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A new mineral kamarizaite has been found in association with scorodite, jarosite and goethite on a waste 
dump of Kamariza mine, Lavrion mining district, Attiki Prefecture, Greece. The mineral forms fine-grained 
aggregates (up to 3 cm) consisting of individuals up to I !lm in size, as well as submicroscopic botryoidal ag­
gregates. Color yellow to beige, streak light yellow. Mohs' hardness 3. Cleavage is not observed. Dme_ 
as = 3.16(1) g/cm3 (by hydrostatic weighing), Dealc = 3.12 g/em3• Wavenumbers of absorption bands in the IR 

I HOBblH MIIHepan KaMaplIl.\alIT U era Ha3BaHue YTBeplK,lIeHbI KOMuccueH no HOBbIM MUHepanaM, HO­
MeHKllarype U Kllaccu<l>uKa1\UU MUHepanoB MelK,lIYHap0,llHoH MUHepanOrH'IeCKOH aCCOl.\ual.\un I UIOlllI 
2008 rO,lla. 
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ldite, jarosite and goethite on a waste 
reece. The mineral fonns fine-grained 
well,as submicroscopic botryoidal ag-
3. Cleavage is not observed. Dme­

umbers of absorption bands in the IR 

JHCcHei1: no HOBbIM MHHepllJlaM, HO­
pllJlOrHQeCKoi1: aCCOI.\Hal\HH 1 HIOJIJI 

spectmm ofkamarizaite are (cml; s - strong band, w - weak band): 3552, 3315s, 3115, 1650w, 1620w, 1089, 
911s, 888s, 870, 835s, 808s, 614w, 540, 500, 478, 429. By TG and IR data, complete dehydration and dehydro­
xylation in vacuum (with the weight loss of 15.3(1) %) occurs in the temperature range 110-420 QC. By 
Mossbauer data, all iron in kamarizaite is Fe3+ with octahedral coordination. Kamarizaite is optically biaxial, po­
sitive. Ilmin = 1.825, IImax = 1.835, IImean = 1.83(1) (for a fine-grained aggregate). Chemical composition is (elect­
ron microprobe, mean of 4 point analyses, wt %): CaO 0.35, Fe203 41.78, AsP5 39.89, S03 1.49, H20 ~by 
TGA data) 15.3, total 98.81 %. The empirical formula, based on (As04,S04h is: Cao,o3Fe2~6 
(As04) J.90(S04)O, IO(OHh,74 . 3.27H20. The idealized formula is Fe~+ (AS04h(OHh . 3H20. Kamarizaite is ort­
horhombic, space group Pccm, Pcc2, Pcmm, Pcnl2 1 or Pc2m; a = 21.32(1), b = 13.666(6), c = 15.80(1) A, 
V= 4603.29(5) A3, Z= 16. The strongest reflections of the powder diffraction pattern [d, A (I, %) (hk{)] are: 
6.61 (37) (112, 120),5.85 (52) (311), 3.947 (100) (004, 032, 511), 3.396 (37) (133, 431), 3.332 (60) (314), 3.085 
(58) (621,414,324). The holotype specimen is deposited in the Mineralogical Collection of the Technische Vni­
versitat Bergakademie Freiberg, Germany (inventory number 82199). 

MeCTOpO)[(,[(eHHe CYJIhCPH,[(HhIX CBHHIIOBO-IIHHKOBhIX PY,[( JIaypHoH (JIaBpHoH), pacno­

JIO)[(eHHOe B IOro-BOCTOqHOM qaCTH nOJIyocTpoBa ATTMKH (rpeIIHH), illHPOKO M3BeCTHO pa3-

Ho06pa3HeM rHnepreHHhlx MMHepanoB, BKJIIOqaIOmHM MHorHe pe,[(KHe H 3H,[(eMHqHhIe )J;JIH 

3Toro 06'heKTa MHHepanhHhle BH,[(hI. MeCTOpmI(,[(eHHe pa3pa6aThIBanoch C nepephIBaMH 

OKOJIO 5000 JIeT, rrpHqeM ,[(06hlqa PY,[(hI npo,[(OJI)KanaCh ,[(0 KOHIIa XX CTOJIeTlfH. HeCMorpH 

Ha 3TO, MUHepanorHH 30HhI OKHCJIeHHH JIaYPHOHa H3yqeHa He,[(OCTaTOqHO, 0 qeM CBH,[(eTe­

JIhCTBYIOT peryJIHpHO rrOHBJIHIOmUeCH C006m eHUH 06 OTKphITHU 3,[(eCh HOBhIX MHHepanOB. 

3HaqHTeJIhHOe qHCJIO BTOPHqHhIX MHHepanOB OKHCJIeHHhIX PY,[( JIaypHoHa npHHa)J;JIe)[(UT K 

KJIaccy apceHaToB. 

ABTopaMH HaCTOHmeM ny6JIIlKaIIHH H3yqeH HOBhIM BO,[(HhIM apceHaT )KeJIe3a Kal\laPU­

IIaHT, HaM'[(eHHhIM Ha OTBaJIe yqaCTKa KaMapHIIa (Kamariza mining area, Lavrion District, 

Attika Prefecture, Greece). HOBhIM MHHepan Ha3BaH no MeCTY HaXO,[(KH. 

KaMapHIIaIlT CJIaraeT MOHoMHHepanhHhle TOHK03epHHCThle CBeTJIO-)[(eJIThIe H 6e)[(eBhle 

cpapcpopoBH,[(Hhle arperaThI, norpY)KeHHhle B MaCCHBHhIM JIHMOHHT (pIlC. 1). ArperaThI HO­

Boro MRHepana HMeIOT H30MeTpHqHYIO CPOPMY, HX pa3Mep ,[(OCTHraeT 3 CM. B 3TOM accoIIHa­

IIUH rrpIlcYTcTBYIOT H TOHK03epHHcThle arperaThI CKopo,[(HTa. HeCMOTpH Ha TO qTO KaMapH­

IIaHT H CKOPO,[(HT HaXO,[(HTCH B TeCHOM accoIIHaIIuu, OHH He 06pa3YIOT MHKpOCpaCTaHIlM, no­

CKOJIhKY arperaThI 3THX MIlHepanOB Bcer,[(a 060c06JIeHhI ,[(pyr OT ,[(pyra. IIo BceM 

BH,[(IfMOCTU, 3TH apceHaThI HBJIHIOTCH nceB,[(OMopcp03aMH no Pa3JIHqHhIM apceHH,[(HhIM MH­

HepaJIaM H 06pa30BanHCh B pe3YJIhTaTe rHnepreHHoro H3MeHeHHH rrepBHqHOM nOJIHMeTan­

JIUqeCKOM PY,[(hI. IIpH 3TOM OCHOBHaH Macca PY,[(hI, CJIO)[(eHHaH Helwr,[(a CYJIhCPH,[(OM )[(eJIe-

3a, npeBpaTHJIaCh B JIHMOHHT. B aCCOIIHaIIHH C KaMapHIIaHTOM YCTaHOBJIeH TaK)[(e Hp03HT, 

06pa3YIOmHM npmKHJIKH H rHe3,[(a B JIHMOHHTe. 

