha)KeHbI B ,L\BYX Kapbepax,

pa3pa6aTbIBaeMbix Ha MarHeTI1T, anaTI1T, 6a,L\,L\eJleI1T OKene3HbIH PY,L\HI1K) 11 c!lJIoromrr

(<DflorofllITOIJbIH Kapbep).

Kap'IeIJCKHI1T 6bIJI BCTpeqeH O,L\HI1M 113 aBTopOB (C. .6.) BO BpeM~ fIOfleBbIX pa60T Ha )Ke­

JIe3HOM pY,L\HI1Ke, OpraHI130BaHHbIX no nporpaMMe 111-ITAC A. H. 3aHlIeBbiM H cD, YOflJI

(F. Wall) JleTOM 1999 rO,L\a, MI1HepaJI 06Hapy)KeH B rJIbl6e epJIOrOI1HT-,L\OnOMI1T-ManleTHTo­

IJOH (TaK Ha3bIBaeMOH «aHoMaflbHo[m) PY,L\bl, B COCTaBe n03,L\HeH rl1,L\pOTepMaflbHoH acco­

Ul1alIl1l1, npl1ypOqeHHOI~iK nycToTaM B TOHK03epHI1CTOM ,L\OflOMI1Te. CTeHKl1lIycToT (pa3Me­

pOM ,L\O 5--6 CM) CJIQ)KeHbl llleTKaMI1 Ml1flflHMeTpOBbIX pOM603,L\jmQeCKI1X Kpl1CTaflflOIJ ,L\O­

JlOMHTa p030Boro lIBeTa, a TaIOKe 6fleCT~1llI1MI1CaHTI1MeTpOBbIMI1 OKTa3,L\paMH MarHenrra.

Cne,L\YWlllI1M rro pacrrpOCTpaHeHHOCTI1 MI1HepaflOM ~Bfl~eTC~KBI1HTHHI1T-3 T, 06pa3YWlllHH

6eClIIJeTHble ,L\l1cKo06pa3Hble KPI1CTaJIflbI ,L\O 3 MM B ,L\HaMeTpe. I1HOr,L\a OTMeqaeTCl.I 60ra­

TbIll CTpOHlII1eM Kap60HaT-epTopanaTHT B BI1,L\e CHe)KHO-6eJlbIX clpepoflHToB ,L\O 0.5 MM, co­

CTO~lllHX 113 MeJ1I<J1X reKcarOHaflbHblX I1rOflOK.

Kap'leBCKI1I1T 06pa3yeT c<jJepOJll1Tbl 6eJIoro lIBeTa ,1-\0 1.5 MM B ,L\l1aMeTpe, CflQ)KeHHble

HCKpHBJIeHHblMI1 IlJ1aCTHHQaTbIMI1 Kpl1CTaflflaMI1 (Pl1c. 1), HHOr,L\a I1MelOllll1MH reKCarOHaJIb­

Hble o'IepTaHH51. OT,L\eJlbHble IlJ1aCTI1HKI1, H3IJfle'leHHble 113 cepepOJ1l1TOB, rI161<I1, 6eClIBeTHbI, C

nepJIaMyTpOBblM 6fleCKOM Ha LUIOCKOCT~XBeCbMa COBepweHHOH cnaHHOCTI1 no {OO j}. TBep­

,L\OCTb rro Moocy ~ 2. KaK rrpaBI1JIO, IlJ1aCTllHKI1 rrpe,L\CTaBfll.IWT C060H TOHQaHWl1e COOCHbIe

CpaCnlHl1~ KapQeBCKl1l1Ta 11 BI13yaflbHo HeOTflWlI1MOrO 01' Hero KBI1HTI1HI1Ta-3 T, rrpH 3TOM

TOfllI~I1HaMOHOMI1HepaflbHbIX 30H Kap'IeBCKHI1Ta ,L\OCTliraeT HeCKOflbKI1X MHKpOH (pliC. 2). Ha

OCHOBaHliH peHTreHOBCKI1X 11 MI1KP030H,L\OBbIX ,L\aHHbIX, Cpe,L\Hee cO,L\ep)l(,\Hl1e Kap'leBCKI1I1Ta

B BellleCTBe cepepOfll1TOB COCTaBfl~eT 70-80 %. BHeWH5I~ 30Ha cepepOJlI1TOB, lliI1PI1HOH

,L\O 0.1 MM, npe,L\CTaBfleHa 06bIlJHO 'lHCTbIM KaplJeBCKI1I1TOM. 3Ta oc06eHHocTb rr03BOJ1l1fla

np0I13BeCTI1 onpe,L\eJIeHHe OrrTI1QeCKI1X CBOHCTB KapQeBCKI1HTa 11 OlIeHHTb ero rlJ10THOCTb.

B I1MMepCHoHHbIX npenapaTax KapQeBCKHHT 6eclIBeTeH, 6e3 IIJ1eOXpoH3Ma. O,L\HOOC­

HblH (-), '\aCTO aHOMaflbHO ,L\ByoceH C (-)2 V,L\O 200
,110 1.542(2), l1 e 1.534(2). IIflOTHOCTb 113­

Mep~flaCb no,L\ MI1KpOCKOrrOM B npOXO,L\~llleM rrOJIl.IpI130BaHHOM CBeTe (B CKpellleHHbIX HI1-
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PIIC. I. C{!lCpOJIHTbl KapcICBCKIHITa Ha rpaHH KpyllHoro KPIICTjJJ1fla MarHCTllTa.

Fig. 1. Sphcrulitcs of karchcvskyitc on a facc of largc magnctite clystal.

PHC. 2. BHYTPCHHeC CTpOCHHC C{llCpOJIIlTa KapqeBCKHHTa.

BHllI-161 TOHKHC CpaCHlHJUI nnaCTlIIIOK Kapt-teBCIOJHTa (c6emJlO-CeplJlil) C KBHHTJ-IHHTOM-3T (me.MHo-cepblll). Denoe BKllI04e­

Hac enpasa BHI13Y - CTpOl-IUHeBbIH KapOOHHT-anaTHT. cIloTO B 06pUTllOpaCCCJIHHbIX 3neKTpOHHX.

Fig. 2. Internal structurc of thc karchcvskyite spherulite: thin intergrowths of karchevskyite lamcllas (light
grey) with quintinite-3T (dark grey); white inclusion on the right below -- strontium carbonate-apatite.

Back-scattered elcctron imagc.
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KOJUIX) Ha Bblpe3aHHblx BHe

DDKeJlble )KIIJ(KOCTH (CHB:

rrJlOTHOCTII, BblcrIICJlemlOIl

npeKpacHylO CXOJ(HMOCTb (

XUl\UPICCKI1H COCTaB.

rrOJlHeHO MHKp030HJ(OBbIM

orrpeJ(eJlemle ynIepoJ(a, l!O

J(aHHble HK-cneKTpocKOlll!

HHTepnpeTHpOBaHbI. )J,JUI I

JllICb J(Be CepHI1 aHaJlH30B

Ta6JI. 1) rrOJIycreHa Ha :mep

Jll!MepHbIM OKHOM (STPW)

B KaCleCTBe cTaHJ(apToB HC:

qJTOparraTlIT (Ca H P). CI!Jej

CHAHOH cMOJwll; J(aJlbHeilLI

30BaHHeM BOI_tHbIX cycneH:3

CepI151 (aH. 6--10) npoBeltC

C51 yrJIepO,lJ,OM; B !GFleCrBe

(Sr), I!JTOpananrr (Ca H P
YCKop5lIDlllee Hanp5J)KellHe

Kale BHAHO B Ta6JI. 1, c<

HoweHHe Mg : Al 6JIH3KO I

rpynnbI KBHHTHHHTa. B co

AaHHbIMH pel-rrreHOBCKoro

IITa HaH60JIee YAOBJIeTBOpl

XU!\H'PI

Chemical (,om!

. KOMno- I 2 I'
- ~e~<~ -~8'72~~-r

AI20 3 17.5 18.4 I

SrO 7.6 7.9

CaO 0.3 0.0

P20S 1.2 1.7

CO2 14.7 14.7

H20 30.0 27.7

'I

Mg 18.67 18.31

Al 9.00 9.00

Sr 1.92 1.90

Ca 0.14 0.00

P 0.44 0.60

C 8.76 8.33

H 87.32 76.68

rrpHMe~anHe. An. 1-5 --1.
BO,IJ.bI BbI4HCfleuo no PU3IIOCTH .no lOO
npHlHITo cpeAuee 31Ia4CIUlC 14.5 %.



'0 KplJCTaJIJIa MarHenlTa,

Irge magnetite crystal.

Kap'leBCKIJIJTa,

ITIlHlITOM-3T (lIIeAIHO-Cepblll), benoe BKmO'le­

6paTHOpaCCeJIIII-IbIX 311cKTpoHax.

srowths of karchevskyite lamellas (light
t below - strontium carbonate-apatite.
e.

KOJUIX) Ha Bblpe3aHHblx BHewmlX 30Hax IIJIaCTHHOK Kapl.JeBCKHl1Ta, MeTO,ll,OM rrorpY)I(eHWI B

T5DKenble )lmJ~KOCTH (CHBr3--CCI4), H coC'raBHna 2.21(2) r/cM3 . ~.}ro 3Ha<leHHe 6nH3Ko K

rrnOTHOCTI1, Bbl<!I1CneHH0I1 Ha OCHOBaHHH pell1TeHoBcKHX ,lI,aHHbIX, - 2.18( I) r/cM3 H ,lI,aeT

rrpeKpacHYlO CXO,ll,l1MOCTb (- 0.027) no tpOpMyne Ina,ll,cToHa-,lJ,3HJIa (Mandarino, 1979).

