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BBeaenue

OnHo#l W3 TIaBHBIX MPoOJeM JI000M OTpaciy HAYKH SIBISETCA YIOPSIOYECHHUE 3HAHUM,
oOyeryaroriee UX 0030p, a TaKKe CHOCOOCTBYIOLIEE COXPAHEHUIO U YCIEUIHOMY ITOHCKY
uHpopManuu. MuHepanorus, 3aHUMArONIascsl NEPBUYHBIMHM SYEHKaMU OpraHu3alud KOCHOTO
BEILIECTBA, HE MCKIIOYEHUE, U HYKJAETCA KaK B aJ€KBATHOM OINUCAHUU HTHX SYEEK, TaK U B
CUCTeMAaTH3alli UX COBOKyMHocTed. [loTpeOHOCTh B 3TOM NUKTYETCS M TE€M, YTO CYIIECTBYET
3aKOHOMEPHOCTh: YeM MEHBIIIE MOPSAIKa, TEM OOJbIlIe MPOU3BOJA, OIMIMOOK, HEJOpPA3yMEHHH,
CHOpPOB. 3aHUMAsCh COBEPIICHCTBOBAHUEM KJacCHU(PHUKAUN B OTIENbHBIX TIpylnax, Ha Hall
B3TJISI/1, HENMB3sl PACCUMTHIBATH HA YCIEX B JIeJie YIOPSAOYSHHUS HHPOpPMAIIUH 000 BCEM TOM, YTO
OTHOCHUTCS K 00BEKTaM MHUHEPAJIOTHH. DTO CKOPEE OTOJIBUTAET pelieHue 3a0aiu 8 YeloM.

MuHnepanbl — XUMHYECKHE COCIUHEHHUS TMEPEMEHHOI0 COCTaBa, UMEIOIUE CTPYKTYPY, Kak
MPAKTUYECKH UEaTbHO COOTBETCTBYIOIIYIO CTPOTMM 3aKOHaM KpHcTauiorpaduu, Tak U
UCKOKCHHYI0O BHEUIHUMH, a TakKKe BHYTPEHHUMH HANPSHKCHHUSIMH, ¥  TMPUCYTCTBUEM
BCEBO3MOXKHBIX Je(PEKTOB, BIUIOTh N0 amopduzauuu. CBepx TOro, oOHapyX eHbl CTPYKTYpHBIE
MOTHBBI, HE COOTBETCTBYIONINE KJIACCHUECKUM ITATIOHAM KPUCTAJUTMUECKOHN PElIeTKU: TpyOUuaThie,
CIUpajeBUAHbIC, BOJHHUCTHIE, MapooOpa3Hbie. CyIIecTBYeT >KHUIKHE MHUHEpadbl — PTYyTh U
amayibramsl. BeiieneHsl MUHEpaouabl. .. Ha ceroiHAIIHMN 1eHb, TI0 TMYHOMY COOOIIEHHUO Pod.
C.B. KpuBoBudeBa, eduHoti CHCTEMATHKH KPUCTALTUYECKUX CTPYKTYP HE CYIIECTBYET, MPSIMbIC
yKa3aHUsi Ha 3TO B JIMTEpAaType Ham HEU3BeCTHbl. OTCYTCTBHE €AMHON KPUCTAIOXUMHUYECKOM
KJIacCU(pUKALUU MUHEPAJIOB SIBJISIETCS OCHOBHOW MPUYMUHOI TOTO, YTO HE TEPSAIONINE CO BpEMEHEM
CBOCH IIEHHOCTH CBEIIEHUS O COCTaBe KOHKPETHBIX MHUHEPAJIOB, 00 MX KPUCTAITIOXUMHUYECKHUX
dbopMynax WIM UHBIX OCOOEHHOCTSAX, HE MOoMajas B CUCTEMY COXpaHEHHs], Yepe3 HECKOJIbKO JIeT
nocJie MyOJIUKAIIMKA CTAHOBSITCS MPAKTUYECKH HEUCIONB3YEMBbIMU. B 4acTHOCTH, 3TO CHEPKUBACT
HAXOXJICHHE TOWCKOBBIX KPHUTEPUEB, OCHOBBIBAIOIIMXCS Ha CBA3SIX MEXKIY OCOOCHHOCTSIMU
COCTaBOB MUHEPAJIOB U TUIIAMH OPYJECHEHUS.

B 1O xe Bpems, mpu Bcel BaXXHOCTH CTPYKTYpbI Ui HACHTU(UKAIMN MUHEPAIHLHOTO
oObekTa, OHa sBhseTcs BTOpUYHOW. CyIeCTBOBaHME MHHEPAJIOB B TMEPBYID OYepelb
OTIpeIeNIAeTCS XUMHUYECKHUM COCTAaBOM KaK CMPOUMENbHbIM MAmMepuaiom OJisl 803HUKHOBEHUS
10601 KOHKpemHuot cmpykmypul. EcIum HET slieMeHTa B KOHIICHTPALUH, «00CMAMOYHOU» 6
OAHHBIX YCI0BUAX 0ABIEHUSA U meMnepamypbl, HET BO3MOXKHOCTH JIJ1s1 BOSHUKHOBEHHS] MHUHEpala, B
KOTOPOM OH UTPAET 3HAUYUMYIO JIJIsl €T0 CTPOCHUS POJIb.

AOGCOTIOTHO YHCTBIX BEIIECTB, COOTBETCTBYIOIIMX TEOPETHUECKUM XUMHUYECKUM (popmysam
C IEJIOYUCTICHHBIMU KOA(PPUIIMEHTAMH, HE CYIIECTBYET, TO €CTh COCTaB BEIIECTBA BCETIa, B TOU
WM WHOM Mepe OTIMYAeTCS OT €ro OMHCaHUs B BUJE HACATbHOW XUMHUYECKOH ¢opmynsl. C
JIPYTOi CTOPOHBI, OTOOpakeHHWE COCTaBa MUHEPAJIOB B BHJIE 0OJIEe MPOCTHIX — TEOPETHUCCKUX —
dbopmys gacTo ObIBaCT HEOOXOIUMO TSI PA3HBIX 3a7a4.

Bapuamuum XUMHYECKOro COCTaBa peajbHBIX MHHEPAJIOB, OOYCIOBIEHHBIC IIMPOKUMU
npenenaMu  u3oMopdu3Ma  CclaralolmMxX = MX OJE€MEHTOB, MPUBOASAT K  HEOOXOIUMOCTHU
pa3pabarbIBaTh KPUTEPUH BBIICICHUS MHHEPATHHBIX BUIOB, HJIM MUHEPAIILHBIX Pa3HOBUHOCTEH,
000CHOBaHHUS NPOBEICHUS TPAaHUIl MEXKIYy HUMH. BO3HUKAeT BOMpoc: A0 KaKOro MOMEHTa JOmo
pasziuuue eile He 3HAYUMO M ¢ Kakoro (JHO CTaHOBHUTCS TOBOJAOM JMJi BBIJCJICHUS HOBOTO
MUHEpaja 1 MOosABIIeHUsI HOBOro Ha3BaHMs. C JaBHUX BpeMeEH U /10 OCIEAHUX JIET B MUHEPAJIOTUN
UAeT AWCKycCUs MO Bompocam: UTo Takoe MuHepan? UTto HYXHO, 4TOOBI MpHU3HATH MUHEpA
HOBbIM? HyXHO M BBIIENATH TaKylO-TO pasHOBHAHOCTH? Kak kimaccuduimpoBarh MHHEPAIBI
takoi-to rpynmbsl? ([puropees, 1992; Bulakh, Zussmann, 1994; Hukens, 1995; Bbymax, 1999;
2008). Jlnsa pemieHus: 3TUX M MOJOOHBIX BOMPOCOB MOCTOSHHO Pa0OTAIOT KOMHUCCHHU TIO0 OOIIHUM
BOIIPOCAM U IO OTJIEIbHBIM I'PYyNIIaM MUHEPAJIOB.

JI71s IBYXKOMIIOHEHTHBIX U30MOP(MHBIX cMecel IPpaHUIly MEXy MUHEPaIbHBIMU BUAAMHU J10
HEJaBHETO BpEeMEHU ObUIO MPUSATO MPOBOAUTH MO «mpaBuiy 50%) HaXO0XKIEHUS aTOMOB B OJHOU
ctpyktypHoit mo3unuu (Hukens, 1992; Hukens, ['paiic, 1999). [To3aguee oHO ObUTO 0000I1ICHO 1
NOJy4YHJI0o Ha3BaHue: «mpasuio 100/ny», rae N — 3To YMCI0 MUHAJTIOB



B TBepaoM pactBope (bymax, 1999, 2004; bynax u ngp., 1995; Kpusosuues, 3omnorapes, 2002).
Takum oOpa3om, 3T0 mMpaBuiIO (AKTUYECKU SIBISETCS MPUHIUIOM MaKCUMyMa — MPUHIUIIOM
BBIOOpA M3 N KOMIIOHEHTOB OJHOTO - MIEPBOTO MO BAXHOCTH. Mcmonp30BaHuE 3TOTO MpaBUiia HE
IPUBEJIO K COKpPAIIEHUIO OBICTPO HApacTaloOlIEro KOJMYECTBA «HOBBIX» MUHEPAJIOB, OTJIMYUS
(UBUKO-XMMHYECKUX CBOWCTB KOTOPBIX OT «CTAPBIX» MOPON OKA3bIBAIOTCS HMCUE3AIOINee MAaIb.
[TpoucxoauT siBHas 1eBajIbBalUs IEHHOCTH OTKPBITHS HOBOTO MUHEpAJIa.

C Hayana CTaHOBIICHUSI MHHEPAIOTHH KaK HAyKH BCE CIIPABOYHBIC U3/IaHUS CO CBEJICHUSIMU O
MUHepajgax ObLIM COCTaBJIECHBI JIMOO MO andaBUTHOMY NPUHLHUIY YHOPSIOYEHHUS MX Ha3BaHUU,
7100 HAa OCHOBAaHWM MPUHSTHIX aBTOPAMH KIAaCCH(PUKAIMOHHBIX TaKCOHOB (KJIAcC, TPYIINA, BU),
BBIJICJICHHBIX HA OCHOBE XMMHUYECKOTO COCTaBa U CTPYKTYPHBIX MPU3HAKOB. B MUHepanornueckux
cioBapsax (Murtuemt, 1982; IlItpro6ens, [lummep, 1987; Fleischer, Mandarino, 1995; Mandarino,
1999; Cemenos, 2002; KpuBoBuues, 2006) HazBaHHS MHHEPAJIOB TPATUIIMOHHO PACIIOJIaralOTCs
no andaBUTaM ECTECTBEHHBIX SI3BIKOB. HeKoTOphle CIpaBOYHUKH, Kpome anaBUTHBIX
yKazareie, coiepaT TakKe CIUCKA MHHEPAJIOB, CrPYNIHPOBAaHHBIX [0 HEKOTOPBIM
KOHCTUTYIIMOHHBIM d3JIeMEeHTaMm, Hampumep, MuHepansl Ag, Mn, Cr u t.n. (WtpyHn, 1962;
Munepansl, T. I-V u gpyrue). [lo cxogHOoMy mpuHIMMY B HacTosiiee Bpems B MHTepHeTe mis
CYIIECTBYIOIUX 0a3 [aHHBIX CO3JaHAa TIOMCKOBas CHUCTEMa, Te UIASHTU(UKALMS MHUHEpala
MPOBOAMUTCA MO TMEPEYHI0 XMMHUYECKUX 3JIEMEHTOB, BXOJSAIIUX B €ro COCTaB, BBOJUMOMY B
npousBosibHOM nopsiake (http://www.mindat.org). Ipu 3ToM HeonpeaeIeHHOCTh UACHTU(DHKAIIMN
MHUHEpaja 4acTo OKa3bIBaeTCs OOJIBIIION — HEpEeKO Ha 3anpoc Beinaercs 10 u 6osiee Ha3BaHUIM.

Curyanusi ycyryOmsieTcsi OTCYTCTBHEM paIllMOHAIBLHOW HOMEHKJIATYphl. B pa3Hble TOJBI
ObUTM BBICKA3aHbI HEOAHOKpaTHBIC mpemiokenus mo ee Beeaenuto (Nickel, Mandarino, 1987,
[IpaBuna..., 1989; Hukens, ['paiic, 1999; bynax, 2004, 2008; Bayliss et al., 2005; SpomieBckwuii,
barnacapos, 2007; Bypke, 2008), HO OHU TOBOJBHO PEAKO MOAIECPKUBAIOTCS MUHEPATIOTUYECKUM
coobOmecTBoM. Pa3paboTaHHble paHee paguKaldbHbIe TMPEAJIOKEHUS IO €€ BBEICHUIO
(IToBapennsix, 1966) Takke He OBUIM MPUHATH MHUHEPAIOTHYECKUM CO0OIEecTBOM. MOXXKHO
CKa3aTh, YTO POMAHTHYECKOE HAYajlo B TEOJIOTMH MpeobiafaeT Haa IeIecO00pa3HOCTHIO.
Ha3Banusi, naBaemble MUHEpallaM, JIUIIb B PEIKUX CIydasX SBISAIOTCS PAalMOHAIBHBIMU, TO €CTh
KaK-TO CBS3aHHBIMHU C CYTHIO HA3bIBAEMOTO. B 3TOM mMpOSBISIETCS WUTHOPUPOBAHHE «OPUTBHI
Oxkkamay», a UMEeHHO, chopmynupoBanHoro emie B XIV B. npuHIHNa «HE COTBOPATH CYIIHOCTEH
CBEpX HEOOXOIUMOCTHY, Kak 3anpera Ha yasoenue 3Hanus (“Frustra fit per plura quod potest fieri
per pauciora”). DTo ke JielaeT MHHEPATOTHYECKYI0 TEPMHUHOJIOTHIO CaKpaIbHOU, KOTOPYIO MOYKHO
3alIOMHUTh W YCBOWTH JHIIb B pe3yabTaTe IUTEIBHOTO TEPUONA YYCHUS M 3ayUHBAHMSL.
OnHOBpEMEHHO, 3TO TMOAJIEPKUBAET COXPAHEHUE TPYTHONPEOIOIMMBIX TPAHUI] MEXAY
CMEKHBIMU T€0JIOTUYECKUMHU HAyKaMH.

KakoBbl Ob1 HH ObLTH COJEpKaTENbHbIE, LIeJIEBbIe KilacCu(UKAIlM MUHEPAJIOB, 3HAHUS O HUX
JKEJIaTenbHO HMMETh B (HOpPMAaIbHO YIOPSJOUYEHHOM BHUJIE, BHE 3aBHUCHUMOCTH OT TEKYIIUX
JUCKYCCHM O TpaBWJIaX HW300paKeHHs KPUCTAUIOXMMHYECKMX M HMHBIX (opmyn, o
[EJIeCO00Pa3HOCTH BBIACICHUS TEX WJIM MHBIX PAa3HOBUIAHOCTEH. DTy 3a/lady ynajaoch PEIIUTh,
ONMHpasiCh Ha TO, YTO MPHU BCEM PAa3HOOOpAa3UHM MHHEPATIOB M UX «CMecei» — TOPHBIX MOpOJ,
[Ipupoma B 1eNOM MOXKET paccMaTpuBaThCA KaK COBOKYIMHOCTh aTOMOB. JTO OMpEIeNsieT
noTpeOHOCT, B EnuHON cucreMe ymopsaodeHus XUMHUYECKOd wuH(popManuum 000 Bcex
reoJlornyeckux ooObekrax. Takas cucrema Obla pa3zpaboTaHa, W B IpeylaraéMoil KHUIe OHa
UCIIONIb30BaHA JUJIsl TNPUBEACHHUS B €AMHOOOpa3HBIM MOPAJOK XUMHUYECKHX COCTaBOB BCEX
W3BECTHBIX HA CETOIHSIIHUN IEHb MUHEPAJIOB.

['maBHas 1e71b, KOTOPYIO IpECceIoBalIM aBTOPhI: 0OJierueHue UIeHTU(UKALUN MHUHEpPAIOB
M0 MX XUMHUYECKOMY cocTaBy. Kpome TOro, aBTOpHI HAJCIOTCS HA TO, YTO KCIIOJH30BaHHAs B
KHUT€ CHCTEMa YIMOPAJOYEHHUS XMMHUYECKHX COCTaBOB BCEX MHMHEpANOB OYIET COAEHCTBOBATh
COBEPIIICHCTBOBAHUIO HOMEHKIIATYpBI, @ TAK)KE BBISIBICHHUIO HOBBIX CTOPOH B COOTHOIICHHSIX
XUMHYECKOI'0 COCTaBa MUHEPAJIOB CO CTPYKTYPOIl U HHBIMH UX CBOMCTBAMHU.



T'naBa 1.0T06pa>lcelme XHMHYECKHUX COCTABOB MUHEPAJIOB B BUAEC PAHI'OBBIX

¢bopmy
M MX YIIOpsii0Y€eHHE.

B 1971 r. Obu1 ipeiokeH nHGOPMAIMOHHBIH 361Kk RHA, cOCTaBHBIME YacTSIMH KOTOPOTO SIBJISIOTCS
TPH MapaMeTpa XHMHIECKOT0 cocTaBa JJro0oro oobekTa. OMMH TUCKPETHRIN — panroBas dopmyna (R) u aBa
HENPEePHIBHBIX — WHPOPMAMOHHAs SHTponusl H — Mepa CIOKHOCTH cocTaBa M aHdHTponust 4 — mepa
guctoThl coctaBa (Ilerpos, 1971, 2001, 2007). IlocnegHue nBEe XapaKTEPUCTHKU OBUIM BBEIACHBI IS
OIIEHKW KOJINYECTBEHHBIX COOTHOIIEHH, COOTBETCTBEHHO, TJIABHBIX M TPUMECHBIX KOMIIOHEHTOB B
COCTaBE U HMCIOJB3YIOTCS MPH PELICHUH BOINPOCOB I€HE3MCa MUHEPAIOB M TOpHBIX mopon. [Ipu pemenun
KJIacCU(UKAIIMOHHBIX 3a/1a4 BXKHEHILINM SBJISICTCS TIEPBBII apaMeTp.

Pancosass ¢opmyna XUMHYECKOTO cocTaBa MHUHEpala — 3TO HOCAEO08AMENbHOCb CUMBONLO08
XUMUYECKUX DIIeMEHINO08, PACNONONCEHHBIX 8 HOPAOKE CHUICEHUSL UX AMOMHBIX COOEPIICAHUL 8 20 cocmase.
Takum obpasom, B ormnuume or npunimna 100/n (puc. 1.a), 31eCh HCHONB3YETCS NpUHYuUn peumuned,
pe3yabTaTOM YEro CTAHOBUTCS YCTAHOBIIEHHUE COOTHOILIECHUM MEXIy 6cemu KOMIIOHEHTaMU COCTaBa. JDTOT
noJxol 00ecIeYrBaeT CBSI3b MEXKJYy BEITHMUYMHAMH CTEXHOMETPHUYECKHX KOA(POUIMEHTOB B XUMHUECKOU
(dhopMyne u MOC/IeAoBaTEIbHOCTEIO JIEMEHTOB B PAHIOBOH (hopMysie. ATOMHBIE COAEPKAHMS IIIEMEHTOB,
MMCIOIIUX pa3HbIe BAJICHTHOCTH W/WIIM 3aHAUMAIOIINX PAa3HBIE MOJIOKEHUS B CTPYKTYPE, CYMMHUPYIOTCSL.

l'eomerpuyecku — paHrosasi GopMyiia TPEXKOMIIOHEHTHOTO COCTaBa — MMS CEKTOpa B TPEYTOJBHOM
quarpamme, orpaHmdeHHoro wMeamaHamu  (puc. 1.0). CooTBeTCTBeHHO, paHroBas Qopmyia
YEeTHIPEXKOMIIOHEHTHOTO COCTaBa — MUMsI CEKTOpA B MPABHJIBHOM TETpa’Ipe, Pa3leleHHOM MEAMAHHBIMU
TUTOCKOCTSIMH (pHC. 2), U TaK Aajiee — 0 AUarpaMMsbl JTI000H pa3MEPHOCTH U JIJIHBI PAHTOBOU (POPMYJIBL.
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Puc. 1. Unenenne TpeXKOMIIOHEHTHOMH AMarpaMMbl cOCTaBoB: a) 1o npuHuuny 100/n; 6) To ke — mo metoay RHA.
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Puc. 2. Pa3zBepTka TeTpasipa, 0TOOPaXKAIOIIET0 YeTHIPEXKOMIIOHEHTHYIO Auarpammy coctaBa ABCD. Tpoiiku nepBbix
OYKB — paHroBbIe (POPMYJIBI TPEXKOMIIOHCHTHBIX IHArpaMM — IUIOCKOCTEH MOBEPXHOCTH Terpadapa. llomHas —
yeThIpexOyKBeHHAs paHToBast popMylia OTHOCUTCS K COCTaBaM B 00beMe TeTpaspa.



Boob1ie, ynopsimoueHrue 0OBEKTOB MO KaKOMY—TO 3aKOHY, OyJb TO MO BO3PACTaHUIO WIU
CHI)KCHMIO MHTEHCUBHOCTH CBOMCTBa — OOBIUHEHIIAs Mpoleaypa B pasHbIX cdepax MHTEPECOB
NEeSTENIbHOCTH 4YenoBeka. IlepeOpachiBas MOCTHK K COCTaBY KPHCTAJUIOB MHHEPATIOB, MOXHO
HAallOMHUTb, YTO COCTaB (OPMHUPYETCS B YCIOBHSIX KOHKYPEHIIMHM 3a MecTa NpPUJIOKEHUs Ha
noBepxHocTh kpuctamwioB ([lerpos, 1970). Ilpu 3ToM Bexaymumu (akTopaMud B 3TOM IpoIiecce
oTOOpa SBIAETCS MPOYHOCTH CBSI3U aTOMa C TOBEPXHOCTHIO TPaHM M KOHIIEHTpAIMs YacTHUIl
KOMIIOHEHTa B cpezie. HeT komnmoHeHTa — HeT KpucTauia.

CHUMBOJ «=» MEXIY COCEIHUMH 3JIEMEHTaMHU B paHTOBOI (hopMylie 03HA4YaeT, YTO pazIuuus
MEXIy UX COACPNKAHUSIMH B aT. % COCTaBISIOT HE Oonee 15 omHnocumenvhbix IPOLIEHTOB, TO €CTh
Cn/Cpna1<l1.15, rne C, comepkaHue 3j1eMeHTa B N—HOM paHre.. B ciydae paBeHCTBa coJepKaHH
DJIEMEHTOB, B paHTOBOM (QopMmyne OHHM pacloNaraloTCs IO TMOPSJAKY WX HOMEPOB B
[Tepunonnueckoii TabIuIE.

Onucanne XMMHUYECKUX COCTABOB B BHUJIE PAHTOBBIX (DOPMYIT OTKPBIBACT MPUHIMITHAILHO
HOBBIE BO3MOKHOCTH ISl YIOPSJOUYEHHOTO PACIIOIOKEHUSI CaMUX PAHTOBBIX (OPMYJ B TpymIax
mroboro pasmepa. Jliist aToro panrosasi GopMylia pacCMaTPUBACTCS KaK «CJIOBO», HO «OYKBaMU» B
9TOM CIlydae CTAHOBSATCS CHMBOJIBI XUMHUYECKHX 3jeMeHTOB. Takum obpasom, B cioe “OMQSi”
tpu OykBel: “O”, “MQ@”u “Si”. Jlns ymnopsaoYvMBaHHUsS TaKHX «CIIOBY» HEOOXOIUM OCOOBIi
«andaBuT» Kak oOUIENPUHATAs U HEU3MEHseMasi BO BPEMEHH IOCJIEI0BATEIbHOCTh CUMBOJIOB. B
KauecTBe Takoro «audasuray ObUIA MPUHATA IMOCIEIOBATENFHOCTh CHMBOJIOB XUMHYECKHX
anemMeHTOB B I[lepmommueckoid Tabnuie dSaeMeHTOB. [IpuMep HCHONB30BaHUS  TaKOTO
YIOPSA0YCHHS PAHTOBBIX (hOpMYI MoKa3aH B Tadi. 1. [lociemoBaTenbHOCTH HOMEPOB JIEMEHTOB,
HaxXOoJAIIMecs B TabJIMIe CIIpaBa COOTBETCTBYIOT PAHTOBBIM (DOpMYJIaM MUHEPAJIOB, HAXOASIIHECS
B Tabnuie cieBa. B mpaBoit yactu TaOIMIBI BUIHO, YTO B MpeAenax MEXIy TOpU30HTATbHBIMU
JUHUSAMH — pa3JeIuTeNIIMA — HOMEpa IO BEpPTUKAIU BO3pacTaioT. Pa3znenurteny BBIABISAIOT
UEPAPXHUECKYIO CTPYKTYPY BOSHHUKAIOIIEH Ki1accu(UKAIT XUMUYECKIX COCTABOB MUHEPAJIOB.

Tabmuua 1. Panrossie popMyIbl XUMUYECKHX COCTABOB HEKOTOPHIX MHUHEPAJIOB U MX
yIOpsI0YeHHUE IO HOMEpaM 3J1eMeHTOB B [leproanueckoii Tabnuie.

1 2 3 4 5 6 7 Mineral Formula 1 2 3 4 5 6 7
H O B Na Borax Na,B,0s(OH),-8(H,0) 1 8 5 11

O H Mg Si Chrysotile Mg;Si,0s(OH), 8 1 12 14

O C Mg=Ca Dolomite CaMg(CO3), 8§ 6 1220

O C= Ca Calcite CaCO; 8 6 20

O C= Fe Siderite Fe' 'CO; 8 6 26

O Na Al= Si S Nosean NagAlsSig0,4(SOy) 8 11 13 14 16

O Mg Si Forsterite Mg,SiO, 8 12 14

O Mg=Si H= F= Al= K [Phlogopite |KMg;AlSi;O,,F(OH) 8 12 14 1 9 13 19
O Al Mg Spinel MgAl, O, 8 13 12

O A=Si H K F Muscovite  [KALSi;0,4(OH), sFy 5 8§ 13 14 1 19 9
O Al=Si Na K Nepheline  |Nay 75K 25sAI(SiOy) 8§ 13 14 11 19

O A= Si Ca Anorthite CaAl,Si,0q 8§ 13 14 20

O Si Quartz Si0, 8 14

O Si  Na= Al Albite NaAlSi;Og 8 14 11 13

O Si Mg=Ca Diopside CaMgSi,04 8 14 12 20

O Si Al= K Leucite KAISi, Oy 8 14 13 19

0O Si Al= K Orthoclase  [KAISi;Og 8 14 13 19

O S= Ba Barite BaSO, 8 16 56

O Ca P H F Apatite Cas(PO,);(OH,F,Cl) 8 20 15 1 9 17
O Ti= Fe [lmenite Fe' TiO; 8§ 22 26

O Cr Fe Chromite Fe' Cr,0, 8 24 26

O Fe Hematite Fe,0, g8 26

F Ca Fluorite CaF, 9 20

Na= Cl Halite NaCl 1 17




Kak Obw1o cKazaHo BbIIIE, YHOPSJAOYEHUE MPO(PECCHOHANBHBIX ONMUCAHUNA OO0BEKTOB
MPAKTUYECKH BCET/Ia MPOU3BOIUTCS MO ajipaBUTaM €CTECTBEHHBIX S3BbIKOB. Takoe yropsiioueHue
B MPUHIIMIIE TAET BO3MOXXHOCTh HAHUTH TOJBKO CXOJHO HamucaHHoe. VICTOKM 3TOTO OrpaHUYeHUs
MPOUCTEKAIOT U3 OTCYTCTBUS CMBICIIA Y OTJENIbHBIX OYKB HAaIlMOHAJIBHBIX apaBUTOB. B 0OBIUHBIX
a1(haBUTHBIX CIIOBapsAX 3TO OOYCIOBIMBACT HAXOXKICHHE MOOJIM30CTH CJIOB, MMEIOMMX oO1iee
Ha4yaJl0 TpPU OTCYTCTBHUU o0Omero cmeicia. Eciam  B3saTh  opdorpaduueckuii  cioBapp H
COCPEIOTOYNTh BHUMAHHUE Ha TPEX MEPBBIX OYKBaxX, MbI, HAPUMED, MMOJIYIHM TPYIITY CJIOB: Kapa,
KapaBaH, Kapamenb, KapaT, KapOuja, kapOoHaT, Kape, KapiuK, KapMmaH, KapHHU3, KapcT, Kapra,
KapTellb, KapToH, kaprodenb. Kak BUIUM, UX HE CBSA3BIBAET HHYETO, KPOME CXOJCTBAa PHCYHKA
HayaJia CJIOB, JIayke, KOT/1a OOIIHOCTh €r0 BO3PACTAET JI0 YEThIpeX 00muX OYKB.

PaccMoTpuM ymopsiio4eHHYIO0 MO JIEKCHUKOTpahu4ecKoMy HPUHIMITY, HO MO XUMUUECKOMY
angpasumy, rpymmy: OSiAINa, OSiAIMg, OSIAIK, OSiAICa, OSiAlFe. 3necs CUMBOJIBI, a TeEM
OoJsiee MX coyeTaHHs HecyT Ooratoe copepikanue, a uMeHHO: OSIAl... — 3T0 Hayano paHTrOBBIX
dbopMyn OOIIMPHOI TPYIIBI aTIOMOCHIMKATHBIX MOPOJ U, OJHOBPEMEHHO, TPYIIIbI, B KOTOPOI
103 monvko anOMOCHIMKATHBIX MUHEPAJIOB. AHAIOTUYHBIN NpUMEp BBLICICHUS COCTaBOB TPEX
Pa3HOBHIHOCTEH CIIOM W3 TPYIIBI MYCKOBHTOB mpuBeaeH B yueOHmke (Bymax u ap., 2008).
Takum 00pa3oM, MpH YHOPSIOYEHHUH COBOKYIHOCTEH paHTOBBIX (OPMYNIT IO XUMHUYECKOMY
andaBUTy, CUMBOJIBI KOTOPOTO HAINOJHEHBI CMBICIIOM, BO3HUKAem Klaccuukayus, 8 KOmopou
OusKue cocmasvl asmomamudecku pacnoaazaiomces psoom. (Ilerpos, 1971, 2001, 2007; ITetpos,
®dapadonona, 2005; [Terpor, KpacHora, 2007).

Taxum 006pa3oM OpraHu30BaHHAsI CHCTEMa — KIACCU(DUKAIHS SABISCTCA:

1) yuueepcanvhol, max Kaxk no380asem YNopsaooyu8amsv XUMUYecKue Ccocmasvl a00bIX
2e0102UYecKUx 00beKmos, U mem CambiM CHUMAEMcs npobiema epanuy MUHepaiocul ¢ Opyeumu
obnacmamu 3HaHusL,

2) uepapxuueckoil, NOCKOAbKY Kaxcods paneo6as ¢hopmyna OauHow N 4ieH08 6X00um 6
OOHY-eOUHCMBEHHYIO PAH208YI0 (opmyny OauHou N-1 YieHos, uiu, ymo mo dice, 8 maKcoH Ooiee
8bICOKO20 UEPAPXUUECKO20 YPOGHS,

3) nepuoouueckoil, 6creocmsue UCNONb308AHUA 8 Kadecmee anghasuma UMEHHO
Ilepuoouueckoii cucmemvr s1emenmos. CXoOHvle cOCmasbl pacnonazaromcs pynnamu, mMexncoy
KOMOPbIMU HAX0O0AMCA OMAULAIOUWUECS. OM HUX OoJlee UlU MeHee CUTbHO,

4) camoopeanuzyrowetics, U TOTOMY TIPH €€ MOTIOJIHEHUH HEe TpeOyeTcs MPUHUMATh HUKAKHX
CHEIHANIbHBIX pPellIeHu, TakKe KaK U MpH 100aBIEHUH CJIOB B OOBIYHBIN CII0BAPb.

Kak nsiToe cBOWCTBO CUCTEMBI OTMETHM CMAMUCMUYEcKoe 803pacmanue cpeoHux amomMHbix
macc seujecms om Ha4ana Kiaccuurayuu K ee Konyy.

B pabote (IlerpoB 2009) oOcyxIeHBbl CXOACTBAa M pa3nuuus Mexnay cucremoir RHA —
OMMCAHUA XUMHYECKHX cocmasos — U llepruogudeckoil CHUCTEMONW XUMHUYECKHUX 371eMEHMO8.
[lokazaHo, 4YTO HOBas CHUCTEMa OINUCAHUS W YHOPSJAOYEHHUS COCTAaBOB TECHO CBsi3aHA C
001Ien3BECTHOM cHCTEMOM 0003HAYEHUSI U YIIOPSA0UCHHUSI SJIEMEHTOB, SIBJISISICh €€ Pa3BUTHEM.

Pa3paboTka nporpammsl a5 paboThl ¢ MHGOpMAIIMOHHBIM s36IKOM RHA Obl1a Hayata B 70-x
rogax A.A. Kumsemem. B 2000 r. ma Gase mnbopMmarmoHHOro s3bika-meronma RHA C.B.
MoukuHbIM OblJIa CO3/laHa OpUTHMHANIbHAs KoMmmbioTepHas nporpamma PETROS (Momkus u ap.,
2000, 2003). Ha ocHOBe MeTOJa M C MOMOIIBIO 3TOM IPOrPaMMBbI BBITIOJIHEHA CHCTEMAaTH3aIUs
PpeanbHbIX COCTAaBOB MUHEPAJIOB, CpeAM HUX: TypManuHbl (AHapusHen-byiiko u ap., 2007; Byiiko
u ap. 2007), rpanarel (KpacHoBa m gap., 2008a), cmronpbl, (KpacuoBa u ap., 2005, 20086),
ckarmouthl (Ilerpos, 3omotapes, 2000; 3omorapeB u ap., 2003), »sauanutel (bynax, [lerpos,
2003; Bulakh, Petrov, 2004), a takxke ropubix mopof (ITerpos, Kpacuosa, 2006; Krasnova et al.,
2003, 2004, 2009). Yactp wmarepuasioB jgoctynHa B MuTepHere mo  aapecy:
http://www.geology.pu.ru/ nanee B paznene «Hayunas pabora» — Merog RHA.



http://www.geology.pu.ru/%20далее%20в%20разделе

I'nasa 2.
Onucanue cja0Baps — KaraJjora.

[Ipu cocTaBnenuu ciaoBapsi-KaTanora OblUTH UCHOIb30BaHbl KPUCTANIOXUMUYECKUE (OPMYJIBI
MUHEPAJIOB, MPUBEACHHBIE B MuHepanorudecknx 6a3ax nanueix (bJl) mo ampecam B MHTEpHETE:
http://www.webmineral.com/ u http://www.mindat.org/.

[lpy HanWuuu KPHUCTAUIOXMMHYECKON (opMmynbl paHroBas ¢GopMyna TONydaeTcs B
pe3ynbTare yrnopsIoueHUs XUMHUECKHUX DJIEMEHTOB IO YOBIBAHUIO CYMM HX KO3(QQPHUIIMEHTOB B
3TOM (hopMyIlie, KaKk CKa3aHO BHIIIE, HE3aBUCUMO OT X BaJICHTHOCTH M CTPYKTYPHOUH TO3UIIHH.

Bce kpucmannoxumuueckue gpopmynvl, Komopvim coomeemcmayom pan2ogvle popmynvl, 8
KOJIOHKe CJLO8apsi OM@pOpMamuposanvl no 1e80My Kpaio.

Bo scex cnyuasx necoomeemcmeus paHeco8viXx GOpMYN MeopemuuecKko2o U peanrbHo2o
CcOCMaso8, NPUBOOUMCA O00HA - MeopemuyecKas KpPUCMAIIOXUMU4eckas @opmyia - U ux
Gopmamuposanue 8bINOIHEHO NO NPABOMY KPaAlo.

[losiBneHne B clioBape CTPOK C TAaKUMH HECOOTBETCTBHSIMHM BBI3BAHO CIEAYIOUIMMHU
00CTOSITENTLCTBAMH.

B mpupone ObiBaeT TpyQHO WM J1aKe HEBO3MOXKHO HAWTH MHHEPANBI, COOTBETCTBYIOIIHE
UCaTu3UPOBAHHOMY TEOPETHUECKOMY COCTaBY, YTO YCJIOXKHSET IMPOLECC UX AUarHOCTUKH. Tak,
cpeaun Oomnee 750 aHanMM30B NPUPOAHBIX MHUPONOB HAMM HE OBUIM BCTpPEUEHBI COCTAaBBHI,
oTBeyaromue teopetndeckoit popmyine MgzAl,(SiO4)3, MOCKOIBKY [T HUX BECbMa XapaKTEPHBI
pasnuuHble u3oMopdHble 3amenieHus. [loaTromy mnuponsl ¢ panroBoit ¢opmyinoir OMg=SiAl,
COOTBETCTBYIOIIME KpHUCTATIOXUMHUUeckoi ¢opmysne Pyrope (1), B coOpaHHON HaMH KOJUICKIIUU
COCTaBOB ATUX TPaHATOB OTCYTCTBYIOT, HO PaCIHpPOCTPAHEHBI COCTaBHI C PAHTOBBIMU (POpMyIamMHu
OSiMgAIFeCa — Pyrope (2), u OSiAlMgFeCa — Pyrope (3).

YuureiBass 3T0, Uit OOJBIIMHCTBA MUHEPATBHBIX BHJIOB TIEPEMEHHOTO COCTaBa OBUIH
no0aBJeHbl OT JBYX [0 MSATH PAHTOBBIX (OpPMYNT MO pe3yibTaTaM pealbHBbIX XHUMHUYECKHUX
aHanu30B. COCTaBbl ATUX MUHEPAJIOB OBLIHM B3SThI U3 U3BECTHBIX cripaBOYHUKOB (up u ap., 1965;
Munepansl, 1. [-V, 1960-2003 u np.), a uX Ha3BaHUA OMEUYCHBI U pamMu B ckoOKax. [Tockoabky
MBI HE 3aHHUMAJIMCh pacueTaMy KPUCTAJUIOXUMHUYECKUX (HOPMYII, I BCEX HUX MPUBEICHA JIUIIh
onHa dopmyna, B3dTas U3 MUHepanoruueckux OaHKOB JAHHBIX, JUIsI KOTOPOW BBIICPKUBAETCS
TOYHOE COOTBETCTBHE PAHTOBOH (popmyie.

Cpenn UCXOAHBIX MaTepUaAIOB MPUCYTCTBYIOT KPUCTAINIOXUMUYECKUE (OPMYIIBI, B KOTOPBIX
MIPH AJIEMEHTaX CTEXHMOMETpUUYECKUE KOI(DPHUIMEHTH OTCYTCTBYIOT, U 3JIEMEHTBI, HJIA X TPYIIITHI
(manpumep, OH, F) cimenyror dvepe3 3amsTeie. B 3THX ciydasx MONY4YUTh MOJIHYIO PAHTOBYIO
dopMyIy, KaKk YETKO OIpPENEIICHHYIO Hego3pacmarouyio MociaeoBaTeIbHOCTh COJCPKAHUN 6cex
3JIEMEHTOB, ObIBAa€T HEBO3MOXKHO. B 3THX cllydasx NmpuBOAMIIACH Ta YAaCTh PAHTOBOH (POpMyIbI,
JUIE KOTOPOW OBLJIO JOCTATOYHO MH(OPMALIMH, TOCIIE YeTO CTAaBMIICA 3HAK BOMPOCA — CBHUJIETENb
HEOTpeAeNIEHHOCTH MPOJOKEHUS Psia SJIEMEHTOB.

Tabnuua cnoBapsi-karanora coaep ut 4863 3anuceid, MpeACTaBIAIONUX XUMUYECKHH COCTaB
MUHEPAJIOB, UMeIoIUXCsl B MuHepanornyeckux 6a3zax JTaHHBIX.

B crnoBape BeieneHb! 4 KOJTOHKH.

B nepBoii HaxoasaTCs paHTOBBIE (OPMYIIBI, JUTMHA KX BapbupyeT oT 1 10 11 a;meMeHToB.

Bropasi KoOJOHKa 3amoJIHEHA YAacTUYHO. B HEH HaxoAsaTcs CBEACHUS O CUMMETPHH
KPHUCTAJIJIOB, HO TOJIBKO B T€X CIy4asiX, KOT/ia paHroBble (hOpMYIIbl HEPA3TUUUMBI.

B TpeTbeii puBenEeHbl Ha3BaHUSI MUHEPAJIOB HAa AHITIMHCKOM si3bIke. COIIaCHO MOCIIEIHUM
pexomermammsivy KHMHK MMA (Bypxke, 2008), Oblsia BBITIOJIHEHA KOPPEKTHPOBKA HA3BaHHH C
UCTIOJIb30BaHNEM JIe(PHCOB U JUAKPUTUYECKUX 3HAKOB.