3JIeKTpOHHO-MHKpOCKOnHqeCKOe H3yqeHHe 06pa3IIa 6hIJIO rrpOBe,n:eHO Ha npOCBeqHBa­

IOmeM 3JIeKTpOHHOM MHKpOCKorre JEM-lOOCX rrpH YCKOPHIOmeM HarrpH)[(eHHIl 100 KB. 

IIpenapaThI 06pa3IIa ,[(JIH 3JIeKTpOHHO-MHKpOCKOnHqeCKOrO M3yqeHHH 6hIJIH no,[(rOTOBJIeHhI 

MeTO,[(OM cycrreH3HH H MeTO,[(OM npenapaToB «cyxoro» npenapHpoBaHHH. IIpH 3JIeKrpOfI­

HO-MHKPOCKOIIHQeCKOM H3YQeHHH 060HX nperrapaToB B rrPOXOMmHX 3JIeKTpOHax 6hIJIU 

BhIHBJIeHhI rrJIaCTlIHQaThle QaCTHIIhI Cy6MHKpOHHhIX pa3MepoB, CPOPMhI KOTOPhIX B rrJIaHe 

rrpU6JIH)[(aIOTCH J( np5IMoyrOJIhHHKY (pIlC. 2), a TaK)[(e PhIXJIhle arperaTbI QaCTHII 6e3 HBHhIX 

KpnCTanJIOrpacpHQeCKHX OQepTaHHM. 

B MHKPOCIWllHQeCKHX rpemHHaX C llOMOmhIO 3JIeKrpoHHoro MHKpoclwna MO)[(HO 06Ha­

PY)[(HTh nOQKOBH,[(Hble arperaThI KaMapHIIaHTa (pHC. 3). MUHepan xpynKHM, TBep,[(OCTh ero 

arperaToB rro illKaJle Mooca COCTaBJIHeT OKOJIO 3. lliOTHOCTh, H3MepeHHaH MeTO,[(OM rH,[(po­

CTaTHQeCKOrO B3BeWHBaHHH, COCTaBJIHeT D"'M = 3.16(1) r/cM3, BhIQHCJIeHHaH IIJIOTHOCTh 

paBHa DBb!" = 3.12 r/cM3. 

BOJIHOBhle QHCJIa nOJIOC llK-crreKTpa nOrJIOmeHHH I(aMapHIIauTa H HX OTHeceHHe CJIe­

,[(YIOmI1e (CM-I; S - CHJIhHaH rrOJIOca; w - CJIa6aH nOJIoca; pHC. 4, a): 3552, 3315s, 3115 

(O-H -BaneHTHhle KOJIe6aHHH); 1650w, 1620w (,[(ecpopMaIIHoHHhle KOJIe6aHHH MOJIeKYJI 

H 20); 1089 (BaJIeHTHhle KOJIe6aHHH HO HOB SO~-); 911s, 888s, 870, 835s, 808s (BaneHTHhle 

KOJIe6aHHH HOHOB AsO~-); 614w (,[(ecpopMaIIHoHHhle KOJIe6aHHH UOHOB AsO~- H/HJIH rpyrrn 

Fe3+-0H); 540, 500, 478, 429 (Fe3+-O-BaneHTHhle KOJIe6aHHH). XaparnepHCTHQeCKUe 

nOJIOChI Kap60HaTHhlx aHHOHOB B llK-cneKTpe OTCYTCTBYIOT. 
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Pile. 1. KaMapllnallT (1) Il eKOpO,llIlT (2) B 1IIlMO­
HIlT-Hp03IlTOBOH py,lle. 

Fig. 1. Kamarizaite (1) and seorodite (2) in limoni­
te-jarosite ore. 

Pile. 2. ArperaT KpIlCTaJIlIOB KaMapllnaIlTa. Ibo6pa­
lKeHIIe B npoxO,llllIQIlX 31IeKTPoHax. 

Fig. 2. Aggregate of crystals of kamarizaite. TEM 
image. 

I10TepJl Beca B pe3YJIbTaTe HarpeBaHHJI KaMapHI~alITa B BaKYYMe OT 28 )J,O 600 QC (rrpH 
CKOPOCTII HarpeBa 4 QC) COCTaBJIJleT 15.3(1) % (PIIC. 5). I1pou:ecc, cOrrpOBO)l()J,alOru:IIHCJI 
BbIXO,n;OM JIeTY'IIIX rrpo,n;YKTOB, Ha'IHHaeTCJI rrpH 110 QC, )J,OCTHraeT MaKCHMaJIbHOH CKOpO­
CTH rrplI 230 DC II 3aBepIIIaeTCJI rrpH 420 DC. B TeMrrepaTypHOM IIHTepBaJIe 420-600 QC H3-
MeHeHIIJI Beca He rrpOHcxo,n;IIT. I1PH TeMrrepaType 420 QC rrpou:eccbI )J,erH,n;paTaU:HH II )J,e­
rlI,n;poKCHJIUpOBaHUJI rrOJIHOCTblO 3aBepIIIaIOTCJI, 0 qeM CBu,n;eTeJIbCTByeT IIC'Ie3HOBeHlIe rro­
JIOC B o6JIacTII O-H-BaJIeHTHbIX KOJIe6aHIIH (,n;lIarra30H 3000-3700 CM-I; pHC. 4,6). 
I1ocJIe,n;YIOru:IIH HarpeB ,n;o 600 QC rrpHBO)J,UT K CTPYKTYPHOH rrepecTpoHKe, cOrrpOBO)l()J,alO­
ru:eHCJI U3MeHeHHeM I1K-crreKTPa (pm:. 4, 6). I1pu :nOM rrOJIOCbI rrOrJIoru:eHUJI HOHOB SO~- H 
AsO!- B crreKTPax rrpo,n;YKTOB rrlIpOJIII3a KaMaplIu:alITa rrpH 420 U 600 QC COXpaHJlIOTCJI, Me­
HJleTCJI JIUIIIb IIX KOHqmrypaU:HJI. 