XnMl1'lCCKnU COCTaB. OnpeAeJIeHHe XI1MWleCKoro COCTaBa Kap<leBcKHHTa 6blJlO Bbl­

rrOJIHeHO MHKP030H,lI,OBblM MeTOAOM ('ra6J1. I). Han60JlbI11ylO CJlmKl-IOCTb npe,ll,CTaBJl5IJlO

onpe,iJ,eJleHHe yI'JlepO.ll.a, rrOCKOJlbKY H3-3a TOHKHX CpaCTaIlHH MI1HepaJla C KBHHTI1HHTOM-3 T
,iJ,aHHble I1K-crreKTpOCKOIII1H H TepMH'leCKOro nCCJle.ll.OBaHH5I He MOrJll1 6bITb O,ll,H03HcllIH0

HHTeprrpenlpOBaHbl. ,lJ,Jl5I rrepeKpeCTHOH npOBepKH KoppeKTHOCTH pe3YJlbTaTOB rrpOBO,iJ,H­

J111Cb .ll.Be cepHH aHaJ1H30B Ha pa3J111<lHbIX npl160pax. IIepBa51 Cepll51 ,lI,aHHblX (aH. 1-5 B

Ta6JI. I) rrOJlYl.JeHa Ha 3HeprO,T(HCnepCHoHHOM KOMflJleKCe Link INCA C ynbTpaToHKHM rro­

JlHMepHblM OKHOM (STPW), rr03B0Jl5110Il\HM onpe,ll,eJJ5ITb 3J1eMeHTbl, Hal.JHHa51 C 60pa (Z = 5).

B Ka<leCTBe CTaH.ll.apTOB I1CrrOJlb30BaJIHCb KBHHTHHHT-2H (,lI,Jl5I Mg, AI H C), lleJleCTJ1H (Sr),

qJTOparraTHT (Ca H P). CqJepOJIIITbl KBHHTl1HHTa Hap5l,ll,y co CTaH,lI,apTaMll 3aJIl1BaJIHCb 3rrOK­

CH,lI,HOH CMOJlOH; ,lI,aJlbHeHI11a51 06pa60TKa BKJIIOLlaJla WJlHtpOBaHHe n rrOJIHpoBKy C HCrrOJlh­

30BaHHeM BO,ll,HhlX cycneH3HH A1 20 3. AHWJlI1tp 6hIJI rroKphlT 20 A rrJleHK0I1 30JlOTa. BTopa51

Cepl151 (aH. 6--10) rrpOBe,ll,eHa Ha npH60pe Link AN I 0000 C Be-oKHoM. AHI11J11H!J HarrhlJUlJI­

C51 yrJlep0.ll.OM; B Kal.JeC'rBe CTaH,lI,apTOB HCI10Jlh30BaHhi WI1I1HeJlh (,lI,Jl5I Mg HAl), lleJleCTI1H

(Sr), t!nopananlT (Ca H P). YCJlOBH5I aHaJIH3a B nepBoij 11 BTOpOH CepH5IX aHaJIOrWIHhl:

YCKop5lWIl\ee Hanp5DKelme 20 KB, TOK o6pc13l1a I HA, BpeM5I Cl.JeTa 100 c.

KaK BH,lI,IlO B Ta6J1. 1, COCTaB KapLleBcKHHTa B lleJIOM BeChMa cTa6l-1JleH. AToMlloe COOT­

HOWeHl1e Mg : Al 6J1113KO K 2 : I, LITO THITI1 l IHO .ll.JUI ynop51,iJ,O<leHHhIX CTpyl<Typ MHHepaJlOB

rpyrrrrhl KBI1HTI1Hlrra. B COOTBeTCTBHH C pe3YJlhTaTaMH H3MepeHH5I rrJlOTHOCTI1 MI1HepaJla,

)laHHhIMH peHTreHOBCKoro HCCJle,iJ,OBaHH51 11 3J1eWrpOHHOH ,lI,Ht!JpaKl\HH, COCTaB Kap<leBCKH­

IITa HaH60Jlee y,ll,OBJleTBopl1TeJlhHO paCCl.JI1TblBaeTC5I Ha 9 aTOMOB Al B O)lHOH t!JOPMYJlbHOH

Ta6J1HI[H 1

XUI\HPICCIOIH COCT3B h:aplIcBcloarra, ;uac. GAl (all. 1-10)

Chemical compositioll (wt %) and formula coefficients of karchevskyite

KOMno-
1 2 3 4 5 6 7 8 9 LO CPC.Ll llCe

lIellT 31W l jCIIHC
-

MgO 28.7 29.6 28.7 30.0 30.6 29.2 30.8 31.7 28.9 28.6 29.7

AI20 3 17.5 18.4 17.3 18.5 18.9 18,0 18,6 19,8 17.8 18.0 18.3

SrO 7.6 7.9 7,5 7.5 8.1 7.5 6.7 6.9 7.1 7.3 7.4

CaO 0.3 0.0 0.0 0.2 0.0 0.3 0.2 0.2 0.3 0.2 0.2

P20S 1.2 1.7 1.5 1.2 1.4 1.1 1.1 1.3 1.1 1.0 1.3

CO2 14.7 14.7 14.7 14.3 13.9 14.5 14.5 14.5 14.5 14.5 14.5

H2O 30.0 27.7 30.3 28.3 27.1 29.4 28.1 25.6 30.3 30.4 28.6

qllCJIO aro~lOB Ha (!JOPMYJIhHYIO CL\l1HlIUY (AI = 9)

Mg 18.67 18.31 18.89 18.46 18.43 18.47 18.85 18.23 18.48 18.09 18.48

Al 9.00 9.00 9.00 9.00 9.00 9.00 9,00 9.00 9.00 9.00 9.00

Sr 1.92 1.90 1.92 1.80 1.90 1.84 1/60 1.54 1.77 1.80 1.79

Ca 0.14 0.00 0.00 0.09 0.00 0.14 0.09 0.08 0.14 0.09 0.09

P 0.44 0.60 0.56 0.42 0.48 0.40 0.38 0.42 0.40 0.36 0.46

C 8.76 8.33 8.86 8.06 7,67 8.40 8.13 7.63 8.49 8.40 8.26

H 87.32 76.68 89.21 77.92 73.04 83.20 76.95 65.86 86.71 86.03 79.61

rrpUMe'lallue. All. 1--5 - Link ISIS, lIaITblnemIe Au; 6-10 - Link ANIOOO, lIanhlnellHe yrnep0l10M. COl1epJKallue
SOAbl BbI4HCJlellO no PU3IIOCTH.nO 100 %. COAep:m:allue C02 RaIl. 1-5 onpe,lleneHO MHKp030HJ~OBbIMMeTonOM, JlJlH au. 6-10
npHWITO cpenllee 3IIaQeUHe 14.5 %.
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PHC. 3. )J:mppar(TOrpaMMa TeKcTypHpoBaHHoro no {OO I} npenapaTa KapqeBCKHHTa (K) CnpHMecbfO KBHHTH­
Ta-3T(Q); CoKa .

Fig. 3. DitTractogram of the textured by {OOI} specimen ofkarchevskyite (K) with admixture ofquintinite-3 T
(Q); CoKa ·

C.uHHH~C. I1pH 3TOM «BaJlOBa5I» 3MIlHpWICCKa5I C]lOpMyJla rrpc.ucTaBJI5ICTC5I KaK Mg18A8A19.oo

(S r 1. 79Ca009) 1.88(C03)826(PO4)OA6(°H)4982(H20) 14.90' ~
PCHTrCIIorpa$lI:ll: H 3JlCII:TpOHHaH tJ:H$parl:UHH. PCHTrCHOBCKOC l13yY.CHHC cpaCTaHHH

KapcICBCKHHTa 11 KBI1HT11HHTa rrp0113Bo.uHJlOCb Ha rpy60 I13MCJIbY.CHHbIX (HapC3aHHbIX)

epparMCInax rrJIaCTI1HOK, rrOCKOJlbKY .umKC MHHHMaJlbHOC, B TCY.CHHC HCCKOJlbKHX CCKYH~

paCTlip,UmC BCI.l\CCTBa B rropOiliOK rrp11BOtJ:HT K rrOJIHOMy HCY.C3HOBCHlUO tJ:11eppaK~HOHHOH

KapTlIHbI H rr05IBJlCHI1lO raJID, THnWIHoro )J.JI51 pCHTrClwaMopepHbIX BCI.l\CCTB. ,l],HC]lpaKTO­

rpaMMa npcrrapaTa, rrpcHMyI.l\CCTBCHHO TeKcTypHpoBaHHoro rro {OO I}, rrOJIyy.eIla Ha no­

pOiliKOBOM )J.HeppaKToMeTpe Rigaku Geigerflcx rrpI1 CJle.uYlOI.l\HX YCJIOBH5IX C'beMKIt:

Co Ka -113JIycleHHe (rpaepI1TOBbIU: MOHoxpoMaTop), 40 KB, 60 MA, CKOpOCTb CKaHItpOBa­

Hl15I 1 rpa)J./MHH (pHC. 3). Ea3aJIbHble OTpa)KeHH5I Kapy.eBCKI1I1Ta, nOKa3aHHblC Ha p11cYHl<e,

rrpetJ:cTaBJICHbI cepI1cu: I13 rr5ITI1 pec]lJleKCOB [hk/(d, A)]: 003(8.49), 004(6.47), 005(5.14),

006(4.26) H 007(3.67A), rrpH 3TOM OTpmKeHH5I 60Jlee HI13KI1X I1 60JIee BbICOKI1X nOp5I)J.KOB

OTCyTCTBylOT. OTHOCHTeJIbHa5I HHTeHCHBHOCTb pecjJJIeKCOB Kapy.eBCKI1HTa CYI.l\eCTBeHHO

Bblilie 11HTeHCHBHOCTII oTpmKeHI1U: KBI1HTHHIITa, Y.TO corJIacyeTCJI C npe06Jla)J.aHHeM Kap­

CleBCKI1I1Ta B I13Y'leHHblX cepepOJIIITaX no )J.aHHbIM MIIKP030HtJ:OBhIX HCCJIe)J.OBaHHU: (PI1c. 2).