YerBepTass  KOJOHKA  COJCPXKUT  KpHUCTaLIOXUMHUYecKHe  (GOpMylbl  MHUHEPAJIOB,
MPHUBEICHHBIC B TPAHCKPUIIMK MUHEpaniornueckux 0a3 JaHHBIX. He3HauynTenbHOE KOTUYECTBO
HanOoJiee UIMHHBIX (OPMYJI OBLIIO HAMH COKPAIIEHO B CBS3HM C THIOTPA(CKUMHU OTPaHUYCHHUSIMHU.

B ocHOBe CTPYKTyphl TEKCTa M YHMOPSAOYEHHUS 3alMCedl CIOBaps HAXOIATCS CIEAYIOIIHE
YyeTbIpe MPUHIIUIA, KPaTKO pacCMOTpPEHHbIE BO BBeneHuu.
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1) Xumudeckue >JIEMEHTHI PACCMATPUBAIOTCS BHE 3aBUCUMOCTH OT BAJEHTHOCTU U
MOJIO’KEHHUS B KPUCTAIIIMUECKOM pelIeTKe.

2) «CnoBO» XUMHYECKOrO s3blKa, HMCIOJb3yeMOE€ [JIsi OINUCAaHUSI COCTaBa, — pPaHTOBas
dopMyna — TMOCIENOBATEIBHOCTh XMMHMYECKHUX DJIEMEHTOB [0 CHW)KEHHMIO HMX aTOMHBIX
COJIepKaHUH B COCTaBE OOBEKTA.

3) Ilopsimox «cCiOB» COOTBETCTBYET NPHUHIIMILY, HPUHITOMY B aj(aBUTHBIX CIOBapsX.
CHavasia NpOM3BOAUTCS TPYNIHUPOBAHUE IO MEPBOMY CHMBOJIY U YIHOPSAIAOUYEHHE TPYII IO
HNOpSAIKY CHMBOJIOB B andasure. B pesynabTare mosydaeM pa3OueHHE BCEX CJIOB Ha CaMble
CTapuiMe TakCOHbl — Kiacchl R1. 3arem, rpynmupoBaHuE «CIIOB» BHYTpU Kaxzaoro kiacca R1
MIPOU3BOJIUTCS IO BTOPOMY CHMBOILY C TIOJTydyeHUEM Ooiee MIaAIuX TaKCOHOB — KitaccoB R2. OHu
YIIOPSA0OYMBAIOTCS TIO TOMY K€ al(aBUTy, U TaK Jajee.

4) AndaBut, MO KOTOPOMY YIOPSIOYMBAIOTCA «cloBa» — llepuogmdeckas Tabnuia
351eMeHTOB. «CII0Ba» — paHroBble (POPMYIIBI pacroyiaratloTcs B epBoii kosoHke CioBapsi.

B Tabnuue BcTpeuaroTcs rpynnbl MUHEPAIoB, UMEIOIIUE OJMHAKOBBIE PAHTOBBIE (HOPMYIIBI.
Taxkas rpynma MOXeT BKIIOYaTh MUHEPAJbl, KaK pa3InYaroIfecs Mo XUMHIeCKuM (popmyrnam, Tak
U HE pa3Iuyaroniuecs.

Ecnu rpynne ognHAKOBBIX paHTOBBIX (POPMYIT COOTBETCTBYIOT Pa3HbIC XUMHUYECKHE COCTABHI,
uACHTU(PUKAIMS TPOU3BOAUTCA IO CXOACTBY CTEXMOMETPUYECKUX KOI(PPUIMEHTOB B COCTaBe
UCCIIEIyeMOT0 MUHepaJla U B KPUCTAUIOXMMUYECKOH ¢opmyne. Tak, ajisg OTIuMuMs JeHuura u
oprokiasza (cM. Tabia. 1), UMEIOMUX OJUHAKOBBIE PAHTOBBIC (HDOPMYJIIBI, TOCTATOYHO OMPEACITUTH
cootnomrenus: Al:Si, K:Si wm Si:O.

Ecnu OJINHAKOBBIM PaHTOBBIM bopmynam COOTBETCTBYIOT OJIMHAKOBBIE
KPUCTATIOXUMHUYECKHE, TO MBI UMEEM JIEJI0 C MOTMMOPGHBIMHA Pa3HOBUIHOCTAMU MHUHepana. J{is
HUX YyKa3zaHa CHMMETpHUS, WU JJIs OIpeleieHHs MUHepala TpeOYyIoTCs ONTUYECKUEe WU
PEHTI€HOCTPYKTYpPHBIE UCCIIEI0OBAHUS.

OmnpeneneHHbll TOPSAAOK B TPYNNax MHUHEPAJIOB, MMEIOIIMX OJWHAKOBBIE pPaHTOBBIE
dopmynel, orcyrcTByeT. OH MOr OBl BO3HHKHYTH, €CIM OBl OBUIM TPUBEICHBI SHTPOIUKHBIC
xapakTepucTuku. OpHako IS 1ened uIeHTU(PUKAUKU Ha YpPOBHE TEOPETHUYECKHX (opmyrn 3TO
ObUIO COYTEHO H3IHUIIHUM, MOCKOJBbKY ONpe/ieieHne MUHepala BO3MOXHO IPU COMOCTaBICHUU
CTEXUOMETPUYECKUX KOIPPUIIMEHTOB, a Cciay4yaeB C OOJBIIMM KOJWYECTBOM OIMHAKOBBIX
paHroBbIX (HOPMYJ HE MHOTO.

[Ipumep rpymnmnsl ¢ Hepa3IMYUMBIMH PAHTOBBIMH (OpMYJIaMH MPUBEIEH B Ta0M. 2.

Tabauya 2. I'pyna MUHEPAIOB, UMEIOIINX OJUHAKOBYIO PAHTOBYIO (hOPMYITY.

MwuHepan Kpuctannoxumudeckas popmyna CTexnomeTpuyeckne KoapduLumeHTbl

(0] H Fe P
W hitmoreite Fe'"'Fe" " "5(PO4)2(OH),4(H,0) 14 10 3 2
Ferristrunzite Fe'"Fe' 5(P04):(OH);-5(H,0) 16 13 3 2
Allanpringite Fe3(PO,4), (OH);-5H,0 16 13 3 2
Santabarbaraite [Fe'" " 3(PO4):(OH);-5(H,0) 16 13 4 2
Ferrostrunzite Fe 'Fe' "3(PO4)2(OH),-6(H,0) 16 14 3 2
Metavivianite  |(Fe'5..Fe' " )(P0O4),(OH),8-x(H,0), x=0.5 16 15.5 3 2
Dufrenite Fe Fe  4(PO4);(OH)s-2(H,0) 19 9 5 3
Giniite Fe''Fe' " 4(PO4)s(OH),-2(H,0) 20 6 5 4
Beraunite Fe' 'Fe' "5(P04)s(OH)s-4(H,0) 25 13 6 4
Laubmannite  [Fe'"3Fe " 4(PO4)s(OH), > 28 12 9 4

B oroii Tabmume, s ymoOCTBa, MHHEpPAIBl YHMOPSIOYCHBI IO YHCIOBOMY BapHaHTY
JeKCUKOTrpauIecKoro nNpuHIMMa. Tak, B MepBOH KOJOHKE CTEXMOMETpUUYECKHX K03(dduiueHTon
—anemeHT O — UX 3HAYEHUS YIOPSAI0YCHBI IO Bo3pacTaHuio. Bo Bropoii (anemenT H) onun
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YIOPAI0YCHBI TAKHM XK€ 00pa3oM B IpylIe OAMHAKOBBIX 3HAUYEHUI B mepBoi (a uMeHHO, 16), u
tak gaiee. OQUHAKOBBIC MO MOJHOMY Habopy koadduimentoB Ferristrunzite u «Allanpringite»
ABTOMATUYECKHU PACIIOJIOKHIINCEH PSIIOM.

YacTh HOBBIX MHHEPAJIOB, 3asiBKH Ha KOTOPbIX ObutH mosanbl B 2008 T., BKIIOUEHA B CIIOBAPh
0e3 Ha3BaHWil, a JWIIb IOJA PETUCTPALMOHHBIMH HOMEpPaMH, YTO MOXKET OBITh JOMOJHEHO
yuraresnieM B mycroi rpade «Hassanme mmuepana» (“Name of mineral”) mocie nyGnukanuun
COOTBETCTBYIOLIEH CTAThbU B OTKPBITOM IE€YATH.

B nsnexktpoHHOM BHAE BepcHs cllOBaps-Katajora mpuBeieHa B IHTepHeTe Ha caiiTe
http://www.geology.pu.ru/ nanee B paznene «Hayunas pabora» — Metog RHA —
daitn R-Min-Catalogue-2008.rar.

T'nasa 3.
I[Hopsiiok paGoThI CO cI0BapeM M aHAJIU3 Pe3yJIbTATOB.

[Topsimoxk paboTBl CO cJOBapeM MOXXET OBITh SICEH M3 OINUCAaHHs CIOBaps, HO JUIs
OIpENIeNIEHHOCTH, ONHUIIEM ero Oojee AeranbHO. Kak cka3aHO BbIIIE, HCXOAHBIM AJISl IOCTPOEHUS
paHroBoii Qgopmynbl (IOUCKOBOrO oOpasa) sBiseTcss 1) XuMudeckuid aHamus3, aubo 2)
KpHUCTa/NIOXUMHUECKas (popmyiia.

PopMupoBaHuUE 3ampoca.

B ciyuae ecnu MCXOIHBIM SIBJISETCS XMMMUYECKUI aHAJIN3, PAHTOBYIO (OpPMYITy MOIYy4aroT
IyTEM paCIOJIOKEHUSI CHMBOJIOB XMMHYECKHUX 3JI€MEHTOB B MOpsAKE YObIBAaHMS WX aTOMHBIX
po1eHTOB. Bo BTropoMm ciryuae k03((pUIMEHTHI 3JIEMEHTOB PaHXXKUPYIOTCS IO YOBIBAaHUIO, IPHYEM
JUISL DJIEMEHTA, HaXOJISIIETr0Cs B Pa3HBIX CTPYKTYPHBIX MO3UIHAX, KOI(PPUIIMEHTH CYMMHUPYIOTCH.

ITouck anasora uMerouieics paHroBoit GopMyJbl.

Pabora uaer, kak ¥ ¢ OOBIYHBIMH AN(PABUTHBIMU CIOBAPSIMH: CHAdala HaXOAUTCS TpyIIa
pPaHroBbIX (OPMYS C TEM e 3JIEMEHTOM B IIEPBOM paHre, 4TO U B ONpPENENIIEMOM MUHEpAe;
3aTeM B TMpefesiax »d3TOM TIpynmbl HAXOAWTCA TpyNna C JBYMS [EPBBIMH 3JIEMEHTaMH,
COBIAJAIONIUMH C JIEMEHTAMH B ONPEAEIIEMOM MUHEPAJIE, U TaK Jaliee.

Bo3MoxHbIE pe3yabTaThl HOUCKA U UX aHAJIN3.

A) PanroBas ¢opmysna 3ampoca TOYHO COBIIAJIA€T C TAKOH K€ eOuHCMEeHHOU PaHTOBOM
dopmynoit B crnoBape. M3ywyaemblii MHHEpad HMeET Ha3BaHHWE W XUMHUYECKYI0 (QopMyiy,
yKa3aHHbIE B CJIOBape.

b) Panrosas ¢opmyna 3ampoca okasanach JJIMHHEE, YeM yKa3aHa B ciioBape. V3ydaembiid
MHUHEpaJl SBSIETCS XMMUYECKOH pa3HOBHIHOCTBIO MHUHEpasla, NMPUBEAECHHOIO B ClOBape, WU,
MOYET OBITh, HOBBIM MHHEPAJIOM.

B) PanroBas dopmyna 3ampoca okazamach Kopoue, yeM yKa3zaHa B cioBape. M3ydaembrit
MHUHepaJl, JTMO0 HOBBIH, JTMOO MPAKTHUYECKH CBOOOJHBIA OT MpUMecel MPEACTaBUTENb T'PYIIIHI,
Jpyrue MUHEpasbl KOTOPO UMEIOT 0o0Jiee JUIMHHBIE PAHTOBbIE (POPMYIIBI.

I') PanroBas ¢opmyna NpPHHAUICKHUT TPYNIE HEPA3IUYUMBIX PaHTOBBIX (opmyn 0e3
yKa3aHUM Ha pa3nuuusl B CHHIOHUSX. B aTOM ciydae cienyeT oOpaTUThCS K COOTBETCTBYIOIIUM
KPUCTAUNIOXUMHUECKUM (OopMysIaM, U BEIOpATh CPEAH HUX Ty, KOTOpas B MAKCUMAJIbHOM CTETIeHU
COOTBETCTBYET CTEXMOMETPHUUECKUM COOTHOIICHUSM 3JIEMEHTOB B (hopMyse OINpenensieMoro
MUHEpaa.

J1) Panromass dopmyrna NpUHAIJICKHT TPYNIE HEPA3IMUYUMBIX PAHTOBBIX (OpMyI, HO C
pa3MuyusMH B CHUHTOHUSX. MuHepanbl Takol Ipymnmnsl — noiauMopdueie Moaudukamuu. TouHoe
OINlpe/ielIeHNe Ha3BaHMs IO CJIOBAapl0 HEBO3MOXXHO M TpeOyeTcs MPOBEJEHHE ONTUYECKOIO
VICCJIEIOBAHMSI UJIM PEHTIC€HOCTPYKTYPHOT'O aHAIU3A.

O06paboTKa pe3yabTaTOB, NOJYYEHHbBIX METOOM PEHTTEHOCHEKTPAIbHOTO MUKPOAHAIN3A.

CrangapTHble pe3ysbTaThl XMMHUYECKOTO COCTaBa MUHEPAJIOB, IOJYYEHHBIE C ITOMOILBIO
PEHTTEHOCIIEKTPAIbHBIX MUKPOAHAJIN3aTOPOB, MPEJCTABICHBI, B TOM YHCJIE€ B BHUJE COJACPXKaHUN
aTOMHBIX IIPOLICHTOB 3JIEMEHTOB. PaHroBas popmyiia MUHEpasa MmoyydaeTcs mpu
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YIOPSAIOYCHUH 1O YOBIBAHMIO ATHX AaTOMHBIX MPOIEHTOB 3JIeMEHTOB. ClenyeT OTMETUTh, YTO
pe3yabTaThl PEHTIC€HOCIIEKTPAIbHBIX aHAIN30B HEPENIKO SIBJIIOTCS HEMOJHBIMU M3-3a OTCYTCTBUS
JAHHBIX O COJCpPXAHWU JIETKUX KOMIIOHEHTOB, YTO, E€CTECTBEHHO, 3aTPYAHSET COCTaBJICHUE
paHrosbix ¢opmyi. Ecau xoTs Obl IpUOIU3UTENBLHO OLEHUTh COJAEPKAHUSA JIETKMX KOMIIOHEHTOB,
Harpumep, no pesyiabTaraM WK-CHeKTpocKonmuu, WM NpU aHAIW3e MUHEpana M3 M3BECTHOH
IPYyMNIIbI, TO MOKHO JONOJIHUTh aHAJIU3 3TUMH JAHHBIMHU, U, COOTBETCTBEHHO, OTKOPPEKTHPOBATH
paHroByio ¢popmyimy. ITocie 3Toro Mo>xHO OCYIIECTBUTH MOMCK aHAJIOIa COCTaBa B CIOBape.

[Ipumep KOPPEKTHPOBKH pE3yabTaTOB MHKPO3OHJOBBIX AaHAJIM30B OapuUEeBOW CITIOJBI
ranteputa (Graeser et al., 2003, Tabm. 6) myrem no6aBieHus Boasl 10 cymmbl 100 %, u
(opMHpOBaHHUS COOTBETCTBYIOLINX PAHTOBBIX (POPMYJI IpUBECH B Tal1. 3a-C.

Tabauya 3. XuMU4eCKUi COCTaB JBYX 00pa3IoB rantepura ¢ qoo6asieHHbM 10 100%
cojiepKaHuEM BOJIBI (a), aTOMHBIE TIPOIIEHTHI 2IeMEHTOB (D) M COOTBETCTBYIOIIME UM PAHTOBBIC

dbopmyIs (¢).
No an.\Wt.% |Si02 AI203 TiO2 FeO MnO MgO CaO BaO2 Na20O K20 |Total |H20
a 7 36.87 3691 045 082 0.01 096 0.07 17.15 197 2.84| 98.05| 1.95
6 37.85 37.91 0.55 061 0.09 092 006 1668 2.17 2.67|99.51| 0.49
No an.\ at.% 0] Al Si H Ba Na K Mg Fe Ti
b 7 60.01 15.89 1347 475 222 140 1.32  0.52 025 0.12
6 61.54 16.88 1430 124 224 1.59 1.29 0.52 0.19 0.16
No an. Rank formula
c 7 (0] Al Si H Ba Na= K Mg Fe Ti
6 (o) Al Si Ba Na K= H Mg Fe Ti

B cnyyae paboThl ¢ MHHEpaJaMH TpPYNI TPaHATOB, CIIOJA, CKAlOJUTOB, TYpMaJIMHOB,
3BIUAIUTOB 32 YTOUYHEHHWEM Ha3BaHHUM M MOJy4yE€HUEM JOIMOJHUTEIbHON HMH(OpMaLMU cleayeT
oOparuthcst B MIHTEpHET (110 MPUBEACHHOMY aJpecy, YKa3aHHOMY B TJlaBe 2), Ie CYLIECTBYIOT
RHA-kaTanoru peanpHbIX COCTaBOB 3TUX TPyl MHHEpanoB. [Ipu uX MCHOIH30BaHUM MMOUCKOBBIN
o0pa3 ¢opMupyercs HENMOCPEACTBEHHO M3 XUMHUYECKOTO aHaju3a, HE TMepexoias K
KPUCTAITIOXUMHUYECKOH (opmyne. DTH KaTaJlloTW JAlOT BO3MOXKHOCTh, HE TOJBKO YCTAHOBHTH
Ha3BaHME, HO M OLEHUTHh PAaclpOCTPAHEHHOCTh MUHEPAIOB JAHHOM Pa3HOBHUIHOCTH, MX CBS3b C
MOPOJaMHU, a TAKKE MECTOHAXO0XKICHHE.

B CJIOBapE-KaTajaore B KOJIOHKE CHHTOHHUS UCITOJIE30BaHBI CICOAYIOIIUE COKpallCHUsA

trkl - TpukMHHAs

MON - MOHOKJIMHHAsT

orth- pombuueckas

hex - rekcaronaabHast

trig — TpUKIHHHAS

cub - kyOudeckas

unk - Hen3BecTHas

am — aMmopgHOe BEIIECTBO

Hudpst Tuna 2007-050 coorBeTcTBYIOT Ne 3asiBku B KHM MMA.
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Panrosasi popmyna Cunronusi Hazpanue MuHepaJia Kpucrasuioxumuyeckas gpopmysia
Rank formula System  [Name of mineral Crystal-chemical formula
H C Simonellite CioHss
H C Dinite CyoHsg
H C Evenkite CysHsp
H C mon Fichtelite CigHa4
H C tricl Hartite CyoHss
H=C= N O Guanine CsHsNsO
H C N=O Acetamide CO(CH3)(NH,)
H=C= N K O Fe Kafehydrocyanite K,Fe?*(CN)g-3(H,0)
H=C N Ni Abelsonite NiCs;H3,N,
H C O Amber CyoH,,0
H C O Flagstaffite C1oH5,04
H C O Refikite CyoH3,0,
H C O N Tinnunculite C1oH12NgO0g
H N =0 Urea CO(NH,),
H N= CI Sal-ammoniac (NH,)CI
H O Ice H,O
= 0O Be mon Clinobehoite Be(OH),
= 0O Be orth Behoite Be(OH),
=0 Be P Moraesite Be,(PO,)(OH)-4(H,0)
=0 Be As Bearsite Be,(AsO,)(OH)-4(H,0)
=0 B Sassolite H;BO;
=0 = C= Na Qilianshanite NaH,(CO3)(BO3)-2(H,0)
H O = C= Ca Mg Carboborite Ca,Mg(CO3),B,(0OH)g-4(H,0)
H O B N Larderellite (NH,)B504(0OH),
H O B Na Borax Na,B,05(0H),-8(H,0)
H O B Mg tricl Kurnakovite MgB;05(OH)s-5(H,0)
H O B Mg mon Inderite MgB;05(OH)s-5(H,0)
H O B Mg Admontite MgBsO,-7(H,0)
H O B Mg Hungchaoite MgB,05(OH),-7(H,0)
H O B Mg=Ca=Cl Aldzhanite CaMgB,0,CI-7(H,0) (?)
H O B= Cl Mg-Ca Chelkarite CaMgB,0,Cl,-7(H,0) (?)
=0 B= Cl=Cu Bandylite CuB(OH),CI
=0 B Ca Frolovite CaB,(OH)g
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Ce

Sr
Na

Nd La Nd=Sm
Nd Fe=La=Pr

Mg

Nd REE
Cu Sr

2007-050

Olshanskyite
Tertschite

Pentahydroborite
Hexahydroborite
Inyoite
Brianroulstonite
Hydrochlorborite
Henmilite
Methanehydrate
Oxammite
Teschemacherite
Julienite
Adamsite-(Y)
Thomasclarkite-(Y)
Barringtonite
Lansfordite
Nesquehonite
Dashkovaite
Indigirite
Swartzite
Bayleyite

Mellite
Para-alumohydrocalcite (1)
Levinsonite-(Y)
Zugshunstite-(Ce)
Calclacite

Ikaite
Albrechtschraufite
Paceite

Liebigite
Hellyerite
Hoganite
Mckelveyite-(Nd)
Paratooite-(La)
Stercorite

Ca,[B305(OH)s]OH-3(H0)
CayB10014-20(H,0)

Cay(H20)4 [B404(OH)e]s {H:0}15
CaB,0(0OH)s-2(H,0)
Ca[B(OH),]2-2(H20)
Ca;BOg(OH)49-8(H,0)
Cay[B505(OH)s](OH)Cl,-8(H,0)
CazB404(OH)7CI * 7(H20)
Ca,Cu[B(OH),],(OH),

8CH,-46(H,0)

(NH,)2(C;04)-(H20)

(NH,HCO4

Na,Co“"(SCN),-8(H,0)

NaY(CO3)2 6H20

Nay gCe Yo sREEq7(HCO3)(OH)3-4(H,0)
MgCO;-2(H,0)

MgCO;-5(H,0)

Mg(HCO3)(OH)-2(H,0)
Mg(HCOO),-2H,0
Mg,Al,(CO3),4(OH),-15(H,0)
CaMg(UO,)(C05)5-12(H,0)
Mg,(UO,)(CO;)3-18(H,0)
CaAl;(CO3),(OH),4-6(H,0)
YO.SNdO.ZLaO.lSmO.lGdO.lAi(+804)2(CZO4)'12(H20)
Ceo.sNdg.3Lag.1Pro.1AlpgFe™ .1(S04)2(C,04)-12(H;0)
CaCl,C,H;0,-10(H,0)

CaCO0;-6(H,0)
Ca;Mg(U0,),(CO3)6F2-17(H20)
CaCUCSleog' 6(H20)
Ca,y(UO,)(COs)5-11(H,0)

NiCO;-6(H,0)

Ca.01H7.905,07CUFe™ ) o1

Bay 75510 25Cag sNag ,Ndg ,REE, 1(COs),8(H,0)
(La,Ca,Na,Sr)1,Cuy(CO3)46
H(NH,)Na(PO,)-4(H,0)
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Na=Si
Na Si
Na P
Na P
Na=P
Na=P
Na=P=
Na S
Na=S
Na=ClI
Na=Sh

I
222X
T

T T

Mg
Ca
Ca

Mg
Ca
Fe
Ni Mg

Sr
Al
Al
Al
Al= Ca
Cl

wnwwnO

Sr Ba
Ba

Y Ce
Ce Y
Nd Y

Mg

Cu

mon
orth

Nitromagnesite
Dittmarite
Struvite
Phosphammite
Schertelite
Mundrabillaite
Swaknoite
Uramphite
Letovicite
Boussingaultite
Koktaite

Mobhrite
Nickel-boussingaultite
Gwihabaite
Zharchikhite
Khademite
Montroyalite
Chukhrovite-(Y)
Chukhrovite-(Ce)
Chukhrovite-(Nd)
Lannonite
Teepleite

Natron
Natroglaucocerinite
Revdite
Chesnokovite
Dorfmanite
Natrophosphate
Kanonerovite

Nastrophite
Nabaphite
Mirabilite
Lecontite
Hydrohalite
Mopungite

Mg(NOs),-6(H,0)
(NH4)Mg(PO,)-(H,0)
(NH;)Mg(PO,)-6(H,0)
(NH,),HPO,
(NH4);MgH,(PO,),-4(H20)
(NH,),Ca(HPO,),: (H,0)
(NH,),Ca(HPO,),* (H,0)
(NH,)(UO2)(PO,)-3(H,0)
(NH,)3H(SO,),
(NH4),Mg(SO,),-6(H,0)
(NH4),Ca(S04),(H20)
(NH,),Fe*(S0,),-6(H,0)
(NH4)2Nip75M0.25(SO4),-6(H,0)
(NH4)0.75K0.25(NO3)

AIF(OH),

AI(SO,)F-5(H,0)
Sr4Alg(CO3)3(OH)13F12-10.5(H,0)
Ca3Y.75Ce0.25A15(SO4)F13-10(H,0)
CagCeo.75Y 0.25A15(SO4)F13-10(H20)
Ca3Nd0.75Y0.25AI2(S04)F13-12(H20)
Na,B(OH),CI

Na,CO,-10(H,0)
Na;Zn,CuAlg(SO,);(0OH)3,-18(H,0)
Na,[SiO,(OH),]-8H,0
Na,(PO3;0H)-2(H,0)
Na;(PO,),F-19(H,0)
MnNa3P3044-12(H,0)

NaSr 75Bag.25(PO4)-9(H0)
NaBaPO,-9(H,0)
Na,SO,-10(H,0)
(NH4)o.75K0.2sNa(SO,)-2(H20)
NaCl-2(H,0)

NaSh(OH)s
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Mg
Mg B= C
Mg C

Mg Al
Mg Al
Mg Al
Mg Al
Mg Al
Mg Al
Mg=-P
Mg P

O00O00

Mg P

Mg-P Na=K

Mg=-P= K
Mg P Fe
Mg=S
Mg-=S

Mg-=S

Mg S Al
Mg CI

Mg CI

Mg ClI B
Mg Cl= Cr
Mg Cl= Fe
Mg- Ca=As
Mg Cr C
Mg Cr C
Mg Mn C
Mg Fe C
Mg Fe C
Mg Zn S

Ca

Mn

Sr

Fe

trig
hex
hex
trig
2005-15a

trig
hex

Brucite
Canavesite
Acrtinite
Chlorartinite
Meixnerite
Hydrotalcite
Manasseite
Quintinite-2H
Quintinite-3T

Newberyite
Bobierrite
Phosphorrdsslerite
Cattiite
Hazenite
Struvite-K
Baricite (1)
Starkeyite
Pentahydrite
Hexahydrite
Epsomite
Meridianiite
Wermlandite
Korshunovskite
Nepskoeite
Shabynite
Woodallite
lowaite
Camgasite
Stichtite
Barbertonite
Desautelsite
Pyroaurite
Sjogrenite
Mooreite

Mg(OH),
Mg,(CO3)(HBO;)-5(H,0)
Mg,(CO3)(OH),-3(H,0)
Mg,(CO3)CI(OH)-3(H,0)
MggAl,(OH)45-4(H,0)
MggAl,(CO3)(OH)16-4(H,0)
MggAl,(CO3)(OH);6-4(H,0)
Mg,Aly(OH);12(CO3)-4(H,0)
Mg,Aly(OH)1,(CO3)-4(H,0)
[Mg;15Al5(OH)s54][Sr2(CO5,PO4)e(H,0,H30) 4]
Mg(PO5;0H)-3(H,0)
Mg3(PO,),-8(H,0)
Mg(PO5;0H)-7(H,0)
Mg3(PO,),-22(H,0)
KNaMg,(PO,),-14H,0
KMg(PO,)-6(H,0)

Mg, 25Fe“" o 75(PO,),-8(H,0)
MgSO,-4(H,0)
MgSO,-5(H,0)
MgSO,-6(H,0)
MgSO,-7(H,0)

MgSO,-11H,0

Cag 75Mg7 25Al sFe™"0,5(S04)2(0H)15-12(H,0)
Mg,CI(OH);-4(H,0)
Mg,CI(OH);-6(H,0)
Mgs(BO3)Cl,(OH)s-4(H,0)
MgeCr,(OH);Cl,-4H,0
Mg,Fe**(OH)sOCl-2-4(H,0)
CaMg(AsO,)(OH)-5(H,0)
MgCr,(CO3)(OH)6-4(H,0)
MgsCr,(CO3)(OH)45-4(H,0)
MgﬁMn3+2(CO3)(OH)16-4(H20)
MgeFe'ﬁz(COs)(OH)m‘4(H20)
MgﬁFeZ+2(CQ3)(OH)14-5(H20)
Mg92n4.5Mn2+1.5(SO4)2(OH)26-8(H20)
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Mg Zn Mn S
Mg As

Mg-= As

Mg- As
Mg=As= U
Mg-=Sn

Al

Al

Al

Al

Al C

Al N Ni S
Al P

Al P

Al P

Al P F
Al P F S
Al=P Mg
Al P Mg
Al P= S

Al P=V
Al=P Mn Fe
Al=P Mn Fe
Al=P Fe
Al=P Fe
Al=P Fe S
Al S

Al='S

Al S

Al S

Al S

Al S

Al=S F
Al= S= Ca=Fe
Al ClI

Cu

Mg
Mg

tricl
tricl
mon
hex

tricl
tricl

tricl
mon

orth
hex

Torreyite
Hornesite
Brassite
Rosslerite
Seelite-2
Schoenfliesite
Doyleite
Nordstrandite
Gibbsite

Bayerite
Scarbroite
Hydrombobomkulite
Gutsevichite
Evansite
Vashegyite
Kingite (1)
Mitryaevaite
Gordonite (1)
Aldermanite
Sanjuanite
Schoderite
Kastningite (dimorph)
Mangangordonite
Paravauxite (1)
Metavauxite
Sasaite

Zaherite
Jurbanite
Aluminite
Felstbanyaite
Basaluminite
Hydrobasaluminite
Rostite
Vyalsovite
Lesukite

MgsMn“*3Zn,(SO,),(OH),,-8(H,0)
Mg3(AsO,),-8(H,0)

Mg(AsO;0H)-4(H,0)

Mg(AsO;0H)-7(H,0)
Mg[(UO;)(AsOs3).7(AsO4)0.3]- 7(H-0)
MgSn(OH)s

Al(OH);

AI(OH),

Al(OH);

AI(OH),

Als(CO3)(OH)13-5(H,0)

Nig 75CUg 25A14(NO3)1 5(SO4).5(0OH)1,-14(H,0)
Al3(PO,),(0OH);-8(H,0)
Al3(PO,)(OH)g-6(H20)
Aly1(PO4)o(OH)g-38(H20)

Al 2(PO4)2F1.7(OH)g 3-6(H20)(OH),
Al5(PO,4),(PO30H), 5(SO30H) sF2(OH),(H,0)s-6.5(H,0)
MgAI;(PO,4),(OH),-8(H,0)
MgsAl;2(PO,)g(OH)2,-32(H,0)
Aly(PO,)(SO4)(OH)-9(H,0)
Aly(PO,4)(VO,)-8(H,0)
Mn2+0.65Fe2+0.3Mgo_05AI2(PO4)2(OH)2-8(H20)
Mn2+0,7Fe2+0,3Mgo,o4AI2,1(PO4)2(OH)2-8(H20)
Fe®*Al,(PO,),(OH),-8(H,0)

Fe“" Aly(PO,),(OH),-8(H,0)

Al;Fe® 5(PO,)11(SO,)(OH);-84(H,0)
Al15(S04)5(OH),6-20(H20)
AI(SO,)(OH)-5(H,0)
Aly(SO,)(OH),-7(H,0)
Al4(SO4)(OH)10-5(H20)
Al4(SO4)(OH)10-5(H,0)
Al4(SO4)(OH)10-15(H,0)
Al(SO,)(OH)o8F0.2-5(H,0)

Fe*"SCaAl(OH)s

Al,(OH)sCI-2(H,0)
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Al= CI

Al= Ca Si

Al Fe= As
Al=7Zn Cu S
Al= As Mg
Al=TI

Si C N= Al
Si Na K

Si Al Na Ca
Si  Ca Na=Al
Si= Fe Ca

Si Fe Mn Ca Mg
Si Cu=Pb

P N K

P N Mn Mg Ca
P MgN

P Al= Mn
= Fe Mg

P Fe Al F
= Fe Mn
= Fe Mn
= Fe Mn
P Pb Cu Al
= U Al

= U Ba

S N= Al

N Fe Al
F= Mg:=Al
F= Mg:=Al
Na= Al
Na=Al
Na=Fe
Mg=V Al
Al

Al

Al Mg

DO unmm nmouonmmonm

tricl
tricl
mon

mon
cub

Cadwaladerite
Strétlingite
Liskeardite
Glaucocerinite
Maghrebite
Lanmuchangite
Tsaregorodtsevite
Megacyclite
Montmorillonite
Gyrolite (1)
Hisingerite (1)
Sturtite
Luddenite
Biphosphammite
Niahite
Hannayite
Sinkankasite
Ushkovite
Mcauslanite
Laueite
Stewartite
Pseudolaueite
Rosiéresite
Uranospathite
Uranocircite
Tschermigite
Lonecreekite
Svyazhinite
Wilcoxite
Mendozite
Sodium-alum
Erdite
Yushkinite
Alunogen
Meta-alunogen
Pickeringite

AIl(OH),CI-4(H,0)
Ca,Aly(SiO,)(OH)q0:2.5(H,0)
Al,Fe*" (AsO,)(OH)s-5(H,0)
Zn3Cu,Al5(S0,); 5(0H)16-9(H,0)
MgAI,(AsO,),(OH),-8(H,0)
TIAI(SO,),-12(H,0)
NagKSigO;5(OH)g-19(H,0)

Nap 2Cap.1Al,Si;019(0OH),(H20) 10
NaCaySiy3AlO0g(OH)g-64(H,0)
Fe**,Si,05(0H),-2(H,0)

Fe3+Mn2+0.ecao.3Mgo.lsi4010(OH)3' 10(H;0)

(NHg)o.75K0 25H2(PO,)

(N H4)0.9Mn2+0.7Mgo.2cao.1(PO4) -1.2(H,0)

(NH4),Mg3H,(PO,4),-8(H,0)
H,MnAI(PO,),(OH)-6(H,0)
MgFe®*5(PO,),(OH),-8(H,0)
HFe“";Al(PO,),F-18(H,0)
Mn4+Feé+2(PO4)2(OH)2- 8(H20)
Mn“"Fe*",(PO,),(OH),-8(H,0)
Mn4+Feé+2(PO4)2(OH)2- 7(H20)
P 6CUg 3Aly 1(PO,4)-6(H,0)
HAI(UO,)4(PO,)4-40(H20)
Ba(U0,),(PO4),-12(H,0)
(NH,)AI(SO,),-12(H,0)

(NHZ)Fe™ 4 75Al0.5(SO04),-12(H,0)
MgAI(SO,),F-14(H,0)
MgAI(SO,),F-18(H,0)
NaAl(SO,),-11(H,0)
NaAIl(SO,),-12(H,0)
NaFeS,-2(H,0)
V3+o.450.5(M90.7A|0.4)0.61(OH)2
Aly(S0,)3-17(H,0)
Al4(SO4)s:27(H20)
MgAI,(SO,),-22(H,0)
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Al= CI

Al= CI=

Al= K
Al= K

Al
Al
Al
Al

Cr
Cr
Mn
Mn
Mn
Mn
Mn
Mn
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Co
Co
Co
Ni
Ni
Ni
Cu
Cu

Mn
Fe
Co
Zn

Ca
Fe

Mg
Ni
Zn

Mg
Mg

Mn
Ni

Mg

Mg Cu
Cu

Mg Ni
Fe Mn
Al Mg Ni
= Cu
Fe

Na

Ni

Ni

Mn

Fe

mon
cub

mon
orth

Magnesioaubertite
Aubertite
Kalinite
Potassium-alum
Apjohnite
Halotrichite
Wupatkiite
Dietrichite
Stanleyite
Minasragrite
Orthominasragrite
Cronusite
Redingtonite
Gravegliaite
Jokokuite
Mallardite
Chvaleticeite
Nakauriite

llesite
Ferrohexahydrite
Siderotil
Rozenite
Fibroferrite
Melanterite
Xitieshanite
Bilinite

Slavikite
Haapalaite
Bieberite
Aplowite
Moorhouseite
Morenosite
Retgersite
Nickelhexahydrite
Bonattite
Chalcanthite

Mgo.75CUg 25A1(SO,),Cl-14(H,0)
CuAl(S0O,),CI-14(H,0)
KAI(SO,),-11(H,0)
KAI(SO,),-12(H,0)
MnAI,(SO,)4-22(H,0)
Fe“"Al,(SO,),-22(H,0)

C0g.6Mgp sNig1Al5(SO,)4-22(H,0)
Zng 6Fe“"sMNn“"g 1Al(SO,),-22(H,0)
V*"0(S0,)-6(H,0)
VO(SO,)-5(H,0)
VO(S0,)-5(H,0)
Cap,(H,0),.CrS,

Fe“"06Mdo 3Nig1Cry sAlg 5(SO4)4-22(H,0)
Mn“*(SO,)-3(H,0)
Mn(SQO,)-5(H,0)
Mn“*(SO,)-7(H,0)

Mn“"; 75Mgp 25(SO,)-6(H,0)
Mn*",NizCu(S0O,)4(CO3)(OH)g-48(H,0)
Mn“"g 6Zng sFe“"5 1(SO4)-4(H,0)
Fe*"(S0,)-6(H,0)
Fe“"(SO,)-5(H,0)
Fe*"(S0,)-4(H,0)
Fe*"(SO,)(OH)-5(H,0)
Fe*"(S0,)-7(H,0)
Fe*(SO,)(OH)-7(H,0)
Fe“"Fe*",(S0,)4-22(H,0)
NaMg,Fe*"5(S0,);(0H)s-33(H,0)
Fe“"1 sNig 5S,Mg; 4Fe“,1.6(0H),
Co(S0,)-7(H,0)
C00,6Mn“"o3Ni1(SO,)-4(H,0)
Coyp6Nig sMn“"41(S0,)-6(H,0)
Ni(SO,)-7(H,0)

Ni(SO,)-6(H,0)

Nio sMdo sFe“"51(SO,)-6(H,0)
Cus0,-3(H,0)

Cu(S0,)-5(H,0)
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= Zn Mg

S 2Zn Fe

S Zn Cu Fe
Cl Mg

Cl Mg Na=Al K
Cl Mg:=K

Cl Mg Ca

Cl Al

Cl Ca

Cl Ca

Cl Fe

Cl Fe Al Mg
Cl Ni

Cl=Cu

Cl Cu

Cl= Pb

Cl= Pb

Cl=Pb Cu

Cl Pb Cu

Ca B=S Si Fe Al
Ca C Y Al P Dy

| B Si

CaS Fe B Al Mn

mon
orth

Boothite
Goslarite
Boyleite
Bianchite
Zincmelanterite
Bischofite
Koenenite
Carnallite
Tachyhydrite
Chloraluminite
Sinjarite
Antarcticite
Hydromolysite

Zirklerite
Nickelbischofite
Belloite
Eriochalcite
Paralaurionite
Laurionite (1)
Diaboleite
Pseudoboleite
Portlandite

Buryatite

Micheelsenite
Kuzelite
Hydrocalumite
Orschallite
Bazhenovite
Ettringite
Charlesite
Chelyabinskite
Bentorite
Jouravskite
Sturmanite
Pintadoite
Phaunouxite

Cu(S0O,)-7(H,0)

Zn(S0,)-7(H,0)

Zny75Mg 25(SO4)-4(H,0)

Zng 15Fe“5,5(S04)-6(H,0)

Zng ¢CugsFe"1(S0,)-7(H,0)
MgCl,-6(H,0)

Na;Mg,Cl1-MgsAl4(OH),,
KMgCl;-6(H,0)

CaMg,Clg-12(H,0)

AICI;-6(H,0)

CaCl,-2(H,0)

CaCl,-6(H,0)

FeCl;-6(H,0)
(F62+0.75Mg0_25)9AI4C|18(OH)12-14(H20)
NiCl,-6(H,0)

Cu(OH)CI

CuCl,-2(H,0)

PbCI(OH)

PbCI(OH)