B Mecc6aY3poBcKOM (5Irp) crreKTPe KaMapuu:alITa (PHC. 6) rrpucYTcTBYIOT )J,Ba cJIa60 
pa3peIIIeHHblx ,n;y6JIeTa, KOTopble OTHOCHTCJI K ,n;BYM JIOKaJIbHbIM COCTOHHHJlM HOHOB Fe3+, 

Haxo,n;Hru:IIXCH B OKTa3,n;pH'IeCKOM OKpY)l(eHHH. 1130MepHble c,n;BlIrH H KBa)J,PyrrOJIbHOe pac­
ru:errJIeHlIe COCTaBJIHIOT COOTBeTCTBeHHO 0.273 H 0.863 MMlC ,n;JIJI rrepBoro ,n;y6JIeTa, 0.284 H 
0.440 MM/c - ,n;JIJI BToporo. OTHOCHTeJIbHble rrJIoru:a,n;1I ,n;y6JIeTOB paBHbI COOTBeTCTBeHHO 
69.11I 30.9 %. I10 )J,aHHbIM 5Irp, HOHbI Fe2+ BMHHepaJIe OTCYTCTBYIOT. 

I1o,n; MIIKpocKorroM B rrpoxo,n;Hru:eM CBeTe KaMaplIu:aHT )l(eJITbIH, rrJIeOXpOH3Ma He Ha-
6JIIO,n;aeTCH. MIIHepaJI OrrTH'IeCKII rrOJIO)l(HTeJIbHbIH ,n;BYOCHbIH. 113-3a MaJIbIX pa3MepOB HH­
,n;IIBH,n;OB, KaK rrpaBHJIO, He rrpeBblIIIalOru:Hx 1 MKM, OrrTHqeCKHe KOHCTaHTbI H3MepHTb He 

Pue. 3. IIo'lKoBIl,llHbIe arperaTbI I<aMapllnaUTa. P3M-I1306palKeHue. 

Fig. 3. Kidney-shaped aggregates ofkamarizaite; REM-image. 

102 

1000 

Pile. 4. HK-eneKTPbI KaMapIlnaUTa (a) I 

Fig. 4. IR spectra ofkamarizaite (a) and pr< 

Y)J,aJIOCb. HaHMeHbIIIuH H HaH60m 
nmin = 1.825, llmax = 1.835. Cpe,n;Hll 
3epHIIcToro OrrTHqeCKII H30TPorrHo 

XnMHqeCKHH COCTaB KaMaplIW 
CI<aHlIpYIOru:eM 3JIeKTPoHHOM MHKp 
(INCAx-sight) aHaJIH3aTopoM. AH 



KpIfCTamIOB KaMaplfI:(aIfTa. f!306pa­
I npoxOlll!~IfX :meKTPoHax. 

of crystals of kamarizaite. TEM. 
image. 

laKYYMe OT 28 .n;o 600 cC (npu 
[poQecc, cOnpOBO)lmaH}lQIIHCH 
:TlIraeT MaKCIIMaJIbHOH CKOPO­
)M IIHTepBaJIe 420-600 DC 113-
IpOQeCCbI .n;erll.n;paTaQIIII 11 .n;e­
~TenbcTByeT IICqe3HOBeHlIe no-
3000-3700 CM-I; pllC. 4, 6). 
I nepecTpOHKe, cOnpOBO:>K.n;aIO­
ICbI nornOmeHIIH 1I0HOB SO~- 11 
20 11 600 QC coxpaHHIOTcH, Me-

:. 6) npllcYTcTBYIOT .n;Ba cna60 
,HbIM COCTOHHIIHM 1I0HOB Fe3+, 

c.n;BlIrll 11 KBa.n;pynonbHoe pac­
.n;nH nepBoro .n;y6neTa, 0.284 H 

>neToB paBHbI COOTBeTCTBeHHO 
CYTCTBYIOT. 
:>KenTbIH, nneoxpOll3Ma He Ha­
,IH. Ib-3a Manblx pa3MepOBoIlH­
:CKlIe KOHCTaHTbI 1I3MepUTb He 

M -1f306palKeHne. 
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PIfC. 4. I1K-cneKTPhI KaMaplfl.\alfTa (a) If npoAYKTOB ero HarpeBa B BaKYYMe lIO 420°C (6) If 600 °C (6). 

Fig. 4. IR spectraofkamarizaite (a) and products ofits heating in vacuum up to 420°C (6) and up to 600 °C(6). 

y.n;aJIOCh. HallMeHbliIlIH 11 Hall60nbliIlIH Ha6nIO.n;aeMbIe nOKa3aTenll npenoMneHlIH paBHbI: 
llmin = 1.825, llmax = 1.835. Cpe.n;HlIll nOKa3aTenb npenoMneHlIH, 1I3MepeHHblll .n;llH TOHKO-
3epHlIcToro OnTUqeCKlI1I30TPonHoro arperaTa, paBeH 1.83,(,1). 

XIIMIIQeCKUH COCTaB KaMapllI~allTa onpe.n;enHnll peHTreHocneKTPaJIbHbIM MeTo.n;OM Ha 
CKaHlIpYIOmeM :meKTPOHHOM MIIKpOCKone Tescan Vega II XMU C :mepro.n;IICnepClIoHHblM 
(INCAx-sight) aHaJIU3aTopoM. AHanll3 BbIllonHHnll npll YCKOpHIOmeM HanpH:>KeHIIII Ha 
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PUC. 5. TepMorpaBuMel'pUqeCKaJf KpUBaJf KaMaplII.\auTa (mo = 44.7 Mr, CKOPOCTb HarpeBa 4 °C/MUH). 

Fig. 5. Thermogravimetric curve ofkamarizaite (mo = 44.7, heating rate 4 °C/min). 