B TO )Ke BpeM5I IIIHpIlI-la .uHq)paK~I10HHbIXMaKcIIMyMOB Kapy.eBCKHIITa 60JIee y.eM B )J.Ba pa3a

rrpeBOCXO)J.I1T IIIIIpI1HY peepJleKCOB KBI1I-1TIIHIITa, Y.TO rOBOpiiT 0 HI13KOU: CTerreHI1 KpHCTaJI­

JIHCIHOCTH MI1I-1epaJIa.

CepIl5I peHTreHorpaMM rropOiliKa MI1HepaJIa (4 peHTreI-lOrpaMMbI) 6bIJIa nOJlY4eI-la Me­

TO)J.OM ,l],e6a5I-illeppepa B KaMepe PKY-1l4.6 MM, FeKa -I13JIyy.eHIle (Mn-c]H1JIbTp), 35 KB,

20 MA, I-1a 6ecrrop5I)J.oclH0 0pI1eI-lTHpOBaHI-IbIX c]lparMeHTaX KpIlCTaJIJIOB, 3aKaTaHHblX B pe··

3I1HOBble IIIapIlICI1. flIlHIlIl KBI1I-1TliHIlTa-3 T, npHcyTcTByIOI.l\HC Ha peI-lTreIlOrpaMMax, He Ha­

KJla)J.bIBalOTC5I Ha JlIlI-lHH Kapy.eBCKI1I1Ta; 6a3aJlbHble OTpmKeHH5I KBI1HTl1HHTa-3 T
[c = 22.655(5) A, rro pe3YJIbTaTaM CbeMKH Ha )J.I1eppaKToMeTpe] HCrrOJIb30BaJJIlCh tJ:JI51 Ka­

JIIl6pOBKIl B Ka'lCCTBC BHyTpeHHero CTaH)J.apTa. Y cpe)J.HCHHble tJ:aHHble no 4 peHTreHorpaM­

MaM rropoiliKa Kap'leBCKIlIITa rrpI1Be)J.eHbI B Ta6Jl. 2.
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MelKIlJW'

Illle,

IlI'i!'>! d~lJM dlll,ttl

10 8.52 8.553
4 6.41 6.415
3 5.13 5.132
6 4.27 4.277
9 3.665 3.666
9 3.547 3.545
6 3.081 3.083

2.513 2.512
2.291 2.293
2.232 2.237

2.226
2.068 2.066
1.907 1.907
1.765 1769

1.763
1.698 1.701

1.701

1.699
1.698

I10MHMO nopoIllKoBbIX HCCJ:

HHJI MOHoKpHCTaJlbHbIX pcwrrel

Ta H KBHHTHHHTa, C IlCnOJIb3011,

MaCCHB peqmeKcoB nOJIy1leH Ha

imagc plate), YCJIOBIlJI CbeMKl1

59.53°; Bccro OTCH5ITO 900KOIi

OKHO. 06pa60TI<3 PC3YJIbTaTOl

(Stoe & Cie GmbH 2003) 1103B

MeTpaMH, OTBeqalOI.l\HMH MI'

c = 22.70(2) A. OW-IaKO npH no

PY)KHJIOCh HaJII1 cme )J.onOJIHHTC

HOH 5IcICHKe co CBcpxcTpyK'ryp(

EI.l\e MaCCHB )J.aHHhIX 6hIJI nOJJ:

Bruker Smart 1K (.ucTelcrop 0
3.19,56.73°; Bcero 1212 OKOH

OKHO. I10JIYQCHHble pec])JIeKCbI )

2.4eHKC, 6JHl3KOM K KBHHTHHIlTY

HHC B l1apaMeTpax 5I'leMKH, nOlI)

q)OpMHpOBaHHOCThIO H paCI.l\cn

):(l1CpC]ly3HOCThlO peCpJIeKCOB. Tc~

C5II.l\HeC5I K KBHHTHHHTy-3T(MC)1

HaH60JIee CHJlhHbIX OTpmKCHHli

IIIeTI<H Kapy.eBCKHIlTa (d = 8.55

paCX())K.ueHIIe M())KeT 6bITb 061,

KaK BIl):(HO Ha ):(IleppaKTorpaMMl

KBliHTHHliTa, .uJI5I KOToporo yrJJ(

CTaBJI5IeT 3-40 (20). TaKIIM 06]

)KHa 6bITb 6-80 (20), II 3TH J



Ta6Jlflua 2

MelKnJlOCH:OCTllhle paCCTOJlIIIHl Imp'leBCIOIIITa, A

Interlayer distances in karchevskyite, A

1'131'.1 d llJM dUblLI ilk!

1 1.661 1.661 2.0.15

\.659 4.2.12

I 1.629 1.630 709

1.630 539

\.627 8\0

I 1.505 \.507 822

1.506 6.1.l2

\.503 556

1.503 4.2.\4

1.503 6.0.!3

I 1,476 \,478 5.1.l4
\,477 5.2.13

1.476 824
1,475 2.0.17

\ \.395 \.396 2.0.18

\.395 7.1.l2

1.394 8.0.] \

1.393 833

5

2

I dUJM dB!>I" ilk!

8.52 8.553 003

6.4\ 6.415 004

5.\3 5.132 005

4.27 4.277 006

3.665 3.666 007
3.547 3.545 107
3.081 3.083 3\5
2.5\3 2.5\2 423

2.29\ 2.293 3\9
2.232 2.237 603

2.226 520
2.068 2.066 1.1.1
1.907 1.907 622
1.765 1.769 6\8

\.763 542

\.698 1.701 619

1.701 448
1.699 720
1.698 1.0.\

Q
00.12 Q

50 28, °

Q Q

skyitc (K) with admixture of quintinitc-3 T

1 KapqeBCKHHTa (K) C I1pHMeCblO KBHHTH-

Iw~r.

\0
4

3

6

9
2 9
)9

6

HTreHOBCKoe 113Y4eHHe cpacnlHHH

60 H3MeJIh4eIIHhlX (Hape3aIlHhlx)

Ie, B Te'leHHe HeCKOJIhKHX ceKyH,ll"

y I1C'Ie3HOBeHI1I{) ,ll,HCppaKl\HOHHOH

JaMop<jJHhIX Bell\eCTB. ,l],m!lpaICTO­

Hom no {OO I}, nOJIy4eHa Ha IlO­

CJIe,ll,YI{)ll\HX YCJIOBH51X CbeMKH:

B, 60 MA, CKOpOCTh ClwHHpoBa­

ICKHHTa, IlOKa3aHHhIe Ha pHcyHKe,

003(8.49),004(6.47),005(5.14),

i3KHX H 60JIee BhICOKHX IlOP51,ll,KOB

CCOB KapqeBCKHHTa cYll\eCTBeHHo

rJIacyeTC51 C Ilpe06JIa,ll,aHHeM Kap­

30H,ll,OBhIX I1CCJIe,ll,OBaHHH (pHC. 2).

ap4eBCKl1l1Ta 60JIee qeM B ,ll,Ba p,\3a

,0pHT a Hl13KOH CTeneHI1 KpHCTaJI-

reHorpaMMhI) 6hIJIa IIOJIY4eI-Ia Me­

-113JIYLreHl1e (Mn-c!JHJIhTp), 35 KB,

ax KpHCTaJIJIOB, 3aKaTaHHhIX B pe­

lll\He Ha peIHreHorpaMMax, He Ha­

,Ie OTpmKeH1151 KBHHTHHHTa-3 T
OMeTpe] HCIlOJIh30BaJIHCh ,ll,JI51 Ka­

HHhIe ,ll,aHHhIe 1I0 4 peHTreHorpaM-

ilOMHMO nopoIlIKOBhlX I1CCJle,Ll,OBaHHi:i aBTOpaMI1 npe,Ll,npHHHMaJIHCh 1I0IlhITKH nOJlyLIe­

HIUI MOlloKpHCTaJlhHhIX peHTreHOBcKHX ,LI,aI1lIhIX C ,ll,BYX ruIaCTHHOK-CpOCTKOB I{(lp'leBCKHH.~

Ta H KBHHTHHHTa, C HCn0J1h30BaHHeM ,LI,BYX pa3J1H'IHhIX nmOB l(mppaKTOMeTpOB. [IepBhlH

MaCCHB peCpJ1eKCOB nOJ1yLJeH Ha ,LI,ByKpy)KHOM ,LI,HC!lpaKTOMeTpe Stoe IPDS-2 (,ll,eTCKTOp nma

image plate), YCJ10BI151 CbeMKH - MO Ko:-H3J1y'IeHHc, 40 KB, 50 MA, 28min,ma;: - 2.29,

59.53°; Bcem OTCH51TO 90 OKOH C yrJ1oBofi BeJIll'1HHOH 2° no CD H 3KCn03Hl\HeH 300 C Ha

OKHO. 06pa60TI<a pe3YJIhTaTOB CheMKH IIpH nOMOll\H naKeTa nporpaMM Stoe X-Area

(Stoe & Cie GmbH 2003) n03B0J1HJla BhI5lBHTh JIHWh pOM603JWWICCKylO wlcilKy C napa­

MeTpaMH, OTBe4alOIIjHMH MHHHIVUlJ1hHOH wleilKe rH,ll,pOnlJ1hKHTa-3R: a = 3.047(2),

c = 22.70(2) A. O,ll,HaKO npH nocTpoeHHH peKOl-ICTpYKIjHil 06paTHoro npocrpaHcTBa 06Ha­

PY)KHJIOCh HaJIHLIHe ,LI,OnOJIHHTeJ1hHhIX CJIa6hIX pec!lJIeKCOB, COOTBeTCTBYlDll\HX ,IIPHMHTHB­

HOH 51'leHKe co cBepxcTpyICTypoil KBHHTHHHTa-3 T (a f
= 2a13) H napaMeTpoM a = 10.55 A.