Pb,CuCl,(OH),

Ca(OH),
Cassio.eFes+o.zA|o.1(SO4)B(OH)14.700.4'12(H20)
Ca,YDyYq1Algg(PO30H)7(CO3), 2(OH)6-12(H,0)
Ca,Al,4(OH)1,,5(SO4)-6(H,0)
Ca,Al(OH)5Cly 5-3(H,0)
Ca;(S05),S0,-12(H,0)
CagS5S,03(0H),,-20(H,0)
CagAly(SO4)3(OH);,-26(H,0)

CagAly 5Si05(SO4)2B(OH)1,04-26(H,0)

Ca 25Mo 75S1(OH)6(SO4)15(CO3)0 5 9(H,0)
CagCry 5Alo 5(SO4)3(OH)1,-26(H,0)
CazMn*"(S0,)15(CO3)o5(OH)g-12(H,0)
CaeFe3+1.2A|0.6Mn2+0.3(so4)2B(OH)16‘25(H20)
Ca3(AsO,)-11(H,0)
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Ca As Rauenthalite Ca3(AsQ,),-10(H,0)

Ca=As Mg Picropharmacolite (1) Ca,Mg(AsO;0H),(AsO,),-11(H,0)
Ca=Sn Burtite CaSn(OH)g

V Mg Dickthomssenite Mg(V°",04)-7H,0

V P Al Ba Ca Na=K Phosphovanadylite Bay 4Cag 2K 1Nag 1 V>3 4Aly sP,010.3(0H)s 7-12(H,0)
V Ca Mg Magnesiopascoite Ca,Mg[V(04]-16H,0

Mn Pyrochroite Mn(OH),

Mn Mg=Zn S Lawsonbauerite Mn**sMg,Zn,(SO,),(OH),,-8(H,0)
Mn Al C Charmarite-2H Mn“*,Al,(CO,)(OH);,-3(H,0)

Mn Al C Charmarite-3T Mn**,Al,(CO,)(OH),,-3(H,0)

Mn Al S Shigaite Mn“";Al,(SO,),(OH),,-8(H,0)

Mn Si= Ca Kittatinnyite Ca,Mn*",Mn“"Si,0g(OH),-9(H,0)

Mn CI Kempite Mn,CI(OH);

Mn Ca=As Wallkilldellite Ca,Mn*";As,0,6(0OH)g-18(H,0)
Mn:=Ni P Mg: Fe Arupite (Ni0'75Mn£+o'75Fe”0,25M90.25)3(PO4)2-8(H20)
Mn As Mg Manganhérnesite Mn*"; 25Mgp 75(AsO,),-8(H,0)

Mn:=Sn tetr Tetrawickmanite Mn“"Sn(OH)

Mn:= Sn cub Wickmanite Mn“"Sn(OH),

Fe Bernalite Fe(OH),

Fe Mg Mn Amakinite Fe*"7Mgo,Mn“", ;(OH),

Fe Al C Caresite Fe“",Al,(CO3)(OH);,-3(H,0)

Fe Al S Na Nikischerite Nag oFe“ 5 6Al5(SO4)1 5(OH)15(H,0) 1,
Fe P Vivianite Fe“"3(PO,),-8(H,0)

Fe P Ferrolaugite Fe“"Fe*",(PO,),(OH),-8(H,0)

Fe P Al Cacoxenite Fe“"15.75Alg 25(P0O,4)1706(OH)1,- 75(H,0)
Fe ClI Mg Hibbingite Fe“"; sMgo5(OH)4ClI

Fe= Ge Stottite (1) Fe“"Ge(OH)

Fe As Symplesite Fe*"5(AsO,),-8(H,0)

Fe As Parasymplesite Fe“"3(AsO,),-8(H,0)

Fe As=Ca Cu Si Wallkilldellite-(Fe) Cag sCUg 4Fe“ 6(ASO,)3 7(Si0,)0.3(OH)s-18(H,0)
Fe Sn Natanite Fe“"Sn(OH),

Co P Pakhomovskyite Co5(P0O,),-8H,0

Co Cl=2Zn S= Ni Thérésemagnanite C03Zn,Ni(SO,)(OH)sCl,-8(H,0)

Co As Erythrite Co5(As0,),-8(H,0)

Ni Theophrastite Ni(OH),

Ni C Zaratite Ni5(CO4)(OH),-4(H,0)
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Ni Al
Ni S=

C
Fe

Ni Cl= Fe

Ni Fe
Ni Fe
Ni Fe
Ni Fe
Ni Co
Ni= As
Cu

Cu C=
Cu F=

Cu Mg=

C
S
S
S
C

Zn
Al Na
Te Fe

Cu Al= As

Cu S=
Cu ClI
Cu ClI
Cu ClI
Cu ClI
Cu ClI
Cu=ClI
Cu ClI
Cu ClI
Cu ClI
Cu ClI
Cu ClI
Cu=2n
Cu Zn
Cu As
Zn

Zn

Zn

Zn Mg-

As Al

Mg

Ni

Zn

Zn

S

Te CI

Mn

Zn Al=B S

Zn Al

C

Zn Al=Sb

Zn

2008-003

orth
mon

orth
tetr
tetr

Takowite
Jamborite (1)

Reevesite
Honessite
Hydrohonessite
Jamborite (2)
Comblainite
Annabergite
Spertiniite
Claraite
Khaidarkanite
Leisingite
Liroconite
Chalcophyllite
Atacamite
Clinoatacamite
Botallackite
Bobkingite
Anthonyite
Calumetite
Claringbullite
Haydeeite
Gillardite
Paratacamite
Kapellasite
Namuwite
Tlalocite
Arhbarite
Wilfingite
Ashoverite
Sweetite

Cianciulliite

Zincowoodwardite-1T

Zaccagnaite
Zincalstibite

NigAl,(OH);6(CO3)0.75(0OH)o 25-4(H,0)

Nig.sNig sFe“"6.1(OH) S0 1(H20)0.1

NizFe* CI(OH)g-2H,0

Ni6Fe*",(CO3)(OH),4-4(H,0)

NigFe™,(S0,4)(OH)14-4(H,0)

NigFe*",(S04)(OH) 16 7(H;0)
NigsNig.sFe“"5.1(OH),S01(H20)o.1

NigC0,(CO3)(OH)15-4(H20)

Ni3(AsO,),-8(H;0)

Cu(OH),

Cu,Zn(C0O3)(0H),-4(H,0)

Nay 34CusAl3(OH)y4F5-2(H,0)

CuMgCu, sFe**; 32N, , TeOg-6(H,0)

Cu,Al(AsO,)(OH),-4(H,0)

Cu;Al;(AsO,)3(SO,)3(0H),7-36(H,0)

Cu,(OH),CI

Cu,(OH),CI

Cu,CI(OH),

CusCl,(OH)4-2(H,0)

Cu(OH), 5Cly5-3(H,0)

Cu(CH)CI-2(H,0)

Cu,(OH),CI

CuzMg(OH)Cl,

Cu;NiCl,(OH)g

Cu, 5Zny5(0H)5CI

Cu3Zn(OH)Cl,

Zn,Cuy(SO,)(OH)g-4(H20)

Cuy0Zng(TeO3)(TeO,),CI(OH),5-27(H,0)

Cu,(AsO,)(0OH)-6(H,0)

Zn(OH),

Zn(OH),

Zn(OH),

Mn4+M91.5Mn2+o.5zn2(OH)1o'3(H20)

Zn0.66B0.3Al0.33(OH)2(SO4)0.155-0.96(H,0)

Zng ¢Al, 1(OH)1,(CO3)-3(H,0)

Zn,AlSb(OH);,
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H Hg
Li= F
Li Te

Zn S
Zn CI
Zn CI
Zn As
Zn=Sn
Ga

As Fe
As=

As=U
Y Si

Sn Fe
Sn Cu
Sb Mg
Sb Ni

U Si

N Si
N Si
O Al
o Al
= Cr
= Fe=

S= Co=

Mg Bi
Mg

Al

Ca REE

Mn
Zn Fe

Ba

Fe Ba

Na= Mg

Cu
Fe
K= Fe
Fe
Cu

Cl s

Ni

Cr

Pb

2005-042

hex
cub

Osakaite
Simonkolleite
Guarinoite
Kottigite
Vismirnovite
Sohngeite

Novacekite
Arsenuranospathite
Tombarthite-(Y)
Dzhalindite
Jeanbandyite
Mushistonite
Brandholzite
Bottinoite
Ferrazite
Studtite
Uramarsite
Swamboite
Uranotungstite
Barberiite
Bararite
Cryptohalite
Rosenbergite
Ralstonite
Schéllhornite
Orickite (1)
Wilhelmramsayite
Kremersite
Douglasite
Mitscherlichite
Rokiihnite
Kleinite (1)
Griceite
Dilithium

Zns(OH)4Cl,-(H,0)
Zn,CoNi(SO,)(0OH)gCl,-5(H,0)
Zn,(AsO,),-8(H,0)

ZnSn(OH)g

Ga(OH);

(Md[ 1)11Big(Fe,Cr)14(AsO4,CrO4)14[AsO;],01,(OH),-90(H,0)
Mg(UOQ,),(AsO,),-12(H,0)
HAI(UO,),(AsO,),-40(H,0)

Y, ,REECq, §Si;Hg ,05.1(OH) 105
In(OH),
F63+0.7Mn2+0.28n0.8(0H)6

CUp sZNg 4Fe**51Sn(OH)s
Mg2(Sh;)2(OH)1,-6(H20)
NiSh,(OH);,-6(H,0)

(Pbo.75Bag 25)3(PO4),-8(H,0)
(U0,)0,-4(H,0)
(NH4,H30)2(U02),(AsO4,PO,),6(H20)
UHg(UO,)6(Si04)s-30(H0)

Fe™ o 6Bag 3Pby 1(UO,),(WO,)(OH),-12(H,0)
(NH,)BF,

(NH,),SiFg

(NH,);SiFg

AlF;-3(H,0)
NapsMgo sAl; sF4(OH),-(H,0)
Na, 3CrS,-(H,0)

CuFeS,-(H,0)

CugFeS;-2(H,0)

(NH,); sKo sFe”"Cls-(H,0)
K,Fe*"Cl,-2(H,0)
K,CuCl,-2(H,0)

Fe*"Cl,-(H,0)
HQ,NClg(SO4).1-(H20)

LiF

Li,Te
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N O

(e}

O N

V Fe
Fe= Ni

Ta

(@]

Li= P= Fe
Be Li Ca
Be B F
Be= Al= Si
Be Si

Be Si= Ca
Be=Si= Y
Be=Si Ce
Be=Si Yb
Be=P= Ca
Be P Ca
Be P Ca
Be P Ca

Mn

Fe=
Y

Na

Cl

Y

B

hex
hex
trig
hex
cub

2007-035

Bromellite
Chaoite
Graphite-2H
Graphite-3R
Lonsdaleite
Diamond
Fullerite
Kratochvilite
Ravatite
Karpatite
Idrialite
Uricite
Hoelite
Kladnoite
Moissanite
Khamrabaevite

Niobocarbide
Tantalcarbide
Qusongite

Nierite

Sinoite

Osbornite
Carlsbergite
Tavorite
Pahasapaite
Berborite

Euclase

Beryllite
Wawayandaite
Hingganite-(Y) (1)
Hingganite-(Ce) (1)
Hingganite-(Yb) (1)
Hydroxylherderite
Glucine
Weinebeneite
Uralolite

CaoHiy

CsH4N,0;

C14HsO;

C¢H4(CO),NH

SiC

TiosV" 03Fe”"0.1C

(CryFe4Ni)g Cy4

NDbg 5, Ta.4sC

TaC

wcC

Si,N,0

TiN

CrN

LiFe*"(PO,)(OH)

LigCas sLi36K1.2Nag 2Be24(PO,)24:38(H,0)
Be,(BO3)(OH)qg.75F0.25° (H20)
BeAlISiO,(OH)
Be;SiO,(OH),-(H,0)
Cay,Mn“";B,Be;Si1,046(0OH)Cls
Cey5YosFe” o5Be;Si,05(0H),
CaBe(PO,)(CH)
CaBe4(PO,),(OH),-0.5(H,0)
CaBe3(PO,),(0OH),-5(H,0)
Ca,Be,4(PO,4)3(OH)3-5(H20)
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Be= Ca=As
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Z
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Na Mg
Na Mg
Na K

Na=Ca
Na=Ca
Na=Ca
Mg

Mg
Mg
Mg
Mg:- Ca
Mg- Ca
Mg K
Al CI
Si= Ca

Ca
Ca
Ca
Ca
Ca
Ca
Ca
Ca
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Mg= Cr

Na K

mon
mon

Bergslagite
Metaborite
Moydite-(Y)
Ammonioborite
Nasinite
Ameghinite
Tincalconite
Ezcurrite
Kernite
Shorgite
Avristarainite
Rivadavite
Iquiqueite
Ulexite
Tuzlaite
Probertite
Szaibélyite
Pinnoite
Halurgite
Aksaite
Mcallisterite
Hydroboracite
Inderborite
Kaliborite
Satimolite
Datolite
Santite
Sibirskite
Parasibirskite
Korzhinskite
Nifontovite
Priceite
Colemanite
Gowerite
Ginorite

CaBe(AsO,)(OH)
HBO,

YB(OH),(CO,)
(NH,)2B19016-5(H20)
Na,B50g(0OH)-2(H,0)
Nag[B,O5(0OH),]5-8(H,0)
Na;B1¢017-7(H,0)
NaB,04(0OH),-3(H,0)
Na,MgB1,0,0-8(H,0)
NagMgB24049-22(H;0)
K3Na4Mg(Cr6+O4)Bz4039(OH)-12(H20)
NaCaB;0¢(0OH)g-5(H,0)
NaCaB50g(0OH),-3(H,0)
NaCaB;0,(0OH),-3(H,0)
MgBO,(0OH)
Mg;[B405(OH),]2+ (H20)
MgB¢O;(OH)s-2(H,0)
Mg;B1,0:14(0OH);,-9(H,0)
CaMgBzOg4(OH)g-3(H,0)
CaMg[B;305(0OH)s],-6(H20)
KHMg,;B1,0:6(0H);0-4(H0)
KNa,Al,(B,05);Cly5-13(H,0)
CaBSiO4(0OH)
KB5O0g(OH),-2(H0)
CaHBO;

Ca,B,0s-(H,0)
Ca3Bg0g(OH)12-2(H,0)
Ca,B50;(0OH)s-(H,0)
Ca,Bg011-5(H,0)
Ca,B140,3-8(H,0)
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Ca

Ca

Ca

Ca

Ca C Mg
Ca C Cu
Ca Mg
Ca=Mg Mn
Ca Si

Ca Si

Ca S

Ca CI

Ca CI

Ca CI

Ca CI

Ca ClI Mg
Ca Cl=K
Ca Cl=Fe
Ca=Mn
Ca As Mg
Mn

Rb

Sr

Sr

Sr Ca
Cs

Be= Na

F Th Ca
Na
Na=Mg Al
Na=Mg- Fe
Na=Al

Na Ca

Na Ca

Na Ca=U
Na Cu

Li

Ce

Fe

Na=Fe K

mon
mon

tricl
mon

Meyerhofferite
Nobleite
Uralborite
Vimsite
Borcarite
Numanoite
Wardsmithite
Fedorovskite
Howlite
Bakerite
Vitimite
Solongoite
Ekaterinite
Pringleite
Ruitenbergite
Walkerite
Volkovskite

Penobsquisite

Roweite
Teruggite
Sussexite
Ramanite-(Rb)
Balavinskite
Tunellite
Strontioginorite
Ramanite-(Cs)
Niveolanite
Thorbastnéasite
Nahcolite

Zhemchuzhnikovite

Stepanovite
Dawsonite
Pirssonite
Gaylussite
Andersonite
Wheatleyite

Ca,Bs05(OH)10-2(H20)
CaB3z04(0OH),-3(H,0)
CaB,0,(CH),
Ca;MgB,06(OH)s(CO3),
Ca,Cu[B406(0H)6(CO3).]
CasMgB24042-30(H,0)
Cay,Mg; sMn*", 5B,0,(OH)s
CayB4(BO,)(Si0,)3(0H)3: (H,0)
CaB14019(S04)(OH)14-5(H,0)
Ca,B;0,(0OH),-Cl

Ca,B,0,Cl; 5(OH)o5-2(H,0)
CagB26034(OH),4Cly-13(H,0)
CagB2s034(OH)24Cly- 13(H,0)
CalS.GNaO.ZKO.lMgO.SLi0.3F92+0.ZBSl.3068(OH)48.7C|5.3H0.2528(H20)
Ca,Fe* [ByO15(OH)g]Cl-4(H,0)
Ca,Mn**,B,0,(OH),
Ca;MgAs;B;1,0,,(0H);,-12(H,0)
MnBO,(OH)
Rb[B50¢(0OH),]-2H,0
SrBOy(0OH),-3(H,0)
Sr15Cag5B14023-8(H20)
Cs[Bs04(0OH),]-2H,0
NaBe(CO3)(OH)-2H,0

ThCay 75Ceg 25(CO3)2F23(H20)
NaHCO;
NaMgAlo.eFe3+o.4(Czo4)3'S(Hzo)
NaMgFe**(C,0,);-8.5(H,0)
NaAl(CO3)(0H),
Na,Ca(C0;),-2(H,0)
Na,Ca(CO;),-5(H,0)
Na,Ca(UO,)(CO;);-6(H;0)
Na,Cu(C;04),-2(H20)
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O0O00000

Na Cu

Na Y

Na Ba=Th
Na=Ce Si
Na=Nd Si
Mg

Mg Ca
Mg-Ca U
Al= Ca

Al Ca

Al Ca

Al Ca Na=
Al Mn S=
Al Sr Ca
Al Ba

Al Ba

Al Pb
Si= Cu=Pb
S Ce Nd
Cl= Ca

K

K Mg

K Fe

Ca

Ca

Ca

Ca

Ca

Ca

Ca F= Na=
Ca Cu=U
Ca Sr= Ce=
Ca Y REE
Ca Y La
Ca Ce
Ca=Nd
Ca=U

Ti
Ti

Cl
Pb

Cl
La

La

Ce

La Nb
La Nb

Fe Ba

Chalconatronite
Shomiokite-(Y)
Tuliokite
Tundrite-(Ce)
Tundrite-(Nd)
Glushinskite
Sergeevite
Rabbittite

Para-alumohydrocalcite (2)

Alumohydrocalcite
Kochsandorite
Tunisite

Nasledovite
Strontiodresserite
Dresserite
Hydrodresserite
Dundasite
Ashburtonite
Coskrenite-(Ce)
Novgorodovaite
Kalicinite

Baylissite
Minguzzite
Formicaite
Whewellite
Monohydrocalcite
Earlandite
Weddellite

Caoxite
Schrockingerite
Voglite
Calcioancylite-(Ce) (1)
Kamphaugite-(Y) (1)
Kamphaugite-(Y) (2)
Calcioancylite-(Ce) (2)
Calcioancylite-(Nd)
Metazellerite

Na,Cu(C0Os),-3(H,0)
Na;Y(CO3);-3(H,0)
BaNagTh(CO;)-6(H,0)
NazCe;LaTi; sNbg 5(Si04),(CO3)304(0OH)-2(H,0)
Mg(C;0,)-2(H,0)
Ca,Mg11(CO3)o(HCO;)4(OH),-6(H,0)
CazMg3(U0O,),(CO5)6(OH),-18(H,0)
CaAl,(C0O3),(0H),-6(H,0)
CaAl,(CO3),(OH)4-3(H,0)
CaAl,(CO3),(OH),4- (H,0)
NaCa,Al,(CO3)4(OH)CI
PbMn3Al,(C0O5)4(SO,)05-5(H,0)
Sro.75Cag 25A15,(CO3),(OH),- (H20)
BaAl,(CO3),(OH)4-(H,0)
BaAl,(CO;3),(OH)4-3(H20)
PbAI,(CO3),(0OH),-(H20)
HPb,Cu,Si,04,(HCO3),(OH),CI
Ce11Ndg 6La0 3(SO4)2(C204)-8(H20)
Ca,(C,0,)Cl,-2H,0

KHCO4

KzMQ(C03)2‘4(H20)
K,Fe**(C,0,)3-3H,0

Ca(HCOO0),

Ca(C,0,)-H,0

CaCO0;:(H20)

Cay(CsH507)-4(H20)
Ca(C,0,)-2H,0

Ca(C,0,)-3H,0
NaCaz(UO,)(CO3)3(SO4)F-10(H,0)
Ca,Cu(U0,)(CO3)4-6(H,0)

CaYsREE(5(CO;3),(0OH),-3(H,0)

CaCe(C05),(OH)-(H,0)

CaY(sREE(5(CO3),(OH),3(H,0)

CaCe(C0;),(0OH)-(H,0)
CaNd(CO3),(0OH)-(H,0)
Ca(U0,)(CO4),-3(H,0)
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Ca=U

Cr
Fe
Ni

Cu=Pb Nd=
Cu U Nd
Na=Ca=
Na Zr
La Ce

Sr
Sr
Sr

Pb

Mg

Sr= Ce

Y
Y
Y

Y

La
La

La
La
Ce
Ce
Ce
Ce
Nd
Nd
Nd
Nd

U
U
U
S
Ca

Ca
Ca

Cu ClI
Ba Na=Ca=
Ba Na=Y

Ca Nd

Ce

Ca La=

La

La Ba

Ca=U

La

La Pr
Pb Nd La

Y REE

Na=Mg=S

Gd Y=
La=Pr

Gd=Dy

Ca U

Nd Pr

SmY

Sm

Nd=Ho= Er

orth
orth

Zellerite

Petterdite

Humboldtine
Widgiemoolthalite
Schuilingite-(Nd)
Astrocyanite-(Ce)
Donnayite-Y
Weloganite
Ancylite-(La)
Ancylite-(Ce)
Tengerite-(Y)
Kimuraite-(Y)
Lokkaite-(Y)
Decrespignyite-(Y)
Mckelveyite-(Y) polytype
Mckelveyite-(Y)
Hydroxylbastnasite-(La)
Kozoite-(La) (1)
Kozoite-(La) (2)
Lanthanite-(La)
Hydroxylbastnésite-(Ce)
Galgenbergite-(Ce)
Lanthanite-(Ce)
Calkinsite-(Ce)
Hydroxylbastnasite-(Nd)
Shabaite-(Nd)
Lanthanite-(Nd)
Kozoite-(Nd)
Gysinite-(Nd)

Blatonite

Joliotite

Bijvoetite-(Y)
Mascagnite

Nitrocalcite
Uklonskovite

Ca(U,Oz)(CO3)2'5(H20)
PbCr®*,(C05),(OH),-H,0

Fe**(C,0,)-2H,0

Ni3 sM@1 5(CO3)4(OH),-4.5(H,0)

Cu,Ceq 1Ndg gLag ,Pro,SMg 1(UO,)(CO3)s(OH),-2.7(H,0)
Sr;NaCaY (CO3)g-3(H,0)
Sr3Na,Zr(C0O3)6-3(H,0)

SrLag 75C€0.25(CO3),(OH)-(H;0)
SrCe(C0;),(OH)-(H,0)

Y(C03)3-2.5(H,0)

CaY,(CO3),-6(H,0)

CaY,4(CO;);-9(H20)

Y31Gdg ;DY ,H0g 1Erg 1Ndg 1Cag 1Cuy 5(CO3)3 7Clg 7(OH)s5 g-2.4(H,0)
BazNaCaY (COj3)3(0OH)g-3(H,0)
BazNaCag 75Uq 25 Y (CO3)g-3(H,0)
La(CO3)(OH)

La(CO3)(OH)

Lag 41Cap21Ndy 2 Y 0.07P10.0510.02Gd0.02(CO3) (OH)g 74-0.25(H,0)
La, 5Ceq5(CO5)3-8(H,0)

Ce(CO3)(0OH)

Cap 99Ce1 04129 42Ny 41Prg.12(CO3)4-(H,0)
Cey5L895(CO3)3-8(H,0)

Ce; 5Lag5(CO3)3-4(H20)

Nd(CO3)(OH)

CaNd; 255Mg5Y g 25(U0O,)(CO3)4(OH),-6(H,0)
Nd; 5Lay5(COs)3-8(H,0)

Ndj 45129 3Pr0.1SMg 05(CO3)(OH)

PbNdj 75L.30 25(CO3),(OH)-(H,0)
(UO,)(CO3)-(H,0)

(U0O,)(CO5)-2(H,0)
YREE,(UO,)1505(OH)g(CO3)16-39(H0)
(NH,),SO,

Ca(NO;),-4(H,0)

NaMg(SO,)F-2(H,0)
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F= Al
F Al=

F= Si=

Na=Si
Na=P
Na=P
Na=P
Na=P=
Na=P=
Na=S
Na=S
Na=S
Na
Na
Na
Na
Na
Na=S
Na=S
Na=S
Na=S
Na=S
Na=S
Na=S
Na=S=
Na=V
Na=V=
Na=Nb
Na=1

nuunmumnm

P=

Ca Na

Ca=As Na

Ca
Si

Cr

Ca La B Fe Al

Ti Er Dy=Yb Fe

Zr
Ca K S
Al

c <l

Fe

N= Mg
N Fe

Mg

F Ca
Mg= Ca

Pb

mon
orth

Fluellite

Morinite
Esperanzaite
Tritomite-(Y)
Vlodavetsite
Yftisite-(Y) (1)
Trona
Thermonatrite
Voggite
Sacrofanite (1)
Tancoite
Canaphite
Ercitite
Metanatroautunite
Natroautunite
Matteuccite
Blodite

Konyaite
Humberstonite
Ungemachite
Clinoungemachite
Eugsterite
Hydroglauberite
Wattevillite
Ferrinatrite
Sideronatrite
Metasideronatrite
Nickelblodite
Krohnkite
Changoite
Ottensite
Munirite
Strelkinite
Natrokomarovite (1)

Georgeericksenite

Al,(PO,)F,(OH)-7(H,0)
NaCa,Al,(POy),F3.75(0OH)1 25-2(H20)
NaCa,Al,(AsO,),F,(OH)-2(H,0)
(Y0.4cao.3Lao.2F92+o.1)5[SizBo.7A|0.3]Os(OH)3F2
AlCa,(SO,),F,Cl-4(H,0)
(Y,Dy,En.(Ti,Sn)O(Si0O,),(F,OH)g
Na3(CO3)(HCO,)-2(H,0)
Na,CO;-(H,0)
Na,Zr(PO,)(CO3)(OH)-2(H,0)
Nag 3Cay 8K1.4S153Al57024(OH).7(S0O4)1.1(CO3)0.5Clo 2-0.3(H20)
HNa,LiAlI(PO,),(OH)
CaNa,P,0;-4(H,0)
NaMn™; ssFe* 5 45(PO,)(OH)-2(H,0)
Na(UO,)(PO,)-4(H,0)
Na,(UO,)>(PO,),-8(H:0)
NaHSO,-(H,0)
Na,Mg(SO,),4(H20)
Na,Mg(SO,),-5(H20)
K3N37M92(SO4)6(NO3)2'6(H20)
KsNagFe®*(S0,)s(NO3),-6(H,0)
K;NagFe® (S0,)s(OH)5-9(H,0)
Na,Ca(S0,);-2(H,0)
Na,Ca(S0O,);-2(H,0)
Na,Ca(S0,),-4(H,0)
NazFe**(S0,);-3(H,0)
Na,Fe®"(S0,),(0H)-3(H,0)
Na,Fe* (SO,),(OH)-(H,0)
Na,Nio.7sMdo 25(SO4),-4(H,0)
Na,Cu(S0,),-2(H,0)
Na,Zn(S0O,),-4(H,0)
NaV°>*0;-1.5(H,0)
Nay(UO,),V,0g:6(H0)
NagCaNbg[Si,04,]F,-4(H,0)
NagCaMg(105)6(CrO,),-12(H,0)
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Mg B
Mg B
Mg B=
Mg B
Mg C
Mg C
Mg C
Mg C
Mg C=
Mg C
Mg Al
Mg Al
Mg Al=
Mg:= Al
Mg Al
Mg Si
Mg Si
Mg Si
Mg Si
Mg Si
Mg-= Si
Mg Si
Mg Si
Mg Si
Mg Si
Mg Si
Mg Si
Mg Si
Mg Si
Mg Si
Mg Si=
Mg:= Si=
Mg P
Mg P
Mg P
Mg P

Fe
Cu

CcC S
C ©Sr
Si

Si

Na= Al
Al Na
Al P
Al Fe
Al Fe
Fe

Fe Al
Fe Ti
Fe Mn
Zn Mn
Pb

Na
Na Fe

Na
P Ca

Fe

Zr Fe Ti

Mn Cr Ti
Al Mn

mon
mon

tricl
mon
mon
orth
orth

Wightmanite
Hydroxylborite
Liineburgite
Sulfoborite
Dypingite
Giorgiosite
Hydromagnesite
Pokrovskite
Brugnatellite
Mcguinnessite
Motukoreaite
Karchevskite
Dozyite

Amesite
Chlormagaluminite
Lizardite
Chrysotile
Clinochrysotile
Orthochrysotile
Parachrysotile
Spadaite
Glagolevite
Kulkeite
Ellenbergerite (1)
Clinochlore
Vermiculite (1)
Antigorite
Carlosturanite (1)
Carlosturanite (2)
Balangeroite
Gerstmannite
Molybdophyllite
Raadeite
Kovdorskite
Bakhchisaraitsevite (1)
Bakhchisaraitsevite (2)

Mgs(BO3)O(OH)s-2(H,0)
Mgs3(BO;)(OH);
Mg;B2(PO,)2(OH)s(OH)¢-5(H,0)
Mg3B,(SO4)(OH)g(OH) sFo 5
Mgs(CO3)4(OH),-5(H,0)
Mgs(COs)4(OH),-5(H,0)
Mgs(CO3)4(OH),-4(H,0)
Mg,(COs5)(OH),-0.5(H,0)
MggFe” (CO3)(OH)15-4(H,0)
Mg, 5CuUy5(CO3)(OH),
Na;Mg33Al24(CO3)13(SO4)s(OH)108-56(H0)

M015.48Al9(ST1.76Ca0,09)2.36(CO3)8.26(PO4)0.46(OH) 49 82 (H20) 140
(Mg,Aly)(SisAl;)O015(0H) 1,
Mg,Al,SiO5(0OH),
Mg3,5Fe2+o,5AI2(OH)1ZCI(003)0,5-2(H20)
Mg3Si,05(0H),
Mg;Si,05(0OH),
Mg3Si,05(0H),
Mg;Si,05(OH),
Mg3Si,05(0H),
MgSiO,(OH),-(H20)
NaMgg[Si;AlO;4](OH,0)s-(H20)
Nap 35Mgs[AlSi;O2](OH)1o
Mg TiAlgSigO,5(OH)4
Mgs75Fe“"1 25Si3Al,019(0H)s
(Mg,Fe“",Al)3(Al,Si),040(0OH),-4(H,0)
Mg, 25Fe“" 9 75(Si,05) (OH),
(Mg,Fe“", Ti,Mn),3(Si,Al)1,0,6(0OH)34
MgiggFe "1 1 Tip7MN“"g5Sis; sAlg sO25(OH) 4
Mg, /e gFe™ 3 gMN“"; 7Si160s5 (OH)37.5
Mg; sMn“"sZn(Si04)(OH),
PbgM(ggSigO,4(OH),4
Mg;(PO,),'(OH)g
Mg5(PO4)2(CO3)(OH)2-4.5(H,0)
Na,Mgs(PO,),-7H,0
Na,Mgs(PO,),-7H,0
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Mg-P K Na
Mg-P Fe
Mg-P Fe
Mg-P= Cu
Mg P Ba
Mg P Ba Mn
Mg=S

Mg-=S

Mg S

Mg=S= CI= K
Mg S= Fe= Ni
Mg-Ca V As
Mg- Ca=As
Mg=Mn Zn As
Mg Fe

Mg Fe C
Mg=Cu C
Mg=Zn Mn S
Mg=Zn As Mn
Al

Al

Al Li=Si B

Al Li Sr Na
Al C

Al N ClI K
Al N Ni S
Al Mg=Si

Al Mg Si Fe
Al Mg Si= Fe
Al= Si

Al= Si

Al= Si

Al= Si

Al= Si

Al Si

Sr Ca

C Cr

Fe C

Ca

Cu

orth
orth

tricl
mon
mon

Arnhemite

Baricite (2)
Garyansellite
Nissonite
Rimkorolgite (1)
Rimkorolgite (2)
Kieserite
Sanderite
Caminite
Kainite
Mountkeithite
Gottlobite

Adelite
Chlorophoenicite (1)

Muskoxite
Coalingite
Callaghanite
Hauckite
Magnesiochlorophoenicite
Bohmite
Diaspore
Manandonite
Palermoite
Hydroscarbroite
Sveite
Mbobomkulite
Magnesiochloritoid (1)
Prochlorite
Vermiculite (2)
Pianlinite
Kaolinite
Dickite

Nacrite
Endellite
Allophane

Ky sNagsMg,P,07-5(H,0)

M92.25F92+0.75(P04)2'S(Hzo)

[Mo 75Fe” 0 25]a(PO4)2(OH)g.7500 25 1.5(H,0)
Cu,Mg,(PO,),(OH),-5(H,0)
MgsBa(PO,),-8(H,0)

MgSO,-(H,0)

MgSO,-2(H,0)

Mg;(SO,)s5(OH),4-(H,0)

MgK(SO,CI)-3(H,0)
MggNi2Fe3+2Cr(SO4)2(CO3)1.5(OH)34-11(H20)
CaMg(VO,)o63(AsO4)037(OH)

CaMg(AsO4)(OH)
Mn2+2.25M92.25M90.75Mn2+0.7szn2(ASO4)(OH)s.soo.s
Mg;Fe*,015-13(H,0)

MgjoFe” 2(CO3)(OH)24-2(H20)
Cu;Mg,(CO3)(OH)4-2(H0)
Mg1sMn“6Zn;gFe*"3(S04)4(CO3),(OH)g;
Mg, 2sMn“"4 75Zn,(AsO,)(OH),0,
AIO(CH)

AIO(CH)

Li,Al4[(Si,AIB)O,](OH)g

Sro.75Cag 25111 5Nag 5Al,(PO4)4(OH),
Al14(CO3)3(OH)35:(H,0)
KAI7(NO3)4Cly(OH)16-8(H,0)

Nig 75CUg 25A14(NO3)1 5(SO4)0.5(OH)12-3(H,0)
MgAl,SiOs(OH),

Mg sFe“ o 2Fe™" 1 sAl; 5Sip 2Al; §010(OH)s
Mg gFe*".6Al4 381019(OH),-4(H,0)
Al,Si,04(0OH),

Al,Si,05(0OH),

Al,Si,05(0H),-2(H,0)
(Al,05)(Si0;)1.3-2.5(H,0)

MgsBa(PO,),-8(H,0)
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Al Si
Al Si
Al Si
Al Si
Al Si
Al Si
Al Si
Al= Si
Al= Si

Al Si
Al Si
Al Si
Al Si
Al= Si

Al= Si=

Al= Si
Al= Si
Al= Si

Al Si=

Al= Si
Al= Si
Al= Si
Al= Si
Al= Si
Al Si
Al= Si
Al Si
Al Si
Al Si
Al= Si
Al= Si
Al= Si
Al=P
Al=P

Li

Li

Li B
Li= Na
F Cl
Na=K
Na Ca
Mg

Mg Fe
Mg Fe
Mg Ni

Ca
Ca
Ca
Ca
Ca
Ca Na

Ca Cu
V Ba
Mn
Mn
Mn Fe
Fe Mg
Fe Mg
Fe Mg
Ni= Zn
Sr
Sr Na
Ba

Y REES=

Sr K Ba
Na

Mg

Ca Na K

Mn
V= Cu

Ca

mon
orth

Donbassite
Imogolite
Cookeite
Lunijianlaite
Borocookeite
Saliotite

Zunyite

Amicite
Rectorite
Magnesiocarpholite
Magnesiochloritoid (2)
Sudoite

Maufite
Saryarkite-(Y)
Willhendersonite
Vuagnatite
Gismondine
Parthéite
Lawsonite (1)
Chantalite
Thomsonite-Ca
Tschortnerite
Chernykhite
Sursassite
Carpholite
Ottrélite (1)
Ferrocarpholite (1)
Berthierine (1)
Chloritoid
Kurumsakite
Itoigawaite
Thomsonite-Sr
Cymrite
Metavariscite
Variscite

Als 333Si3010(0OH)g

Al,SiO;(0H),
LiAl,[(SizA1)O;0](OH)s
LiAlg(Si;Al)O5(0OH);

Li; 6Al38B0 6513010F0.3(OH)7 5

Nag 5Lig sAl;AISi;014(0H)s
Aly3Si502(0OH);6F:Cl
K;Na,Al,Si,044:5(H,0)

Nay 6Cag 3Ko.1AleSis020(OH),-2(H20)
MgAlSi,Og(OH),

MgAI,SiOs(OH),

M91.9F92+o.1A|2.9F93+0.28isAlom(OH)m
Mgq.75Nig 25Al,Si50,3-4(H,0)

CaY4REEq 4Thy 3Al5(Si04); 2(PO4)15(SO4)03(OH)g 6-5.6(H,0)
CaAlSiO,(OH)

Ca2A|4S|40l5(OH)24(H20)
CaAl,Si,0,(0H),-(H,0)

CaAl,SiO4(OH),

Cay o511 ,Kg 6Bag 3CU3(OH)sSiy,Al1,045:18(H,0)
Bao.zsNao.2V3+1.1A|o.65V5+0.3Si2.3A|1.7010(OH)2
Mn?*,Al5(Si0,)(Si,0;)(OH)5

MnAl,Si,Og(OH),
Mn2+0.9Fez+0.6M90.5A|3.9F93+o.1sizolo(OH)4
Fez+o.75Mgo.25A|23i206(OH)4

(Fe** Fe**, Al,Mg),.5(Si,Al),05(0H),

Fez+1.2Mgo.eMn2+o.zA|4Si2010(OH)4
ZnsNiCu,AlgV*,Si045-27(H,0)
SrAl,Si,07(OH),-(H,0)

Sr; 4Cag gNaAlsSis0,- 7.1(H,0)
Al(PO,)-2(H,0)

Al(PO,)-2(H,0)
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Li Ca

Na

Na
Na= Mg
Na S
Mg
Mg- Ca
Si= Ca

= Ca
= Sr
S Pb

Ca Na
Ca Cu

Mn

Mn Ca
Mn: Fe
Fe

Fe

Fe

Fe

Sr

Si

Fe Sr

2008-008

tricl
mon

Augelite
Bolivarite
Planerite
Senegalite
Vantasselite
Bertossaite
Kingite (2)
Wavellite
Brazilianite
Wardite
Matioliite
Peisleyite
Lazulite

Perhamite
Hotsonite-VI
Kribergite
Woodhouseite
Svanbergite
Hinsdalite
Tinsleyite
Minyulite
Gatumbaite
Foggite
Crandallite
Matulaite
Millisite
Coeruleolactite
Metaschoderite
Eosphorite
Attakolite
Ernstite
Paravauxite (2)
Metavauxite
Vauxite
Childrenite

Aly(PO4)(OH);
Al,(PO,)(OH);-4.5(H,0)
Alg(PO4)2(PO;0H),(OH)s-4(H20)
Al,(PO,)(OH);-(H,0)
Al4(PO,)3(0OH)3-9(H,0)
Li,CaAly(PO,)4(OH),
Al;35(POy);F17(OH), 3-6(H,0)(OH),
Al5(PO,),(OH)sFo 5-5(H,0)
NaAl3(PO,),(OH),
NaAl;(PO,),(OH),-2(H;0)
NaMgAIls[PO,4)4(OH)e]-2(H,0)
NagAl16(SO4)2(PO4)10(OH)17-20(H,0)
MgAI,(PO,4),(OH),
CaMgAl,(PO,),(OH),-7H,0
CazAl7(Si04)3(PO,4)4(OH)3-16.5(H,0)
Al5(SO4)(PO4)(OH)10-8(H,0)
Als(PO,)3(SO4)(OH)4-4(H:0)
CaAl;3(PO,)(SO4)(OH)s
SrAl;(PO,)(SO,)(OH)g
PDyg.75510.25Al5(PO,4)(SO4) (OH)g
KAI,(PO,),(OH)-2(H,0)
KAI,(PO,),(OH,F)-2(H,0)
CaAl,(PO,),(0OH)-2(H,0)
CaAl(PO,)(OH),-(H,0)
CaAl3(PO,4),(OH)s: (H,0)
CaAlg(PO4)12(OH)20-28(H,0)

Nap 75K 25CaAlg(PO,)4(OH)e-3(H,0)
Cay sCug 4Al5(PO,)4(OH)g-5(H,0)
Aly(PO,4)(VO,)-6(H,0)
MnAI(PO,)(OH),-(H,0)