BOJIb<ppaMOBOM KaTO,ll,e 20 KB H TOKe 30H,lI,a 0.5 HA. Pa3Mep aHaJIH3HpyeMoH 06JIaCTH CO­
CTaBJIRJI 10 X 10 MKM, yroJI oT6opa peHTreHoBcKoro H3JIyqeHHR 35°, <PoKycHoe paccToR­
HHe MmK,lI,y 06Pa3L\OM H ,lI,eTeKTopoM 25 MM. Pe3YJIbTaTbI orrpe,ll,eJIeHHj{ XHMHqeCI<oro CO­
CTaBa (cpe,ll,Hee H3 4 JIOKaJIbHbIX aHaJIH30B) rrpHBe,ll,eHbI B Ta6JI. 1. CO,ll,eplKaHHR F, Na, Mg, 
P, K, Sr, Ba, AI, Si, V, Mu, Zu, Co, Ni, Cr, Pb, Bi, Sb, Cl HHlKe rrpe,ll,eJIOB o6HapYlKeHHR ,lI,JIR 
3THX 3JIeMeHTOB (T. e. <0.05--0.3 Mac. %). 3MrrHpHlleCKaR <popMyJIa MHHepaJIa B paC'IeTe 
Ha (As04,S04)2 CJIe,ll,YIOIIJ:aR: Ca o.03Fe~~86(As04)J.90(S04)O.1O(OH)2.74 . 3.27H20. 

ITPH paCqeTe rrOCJIe,ll,HeH <pOpMyJIbI MR )KeJIe3a rrpl1HRTa BaJIeHTHOCTb 3 (B COOTBeTCT­
BHU C ,lI,aHHbIMH 51rp), CO,ll,eplKaHUe H 20 15.3 % (rro ,lI,aHHbIM Tr A, C KOHTpOJIeM rrOJIHOTbI 
,lI,erH,lI,paTaL\HHI ,lI,erH,lI,pOKCHJIHpOBa~I1R MeTO,ll,OM I1KC), pacrrpe,ll,eJIeHHe BO,ll,OpO,ll,a MelK,lI,y 
rpyrrrraMu OH II MOJIeKYJIaMH H 20 rrpOH3Be,ll,eHO C yqeTOM Tpe60BaHUR 6aJIaHCa 3apR,lI,OB. 

I1,l!,eaJIH3HpOBaHHaR <popMYJIa: Fe~+ (As04MOH)3 . 3H20, HJIH (C yqeTOM ,lI,aHHbIX 
Mecc6aY3pOBCKOH crreKTPOCKorrHH, rrOKa3bIBaIOIIJ:HX rrpHCYTCTBHe ,lI,ByX rr03HL\HH FeH C CO­
OTHOIIIeHHeM aTOMHbIX KOJIHqeCTB OKOJIO 2 : 1) Fe~+ Fe3+ (As04MOH)3 . 3H20. 

PeHTreHorpaMMa rropoIIIKa KaMapHL\aHTa rrOJIY'IeHa C rrOMOIIJ:bIO ,lI,H<ppaKToMeTpa 
DIMAX-2200 (<pHpMa Rigaku), Ha CUKa -H3JIyqeHHH (Ta6JI. 2). ITo maBHbIM JIUHHRM rro­
pOIIIKorpaMMbI KaMapHL\aHT 6JIM30K K 1poc<paTY TUHTHKHTY Fe~+ (P04)z(OH)3' 3.5H20 
(Stringham, 1946, 1962; Sakurai et aI., 1991). 3TOT <paKT HapR,lI,y co CXO,ll,CTBOM CTeXMOMeT­
pMH H Mop<pOJIOrH'IeCKHX oco6eHHocTeH YKa3blBaeT Ha TO, 'ITO KaMapHL\aHT H THHTHKHT-
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PIfC. 6. Mecc6ay3poBcKIIll cIIeKTp KaMapuQauTa. 

Fig. 6. Miissbauer spectrum ofkamarizaite. 
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XIIMI'. 

Chcl~ 

KOMnoneUT Cpeplle, 
COAeplK<lIi 

CaO 0.35 
Fe203 41.78 
As20 S 39.89 
S03 1.49 

H2O* 15.3(1) 
CYMMa 98.81 

rrplfMe4anue. • nO.l 

IIopOIDKOB!,l, 

X-ray p 

dH3M,A 

6.84 6.839,6.833 
6.61 6.513,6.507 
6.25 6.305 
5.85 5.856 
5.28 5.330,5.284 
4.70 4.737,4.702 
4.50 4.555,4.463 
4.085 4.094,4.071 
3.947 3.950,3.946, : 
3.702 3.704,3.701 
3.619 3.618,3.617, 
3.450 3.453,3.450 
3.396 3.401,3.383 
3.332 3.347 
3.283 3.289,3.285, 3 
3.245 3.256,3.254, 
3.191 3.187 
3.119 3.113 
3.085 3.092,3.091. . 
3.036 3.047,3.022 
2.972 2.982,2.973, 2 
2.923 2.928,2.922 
2.768 2.770,2.768 
2.753 2.759,2.752 
2.679 2.680,2.672 
2.640 2.642,2.641 
2.587 2.589,2.586 
2.553 2.557,2.551 
2.534 5.532 
2.499 2.500,2.496 
2.450 2.453,2.445 
2.399 2.404,2.394 
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, CKOPOCTb HarpeBa 4 °C/MlfH). 

leating rate 4 cC/min). 

lHanfI3HpyeMoH 06JIaCTH co­

lIHJI 35°, <PoKycHoe paCCTOJI­

Je,ll;eJIeHHJI XHMHqeCIWrO co­

L 1. CO,ll;ep)KaHHJI F, Na, Mg, 
IIpe,ll;eJIOB o6HapY)KeHHJI ,ll;JIJI 

opMyJIa MHHepana B paCqeTe 

:1)2.74·3.27H20. 
laJIeHTHOCTb 3 (B COOTBeTCT­

Tf A, C KOHTpOJIeM IIOJIHOTbI 

Je,ll;eJIeHHe BO,ll;OpO,ll;a Me)K,ll;Y 

;e60BaHlIJI 6anaHca 3apJI,ll;OB. 

I, HJIH (c yqeTOM ,ll;aHHbIX 

'BHe ,ll;ByX II03HU;HH Fe3+ C co­

)4MOH)3 . 3H20. 
IIOMOIl(bIO ,ll;H<ppar<TOMeTpa 

2). ITo rJIaBHbIM JIHHHJIM IIO- . 