Ell\e MaCCHB ,LI,aHHhIX 6hIJI nOJIyLIeH C ,LI,pyroro cpocTKa Ha ,ll,ByKpy)KHOM ,LI,HCppaKToMeTpe

Bruker Smart 1K (,LI,eTeKTOp CCD-TIma), Mo K" -H3J1y4eHHe, 40 Iill, 50 MA, 28m;l1, max ­

3.19,56.73°; Bcero 1212 OKOH C yrJIOBOH BeJIHLiHHOH 0.3° no CD H3KCn0311l\HeH 120 C Ha

OKHO. ilOJIY4eHHhle peCpJIeKChI y,Ll,aJIOCh npOHH,LI,HIjl1pOBaTh B npHMI1THBHOH TpHrOHaJIhHOH

5FIeHKe, 6mI3IWH K KBHHTI1HIlTy-3T: a = 11.011(5), c = 22.824(15) A. bOJIbWOe pacxQ)K,LI,e­

HHe B napaMeTpax 5l4ei1r<H, nOJIY4eHHhlx Ha pa3JlWlHhIX npH60pax, BhI3BaHO, 04eBH,LI,HO, ,ll,e­

CpOpMHpoBaHHocThlD 11 paCll\errJIeHHOCThIO KpHCTaJIJlOB B cpocTKax H, KaK CJIe,ll,CTBHe, ­

,LI,HC!)(!lY3HOCThlD pe<jJJIeKcoB. TeM He MeHee, 06a MaCCHBa CO,ll,ep)IWT JIlIWh peCpJIeKChI, OTHO­

C51ll\HeC51 K KBHHTHHHTy-3 T (Me)KllJlOCKOCTHoe paCCTmIHHe d = 7.6 A), H He CO,Ll,Cp)KaT ,ll,a)Ke

HaH6oJ1ee CHJIhHhIX oTpaJKeHHil, COOTBeTCTBYlDll\HX Me)KllJIOCKOCTHOMY paCCT051HI1I{) pe­

weTKH Kap'IeBCKHHTa (d = 8.55 A) H LleTKO np05IBJIeHHhIX Ha ,LI,HC!lpaICTOrpaMMax. ,l],aHHoe

paCXQ)K,LI,eHHe MOlKeT 6hITh 06b51CHeHO CJle,ll,YlDll\eH npHLlHHoH. PeCpJIeKChI Kap4eBCKHHTa,

KaK BH,LI,HO Ha ,LI,H<jJpaKTorpaMMe (pHC. 3), 3Haql1TeJlhHO 60J1ee ,LI,Hr.jl<jJY3HhI, 4eM peCpJIeKChI

KBHHTHHHTa, ,LI,JI51 KOToporo yrJIOBa51 lllHpHHa pe<jJJIeKCa npH MOHOKpHCTaJIhHOH CbeMKe co­

CTaBJI51eT 3-4° (28). TaKHM 06pa30M, O)f(J1,L1,aeMa51111HpHHa pe<jJJIeKCOB KapqeBCKHHTa ,ll,OJI­

)f(Ha 6hITh 6-8° (28), H 3TH ,LI,H<jJ<jJY3Hhle pe<jJJIeKChI He perHCTpHpylDTC51 ,LI,eTeKTopaMH
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PIlc.4. MIlKpoilllljJpaKUHOHHbTC 3JJeKTpOHOrpaMMhT
Kap'leBCKHHTa.

a .- j\,llmpo,UwIJpUKUHOHIHUI 1J1CKTpOl-IOrpaMl\Hl KpHCrUnJlU KUp­

'lenCKIIHTa, nnOCKOCTh (001); 6 - yncnll'leHHbln 'IJparMellT
3JleKTpOHorpuMr...JbI; nOKU3aHhl B3aHMOOTHOlliCfIIUI o6paTHoii

wlerlKII Kap'lencKIIIITa (6eRblll pOM6, a = 16.06 A) II yTpoeHHo!i
o6paTllOii fl'leiiKI1 rl1JlpOTanbKHTa ('Iepllblll pOM6, a = 9.27 A).

Fig. 4. Elcctron-microdiffraction pattern (a) of a kar­
chcvskyite clystal, by the (001) plane; magnified frag­
ment of the pattern (6) with shown relationship between
inverse unit cell of karchevskyte (white rhomb,
a = 16.06 A) and the triple inverse cell of hydrotalcite

(black rhomb, a = 9.27 A).

CCD- 11 image-plate )-\lHppaKTOMeTpoB, I1MelO­

ll\UMH MeHbWUH )J,UHaMHLIeCKI1H )J,Hana30H 5Ip­

KOCTI1, 'feM peHTreHOBCKa5I nJIeHKa (KaMepa

PKY-114.6 MM) 11 )J,eTeKTOp cKaHHpYIOll\ero

)J,H(jJpaKTOMeTpa (Rigaku Geigert1ex).

MI1Kpo)J,wlJpaKUl1oHHbIe :weKTpOHorpaM­

Mbl C rrJlaCTI1HOK KapLIeBCKl1l1Ta rrOJlYLJeHbI Ha

npOCBeL1l1BaloU-\eM MHKpOCKone EMR-100M

rrpI1 YCKOp5I1Oll\eM HarrpmKeHI1H 100 KB. Ha

pHC. 4 rrpl1Be)J,eHa 3JIeKTpOHorpaMMa, npe)J,-

CTaBJl51101ua5I HyJleBOH CJIOH 06paulOil peweT­

KH Kap'feBCKI1I1Ta B nJIOCKOCTH {OO I}. I1HTepnpeTaUH5I )J,aHHbIX :meKTpoHHOH )J,mppaKUI1H

n03B0Jl5IeT C)J,em1Tb BbIBO)J" LITO napaMeTp a 5ILIel1KH KapLIeI3CKI1HTa, 16.06 (= 3.09x 3x-ff) A,

COOTBeTC'rnyeT TpOHHOl1 ,lJ,l1arOHaJlH 6pyCI1TOBOii. (= rJI)J,poTaJIbKHT0I30H) 5I'IeHIUI, 13 HaweM

CJIyLIae 9.27 (= 3.09X3) A. B3aHMooTHOWeHH5I 5ILIeeK nOKa3aHhI Ha PI1c. 4, a, r)J,e 06paTHa5I

5I'feHKa KapLleI3CKI1I1Ta npe,lrCTaBJleHa 6eJIbIM pOM60M, a TpOHHa5I 06paTlla51 5JLlel1Ka rJI)J,PO­

TaJIbKI1Ta - LJepHbIM. TaKHM 06pa30M, rrapaMeTp a 5I'feibUI Kap'feBCKHI1Ta MmKeT 6hlTb

npe)J,cTaBJleI-I IGU( a = 3a' -fj, Ore a' - MHllI1MaJIblla5I (6pyCI1TOBa5I) TpaHCJl5IUI15I B I1JlOCKO­

cnI (001), 13 cJIyLIae Kap'feBCKHr1Ta - 3.09 A .

.D:aHHbIe 3JleKTpOHHOH )J,I1rjJpaKl\HI1 11 rrOCJle)J,OBaTeJIbHOCTb 6a3aJIbHhIX pe(pJleKCOB Ha

peHTreImrpaMMax nOpOIIJKa (003, 004, 005, 006, 007) CBH)J,eTeJlbCTByIOT 0 TOM, LITO Kap­

LIeBCKI1HT KpHCTaJJJll13yeTC5I 13 Tpl1rOI-IaJlbI-IOH CI1HrQHI111 C !,l,pI1MI1TI1BHbIM TI1rrOM peWeTKI1

lJpaB3; B03MmKHble rrpOCTpaHCTBeHHbIe rpynnbI: P3, P3, P31m, P31m, P312, P321, P3ml,
P3m I. I1H)J,I1UHpOBaHIIe peHTreI-IOrpaMM nopOWKa H YTOLIHeI-II1e napaMeTpOB peWeTIUI Me­

TO)J,OM Hal1MeHbWI1X KBa)J,paTOB npHBeJlO K CJle)J,YIOll\I1M 3HaLJeHH5IM rrapaMeTpOB 5I'feI1KI1:

a = 16.055(6), c = 25.66(1) A , V = 5728(7) A3, Z = 3.

TepMUqeCKIIll aHamB. I1HTepnpeTaUl15I )J,aHHbIX TepM11'feCKOrO aHaml3a M11HepaJla

6blJIa BeCbMa 3aTpy)J,HeHa ero TOHKI1MIl cpaCTaH115IMIl C KBIlHT11HI1TOM-3 T (Pl1c. 2),13 CB5I311 C

'feM TepMorpaBIlMeTpl1'feCK11H aHaJJIl3 (Tf') Mor )J,aTb JlI1Wb 061UYW nOTepw Beca, BbI3BaH­

HyW )J,erl1)J,paTaUl1eii. Il )J,eKap60HaTIl3aUl1eii. CMeC11 MIlHepaJJoB. Kpl1Ba5I nOTepl1 Beca MIlHe­

paJla nOJlyLJeHa C HaBeCKIl 6.55 Mr Ha TepMorparjJe M-IO (I1HCTI1TyT XI1MIlLJeCKOH qJl13IlKI1

PAH). CO,lJ,ep)KaHIle KapLJeBCKIlIlTa B HaBeCKe OueHI1BaJIOCb B 20-30 Mac. %, I1CXO)J,5I 113

)J,aHHbIX M11KP030H)J,OBbIX HCCJle)J,OBaHHH. I1poKaJIl1BaHlie rrp0113BO)J,I1JlOCb B aTMocqJepe ap­

rOHa rrpH CKOpOCTI1 HarpeBa 4 rpa)J,/M11H B )J,llana30He TeMrrepaTyp 0'1' 50 )J,O 968° C. B ue­

JI5IX cpaBHeH115I 6blJlO TaIOKe npoBe)J,eHo TepMWleCKoe 113YLJeHlle KJlaCCI1'feCKOrO KBIlHTllHI1­

Ta-2H ()KeJIe3HbIH PY)J,HIlK, KOB)J,Op). HaBecKa KBllHTI1HllTa-2H l\IaCCOH 299 Mr 6bma npe)J,­