Cag gSro,MN** Al ;Fe™ ; 3H(Si04) 7(PO4)3 3(OH),
Mn“"g sFe™ o sAI(PO,)(OH)1 5005
Fe“"Al,(PO,),(OH),-8(H,0)
Fe*"Al,(PO,),(OH),-8(H,0)
Fe“"Al,(PO,),(OH),-6(H,0)
Fe“"Al(PO,)(OH),-(H,0)
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Al=
Al
Al=
Al
Al=
Al
Al

Al
Al
Al=
Al
Al
Al
Al
Al
Al
Al
Al
Al=

Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

Al
Al
Al
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S=
S

Fe
Fe

Fe= Na

Fe
Fe

Mg
Zn

Fe= Sr

Cu
Cu
Zn
Zn
Sr

Ba
Ba
La
Ce
Nd
Pb
Pb
Bi

Th

Na
Na

Ca
Cu

Cu=

Zn

Cu

Ce

Ce

Si=

Ni

Ca

Pb

As= Pb

Ba

Mg Ca

Mg

Pb

Cu

Sigloite
Gormanite
Burangaite
Scorzalite
Aheylite
Lulzacite
Zapatalite
Turquoise
Kleemanite
Faustite
Goyazite
Jagowerite
Gorceixite
Florencite-(La)
Florencite-(Ce)
Florencite-(Nd)
Plumbogummite
Orpheite
Waylandite
Eylettersite
Ranunculite
Moreauite
Meta-aluminite
Mangazeite
Ammonioalunite
Nickelalumite
Natroalunite
Minamiite
Hotsonite-VII
Alunite
Huangite
Chalcoalumite
Osarizawaite
Kyrgyzstanite
Hidalgoite
Walthierite

Fe’"Al,(PO,),(OH);3-5(H,0)
Fe“3AI4(PO4)4(OH)6-2(H20)

Nao.7cao.3Fez+o.7M90.4A|5Fes+o.1(PO4)4(OH)5.6oo.e'Z(Hzo)

FeIZ+0.75Mg0_25A|2(PO4)2(OH)2
Feﬁo.§Zno.4A|6(PO4)3.7(PO3OH)0.3(OH)8'4-1(H20)
SrzFebz.zMgo.8A|4(PO4)4(OH)10
CuzAly(PO,)3(OH),-4(H,0)
CuAlg(PO,)4(OH)g-4(H,0)
ZnAl,(PO,),(0OH),-3(H,0)

Zny gCUg ,Alg(PO,)4(OH)g-4.5(H,0)
SrAl3(PO,4),(OH)s: (H,0)
BaAl,(PO,),(OH),
BaAl;(PO,)(PO;0OH)(OH)g

Lay 75Cep.25A15(PO,),(OH)g
CeAl;(PO,),(OH)g

Ndg 75Ce 25Al5(PO,4),(OH)g
PbAI3(PO,),(OH)s-(H20)
PbAI3(PO,)15(SO4)05(0H)s
BiAl;(PO,),(0OH)g

Tho.4Pbg 1Al; 6(PO4)1.3(S104)0.1[(H404]0.5(OH)s 1
HAI(UO,)(PO,)(OH);-4(H,0)
Al3(UO,)(PO,)3(0OH),-13(H;0)
Aly(SO,)(OH),-5(H,0)
Aly(SO4)(OH),-3(H:0)
(NH4)AI3(SO,4)2(OH)s

Nig 7CUg 3A14(SO4)1 5(NO3)(OH);,-3(H,0)
NaAl3(SO,),(OH)s

Nay 6Cag 3K 1Al5(SO,)2(OH)s
Al11(SO4)3(PO4)2(OH)2 - 16(H,0)
KAI3(SO4)2(OH)s

CapsAl3(SO,4),(OH)g
CuAl4(SO4)(OH);,-3(H,0)
PbCuAl,(SO,),(OH)g
ZnAl,(SO,)(0OH)4,-3(H,0)
PbAI;(AsO,)(SO,)(OH),

Bay sAl3(SO,4),(OH)s




IITIIIITIIIT

cNoloNoNoNoNoNoNoNoNoNoNoNoNoNoNoRoNoNoNoNoNoNoNoNoNoNoNe o No o oo NO)
I T I I I I IIIIIIIIIIITIIIITIIITITIT

H= Al= Ca

Al= Ca
Al= Ca
Al Ca
Al Ca
Al=V
Al V
Al V
Al= Fe

Al Fe=

Si
Si
Si

As

Zn

Si
Ge

Al Fe= Ge

Al Ni
Al Cu
Al= Cu
Al Cu

Al= Cu=

Al= Zn

Al Zn=

Al= As
Al As
Al As
Al As
Al As
Al As
Al As
Al As
Al As
Al As
Al As
Al As
Al As
Al As
Al As

Si
P
S
S
As
S
As

F
P=
S
K
Fe
Cu
Ba
Ba
Ba
La
Ce
Pb
Bi

Al Mo Fe

Al= W

Sr
Si
Sr

Ni

Mg

Si

Mg

Ca

Nd

Fe

Sr Ca Ba
Sr=Ce Si

P La=Ce Ba

P

S Sr=REE Ce
La REE

Al Na

tetr
cub

Kamaishilite
Bicchulite
Vertumnite
Viseite
Arsenocrandallite
Steigerite

Satpaevite

Alvanite

Berthierine (2)
Carboirite-111
Carboirite-VI1I
Brindleyite (1)
Sieleckiite
Hydrowoodwardite (1)
Grandviewite
Luetheite
Zincaluminite
Gerdtremmelite
Mansfieldite

Bulachite
Arsenogoyazite
Kemmlitzite
Schlossmacherite
Alumopharmacosiderite
Arsenoflorencite-(Nd)
Ceruleite
Barioalumopharmacosiderite
Arsenogorceixite
Weilerite
Arsenoflorencite-(La)
Arsenoflorencite-(Ce)
Philipsbornite
Arsenowaylandite

Paramendozavilite
Anthoinite

Ca,Al,SiOg(OH),

Cay §Sr9.1Alg 4Si5.1015 6(0OH)36.1-9.8(H,0)
CapAl;3(S104)6(PO4)7045F5- 72(H,0)

Cay 25510.75Al3(ASO,)1 5(PO4)o 5(OH)s - (H,0)
AIVO,-3(H,0)

Al V',V 604;-30(H,0)

Zng 75Nig 25Al1,(V03),(OH)1,-2(H,0)

Fe*"; sAlIFe®") ;Mg ,Siy 1Al 4O5(OH)
Fe*"Al,GeO5(OH),

Fe*" Al 4Gey,0(Ge04), 7(Si04)e 5(OH),

Ni; 7 Mg, Fe*’5 1AL,SiOs(OH),
CuzAly(PO,),(OH)12-2(H,0)
CuysAlo5(OH)2(SO4)0.25-0.75(H,0)
CuzAlg(SO4)2(OH)29
Cu,Aly(AsO,),(OH),-(H;0)
ZngAlg(SO4),(OH),6-5(H,0)

ZnAl,(AsO,)(OH)s

AlAsQ,-2(H,0)

Aly(AsO,)(OH);-3(H20)

Sro.6Cag 3Bag 1Al3(ASO4)1.3(PO4)07(OH),F-(H,0)
Sro.4Ce0.4Al; 5(ASO,)(PO4)0.4(SO4)0.4(S104)0 2(OH)5 2-0.9(H,0)
(H30)0.75Ca025Al3(ASO4)1 5(S04)0.5(OH)s
KAI4(AsO,4)3(OH),-6.5(H,0)

Ndo sLag 2Ceo 2Bag 1Al 25Fe™ ) 75(ASO4)1 7(PO4)o.3(OH)s
Cu,Al;(AsO,).(0OH)5-12(H,0)
BaAl,(AsO,);(OH)s-5(H,0)
BaAl3(AsOs3)(OH)(ASO4)g.75(PO4)0.25(0H)s 5Fo 5
BaAl;H(ASO,)15(PO4)os5(OH)6

Lay5Srq 2Ceo 1REEG 2Al53(ASO4)1.4(SO4)0.3(PO4)0.3(OH)s
CeosLagsREE( 2Al3(ASO,)17(PO4)o3(OH)6
PbAI;(AsO,),(OH)s-(H,0)

BiAl;(AsO,),(OH)
NaAI4Fe3+7(PO4)5PM012040(OH)16-56(H20)
AIWO;(0OH),
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Al=W

Si

Si  Li= Al

Si  Li= Na

Si Be Ca Na
Si Be=Ca Mn
Si Be Ca=Mn
Si = Na

Si C= Al Pb
Si C Y Ca
Si N= Al

Si F= Ca Ce
Si Na

Si  Na

Si  Na

Si  Na

Si Na Be

Si Na Be F

Si Na Be F

Si Na Be K

Si Na Ce Ti
Si  Na=Al

Si  Na=Al

Si  Na=Al

Si  Na=Al

Si Na=Al K

Si Na Al Ca
Si= Na=Al Ca
Si Na P= Ti=
Si Na K Ti=
Si Na K Fe
Si Na K=Y

Si Na=K= Zr
Si Na=Ca K

Si Na Ca=Zr
Si Na Ti

Cu Fe Na
Gd

La B Y Th

Ca
Ce Mn REE

Sr F

Ca

K F=CI S
K S C cl
Ce

Fe

Mn Ti

Al= Ca

Mn Al Ti= K

Fe

2008-023

mon
mon

orth
tetr

Mpororoite
Opal (1)
Bikitaite
Silinaite

Tvedalite
Chiavennite
Searlesite
Surite
Caysichite-(Y)
Buddingtonite
Tritomite-(Ce)
Grumantite
Kanemite
Magadiite
Makatite
Nabesite
Leucophanite
Bussyite-(Ce)
Lovdarite
Seidite-(Ce)
Analcime
Natrolite
Tetranatrolite ?
Paranatrolite
Gmelinite-Na (1)
Delhayelite (1)
Sacrofanite (2)
Laplandite-(Ce)
Tiettaite
Ershovite
Monteregianite-(Y)
Georgechaoite
Mountainite (1)
Lovozerite (1)
Zorite (1)

Al(WO5)(OH)3-2(H,0)
Si0,-1.5(H,0)
Li5[Al,Si1,01,]-2(H,0)
NaLiSi,0s-2(H,0)
NaCa,Be;Si,043(0OH)-2H,0
CazMn?*Be;Sig0;7(OH)4-3(H,0)
CaMnBe,Si;045(0OH),-2(H,0)
NaBSi,05(0H),
P, 5CU gNag o(CO3),Al; sFe™ ) 3Si Al 4010(OH) 6-:0.6(H,0)
Y2Cay G 2S14010(CO3)3.33(OH)g.35-3.33(H0)
(NH,)AISi;04-0.5(H,0)
(Ceo.3Ca04L-80.2Y 0,07 N0 03)5S12.5B0.505(OH)3F>
NaHSi,05-3(H,0)
Na,Si,Og4(OH),-4(H,0)
Na,BeSi,0,y-4(H,0)
Nay 5Cag 5BeSi,0,5(0H), 1Fo 7
(Ce,REE)3;(Na,H,0)¢MnSigBes(0,0H)5F,
K,NagBe,Si;4055-9(H,0)
Na,Ce; 5Srg 5 Ti(OH),SigO150, 4(OH)1 2Fg 4-5(H,0)
NaAlSi,Oq4-(H,0)
Na,[Al,Siz040]-2(H,0)
Nay 61Cag 03Ko.16Al7.41S116.490045-21.5(H,0)
Nay 5K 5CasAlgSiz;0goClo 7F0.7(SO4)0.6+ 18(H,0)
Nag 3Cay gKy 4Sig 3Al57024(0H)27(S04)11(CO3)0.3Clo 2-0.3(H,0)
Na,CeTiPSi;0,,-5(H,0)
Na;oK;Fe* TiSiy50,5(OH)30-2(H,0)
Nay 1K3Fe”"o gMn**) 7 Tig 4Sig050(OH),-5(H;0)
KygNay 7Y17Cag 5Sis5 6Alg ;045 10(H,0)
KNaZzrSi;Oq-2(H,0)
NaCakK 5Si,O44-3(H,0)

H,Na,Ca(Zr,Ti)[SigOg]
NagTi5Si;,037(0OH),-11(H,0)
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Si Na Ti Li Lintisite (1) NasLiTi,Si,044-2(H,0)

Si Na Ti Al Nb F= K Fe Zorite (2) NagTi5Si;,037(0OH),-11(H,0)
Si Na Ti Ca Zr Al Nb Penkvilksite (1) Na,Tiy 525 5Sig0y,-4(H,0)

Si Na Ti Mn Manganokukisvumite NagMnTi,SigO,4-4H,0

Si Na Ti=Mn Fe MgNb K Al Intersilite Nas g1Ko 0sMN** 5 30" 0 06oMJo.67Alo 04 Tz 88NDg 06313028 4(H,0)
Si Na Ti Mn= Fe Ca Tisinalite NagHsMn?*) sCap sFe 5 Tig 7Fe** ) 5Si5017 4(OH), - 2.2(H,0)

Si Na Ti Zn Kukisvumite NagZnTi,SigO,5-4H,0

Si Na Ti Y Dy=Gd Pyatenkoite-(Y) NasYo7DY,.1Gdg 1 TiSigO45-6(H,0)

Si Na Ti Zr Penkvilksite (2) Na,Tiy 525 5Sig0y,-4(H,0)

Si Na Ti=Nb F= Mn Shkatulkalite NalOMn2+Ti3Nb3(Si207)6(OH)2F-12(H20)

Si Na Ti Nb Korobitsynite Na, ¢ Tiq 5Nbg 5Si,013(0OH)-3.5(H,0)

Si Na Ti Ba ? Nechelyustovite (Ba,Na),{(Na, Ti,Mn),[(Ti,Nb),(OH);Si,044](OH,0,F),}-3H20
Si Na Ti Ba La=Ce IImajokite Na; 5Ceg 1Lag 1Bag », TiSiz05(0OH)4-4(H,0)

Si Na Mn CI Varennesite NaSMn2+28i10025(OH)1.5CI0.5-12(H20)

Si  Na=Mn K Fe Mg:Ca Shafranovskite Nay, 5K 76MN?*5 55Fe? 0 63Ca0 04MJ0.046 (Alg 02) SigO3 71-6.27 (H,0)
Si Na=Mn Ti Raite NazMn;Tig 55Sig040(0OH),-10(H,0)

Si Na Zn Gaultite Na,Zn,Si;045-5(H,0)

Si Na Zr Gaidonnayite Na,ZrSiz0q-2(H,0)

Si Na Zr Keldyshite (1) Na; sHq 52rSi,07-2(H,0)

Si Na Zr Elpidite Na,ZrSigO,5-3(H,0)

Si Na Zr Hilairite Na,ZrSizOq-3(H,0)

Si Na Zr Natrolemoynite Na,Zr,Si;0046-9(H,0)

Si Na ZzZr CI Ca Petarasite (1) Na, ;Cag 1Zr,SigO15(OH), 6Cly 5-3(H,0)

Si Na=Zr=Ca Catapleiite NaCay ¢ZrSiz0q-2(H,0)

Si Na Zr=Y Sazykinaite-(Y) NasYZrSigO,4-6(H,0)

Si Na Zr Sn Tumchaite Na,Zrg 75SNn0.,Si,047-2(H,0)

Si= Na Nb Ti Epistolite Na, Ti,Nb,(Si,07),(OH),-2(H,0)

Si Na Nb Ti K= Ca Nenadkevichite Nay oK 06Cag.0sNbg 7 Tig 351,06 7(OH)g 5-2(H,0)

Si Na Nb=Ba Fe=Ce [limaussite-(Ce) Ba,Na,CeFe* Nb,SigO,-5(H,0)

Si= Na Ba F= Ti=C Fe Mn:Sr Bussenite Nay oBay 5557 4Cag oFe” o sMNn?* s TiSi,07 3(CO3)0 o(OH), oF

Si  Na Ce Sazhinite-(Ce) Na,-1.5(H,0)CeSigO;,(0OH)-1.5(H,0)

Si Na Th Thornasite Na;, Th;[SigO1g]4-18(H,0)

Si Mg Sepiolite Mg,Siz045(0OH),-6(H,0)

Si Mg Na Loughlinite Na,Mg3SigO46-8(H,0)

Si Mg Na Li Ca=Al K Hectorite (1) Nag 3(Mg,Li)3Si,0:0(0OH),
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Mg Na Fe

Mg
Mg

Mg-

Mg
Mg
Mg

Mg Al= Fe
Mg=Mn Fe
Mg- Mn: Fe
Mg Fe Al
Mg-

Al
Al
Al
Al
Al
Al=
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

Al
Al
Al
Al

Al
Al
Al

Al
Al
Al
Al
Al
Al

Ni

Li

N K
N K

F=
Na
Na
Na

Na= Mg
Na K
Na=Ca
Na=Ca
Na Ca
Na Ca
Na Ca
Na=Ca
Na K
Na K
Na K=

Na
Na
Na
Na

AXX

Ca

Na=Ca

K
Ca

Al
Ca

Mg:

F Ca
Na= K

Zn K Ba Na

Ca Na

Li= Ba

K=
Fe
Ca

Mg
K

K

Mg
Ca
Ca
Ca
Ca
Ca

Ca

Fe Ca

Ba
Ca Sr Ba

Fe Mg
Fe Ba

Stevensite
Palygorskite
Sobotkite
Ellenbergerite (2)
Vermiculite (3)
Saponite
Hydrobiotite (1)
Corrensite
Gonyerite
Lennilenapeite
Griffithite
Karpinskite
Halloysite
Swinefordite
Tobelite
Ammonioleucite
Balipholite
Natrolite
Beidellite (1)
Brinrobertsite
Brammallite
Phillipsite-Na
Mesolite
Stilbite-Na
Gonnardite
Faujasite-Na
Mordenite
Paulingite-Na
Ferrierite-Na
Gobbinsite
Lévyne-Na
Dachiardite-Na
Clinoptilolite-Na
Erionite-Na
Herschelite

Cag 15Nag 33MJ; gFe”" o 2S1,019(0H),-4(H,0)

Mg; 5Alg5Si,010(OH)-4(H,0)

Ko.1Cap3(Mgo.7Aly 3)3[SizAIO0;0](OH),-2.5(H,0)

MggTiAlgSigO,5(OH)4
(Mg,Fe“",Al)3(Al,Si),040(0OH),-4(H,0)

Cao.lNaq.lM92.25Fez+0.755i3A|010(0H)2'4(H20)

M92.3Fed+o.6K0.3cao.1$i2.sA|1.2010(OH)1.8F0.2'3(H20)

Cag sNag Ky ,MgsFe” 3AISigAlLO0(OH);0-9(H,0)

MgsMn“'3Fe* Si; gFe™ ,014(OH),

Ks 9Bag.7M014 6Mny38F€7 52N6 5 Fe6 3SisrAlgO171(OH)45-17(H,0)

Mg, 4Fe*"; ,Cag 4Al; sFe” 4 5Si5015-7(H,0)

NiMgSi,05(OH),

LiCagsNag 1Al sMg 5Si3010(OH); 5F 5:2(H,0)

(NHy)o 5K 2AlLSi32Alp §010(0H),

(NH4)0.75K0.25A1S1,04

Na,[Al,Si3040]-2(H20)

Nao.5A|2.5Si3.5010(OH)2' (H:0)

Nao.zKo.lcao.oeAlz.sFeho.l'M 90.1S17.5Al02020(0H),4-3.54(H,0)

Nag 65(H30)0.35AIMgo 6Fe”*.1SisAlO14(OH),- (H,0)

Nap.9Cap 5K 6515 2Al,8016'6(H,0)

NazCazAlgSi,g07,-30(H,0)

(Cag.3,Naps,MJq.1)35[Al7Si1704]-32(H,0)

Nay 1Cap 5Ko1Al22S19.8024:5.9(H,0)

K, Ca,7NazBag 1SizsAl;90gy-45(H,0)

Na 06K0.97M0.38C20.05S10.03Ba0.02Al5S13107,- 18(H20)

Na, 5Cag 6K7.1Al6 2Si10032-12(H,0)

Cay sNaK, 3AlLLSi,04,-6(H,0) -levi

Na, 56Cap 53K0.71MJ0.04B0.01A s g6F€ ™ 0.11Si10.61045-13.43(H,0)

Naj 75K .31 C 61Ba0,00F€0,03Als 1€ 0 165120 19072+ 20.4(H,0)

Nag 9Ko.7Ca0.4Al14S114036-15(H,0)

Nag 8Ko.2Ca0.05Al1.1S11.906-3(H,0)
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Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si

Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

Be
Na
Na
Na

Ca
Ca Mg Fe
Ca Sr Mg

Ca

Na Sr Ba
Ca
Na Ca
K Ti
Mg Ca
Ca
Ca
Ca
Ca Mg Ba

Sr Mg Ca Fe
Fe

Na= Mg

Na Mg

Na Ba

Na Ba Fe
Mg

Na Mg Sr Ba

Na Ca

Na=Sr Mg

tricl
mon

Gmelinite-Na (2)
Barrerite
Chabazite-Na
Tosudite
Faujasite-Mg
Ferrierite-Mg
Mazzite
Aliettite
Hydrobiotite (2)
Ferrierite-K
Phillipsite-K
Phillipsite
Gmelinite-K
Erionite-K
Clinoptilolite-K
Ilite
Direnzoite
Chabazite-K
Paulingite-K
Merlinoite
Offretite
Heulandite-K
Perlialite
Scolecite
Cowlesite
Wairakite
Laumontite
Yugawaralite
Epistilbite
Goosecreekite
Stellerite
Chabazite-Ca
Roggianite
Beidellite (2)
Boggsite
Garronite

Nay 61Ca,03K0.16Al7.41S116.490045°21.5(H,0)

Nas 45K 06Ca0.84MJo.17Alg 19F€“”,01Si22.7207,+25.78(H,0)
Nag 11Cag 19K1.0sMJ0.02SF0.05Al1 5376 0,01Si7.4054-11.47(H,0)
Nay sAl;Mg,Si;AlO15(OH);,-5(H,0)
(Mdo.6,Nay 3,Cag 1)35A1;Si170,5-32(H,0)
Nay 56K1.10M2,02Cg 32510.15B a0 02Al6 8912904072+ 17.86(H,0)
K19Cay 4M0,Sizs sAlg 07, 26(H,0)
Mg;Si;,010(OH),Ca, 1Nag ,AlFe”; ;Mg sAL;SiO;o(OH),-3(H,0)

Mg, sFe”" o 6Ko.3Cag 1Siz gAl; 2010(OH)1 gFo »-3(H,0)
K2.05Nay 14M g 74Cag 14Al5Si31 0:07,-18(H,0)
Ko.eNag 7Cay 7Si5 Al §016-6(H,0)
KNag 5Cag 5AIl5Si5044-6(H,0)
K325Can57Nay 73Al7 3651171048 34-21.66(H,0)
K3.32Nay 31Cag 95M7g.06Bag.02Alg 05Si2.01072-31.99(H,0)
Nag 85K 4.72C20,045F0. 37MTp 19F€ 0. 03Al6 52Sl 29 33072+ 24(H,0)
Ko.6(H30)0.4Al1 sMgg 3“4 1S3 5010(OH),- (H,0)
Ko.6Cag.3Nag Mg 02Al,Si,01,-6(H,0)
K42Cay sNag sBag sFe”o 2Siz 7Alg 3064-22.7(H,0)
K11Ca; 1Mdq 7Al5 5Si1, 036°15.2(H,0)
K2.4Nag 96Ca; 64M0.64S0.56B 20 1Alg 1F€0 565126 5072°25.8(H,0)
CaAl,Si;044-3(H,0)
CaAl,Si,04,-2(H,0)
CaAl,Sig045-4(H,0)
CaAl,Sig044-5(H,0)
Cay gsNag 03Ko.2M0,02510.03Al3.94Si5.03024°13.16(H,0)
Ca,Be(OH),Al,(Si,045)-2.4(H,0)
Nag 5Al; 55135010(0H),+ (H20)
Na,CasAl;,Siy0g4-27(H,0)
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Al Ca Na Gmelinite-Ca (1) Cay 0gSr1 35Nag 75(K)o.11Al7 52Si16.49045°23.23(H,0)

Al Ca Na Mutinaite Naz;Ca,Al;;SigsO1g,-(H,0)

Al Ca Na Tschernichite Cay 75Nag 5SigAl,044-8(H,0)

Al Ca Na Stilbite-Ca NaCa,AlgSiys07,-30(H,0)

Al Ca Na= Mg Gottardiite Na3Mg3Ca5A|198i1170272-93(H20)

Al Ca Na Mg Faujasite-Ca (Cag,Nag 3,Mgg 1)35Al;Si;7045-32(H,0)

Al Ca Na= K Dachiardite-Ca Cas 5Ky 7Nag 7Al15Sizg0g6-25(H,0)

Al Ca Na K Clinoptilolite-Ca Cay 4Nag 7Kg 3Al, 5Si155036-12(H,0)

Al Ca Na K Lévyne-Ca Cay gNag 4K 2AlSi,04,-6(H,0)

Al Ca Na K Ba Sr Heulandite-Ca (1) Cag 5751 05Bag 0sM0g 01Ny 26K g 43Alg 37S156 707,-26.02(H,0)

Al Ca Na Fe K= Ti= Mg Lawsonite (2) CaAl,Si,0,(0H),-(H,0)

Al= Ca Mg Pumpellyite-(Mg) Ca,MgAl,(Si0O,4)(Si,07)(0OH),- (H,0)

Al Ca Mg= Fe Na Aerinite Cag;Nag sMozFe™ JFe“"; 4Al, »Sii3504(0H)g-11.3(H,0)
Al Ca CI Amstallite CaAl; gSiz 305(0H),(H,0)05Cly »

Al Ca K Na Phillipsite-Ca CaK gNag 4Sis ,Al, g046-6(H,0)

Al Ca K Na Mg Erionite-Ca Cay 95K 54Nag 95Mg g6Alg 53Si26.9072-31.35(H,0)

Al Ca K Na= Sr Chabazite-Ca Cay ggNag 03K0.2M0g 02510 03Al5 94515 03024-13.16(H,0)
Al Ca K Na Ba Paulingite-Ca K, ;Caz 7;Nag gBag 1Siz; 2Al 5 70g4+34(H,0)

Al Ca K Mg:Sr Na Heulandite-Ca (2) Cag 5751 05Bag 0sM0g 01Ny 26K 43Alg 37S106 707,-26.02(H,0)
Al= Ca Fe Pumpellyite-(Fe++) CayFe“" Al,(Si0,)(Si,0;)(OH)- (H,0)

Al= Ca Fe Pumpellyite-(Fe+++) Ca,Fe® Al (Si0,)(Si,0;)(OH),-(H,0)

Al= Ca=Cu Papagoite CaCuAlSi,04(0OH)4

Al Ca Sr Na K Gmelinite-Ca (2) Cay 0gSr1 35Nag 75(K)o.11Al7 52Si16.49045:23.23(H,0)

Al Ca Sr K Na Ba Bellbergite K, 3Nag 7Cas 5Sr, 4Bag 3Al15Si;507,-30(H,0)

Al= Ca Sn Eakerite Ca,SnAl,SigO;5(0H),-2(H,0)
Al V Ca Fe Mg Poppiite Cay(V*",Fe*" Mg)(V*",Al),(Si0,)(Si,0-)-(H,0)
Al Mn Mg V Fe Ardennite-(V) Mn“",[Al,(Mg,AlLFe®" ,Mn*),] [(OH)Si0,,VO,)(SiO,)(Sis04]

Al Mn Mg As Ca Fe V Ardennite (1) Mn“", Cag gM0; 4Al, 7Fe* 5 4(ASO4)0.9(VO4)0.1(Si04)2(Siz010) (OH)g
Al MnAs MgCa Fe V Cu Ardennite (2) Mn“", gCag gMd; Al 7Fe* 5 4(ASO4)0.9(VO4)01(Si04)2(Sis040) (OH)s

Al Fe Mg Ferrocarpholite (2) Fe“" 5 7sM0g 25Al1,Si,04(0H),

Al Fe Mg K Ti Na Mn Hydrobiotite (3) Mg, sFe®" 5 6Ko.3Cag 1Siz gAl; ,010(0OH); gFo2-3(H,0)
Al Sr Ca K Na Chabazite-Sr Sty 5Cag sKg 3Nag Al 3Si; 604,-5.5(H,0)
Al Sr Ca K Ba Na Mg Heulandite-Sr Sr, 1Cay 76Bag 14M0g 02Nag 4K 20Alg 19Si26.94072- 24(H,0)
Al Sr Ba K Brewsterite-Sr Sty 49Bag 48K 02Al4 15Si11.95030- 10(H,0)

Al Y Yb Er Vyuntspakhkite-(Y) Y, 4Y b 5Ery 4Al3Sis045(0H)5
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Al Ba
Al Ba Na
Al Ba Sr

Al Pb Ca

= U

Ca

Ca

Ca

Ca

Ca

Ca

Ca Be Na
Ca Be Al

Ca F= K

Ca Na=Al
Ca=Na K
Ca Na=Zr
Ca Al
Ca Al
Ca Al
Ca Al= K
Ca Al=Cr
Ca S= Pb
Ca K F
Ca K Na
Ca=V
Ca=V
Ca=Mn
Ca=Mn
Ca=Mn

K
Ca

Cl=Na Fe Mg F
Nb

Al

Na
Mn

K ClI Sr

Mg Fe

Na

orth
orth

Edingtonite
Harmotome
Brewsterite-Ba
Maricopaite
Delhayelite (2)
Lemmleinite-K
Paraumbite
Boltwoodite
Riversideite
Plombiérite
Clinotobermorite
Nekoite

Okenite
Suolunite
Jeffreyite (1)
Aminoffite
Natroapophyllite
Fluorapophyllite
Thorosteenstrupine
Gyrolite (2)
Mountainite (2)
Aqualite
Tobermorite (1)
Tacharanite
Tobermorite (2)
Hydrodelhayelite
Shuiskite
Roeblingite
Hydroxyapophyllite
Rhodesite
Cavansite
Pentagonite
Mozartite (1)
Olmiite

Ruizite

Bay gNag 2K 1Al SigO14-6(H,0)
Bayg.755r0.25A1,S15016-5(H,0)
Pb7 ,Cay ,Al 6Siz6.40100-31.8(H,0)
Nay 5K 5CasAlgSiz0goClo 7F0.7(SO4)0.6+ 18(H20)
NaK;Tiy 4Nb Si40136(OH)o4-2(H,0)
HK(UO,)(Si0,)-1.5(H,0)
CagH,Sig0,5-6(H,0)(?)
CasSigO14(OH)4-5(H,0)
Ca;Sig045-7(H,0)
CaySi;g046-18(H,0)
Ca,Si,05(0H),+ (H,0)
Cay sNag 5Beg 75Al.2551,05(0H),
Ca3Be,(Siz040)(OH),
NaCa,SigO,F-8(H,0)
Ko.g5Nap 15Ca,SigO40F0.o(OH)o 1
Cay gThyeMn**)5Si,04;F-6(H,0)
NaCaySiy3Al04(OH)g-64(H,0)
H30gNa3K; 5Sry 5CagZr3SisgOgs(OH)Cl
Cay 3Si5 5Aly 5014(0H),-4(H,0)
CaypAl,Siyg033(0H) 36
Cay 3Si5 5Aly 5014(0H),-4(H,0)
K-6(H,0)Ca,AlSi;O,,(0H),
Ca,Mgo 6Alg 3Fe“ 1Cry Al 7Si5 7Aly 301, (OH),- (H,0)
Pb,CagSig0:5(SO4),(OH),-4(H,0)
Ko.esNag 15Ca,4SigO20(OH)o 6Fo 2
Ko.sNag 4HCa,Sig044-5(H,0)
CaV°*Si;0,;-4(H,0)
CaV**Si,04;-4(H,0)
CaMn**(Si0,)(OH)
CaMn[SiO;(OH)](OH)
CaMn®*'Si,05(0OH)-2(H,0)
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Ca Mn
Ca Mn Mg
Ca Mn Al
Ca=Mn Al
Ca=Fe Mg
Ca Fe= Mn
Ca=Cu
Ca=Cu
Ca=2n
Ca=Zr
Ca=Zr
Ca=Zr
Ca Zr Na
Ca=5n
Ca Ba
Ca=U
Ti Li
Ti Na=Mg
Ti Na K
Ti Na=K
Ti Na Nb
Ti= Al Ce
Ti K= Na
Ti K Na
Ti K Al
Ti K Mn

Ti K Sr=

Ti K Nb
Ti Ca
Ti Sr ?

Ti Nb Na=
Ti Nb Fe=

Ti Ba Na
Ti= Ba Al
Cr Mg Al
Mn Na

Al= Fe
Mg: Fe

Fe
Al

K
Ba
Ba

Nb
Ba
Ba

Fe=

Nb
Ca

Zn=

Zn

K=

Fe
K
Fe

Mg

Mn Mg
Fe Mg:-Nb

P Na=La
Mg:Nb Fe
Mn Al= Fe
Ba Mg Ca
Na Fe

Mn Nb Ba
Ca Mn Ba

K Sr Ca
Ba Mn Na
K Al
Na

Ca

Orlymanite
Okhotskite-(Mg)
Pumpellyite-(Mn++) (1)
Okhotskite-(Mn++)
Hydrougrandite
Hubeite
Stringhamite
Kinoite
Clinohedrite
Armstrongite (1)
Calciumcatapleiite
Calciohilairite
Loudounite
Stokesite
Macdonaldite
Uranophane-beta

Paralabuntsovite-Mg
Lemmleinite-Ba
Labuntsovite-Fe
Murmanite
Karnasurtite-(Ce)
Labuntsovite-Mg
Labuntsovite-Mn
Lourenswalsite
Kuzmenkoite-Mn
Gutkovaite-Mn
Kuzmenkoite-Zn
Chivruaiite
Tsepinite-Sr
Alsakharovite-Zn
Parakuzmenkoite-Fe
Delindeite

Jonesite (1)
Volkonskoite
Zakharovite

Ca,Mn“"3Sig0,0(OH)s-2(H,0)

Cal.gMQOJMn2+o.3Mn3+A|o.5Fes+o.5(Sio4)(Si207) (OH),:(H,0)
Ca,Mn“") 75Mgq 25 AIMN™  75Fe™" 4 55(Si04)(Si,07)(OH)-(H,0)

Cay gMN“"5 ;Mgo sMN*" 1 1 Alg sFe™( 4Si304 o(OH)4 4

Cay sMgpoFe" o sFe”™" 1 sAly5(Si04),(OH),

Ca,Mn“") g7Cayg 1,Fe™ g 95Alg 04Si4012(OH)-2(H,0)

CaCuSiO,-2(H,0)

Ca,Cu,Siz0g(0OH),

Caznsio,-(H,0)

CaZrSig045-3(H,0)

(Ca,[ 1ZrSiz0q4-2(H,0)

CaZrSi;04-3(H,0)

CaSnSi;04-2(H,0)

Ca[(U0O,)SiO3(OH)],- (H0)

Li{Ti,(OH)[Si,0,1,(OH)]}-H,0

NagKgMsTi;6(Si401,)s05(OH)g-10(H,0)

Nay 3K3 7Ba ;Mn“"4 Mg, Ti7 o(Si401)406.4(OH)1 6-10.5(H,0)

Nay 3K, 3Bay sFe“ 5 gMgo , Tiz gNb 2Si16053.4(OH),.6:9.9(H,0)

NazTi3 NDg 4(Si;07),04-4(H,0)

Ceo5aNag 15L.a9 14 Tho 1 Tig gNBg 31Alg 7513 7P 2307(OH) 3 5F¢ 23

Nag 6K 4BaMgy 7Fe” s Tiz ,2Nbg 7Si160s2 4(OH)3 5-10.6(H,0)

K34Nay 3Ba; gMng 7 Ti;z ;Feq gNDg 5Si14 6Alg 6046(OH)g 7-5(H20)

K1.2Bag 7 Ti34Mgg 4Cag 1Fe"o 1 Sis sAIFe” (6019.9(H,0)5.1

K1.7Nag sMn“"o sFe“" 5 ,Tig Nbyg 4SigO4(OH), 1-4.67(H,0)

CaKy 65Bag 05Sr1 06MN“"0 8 Ti3 59Nbg 45Si507(OH) 1 5:5(H,0)

K15Cag.5Bag 16ZNg 56MnNg 36 Ti57ND; 5(Si4015),(OH,0)4-8(H,0)

Ca;Tis[(SigO17),0(0H),]-14(H,0)

(Sr,Ba,K)(Ti,Nb),(Si,04,)(OH,0),-3(H,0)

Nap,§Cap3Sr0.53K0.63Ba0.26ZN0 76 T12.0ND; 5(SigO24) (0,0H)4-7(H,0)

Ki.6Nag 4Bay sFe™; gMn“" 7 Tis 4Nbs 4(Sis01,)4(0,0H)g-14(H,0)

Nay 4K ,Ba, TipsFe*" o 3Aly 1Si3 015 ,(OH), 71.62(H,0)

Ba,Kg 75Nag 25 Ti,SisAlO5-3(H,0)

Cao.1M90.1cr1.2Mgo.sFed+o.3Si3.5A|0.5010(OH)2'3-6(H20)

Na,Mn**sSi100,4(OH)g-6(H,0)
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Mn
Mn
Mn
Mn
Mn
Mn
Mn
Mn
Mn
Mn
Mn
Mn
Mn
Mn
Mn
Mn
Mn
Mn

Mn:

Mn
Mn
Mn
Mn
Mn
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe

Na Al
Mg:= Al
Mg Al
Mg Fe
Mg Fe

Al
Al
Al

Al= Fe
K Na

Ca
Ca
Ca
Ca
Fe
Fe
Fe

Fe=

Fe
Fe
Cl
Cl
Sr
Ba
Na
Na
Mg
Mg
Mg

Mg:= Al
Mg-
Mg Mn=

Al
Al
Al

Ca Zn
Na Al
Zn=Al
K Na
K Ba
Mg K
Mg K=

Mg Na

Al Mg
Na Al
Al Zn
Zr Na
Zn Mg

K Na
Mn Ca
Ti= Mn

Al

Mn

Eggletonite
Kellyite
Yofortierite
Taneyamalite (1)
Franklinphilite
Ganophyllite
Tamaite
Coombsite (1)
Bariumbannisterite (1)
Middendorfite
Orientite

Inesite
Macfallite
Parsettensite
Neotocite
Howieite (1)
Taneyamalite (2)
Bannisterite
Zircophyllite
Nelenite
Manganpyrosmalite
Brokenhillite (1)
Hennomartinite
Noelbensonite
Suhailite
Caryochroite
Nafertisite
Iddingsite
Hydrobiotite (4)
Hisingerite (2)
Odinite

Erlianite
Ekmanite (1)
Nontronite
Stilpnomelane (1)
Ekmanite (2)

Na,Mn**Siy AlO,4(OH);-11(H,0)
Mn'“1.5MgAI0_5Si1.5AIO.505(OH)4
Mn** ;Mg 6Al 3Cag 22N 1SigO20 3(OH),- 9(H,0)
Nag oCap1Mn“"s g(Fe“",Fe”",Mg)s[Aly 7Si11 5030.6](OH)13.4
Ko.6Nay 1Mnge 1M1 ,ZngFe™ g 1 Sigo sAl5 §0163.2(OH)s2.5-6(H,0)
Ki1.sNag sMn“"sMg; 5SigAls 30,4(OH);-8.5(H,0)
Cay 65K g5Bag 65Nag ssMN“" 24Siz; sAl7 095 3(OH) 16 7-21(H,0)
KMn*"; gFe“"3 M 5Si13 5Als 5042(0H) 14
Ko.75(H30)0.25Bag 75Cag sMN " ,Fe“"sMg5SirgAl;090(OH)g
K3Na,MnsSiy»(0,0H)46-2(H,0)
Ca,Mn“"Mn*",Si;0,0(0H),
Ca,Mn“";Si;00,5(0OH),-5(H,0)
Ca,Mn*"; 5Al 5(Si0,)(Si,07)(OH);
Cay ,Nag 3K ,Mn*"5 JAIMg, 7SigO,0(OH)g-3.7(H,0)
Mn“"; 75Fe" 25Si03:(H,0)
Na(Fe“",Mn“",Mg)yo(Fe”",Al),(Si12)(031)(OH) 1
Nag oCap 1 Mn“"s sFe", oFe”"; oMy 1Al 3Siss sAlg 4030,6(OH) 134
Ko .sNag ,CaMn;,Fe* sMgsZn,Fe*", ¢Sing sAl;076(OH)6-12H,0
K17Nag oFe36Mn; gZr; §NDg 5Tig 417,026 8(OH)32F0.6-0.9(H20)
Mn“"g sFe“"s sZnNMgg 1AS; 65112036 3(OH) 165
Mn“",Fe“§Si24060(OH)29Clyy
SrMn**,Si,0,(0H),-(H,0)
BaMn®",(Si,0;)(OH),-(H,0)
(NH,)Fes(SizAl)O;4(OH),
(Na,Sr)3(Fe™ ,Mg);0[Ti,Si1,057](0,0H)g- (H,0,0,0H),7
NagFe“"s sFe”™1 5Ti,Si1,039 ,5(0OH)1 75-2(H,0)
MgFe“",Si30;4-4(H,0)
Mg, sFe”" o 6Ko.3Cag 1Siz gAl; 2010(OH)1 gFo »-3(H,0)
Fe®",Si,05(0H),-2(H,0)
Fe”"07Mgo7Aly sFe“ 5 3Tio 1Mn“"o ;Siy gAlg ,05(OH),
Fe“"35MgosFe”™ 1 V7 5Si015(OH)g
Na, sFe*",SizAl0;o(OH),-4(H,0)
Ko 7Fe”"33Mgy 4Fe”"33Si10Al,054(0H);-2(H,0)
Fe“"Mgo.4Mn“"g sFe”" 3SizAlO4(OH),-2(H,0)
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Fe Al K
Fe K Na
Fe Al K
Fe Ca Al
Fe Ca Al
Fe Mn Na
Fe Mn Ti
Fe= Cu Mg
Ni

Ni Mg
Ni Al Mg
Cu

Cu

Cu

Cu

Cu Al

Cu Al K
Cu=Fe Mg
Cu=Pb=Fe
Zn

Zn Al

Zn Al Na
Zn Al= Fe
Zn Ca

Sr Ti Fe

Y C Na=

Zr=Na Ca

Zr Na Ca
Zr=Ba

Nb Na=K
Nb Na Ca
Nb K Na
Nb K Ca
Nb K Ti

Nb Ca=Mn

Nb Ti K

Mg Ca Na
Mg Ca Na

Mg

Al Mg

= Al=Ca K
Ca K

Fe

Na
Ca K
Al

K Ca
Mn K Mg Ti

K Fe=Nb

Ti

Ti K
Ti= Ba
Ti

Fe Mn
F Na=Ti
Na Ca

Glauconite (1)
Kalifersite
Glauconite (2)
Julgoldite-(Fe++)
Julgoldite-(Fe+++)
Howieite (2)
Hydroastrophyllite
Yakhontovite (1)
Pimelite
Falcondoite
Nimite

Bisbeeite
Dioptase
Apachite

Gilalite
Chrysocolla
Ajoite
Yakhontovite (2)
Creaseyite
Zincsilite
Zinalsite
Sauconite
Baileychlore
Junitoite (1)
Ohmilite
Ashcroftine-(Y)
Lovozerite (2)

Lemoynite

Komkovite
Gjerdingenite-Na
Karupmgllerite-Ca (1)
Vuoriyarvite-K (1)
Gjerdingenite-Ca
Gjerdingenite-Fe
Komarovite
Vuoriyarvite-K (2)

Ko.6Nag osFe” 1 sMGg 4Fe“" g 2Alg 3Si5 §010(0H),
K3 sNay sFe™7Siz00s0(OH)s-12(H,0)
Ko.6Nag osFe” 1 Mg 4Fe“" g 2Alg 3Sis s010(OH),
Ca,Fe“"Fe’™; sAly5(Si0,)(Si;07)(OH),-(H,0)
CagFe™, 1Al 1 Mgg ,Fe™"sSi1,04,(0H)14
NaFe“"s sMn“"3sMgo sFe’"; gAlp 62(Si12)2(031) (OH)1 7
(H30), 5KosCaFe™ 3 sMn“"; sMn*" 5Tiy 4Nbg 4SizAlO,5(OH),F
Cayg 2K0,01CUo sFe* 0.6M5 7Si4010(0OH),
Ni3Si;019(OH),-4(H,0)
NizMgSigO;5(OH),-6(H,0)
Ni, sMg; 7AIFe™ o 4sFe“ 3Si3AI0;05(OH); 7
CuSiO3-H,0 (?)
CuSiO,(OH),
CugSi;049-11(H,0)
Cuy.75Alp 25H1 75(Si,05)(OH)4-0.25(H,0)
K2.25Nay 75CU20Al3Si50076(OH) 15-8(H20)
Cao.2K0.01CUo.8Fes+o.8M90.7Si4010(OH)2
Pb,Cu,Fe®"; 75Aly 55Si5017-6(H;0)
Zn3Si4040(0H),-4(H0) (?)
Zn,AlSi,05(0H),-2(H,0)
Nay 3Zn3Si;AlO;4(OH),-4(H,0)
Cazn,Si,0;-(H,0)
Sr3Tio 75F€>"0.25514015.75(0H)g 25+ 2.5(H,0)
KsNas Y 10Ca;Si,5070(CO3)s-8(H,0)
H4Na,Ca(Zr, Ti)[SigO]
Nal.lK0.9ca0.9Fez+O.lzrl.8NbO.lSi10026'5-7(H20)
BaZrSi;O4-3(H,0)
K,Na,(Nb,Ti)4(Si4015),(0,0H),-5H,0
Nay ¢Cag 6Ko.5Cag,64MNg 06ND2 7 Ti1 4Sig 30240H1 2307 75 7(H,0)
KNag sBay 1Nb; gTip1S1,0137(OH)g5-4.2(H20)
K,Ca(NDb,Ti),(Si4045),(0,0H),-6H,0
Ka(H20),Fe* 0 7Mn*" 5sNb5 Ti(Si401),05(0H)-4(H,0)
Cap 4Mn*"g 4Nag ;Nb; s Tig 2(Si,07)02 4Fo5-3.5(H,0)
KNag sBay 1Nb; gTip1S1,0137(OH)g5-4.2(H20)
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Nb Ti K
Nb Ti K
Nb Ti= Ca
Ba

Ba

Ba ClI Ti
Ba=Ti Al
Ba Mn CI
La Ce Ca
Ce ?