Y Fe~+ (P04MOH)3' 3.5H20 
~y co CXO,ll;CTBOM CTeXHOMeT-

I KaMapHu;aHT H THHTHKHT -
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KOMnOllellT 

CaO 
FC203 
As20 s 
S03 

H20 * 
CYMMa 

XIIMH'IeClmH COCTaB KaMap"l(allTa (Mac. %) 

Chemical composition of kamarizaite (wt %) 

Cpellnee IIpelleJlbl CTaHllapTHOe 
COlleplKaHlle KOJle6allUil OTI(JIOneUHe 

0.35 0.26-0.43 0.05 
41.78 41.16-42.89 0.4 
39.89 39.20-40.56 0.5 

1.49 1.43-1.57 0.04 
15.3(1) 
98.81 

Ta6nlll(a 1 

3TaJlOH 

BonnaCTOHIIT 

Fe 
As 

FeS2 

I1Pll Meq aline. * IIo llallllblM rrA. 

Ta6nllua 2 

ITopolIIKoBble pellTrellOBCKue Aallllble AJlH KaMaplluallTa 

X-ray powder-diffraction data for kamarizaite 

dH3M,A dcale, A hkl 

6.84 6.839,6.833 012,020 
6.61 6.513,6.507 112,120 
6.25 6.305 310 

' 5.85 5.856 311 
5.28 5.330,5.284 400,302 
4.70 4.737,4.702 411,321 
4.50 4.555,4.463 030,213 
4.085 4.094,4.071 123,510 
3.947 3.950,3.946,3.942 004,032,511 
3.702 3.704,3.701 204,232 
3.619 3.618,3.617,3.613 512, 520,413 
3.450 3.453,3.450 304,332 
3.396 3.401,3.383 133,431 
3.332 3.347 314 
3.283 3.289,3.285,3.278 522,423,233 
3.245 3.256,3.254,3.241 224, 240, 602 
3.191 3.187 241 
3.119 3.113 530 
3.085 3.092,3.091,3.082 621,414,324 
3.036 3.047,3.022 115,341 
2.972 2.982,2.973,2.958 523,710,215 
2.923 2.928,2.922 622,711 
2.768 2.770,2.768 225,243 
2.753 2.759,2.752 631,334 
2.679 2.680,2.672 533,151 
2.640 2.642,2.641 604,632 
2.587 2.589,2.586 713,016 
2.553 2.557,2.551 206,350 
2.534 5.532 730 
2.499 2.500,2.496 731,515 
2.450 2.453,2.445 821,534 
2.399 2.404,2.394 451,226 
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Ta6JIHna 2 (npOOO!l:JlceHlIe) 

I H3M, % dH3",A dc•le, A hkl 

12 2.371 2.375,2.369 714,822 
9 2.365 2.366, 2.361 253,406 

16 2.303 2.306,2.301,2.300 145,550,830 
11 2.203 2.206,2.205,2.199 . 261,345,254 

7 2.160 2.165,2.153 715,922 
9 2.137 2.143,2.134 354,913 
4 2.067 2.071,2.060 454,923 

12 2.017 2.019,2.018,2.015 10.2.1,751,815 

9 1.967 1.970, 1.970, 1.967, 1.965 744,752,108,164 

22 1.956 1.956, 1.955, 1.952 10.1.3,018,825 
6 1.908 1.908, 1.906 850,271 
4 1.855 1.856, 1.855, 1.855, 1.855. 1.855 816,934,844,852,247 
4 1.841 1.841 165 
3 1.821 1.821, 1.821, 1:820 471,265,347 

13 1.795 1.798, 1.797, 1.794, 1.792 717,10.4.1,853,508 
3 1.773 1.775, 1.773, 1.772 570,373, 11.3.1 

9 1.740 1.740,1.740 11.0.4, 11.3.2 

7 1.712 1.713,1.711,1.711,1.711,1.710,1.710 618,10.2.5,670, 1D.4.3, 755, 048 
9 1.693 1.695,1.695,1.695,1.693,1.691,1.691 565,129,953,181,862,319 
3 1.640 1.641, 1.640, 1.639, 1.639 275, 11.1.5, 665,466 

10 1.626 1.627, 1.627, 1.626 673,480, 11.3.4 

9 1.624 1.625, 1.623 382,917 
12 1.579 1.581,1.580,1.580,1.579,1.579,1.578 11.5.0,0.0.10,765,529,12.3.3,581 
18 1.559 1.562,1.561,1.558',1.557,1.557,1.557 358, 11.0.6,955, 149,738, 10.3.6 
4 1.543 1.544, 1.543, 1.542 872,13.3.0,3.0.10 
9 1.528 1.529, 1.527, 1.527 539,10.6.2,12.3.4 
5 1.516 1.517,1.516,1.515,1.515,1.515 908,964,4.0.10,13.0.4,190. 

po,n;CTBeHHbIe MllHepanbI. YqllTbIBaH, qTO llCTOPllH ll3yqeHIfH TllHTllKllTa ,n;oCTaTOqHO cnO)I(­
Ha, a orry6nllKoBaHHbIe rro 3TOMY MllHepany ,n;aHHbIe OTqaCTll rrpOTllBOpeqllBbI, Hll)I(e MbI 
,n;aeM KpaTKllH rrepeqeHb 3TllX ,n;aHHbIX. 

TllHTllKllT 6bIn BrrepBbIe HaH,n;eH B ropax TllHTllK (Tintic Standard Mine, Tintic, Utah, 
USA) II orrllcaH KaK HOBbIH MllHepan C IPopMynoH 2FeP04· Fe(OH)3 . 3.5H20 = Fej+ 
(P04MOH)3' 3.5H20 (Stringham, 1946) . .LJ:orronHllTenbHbIe llccne,n;OBaHllH, B TOM qllCne 
peHTreHorpaIPUqeCKUe 11 I1K-crreKTPOCKOrr11qeCKlle, rro,n;TBep,n;unll 11H,n;llB11.n;yanbHOCTb T11H­
TllKllTa ll3 T11HTllKa KaK caMOCTOHTenbHoro MHHepanbHoro BH,n;a (Stringham, 1962). MllHe­
pan 06pa3yeT TOHK03epHHcTbIe arperaTbI, CnO)I(eHHbIe rrpeHMymecTBeHHo llH,n;HBrr.n;aMH cy6-
MHKpocKOrrllqeCKllX pa3MepoB. Hau60nee KpyrrHbIe KPHCTaJUlbI llMeIOT BH,n; rrpHMoyronbHbIx 
IIllaCTlIHOK C HaH60nbIIIllM pa3MepoM,n;o 1.67 MKM H TOnmllHOH OKono 0.1 MKM. Ih-3a OTCYT­
CTBnH rro,n;XOMmnx MOHoKpncTannoB MOHoKpncTanbHbIe nccne,n;OBamIH He 6bIlln BbIIIonHe­
HbI. Ha OCHOBe rropOlllKOBbIX ,n;aHHbIX 6bIlla HaH,n;eHa pOM6nqeCI<aH HqeHKa MllHepana. ITo­
,n;06HO I<aMapllIJ,allTY TllHTllKllT co,n;ep)I(llT rrpllMeCb cepbI (oKono 1 Mac. % S03)' 