CTaBJIeHa LIl1CTbIM MI1I-lepaJIOM COCTaBa (Mg383Fe~;i7 )4ooAI2(C03)(OH)12'3H20 (no

pe3YJIbTaTaM MllKp030H)J,oBoro II MOKporo XHMI1'feCKOrO aHaJIH30B). lJOJlbWOe KOJI11LJeCTBO

BeU-\eCTBa KB11HTI1H11Ta n03BOJll1JIO IlOJIYLJI1Tb 3TaJJOHHbIe Kpl1Bble )J,11rjJrjJepeHU11aJIbHOrO

TepM11LJeCKOrO (.D:TA), )J,lHprjJepeHUHaJIbHOrO TepMOrpaB11MeTpllLJeCKOrO (.D:Tf') 11 TepMo­

rpaB11MeTp11LJeCKOrO (Tf') aHaJII130B. TepMIlLIeCI<l1e KpIlBbIe 6bIJIIl nOJIYLIeHbI Ha ,lJ,epI1BaTorpa­

rjJe Q-1000D npH CKOpOCT11 HarpeBa 10 rpa,II/MIlH (13 B03)J,yxe), B ,lJ,l1ana30He 0'1' 50 )J,O 900°C.
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Plfe. 5. TepMorpaMMbll<ap'leBCKllflTl

Fig. 5. Thermograms ofkarchevskyi

KOJIH'feCTBO Fe2+, cO)J,ep)I<aBwC

HarpeBa, cOOTBeTcTByeT yBeJlll'1

MepeHHH. TepMOI'paMMbI KapLlt'

TepMorpaMMa KBIlHTllHHT,

MaCCI1Ba MOHT CeHT-I1JIep (1\/
MIlpoBa H coaBTopbI (Stanimir

BaHHe KBlIHTlIHllTa-2H (Ha3hIBI

pyM (Snarum) B HOpBerIIH. (

«lI)J,eaJIbHoM» KBI1HTHHHTe, Mi

l1)J,eHTI1'fHO 06ll\eii. nOTepe BCl

HhIM no MIlHepaJIy 113 CeHT-I1

KOB,lJ,OpCKOro KBIlHTIIHlITa (plIl

mirova e. a., 2004). Ha KpliBOi

Ma. flepBhIH nliK - aCI1MMel

npll 265°C - cOOTBeTCTBycT

(Stanimirova e. a., 2004), nOTC

Pll'fHbIH, C MaKcllMyMOM npH

CJIOeB C y)J,aJleHl1eM rIl)J,pOKC}L

06U-\a51 nOTep5I MaCCbI y II

KBIlHT11HI1Ta COCTaBI1JIa 42.0 'Y!
KOMnOHeHTOB B Kap'feBCK11HTe

42(1) Mac. % B Kap'feBCK11HTe (



PO):uIr!lpaKUHoHHble )JIeKTpOHorpaMMbl
KapqeBCKHHTa.

aKUHOHIIa5I 'HIeKTpOHorpUMJ\W KpliCTaJIJla KUp­

CKOCTb (00 I); 6 -- yneJlll4eHHhlH (!lparMeHT

1hI; nOKa3aHhI B3UHlvlOOTHOlllCHlUI 06pUTl-iOii

<IlllTa (6eRb'" pOM6, a = 16.06 A) n yTpoeHHoii

:II rHllpOTaJlbKI1Ta ('Iepllb'" pOM6, a = 9.27 A).

n-l11ierodifti'action pattern (a) of a kar­
st'll, by the (00 I) plane; magnified frag­
ttern (6) with shown relationship between
cell of karchevskyte (white rhomb,
nd the triple inverse cell of hydrotalcite
(black rhomb, a = 9.27 A).

ge-plate iJ,HlppaKToMeTpOB, HMelO­
WHH iJ,HHaMH'-leCKHH iJ,Harra30H 51p-
peHTreHOBCKa51 rrneHKa (KaMepa

MM) H iJ,eTeKTOp CKaHl1pYlOwero
eTpa (Rigaku Geigerf1ex).
tHclJpaKuJIOHHbIe 3neKTpOHorpaM­
HHOK Kap'-leBCKI1I1Ta rrony'IeHhI Ha
,1OweM MI1KpOCKOrre EMR-100M
'l!DweM Harrp5DKeHI1I1 100 KB. Ha
lBeiJ,eHa 3JIel<TpOHOrpaMMa, rrpeiJ,­
51 HyneBoH CJlOH 06paTHoii peweT­
L\aJlHbIX 3ne[<TpOHHOH iJ,HeppaKL\HH
eI3CKHHTa, 16.06 (= 3.09x 3X.J3) A,
pOTaJlbKI1TOBOH) 51 LleHKH, B HaweM
IKa3aHhl Ha PI1C. 4, a, riJ,e 06paTHa51
TpOHHa51 06pau[al1 l1'Iei1Ka rJliJ,PO­
leih<H Kap'leBCKl1IiTa MO)KeT 6hITb
lycHTOBal1) TpaHCn5lL\1151 B IInOCKO-

bHOCTb 6a3MbHhIX peclweKcoB Ha
:BHiJ,eTenhCTBYIOT 0 TOM, '[TO Kap­
C ~)I1MI1T1iBHhIM Tl1rrOM peWeTKI1

,P31m, P31m, P312, P321, P3m1,
)'-lHelU1e rrapaMeTpOB peweTl<H Me­
I 3HaqeHH51M rrapaMeTpOB 51'-leHICH;

repMHLIeCI<oro 3CIam13a MHHepaJla
BI1HTHHliTOM-3T(pHC. 2), B CB5I3H C
Wh 06WYlO rroTeplO Beca, BhI3BaH­
paJlOB. Kpl1Ba51 rrOTepH Beca MIlHe­
) (I1HCTHTyT XHMI1'IeCKOH clm3HKH
nOCh B 20-30 Mac. %, HCXOiJ,51 H3
e rrpOH3BOiJ,HnOCh B aTMocqJepe ap­
~MrrepaTYP OT 50 iJ,0 968° C. B L\e­
yqeHH'e KJlaCCH'-leC[<oro KBI1HTI1HI1­
1Ta-2H MaCCOH 299 Mr 6bma rrpeiJ,­

~+17 )4ooA12(C03)(OI-I)12·3H20 (rro
l aHam[30B). 130JlbWOe KOmI'-leCTBO
bIe KpI1Bhle iJ,I1epepepeHL\I1anhHOro
BI1MeTpI1qeCKOrO (,Ll,Tr) 11 TepMO­
e 6blmI nonyqeHbI Ha iJ,epHBaTorpa­
yxe), B iJ,I1arra30He OT 50 iJ,0 900°C.
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PHC. 5. TepMorpaMMI,] Kap'jeBCKHHTa (Tr, nYIf/(II1Up'iWI JIHlHI5I) HKBl1HTHlUITa-2J-1 ()7TA,/I,TrH Tr, Cll/lOll/liWI

mmml).

Fig. 5. Thcrl110grams ofkarchevskyitc (Tr, dOlledlinc) and auintinite-2H WTA,/J,lTand JT, continuous line).

KomI'IeCTBO Fe2+, COiJ,ep>KaBweec51 B HCXOiJ,HOM KBHHTHHHTe-2H H OKI1CmlBIlleeCl1 B rrpoLiecce
HarpeBa.'. cooTBeTcmyeT YBeJmqCHHlO MaCChI B 0.3 %, L[TO ne>KHT B npej..(eJlaX IIOrpelIJHOCTI1 H3­
MepeHHH. TepMorpaMMhI Kap'-leBCKIIIlTa 11 KBHHTHHHTa-2H IIpHBeiJ,eHbl Ha pHC. 5.

TepMorpaMMa KBHHTHHI1Ta··2H 6bI]1(1 BrrepI3ble I10Jly'IeHa Ha ronOTHIIHOM BeweCTBe H3
MaCCI1Ba Morn CCHT-I1nep (Mont Saint-Hilaire) (Chao, Gault, 1997). n03iJ,Hee T. CTaHI1­
MHpOBa H coaBTophI (Stanimirova e. a., 2(04) rrpOBeJII1 iJ,eTaJlhHOe TepMI1'-lecl<oe I1CcneiJ,O­
BaHYIe KBHHTliHHTa-2H (Ha3hlBaeMoro aI3TOpaMH «2: 1rHiJ,pOTanbKI1T») 113 np05lBneHlI51 CHa­
pyM (Snarum) B HOpI3erHI1. 06wee COiJ,ep>IGIHHe neTy'lHx KOMnOHeHTOB (C02+ H 20) B
«HiJ,eanbHOM» KBI1HTHHHTe, Mg4A12(C03)(OH)12'3H20, COCTaBn5leT43.9 Mac. %, '-lTO nO'ITH
HiJ,eHTI1'-lHO 06weH IIoTepe Beca KBHHTHHY[Ta 113 KOBiJ,Opa (43.7 %) H cooTBeTcTByeT iJ,aH­
HblM no MI1Hepany H3 CeHT-I1nepa (42.1 %) H CHapyMa (42.8 %). TepMH'-leCI<He KpHBhle
KOBiJ,OpCIWro KBHHTI1HHTa (pHC. 5) BeChMa 6JII13KH K KpHBhlM MI1Hepana 113 CHapyMa (Stani­
mlrova e. a..'. 2004). Ha KpHBOH,Ll,TA rrp05lBJleHhI iJ,Ba LJeTKHX 3HiJ,OTepMWleCKI1X MClKCHMy­
Ma. nepBbIH ITllK - aCHMMeTpH'-lHhIH, C He60J[hIlJHM IIJICCIOM npH 170 H MaKcHMyMOM
npH 265°C - cooTBeTcTByeT, cornaCHO HCCJleiJ,OBaHlUIM T. CTaHHMHpoBOH H coawropoB
(Stamumova e. a., 2(04), nOTepe Me)l(CnOeBOH BOiJ,bI (3 H 20). CneiJ,yIDuIHH miK - CHMMeT­
PH'-lHbIH, C MaKcHMyMOM rrpl1 470°C, BbI3BaH rrOTepeH CO2 H pcl3pylIJeHHeM 6pyCHTOBbIX
cnoeB C y,lJ,aJleHHeM rJliJ,POKCI1JlbHOH BOiJ,hl.