Pb C= Al

Mg Ca
K Ba

cccccc

= Pb Fe
Be Mg Ca
Be Mn Fe

Be Fe Mg

Be Fe Ca

Be=Fe Mn

Be Zn ?
Na=Al Zr
Na=Cu Ca

Mg= Al K=

Mg:= Al= Ca
Mg:=Al Ca
Mg=Al Ca

Mg=Al Mn

Mg=Al Ba
Mg Ca C=
Mg:- Ca=Fe
Mg-Ca Sc

Co Mg

Mn Zn Ca Na Ba
Zn Na=Ca Ba Mn
Na K

Fe F= Mn:Ca Mg
K Na Mg Fe

F= Fe Ti

P Sr Fe Mg

Al Mg
Fe Mn Al
Ca

Ca

Mn Al Mg
Mg

Ti

Fe Mn
Fe Ca

Na

Organovaite-Mn
Organovaite-Zn
Karupmgllerite-Ca (2)
Bigcreekite
Krauskopfite
Traskite

Jonesite (2)
Verplanckite
Cerite-(La) (1)
Aluminocerite-(Ce)
Kegelite
Sklodowskite
Ursilite

Weeksite
Haiweeite
Oursinite
Cuprosklodowskite
Kasolite (1)
Kasolite (2)
Zanazziite
Roscherite
Atencioite
Greifensteinite
Faheyite
Guimaréesite
Wycheproofite
Woolridgeite
Mantienneite
Overite
Whiteite-(CaMnMg)
Whiteite-(CaFeMg)
Whiteite-(MnFeMg)
Penikisite

Girvasite

Segelerite
Juonniite (1)

K2.3Zn0.60a0'5Na0.4Ba0'2Mn2+1.gNb5'3Ti2.88i15.9A|0'1O54(OH)2-6(H20)
K1.9Nag sCag 5Bag 4Zn; §Mng sNb, gTi3 5Si160s, 5(OH)3 1-12(H,0)
Nap 9Cap Ko 5Cag.64MNg 0sND3 7 Ti; 4Sig 30240H1 230, 75-7(H,0)
BaSi,05-4(H,0)
BasSi,0,(0OH),-2(H,0)
Bag 5Cag 4Sro.1Fe” 1 sMn“"4 sMgo iy Si11 gAly 2029 9(OH)14.4Cl 5Fo 5
Ba,Mn*“’ ;Fe“"; ,Ti.1S1,06 5(OH)Clo 6Fo o+ 3(H;0)
Lay 26Ce; 7Cay 7510 35N g 3P 32Mp 23(S104)6[(SIO3(OH)](OH)s
(Ce,La,Ca)q(Al,Fe*")(Si0,)5[SiOz(OH)]4(OH),
PbgAl,Sig(SO4)2(COs5)4(OH)s02
(H30):Mg(UO,),(SiOy),-4(H20)
Mg;Ca(U0,)4(OH)s(Si;05)s 5-13(H,0)
K1.1Bag 3Cag1(U0O,), 1Sis015-1.4(H,0)
Ca[(U0,),Si501,(0H),]-3(H,0)
C00.9M0j 1(H30),(UO,),(Si0,),-3(H,0)
Cu[(U0O,)(Si0,0H],-6(H,0)
Pb(UO,)(Si0,)-(H,0)
Pb(UO,)(Si0,)-(H,0)
Ca,Mng gMg, 4Fe“"; gAl 3Bes(PO,)s(OH)3 4-6.6(H,0)
CaMn“"; 75Fe“"; 55Bes(PO,)s(OH),-6(H,0)
Ca,Fe“"Mg,Fe“",Be,(PO,)s(OH),-6(H,0)
Cay g6Bey 07Fe”"5.4aMN“" 86Al0 25MGg 09(PO4)5.96(OH)3 65-6.5(H,0)
Mn“", 75Mq osFe”",Be,(PO4)4-6(H,0)
Ca,(Zn,Mg,Fe)sBe,(PO,)g(OH),-6H,0
NaAlZr(PO,),(OH),-(H,0)
Na,CaCu“",(P,0;),-10(H,0)
KMg,Al,Ti(PO,),(OH);-15(H,0)
CaMgAIl(PO,),(0OH)-4(H,0)
CaMn*"Mg,Al,(PO,),(OH),-8(H,0)
CaFe™ ) 75Mn?" ,sMg,AlL(PO,)4(OH),8(H,0)

Mn2+0.750a0.25Fe2+0.75Mn2+0.25Mg2AI2(PO4)4(OH)2-8(H20)
BaMg,Al,(PO,)3(OH),
NaCa;Mg3(PO4)2[PO,(OH).](CO3)(OH),-4(H,0)
CaMgFe® (PO,),(OH)-4(H,0)
CaMgSc(PO,),(0OH)-4(H,0)
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Mg Ca Sc
Mg-Fe Ca=
Mg=Fe Mn
Al F= Cd
Al Na=K
Al Mg Fe
Al Mg Ba
Al K

Al= Ca Mg
Al Ca K
Al Ca Mn
Al= Mn Mg
Al= Mn Fe
Al Fe Ba
Al= Fe= U

Fe Ba Mn
Mn

Ca
Cu Ca K Ni
Fe

Fe
Na
Fe Mg

Ca=Fe

Mn Mg
S

Al Ba Mn= Fe Mg Sr

Al U

K N

K= U

Ca

Ca

Ca Be
Ca Be=2Zn
Ca Mg Fe
Ca=Mn:Fe
Ca Mn Fe
Ca Fe

= Ca Fe

Ca Fe Mg= Al

Ca Fe Mn
Ca=Fe Mn
Ca Ni Mg
Ca=Cu=U

Ca Th Ce
Ca=U

Ca U S

Fe

Juonniite (2)
Jahnsite-(CaMnMg)
Kaluginite
Goldquarryite
Francoanellite
Souzalite
Penikisite
Taranakite
Montgomeryite
Englishite
Kingsmountite
Lun'okite
Rittmannite
Kulanite
Coconinoite
Bjarebyite
Furongite
Archerite
Meta-ankoleite
Monetite
Brushite
Fransoletite
Ehrleite
Collinsite
Wilhelmvierlingite
Fairfieldite
Anapaite
Xanthoxenite
Calcioferrite
Messelite
Zodacite
Cassidyite
Ulrichite
Brockite
Pseudo-autunite
Tristramite

CaMgSc(PO,),(OH)-4(H,0)
CaMn®*Mg,Fe**,(PO,),(OH),-8(H,0)
Mn2+0,75Ca0,25MgFe3+(PO4)2(OH)-4(H20)

Clg gsNig.02Cd,Cag 2Ko 04Al2 95V " 0.01(PO4)3 87F 1 89(H20)12.06
HeK1sNay sAl, sFe” o 5(PO4)s-13(H,0)

Mg, sFe“"o sAls sFe” o 5(PO,)4(OH)g-2(H,0)
BaMg, 75Fe”" 25A1,(PO,)3(OH);
K3Al5(HPO,4)s(PO,), 18(H;0)
Ca,MgAl,(PO4)s(OH),-12(H,0)
K3Na;CayoAli5(PO4)21(OH)7-26(H,0)

Cag ,Mn“"y gFe“ o sMn“"s sMg 1Al; gFe™; ,(PO,)s(OH),- 11.6(H,0)
Mn“"g ¢Cag Mg 4Fe“ o ,MN“"g 3Al, 1(PO,),(OH); ;-3.8(H,0)
Mn“",Fe*" Al,(OH),(PO,),-8(H,0)

BaFe“"; sMn“"5 sMgg ,Al(PO4)3(OH);

Fe’ Al (U0,),(P0,)4(SO,)(OH),-18(H,0)
Bay 1Sro.1Al; gMN“ 5 gFe“"5 9Mgg 2(PO,)3(OH),

Aly(UO2)(PO,)3(0OH),-8(H,0)
Ko.75(NH4)o.25H2(PO,)
K2(UO2)2(PO,),-6(H,0)

CaHPO,

CaHPOQ,-2(H,0)

H,Ca3Be,(PO,)4-4(H,0)
Ca,ZnBe(PO,)5(PO3)o.75(OH)o 25-4(H20)
CazMgo.75Fez+o.25(PO4)2'2(H20)
CaMn*"Fe**(PO,),(OH)-2(H,0)
CazMr'1“0.75Fe“0.25(PO4)2-2(H20)
Ca,Fe**(PO,),-2(H,0)
Ca,Fe’5(PO,)4(OH),-3(H;0)
12(H,0)Ca,MgFe*";Al(PO,)¢(OH),

CapFe® s 75Mn*") 55(POy),-2(H,0)
Ca,Mn“"Fe**,(PO,)s(OH),-12(H,0)
Ca,Nip75Mp.25(PO4)2-2(H,0)
CaCu(U0O,)(POy),-4(H,0)

Cag 6Ty 3Cep.1(POy)-(H20)
(H30)4C32(,U02)2(PO4)4'5(H20)

Cag eUgsFe™0,1(PO4)0.75(S04)0 25-2(H,0)
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Sc

=V

\V
Mn

Mn

Mn
Mn
Mn
Mn

Mn:

Mn
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe

Fe=

Fe

Fe=

Ca
Ba

Be Ca

Ca
Ca
Fe
Fe Mg
Fe =
Fe Ca

Mg Na
Mg Mn
Al N

K Nb
Ca
Ca=Mn
Ti= Mg
Ti= Mn
Mn
Mn
Mn Ca
Mn Ca
Mn:Zn
Mn Ba
Cu
Cu
Cu=Pb
Zn Ca
Zr

Nb Mg:-Ta

Ti

Ta

Mn:K F Al
F K MgAl

Zn Mg
Mg Al

Ca Mg

orth
mon

Kolbeckite
Sincosite
Bariosincosite
Serrabrancaite
Footemineite
Johnwalkite

Robertsite
Pararobertsite
Jahnsite-(MnMnMn)
Landesite
Matveevite
Jahnsite-(CaMnMn)
Koninckite
Strengite
Phosphosiderite
Jahnsite-(NaFeMg)
Ludlamite
Spheniscidite
Leucophosphite
Haigerachite
Olmsteadite
Mitridatite
Jahnsite-(CaMnFe)
Paulkerrite
Benyacarite
Kryzhanovskite
Strunzite

Keckite
Manganosegelerite
Schoonerite
Perloffite

Kunatite
Hentschelite
Phosphogartrellite
Jungite
Malhmoodite

ScPO,-2(H,0)

Ca(V*"0),(POy),-5(H;0)

Ba(V*"0),(POy),-4(H,0)

MnPQ,-(H,0)

CazMn2+\:\Mn2+2Mn2+zBe4(PO4)6(OH)4' 6H20
KO.QMn2+Fe3+0.7Mgo.leO.STaO.lFe3+0.102(PO4)1.9(H20)l.4(OH)0.8
CagMn®"4(P0O,)905(H,0)5-3(H,0)
Ca,Mn*"3(P0,)30,-3(H,0)
Mn“"Mn“"Mn“",Fe*",(PO,),(OH),-8(H,0)

(Mn“4.75,Mp 25)sF€“"3(PO,)s(OH);-9(H,0)
KTiMn,Fe™,(PO,),(OH);-15(H,0)
Ca“"Mn“"Mn*",Fe*",(PO,),(OH),-8(H,0)
Fe™(PO,)-3(H.0) (?)

Fe*(PO,)-2(H,0)

Fe™"(PO,)-2(H,0)

NaFe®"Mg,Fe’,(PO,),(OH),-8H,0
Fe“"1sMgo.eMn“"o5(PO,),-4(H,0)

(NH,)0,6Ko 4Fe™"1 7Al0 (PO4)2(OH),5-2.1(H,0)

KFe* 5(PO4),(OH)-2(H,0)
KFe*"3(H,P04)g(HPO,),-4(H,0)
KFe“",Nbg 75 Tag 25(PO4),0,-2(H,0)
Ca,Fe’"3(PO,);0,-3(H;0)
CaMn“"Fe*",Fe™,(PO,),(OH),-8(H,0)
KooMgyiMn“"Fe™; sAlg 5 Ti1 5(PO4)4(OH).6Fo 5 15(H0)
Ko.aMny sFe“"0 4Mgg 1Fe’™™ 1 4Tio gAlo 1 Ti(PO4)40; oFo -14.8(H,0)
Mn“"Fe*"(PO,),(OH),:(H0)
Mn“"Fe*",(PO,),(OH),-6(H,0)

Cag gMgo1Mn“"; 1Zng ,Fe*"5(PO,)4(OH), 7-2(H,0)
Mn“"4.6Cag sMNn“"o 4Fe* 5 sMgg sFe”™" o oAlg 1(PO4),(OH)-4(H,0)
Fe*",ZnMnFe** (PO,)3(OH),-9(H,0)

Bag sCap,Mn“"; 4JFe“"s sMgo 1Fe”"5(PO,)3(OH);
CuFe®",(PO,),(OH),x4H,0

Cu“"Fe”",(PO,),(0OH),

PbCuFe* (PO,),(OH)-(H,0)

CayZn,Fe™ 4(PO,)e(OH)g-16(H,0)

FeZr(PO,),-4(H,0)
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P=

U Na=Ca
Cu=Cd S

Zn Ca

Zn Ca

Zn Fe Mn

Zr Na=K
Ba Al Ti
La Ce
Ce La

Nd La Ce
Nd Dy Gd
Pb Fe Al

Th Pb Ca

Mg

Al
Al
Ca
Ca
Ca Ce
Mn
Fe
Fe Mg
Cu
Cu
Ba
Ba Ca
Pb

= Mg

ZCCCCcCcCccCcccccccccccc

Be Al

Sm

mon
orth

Lakebogaite
Birchite
Parascholzite
Scholzite
Phosphophyllite
Churchite-(Y)
Selwynite
Curetonite
Rhabdophane-(La)
Rhabdophane-(Ce)
Churchite-(Nd)
Rhabdophane-(Nd)
Churchite-(Dy)
Drugmanite
Parsonsite
Grayite
Chernikovite
Lermontovite
Vyacheslavite
Saléeite
Sabugalite
Triangulite
Threadgoldite
Autunite
Meta-autunite
Ningyoite
Lehnerite
Bassetite
Vochtenite
Torbernite
Metatorbernite
Metauranocircite
Bergenite (1)
Przhevalskite
Efremovite

CaNaFe;H(UO2)2(PO4)4(OH)2(H20)s
Cd,Cu,(P0O,),(SO,4)-5H,0
Cazn,(PQ,),-2(H,0)
Cazn,(PO,),-2(H,0)

Zn,Fe o 25Mn“ 4 55(POy),-4(H,0)
Y(PO,)-2(H;0)

NaKBeg 75Aly 25Zr2(PO4)4-2(H,0)
Ba,Al;Ti(PO,).(OH)g

Lag 75Ce0.25(PO,4)-(H,0)
Ceg.75La925(POy)-(H,0)
Nd(PO,)-2(H,0)

Ndo 6L 3Ce0.1(PO4)-(H,0)
DYo.35Mp.1Gdy 2Ndg 4(PO,4)-2(H,0)
Pb2F93+0.75A|o.25H(PO4)2(OH)2
Pb,(UO,)(PO,),-2(H20)

Thg 6Pbg 3Cag1(PO,)-(H20)
(H30)2(U0,)2(PO,),-6(H20)
U(PO,)(OH)-(H,0)
U(PO,)(OH)-2.5(H,0)
Mg(UO,),(PO,),-10(H;0)
HAI(UO,),(PO,),-16(H,0)
Al3(U0,)4(PO,)4(OH)s-5(H,0)
Al(UO,),(PO,),(0OH)-8(H,0)
Ca(U0,),(PO,),12(H,0)
Ca(U0,),(PO,),4(H,0)
(Uo.6:Cag.3,Ce0.1)2(PO4),-1.5(H,0)
MD5+(U02)2(PO4)2'8(H20)
Fe?*(UO,),(POL),-8(H,0)
Fe™075Mdo 2sFe”* (U0,)4(PO,),(OH)-12.5(H,0)
Cu(U0O,)2(P0O4),-11(H,0)
Cu(U0O,),(P0O,),-8(H,0)
Ba(UO,)2(PO,),:7(H20)
Ca,Ba,[(UO3);0,(P0O,),]5(H20)16
Pb(UO,),(PO,)2-4(H20)
(NH,);Mg,(SO4)3
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Omnummnmuouom

N Al
N= Fe
Na Mg
Na= Al
Na=Fe
Mg- Fe
Mg Fe
Al Mg
K

K Mg
K Mg
K Ca
K= Ca
K= Ca
K= Fe
K Fe
= Fe
K Cu
=TI

Fe

K
Na=

Mg
Cu

Al
Si= K= Ca

mon
orth

trig
trig

Godovikovite
Sabieite
Loweite
Tamarugite
Amarillite
Botryogen
Pertlikite
Chessexite
Mercallite
Picromerite
Leonite
Syngenite
Polyhalite
Leightonite
Krausite
Mereiterite
Goldichite
Cyanochroite
Monsmedite
Bassanite
Gypsum
Bobjonesite
Szmikite

Butlerite
Parabutlerite
Amarantite
Metahohmannite
Hohmannite
Szomolnokite
Copiapite
Coquimbite
Paracoquimbite
Ferricopiapite
Kornelite
Lausenite
Quenstedtite
Rhomboclase

(NH)Alg5F€”" 5 55(SO4),
(NH,)Fe™(S0,),
Na;,Mg(SO,)13-15(H,0)
NaAIl(SO,),-6(H,0)
NaFe®"(SQ,),-6(H,0)
MgFe®(S0,),(OH)-7(H,0)

Kz(Feﬁ,M9)2M94Fe_6+2A|(504)12'4(H20)
K;Na,Ca,Mg3Alg(Si0,)(SO4)10(0OH)1-40(H,0)

KHSO,
K2Mg(S0,),-6(H0)
K2Mg(SO,),-4(H20)
K2Ca(SO,),-(H20)
K2Ca,Mg(S0O4)4-2(H,0)
K,Ca,Cu(S0O,4)4-2(H,0)
KFe” (SO4),-(H,0)
K,Fe“"(S0,),-4(H,0)
KFe®™ (S0,),-4(H,0)
K,Cu(S0O,),-6(H,0)
HgK,T15(SO,)s
2CaS0,-(H,0)
CaS0,-2(H,0)
VO(SO,)(H:0);
MnSQO,-(H,0)
Fe™(S0,4)(0OH)-2(H,0)
Fe™(S0,4)(0OH)-2(H,0)
Fe®(S0,4)(OH)-3(H,0)
Fe*"5(S0,)2(0H),-3(H0)
Fe™5(S0,)2(0OH),-7(H0)
Fe“"(S0,)-(H,0)
Fe“"Fe*",(SO,)s(OH),-20(H,0)
Fe”"5(S0,);-9(H,0)
Fe™"5(S0,)s-9(H,0)

Fe” o.66F€”"4(S04)s(OH),-20(H,0)
Fe™"5(S0,)s:7(H,0)
Fe*"5(S04)3-6(H,0)
Fe™,(S0,)5-10(H,0)

HFe® (S0O,),-4(H,0)
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Fe
Fe N

Fe Na=K

Fe Mg
Fe Al

Fe K Al

Fe Ca
Fe= Cu
Fe Cu
Fe Cu

Fe Cu=

Fe= Zn
Fe Zn
Fe Zn

Fe Zn Mg

Co
Ni Fe
Cu
Cu Na

Pb

Cu Fe Zn

Cu=Pb
Zn Mn
Zn Fe
Zr

| Mg
Pb Cu

U Fe
U Cu
Cu Pb

Pb As
S

V= U
As=U
B= As

K

Na

Fe

Zn

Al

Al

2008-021

Rémerite
Clairite
Metavoltine
Magnesiocopiapite
Aluminocopiapite
Voltaite
Calciocopiapite
Guildite
Cuprocopiapite
Ransomite
Beaverite
Chaidamuite
Lishizhenite
Zincocopiapite
Zincobotryogen
Cobaltkieserite
Dwornikite
Bonattite
Natrochalcite
Poitevinite
Linarite
Gunningite
Zincovoltaite
Zircosulfate
Fuenzalidaite

Deliensite
Johannite
Arzrunite

Nealite-(H20)
Misenite
Carnotite
Abernathyite
Cahnite

Fe“"5(S0,)s-14(H;0)
(NH,),Fe™3(S0,)4(OH);-3(H,0)

K NayFe“ 5 sZng sFe* 5(S0,4)1,0,-20(H,0)
MgFe™ 4(SO4)s(OH),-20(H,0)
AIO.6666Fe3+4(SO4)6(OH)2'ZO(HZO)
K,Fe? sFe**;AI(S0,) - 18(H,0)
CaFe**,(S0,)s(OH),-19(H,0)
CuFe**(S0,),(OH)-4(H,0)
CuFe®,(S0,)s(OH),-20(H,0)
CuFe**,(S0,),-6(H,0)
PbCuFe™ | sAlo5(SO,),(OH)s
ZnFe“(SO4)2(OH) -4(H,0)

ZnFe* 5(S0,),-14(H,0)

ZnFe* ,(SO,)s(OH),-18(H,0)
Zno.eMgo.sMn2+0.1Fes+(SO4)2(OH)'7(H20)
Co(S0O,)-(H,0)

N i0,75Fe2+0,25(SO4) -(H0)
Cu(S0,)-3(H,0)
NaCu(SO,),(0H)-(H,0)
CU0.6F92+0.3zno.1(SO4) -(H0)
PbCu(S0,)(0OH),
Zno.75an+o.25(SO4) -(H0)
K,ZnsFe**;Al(SO,);,-18(H,0)
Zr(SO,),-4(H,0)
K7NagMg;4(SO4)12(105)1,-12(H,0)
Pb*"s(OH)s[Cu™ (S*"035%)s](H,0) 7
Fe2+(U02)2(SO4)2(OH)2-3(H20)
Cu(U0,),(S0O4)2(OH),-8(H,0)
Cu,Pb,(S0,)(0OH),Cls-2(H,0)
Pb,Fe?* (As**05),Cl,-2(H,0)
KgHg(SO4)7 (?)
K2(UO,)2(V,0g)-3(H,0)
K(UO,)(AsO,)-4(H,0)
Ca,B(AsO,)(OH),
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Ca C=
Ca C

Ca C=
Ca C=
Ca F=

Ca Al=

Ca Al
Ca Si
Ca Si
Ca Si
Ca Si
Ca Si
Ca Si
Ca Si
Ca Si
Ca Si=
Ca Si
Ca Si
Ca P

Ca P=
Ca P=
Ca=S

Ca S

Ca S=
Ca S

Ca CI
Ca=V=

Ca Mn:
Ca=Mn:
Ca=Co=
Ca=Cu=
Ca=2Zn=

Ca=As
Ca=As
Ca=As
Ca As

Si= S
Si= ClI

Si
Si
Si

Al
Mn

Mn Al

S
Zn C

Mn
Cu
Ge
= Mg: S
Cu
As
Te
As
As
As

mon
mon

tricl

Thaumasite
Defernite
Rapidcreekite
Carraraite
Bultfonteinite
Hibschite (1)
Katoite
Hillebrandite
Trabzonite
Afwillite
Foshallasite
Jaffeite
Jennite
Oyelite
Zeophyllite
Hibschite (2)
Poldervaartite
Henritermierite
Isoclasite
Ardealite
Scorpionite
Hannebachite
Despuijolsite
Vonbezingite
Schaurteite
Tatarskite
Tangeite
Parabrandtite
Xocolatlite
Cobaltaustinite
Conichalcite
Austinite
Weilite
Haidingerite
Pharmacolite
Ferrarisite

Ca;Si(CO3)(SO4)(OH)6-12(H,0)
Ca5(C03)15(Si04)05(OH)75Clo 5
Ca,(S04)(CO3)-4(H,0)
Ca;Ge(OH)6(SO4)(CO3)-12H,0
Ca,SiO,(OH);F
CazAl,y(Si04),(0OH),
CazAl,y(SiO4)15(OH)s
CagSi;0e(OH)g
Cay(Si;04)(OH)g
Ca;Si,07-3(H,0)
Cay(Siz07)(OH)g
CagH3Si014(OH)g-6(H20)
Ca;B,Sig0,4-12(H,0)
CazAl,y(Si0,),(0OH),

Cay sMn*“"; 5Si04(0H),

Ca3Mn3+1.5A|0.5(SiO4)2(OH)4
Ca,(PO4)(OH)-2(H,0)
Cay(S0O,)(HPO,)-2(H,0)
CagZn,(PO4),CO3(0OH),-(H20)
2CaS0;-(H,0)
CazMn**(S0O,),(OH)-3(H,0)
CagCu3(SO,4)3(OH)12-2(H,0)
CayGe™(S0,),(0H)s-3(H,0)
CasgMg(SO,)>(CO5),Cly(OH),-7(H,0)
CaCu(VO,)(CH)
Ca,Mn“"(As04)-2(H20)
Ca,Mn*",Te"",0,,-H,0
CaCo(AsO,)(OH)
CaCu(AsO,)(OH)
Cazn(AsO,)(OH)

CaHAsO,

Ca(AsO;0H)-(H,0)
CaHAsO,-2(H,0)
Cas(AsO;0H),(AsO,),-9(H,0)
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Ca As

Ca As

Ca As
Ca=As Na
Ca=As Mg
Ca=As Mg
Ca=As Mg
Ca=As Mg
Ca As S
Ca=As Mn
Ca=As Co
Ca=As Co
Ca=As Ni
Ca=As Zn
Ca=As Zn
Ti Na=Si
Ti Si Na
Ti Si K
Ti Si Cu
Ti Ca

Co
P
Mg
Mg
Mg
Zn

Ti Ca Zr=Nb

Ti= V

Ti Mn Nb=

Ti Fe

Ti Fe Ca
Ti Fe Ca
Ti Y Ca
Ti Y Nb
Ti Th=U

<K<K <KLKLKKL

Ca

Al
Al=
Fe=
Fe
Ca

Nb

Mg Si
Th=U
Ca U Ta Th

Na= K

mon

tricl
mon

tricl
mon

Guérinite
Sainfeldite
Vladimirite
Mcnearite
Talmessite
Irhtemite
Picropharmacolite (2)
Wendwilsonite
Machatschkiite
Brandtite
Roselite-beta
Roselite
Nickelaustinite
Gaitite
Zincroselite
Sitinakite
Ivanyukite-Na
Ivanyukite-K
Ivanyukite-Cu
Kassite
Belyankinite
Tivanite
Manganbelyankinite
Kleberite
Cafetite (1)
Cafetite (2)
Yttrocrasite-(Y) (1)
Euxenite-(Y) (1)
Thorutite
Doloresite
Duttonite
Héggite
Lenoblite
Navajoite
Vanoxite
Barnesite

Cas(AsO30H),(AsOQ,),-9(H,0)

Cas(AsO;0H),(AsO,),-4(H,0)

Cas(AsO30H),(AsOQ,),-5(H,0)

NaCasH4(AsO,)s5-4(H,0)

Ca;Mg(AsO,),-2(H:0)

Ca;Mg(AsO;0H),(AsO,),-4(H,0)

Ca;Mg(AsO;0H),(AsO,),-11(H,0)

Ca;Mdg.75C0q 25(AsO,),-2(H,0)

Cag(AsO4)(ASO30H)3(PO,)0.7(SO4)3-15(H20)

Ca;Mng 75Mdg 25(AsO,),-2(H,0)

Ca,C0y.75Mp.25(ASO,),-2(H20)

Ca,C0g.75Mg 25(AsO,)2-2(H,0)

CaNig 75ZNng 25(As0,)(OH)

Ca,Zn(AsO,),-2(H,0)

Ca,Zn(AsQ,),-2(H,0)

Na;KTigNDbO, 75(Si04)2(OH)q 25-4(H20)

Na,[Ti;0,(0H),(Si0,);]-6H,0

Ka[Tis(OH);0,(Si04)3]-9H,0

Cu[Tis(OH),0,(Si04)5]-7H,0

CaTi,0,(0OH),

Cay 3Tiz5ZrggNbg 701,-9(H,0)

V¥ TiO4(OH)

Mn“"; ,Cag 7 Tis ,Nbg §O1,-9(H,0)

FeTigO45:4(H,0) (?)

CaFe“"; sAly s Ti,04,-4(H,0)

Y05Tho.1Cag 3Uo 1 Ti1 gFe”"5104(0OH),
Y.7Cap,Ceq1(Tag 2,Nbg 7, Tig 1),06

Tho 4U0.4Ca, 2 Ti,05(0OH);

HgV*'6016

V*O(0OH),

V*7,0,(0H),

V*,04-2(H;0)

V*",05-3(H;0)

V*,V*",045-8(H0)

Na,V046-3(H20)
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Na Mg
Na= Mg
Na Ca K
Na Ca As
Mg=-K

Al

Al Na
Al Fe

P Ba
Ca

Ca

Ca

Ca

Ca

Ca

Ca

Ca

Ca

Ca Al
Ca=Sr
Ca=Sr
Mn Na Ca=
Mn: Pb
Mn Pb

= Fe

Fe

Fe

Fe

Fe Al K
Fe Pb
Cu=Pb
Cu Pb Bi
Cu=U
Zn=Pb
Pb Fe= Mn
Pb=Bi

Sr As Mg: Al

Huemulite
Lasalite
Corvusite
Grantsite
Hummerite
Bariandite
Vanalite
Bokite (1)
Springcreekite
Pascoite
Simplotite
Hewettite
Metahewettite
Fernandinite
Hendersonite
Melanovanadite
Metarossite
Rossite
Sherwoodite
Delrioite
Metadelrioite
Santafeite
Pyrobelonite
Krettnichite
Fervanite
Schubnelite
Kazakhstanite
Montroseite
Bokite (2)
Mounanaite
Mottramite
Duhamelite
Sengierite
Descloizite
Cechite
Pottsite

Na;Mg(V1004)-24(H,0)
Na,Mg(V1004)-20H,0

Nag 6Cag.25Ko.15V"*§020+4(H;0)
Na4cao.5V4+V5+11032'S(Hzo)
KMgV>"5044-8(H,0)
Alo6V>"505-9(H;0)

Al I:e3+0.3V5+7.5|:93+o.5020'4-7(H20)
BaV*"3(POy),(OH)45(H20) 15
CazV100,5-17(H,0)
CaVg044-9(H,0)
CaVg0yy-4(H,0)

Cay 3V7"6044-6(H,0)
CaV*",V°",044-5(H,0)
CaV,04-2(H,0)
CaV,04-4(H,0)
CaSrV,04(0H),-3(H,0)
CaSrV,04(0H),-(H,0)

Na; 4Ca gSro7Mdo ,Alg 2MnN;3 5(VOy)3 6(ASO4)03(OH)30, 5-2(H,0)

PbMn(VO,)(OH)
PbMn™"5(VO,),(OH),
Fe*",(VOy4),-5(H;0)
Fe*"(V°"0,)-(H,0)
Fe6+5V4+3VD+12039 " 8. 5(H20)
V¥ 6Fe“03V7"0.10(0H)

PbFe™5(VO,),(OH),
PbCu(VO,)(OH)
Pb,Cu,Bi(VO,)4(0OH);-8(H,0)
Cuz(U0,),V,04-6(H,0)
PbZn(VO,)(OH)

PbFe*"; sMn”",5(VO,)(OH)
PbBiH(VO,),-2(H,0)

AI Fed+0'3vb+7I5Fe6+0I5020 N 4. 7(H20)
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U

u Al
u Al
U Ca
U Ca
U Ca
U GCs
U Ba
U Ba
U Pb

=P

CcC cCi
C 2Zn
Na

Na K=
Na Ca
Mg Ca
Mg Si=
Mg Zn
Mg-= As
Mg As
Al Li
Si

Si

Si  Na
:Si Mg
Si Mg
Si Mg
=Si Al

K=
Pb

Ca

Zn=
As
Al
Fe

K

Cl
Zn
Zn
Fe

Ca

As

Zn Al

Zn Fe=As

orth
orth
trig

mon
orth
hex

mon
orth

Uvanite
Metavanuralite
Vanuralite
Metatyuyamunite
Tyuyamunite
Rauvite
Margaritasite
Vanuranylite

Francevillite
Curienite
Guyanaite
Bracewellite
Grimaldiite
Rilandite
Manganite
Groutite
Feitknechtite
Seamanite
Holdawayite
Loseyite
Clinobirnessite
Birnessite
Todorokite
Jianshuiite
Mcgovernite
Chlorophoenicite (2)
Hematolite
Arakiite
Lithiophorite
Bementite
Nchwaningite
Armbrusterite
Caryopilite (1)
Gageite-2M
Gageite
Akatoreite

U**,V750,-15(H,0)
Al(UO,)5(V0O4)2(OH)-8(H,0)
Al(UO2)2(VO,)(OH)-11(H,0)
Ca(U0,),V,04-3(H,0)
Ca(U0,),(VO,),-6(H,0)
Ca(U0,),V""1504:16(H,0)
Cs12Ko,6(H30)02(U0,),V>",04-(H,0)
(H30)1.3BaO.anO.lKO.l(U02)2V5+208'3-6(H20)
Bag,75Pbo 25(U02),V*",05-3(H,0)
Pb(UO,);V;05-5(H;0)
CrO(OH)
CrO(OH)
CrO(OH)
Cry5Al;55i04;-5(H,0)
MnO(OH)
Mn**O(OH)
Mn* O(OH)
Mn;(PO,4)B(OH)g
Mn“"6(CO3),(OH)7.55Clo 75
(M5 75,ZNg 5)7(CO3),(OH) 10
Na, 5Cag ;Ko ;Mn*"Mn*"0,-1.5(H,0)
Nay ,Cayg g5Ko,,MN ™" ;Mn*",0,,-3(H,0)
Mg sMn“"; 4Cag;Mn*"30- 1-2.8(H,0)
MngMg,Zn,As,Si,047(0H) 14

Mn“", 25M0j 25Mdg 75MN“" 752N, (AsO,4)(OH)s5 50y 5
Mn“"1oMg3Al(AsO;)(AsO,),(OH),;
Zng g3MN“"7 sMgy 7Fe”™; 3Alg 7(ASO3)(ASO,),(OH),s
Aly 7Lig sMn*"5 ;Mn*" 30,(0H),
MngSigO;5(0H)1o
Mn“",Si03(0OH),-(H,0)
KsNa;Mn;5(SigO4,) (OH)10-4(H,0)
Mn“",Mgq 5Zno sFe“o 5Si1 A0 205(0OH);3 6Clo 4
Mn“" 55 ;M1 6214 ,Si16054(OH) 49
Mn“"55 ;M1 6214 ,Si16054(OH) 49
Mn*"g Fe™o Al 1Si7 023 2(OH)g g
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Mn

Mn:

Mn
Mn
Mn
Mn
Mn
Mn
Mn
Mn
Mn
Mn
Mn

Mn:

Mn
Mn
Mn
Mn
Mn
Mn
Mn
Mn
Mn
Mn
Mn

Mn:

Mn
Mn
Mn
Mn
Mn
Mn
Mn
Mn
Mn
Mn

Si ClI

Si Cl Fe

Si Cl Fe Mg
Si Ca

Si= Ca=7Zn Fe Al
Si= Fe Ca Al?
Si As Mg Zn Al Fe CI

Fe
As

O<UTTUTTUTUTUT
QO

Ca=As C

Fe

Fe Na=Ca

Co Ni Ca

Ni

Ni Ca=Co

Zn

Zn Si= As
Zn=Fe

Zn As Si Mg
As

As

As

As

As

As

As

As

As Mg

As Mg=Ca= Pb
As La Mg Ce Nd

Friedelite (1)
Brokenhillite (2)
Mcgillite
Bostwickite
Franklinfurnaceite
Birnessite
Caryopilite (2)
Bermanite
Reddingite
Metaswitzerite
Waterhouseite
Hureaulite
Switzerite
Fianelite
Ranciéite
Sailaufite
Janggunite
Vernadite
Asbolane (1)
Ernienickelite
Asbolane (2)
Woodruffite
Kolicite
Chalcophanite
Holdenite
Krautite
Allaktite
Flinkite
Geigerite
Jarosewichite
Manganarsite
Sterlinghillite
Villyaellenite
Akrochordite
Synadelphite
Retzian-(La)

Mn“"¢SigO;5(0OH)7 5Cl, 5
Mn“",Fe“§Si24060(OH)29Cl1y
Mn“";Fe“ 4 Mgp ,SigO15(0H)sCl,
CaMn®"Si;046-7(H,0)
6aza 2068
Mn“",Mgo 5Zng sFe”"o 2Si1 gASe 205(0H)3 6Clo 4
Mn“"Mn®",(PO,),(OH),-4(H,0)
Mn“"3(PO,),-3(H,0)
Mn3(PO,),-4(H,0)
Mn;(PO,),:(OH)g
Mn5(PO30H),(PO,),-4(H,0)
Mn“", 25Fe“"0 75(PO4)-7(H,0)
Mn“", V7V 26A80 2507-2(H,0)
Cay 75Mn“" ,sMn*",0g-3(H,0)
Ca,Mn;0,(As0,4),(C0O5)-3H,0
Mn*", gMn“"Fe*", ,04(OH),
Mn*"; 6Fe™",Cag 1Nag ;01 5(OH) 5:1.4(H,0)
Ni 3C01Cag ;Mn“"; 50 5(OH),-0.6(H,0)
NiMn*";0,-3(H,0)
Ni 3C01Cag ;Mn“"; 50 5(OH),-0.6(H,0)
Zn; gMn“"5 ;Mn**504,-4(H,0)
Mn;Zn,(AsO,4),(Si04),(OH)g
Zn; ;Fe“" o sMn“ ,Mn*"30;-3(H,0)
Mn“"s sMgg 6Zn3(AsO4),(Si04)(OH)s
MnAs® 04(0OH),-(H,0)
Mn;(AsO,),(OH)g
Mn*";As,0,(0OH),
Mn“"5(AsO30H),(AsO,),-10(H,0)
Mn“"sMn*"(AsO,)(OH)g
Mn“"3As*,0,(0OH),
Mn“"3(As0,),-3(H,0)
Mn“"5(AsO30H),(AsO,),-4(H,0)
Mn,Mg(AsO,),(OH)4-4(H,0)
Mn“"g 6Mgg 1Cay 1Pby 1(AsO3)(AsO,),(OH)s-2(H,0)
Mn“"; sMgg sLag sCeo sNdy 1 (AsO,)(OH),
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Mn
Mn
Mn

Mn:

Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe

As= Ce
As Nd Ce
Ag Ca

Pb

C

Mg P Mn
Si

Si

Si Al Mg
Si Al Mg
Si Cl Mn
P

P

P

P

P

P

P

P

P

P

P Na

P Na

P Na

P Al Na
P= S

P S Ca
P= S= Pb
P K

P = Cu
P Ca

P Ca=Mn
P V

La

Mg

Mg C= Al

orth
orth
hex

mon
orth

mon
am

unk
mon

Retzian-(Ce)
Retzian-(Nd)
Aurorite
Quenselite
Goethite
Lepidocrocite
Feroxyhyte
Chukanovite
Gladiusite
Cronstedtite
Greenalite
Chamosite
Orthochamosite
Ferropyrosmalite
Whitmoreite
Ferristrunzite
Allanpringite
Santabarbaraite
Ferrostrunzite
Metavivianite
Dufrénite
Giniite
Beraunite
Laubmannite
Cyrilovite
Meurigite
Kidwellite
Natrodufrénite
Diadochite
Delvauxite
Corkite
Meurigite
Phosphofibrite
Richellite
Jahnsite-(CaFeFe)
Tinticite

Mn,Ce(AsO,)(OH),
Mn*“",Ndg sCeg sLag.1(ASO4)(OH),
Mn“"4 5Ado 3Cag ,Mn*"30,-3(H,0)
PbMn*"0,(0OH)

FeO(OH)

FeO(OH)

FeO(OH)

Fe,(CO3)(OH),

Fe®", ,Fe”",Mg; gMn“" 1 (PO,)(OH)y;-(H,0)
Fe*",Fe*"(SiFe*)O5(OH),

Fe“"5 3Fe”"05Si,05(0H)3 3
Fe*"3Mg, sAlFe™ 5sSizAlO;,(OH)s
Fe“"3Mgy sFe” o sAlLSiz01,(OH)g

Fe“"7 ,Mn“") ;Mg 1SisO15(OH)s 4Cl1
Fe“"Fe ,(PO,),(OH),-4(H,0)

Fe*" Fe*,(PO,),(OH);-5(H,0)
Fe3(PO,),(OH);-5(H;0)
Fe*"3(PO,),(OH)3:5(H,0)

Fe“"Fe ,(PO,),(OH),-6(H,0)

Fe“", sFe”"05(P0,)2(OH)o 5 7.5(H,0)
Fe“"Fe® ,(PO,)3(OH)s-2(H,0)
Fe“"Fe*,(PO,)4(OH),-2(H,0)

Fe“"Fe* 5(PO,)4(OH)s-4(H,0)

Fe“"3Fe™ s(PO4)4(OH);,
NaFe®"3(PO,),(OH),-2(H,0)
[Na(H,0), s][Fe*"5(PO4)s(OH)7(H,0)4]
NaFe”"3(PO4)s(OH)10-5(H,0)

Nag sFe”" o 7Fe“ g osFe” 4 1Alo.9(PO4)3.5(OH)4(H,0), 7
Fe®"5(PO,)(SO,)(OH)-6(H,0)

Cay 75Mdp 25Fe”" 3 Al 2(PO4)2.8(SO4)1.1(CO3)o 2(OH)g-4.7(H,0)
PbFe® 5(P0O,)(SO,)(OH)s
KFe*"7(POy4)5(OH);-8(H,0)

KCuFe® 15(PO,)12(0H)1,-12(H,0)
CagFe’ 15(PO4)s(OH);: (H,0)
CaMn“"Fe*",Fe™,(PO,),(OH),-8(H,0)
Fe®"534(PO4)3.26(VO4)0 38:6.7(H,0)
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Fe P Mn Phosphoferrite (Fe*" 5 75MN“"g 25)3(PO4),-3(H,0)

Fe P Mn Frondelite Mn“"Fe’",(PO,);(OH)s

Fe P Mn Rockbridgeite Fe“ 0. 7sMn“ o 25Fe*" 4(PO,)3(OH)s

Fe P Mn Oxiberaunite Fe™s 7sMn*"; 55(PO,4)4(OH),-6(H,0)

Fe=P Mn Mg= Ca Earlshannonite Mn“" o sFe“" sMdg 1Cag 1Fe*" 5 (PO,),(OH),-4.8(H,0)
Fe P Cu Chalcosiderite CuFe*"§(PO,)4(OH)g-4(H,0)

Fe P Zn 2008-013 ZnFe*" ,(PO,)3(0OH)s

Fe P Sr Benauite HSrFe*"3(PO,),(OH)g

Fe P Sr Pb Lusungite Sr 75Pbg 25Fe” 3(PO,),(OH)s-(H,0)

Fe P Pb Pattersonite PbFes(PO,),(OH),(H,0,0H),

Fe P Pb Kintoreite PbFe:+3(PO4)2(OH)4,5(H20)1,5

Fe P Bi Al Zairite BiFe™, ,5Aly 75(PO4),(OH)s

Fe S Hydronium-jarosite (H30)Fe*3(S0O,),(0OH)g

Fe S N Ammoniojarosite (NH,)Fe®"5(S0,),(OH)g

Fe S Na Natrojarosite NaFe®"5(SO,),(OH)g

Fe S K Jarosite KFe®5(S0,),(OH)s

Fe S Ti K Dorallcharite TI% /Ko3Fe*3(S0,),(OH)g

Fe S= As Pitticite Fe™,(AsO,)(S0,)-(H,0)

Fe S= As Sarmientite Fe*",(As0,)(SO,)(OH)-5(H,0)

Fe S= As Bukovskyite Fe™,(AsO,)(SO,)(OH)-7(H,0)

Fe S= As=Pb Beudantite PbFe® 5(As0,)(SO,)(OH),

Fe S Ag Argentojarosite AgFe™ 3(SO,),(0H),

Fe S Pb Plumbojarosite PbFe® §(SO,)4(OH)1,

Fe Cl Ni Akaganeite (1) Fe®"; Nig.406.4(OH)s ;Cl, 5

Fe VvV Al P Rusakovite (Fe*" 5 75,Alg 25)5(VO4)1 5(PO4)0.5(OH)g-3(H,0)
Fe= Cu=As Chenevixite Cu,Fe®",(As0O,),(0H),-(H20) )
Fe=Ge Mn:Mg Ca Stottite (2) Fe“"Ge(OH)g
Fe As Bendadaite Fe“"Fe*",(AsQ,),(OH), - 4H,0

Fe= As Karkit Fe*"(AsO,)-3.5(H,0

Fe As 2008-017 T Fe’*E(AsSZ)Z(o(H)ZS-a)Hzo

Fe= As orth Scorodite Fe* (AsQ,)-2(H,0)

Fe= As hex? Parascorodite Fe™ (AsO,)-2(H,0)

Fe As Ferrisymplesite Fe* 3(AsO,),(OH);-5(H20)

Fe As Na K Natropharmacosiderite Na, 7K, sFe™ ,(AsO,), o(OH)s 6-6.8(H,0)

Fe As S Tooeleite Fe™; 6(As0,)47(SO,); 3(OH)s-4.7(H,0)

Fe As S Zykaite Fe® ,(AsO,)3(SO,)(OH)-15(H,0)
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Fe As K
Fe= As Ca
Fe= As Ca
Fe= As= Ca
Fe As Ca
Fe= As Ca
Fe= As Co
Fe As Cu
Fe= As Zn
Fe= As Zn
Fe As Ba
Fe As Ba
Fe= As=Pb
Fe= As Pb
Fe As Pb
Fe=Sb W
Fe Te
Fe=Te S
Fe Te Pb
Co

Co
Co=As
Co=Se

Ni C

Ni C

Ni C Na
Ni =S
Ni Al=Si
Ni= Al S=
Ni Si

Ni Si

Cu C

Cu C

Cu C Co
Cu C Ni
Cu C Zn

Zn

P

Mg
Cu

Mn

S

Fe Ti
C

mon
orth

Pharmacosiderite
Arseniosiderite
Kolfanite
Sewardite
Yukonite
Ogdensburgite
Cobaltarthurite
Arthurite
Mapimite
Ojuelaite
Bariopharmacosiderite
Dussertite
Gabrielsonite
Carminite
Segnitite
Squawcreekite ?
Cuzticite
Poughite

Eztlite
Heterogenite-2H
Heterogenite-3R
Burgessite
Cobaltomenite
Nullaginite
Otwayite
Kambaldaite
Paraotwayite
Brindleyite (2)
Carrboydite
Pecoraite
Népouite
Malachite
Georgeite
Kolwezite
Glaukosphaerite
Rosasite

KFe*"4(AsO,)3(OH),-7(H,0)

CayFe™ 3(As0,);0,-3(H,0)

Ca,Fe’ 30,(As0,);5-2(H,0)

CaFe™,(AsO,),(OH),

Ca,Zng sMn“"g sFe™ 4(AsO,)4(OH)g-6(H,0)

CoFe™,(AsO,),(0OH),-4(H,0)

CuFe™5[(AsO4)0.7,(PO4)0.2:(S04)0.11201.5(OH) 5-4(H,0)

Zn,Fe’" 5(AsO,)3(OH),-10(H,0)

ZnFe®,(AsO,),(0OH),-4(H,0)

BaFe™ ,(AsO,)3(OH)s-5(H,0)

BaFe®"5(AsO,),(OH)s

PbFe“"(AsO,)(OH)

PbFe®",(AsO,),(OH),

PbFe® 3H(AsO,),(OH),

Fe* 04500 9Wp.1104-(H20)

Fe*",Te” 0g-3(H,0)

Fe™5(Te03),(SO4)-3(H,0)

Pb,Fe” 5(Te* O4)3(Te" Og)(OH)10-8(H0)

CoO(OH)

CoO(OH)

Co(H20),[AsO3(OH){H:0}0s

CoSe05-2(H,0)

Ni,(CO3)(OH),

Ni»(CO3)(OH),-(H,0)

NaNi,(CO3)3(0OH);-3(H,0)

Ni(OH)15(S04)0.125(CO3)0.125
Ni1.7M90.2F92+0.1A|25i05(0H)4

Ni;oCU,AlG(SO4)4(CO3)2(OH)43-7(H20)

Ni;SI,05(0OH),

Cu,(CO3)(OH),

Cu*"5(CO4)3(0H),-6(H,0)

Cuy.34C0 66(CO3)(OH),

Cuy 5Nip5(CO3)(OH),

Cuy.5Zn, 5(CO3)(OH),
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Cu N
Cu N
Cu N
Cu Al
Cu Al
Cu Al
Cu=Al
Cu Al
Cu Al=
Cu Al=
Cu P
CuP
Cu P
Cu P
Cu P
Cu P
Cu P=
Cu S
Cu S
Cu S
Cu S
Cu S
Cu S
Cu S
Cu S
Cu S
Cu S
Cu S
Cu S
Cu S=
Cu S
Cu S
Cu ClI
Cu ClI

Na=Cl= Ca
Ca Fe Cl Bi
Zn
Y Ce

Bi

Ca=Nd

Ca
Ca=2Zn
Ca=2n
Mn

Zn

Zn

Cd

Pb

mon
orth

mon
orth

2007-009

mon
orth

Likasite

Rouaite
Gerhardtite
Carbonate-cyanotrichite
Camerolaite
Cyanotrichite
Hydrowoodwardite (2)
Woodwardite
Spangolite
Cualstibite
Cornetite
Pseudomalachite
Sampleite
Bleasdaleite
Kipushite
Petersite-(Y)
Mrazekite
Antlerite
Brochantite
Wroewolfeite
Langite
Posnjakite
Redgillite
Dimorphous with redgillite
Devilline
Serpierite
Orthoserpierite
Campigliaite
Ktenasite
Ramsbeckite
Niedermayrite
Lautenthalite
Buttgenbachite
Connellite

Cu3(NO3)(OH)s-2(H,0)
Cuz(NO3)(OH);
Cu,(NO3)(OH),
Cu,AIL(CO3)0.66(SO4)0.34(OH)12-2(H,0)
CuzAlHq 75(SbO4)0.75(SO4)0.25(OH)10(CO3) - 2(H,0)
CusAly(SO,)(OH)12-2(H20)

Cug 5Alp5(OH);(S04).25°0.75(H,0)
CusAly(SO,)(OH)12-3(H20)
CusAl(SO,)(OH)4,CI-3(H,0)
CugAl;(SbO,4)3(0H)4,-10(H,0)
Cu3(PO,)(OH);
Cus(PO4)2(OH),
NaCaCus(PO,),Cl-5(H,0)
Cal.GFe3+0.4CUSBiO.OSCUO.Z(PO4)4(H20)7.5(OH)5.2C|0.3
(Cu.75,ZN0 25)5sZN(PO4),(OH)s - (H,0)
Y0.5Ce03Ndg 1Cag 1 CUg(PO,)3(OH)s-3(H,0)
Bi**,Cu*3(P0O,),0,(0H),-2(H20)
Cu3(S0,4)(OH),
Cu4(SO,)(OH)s
Cu,(SO,4)(OH)g-2(H20)
Cu,(SO,)(OH)g-2(H20)
Cu,(SO4)(OH)g-(H20)
Cug(SO4)(OH)10(H20)
Cug(SO4)(OH)10-H,0
CaCuy(SO,),(OH)s-3(H20)
CaCu3Zn(S0O,),(0OH)g-3(H,0)
CaCu3Zn(S0O,4),(OH)4-3(H,0)
Cu,Mn(S0O,),(OH)¢-4(H,0)
CUs 752Ny 25(SO4)2(OH)6-8(H,0)
CU11 25ZN375(SO4)4(OH),2-6(H,0)
Cu,Cd(SO4)2(OH)s4(H,0)
PbCu,(SO,),(0OH)s-3(H,0)
CuyCl4(NO;3),(OH)3,-2(H,0)
Cu19Cl4(SO4)(OH)3,-3(H,0)




clcloNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoRoNoNoNoNoNoNoNoNoNoNoNONO)

I T I I I I I I IIIIIIIIIIIIIIIIIIIIIIIIIT

I

T

Cu Vv
Cu=Zn
Cu Zn

Cu=Zn=

Cu Zn
Cu=2n
Cu Zn
Cu As
Cu As
Cu=As
Cu=As
Cu=As
Cu As
Cu As
Cu As
Cu As
Cu As
Cu As
Cu As
Cu As
Cu As
Cu As
Cu As
Cu As
Cu As
Cu=As
Cu As
Cu=As
Cu As
Cu As
Cu As
Cu As
Cu As
Cu As

P
S
As
As
As
As

C=

C
P

Sb
Sb

Ca

Na=Cl=
Na=Cl=

Na

Cl

Na=Cl=

Al
S

Y

K= Cd

Ca
Ca
Ca
Ca
Ca
Ca
Ca
Y

Cu As=Te

Cu As

La

Cl
Cl=

Bi

Ca
Ca
Ca

Ca
Ca
Ca
Pb

Fe

Fe

tricl
mon

orth
tetr

2008-010

Volborthite
Veszelyite
Schulenbergite
Zincolivenite
Philipsburgite
Theisite
Sabelliite
Gilmarite
Clinoclase
Geminite
Yvonite
Pushcharovskite
Cornwallite
Euchroite
Rollandite
Lindackerite
Strashimirite
Slavkovite
Tyrolite
Lavendulan
Lemanskiite
Mahnertite
Zdenekite
Goudeyite
Parnauite
Andyrobertsite
Agardite-(Ca)

Clinotyrolite
Shubnikovite
Richelsdorfite
Zalesiite
Juanitaite
Agardite-(Y)
Juabite
Agardite-(La)

Cu*"3V*",07(0H),-2(H,0)

Cuy 5Zny 5Zn(PO,)(OH)3-2(H,0)
CusZn3(SO4)15(CO3)5(0OH)10-3(H20)
Cuzn(AsO,)(OH)
(Cuo.75,Z10.25)6(ASO4)1.5(PO4)0.5(OH)s (H20)
CusZns(AsO4)15(ShO4)05(OH) 14
CuzZnAs 75500 5504(0H)3

Cu(AsO,4)(OH);

Cu3(AsO,)(OH)s

cu®*,As>*,0;-3(H20)

Cu(AsO3;0H)-2(H,0)
Cu(AsO;0H)-1.5(H,0)

Cus(AsO,),(0H)4- (H,0)
Cu,(AsO,)(0OH)-3(H,0)

Cu3(AsOy),-4(H20)
CUp.g9CU4[(ASO,)1.75(AsO30H); 5,]-8.01(H,0)
Cug(AsO4)4(OH)4-5(H20)
Cuy3(As0,4)s(AsO;0H),-23(H,0)
CaCus(AsO,),(CO3)(OH),-6(H:0)
NaCaCus(AsO,),Cl-5(H,0)
NaCaCus(AsO,)4Cl-5(H,0)

Nap.gsCap.12CU; 75(ASO4),Clo 623.63(H,0)
NaPbCus(AsO,4)4Cl-5(H,0)

Alp 7Y 03CU(ASO,)3(OH)s-3(H20)
Cug(As0O4)2(SO4)(OH)19: 7(H0)
KCdCus(AsO,)4(As(OH),0,)-2(H,0)
CaCug(AsO,4)3(OH)e-3(H,0)
CaCu,(AsO,),(AsO;0H),-10H,0
Ca,CUg(ASO4)38(SO4)0.3(OH)g9+10.3(H,0)
Ca,Cug(AsO,)¢CI(OH)-7(H,0)
Ca,CusSh(AsO,),CI(OH)¢-6(H,0)

Cag Y 2CUs(AsO,),(AsO;0H)(OH)g-3(H,0)
Cu,Ca,sFe“"5Bi(AsO,),(OH)4;-2(H,0)
Y0.75Ca0.25CUG(ASO4)3(OH)-3(H20)

Cag goFe™",03CUL0(TeO3)4(AsO,)4(OH),4(H,0)
Lag.75Cag 25CUs(ASO4)3(OH)s-3(H,0)
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Cu As Ce
Cu As Dy

Cu As Pb
Cu=As=Pb
Cu=As=Pb
Cu As Pb
Cu As Pb
Cu As Bi
Cu=Se

Cu=Se

Cu=Se= Pb
Cu Se U
Cu Mo

Cu Mo U
Cu=Sh
Cu Sb Al
Cu Te
Cu=Te
Cu=Te
Cu Te
Cu Te

Cu Te
Cu Te
Cu Te Zn
Cu Te=Pb
Cu=1
Cu=Pb S=
Cu=U
Zn B= Al
Zn C

Ca La=Nd Y
La Ca
Nd Y= La=Ca

Zn
REE Ca

Se

S

Zn C Mg Mn

Zn C S

Zn C Ca=U

Zn C Cu
Zn C Cu

orth
orth

mon
orth

orth
orth

Agardite-(Ce)
Agardite-(Dy)
Agardite-(Nd)
Duftite-alpha
Duftite-beta
Bayldonite (1)
Plumboagardite
Mixite
Clinochalcomenite
Chalcomenite
Schmiederite
Derriksite
Szenicsite

Deloryite

Partzite
Cyanophyllite
Frankhawthorneite
Graemite

Teineite
Cesbronite
Cesbronite-x

Jensenite
Xocomecatlite
Utahite
Parakhinite
Salesite

Munakataite
Vandenbrandeite

Zincowoodwardite-3R

Hydrozincite
Sclarite
Brianyoungite
Znucalite
Aurichalcite
Zincrosasite

Ce.33Ca0.23L-20.15Ndg 15 0.1CUs 78AS7 88Si0.17012(OH)6- 3.6 (H20)
DYo.6La02Cag1CUs(ASO4)3(OH)s-3(H,0)

PbysNdo 2 Y0.1L80.1Ca91CUs 7(ASO4)3(OH)47-4.8(H20)
PbCu(AsO,)(OH)

PbCu(AsO,)(OH)

Cuy.7Zn, 3Pb(AsO;0H),(OH),-(H,0)
(Pb,REE,Ca)Cug[(HASO4,AsS0,)(AsO,),(0OH)g]-3H,0
BiCug(AsO,)3(0OH)g-3(H,0)

CuSe05-2(H,0)

CuSe0;-2(H,0)

Pb,Cu,(Se03)(Se04)(0OH),

Cu,(UO,)(Se03),(OH)e

CuzMoQ,4(0H),

Cu*"4(U0,)(M00,),(OH)s
CusAly(SbO,)3(OH),-9(H20)
Cuy(TeO4)(OH),

CuTeO;-(H,0)

CuTe03-2(H,0)
Cus(Te05;),(OH)g-2(H,0)
Cus(TeO3),(OH)g-2(H,0)
Cu®*;TeOg-2(H,0)
Cu;TeO,-(OH),
CusZn;(TeOy,)4(OH)g-7(H,0)
CusPb(TeO,)(OH)g

Cu(103)(OH)
Pb,Cu,(Se**03)(SO,)(OH),
Cu(UO,)(OH),

Zng 5B0.33Al0.33(0H)2(SO4)0.2-0.59(H,0)
Zn5(CO3),(OH)4
Zn2.4M91.2Mn2+0.4zn3(003)2(OH)10
Zn3(CO3)0.75(SO4)0.25(0H) 4
Cazny;(UO,)(CO;3)3(OH)40-4(H,0)
Zn3 75CUy 55(CO3),(OH)g

Zny 25CUg 75(CO3)(OH),
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Zn Al= Si Fraipontite (1) Zn2.3A|0.7Si1'4A|0'605(OH)4
Zn Al S Zincowoodwardite Zng 47Aly 35(OH),(SO4)g.15(H20) 06

Zn Si Hemimorphite Zn,Si,0,(0H),-(H,0)

Zn Si= Al Fraipontite (2) Zn, 3Alg ;Si; 4AlG 605(0H),

Zn=Si Ca Junitoite (2) Cazn,Si,0;-(H,0)

Zn Si= Mn Hodgkinsonite (1) MnZn,SiO,-(OH),

Zn Si= Mn Mg Fe Ca Hodgkinsonite (2) MnzZn,SiO,-(OH),
Zn P orth Hopeite Zn,(PO,),-4(H,0)

Zn P tricl Parahopeite Zn;(PO,),-4(H,0)

Zn P Spencerite Zn,(PO,),(0OH),-3(H,0)

Zn S= Cu Christelite Zn;Cu,(S0O,),(0OH)6-4(H,0)

Zn S= Cu Si Bechererite Zn, 5CuUy 5ZNn,(0OH)13[Sg.75Sig.2503(0OH)],

Zn Vv Martyite Zn;V,0,(0H),-2H,0

Zn Cu Te Quetzalcoatlite ZngCuy(TeOs3)3(0OH) 4

Zn=As Koritnigite ZnHAsO,-(H,0)

Zn As Legrandite Zn,(AsO,4)(OH)-(H,0)

Zn As Warikahnite Zn5(As0Q,),-2(H,0)

Zn=As Ca Prosperite Cazn,(As0,),(H,0)

Zn=As= Pb Arsendescloizite PbZn(AsO,)(OH)

Zn=As Pb Helmutwinklerite PbZn,(AsO,),-2(H,0)

Zn=Pb As Te V Si Dugganite PbsZnsTeAs; ;" 6Si0 3010(0H),

Ga As=Pb=S= Fe Al Zn Gallobeudantite PbGallsFe3+0.8AI0.GZnO_l(AsO4)1.1(SO4)0.9(OH)5.9
As Mg Zn Chudobaite Mg, 7Zn, 3(AsO,4),(AsO3;0H),-10(H,0)

As Mg=U Seelite-1 Mg[(UO,)(AsO3)5(AsO4)o 512 7(H,0)

As Ca Svenekite Ca(H,AsO,),

As Ca Al=Cu Attikaite CazCu,Al,(AsO,)4(0OH),-2H,0

As Ca=Mn Fluckite CaMn(HAsQ,),-2(H,0)

As Ca=Mn:Zn Lotharmeyerite CazZnMn** (AsO;0H),(OH),

As Ca=Fe Lazarenkoite CaFe“"As;0;-3(H,0)

As Ca Fe Cu Zn Lukrahnite CaCug gZngsFe’" o 5(AsO,),(H,0); 3(OH), 7

As Ca=Fe=Zn Cu Pb Ferrilotharmeyerite Cag oPbg 1Fe* 5 9ZNg CUg 3(ASO,),(OH); 5(H,0)035
As Ca=Co Fe Ni Cobaltlotharmeyerite (1) CaCoFe“"7Nij 5(AsO,),(OH), 7(H,0)1 5

As Mn:Ca Mg Manganlotharmeyerite Cage2(Mn*"55)2(Mgp2)2(AS)O0H4

As Fe Kaatialaite Fe*"3(H,)3(As0,)-5.5(H,0)

As Fe= Zn=Pb Tsumcorite PbZnFe*"(AsQ,),-(H,0)
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As Fe Co=Ni
As Co=Ca Fe
As Co Ni= Bi
As Co Zn

As Co=Pb Ni

As Ni
As Ni

As Cu Ti

As Cu
As Cu
As Cu
As Zn
As Zn
As Zn

As= Mo

As= In
As= Pb

As=Pb Mn
As=Pb Fe Zn
As Pb=Co=Fe
As Pb=2Zn

As= Bi
As= Bi
As= Bi
As=U
As=U
As=U
As=U
As=U
As=U
As=U
As=U
As=U
As=U
As=U
As=U

Mg Ca Al

Ni
Ca Fe
Zn
Co Bi

Ca Fe
Sb

Cl=Ca

Ni
Cu

Ni

Smolianinovite
Cobaltlotharmeyerite (2)
Schneebergite
Cobaltkoritnigite
Rappoldite
Nickellotharmeyerite
Nickelschneebergite
Braithwaiteite
Radovanite
Veselovskyite
Thometzekite
Metakottigite
Fahleite
Zinclavendulan
Vajdakite
Yanomamite
Schultenite

Rouseite
Arsenbrackebuschite
Cobalttsumcorite
Zincgartrellite
Neustadtelite
Cobaltneustadtelite
Medenbachite
Chadwickite
Trogerite
Sodium-uranospinite
Metanovacekite
Chistyakovaite
Uranospinite
Metauranospinite
Kahlerite
Metakahlerite
Metakirchheimerite
Metazeunerite
Zeunerite

Coy ,Ni1 1Mgo 9Cag7Fe”"1 7Alo 3(ASO,)41(OH), 5-11(H,0)
CaCoFe“7Nig 3(AsO4)2(OH)o 7(H20): 5

Bio7Cag 3C0y 1NiggFe” 5 2(ASO,),(OH)1.1(H20)o

C0y.75ZNg 25(AsO30H)- (H,0)

PbCoNiggZng 4(AsO,4),-2(H,0)

Cay gBig 2NigoFe“ 0 §C0g 3(ASO,),(OH)-(H,0)

Bio7Cag sNi; ,C0p 6Fe”"5 2(ASO,)2(H20)1.1(OH)o

NaCus(Ti,Sb),0,(As0,)4[AsO;(OH)],-8H,0

Cuy gFe” 5 9ASAS,H, 1501

ZnCu,[(HASO,)(AsO,)],-9H,0

PbCu, 5Zny5(As0,),-2(H,0)

Zn, 7Fe“"1 3(AsO,),-6(H,0)(OH),

ZnsCaFe®",(AsO,)s-14(H,0)

NaCaZn; ;5Cu; »5(As0,4)4Cl-4.5(H,0)

Mo, ¢As,04-3.3(H,0)

In(AsO,)-2(H,0)

PbHASO,

Pb,Mn“*(AsOs),-2(H,0)

Pb,Fe*5.75Zn 25(AsO,),: (H20)

Pby.sC0g sFe“"o7Nig 4(AsO4)2(OH)o 6(H20): 5

PbZn, gFe*" 6CUy 5(ASO4),(OH) 8(H20)1 2

BiFe™; 5C0g 401 1(OH),.5(AsO,),

BiFe”; ,C0qsNig 201 1(OH),4(ASO,),

Bi,Fe*" Cug 75Fe” 5.5501 5(OH),.5(AsO,),

(UO,)H(ASO3)

H,(UO,)2(AsO4),-8(H,0)

Nay 5Cag 25(U02)2(ASO4)2-5(H20)

Mg(UO,),(AsO,),-6(H0)

Al(UO,),(AsO,),(F,0H)-6.5H,0

Ca(U02)2(AsO,),-10(H0)

Ca(U0,),(AsO4),-8(H,0)

Fe* (UO,)2(AsOy),-11(H,0)

Fe*"(U0,),(As0y),-8(H,0)

Co(UOy),(AsO,),-8(H20)

Cu(UO2)2(AsO,),-8(H20)

Cu(U0,),(As0,4),-10(H,0)
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As=U Zn
As=U Ba
As=U Ba

Se Fe

Se Ni Co
Se Cu Pb=U
Se=1 Mg Na
Nb Na

Nb=Na Si F
Nb Mg Ca

Nb Si Ca
Nb K= Ti Sr
Nb Ca Na Sr
Nb Ca Ti U=

Nb Ca Ti U

Nb Ti Si Fe=
Nb Ti Mn Ca
Nb=Ti Y Si=
Nb=Ti Ta U

Nb=Sr

Nb Y Ca=Fe
Nb Y Ta Na=
Nb Zr Ba Mg
Nb Ba Ti= Sr

Nb Bi Ca=U

Mo

Mo

Mo Na=Fe= As
Mo P Ca Na
Mo P= Ca=Fe
Mo Fe

Mo Fe

Mo Fe Ca=As
Mo Cu=As K

Mo U

K

Ca Ti Ce

Fe Ta F Ba Sr
Fe Na=Ta Mn K
Y Ta Ca Ce U

Fe U Ca=Ce Ta
Ca Al=Fe

Ti=U=Si F Th
Ca=Ti= U Fe

Ca
Ta Pb

Ca

Mg Sr

Mg
Na Fe

Metalodevite
Heinrichite
Metaheinrichite
Mandarinoite
Ahlfeldite
Demesmaekerite
Carlosruizite
Franconite
Natrokomarovite (2)
Ternovite
Mongolite
Kalipyrochlore
Hochelagaite
Uranpyrochlore (1)

Calciobetafite (1)
Yttrobetafite-(Y) (1)
Gerasimovskite
Betafite (1)

Betafite (2)
Strontiopyrochlore
Yttropyrochlore-(Y) (1)
Yttropyrochlore-(Y) (2)
Menezesite

Bariopyrochlore
Bismutopyrochlore
lIsemannite
Sidwillite
Sodium-betpakdalite
Mendozavilite
Melkovite

Bamfordite
Ferrimolybdite
Betpakdalite
Obradovicite
Iriginite

Zn(UO,),(AsOy),-10(H20)
Ba(UO,),(As0,),-11(H,0)
Ba(U0,),(AsO,),-8(H20)
Fe™,Se;04-6(H,0)
Nig.75C00 25(S€03)-2(H,0)
Pb,Cus(U0O,),(Se03)s(OH)g-2(H20)
K7NagMg10(S€0,)12(103)1,-12(H,0)
Na,Nb,04;-9(H,0)
Nas 4Cap.gCeo.1 Tl sNDs 6(Si;012)O13 6F2 2-4(H,0)
Mg, .,Ca, 3Nb,O4;-10(H,0)
CayNbgSi50,4(OH)10-5(H,0)
(H20)Sr0,05Nby gTig2041(0H)1 9(H20)0.6Ko 2
Cag 6Nag 25510 15Nb4013-8(H,0)
Uo.4Cag 7CeogNb; 1 Tag s506(0OH)o oFo 1
Cal.sREEo.zTho.luo.lNb1.2Tio.sFez+o.106(OH)o.3Fo.1
Cao.6Y0.4C90.3Fez+0.3pbo.2Tho.1U0.1Ti1.2Nbo.6F93+o.106(0H)0.7
Mn*"; §Cag ,Nb, s Ti» s01,5-9.1(H,0)
Uo.3cao.2Nbo.9Ti0.8Alo.1Fe3+0.1Tao.5O4(OH)3

Uo.scao.zNbo.gTio.sA|0.1Fes+o.1Tao.5O4(OH)s

Sr,Nb,05(0H),
Y0.7Nao.2cao.2U0.2Nb1.2Tao.5Ti0.2F33+0.105.4(OH)0.6' 1.1(H,0)

Y0.7Nao.zcao.zuo.zNbl.zTao.sTio.2F93+o.1O5.4(0H)o.e' 1.1(H,0)

Ba,MgZr,(BaNb;,04,)-12H,0

Bag 35r0.,Cag1Nb; gTip 205 6(H20)0 8

Bio.4U0.3Cag 3Pho.1Nby 5Tag 2506(OH)-4.3(H,0)

Mo;0g-(H,0)

Mo0Q3-2(H,0)

Na,CaFe” ,As,M00,5-15(H,0)

Nao.eM90.2C31.75r0.1M08P2Fes+3036(OH)'9(H20)

CaFe*'(M00,),(PO,)-6(H,0)

Fe**M0,06(OH)3-(H,0)

Fe*,(M00,);-8(H,0)

MgCa,MogAs,Fe* 3035(OH)-23(H,0)

H4Ko7Nag ,CuFe™; 15(As04)(M00,)s-11.6(H,0)
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Mo U
Mo U
Mo=U
Mo=U

Mg
Ca

Ca

Te Mn:=Fe Mg

Te Fe

Te Fe=

Ni Mg

Te Fe=2Zn Mg

Te Cu

Te Cu=

I Ca

Ca S
Pb

Ba Al=P C=

Ta Ca
Ta Ca
Ta Ba
Ta Ba

Fe
Fe

Ce
Ce

Pb

Hg C
Hg N

Nb

Ca=Fe
K Ca
Ca

Fe

Ni Mg
Cl s

Pb Al=S

Pb Si

Pb

Mg Sr Fe

Mg:U= Na Al

Nb

Nb Fe Zr=Mg Pb

Na

C=

Mo

mon
orth

Moluranite
Mourite
Umohoite
Cousinite
Calcurmolite
Cetineite
Peretaite
Kinichilite
Emmonsite
Keystoneite
Zemannite
Tlapallite
Choloalite (1)
Briiggenite
Krasnovite
Kimrobinsonite
Uranmicrolite (1)
Uranmicrolite (2)
Parabariomicrolite
Bariomicrolite
Hydrotungstite
Tungstite
Meymacite
Rankachite
Ferritungstite
Phyllotungstite
Yttrotungstite-(Y)
Cerotungstite-(Ce)
Yttrotungstite-(Ce)
Jixianite
Clearcreekite
Peterbaylissite
Szymanskiite
Mosesite
Krivovichevite
Plumbotsumite

H,U(UO,)3(M00O,),-18(H,0)
UMO050,,(0H);o

[(UO,)Mo00,]-H,0

MgU,M0,0,5-6(H,0)
Ca(U0,)3(M00,)3(OH),-11(H,0)

K1.gNay 6(Sby03)0.9(SP2S3)0.0(OH)o 52.4(H,0)
CaSh,04(0H),(S0,),-2(H,0)

Mg, sMn*"Fe**(TeQ,);-4.5(H,0)
Fe*,Te;0q-2(H,0)

Mg, sNiFe”*(TeO3);-4.5(H,0)

Mg, sZnFe**(TeOg)3-4.5(H,0)
HgCay 5Py 5CU3(SO,)(TeO3)4(TeOs)
CuPb(TeO3),-(H,0)

Ca(103),-(H,0)

BaAlj 75Mdg 25(PO4)0.75(CO3)0.25(0H),- (H,0)
Ta(OH)30075(CO3)0.25

BaTa,044(0OH),-2(H,0)
Bag3Ta; gNbg ;05 3(H0);

H,WO,-(H,0)

WOj3:(H,0)

WQO;-2(H,0)

CaFe?" V**,W;3044-12(H,0)
Ko.zcao.1N30.02W1.5Fez+o.504.7(H20)1.4
CaFe*";H(WO,)¢-10(H,0)

YW,06(0H);

CeW,04(0H);4

CeosNdp 25Y0.25W,06(OH)4

PbW; sFe** 5 s05(OH),
HJ,.6(CO3)(OH)4-2.1(H,0)
Hgs(CO3)(OH)-2(H,0)

Hg™ [Nig.75,M0g 25]6(H30)s(CO3)1,-3(H20)
Hg;NCly 5(SO4)0.3(M00,)0.1(CO3),1-(H,0)
Pb3[Al(OH)e](SO,)(OH)

Pb5Si,Og(0OH)4

UosCay ,Ta; gNbg,0(OH)
U sCay o Tay gNby ,06(OH)
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cCcCCcccccccccccccc

Si= Cr=Cu
= Cu
S Cu
S CuC
S Ge
= As=Sb
Cl=Cu S
Mn C= CI
As Zn S

P= Fe
= Fe Pb

Fe=Te

C Si Gd
= Ca
C Ca
C Ca
= Cu
C Y Nd

Na Ca=Pb
Mg-=S

Al= Sb
Mg S
Fe

Ca

Gd

tricl
orth

2008-022

Macquartite
Elyite
Chenite
Caledonite
Fleischerite
Mallestigite
Mammothite
Philolithite
Feinglosite
Oboyerite
Schieffelinite

Paulkellerite

Brendelite
Cannonite
Yecoraite
Arsenobismite
Walpurgite
Orthowalpurgite
Montanite
Uranosphaerite
Schoepite
Paraschoepite
Metaschoepite
Metastudtite

lanthinite
Oswaldpeetersite
Lepersonnite-(Gd)
Urancalcarite
Fontanite
Sharpite
Roubaultite
Kamotoite-(Y)
Natrozippeite
Clarkeite
Magnesiozippeite

Pb3Cu(Cr0,)(Si03)(0OH),-2(H,0)
Pb,Cu(SO4)0,(0H)4-(H,0)
Pb,Cu(SO4)2(OH)s
PbsCu,(CO5)(SO,)3(OH)s
Pb3Ge(S04)2(OH)s-3(H20)
Pb;Sb(S04)(AsO4)(0OH)g-3(H,0)
PbgCu,AIShO,(S04),Cl,(OH)44
PblZOBMgzMn2+5(SO4)(CO3)4(OH)12CI4
Pb,Zng 75F€* 0 25(AS04)1 5(SO4)o 5+ (H;0)
PbgHs(TeO3)3(TeOs)22(H,0)