IT03)Ke MllHepan, 6nll3KllH THHTllKHTY rro rropolllKorpaMMe, I1K-crreKTpy, TepMllqe­
CKllM xapaKTepllcTHKaM II pH,n;y ,n;pyrrrx IPll3llQeCKHX CBOHCTB, 6bIll HaH,n;eH B laBa Epyry3pc 
(Gava Bruguers) 6nll3 EapcenoHbI B I1crraHHH. 3TOT MHHepan OTnHQaeTCH OT TllHTllKllTa 
H3 TllHTHKa XHMHqeCKHM COCTaBOM, B qaCTHOCTH rrpHMecbIO BaHa,n;HH. ABTopbI Hccne­
,n;OBaHHH MHHepana ll3 raBa Epyry3pc ,n;aIOT ,n;nH Hero H,n;eanll3HpOBaHHYIO IPopMyny 
Fe~+ (P04MOH)3' 5H20 H MOHOKllHHHYIO HqeHKY C rrapaMeTpaMu: a = 13.65, b = 6.542, 
c = 12.31 A, ~ = 91.2°, V= 1099 A3,Z= 3 (Melgarejoetal., 1988). HecMoTpHHa3TllHBHbIe 
OTnHqUH OT 0pHruHanbHoro TUHTUKUTa, MHHepan U3 raBa Epyry3pc 6bIll orrHcaH rro,n; TeM 
)I(e Ha3BaHueM «THHTUKUT». 
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MUJlepan 

<f>0pMYJIa 

Cp aBlIIITeJU. H 

Compnr 

CHMMCTPHH 

I1pOCTPaHCTBcHHaH rpyrrrra 

a,A 
h. A 
c, A 
V, A3 
Z 
CIfJIbHbIC JIHHIIH pCHTrCHorpaMMbI 

rropOlIlKa: d, A - I, % 

OrrTlI'ICCKIIC xapaKIcpHCTIIKH 

I1JIOTHOCTb, r/cM3 

1BCP,llOCTb rro Moocy 

CCblJIKa 

ITOqTH o,n;HOBpeMeHHO C Hcna 
CYBa (Suwa mine) B npeIPeKTYP( 
rro,n;TBep,n;uno nepBOHaqanbHYIO et 
opurHHanbHoro THHTHKUTa U3 TI 
POlllKOBbIM peHTreHorpaIPUqeCKJI 
paMeTpaMu: a = 20.85, b = 13.51, 

Brrocne,n;cTBHH KpHCTanmrqeC 
2000) Ha OCHOBe rropOlllKOBbIX pe 
3TOM 6bIn JI3yqeH He opurUHanbH 
Epyry3pc. TaK KaK Mo,n;enb CTPYKT 
cTpyKTypHoe Mo,n;emrpoBaHue ab 

. (V04)O.3S(OH)4 . 6.7HzO (H,n;eanI11J 
pH Ha TO, QTO ,n;nH rronyqemIH rrpl 
TpHKnuHHoH (pT), paCXO)I(,n;eHIH 
,n;OBonbHO BbICOKHM (Rwp = 13.1 %: 
MeTPaMH: a = 7.965, b = 9.999, 
V = 505.1 A3. ITo rrpH3HaHHIO aB TO 
pa3yrropH,n;OqeHHOCTH B nOH CTPY 
QaCTU'IHO». 

0606maH CKa3aHHoe BhIllle, ~I 
cymecTBYIOT ,n;Ba MHHepana, Ha3bl 



Ta6JlHl.\a 2 (llpOOOJIJICeHlle) 

:22 
06 
50,830 
45,254 
22 
13 
23 
,751,815 
52,108,164 
,018,825 

Irk! 

71 
34,844,852,247 

55,347 
).4.1, 853, 508 
73, 11.3.1 
, 11.3.2 
J.2.5, 670,10.4.3,755,048 
19,953,181,862,319 
1.1.5,665,466 
1O, 11.3.4 
17 
0.0.10,765,529,12.3.3,581 
1.0.6,955,149,738,10.3.6 
1.3.0,3.0.10 
),6.2, 12.3.4 
;4,4.0.10,13.0.4,190 

THHTHKHTa ,[(ocTaTO'lHO cno)J(­
:H npoTHBOpe'lHBhl, HH)J(e MhI 

Standard Mine, Tintic, Utah, '°4, Fe(OH)3 . 3.5HzO = Fe~+ 
Hccne,[(oBaHHJI, B TOM 'lHCne 
~HnH HH,[(HBH,[(yanhHocTh THH­
I,[(a (Stringham, 1962). MHHe­
'ru:eCTBeHHO HH,[(HBH,[(aMH cy6-
,1 HMeIDT BH,[( npJIMoyronhHhlX 
iI OKono 0.1 MKM. I-13-3a OTCYT­
Ie,[(OBaHHJI He 6hWH BhIIIonHe­
reCKaJI JI'lellKa MHHepana. ITo­
WO 1 Mac. % S03)' 
MMe, HK-cneI<Tpy, TepMH'le-
6hW Hall'[(eH B faBa Epyry3pc 
an OTnH'laeTCJI OT THHTHKHTa 
)ID BaHa,[(HJI. ABTOphl Hccne­
lJ,eanH3HpOBaHHYID cpopMyny 
TpaMH: a = 13.65, b = 6.542, 
988). HeCMOTpJI Ha 3TH JIBHhle 
'yry3pc 6hW onHcaH no,[( TeM 

J 

Ta6JlIIl.\a 3 

CpaBIIIITeJIbllLle AallHhle AJIH KaMaplll.\aHTa If TlIHTIfKlITa 

Comparative data for kamarizaite and tinticite 

MuuepaJ1 KaMapUl(al!T TnUTIIKIIT pOM6l!QeCKIIJI 
---------+----------------------1-------~----------

<!>opMYJla 

CIIMMeT]JlIJ! 