06wal1 rrOTep51 MaCCbI y H3yqeHHOrO 06pa3L\a Kap'IeBCKI1HTa C I1pHMeChID 20-30 %
KBHHTHHI1Ta COCTaBHna 42.0 %. 3TO rr03B0Jl51eT C)J,enaTb BbIBOiJ" 'lTO cOiJ,ep)lmHI1e neTyQHX
KOMnOHeHTOB B [mpqeBCKHHTe BeChMa 6nl13KO I1X COiJ,eplKaHI1lO B KBI1HTHHI1Te H BeJlI1LJI1Ha
42( 1) Mac. % B Kap'leBCKI1I1Te oTpmImeT peanbHyID CyMMy CO2+ H 20 B MHH;paJIe, n03BO-
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KBHHTIHlHT-3T

t

PHC. 6. I1K-CneI<Tpbl nOrJlOlI\CHHlll<ap'leBcKHHTa, KBHHTHHHTa-3TH KBHHTHHHTa-2H.

Fig. 6. IR absorption spectra ofkarchevskyite, quintinite-3Tand quintinite-2H.

JIml ymel))KJJ,aTb, 'ITO pe3YJIbTaTbi MItlCP030HjJ,OBbiX aHaJll130B 5IBJI5IlDTCJJ 1C0ppeKTHbiMIL

B TO )Ice BpeMJJ I1HjJ,I1BH,L\yaJIbHbI?i BlCJHljJ, CO2 H H 20 B rrOTeplQ MaCCbI MmKeT 6blTb HIlTep­

npeTl1pOBaH JIHllJb B cpaBHeIHIH C 3TaJlOHHbiM KBHHTHHI1TOM. KalC BI1jJ,HO Ha Pl1c. 5, lCpHBble

nOTepl1 MaCCbl Kap'IeBCKI1I1Ta 11 ICBI1HTI1HI1Ta O'leHb 6JII13lCH, OjJ,HaKO BbIjJ,eJIeHlle Me)KCJIOe­

Boi.j BOjJ,bl B lCap'IeBCICI1HTe Ifa'lI1HaeTC}I npH 60JIee Hl13KOH TeMnepaType (~ ISO DC) C MalC­

CHMyMOM npl1 230°C. 3Ta '1aCTb ICpHBOH COOTBeTcTByeT ~ 12 % nOTepl1 MaCCbI. I10-BI1jJ,H­

MOMy, Ha jJ,aHHoH CTajJ,l1l1, HapJJjJ,y C H 20, yjJ,aJIJJeTC51 H 'IaCTb CO2, BTOpaJJ '/aCTb Tf lCpI1BOH,

C MaKcHMyMOM npl1 320°C, cooTBeTcTByeT lCPI1BOH ICBI1HTI1HI1Ta. 110cJIejJ,HI1?i y'IaCTOK C

MalCcHMyMOM rrpl1 440--460 °C 6JI1130K K ICBI1HTI1HI1TY, OjJ,HaKO Tf lCpl1Bmi 3jJ,eCb CYIlJ,eCT­

BeHHO 60JIee nOJIOraJJ. 3TO BbIflOJICDKI1BaI-Hle MO)lCeT 6blTb 06MlcHeHo BbIjJ,eJIeHl1eM CO2,

BbI3BaHHbIM MejJ,JIeHHbIM pa3JIO)KeHI1eM OCTaTO'·IHoro Kap60HaTa CTpOHIJ,I1JJ.

MK-cneKTpOClwnHH. ,lJ,aHHbIe rro I1K-cneKTpOClCOI1l1H CI1HTeTI1'1eCICI1X Mg-AI-C03
CJlOl1CTbiX ,L\BOHHbIX rI1jJ,POlCCI1jJ,OB llJl1pOKO npejJ,CTaBJIeHbI B JIl1TepaType (Hemandez-More­

no e. a., 1985; Prinetto e. a., 2000; Kloprogge e. a., 2002, 11 CCbIJlICI1, rrpl1BojJ,I1MbIe B jJ,aHHbIX

pa60Tax). I1K-crreKTpbI npl1p0jJ,HbIX MI1HepaJIOB :noro TI1Ha TaIOKe rrpI1BojJ,JJTCJJ pJJjJ,OM aB­

TOpOB (Chao, Gaylt, 1997; Stanimirova e. a., 2004).I1K-crrewrp Kap'IeBCICHI1Ta C npHMeCblQ

lCBI1HTl1l1Ta nOJIy'1eH 113 nOpOllJKa, 3anpeCCOBaHlwro B Ta6JIeTKy K81', Ha CKaHl1pYIQl.l.\eM

I1K-cnelCTpocjJOTOMeTpe Specord-75 (Pl1c. 6). ,lJ,JI5I cpaBHeHI15I rrpHBejJ,eHbi TaIOKe crrelCTpbI

3TaJIOHHOrO KBI1HTHHHTa (rrOJIlITHHbl 2H 11 3 T) 113 )l.{eJIe3Horo pYjJ,HHKa, KOBjJ,0p. KaK BI1­

jJ,I1M, I1K-cneKTp Kap'1eBCKI1HTa B lJ,eJlOM 6JII1301C K cneKTpaM KBHHTHHHTa, OjJ,HaKO CO,L\ep­

)KI1T p5IjJ, oc06eHHOCTeH, BeCbMa He xapaKTepHblX jJ,JIJJ 3TDH rpynnbI MI1HepaJIOB. HaH60JIee

cyIlJ,eCTBeHHoe OTJIHl.JHe np05IBJIJJeTCJJ B n05IBJIeHI1l1 CHJIbIWll 11 '1eTKO BbI,L\eJIeHHOH rrOJIO­

CbI 1426 CM,·I B 06JlaCTI1 BaJleHTHbiX KOJIe6aHl1ll Kap60HaT-llOHa. I1oJIoca B HHTepBa­

JIe 1410-1440 CM- I xapaI<TepHa ,L\JI5I 60JIbwHHcTBa Kap60HaToB, O,L\HaKO B CJIOHCTbIX jJ,Bo?i­

HbIX rHjJ,pOKCHjJ,ax OHa BcerjJ,a CMeIlJ,eHa B 06mlcTb 1350-1365 CM-I, KaK 31'0 BHjJ,HO Ha

CrreI<TpaX KJIaCCH'1eCKI1X KBHHTI1HHTOB (pHC. 6). KaK rrpaBHJIO, ,L\aHHa5I nOJIoca aCI1MMeT­

pH'lHa, co CJIa6bIM rrJIe'IOM ~ 1400 CM- 1, OjJ,HaKO 5IBHOe paCIlJ,enJIeHl1e Ha6JIIQjJ,aeTC5I TOJlblCO

y Icap'1eBCKHHTa. 3TOT cjJawf n03BOJI5IeT npejJ,rrOJIO)KI1Tb, 'ITO B Icap'IeBCKI1HTe npl1cyTcTBy-
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IDT ,L\Ba Tl1na lCap60HaTHbI;

CTBe. CJIe,L\yeT TaK)lCe on

npaKTH'1eCICH H,L\eHTl1'leli

MeIlJ,eHHbiX rI1jJ,pOTaJIbKll'J

MHKpOXI1MH'1eCKaH pealClIl

JIerKO, C lllHlleHHeM, paCTi

npHcyTcTBl111 Kap60wlT-Hl

KanJIe 10%-Holl XJIOpHOii

Pb(N03h I1PI1 HaJllI'HlH H

HepacTBopHMoro B. KHCJIOI

30M, no MI1KpOXHMH'IeCICI

,lJ,y6JIeT 1366-1426 C

CKI1I1Ta, OjJ,HaKO B HeM npl1

3TO jJ,y6JIeT 3035-2960 l

JlOCa 1024 CM- I . 3TH nOJIO

CKl1l1Te HOHa OICCOHlUI, H,

CHMMeTpl1'1HbiM BaJIeHTHb

C nOHIDKeHl1eM CI1MMeTplli

npl1cyTcTBl1eM rI1,L\pOlCap6

IIOJIOCbI C BaJIeHTHblMI1 K

1C0JIbKY COjJ,el))KaHl1e t]JOCC

XHMH'IeCI~aH (~OPMY.

IQT C yBepeHHOCTblD rOBO.

rl1jJ,pOKCHjJ,aM.O'ieBlI,L\HO.

Hl1eM Mg/AI = 2, aHaJlOl'li

HpeJJ,craBJleH lCalC [MgISAi

nceB,L\06pyCHTOBbIX HaKe I

'Hl51 HOHHblX pa,L\HycoB 1\
npOCTpaHCTBe OjJ,HOBpeMl

JleKYJl5lpHa51 H 20 H, B03M'

Pe3YJIbTaTbl I1CCJle,L\tw

MOCTl1 OT t!JOpMbl HaXmKjl

HaJIHl.JHH OKCOHHH, 3MIJlJ

AIgoo(O H)54 00] [(Sri 79MgO

BI1jJ,e - [Mg,sAlg (OH),.d

)ICHTC51 B BH,L\e HCO:;, 'Ii

Mg04sCa009h236(C03 )40S( I
[Mg ,sAlg(OH)54][Sr2(CO;

pHaHTa3ICBHBaJIeHTHw.B

JIbI, C OKCOHl1eM B Me)!CCJH

npoca ne06XOjJ,HMbI ,L\aJIf,!