PbTe 75502504+ (H20)
Bi,Fe**(P0,)0,(OH),
Bi1.27Pb0.73Fez+Oz(OH)(PO4)
Bi,O(OH),S0O,
BisFe®"5(TeO;)(TeQ,),-9(H,0)
Bi,(AsO,)-(OH);
Bis(UO,)(AsO,),04-2(H;0)
(UO,)Bi404(AsO,),-2(H,0)
Bi(UO,)0,(0H)
(U0O2)g0,(0OH)12-12(H,0)
UO;-2(H,0)

UO;-1.5(H,0)

U0,-2(H,0)

UO,(OH),

(UO,)-5(U05)-10(H,0)
(U0O,),CO4(0OH),-4(H,0)
CaGd,(UO,)24(CO3)g(Si04)4-48(H,0)
Ca(U0,)3(CO5)(OH)g-3(H20)
Ca[(U0)3(CO;),0,]-6(H0)
Ca(U0,)6(COs5)5(OH),4-6(H20)
Cu,(UO;)3(C0O3);0,(0H),-4(H20)
Y1.3Ndg 4Gdg 2U4(CO3)30,,-14.5(H,0)
Nay(UO2)s(SO4)3(OH)10-4(H20)

Nay 7Pby 1Cag 1(UO2)90g.o(OH), 1-:0.1(H,0)

Mg(H;0)35(U0,),(S0,)0,
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Na
Ca

Al
Al

K

Al= Pb
Al= Th

S
K=

Ca
Ba
Ce
Nd
Pb
Pb
Pb
Th

Mg
Ca
Co
Ni
Zn

Ca
Ca

Na=Ba=

Fe=
Ca
Ca

Ca
Nd

Ca

Sr

Al

Ca

Sm Ce

Pb

Pb

Phuralumite
Soddyite

Sodium-boltwoodite

Uranophane

Metavanmeersscheite

VVanmeersscheite
Mundite

Upalite
Kamitugaite
Althupite
Xiangjiangite
Phosphuranylite
Yingjiangite
Phurcalite
Bergenite (2)
Francoisite-(Ce)
Francoisite-(Nd)
Dumontite
Dewindtite
Renardite
Kivuite
Jachymovite
Meta-uranopilite
Uranopilite
Marécottite
Rabejacite
Cobalt-zippeite
Nickelzippeite
Zinczippeite
Compreignacite
Zippeite
Rameauite
Agrinierite
Becquerelite
Wyartite
Calciouranoite

Al;(UO,)3(PO,)2(OH)s-10(H20)
(UO,),(Si0,)-2(H20)
(H30)Nayg 75K 25(U0O,)5(Si04)-(H,0)
Ca(U0O,),(Si03)(OH),-(H,0)
U(UO,)3(PO,),(OH)s-2(H,0)
U(UO,)3(PO,),(OH)s-4(H,0)
Al(UO,)3(PO,),(OH)3-5(H,0)
Al(U0O,)3(PO,),0(0H)-7(H,0)
PbAI(UO,)5(PO,),(OH)g-9.5(H,0)
ThAI(UO,);(PO,4)4(OH)s-15(H,0)
Fes+o.5A|0.5(U02)4(PO4)2(SO4)2(OH)'ZZ(HZO)
KCa(H30)3(U0,);(PO,),0,-8(H,0)
K3Cay 25(U0,)7(PO,)4(OH)g-6(H,0)
Cay(UO,)30,(PO,), 7(H20)
Ca,Ba,[(UO3);0,(P0O,),]5(H20)16
CeyNdg 3Cag 1 (UO,);00H(PO,), 6(H,0)
Ndo.2Y 0.15M0.06C€0.04(UO2)3 ,0(PO,)1.4(OH)-6.3(H,0)
Pby(U02)30,(PO,),-5(H:0)
Pb3[H(UO;)30,(P0O4)2],-12(H,0)
Pb(UO2)4(PO4)2(OH),-7(H,0)

Thy Cag 3Pbg.1H2(UO;)4(PO4)2(OH)g- 7(H,0)
(UO,)(S0O4)(OH)14-13(H20)
(UO,)(SO4)(OH)10-5(H20)
(UO,)6(S04)0,(0OH)s(H,0)s-8(H,0)
Mg3(H,0)15[(U0,),05(SO4),]>-10(H,0)
Ca(U0,)4(S04),(OH)¢-6(H,0)
C0,(U0,)6(SO4)3(0OH)10-16(H,0)
Niz(UO)s(SO4)3(OH)10-16(H,0)
Zn,(U0,)5(S04)3(OH)10-16(H,0)
K2(UO,)s04(OH)s-8(H20)
K4(UO,)6(SO4)3(OH)10-4(H20)
K,CaUg0O4y-9(H,0)

Cag 4K 4Sr2U3014-4.2(H,0)
Ca(U0,)s04(OH)s-8(H,0)
CazU(UO,)6(CO3),(OH)5-3(H,0)
Cay7Bag1Pbg1Nag ;U; ;07-4.8(H,0)
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Li=

Li=
Li=
Li=
Li=
Be
Be

U Ca Na Ba

U V MnP
U As

U As K

U As Ca
U As=Pb
U Se

U Se Ca
U Se Cu
U Se Ba
U Mo Ca

U Ba

U Ba

U Ba

U= Pb

U Pb

U Pb

U Pb

U Pb

U Pb

U Pb

U Pb Ba Ca
U Bi P Pb
U Bi As Pb=
Be= Si

C

Na=P

Al= Si

Al=P H F
P

P= Mn Fe

P Mn Fe
P= Fe

P Fe Mn
H= B

H Si

Pb

Ba

Metacalciouranoite

Fritzscheite
Arsenovanmeersscheite
Nielsbohrite
Arsenuranylite
Hugelite

Haynesite

Piretite

Marthozite
Guilleminite
Tengchongite
Bauranoite
Billietite

Protasite

Curite

Masuyite
Fourmarierite
Metavandendriesscheite
Sayrite
Vandendriesscheite
Richetite
Wolsendorfite
Sreinite
Asselbornite
Liberite
Zabuyelite
Nalipoite
Eucryptite
Montebrasite
Lithiophosphate
Lithiophilite
Sicklerite
Triphylite
Ferrisicklerite
Hambergite
Sphaerobertrandite

MN**(U0,),(VO4)1 +(PO4)o 5 LO(H;0)
U(OH)4[(UO2)3(AsO,),(0H).]-4H,0
K(UO2)3(AsO,)(OH),-H,0
Ca(U0,)4(AsO4),(OH),-6(H20)
Pb,(UO,)3(AsO,),(OH)4-3(H,0)
(UO,)3(Se03)2(OH),-5(H,0)
Ca(U0,)3(Se05),(0OH),4-4(H20)
Cu[(U0O2)3(Se03);0,]-8(H20)
Ba(UO,);(Se05),0,-3(H20)
CaUgM0,0,5-12(H,0)
BaU,0;-4.5(H,0)
Ba(U0,)s04(OH)s4(H,0)
Ba(UO,);03(0H),-3(H,0)

Pb; 5(H,0),2(U0O,)42(0H); 5
Pb[(UO2)303(0OH),]-3(H;0)
Pb(UO,)405(0OH),-4(H,0)
PbU,0,,10(0H)
Pb,(U0O)s06(0OH),-4(H,0)
11(H,0)Pb; 6(U0O2)1006(OH)11

Pby sBag3Cag1U,07-2(H,0)
Pb,(U0O2)4(BiO3)(PO,),(OH);-4(H,0)
Pby5Bag5(UO,)sBis04(AsO,),(0H)2-3(H20)
Li,BeSiO,

Li,CO,4

NaLi,PO,

LiAISIO,

LiAI(PO,)(OH,F)

Li;PO,

LiMn*(PO,)

LiMn**; 75Fe**; »5(POy)

LiFe*'PO,

LiFes+o.75Mn2+o.25(PO4)

Be,BO;(OH)

Be;SiO,(OH),
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Be=
Be=
Be=
Be=
Be

Be

Be=
Be=
Be=
Be=
Be=
Be=
Be=
Be=
Be=
Be=
Be=
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H= Si

H=Si Yb Y
F= P= Ca
Na=Al= Si= Ca
Na=P

Na=Sb

Si

Si=H Y Ca
Si H Ce Y
Si= Ca Li= F
Si  Ca=Fe= REE
Si Mn Ca

Si Fe Ca=Y
Si= Y Ca

Si Ba

Si Ba

P H Li K
P Ca

P= MnH F
P= Ba F

H= Li= Na=Si
H Na

H Mg

H ClI= Ca=5Sr
H Ca

H= Ca

H Ca Na

H Ca Na Ce
H= Ca CI

H Sr

H Sr

H Sr

H Sr

H Ba Si Na
Li

Be Al K Cs

Fe= Dy
Fe=Nd

B Al Ce

Na Ca

La

mon
orth

am
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mon

Bertrandite
Hingganite-(Yb) (2)
Herderite
Meliphanite
Beryllonite
Swedenborgite
Phenakite
Hingganite-(Y) (2)
Hingganite-(Ce) (2)
Hsianghualite
Calciogadolinite (1)
Trimerite
Calciogadolinite (2)
Minasgeraisite-(Y) (1)
Clinobarylite
Barylite

Tiptopite
Hurlbutite
Véayrynenite
Babefphite

Jadarite
Biringuccite
Preobrazhenskite
Kurgantaite
Tyretskite
Fabianite
Studenitsite
Braitschite-(Ce)
Hilgardite
Strontioborite
Veatchite-A
Veatchite
Veatchite-p
Garrelsite-V,VIII
Diomignite
Rhodizite

CaBe(PO,)F
CaNaBeSiAIOgF; 5(OH)g 5
NaBePO,

NaBe,ShO,

Be,SiO,

Cagli,Be;(Si0y)sF,
CaREEFe™ Be,Si,04
CaMn,Be;(Si0O,);

CaY,Be,Si,04

BaBe,Si,0;

BaBe,Si,0,

K2Nay 5Cap sLisBes(PO4)s(OH)2: (H,0)
CaBe,(PO,),
Mn“"Be(PO,)(OH)o.75Fo.25
BaBe(PO4)Fo.7500.25
LiNaB;SiO,(OH)
Na,B5s0g(OH)-(H20)
Mg;B110:5(0H)q
CaSr[Bs0Og]ClI-(H,0)
Ca,B504(OH)-(H20)
CaB;05(0H)
NaCa,[ByO14(OH),]-2(H20)
CasNa,Ce; 5129 5B2043-7(H20)
SrBgO;1(OH),4
Sr;B11016(OH)s-(H20)
Sr,B11016(OH)s(H20)
Sr;B11016(OH)s-(H20)
BazNaSi,B;044(0H),
Ko.75CS0.25A14B€4(Bo.75,B€0.25) 12028

YbY,sBe,Si,05(0H),

Y,Be,Si,05(0H),

CaREEFe* Be,Si,0;
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Be

Al

Na=Si

Mg

Mg-

Mg
Mg
Mg

Mg-

Al
Cl

Cl
Ti
Fe

Al= Ca

Al
Si
Si=
Si
Si=
Si=
Si
Si
Si
Si
Ca
Ca
Ca
Ca
Ca

Ca
Ca
Mn

Mn:

Fe
Fe
Cu

Nb=

Ta
Pb

Ce
Ca

Ca
Ca

Ca

Ca
Ca
Sr
Ba
Ce

Mg
Mg

Si

Sn
Cl
Sn
Cl
Cl

Si

Ta
Nb
H=

Cs

Fe
Fe Al
Al Ti

H
H
H Ce
Fe Mg
C
La Nd
Na=S

Mn Fe
Fe Mn

Be Ce

Mg Mn
Mg Mn

F= Ce

Cl

Ti Al Ce Fe
REE Al Ce

Ti Y Al Fe

Al= Ree F

Ca

Cl

H Al=Fe F Th

Ba
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Londonite
Malinkoite
Suanite
Sinhalite
Boracite

Trembathite
Warwickite

Yuanfuliite
Johachidolite
Peprossiite-(Ce)
Danburite
Tadzhikite-(Y)
Hellandite-(Y)
Tadzhikite-(Ce)
Homilite (1)
Hellandite-(Ce)
Pekovite (1)
Maleevite
Stillwellite-(Ce)
Calciborite
Heidornite
Kurchatovite
Clinokurchatovite
Okayamalite
Piergorite-(Ce) (1)
Nordenskidldine
Chambersite
Tusionite
Ericaite
Congolite
Santarosaite
Cappelenite-(Y)
Schiavinatoite
Behierite

Csy5Kq4Rbg1AlBe,B11BeO g
NaBSiO,

Mg;B,0s

MgAIBO,

Mg;B,0,5Cl
Mgz.25F92+o.7sB7013C|
MgTigeFe® 5 3Al,.1(BO5)O

M90.75F92+0.3F93+0.5A|0.2Mgo.lTio.l(Bos)O
CaAlB;0,
Ceo.75L80.25(A130)0.6666B4010
Ca4Y1.5C90.5Ti1.2A|0.6F93+o.2848i4022(oH)z
CaaREEY; 5Cey5Alg 75(S14B40,,)(OH),
Ca4cel.5YO.5Ti0.6A|0.3Fes+0.lB4Si4022(OH)2
CayFe”575Mgo 25B,Si,010
CazREECe,AlSi,B,05(0OH); 5Fg 5
BaB,Si,Oq
CaB,0,
CaMgosMn“" sFe“"51B,05
CaMggsFe”"osMn“"5,B,0s
Ca,B,SiO;

CagCe,(AlgsFe’ o 5)x ([ 1.Li,Be),SigBgO35(OH.F),
CaSnB,0Oq
MnSn(BOs),
Fe“"1sMgo.eMn“"3B701,Cl
Fe“"1 sMgooMn“3B;015Cl
CuB,0,
BaY,Ce,Si;Bs0.F;
NDBg 52 Tao.48(BO4)
Tag.75Nbg 25(BO,)
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F=
F=

Cu

Ca=Y

Ca Ba
Ca=Ce
Ca=Nd

Ca Nd La
Ca=Bi

Y Ce
Ba=Ce

Ba Ce REE

La
Ce Ca La
Ce Ca La
Ce Ba La
Ce

Mg

Ca

Na=Ca

Na
Na

Na
Na

Na
Na

Na
Na
Na
Na
Na
Na

Na
Mg

Mg-

Ca F
Ca K

Ca Sr Ba
Ca REE Sr

Ca=Sr Ce
Cu

Sr Ba Ca
Zr Ti Ca
Ba=Ca Sr
La Ce=Ca
Ce F

Ce La Ca
Ce La Ca

Ca

Ce

Ce La

Ba La Nd

Ce

Ce
Sr

Sr
Nd Sr=Pr

orth
hex

Moolooite
Synchysite-(Y)
Podlesnoite
Synchysite-(Ce)
Synchysite-(Nd)
Parisite-(Nd)
Kettnerite
Bastnasite-(Y)
Huanghoite-(Ce)
Qagarssukite-(Ce)
Bastnasite-(La)
Rdéntgenite-(Ce)
Parisite-(Ce)
Cordylite-(Ce)
Bastnasite-(Ce)
Natroxalate
Eitelite

Nyerereite
Natrofairchildite
Shortite
Rouvilleite
ZemkKorite
Calcioburbankite (1)
Calcioburbankite (2)
Burbankite (1)
Juangodoyite
Burbankite (2)
Sabinaite
Khanneshite
Remondite-(La)
Lukechangite-(Ce)
Remondite-(Ce)
Petersenite-(Ce)
Magnesite
Dolomite

Cu(C,0,4)-0.5(H,0)
CaY(CO,),F
BaCa,(COs),F,
CaCe(CO,),F
CaNd(CO3),F

CaNdo gCeg4Lao(CO3)3F>
CaBi(CO3)OF
Y(CO,)F
BaCe(CO;),F
Ba(Ce,REE)(COs),F
La(CO3)F

Ca,Ce; 25La0.75(CO3)sF3
CaCey1Layo(COs)sF,
BaCe; 5La,5(CO3)sF
Ce(COy)F

Na,C,0,
Na,Mg(CO3),
Na,Ca(COs3),
Na,Ca(CO3),
Na,Ca,(COs);
Na;Ca,(CO3)5F

Na; gKo3Ca;11(CO3),

Na;Ca; sREE( ¢Srg 3(CO;3)s

Na,Cu(COs),

Na, ,Cag gSr1 §Bag 9Ce; 3(CO3)s

Naz 5Cay 52, Ti(CO;5),0,

Nay ,5Cag 75BaSry sCeq 3Cag 2(COs)s
Nag 33129 §C€0 65Ca0 61510 2(CO3)s
Na;Ce,(CO3)4F

NasCe; ,Lag 4Cay,Nag 1S 1(COs)s

Na; ;Cay 3Celag gNdg »Srg 1Pro1(CO3)s
MgCO,
CaMg(CO;),

Na, ,Cag gSr1 §Bag 9Ce; 3(COs)s
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Mg Ca
Mg- Ba
K H
K Ca
K Ca
Ca
Ca
Ca

Na=U

Ca Mn Mg Fe

Ca Fe
Ca=2n
Ca Sr
Ca=Te
Ca=Ba
Ca=Ba
Ca=Ba

Ca=Ba

Ca Ce=

Mn
Fe
Co
Ni Mg
Zn
Sr
Sr P
Sr Ca
Cd
Ba
Ba F=
Ba F=
Ba F=
Ba F=
Ba F=
Ba Ca
Ba Ca

Mg Mn

Ce Na

Mn: Sr
Na Sr

Fe

Ce Ca
Ba

Ce
Ce
Ce La
Ce La

Nd Ce
Na Sr
Na Y

Ba

Mg
Ba

H La=Ba F

Nd
Nd Pr Sr

Y= Ce
Sr Nd Ce=Gd

trig
hex
orth
trig
hex
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Huntite
Norsethite
Grimselite
Biitschliite
Fairchildite
Aragonite
Calcite
Vaterite

Kutnohorite

Ankerite
Minrecordite
Carbocernait (1)
Mroseite
Alstonite
Barytocalcite
Paralstonite

Benstonite
Carbocernait (2)
Rhodochrosite

Siderite
Sphaerocobaltite
Gaspéite

Smithsonite
Strontianite
Dagingshanite-(Ce)
Olekminskite

Otavite

Witherite

Cebaite-(Ce)
Kukharenkoite-(Ce) (1)
Zhonghuacerite-(Ce)
Kukharenkoite-(Ce) (2)
Cebaite-(Nd)

Ewaldite (1)

Ewaldite (2)

CaMgs(CO;),
BaMg(CO;),
K3Na(UO,)(CO3)5-(H,0)
K,Ca(CO;),

CaCO,

CaCO,

CaCO,

CaM ”2+0.6M90.3Fez+0.1(003)2

CaFeZ+0.6Mg0_3Mn2+0_1(C03)2
Cazn(CO0s),
Cag.75Nag 25510, 6C€0 3Bay.1(CO3),
CaTe(CO3)0,

BaCa(COy),

BaCa(CO3),

BaCa(COy),

Ba4,5Srl,5Ca4,5Mn2+1,5Mg(CO3)13

Cag.75Nag 25510, 6C€0 3Bay.1(CO3),
MnCO4
FeCO;
CoCO,
Nig.sMgo sFe“"01(COs)
ZnCO4
SrCO;
Sr12Cag,6Bag 2Ce0.75L.20.25(PO4)(CO3)2 5(0OH)0.4Fo.1
SrSrp6Cag 3B 1(CO3),
CdCO,
BaCO,
BasCe,(COs)sF
Ba,Ce(CO,)5F
Ba,Ce(CO;)4F

Ba,Ce(CO3)3F

BasNd; 5Ceq5(CO3)sF,
Bag 755r0.25Ca0sNap 3Y0.1Ce0.1(CO3),

Bag 75Sr0.25CagsNag 3Y1Ce 1(CO3),
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Ce Mg Fe
Pb

Pb Na Ca
Pb As

Pb U

Bi Ca Pb
U

Na

K

Ba

H Na=Al=P=

H= Si
H Ca Al
C= Na=Y
Na=Al= P
Na=Al= As
Na=Si
Na=Fe= As
Mg:=P= Ca
Mg- Ca=As
Mg As Ca
Si= Ca Na
K Al=S
Ca H=C
Ca C
Y H= Si
Y Si= H
Y Si Ce
Y Si Ce
Pb S
Bi
H N= S
= Al=Si
=P
C

Y= Dy=

S

Ca=Zr

Ti

Na

Al
Al

B
Na

Ca Mn
Er Ti Sn

Zr Mn Fe Ce

REE
Ce Gd Dy=FEr

As Ca Al Na Fe
B Ca

Sahamalite-(Ce)
Cerussite
Sanromanite
Sahlinite
Widenmannite
Beyerite
Rutherfordine
Nitratine

Niter

Nitrobarite
Viitaniemiite
Yftisite-(Y) (2)
Creedite
Horvathite-(Y)
Lacroixite
Durangite
Burpalite
Maxwellite
Isokite

Tilasite
Nanlingite
Hainite (1)
Thermessaite
Sheldrickite
Brenkite
Kuliokite-(Y) (1)
Kuliokite-(Y) (2)
Hundholmenite-(Y) (1)
Okanoganite-(Y)
Grandreefite
Zavaritskite
Darapskite
Hydroxycancrinite (1)
Nahpoite

Natrite

Mgo.75Fe2+0.25Cez(CO3)4
PbCO,
Na,CaPb;(CO3)s
Pb14(AsO,4),04Cy4
Pb,(UO,)(CO3)s

Cay 75Pbg 25Bi(CO5),0,
UO,(CO,)

NaNO,

KNO4

Ba(NO3),

NaCag gMn*’5 ;AI(PO,)F; g(OH); ,
YDYErTio.755N0.25(S104)2F4(OH),
CazAly(SO4)F75(0H)25-2(H20)
NaY(COj)F,
NaAl(PO,)F
NaAl(AsO,)F
Na,CaZrSi,O;F,
NaFe™ (AsO,)F
CaMg(PO,)F
CaMg(AsO,)F
CaMg,4(AsO;),F,
Nas.scas.sREEo.zTil.szro.sMn2+0.5Fez+0.255i7.8027.7|:8.3
K,[AIF;|SO,]
NaCa3(COs),F3-(H20)
Y3 6REE 3AI(Si04)(0H), oF5
Y 36REEq3AI(Si04)2(OH); 5F5
(Y,REE,Ca,Na);5(Al,Fe*")Ca,As® |, (Si,As*")SigB3(O,F).s
Nay 25Cag.75Y 9Ce3SigB2027F 14
Pb,SO,F,
BiOF
Na3(S0O,)(NO;)-(H;0)
Na,(AlSiO,)3(OH)-(H,0)
Na,HPO,
Na,CO4
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Na C H

Na C H F= S
Na C=F H Al
Na C Mg S

Na C Mg:ClI

Na C= Si= P= REE
Na C= P= Mg

Na = P= Mn

Na = P= Fe Mn
Na = P= Sr

Na C K Ca

Na C MnS Fe
Na C Fe S

Na C Y F= S=
Na C U

Na F= P Si Ca=
Na F= P Si Ca=
Na F= P Ca

Na F= S

Na Al=Si=H C
Na= Al=Si C= Ca
Na AI=Si S

Na= Al=Si S= Ca
Na Al=Si CI

Na= Al=Si K S
Na= Si

Na=Si H Ca=Ti=
Na Si H Ti P
Na=Si H Ti Mn
Na= Si Be

Na= Si Be=Al=ClI
Na Si F= P= Nb
Na= Si= Al H K
Na Si= Al S Ca
Na Si= Al S Ca
Na Si P H= Ce

Y Cl=Ba Gd Dy

Mg
Cl

Ti Mg:Mn
Ti Mg Mn

Ca K

Mn: Fe
Nb=Ba=F Mn K
Fe

Ti
S ClI
Cl K
K
Mn:Fe Zr Th

C Ca

Wegscheiderite
Mineevite-(Y)
Barentsite
Tychite
Northupite
Abenakiite-(Ce)
Bradleyite
Sidorenkite

Bonshtedtite
Crawfordite
Gregoryite
Manganotychite
Ferrotychite
Reederite-(Y)
Cejkaite
Polyphite-VII
Polyphite-V1lII
Nacaphite
Kogarkoite
Hydroxycancrinite (2)
Cancrinite (1)
Nosean

Lazurite (1)
Sodalite
Pitiglianoite
Natrosilite
Koashvite (1)

Bornemanite (1)
Kazakovite (1)
Chkalovite
Tugtupite
\uonnemite
Vishnevite
Lazurite (2)
Halyne (1)
Steenstrupine-(Ce)

Nas(CO3)(HCO;);

NagsBaY; ;Gdg 6DYg 2(HCO5)4(C0O3)11(SO,),CIF,
NagMg,(CO3)4(SO,)

Na;Mg(CO,),Cl
NagsREEg(Si03)s(PO4)s(CO3)s(SO,)O
Na;Mg(PO,)(CO;)

Naz;Mn(PO,)(CO3)

NagFe?*(PO,)(CO5)

Na;Sr(PO4)(CO;3)
[(Naz)o.6(K2)0.3Ca0.1](CO3)
NagMn“"; JFe“" sMdp 2(SO4)(COs)4
NagFe*",(SO,)(CO3),
Na;5Y2(CO3)e(SO5F)CI
Na,(UO,)(COs);
Na;;Ca;MgTizMn**(Si,0;),(PO4)sO4F6
Na,;CazMgTizMn**(Si,07),(PO,)sO,F¢
Nay 3Cag 7(PO,)F

Naz(SO,)F

Na,(AISiO,)5(OH)- (H,0)

NagAlgSigO,4(SO,)
Naz;Ca(Al;Si;04,)S
NagAlgSigO,4Cl,
Na,Si,0s

Na, gBag 7Kg 1Na, 6 Ti Mn2+0.3Ti1.3Nbo.7028i4014.4(OH)0.7F0.6(PO4)

Na,BeSi,Oq

Na,AlBeSi,04,Cl

Na;;Nb,TiSi,0,7(PO,),F,

Nag sKCayg 1Sis 2Al5 §024(S04)0.7(CO35)0.4Clo 5 1.4(H,0)

NagMnTiSigOq5

Na,Ca(Al;Si;05,)S

NamceeMn2+Mn3+Fez+2zro.75Tho.zs(Sieols)z(PO4)7‘3(H20)
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Na
Na
Na
Na
Na
Na=
Na=
Na=
Na
Na
Na

Na
Na
Na=
Na
Na=
Na=
Na=
Na
Na=
Na=
Na
Na=
Na=
Na=
Na
Na
Na
Na
Na
Na
Na
Na
Na
Na
Na=

Si=
Si=
Si=
Si=
Si=
Si
Si
Si=
Si=
Si=
Si=
Si
Si=
Si
Si=
Si
Si

T
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P= Ca
P Ca
P= Ti
P= Ti
P Ti
Ca=H
Ca Fe
Ti

Ti

Ti

Ti P
Ti P
Ti P
Ti= Mn
Ti Fe
Ti= Sr
Zr

Zr Ca
Li
Mg- Ca
Ca
Ca F
Mn
Fe

Sr Ba
Ce La
C

C CI=
= ClI
F ClI
F CI
Mg
Cl Mg
Cl= Bi
Ca

Ce

Ca
Fe=

Fe

Mn
Mn=

Mn

Nd

K

Mg: Ca
Mg: Ca
Mn F=
Mn: Ti

Nb=Ba F Mn
Mn Nb Zr

Nb

F Ca=Fe K H

Fe

Nb Mg Fe

tricl
tricl

orth
tetr

2008-015

Clinophosinaite
Phosinaite-(Ce)
Quadruphite-VII
Quadruphite-VI11

Sobolevite

Koashvite (2)
Imandrite
Lorenzenite (1)
Paranatisite
Natisite (1)
Lomonosovite (1)
Bornemanite (2)
Lomonosovite (2)
Kazakovite (2)
Natisite (2)
Lamprophyllite (1)
Parakeldyshite (1)
Zirsinalite
Olympite

Brianite
Buchwaldite
Nefedovite
Natrophilite
Maricite

Olgite
Vitusite-(Ce)
Thenardite
Burkeite

Hanksite
Sulphohalite
Galeite
Schairerite
Vanthoffite
D'ansite

Glauberite

Na;CaPSiO;
Nay3Ca,Ce[Si;012](PO4)4
Nay,CaMgTi(Si;07)2(PO,)404F,
Nay,CaMgTi,(Si;07)2(PO,)404F,
Nay3 5Cay sMn* "o gMdo sFe”" o 1 Ti; 7N sP3 9814033 F 05
Naecao.sMn2+o.5Ti0.5Fe3+0.55i6018' (H:0)
Na,Ti,Si,0q
Na,[TiO(SiO,)]
Na,TiO(SiO,)
NaygBay 7Ko1NaggTi Mn2+0.3Ti1.3Nbo.7028i4014.4(OH)0.7F0.6(PO4)
NasTi,0,(Si;0;)(PO,)
NagMnTiSigO44
Na,(TiO)SiO,
Na,Sr,BaTi3Si,O14(0OH),F
Na,ZrSi,0-,
NagCagp sMn*g sFe”*,ZrSigO1s
Na,CaMg(PQO,),
NaCaPO,
Nas;Cay(PO,)4F
NaMnPQO,
NaFePO,

NaSrg 55Bag 45(PO4)

NazCeg sLapsNdo1(PO4)2
Na,SO,
Nas(CO3)(S04).
KNa2,(S0O4)e(CO3),Cl
Nag(SO,),FClI
Nay5(SO4)sF4Cl
Na,1(SO4)7F4Cl
NagMg(SO4)4
Na,;Mg(SO4)10Cl13
Na,Bi(SO,):Cl
Na,Ca(SO,),
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Ca
I
Pb

o

Mn
Mn

Mn:

Fe
Fe
Fe
Si

>>mmm III:Ill:I

H

Cl

Al CI

Fe

Mg Al=
Sn

Fe Mn
Si Ba

F= Al=
Na=Al
Al K
K= Fe
H Fe
Al= K
Fe H

H Na

Ca

Sh

Mn K Na

K

F

Al

Fe

Mn Na K

mon
orth

mon
orth
orth
cub

Cesanite
Hectorfloresite
Caracolite
Metamunirite
Natroniobite
Lueshite

Brizziite-111
Brizziite-VII
Periclase

Karlite

OH analogue of wagnerite
Phosphoellenbergerite
Kotoite

Pinakiolite
Takéuchiite
Fredrikssonite
Ludwigite
Chestermanite
Magnesiohulsite
Fluoborite
Norbergite
Magniotriplite
Kinoshitalite (1)
Clinoenstatite
Enstatite

Forsterite
Ringwoodite
Hydroxylclinohumite
Phlogopite (1)
Aspidolite
Phlogopite (2)
Tetra-ferriphlogopite (1)
Humite (1)
Fluorophlogopite
Chondrodite

Pyrope (1)
Sodicgedrite

Na;Caz(S0,)s(0OH)-0.8(H,0)
Nag(103)(SO,)4
Na,V°*,04
NaNbO;
NaNbO,
NaShO,
NaShO,
MgO
Mg, sAl; 5(BO3)3(OH)4Cl
Mg,(PO,)(OH)
Mg 3Fe”"02Cag 1(PO4)4 3(PO30H)0 5(CO3)0 6(OH)s
Mg;B,0¢
Mg,Mn*"0,(BO,)
Mg,Mn*"0,(BO5)
Mg,Mn*"o sFe”"(50,(BO3)
Mg,Fe*"BOs
Mg,Fe”,sMgo ,Alg 1Sb 1BOs
Mg, 4Fe“ g 25Fe”" 5 255N0 10,(BO3)
Mg3(BO3)F; 5(OH)o 5
Mg3(SiO4)F;5(OH)g5
Mg, oFe“ o sMn“"o(PO,)F
Bay 6Ko.4Nag 1M, 1Mn“"g sAl, ,Si,Al; g016(OH),
Mg,Si,0p
Mg,SiO,
Mg,SiO,
Mgy(Si04)4(OH)1 gFo 2
KMg;AISi;O4,F(OH)
NaMg;AISi;044(0OH),
KMg;AlSi;040F(OH)
KMgsFe® Siz0;0(0OH),
M95.25Fe2+1.75(SiO4)3F1_5(OH)0_5
KMgs(AlSi;z)O;0F,
Mgs 7sF€“"1 25(Si04),F1 5(OH)g 5
Mg3Al;(SiO4)s
NaMggAlSigAl,O5,(0OH),
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Mg Si
Mg Si=
Mg=Si=
Mg Si
Mg=Si
Mg Si
Mg Si
Mg Si
Mg Si
Mg P
Mg P
Mg P
Mg P
Mg=P
Mg P
Mg P
Mg=P
Mg=P=
Mg P
Mg P
Mg=Ti
Mg=Mn
Mg Mn
Mg Fe=
Mg Fe

Al H

Al =
Al =
Al H=
Al =
Al =
Al =
Al =
Al =

Al
Al
Ca

Ca
Cr
Fe
Fe
Fe

Ca
Ca
Fe

Mg-
Mg-

Mg
Mg
Si
Si
Si
Si

F=
Ca

Be=

Zn
Ti
Al

Si
Si
Sn
Sn
Li=
Li=

Be=

Ca

H=
B

Sb

T

Ca

Fe
Fe
Fe

Si
Mg

Na

Fe

Fe
Be=
Na
Ca

Ba Mn K Ca

Fe= Al Mn As

Si

Ti

Zn Si

Zn Si
Ca

Li

trig
unk trig?

Kinoshitalite (2)
Serendibite
Monticellite

Welshite
Knorringite (1)
Wadsleyite
Olivine
Humite (2)
Clinohumite
Farringtonite
Holtedahlite
Heneuite
Althausite
Thadeuite
Wagnerite
Chladniite
Pyrocoproite
Panasqueiraite
Stornesite-(Y)
Chopinite
Geikielite
Orthopinakiolite
Tegengrenite
Azoproite
Qandilite
Corundum
Akdalaite
Preiswerkite
Eastonite
Magnesionigerite-2N1S
Magnesionigerite-6N6S
Bityite (1)
Ephesite
Bityite (2)
Margarite (1)

Bao.6K0.4Nao.1M92.1Mn2+0.5A|0.2SizA|1.9010(OH)2
Ca,Mgy 5Al; 5Si36Al1.8B06020
CaMgsio,
CaZMg3.8Mn2+0.6Fez+O.lel.5028i2.8Bel.7Fe3+0.7AIO.7ASO.2018
Mg;Cry(SiOy);
Mg, sFe“"o5Si0,
Mg, 6Fe“"04(SiOy)
Mgs 25Fe“"1 75(Si04)3F1 5(OH)o 5
Mgg 75F€“"5 25(Si04)4F1 5(OH)o 5
Mgs3(PO,),
Mg;,(PO30H)g 75(CO3)0.25(PO4)s(OH),0,
CaMgs(PO,)3(CO3)(OH)
Mg,(PO,)(OH)o6F0300.1
CaMgz.gFez+o.6Mn3+o.3(PO4)2(OH)1.5F0.5
Mgl.sFez+o.1(PQ4)F0.7(OH)0.3
Na; gCaM 97Fez+0.3(P04)6(SiO4)0.1
Mg,K; sNag 5(P,0-)
CaMg(PO,)(OH)g 7sFo 25

{(Y,Ca)Nag[ 1,}(Ca,Na)s(Mg,Fe)43(PO4)36

(Mg,Fe)3(PO,),
MgTiO4
Mgl.SMn2+0.5Mn3+BOS
Mg1 ,Mn*",6ZN,1S06,sMN**4 5Si,06Tig,0404
M91.5F92+o.5F93+0.6Tio.sMgo.lBOS

M91.3Fes+o.4Fez+o.3Tio.eFes+o.2A|0.2O4

Al, O,

(Al1,05),:(H0)

NaMg,Al;Si,044(0H),
KMg,Al[Al,Si,040](OH),
M91.9zn0.6A|Sio.2F92+o.28n1.2Fe3+0.8A|9.7022(OH)2

Mg 62N 6AlSig e 2SN, JFe* ) gAlg 70,5(OH),
CaLiAl,(AlBeSi,)014(0OH),
NaLiAl,(Al,Si,)0;4(0OH),

CaLiAl,(AlBeSi,)014(0OH),
CaAl,(Al,Siy)0,4(0H),




cNoNoNoNoNoNoNoNoNoNoNoNoNoRoNoNoNoNoNoNoNoNoNoNoRoNoNoNoNoNoNoNoNoNO O]

Al

Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

H= Si Ca
H Si Mn
=P

Be

B F H
= Mg H
B Si

B= Si Mg
B= Si Fe
B= Ca=Zr
= Si H
Na

Mg

Mg=H Si
Mg Be

Mg Be Fe
Mg Si
Mg=Si H
Mg Si Be=
Mg Fe Ti
Si

Si

Si

Si

Si H B
Si H B
Si H B
Si H B
Si H B=
Si H B=
Si H B=
Si H B
Si H Na
Si H= Mg
Si H K
Si H Ca

Na
Fe

Mg

Ca

Zn

Mn
Fe

Li
Li
Li
Mg
Mg

Fe
Fe

Fe

Ba

Mg
Mg

Ba K Na F

Na
Na F Mn

Na
Ti

Na
Na

S F Na=Cl

tricl
orth
orth
orth

Margarite (2)
Ottrélite (2)

Trolleite

Chrysoberyl
Jeremejevite
Pseudosinhalite
Boralsilite
Grandidierite
Ominelite

Painite

Topaz

Diaoyudaoite

Spinel

Clintonite
Magnesiotaaffeite-2N2S
Magnesiotaaffeite-6N3S
Sapphirine
Kinoshitalite (3)
Khmaralite
Magnesiohdgbomite-6N6S
Kyanite

Andalusite

Sillimanite

Mullite

Rossmanite

Elbaite (1)

Olenite (1)
Magnesiofoitite
Dravite
Magnesiodumortierite
Schorl (1)

Foitite

Paragonite (1)
Yoderite

Muscovite (1)
Wenkite

CaAl,(Al,Siy)044(0OH)4
Mn2+o.9Fez+o.6M90.5A|3.9Fe3+0.15i2010(0H)4
Al (PO,4)3(OH);
BeAl,O,
AlgBsO15F,5(0OH) 5
Mg,Al;B,04(0H)
Al;gBgSi,0,;
Mgo.7sF€“0.25Al3(BO,)(Si04)0
CazrBAlyO45
Aly(SiO4)F11(OH)g
MgAl,O,
CaMg, ,Aly 7Al, 7Si; 30410(0OH),
Mg;AlgBeO4
(M91.7Feﬁ_o.3zno.1)A|6Beo.9012
MgsAlg 5Si; 502
, Bao.6K0.4Nao.1M92.1Mn2+0.5A|0.2Si2A|1.9010(0H)z
e ]
Mgq cAl, gFe™" 1 6Al7 2Si5 gBey 6049
Al,SiOs
Al,SiOs
(Al,05)(SI0,)
[LIAIAlg(SisO16)(BO)5(OH),
NaLi, sAlg 5(BO3)3SigO15(0OH),
NaAlg(BO3);SigO,,(OH)
[ ](MgZAIZ)AIG(SiB_OlS)(BOS)S(OH)Al
NaMgzAlg(BO3);SigO15(0OH),
MgTig 3Al55Si;046B(0OH),
NaFe™, 55Alg 75S5i5015(BO3)3(OH),
NaAl,(SizAl)O;4(0OH),
Mg,Als5 gFe* 5 sMn*" 1 Si,015(OH),
Bag 7Cas sNag 5Sig gAl19 3035 9(OH)3FClo 5(SO4),.9-2.3(H,0)
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Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

Al

Si
Si
Si
Si
Si
Si
Si
Si
Si
Si=
Si
Si
Si
Si=
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si=
Si
Si
Si
Si
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Na H
Na H=
Na H
Na H
Na S=
Na S=
Na S=
Na Cl=
Na=ClI
Na K
Na K=
Na K
Na Ca
Na Ca
Na Ca
Na Sr
Na Ba
Mg H
Mg-H
Mg H
Mg Be
Mg Fe

Li=
Na=

Ca=
Ca

Ca

m W

Fe
Fe

Mg
K Mg Ti= Fe

F Na K= Mg
F Ca Na

Sb As Fe

Ta Sb As

S K C Cl

Fe
Fe B

Na H Ca K

2008-006

Davreuxite
Staurolite
Ganterite
Boromullite
Dumortierite
Elbaite (2)
Liddicoatite
Olenite (2)
Holtite (1)
Werdingite
Schorl (2)
Holtite (2)
Buergerite
Cancrinite (2)
Farneseite
Biachellaite
Alloriite
Haliyne (2)
Franzinite (1)

Davyne (1)
Quadridavyne (1)
Nepheline
Giuseppettite (1)
Haliyne (3)
Microsommite
Lisetite (1)
Franzinite (2)
Stronalsite
Banalsite
Kornerupine (1)
Prismatine
Magnesiostaurolite
Surinamite