ITpocT]JaHCTBeHHaJ! rpy"na 

a,A 
b. A 
c, A 
V, A3 
Z 
CIIJlbHblC JlllHlI1I pCHTrCHorpaMMbI 

I10pOllIKa: d, A - I, % 

OilTH'IeCKIIC xapaKTepHCTIIKII 

ITJlOTHOCTb, r/cM3 

TBepJlOCTb no Mooey 

CCbJJJKa 

Fcj+(As04)z(OH)J. 3HzO 
POM611'ICCKHH 

PCCIIl. Peez, Pelllm, PCI112jIIJlII Pe2m 

21.32 
13.666 
15.80 

4603 
16 

6.84-27 
6.61-37 
6.25-16 
5.85-52 

3.947-100 
3.396-37 
3.332-60 
3.245-34 
3.085-58 
3.036-51 

,[(BYOCHbIH (+); 

Ilcp = 1.83 
3.12 (BbI'IIICJleHHaJ!) 

3.16 (1I3MepcHHaJ!) 

3 
,[(aHHble HacToJ!meii pa60TbI 

Fej+(P04h(OH)J.3.5HZO 
POM6JIqcCKIIH 

20.85 
13.51 
15.82 

4456 
16 

6.87-27 
6.50-20 
6.17-28 
5.78-40 
4.62-30 

3.949-100 

3.310-70 
3.185-16 
3.082-18 
3.030-15 
2.988-45 

,[(BYOCHblH (+); 
/lcp = 1.745 

2.76 (BbI'IIICJlCHHaJ!) 

2.8 (1I3MCPCHHaJI) 

2.5 
Stringham 1946,1962; 

Sakurai et aI., 1991 

IIO'lTH O,[(HOBpeMeHHO C HcnaHCKOll HaxO'[(KOll THHTHKHT 6hW 06HapY)J(eH Ha pY,[(HHKe 
CYBa (Suwa mine) B npecpeI<Type HaraHo, 5InoHHJI (Sakurai et aI., 1991). Ero H3Y'leHHe 
nO,[(TBep,[(Hno nepBOHa'lanhHYID cpopMyny Fd+ (P04)z(OH)3' 3.5HzO, YCTaHoBneHHYID ,[(ml 
OpHrImanhHOro THHTHKHTa H3 THHTHKa. KpOMe Toro, ,[(JIJI THHTHKHTa H3 5InoHHH no no­
POIlIKOBhIM peHTreHorpacpH'leCKHM ,[(aHHhIM 6hwa onpe,[(eneHa pOM6H'leCKaJI JI'lellKa C na­
paMeTpaMH: a = 20.85, b = 13.51, c = 15.82 A, V= 4456 A3, Z = 16. 

BnOCJIe,[(cTBHH KpHCTanJIH'leCKaJI CrpyKTypa THHTHKHTa 6hIna mY'IeHa (Rius et aI., 
2000) Ha OCHOBe nopOIlIKOBhIX peHTreHorpacpH'IeCKHX ,[(aHHhIX MeTO,[(OM PHTBenh,[(a. ITPH 
3TOM 6hIJI my'leH He OpHrHHanhHhIll MaTepHan, a BaHa,[(Hllco'[(ep)I<aru:Hll MHHepan H3 faBa 
Epyry3pc. TaK KaI( Mo,[(eJIh CTpyKTyphI 6hwa HeH3BecTHa, aBTophI 3TOll pa60ThI BhIIIonHHnH 
cTpyKTypHoe Mo,[(eJUlpoBaHHe ab initio, 3a,[(aB 3MnHpH'IecKYID cpOpMyJlY Fetl4 (P04 h62 
(V04)o.3sC0H)4 . 6.7H20 (H'[(eanH3HpOBaHHaJI cpopMyJIa Fe~+ (P04MOH)3 . 5H20). HecMoT­
pJI Ha TO, 'ITO ,[(JIJI nOJIY'IeHHJI npHeMJIeMOll Mo,[(eJIH npHllInOCh nOHH3HTh CHMMerpHID ,[(0 
TPHKJIHHHOll (pT), paCXO)J(,[(eHHe YTO'lHeHHOll CrpyKTyphI C 3KcnepUMeHTOM OKa3anOCh 
,[(OBonhHO BhICOKHM (Rwp = 13.1 %). B pe3YJIhTaTe YTO'lHeHUJI 6hIna Hall,[(eHa JI'lellKa C napa­
MerpaMH: a = 7.965, b = 9.999, c = 7.644 A, a = 103.94°, ~ = 115.91°, Y = 67.86°, 
V = 505.1 A3. ITo npl13HaHHID aBTopoB pa60ThI (Rius et aI., 2000), «BCne,[(CTBHe CJIO)J(HOCTH 
pa3ynOpJI,[(O'IeHHOCTH B 3TOll CrpyKType, YTO'IHeHHaJI Mo,[(enh onHChlBaeT CrpyKTypy nUllIh 
'IaCTH'lHO». 

0606ru:aJI CKa3aHHoe BhIllIe, MO)J(HO 3aI(JIID'lHTh, 'ITO, no Bcell BU,[(HMOCTU, B npHpo,[(e 
Cyru:eCTByIDT ,[(Ba MHHepaJIa, Ha3hIBaeMhIX Cell'laC THHTHKHTOM, 6nH3Kue no peHTreHorpa-
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qmqeCKlIM XapaKTepllCTlIKaM 1I cp1l311qeCKHM CBOHCTBaM, HO CymecTBeHHO pa3JIHqaromllecH 
IIO XlIMlIqeCKOMY COCTaBY, B IIepByro Oqepe.L\b no COOTHollIeHlIro Fe : P. O.L\HH MlIHepaJI, 
oT06paHHblH H3 MeCTOpmI(.L\eHUH TUHTlIK U CYBa, xapaKTepH3yeTcH 1I.L\ean1l3HpoBUHHOH 
CPOPMYJIOH Fe~+ (P04MOH)3 . 3.5H20 U, Bep05ITHO, UMeeT pOM6HqecKYro cUMMeTpHro 
(Stringham, 1962; Sakurai et aI., 1991), .L\pyroH MHHepan 1I3 raBa Epyry3pc HMeeT CPOpMyJIy 
Fe~+ (P04 )3(OH)3' 5H20 H CqlITaeTCH TPllKJIHHHblM (Rius et aI., 2000). 