BHe 3aBHCHMOCTI1 OT'i

Kap'IeBCKHIlT HMeeT p5IjJ, 0

ceMellCTBa. 3TO - nepBbl

lQIlJ,ero Kap60HaTa B Me)!Cc

'leT<lHl1e aHHOH + lCaTI10H

CTBa - MI1HepaJIOB rpylIl

YKa3aHHoil rpylllIh[ I1MelO

Me)KCJIOeBOM npOCTpaHC'1

lCap'IeBCKI1HTa TaIOKe Bb13

M())lCHO H PO~-. CpaBHHTt

HOB ceMellCTBa CJIOI1CTblX

HOll oc06eHHOCTbIQ Kap~

npe,L\CTaBJl5IlDIlJ,erO CYMM;

B cTpyK'rype MI1HepaJia.
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fHHHTa-3 T H KBHHTHHHTa-2H.

inite-3 T and quintinite-2H.

laJIH30B 5IBJI5IIOTC5I KoppeKTHbIMll.

oTeplo MaCCbI MmKeT 6bITb I1IlTep­

TOM. KaIC BlliJ,HO Ha pllC. 5, lCpllBbIe

3lCll, OiJ,HaICO BbIiJ,e.rreHI1e Me)ICCJIOe­

)H TeMnepaType (~ 1SO DC) C MaIC­

r ~ 12 % nOTepI1 MaCCbl. I10-BlliJ,ll­

~Tb CO2, B-ropa5I LIaCTb Tr ICPI1BOH,

I1HTI1HHTa. IToCJIeiJ,I-lI1H yLIaCTOIC C

O,I(HaICO Tr lCpl1Ba5I 3iJ,eCb cyU(eCT­

oITb 06b5ICHeHO BbIiJ,eJIeHHeM CO2,

p60HaTa CTpOHllH5I.

lI1HI1 CI1HTeTWIeClCI1X Mg-AI-C03
61 B JIl1TepaType (Hernandez-More­

11 CCbIJIICll, npI1BOiJ,I1MbIe B iJ,aHHbIX

I1na TaIOICe npHBOiJ,5ITC51 p51iJ,OM aB­

~nelCTp lCapLIeBCKHI1Ta C npIlMeCblO

Ta6JleTlcy KBr, Ha ClCaHIIpYWIlleM

IeHI15I npIlBe,I\eHbI TaIOKe cneKTpbI

~3Horo pYiJ,HI1lCa, KOB,I\Op. KaK BI1­

TpaM lCBIIHTHHHTa, OiJ,HaKO cOiJ,ep­

OH rpynnbI MIIHepaJIOB. HaIl60JIee

IbHOH H 'leTlCO BbIiJ,eJIeHHOH nOJIO­

)OHaT-lloHa. I10JIOca B HHTepBa­

'OHaTOB, OiJ,HaKO B CJIOIICTbIX iJ,BOH­

50-1365 CM-I, lCalC 3TO BH,I\HO Ha

JaBIIJIO, iJ,aHHaJI lIOJIOCa aCIIMMeT­

aCIllerIJIemie Ha6JIw,I\aeTC51 TOJIbKO

'ITO B KapqeBCKHHTe lIpIlCyTCTBy-

lOT iJ,Ba Tl1na lCap60HaTHbIX rpyrm, OTJIWIaWIllI1XC5I nOJIQ)lCeHl1eM B Me)l(CJIOeBOM npOCTpaH­

CTBe. CJIeiJ,yeT TaIOlCe OTMeTHTb, LITO iJ,y6JIeT 1366-1426 CM-I B cneKTpe Kap'leBCKI1I1Ta

npalCTI1'leClCl1 I1iJ,eHTI1'leH ,I\y6JIeTy 1360-1434 CM- I , xapalCTepHoMy iJ,JI5I OlCCaJIaT-3a­

MeIlleHHbIX rIliJ,pOTaJlbKIITOB (Roelofs e. a., 2002). B CB5I3I1 C 3TIIM HaMIl 6blJIa npOBe,I\eHa

MI1KPOXHMI1'leClCali peaKllI15I Ha C20~- B MI1HepaJIe. KapLIeBClCHl1T-KBI1HTI1HI1TOBbIe CpOCTKI1

JlerlCO, C unmeHIIeM, paCTBopliIOTC5I B XOJro,I\HOH 10%-Hoii HCI04, LITO CBI1,I\eTeJIbC'myeT 0

npIlcyTcTBIII1 lCap60HaT-IIOHa. HeCKOJIbKO cqJepOJIlITOB lCapqeBCKIIHTa 6bIJlll paCTBopeHbI B

lCanJle 10%-HOH XJlopHoii KHCJlOTbI, lIOCJle qero K pacTBopy iJ,06aBJIlIJIHCb KpIlCTaJlJlIllCl1

Pb(N03)2' ITPI1 HaJIHLII1H B pacTBope OKCamlT-IIOHa ,I\OJDKeH 6bIJI n05IBHTbC5I 6eJlbIii OCa,I\OK

HepaCTBOpI1MOrO B. KIICJIOTaX PbC20 4, LIero B HaweM CJIy'lae He Ha6Jlw,I\aJIOCb. TaKIIM 06pa­

30M, lIO MHKpOXHMIl'IeClCHM iJ,aHHbIM OKCaJlaT-I10H B KapLIeBClCHI1Te OTcyTc·myeT.

,n:y6JleT 1366-1426 CM-1- HaH60Jlee xapaI<TepHa5I oc06eHHocTb 11K-cneKTpa Kap'leB­

CKHHTa, OiJ,HalCO B HeM npHcyTcTByeT H P5IiJ, ,I(pynIx nOJlOC, He Ha6JlID,I\aeMbIX y KBHHTI1HHTa.

3TO ,I\y6JleT 3035-2960 CM-1, I-Ie paCIllenJleHHbIii y KBHI-ITI1HHTa, H qeTICO lIp05JBJleHHa51 no­

JlOca 1024 CM-I. 3UI nOJIOCbI 1l0DIOIlleHHlI MoryT CBH,I\eTeJlbCTBOBaTb 0 HaJIH'lIIH B Kap'leB­

ClCl1HTe HOHa OKCOIlI1H, H 30+. B TO )Ke BpeM5I 1l0JlOca 1024 CM-I MmlCeT 6bITb OTHeceHa H K

CI1MMeTpW-iHbIM BaJleHTllbIM lCOJle6aHH51M HOlla coj- ;B 3TOM cJly'lae ee n05IBJIeHHe CB5I3a1l0

C nOHIDKeHHeM cHMMeTpHH Kap60llaT-HoHa C D3h iJ,0 C2v IIJII1 C3v , 'lTO MmlCeT 6bITb BbI3BaHO

npHcyTcTBHeM rI1,I\poKap60HaTa HCO; (Rey e. a., 1992; Kloprogge e. a., 2002). CB5I3b 3TOH

nOJlOCbI C BaJleHTllblMI1 KOJIe6aHI15IMH HOIla PO~- npe,I\CTaBJIlIeTC5I MaJloBepoHTHoH, noc­

lCOJIblCY cOiJ,ep)lCaHIle cpocqJOpa B MHHepaJIe OLIeHb MaJIO.

XI1MIPICCKan (~OpMYJIa 11 cTpy!uypa !CapQCBCI(I1I1Ta. llMeWIlll1eC5I iJ,allllble n03BOJI5I­

IDT C yBepeHHocTblD rOBopllTb 0 TOM, LITO IcapLleBCKHI1T OTIlOCIITCli K CJlOHCTbIM ,I\BOHHbIM

rH,I\pOKCHiJ,aM. OqeBHiJ,1l0, LITO nliJ,pOlCCH,I\HbIe nalCeTbI B CTpylCType MHHepaJIa, C COOHIOwe­

Hl1eM Mg/Al = 2, aHaJrorwIHbI nalCeTaM B cTpyI<Type KBI1IlTI1HHTa, HX cocnlE MO)[CeT 6bITb

npe)-\cTaBJleH KaK [MgIBAI9(OH)5,d 9-. BXmlC)-\ellHe Sr B OKTa3,I\pH'leCICHe 1l03I1L(HI1 MarHHH B

nceBiJ,06pycIIToBblX IIaJceTax npe)ICTaBJIlIeTC5I lleBep05lTllbIM, B CIlJIY 3HaLIHTeJIbHOrO pa3JlI1­

'II15! 1101!HbIXpaiJ,HycoB M g 2+ (0.75 A) II Sr2+ (1.18 A). TalCHM 06pa30M, 13 Me)[crraKeTHoM

IIpOCTpmlCTBe OAlIOBpeMe~Ho HaX0,I(5ITC5I Sr2+, coj-, po~- (JIlI60 nIiJ,poc!lOcqlaT-I101l), MO­

JIeKyJI5IpHa51 H 20 H, B03MmICIlO, HCO; HJIH H 30'.

Pe3YJIbTaTbl HCCJleiJ,OBaIlHlI ,LlOnycKaIOT ,I\Ba BapllallTa C!JOPMYJlbI MI1HepaJIa, B 3aBHCH­

MOCTI1 OT C!lOpMbI llaXmlCiJ,eHH5I BOiJ,bI H lCap60HaTa B Me)!CCJIOeBOM npocTpallCTBe. B CJlyLIae

HaJIH'II11I OlCCOIIH5I, 3MIlIlpIIqeClC,UI C!lOpMYJla MmKeT 6bITb npe)(CTaBJIeHa !CalC [Mg Is.oo

A190o(°H)5400] [(Sri 79Mgo4sCao09b31,(C03)B26(P04)046(H20)654(H30)4 IS], B 0606111eHHOM

BHiJ,e - [Mg ,sAI9 (01-:I)54][Sr2(C03, P04M1-I 20, 1-130)lll ECJIll )Ke LIaCTb Kap60H,ua COiJ,ep­

)KHTCH B BH,Lle 1-1CO; , TO COCTaB Me)!CCJIOeBbIX HOHOB iJ,OJDKell COOTBeTCTBOBaTb [Sr1.79

Mg04sCa009)L236(C03)40S(HC03)4IS(P04)046(H20)lo.n], a HiJ,eaJIH3HpOBaHHa5I qJOpMyJla ­

[MgIsAI9(OH)54][Sr2(C03, I-IC03, P04MH20)lll C TOLIlCH 3peHHH 6aJlaHCa 3ap5I)(OB, 06a Ba­

pHmrra 3lCBIIBaJleHTHbi. B HaCT05IIllee BpeM5! MbI CIOIOH5IeMC5I lC nepBoMy BapHallTy C!JOpMy­

JIbI, C OKCOHHeM B Me)KCJlOeBOM npOCTpaHCTBe. O,LlllaKO iJ,Jl5I OKOI-ILIaTeJlbHOrO peUleHH5I BO­

npoca He06xo,I\HMbI iJ,aJlhHdiUlHe HCCJleiJ,OBaHH5I.