I10 p5I.L\y OCHOBHblX xapaKTepHcTHK (cTexHoMeTpHH, peHTreHorpaMMa, MopcpOJIOrHH) 
KaMapH~aHT HBJIHeTCH 6JIH3KHM aHanorOM pOM6HqeCKOrO TnHTUKHTa (Ta6JI. 3). I103TOMY 
npn nH.L\H~HpOBaHnH peHTreHorpaMMMbl HaMH 6bl.TIa B3HTa 3a OCHOBY pOM6HqeCKaH HqeR­
Ka, HaH.L\eHHaH .L\JIH THHTHKHTa (Sakurai et aI., 1991). I10racaHHH YKa3bIBaroT Ha B03MO)J(­
Hble npOCTpaHCTBeHHble rpyIIIIbl Peem, Pee2, Pe11lm, Pent2 l HJIH Pe2m. YTOQHeHHble 
IIO nopOIlIKorpaMMe napaMeTpbI 3JIeMeHTapHOH HQeHKH KaMapH~aHTa: a = 21.32(1), 
b = 13.666(6), e = 15.80(1) A, V= 4603(5) A3, Z= 16. I1paBlIJIbHOCTb Bbl60pa 3JIeMeH­
TapHoH HqeHKH nO.L\TBep)J(.L\aeTCH peanHCTHQHblM 3HaQeHHeM BblQnCJIeHHOH nJIOTHOCTH, 
a TaK)J(e xopollIeH CXO.L\HMOCTbro COCTaBa, IIJIOTHOCTH 1I Cpe.L\HerO nOKa3aTeJIH IIpeJIOM­
JIeHHH no KpHTepHro rJIa.L\CToYHa-,lJ,eHJIa: 1 - (K/Kc) = -0.046 (<<Good») .L\JIH D BM,; 

1 - (K/Kc) = -0.031 (<<Excellent») .L\JIH D mM • 11cIIOJIb30BaHHe napaMeTpoB TPHKJIHHHOH 
HQeHKH npHBO.L\HT K 3Ha'lHTeJIbHoMY pacxo)J(.L\eHHro Me)J(.L\y D B"'4 1I DII3M , a TaK)J(e K nJIOXOH 
CXO.L\HMOCTH no KpHTepHro rJIa.L\CToYHa-,lJ,eHJIa. 

rOJIOTHIIHblH 06pa3e~ KaMapH~aHTa xpaHHTcH B MUHepanOrHQeCKOH KOJlJIeK~HH Tex­
HHQeCIWrO YHHBepcHTeTa rOpHOH aKa.L\eMHH r. <I>paH6epra (Mineralogical Collection of 
the Technische Universitat Bergakademie Freiberg), repMaHllH; HHBeHTapHblH HOMep 
82199. <I>parMeHT roJIOTllIIa KaMapll~aHTa IIepe.L\aH B MHHepanOrHQeCKHH MY3eH 
HM. A. E. <I>epcMaHa PAH, perllcTPa~HOHHblH HO Mep 3757/1. 
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Two rules are taken under critical consideration to choose the name for a mineral with mixcd composition: 
according to dominant constituent, and after dominant valency. Examples arc given for a trigonal carbonate and 
for tourmalinc. 
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B PYCCKOH JIHTepaType 06p 
no.L\ Ha3BaHHeM «H30MOPCPU31'vr; 
MHQeCKHe 3aMemeHlIH» (chem 
TpaI(TyeTcH O.L\HHaKOBO. 

3AMELQEHI 

06paTHMCH K .L\ByM MHHepa 
1. I1YCTb TPurOHanbHblH Ka 

Hoe XHMlIQeCKOe 3aMemeHue l\ 
MlIHepaJI no COCTaBY 6JIH)J(e K K 
Ty. TaK MHHepan H MO)J(eT 6bITI 

2. I1YCTb cpopMYJIa TyplV 
(OH)3 - HaMH B3HT IIpHMep m 
BU.L\HO, Bce XHMHQeCKHe 3aMell(( 
MaM: (a, 6, e) Mg2+ ..... Fe2+ <-+ 1\ 
B n03H~HH Y KOJIlrQeCTBeHHbl(: 
= Mno.5· I1apa (Li + AI) HBHO fl 

CJIe.L\yeT Ha3BaTb Fe-Mn-Mg-co; 
HHTa CJIe.L\yromaH H.L\eanbHaH Irl 
BUTa - NaMg3A16"" ,L\JIlIlIIepn 
MyJIbl nCIIOJIb3yroTcH B YQe6HIlI< 

TIPE 

H,z:r;m 

BblllIe MblllCIIOJIb30BaJIlI npl 
HHX Mbl npHHlIJIH XHMHQeCI(J{e ) 
Mepe :no cTporo OTBeQaeT TO.lIbl 
MHHepanaM, HOMeHKJIaType 1I J\11 

~Ha~HlI. OHO Ha3BaHO npaeUJlo.11 
tuent rule) (Hatert, Burke, 2008) 
TypMaJIUHa npoHcXO,L\lIT reTepoE 
KOMUCCHH, .L\OJI)J(HO npllMeHlITb 
(the dominant-valency rule). Cor 
PYI011l» .L\BYXBaneHTHble Mg, Fe, 1 
3bIBaroT TaJWH TypManllH lIIepno. 
3BaHlIe He no npe06JIa.L\aromeMY 
.L\OKC -- CBoHcTBa MHHepana a,LUl 
MlfHepan Ha3bIBaeTCH IIO YCJIODIl 
eCTb Han66JIblIIee H3 Bcex. 

OIIpe.L\eJIHM KpllTHQeCKHH co 
no npaBHJIy .L\OMHHlIpyromeH BaJI 
ero MHHepana HaXO.L\HTcH Kan 
D(II + l)+h ~ 3. KaTHOHbl BaJIeHTHOC' 
HaIIpllMep 0.6. I1YCTb 6Y.L\eT: (B 
6blTb Ha3BaH HMeHeM B, IIpll 3TO 

HBJIlIeTCH Ha60p (D1.499Bo.50IAo.500( 