BHe 3aBHCHMOCTH OT Toro, 13 KaKOM BH,I\e B MHllep,lJIe npHcyrcTBywT Kap60mn H BO,I\a,

KapLIeBClCIIIlT HMeeT PH,I\ oc06eHHOCTeil, OTJlI1'laWWHX ero OT iJ,pyrHx COeiJ,IlHel-II1H iJ,aIlHOrO

ceMei1cTBa. 3TO - nepBbIH CJIOHCTbIil iJ,BoilHoii rHiJ,pOKCHiJ" B KOTOpOM nOMHMO iJ,OMI1HI1PY­

IDIl(erO Kap60HaTa B Me)KCJIOeBOM npOCTpaHCTBe CO,I\ep)lCHTC5I lCaTHOIl (Sr2+).,n:0 CHX nop CO­

LJeTallHe aHHOH + KaTl10H 6hlJIO H3BeCTIl0 JlHWb B CTpyICTypax CYJlbC!JaTHbIX LIJleHOB ceMeii­

CTBa - MHHepaJlOB I'PYlIIlbI ByiJ,BapiJ,HTa (Strunz, Nickel, 2002). ITpI1 :nOM Bce MIIllepaJlbI

YKa3alliIOil rpynIIhI I1MelOT cBepxcTpyKTypbI no 00 I, BbI3BaHHble ynOp5IiJ,OLIeHl1eM HOHOB B

Me)KCJlOeBOM npocTpaHcTBe. Bep051THO, llaJIWIl1e LleTKO BbIpmKelIHoil cBepxcTpylCTypbl y

KapLIeBcKIIHTa TaIOKe BbI3BaHO ynop5IJm'leHHeM pacnpe,I\eJleHI15I HOHOB Sr2+ H coj- , a B03­

MQ)KHO H PO~-. CpaBHHTeJlbHa51 xaparcrepHCTI1Ka ICapLJeBCKIlHTa H iJ,pynlx Mg-Al MHHepa­

JIOB ceMeHcTBa CJIOI1CTbIX iJ,BOHHbIX rH,I\pOKCHiJ,OB npHBeiJ,eHa B Ta6JI. 3. ,n:pyroH He06bILI­

1l0H oco6ellHocTbW lCap'leBCKI1HTa 5IBJl5IeTC5I BeJll1'lHHa Me)ICrIJIOCKOCTHoro I1HTepBaJla d,
npe,I\CTaBJI51lOIllerO CyMMy TOJlIllI1HhI rl1,I\pOKCI1iJ,HOrO naKeTa H Me)[CCJIOeBOrO npOMe)l(yTI<a

B CTpYICType MI1HepaJIa. TOJlIllHlla 6pycHTOnO,Ll061l0ro CJlO5I BO Bcex Mg-AI CJlOHCTbIX
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W30HHblX rH)],poKcH)],ax COCTaBJI51eT ~ 4.8 A, 'ITO paBHO nepIlO)],y no C 13 lIHCTOM 6pycl1're.

B Kap60HaTHblX lIJIel-IaX 3Toro ceMel-icTBa d ~ 7.6 A (Ta6Jl. 3), CJIe)],OBaTeJlbHO, TOJlLUI1Ha

MelKCJIOeBOrO npoMelKY'l'Ka, 3aH5ITOrO CO~· 11 1-120, paBHa ~ 2.8 A. 3TO cOOTBeTCTByeT 3CP­

clJeKTHBHoMy )],l1aMeTpy MOJleKYJlbl BO)],bl, KOTOpblH H onpejJ,eJl51eT jJ,aHHYID BenwII1Hy. ,lJ,n51

cYJ1l,clJaTHblx 'IneHOB IIo)],06HbIX coe)],HHeHlIH, co)],epllcaLUIlx MelKCJlOeBble KaTHOHbl, BeJlI1­

lUIHa d ~ 11.2 A 11 TOJlLUHHa MelKCJlOeBOrO npoMelKyTI<a ~ 6.4 A. TIPH 3TOM yCJIOBfleM,

onpe)],eJl51IOLUHM IIocnejJ,HIOIO BeJIH'II1HY, 5lBJl51eTC51 HaJll1'II1e 13 3TOM npocTpaHcTBe COJlbBa­

TIlpOBaHHblX 1101mB HaTpH51 I1JII1 KaJlbl(l151 -- OKTa3)],pOB [M(H20)6]' B Kap'IeBcKHHTe MelK­

f1JlOCKOCTHOii HIUepBaJI d = 8.55 A. OlIeBH)],HO, lITO nHMI1THpYIOLUI1M qJaKTOpOM 13 jJ,aHHOM

CJlY'Iae )],OJ1)KeH 6blTb 3clJcjJeKTl1BHblH )],I1aMeTp rI1)],paTHpoBaHHoro 110Ha Sr2+. 1I3BecTHo, 'ITO

Koop)],I1Hal(HOHHbIM IIOJUl3)],pOM CTpOHl(H51 13 BO)],HbIX paCTBopax 5lBJI51eTC51 BOCbMHBepilJI1H­

HHK [Sr(H20)s P+ (Moreau e. a., 2002). KBa)],paTHa51 aHTHnpl13Ma [Sr(H20)s]2+ onpe)],en51eT

TaKlKe 11 CTpyKTypHbIH MOTI1B rH)],paTa nI;\POOKI1CI1 CTpOHl(lUI (Smith, 1953; Ricci e. a.,

2005). I1PI1 3TOM B )],Byxcnol1lwH ynaKoBKe Sr(OH)2' 8H20 TOJlIl~I1Ha O)],Horo CJl051 paB­

Ha 5.8 A 11 COOTBeTcTByeT TOJlLUI1He [Sr:(H20)sP+ 13 MHHHMaJlbHOM 113MepeHI1H. 3TO 60Jlee

lleM Ha 2 A rrpeBOCXO)],HT BeJll1'IHHY MelKCJlOeBOrO npOMe)l(yTKa 13 Kap'IeBCKHHTe. CJle)],OBa­

TeJIbHO, CTpOHl(I1H 13 MHHepaJle He MQ)KeT HaXO)],HTbC51 13 cjJOpMe CB060)],HbIX rl1jJ,paTHpOBaH­

HblX 110HOB, a )],OJ1)KeH 6blTb llaCTH'IHO KOOp)],I1HI1pOBaH HOHaMH KHCJIOpo)],a 6pycHTono)],06­

Horo CJl051- JUl60 Hanp51MYIO, JIH60 nocpe)],CTBOM MOCTHKOBblX BO)],OpO)],HbIX CB513eH. ECJll1

)],aHHoe rrpejJ,rrOJlQ)KeHl1e BepHO, TO KapyeBCKl1l1T - nepBblH npe)],CTaBl-iTeJlb CnOI1CTblX

)],B0I1HbIX I"H)],pOKCH)],OB, 13 KOTOpOM rH)],pOKCH)],Hble CJlOl! coe)],HH51IOTC51 rro)],06HblM 06pa­

30M.

3aKJIlOQeHlfe. Kap'IeBCKl1l1T - HI13KOTeMnepaTypHblH rH)],pOTepMaJlbHbII1 MHHepaJl,

06pa30BaBilJI1iic51 Ha rr03)],HHx CTa)],lUlx ClJopMI1pOBaHlUI Kap60IlaTI1TOB 113 paCTBOpOB, 60ra­

TbIX CTpOHl(l1eM I1 CpocclJaToM rrpI1 OTCyTCTBIII1 cyJlbCIJaT,ol1oHoB. 060raLUeHI1e CTpOHl(l1eM

n03)],Hl1X MI1I-IepanOB xapaKTepHo jJ,Jl51 MHOI"I1X Kap60HaTI1TOBbIX MaCCHBOB (CoMI-IHa, 1975;

CarvIOHJlOB, 1977; 5YJlax, HBaHI1KOB, 1982; Wall, Zaitsev, 2004; KaplleBCKI1H, 2005), rrpl1

3TOM 06bIlIHO'B aCCOIUlal(lUIX jJ,OMI-IHHpyeT CTpOHl(l1aHl1T. TeH)],eHl(l151 K o)],HoBpeMeHHoMy

Ilpl1CyTCTBl11O Sr2+ 11 PO~- B 1I03)],HHX rI-1)],poTepMaJlbI-lbIX CI1CTeMaX B HaH60JIbWeH CTerreHlI

np05lIUleHa 13 KOB)],ope, 'ITO OTpmKaeTC51 B n051BJIeI-l1111 T(l!(HX MHHepaJIOB, IWK CTpOHl(110BHT­

JIOKI1T Sr9Mg (P030H)(PO,j)6 H HacrpoelJI1T NaSrP04 • 9H20 (Britvin e. a., 1991,2002). Ha­

XO)],Ka KapyeBCKl1I1Ta - eLUe O)],HO nO)],TBeplKjJ,eHlle !-laHHOii 3aKoHoMepHOCTI1.

AB'fOPbI ITpl13HcrreJlbHbl epoH)],y HHTAC, a TalOKe JlI1'IHO A. H. 3aHl(eBy 11 cD. YOJIJI 3a

OpraHl13al(111O ITOJleBbIX pa60T B KOB)],ope, B npol(ecce KOTOpbIX 6bIJI 06HapylKeH KaplleB­

CKI1HT. MbI 6JIaro)],apHbl C. B. Kpl1BOBHtleBy 3a KOHcyJlbTal(l111 B rrpol(ecce pa60TbI. )J;aHHa51

pa60Ta BbIf10JIHeml ITpl1 ITo)],)],eplI<Ke WBel1l(apcKoro HayYHOrO clJoH)],a ITO nporpaMMe

SCOPES.
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