Kornerupine (2)

Fe£+1.4|—io.1Mgo.lAls.esi3.9A|o.1021.7(OH)2.3
Ba 44K 2N 27Al1 8aM o 1Fe** 0,04 T 0451 72Al1 28010.11(OH) 1 9
Aly5SiBg50g5
Alg9(BO;3)(Si04)30,5(0H)o 5
NaLi, sAlg 5(BO3)3SigO15(OH)4
Cag7Nag 3Ly gAlg 2(BO3)3SigO153(OH)2.0F 0.0
NaAly(BO3);SigO,1(OH)
Alys ,Tay sFe” o 1B3 gSi10.65D1 2AS0 7069 6(OH)2 1
Mg; 4Fe“ 0 9Al14,B36S1,036 9
NaFe?*;Als(BO3)3Sig015(OH),
AI23.2Tal.5Fe2+O.lBS.SSi10.68b1.2A50.7069.6(OH)Z.l
NaFe®* ;Al5(BO3);Sis0,;F
NagCa,AlSiz0,4(CO3),
(Nag7KgCay0)s56(Sis2Al42)840168(SO4)12-6H,0
(Na,Ca,K)g(SigAlg024)(SO4)2(OH)o 5-H,0
NasK; 5Ca(SigAlsO024)(SO4)(OH)g 5-H,0
Na,Ca,AlSiz0,,S,(S0,)Cly 5
Nay; KoCaySizoAl300120(SO4)10-2(H20)
[Nag, 5Caz3K16.5]132(SigeAlggO396) (SO4)33-4H,0
NayKy 4Ca, AlgSigO44Cl3 5(SO4)0 2
Nap 75Ko.25A1(SIO,)
Nay,K16CagAl4gSis0192(SO4)10Cl2-5(H,0)
Nay ,Ca, 7Kg 9Alg 5515 5023C15 3(SO4)0 7
Nay; KgCaySizpAl300120(SO4)10-2(H20)
SrNa,Al,Si 06
BaNa,Al,Si 05
MgssFe“ o 2Als 7(Si04)37(BO4)o 301.,(OH)
Fe“"03Mdo1Mg3Al; sFe™ o sAly 6Sis 3Bo 6015(OH)sF
Mg, sFe“" o sAlsSiz sAlg s0,3(0H)
Mg, 25Fe“" o 75A1,BeSiz05

M93,5Fe2+0,2AI5,7(8iO4)3,7(BO4)0.301,2(OH)
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Al
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Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al

Si= K

Si= K

Si= K

Si K Na

Si K Na

Si Ca

Si Ca

Si Ca

Si Ca H

Si Ca H

Si Ca C

Si Ca Na S
Si= Ca=Fe

Si  Mn

Si= Fe F K
Si Sr Ca

Si Ba

Si Ba

P

P H= Na Li=
P Li=F H=
Ca

Ca

Ca

Ca Si

Ca Si

Ca S

Ca=Fe Ti La=
Mn Mg-Fe

Fe

Fe H Mg Ti
Fe H Mg=2Zn
Fe H= Sn Zn
Fe H= Sn Zn
Fe Be Zn Mg

Ce Mg

Zn

Ti Mn Sn=Ga
Mg

Ca Si Mn

trig
hex
hex
hex
hex
tricl
mon
hex
mon
orth

mon
mon

Kalsilite
Megakalsilite
Kaliophilite
Panunzite
Trikalsilite
Anorthite (1)
Svyatoslavite
Dmisteinbergite
Clinozoisite
Zoisite

Meionite
Silvialite
Esseneite (1)
Kanonaite
Siderophyllite
Slawsonite (1)
Celsian
Paracelsian
Berlinite
Natromontebrasite
Amblygonite (1)
Dmitryivanovite
Grossite
Mayenite
Gehlenite
Yoshiokaite
Ye'elimite
Hibonite (1)
Galaxite
Hercynite

Magnesiohdgbomite-2N2S
Ferroh6gbomite-2N2S

Ferronigerite-2N1S
Ferronigerite-6N6S
Ferrotaaffeite-6N3S

KAISIO,
KAISiO,
KAISIO,
Ko.75Nag 25AISIO,
CaAl,Si,04
CaAl,Si,0q4
Ca,Al;(Si0O,);(0OH)
Ca,Al;Si;0,,(0OH)
Ca3gNaAlgSigO24(SO4)0.6(CO3)0.4
CaFe**AlSiOg
Mn**g 75Al, »5Si05
KFe*",Al3Si,010F; 5(OH) 5
SrogCag.1Al1Si2104
BaAl,Si,0Oq
AIPO,
Nap 75L10.25AI(PO4)(OH)g.75F0 25
Lig.75Nap 25AI(PO4)Fg.75(0OH)o 25
CaAl,0,
CaAl,O,
CaypAl14Os3
Ca,Al(AISI)O,
Ca; 5Al15Si0;,
Ca Als012(SO,)
Cao.sceo.lLao.1A|10.4Tio.5Fez+o.7Mgo.05019
Mn™"5gMgo 1Al gFe™ 104
Fe**AlLO,
Fe™" o oFe™ 0 sMJg 529 2Al, g Tig 3019(OH)g 7
Feg.9zno.93Mgl.o4MUo.osAl14.9Fel.sTi0.81G§0.038n0.03029(OH)2.02
Fe"0.4Zno.sMgo sFe™" 5 1SN gZng Al sFe* 1 6025 ,(OH) 1
Fez+2.7zn1.4Mn2+o.1snzcao.3A|14.7Sio.2F93+o.1030(0H)2
Fe"1 529 3Mgg 2AlgBeg gO1,
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AI Fe Mg: Ca= T| S| Hibonite (2) CaOIgCeol1Lao,lAl10,4Ti0.5F62+0.7Mgo,05019
Al Fe Mg Ti Zn Magnesiohogbomite-2N3S  |Fe?* 5 oFe®" ) sMgg sZNng2Al, 4 Tig 3010(0H), 7

Al= Cu=As Urusovite CUu[AIAsOs]

Al Zn Gahnite ZnAl,O,

Al Zn Fe Ti Zincohdgbomite-2N2S ZNg79Fe" 0 65 Tio.24A1,04

Al= As Alarsite AlAsO,

Al Sn Ca Mg Fe Zn Na Mn Mengxianminite Cay, 55Nag 1sFe"; sMN“" ) sMg,SN; 752N 55Al05g

Al Sb H Bahianite AlsSb;04,(0OH),

Al= Ta Alumotantite AlTao,

Al Ta H Nb Simpsonite Al,Ta, ;Nby 50,3(0OH)

Si am Lechatelierite Sio,

Si tricl Tridymite SiO,

Si mon Coesite Sio,

Si mon Lutecite SiO,

Si orth Seifertite Sio,

Si trig Quartz SiO,

Si tetr Cristobalite Sio,

Si tetr Stishovite SiO,

Si H Silhydrite 3Si0,-(H,0)

Si H Opal (2) Si0,-n(H,0)
Si = Li= Al=Fe Mg Ferroclinoholmquistite (1) Li,Fe“",MgAIlL(SigO,,)(OH),

Si = Be= Na mon Eudidymite NaBeSi;0,(0OH)

Si = Be=Na orth Epididymite NaBeSi;0,(0OH)

Si= H=Be Y Ca Hingganite-(Y) (3) Y,([ ])Be,Si,04(0OH),
Si H B Ca=Ree Be Fe F Calcybeborosilite-(Y) REECaFe*", 3B, ,Beq 4Si,055(0H); 4Fo 1

Si H C S tetr Melanophlogite 46(Si0,)[CyH 2, 605.4(SO,)g 5]

Si H C S cub Melanophlogite-beta 46(Si0,)[CyH 2 6054(SO%)g 5]

Si H F Fe Mn K Mg Na Montdorite Ko.75Nag 25Fe1 ,Mn** sMg 5Si,010F 1 5(OH),

Si= H Na Kenyaite Na23i22041(OH)8-6(H20)

Si = Na Be Sn Sgrensenite Na,SnBe,SigO,5-2(H,0)

Sl = Na= Mg Fe AI CrOSSite (1) NazMngeﬁ-AIOjsFeﬁ-olzs(sigOzz)(oH)z

Si H Na Ca F Lalondeite Na, 5Ca3 5Si;15035F1 5(OH)g 5-3(H,0)

Sl = Na Ca = S B Martinite Nagca7si11828040F2'4(H20)

Si = Na=Ca F= K Al Fedorite (1) KNa,Ca, Al gSiy5,036(OH);F-6(H,0)

Si H= Na Ca Mn Zr Al Nb Fe ClI Eudialyte (1) Na,Cay sCepsFe? 5 6MNZ* 4 5Y01ZrSigO(OH); 5Clo s
Si H Na Ca Zr Ti Lovozerite (3) H;Na,Zr; 75CaTig 5551501
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Si
Si=
Si
Si
Si
Si
Si=
Si=
Si
Si
Si
Si
Si
Si=
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si=
Si=
Si
Si
Si
Si
Si
Si
Si
Si
Si=

H

I ITIITIIIIIIIIIIIIIIIT

Na Ca
Na Ti

Na Zr
Na Zr
Na=Zr
Na La
Mg Al
Mg Al
Mg:= Al=
Mg: K=
Mg- Fe=
Al

Al B

Al= Na
Al Na

Zr
Li

Mn

Sr

K
K

Fe
Cr
Na

Mg

Ca

Al= Mg=Fe

Al= K
Al= K
Al K
Al =
Al= K
Al K
Al= Ca
Al Mn
Al Fe=
Al Fe=
Al Fe=
Al= Zn
Al Cs
K= Na
K= Fe

K Zr
K Zr
Ca Be
Ca Na

Na

Mg

Cr
Fe
Fe

Mg=
Mg

Ca
Ca

Na
Fe

Na:
Ti

Na
Al

Fe=

Fe

Ca

Fe
Be
Mg-

Ca
Ti
Hf
Al
K

Mn Cl REE

F
Mn Fe Na
Ti F

Al Mn:Ti

Ca Ti Na

Ba

Fe Ba Ti
Ti F

K Mg Mn
Ce Mn
Mg:Fe Ti

Al F= Ca

Fe= Hf

F

Ikranite

Lintisite (2)
Terskite
Litvinskite
Bobtraillite
Sazhinite
Phlogopite (3)
Hendricksite (1)
Biotite (1)
Chromceladonite
Katophorite (1)
Pyrophyllite
Feruvite (1)
Leifite (1)
Terranovaite
Biotite (2)
Montesommaite
Aluminoceladonite
Roscoelite
Chromphyllite (1)
Ferro-aluminoceladonite
Muscovite (2)
Prehnite
Shirozulite (1)
Biotite (3)
Allanite-(Y) (1)
Allanite-(La) (1)
Hendricksite (2)
Pollucite
Fenaksite (1)
Ferroceladonite
Yakovenchukite-(Y)
Umbite
Kostylevite
Jeffreyite (2)
Reyerite

NasLiTi,Si,044-2(H,0)
Na,Zr(H,SigO1g)
Na;Nag sMn“"; 15ZrSisO1, 6(OH)s 4
Nay5Sr15Zr14S145B60133(0H)s-12(H0)
Na;La[SigO;5]-2H,0
KMg;AISi;04,F(OH)
Ko.gzn1.4Mn2+o.9Mgo.SSiz.7A|1.3010(OH)2

KM92.5F32+0.5A|Si3010(OH)1.75F0.25
KCrMg(Si,040)(OH),
Nay K 3Cay sFe™ 3 ,5M0; 5 Tig ,MN“"5 ,Al 7Si7 30,5(OH),
Al,Si,044(0OH),
Cao.75_Nao.25Fe”2.4M92.7Tio.3A|3.6(B03)3Si6018(OH)4
NaZSI3.6A|2.1BeO.708.4(OH).3.2F1.4
Nay ,Ko,Mgg,Ca 7Al1; 3Sis7 70160 29(H,0) .. )
) KMg, sFe™ o sAISiz010(OH); 75F¢ 25
K8.6N30.2A|9.4§|22.60_64'10(H20)
KAIMgy 75F€” 4 2551,019(0OH),
KV sAlg sMg 4AISiz010(OH),
Ko.75Bag 25Crg 75Al1 25513010(OH) 1 5F0 5
KoFe“ ,Aly(SigO,0)(OH),
KAI;Si3040(0OH), gFo
Ko.gBao.o9Mn1.53Mgo.94Feﬁo.2A|o.29Ti0.04Si2.54A|1.4704£0(OH)%.97F0.03
KMg, sFe 0.5A|S|3+010(O_H)1.75F0.25
Y12Ceq6Cag 3Al, 25F€™ § 75(Si04)3(OH)
Calag 75Ceq a5Fe“" 5 75MN“"g 25Al; sFe™( 5(Si0,)(Si,07)O(OH)
) Ko.9Zn1.4Mn“"5 gMgg sSi, 7Al; 301(OH),
Cs0.6Nag ,RDg 04Al ¢Si; 106 (H,0) .. . e
Ky gNa; sCag 7Fe™ 1 sFe™ g 4aMn™ o 3SigO2(OH)o gFo 2
K,Fe* Fe*"(SigO,0)(OH),
K3NacaY2(Si12030)'4H20
(Kz.ozNao.o_z)(Zro.77Tio._lsHfo.01Feo.01)Si3H2.33F0.4509.92
Kx(Zro 87 Tig.12Hf 01)Si504- (H,0) )
Cay sNag 5Beg 75Al 255i,05(0H),
Na3KCal4Si22A|2058(OH)8-6(H20)
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Ca Na K
Ca Al Mn
Ca K Na
Ca Sc Fe
Ca Mn

Ca Mn Al
Ca Fe
CayYy C
Ca=Zr Fe
Ca Th K
Ti= Fe= Sr=
Ti= Sr= Ba
Ti= Ba La
Ti= Ba Ce
Ti= Ba=Ce
Ti= Ba Ce=
Mn Mg Fe=
Mn Al= K
Mn Al K=
Mn Ca

Mn Ti K
Mn Ti= Ba
Fe

Fe Na Mn
Fe Mg:=Al=
Fe Al Mg
Fe Al K
Fe Al K

Fe K Mg
Fe Mn Ti
Zn=Al K=
Sr Na Th
Y Ca REE
Ba Ti Na
Ba=Ce Na=
La Ce Ca

F Al Mg Mn

Mg Fe
F Ba

Fe Mg

Ce

Al Na Y

Na

Ba

Na=Fe

Na F Ca F
Na=Mn F La
Na=Fe

Na=Fe Sr Nd
Al=K= Na Ti

Fe Mg Na

Mg: Na=Fe=F
F= Fe

Ti

K= Mn

K

Mg Ca Na
Mg Ti Mn Na
Al

Mg Al Ca=K
Mn Mg

Na

Fe La Ce Nb F

Ti= Fe=Nb F
Sr=Fe=Nd Mg

Fedorite (2)
Pumpellyite-(Mn++) (2)
Charoite (1)

Cascandite

Truscottite
Pumpellyite-(Mn++) (3)
Tungusite

Kainosite-(Y) (1)
Armstrongite (2)
Turkestanite
Bario-orthojoaquinite (1)
Strontio-orthojoaquinite
Orthojoaquinite-(La) (1)
Byelorussite-(Ce)
Orthojoaquinite-(Ce)
Joaquinite-(Ce) (1)
Kupletskite (1)
Coombsite (2)
Mozartite (2)
Santaclaraite
Kupletskite (2)
Hejtmanite (1)
Ferripyrophyllite
Tuperssuatsiaite
Zussmanite
Stilpnomelane (2)

Glauconite (3)

Biotite (4)

Celadonite
Astrophyllite (1)
Hendricksite (3)
Umbozerite (1)
Gerenite-(Y)
Orthojoaquinite-(La) (2)
Joaquinite-(Ce) (2)
Cerite-(La) (2)

Ca,Mn“") 75Mdg 25AIMN™  75Fe™ 4 55(Si0,)(Si,07)(OH)-(H,0)
KsCag(Sig015)2(Si;07)Si,0(OH)-3(H,0)
CaScy 75Fe“.2551305(0H)
Ca;,Mn“";Si54054(0H)g-2(H,0)
Ca,Mn“") 75Mdg 25AIMN™  75Fe™ 4 55(Si0,)(Si,07)(OH)-(H,0)
Cay4(OH)g(SigOy0)3Fe ™ o(OH) 14
Ca,Y15Ce05514015(C0O3)o7-1.9(H,0)
CaZrSiz045-3(H,0)
Thg gCay sNag 5K 6Sig02-3(H20)
NaFe“"Ba,Sr, Ti,(Siy01,),(OH)O-(H,0)
Ba,Na; LaggCeogNdy ,Pro 1FeTiy 7NDg 3Sig0,6.3(OH)g 4 (H20)Fo
NaBa,Ce; sL.ag sMn“ Ti;SigOF 75(0H)q 25 (H,0)
NaFe“"Ba,Ce,Ti,(Si;01,),0,-(H,0)
NaFe“"Ba,Ce, TiNb(Si;01,),(0H), sFo 5 (H,0)
Ko.25Nag 75Mn“s 55Fe”"; 75 Ti; sNBg 5SigO6(OH)4(F)
KMn“*13Si;7Al;50,45(0H) 14
CaMn*"(Si0,)(OH)
CaMn*",Siz0;,(OH),-(H,0)
K2.2Nag 75Mn“s 55Fe”" 1 75T sNBg 5SigO6(OH)4(F)
BaMn“"; sFe“’4 s TiO(Si,07)(OH), sFo 5
Nay gFe™, ,MN“"; 5 Tig ,SigO00(OH),-2(H,0)
Ko 7Fe“"33Mg; sFe™33Si10A1,0,4(0H)3-2(H,0)
K0.6N30.05F93+1.3M90.4Fez+0.2A|0.3Si3.8010(OH)2
KMg, sFe" o sAISi3010(OH); 75F0 25

KM90.8F32+o.2Fes+o.9A|o.1Si4010(OH)2
KoNaFe“s ,sMn“"Mdg 75 Ti,SigO,7(OH)3 5Fo 5
Ko.9ZN1 4MN“"5 sMgg 5Si; 7Al; 3010(OH),
Na;Sr,ThSigO,5(OH)g
Cal.sNao.sYz.zsREE0.755i6018'2('_"20) )
Ba,Na; 5Lag Ceq gNdy ,Pro 1FeTi; 7Nbg 3SigO 3(OH)g 4+ (H20)Fo
Lay 26Ce; 7Cay 7Srq 35N dg 3F€0 3:MQ0 23(S10,4)[(SIO3(OH)(OH)s
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Si H Ce C Na= K Ca Ashcroftine-(Ce) KsNasCegCasSingO70(OH),(CO4)g-8(H,0)

Si = Pb 2008-025 Pb,Si,044-H,0

Si H Pb=C Fe Al=Cu F Na Ferrisurite Pb1.7Cu0,6Na0.1(CO3)1,7F0,4Fed+1.3A|0.6Si4010(OH)2.5-0.5(H20)

Si H Pb Al Ca Wickenburgite Pb;CaAl,Si;(0,;-3(H,0)

Si H=Pb Al Ge Fe Cu Mathewrogersite Pb;Fe“" .75CUg 25Al;GeSi;,034(0H),-2(H,0)

Si H= Pb Al=Te Fe Mn Burckhardtite Pb,Fe’" ;sMn™" ) ,s TeAlSi;0,,(0H),

Si H U Ca Metahaiweeite Ca(U0,),Sig0,5-2.5(H,0)

Si Li H= F= Al= K Lepidolite (1) KLi,AlSi;O,0F(OH)

Si Li H= F= Al= K Na P0|y|IthI0nlte KLi1'7NaOI3AISi4010F(OH)

Si Li H= Mg-Fe Na Ferripedrizite NaLi,(Fe*",Mg,Li)SigO,,(0OH),

Si Li F= Al K H= Mn Masutomilite (1) KLi2A|0.5Mn£+o.5Si3A|010F1.5(OH)0.5

Si Li=F AlI=Cs Sokolovaite CsLi,AlSi,O44F,

Si Li Na Fe K Mn Al Sugilite KNa,Fe“"; ,Mn“" sAlg ,Li5Si;,040

Si  Li= Na=Zr Zektzerite NaLiZrSigO;5

Si Li Mg:Fe H= Na F Al Ti Ca Sodic-ferripedrizite Nay 5Li, ,Cag 6gMd; 75Fe” 1 65Al 2 Tig1MN“" g 1Sig02,(OH); 35F 0 65

Si  Li= Al Petalite LiAISi,Oq

Si Li= Al Spodumene LiAISi,Oq4

Si  Li= Al Virgilite Lig5Aly 5Siy 506

Si Li K Zr=Fe Na Al Sogdianite K1 5NagsLi; gFe™ o gAly 3ZrSi;,030

Si Li=Ca Ti F= Na=K Faizievite K,;Na(CagNa)Ti,LigSioyOg6F

Si Li Ti K Berezanskite KLi;Ti,Si;»049

Si  Li=Mn:K= Zn= Na H Zr Darapiosite (1) KNazZrLiMn2+1.52r0.58i12030
Si Li Sn K Brannockite KSn,Li;Si ;0450

Si Be H Fe Na Al Mg Stoppaniite Fe“", 5Aly 77Mgg 67Nag 94B€6Si;,056-2(H,0)

Si  Be H= Na=Mg= Mn:Sn Sverigeite (1) NaMnMgSnBe,Si;0;,(0OH)

Si Be=Na Ca K= Ti Odintsovite K,;Na,Ca;Ti,Be,;Si;,0454

Si Be Al Beryl Be;AlLSigO4

Si Be Mg=Na=5Sn MnH Zn Fe Sverigeite (2) NaMnMgSnBe,Si;04,(OH)
Si Be=Ca H= Al= K Milarite cha4AlzBe4Si24060'(Hzo)

Si Be Ca Y Bi B= Mn:Yb P Mg Minasgeraisite-(Y) (2) CaY,Be,Si,09
Si  Be Sc Al Bazzite Be;Sc; 5Aly5Sig0qg

Si Be S¢c K ? Oftedalite (Sc,Ca,Mn“"),K[(Be,Al)3Si;,04]
Si= Be Fe= Nd=Ce La Y Mn Gadolinite—(Ce) (1) CeolagLa0'45Y0'32Nd0'71Fez+0,75Mn2+0,1861.98i2010

Si= Be=Y Fe Gadolinite-(Y) Y, Fe“"Be,(Si,04)

Si Be Ce=Y Fe Al B Ca Gadolinite-(Ce) (2) Ceo.eL80.45Y 0.20Ndg 71F€* 5 75MN** 5 1Be; 651,010
Si  B= Na Reedmergnerite NaBSi;Og
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Si
Si
Si
Si=
Si=
Si
Si
Si
Si
Si
Si=
Si=
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si

B Na K

B= Na Ti= Mn=
B= K

B= Ca Fe Al
B Sr

B= Ba F= Y
C= Na=Ca H
F= Mg Li= K
F= Mg Na=K
F= Al Li=Rb
F Ca=Na Nb=
F Ca Na Ce
Na

Na H Mg Mn=
Na H= Mg-Fe
Na H= Al

Na H Al C

Na H Ca Mn
Na H= Ca=Mn=
Na H Ca Mn=

Na H Ca=Fe
Na H Ca Fe=
Na H= Ca Zr
Na H Zr CI
Na H Zr Mn
Na Li= Fe
Na=Be F H
Na Be=Al=F
Na B= Ti Ba
Na F Ti Fe
Na F= Zr Ti
Na Mg=-H= Fe=
Na Mg F= Fe=
Na=Mg=Al H
Na=Mg Ti= Fe

Na Mg-Fe K

Ba

Mg

Ca K Pb
K F

Ce La Ti
Ti Y Nb
Fe Li K=
Li

Fe=Zr Nb
Zr K ?
Cl=Zr Nb
Zr Mn CI
Fe Cl=Ce
Ti Fe=Ca
Ca Fe=La
H K Cs

REE Na

Zr

Cl

Ce

Mn Y

= Ce

Ce Mn

Mg: Ca=Mn Al= Fe

Al K= Li
Al Li H
H= F

Al

F Mn
K Ca

2007-023

Poudretteite
Tienshanite
Lisitsynite
Homilite (2)
Pekovite (2)
Kapitsaite-(Y)
Carletonite (1)
Tainiolite (1)
Shirokshinite
Voloshinite
Nacareniobsite-(Ce)
Mosandrite
Ertixiite
Potassicleakeite
Leakeite
Ussingite
Cancrisilite
Kvanefjeldite
Oneillite
Andrianovite
Raslakite
Eudialyte group
Eudialyte (2)
Petarasite (2)
Kapustinite
Emeleusite
Semenovite
Leifite (2)
Leucosphenite
Narsarsukite
Seidozerite
Eckermannite (1)
Eckermannite (2)
Nybgite (1)
Obertiite
Spodiophyllite (1)

BaNa,MnTiB,SizO,

KBSi,O4

Sro.97B1.97S15.020g

CayFe“")7sMJj 25B,Si,019

Bas 5K 3Pbg,YCag 7Nag ;REE ,Sig 3B350,5F

KLiMg,Si,O01,F,
KNaMg,Si,044F,

Ko.75Nag 5Ca3 75Si5015(CO3)3 65(0H)g 6Fo.4*(H20)

RB(LIAl 5[ Jo5)(AlosSiz5)O10F>
Nb0,7T|0,3Na2,6Ca2_,9Ce0,7La0,4(S|2_O7)2F3,900,7
Na,CazCe; 5Y5TigeNDg3Zrg1(S1,07),01 5F35

KO.GNaZ.SMgl.GFe3+Mn2+LiO.7V3+O.GSi8022(OH)Z
NaNay(Mg,Fe*",Li)SigO,,(OH),

Na,AlSi;0g(OH)

Na4cao.75Mﬂho.zgSieOM(OH)z
Nalsca3Mnz+3Fez+3zr3NbSi25074.8(0H)z.s(H20)0.3C|0.5

Nay,(K,Sr,Ce);CagMn3Zr;NbSiys045(0,H,0,0H)5

Nay7 25CagFe”" 3Zrg 7519 75NDg 25(Sizs073) (OH)2.5(H,0)0 75Clo 75
Na;5(Na,Ca,Ce);(Mn,Ca);Fe;Zr;Si,s04,(0H,0),Cl H,0

Na, 7Cag 1Zr,Sig015(OH), 6Clg 5+3(H,0)

Nas 35 Y 0.01C€0.01Ca0.03MNg 2370 03 Ti0.052Zr0.91S16015.91(OH)2.12

Nag gCa,Lag gCeo 7Y o sREEq 4Mng sF€g ¢Si14BesAlg 3040 4F4 5(OH)4

Na,Si; 6Al, 1Beo 705.4(OH)3 5F 1 4

Nay gCag 2o 7 TigsMn“"o Mg ,Fe” o 1Al 1(Si,07)01 5Fo 7

NaNa,(Mg,Al)SigO,,(OH),
NaNa,(Mg,Al)Sig0,,(0OH),

NaNa,(Mg;Al,)Si;AlO,,(0OH),
NasMgsFe” Ti(SigO;5) 01 5Fo 25(0H)g 25
NagKMg; 25Fe“ o 7576”1 sAlg 5Sig024
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Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si=

Na=Al
Na= Al
Na Al Be=
Na=Al Be=
Na Al CI
Na Al Ca=
Na Al Mn:
Na Al Fe
Na Al Fe
Na=K= Mn
Na K Fe=
Na=K= Cu
Na K
Na=Ca
Na Ca
Na Ca

Na Ca
Na Ca
Na Ca
Na Ca
Na Ca
Na Ca
Na Ca
Na Ca
Na Ca
Na Ca=K

Na=Ca Mn
Na Ca Mn:
Na Ca Mn:
Na Ca Fe=
Na Ca Fe=
Na Ca=Sr=
Na Ca Zr

Na Ca Zr=
Na=Sc Mg-
Na=Ti

AIIIIIIIIIITIX

F
F

Mg
Fe

Mn
Ca

REE
F

Ti
Ti
Mn=
Mn=
Fe
Zr
Zr
Zr
Zr
Zr
Zr
Zr
Ti
Sr=
Zr
Sr=
Sr=
La
H

F
Ca

Cu Mg Pb

Mn CI
Zr 7
Zr Ce C= Nb

Zr ?

= Zr Cl Al

F Ce Nb REE
Fe C ?

Fe ClI Nb MnF
Fe Nb ClI F= Mn
Nb C= Mn:Ce K
= Fe CI

H Sr Cl=Fe Ti
F Nb Fe Zr

Zr H W CI

?

Zr CI H Nb
Zr H W CI
Mn: Zn=Ce Mg: Fe
Mn K Fe=Sr Nb
Mn Y= Nb Fe Al
Fe

Nb Sr

tricl
orth

Albite
Kumdykolite
Eirikite
Telyushenkoite
Marialite

Jadeite (1)
Manganonaujakasite
Jadeite (2)
Naujakasite
Manaksite
Litidionite (1)
Litidionite (2)
Moskvinite-(Y)
Combeite
Alluaivite

Dualite
Zirsilite-(Ce)
Johnsenite-(Ce)
Eudialyte (3)
Kentbrooksite (1)
Mogovidite
Ferrokentbrooksite (1)
Feklichevite
Carbokentbrooksite
Rastsvetaevite
Labyrinthite
Normandite
Manganokhomyakovite
Kentbrooksite (2)
Taseqite
Khomyakovite
Nordite-(La)
Andrianovite
Lavenite (1)
Jervisite
Lorenzenite (2)

NaAlISi;Oq4
CsNagBe,Si;,AlgOs9F,
NaAlygFe*o.1(Si;0)
NagMn“"q saFe“"o 49Al4SigOyq
NaAly gFe™ o 1(Si;Og)
NagFe* o 75Mn“"g 25A1,Sig0yq
KNaMn“"(Si;O0)
KNaCusSi, 0y,
KNaCuSi, Oy,
Na, 1KY 77REE( 25516015
Na,Ca,Si;0Oq
Na;oCay sMn**; 5Tz 25NBg 76Si15046Cly-2(H,0)
Nasy(Ca,Na,Ce,Sr),,(Na,Mn,Fe, Ti)gZr;TizMnSi5;0444(OH,Cl)g
NagCe; 25Nag 75CasMN**3ZrsNbSi,5075(0H)5(COz)-(H,0)
Na;,(Ce,La,Sr,Ca);CagMnzZr;W[(Si,s073)(OH,CI),(CO,5)]-H,0
NaysCagMn?*3ZrsNbSins045(0,0H,F)5(F,Cl),
Nay; Cag 5Zr3Fe;[Si,Nb](Sizs07,)[(OH,H,0)3(CO3)Cly 5]
Nay3sREEK 3Sr;2Ca, gMny gY g 2F€; 4Zr3sNDBg 6421 1Sips.3073(0H) 4
Nay; Cag sMng oFe,Zr, gHfo 1 NBg Siz5073(0H),.4(H20)1.67C 10 5Fo 2
Nay; Cag 3Ko.4Sr0.4Ceg gLag sMng gZr3NDSizs074(OH)4 6(CO3)o 6
Nay;KgCay Fe 3ZrgSis;0147 6(OH)1 5(H20)0,6Cl,
Nay; K0 5Sr3 5CagFe” 3ZrTiSis; 014405 4(OH), 7(H,0)0.4Cla
NaCaMn*" g 75Fe“"g 55 Tig sNBg 321 1(Si,07)O1 5Fo 5
Nay,SrsCagMn“*3ZrsWSips074 (OH), 25Clo 5
Na,,SrsCagFe” 3Zr;NbSiys 0750, s(OH)g.o(H,0)05Cly
Na, sMn“", ,Srq 5Cag sL-ag sCeg 4ZNg 4M g sMN " ,Sis gFe™ 3047
Nay,(Ky 4SrCe 5)Cag(Mn; gFeZrsNbg 7)Sizs075(0H)g 5-H,0
Nay 6Cap 4Mn“"g 3Cag e’ ,Zrg o Tig 2NDg 1(Si,07)Og 6(OH) 3Fo 1
Nag 6Cag 3Fe“"o2SC0 Mo 351,06
Na, Ti,Si,0q
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Na Ti
Na=Ti
Na=Ti
Na=Ti
Na=Ti
Na V
Na V
Na=Cr
Na=Cr

Na=Mn
Na Mn
Na Mn:
Na Mn:

Na=Fe
Na Fe

Na Fe=
Na Fe=

Na Cu
Na Sr
Na Zr
Na Zr

Na Zr=

Na Zr
Na Zr
Na Ce
Na=Th
Mg H
Mg H
Mg H=
Mg H=
Mg H=
Mg H=
Mg H=
Mg H=
Mg H=
Mg H

H Al
Al Fe
Mn Li=
Fe Li=
Ba

Cr

Fe Mg

Mg Ca

Ti= H
Sr= Ce
Zr Li=

Ca=Mg
Sr= Ce
Ba Ti
K Ca
La Fe=

H K
F= Ca
Ca H=
Ca=K
Ca=Sr
K Ca

Li= Al
Li= Al
Li= Al
Li= Al
Li= Fe
Li Fe
F K
Na

K Fe Nb=Ba
Nb

K Fe

K Mn

Cr

F Fe Zr Nb Ca

K

Al

H F

Fe Pb Mg

Ce Mn Ca Mg Pr

Ti Fe
MnH Fe=Ti Nb
Mn Ti= Fe F= Nb

Mn:Zn Mg:Fe= La
As

Fe
Fe

Al Na F Mn
Na Al Fe Li

mon
orth

Vinogradovite
Lorenzenite (3)
Manganoneptunite
Neptunite

Batisite (1)

Natalyite (1)
Natalyite (2)
Kosmochlor (1)
Kosmochlor (2)
Namansilite
Janhaugite
Manganonordite-(Ce)
Darapiosite (2)
Aegirine
Aegirine-augite (1)
Ferronordite-(Ce)
Barytolamprophyllite (1)
Litidionite (3)
Ferronordite-(La)
Vlasovite

Keldyshite (2)
Lavenite (2)

Lavenite (3)
Parakeldyshite (2)
Nordite-(Ce)
Steacyite (1)
Anthophyllite (1)
Talc

Holmaquistite (1)
Clinoholmquistite
Magnesioclinoholmquistite
Magnesioholmquistite
Ferri-clinoholmquistite
Holmquistite (2)
Spodiophyllite (2)
Sodicanthophyllite

Nay Ko 3Bag 1 Ti 7Fe” 5 ;Nbg 1Sis gAl; 40,6- (H20)

Na, Ti,Si,0q
KNa,LiFe*"; sMn“*5Ti,Sig0,4
NaV*"75Cr 25Si,04
NaCrSi,Oq
NaCrSi,Oq

NaMn®"(Si,Og)
Na, gCag ,MN“", 4Fe“" o 6 Tiy 5270 4NDg 3Si3 §015(0H)1 4F1 1005
NaySrCeMn“"Sig0;;
KNa,ZrLiMn“"; 5Zr; 5Si1,030
NaFe®Si,Og
Cayp 75Nag ;sMJg sFe”" g 25Fe™" o 25(Si,06)
NaySrCeFe* SigOy7
Ba,NagFe”",Ti(Si,07),05(0H)o.75Fo.25
KNaCusSi, 0y,
Na, 9Cag 1SrLag 56C€0 4Pr0.0sNdo.04F€0.4MNg 3ZNg 23MG 06516017
Na,ZrSi O,
Nf}rl.ecaOAM'1i+o.3cao.2|?eﬁo.zzro.9?rio.zNbo.l(si207)00.6(OH)0.3F0.1
Nay 6Cag 4MN™" 3Cag 2Fe™ 221 9 Tig 2Ny 1(Si,07)Og 6(OH)o 3Fo 1
Na,ZrSi,0,
Naz.sMno.zsro.scao.sLao.3ceo.ezn0.4Mgo.3Mno.zFeo.13i5.9F36+0.24917 )
) Ko.sNag 7Cag ;Mn”" ,Thg ¢SigO1g 6
Mg7(5_|8022)(OH)2
M93$|4010(OH)2_
[ ](L!2M93A|2)(S!8022)(OH)2
[ 1(Li;Mg5AlL)(SigO2)(OH),
Li,Mg,Fe*" Aly(SigO,,)(OH),
Li,Mg,Fe“" Aly(SigO,,)(OH),
[ 1Li,MgsFe’ 5(Sig02,)(OH), ) )
[ 1(Li;Mg3Al,)(SigO4,)(OH),
NagKMg, »sFe“ o 75Fe”" 1 sAlg 5Sig024
NaMg;(Siz0,,)(OH),
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Mg H Na Li Hectorite (2) Nay 4Mg, 7L 3Si,044(0OH),

Mg H= Na Al= Ca Magnesiokatophorite Na(CaNa)Mg,(AlSi;0,,)(OH),

Mg H= Na Al= Ca=Fe Magnesioferrikatophorite Na,CaMgsFe*"Si;AlO,,(0OH),

Mg H= Na=Al Glaucophane [ INay,(Mg;Al,)Sig0,,(0OH),

Mg H= Na=Al= Fe Ca Ferri-magnesiotaramite NaCaNaMgsFe ™ ",[SizAl,0,,](OH),

Mg H Na=Ca Al Fe Winchite (1) [ 1CaNaMg,Alq 75Fe™ 25(Sig0,,) (OH),

Mg H Na=Ca= Fe Ferriwinchite NaCaMg,Fe*"(SigO,,)(OH),

Mg-H Na V Ca=Fe Saneroite Na, ;,Mn*"q sFe*" 1Cag 1Sii0V""12035.3-4.6(H,0)

Mg H= Na Fe Magnesioriebeckite [ INa,(MgzFe",)Sig0,,)(OH),

Mg H= Na=Fe Ca Richterite Na,CaMgsFe*"(SigO,,)(OH),

Mg H Al F Na=Fe K Wonesite Nay 1Ko 1M, sFe“" 5 4Al; 1Si3,010(0OH); sFo 5

Mg H= Al Na= Ca=Fe Barroisite (1) [ 1(CaNa)Mg,AlFe™ (Si;AlO,,)(OH),

Mg H Al= K Fe F Biotite (5) KMg, sFe*"  sAISig014(OH); 75Fg 25

Mg H= Al=Ca Na Magnesiohastingsite NaCa,(Mg,Fe*")SisAl,0,,(OH),

Mg H= Al=Ca Na=Ti Kaersutite (1) NaCa,(Mg,Ti)SigAl,O,3(0H),

Mg H AlI=Ca= Ce F Dollaseite-(Ce) CaCeMg,AlSiz0,1(OH), sFg 5

Mg=-H Al Fe Ca Na Ti Hastingsite (1) NaCa,(Fe“",Fe*)SigAl,0,,(0H),
MgH K Al Fe F Tetra-ferriphlogopite (2) KMgsFe® Siz04(0H),
MgH K Fe Al F Tetra-ferriphlogopite (3) KMg;Fe® Siz044(0H),
Mg H= Ca Tremolite [ 1Ca;Mg5SigO,,(OH),

Mg H= Ca Na= Al Edenite NaCa,MgsSi;AlO,(0OH),

Mg H= Ca Al Fe Magnesiohornblende Ca,Mg,Aly 7sFe*" 5 5(Si;AlO,,) (OH),

Mg H Ca=Mn Parvo-manganotremolite [ 1(CaMn),Mg5SigO,,(OH),

Mg H= Ca Fe Actinolite (1) Ca,Mg;SigO,,(OH),Fe*”

Mg H Ca Fe Na=F Mn Al Actinolite (2) Ca,Mg,SigO,,(OH),Fe*"
Mg H= Ca=Fe Al Na=F K Actinolite (3) Ca,M(g;SigO,,(0OH),Fe*”
Mg = Ca=Fe= Be Mn Pb Al Joesmithite (1) PbcallgMgz'5Fed+1.6Fe£+o'4Mn£+0.3si6Bel'gozz(OH)l'gFO.z
Mg H= Mn Manganocummingtonite [ IMn,Mg5(SigO,,)(OH),

Mg H= Mn Fe Tirodite Mn“",Mg,Fe*"(SigO,,)(OH),

Mg H Fe Chesterite M1 75F€“" 4 25Si20054(OH)g

Mg H Fe mon Clinojimthompsonite Mgs 75Fe“"1 55Sig016(OH),

Mg H Fe orth Jimthompsonite Mgs 7sFe*"1 55Sis016(OH),

Mg H Ca Na Fe Al K Mn Winchite (2) Cay 57Nag 64K 1M, 27Fe™ o 55Alg 06gMN“ "5 05Si7 76Al0.22022(0OH),

Mg H= Fe Magnesiocummingtonite (1) |Mgs ,sFe“"; 75Sig02(0H),

Mg Be Na=K 2008-019 K([ ]Na)Mg,(Be,Mg)Si;,054

Mg F Li= K H Tainiolite (2) KLiMg,Si,044F,
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Si
Si
Si
Si

Si
Si
Si
Si
Si
Si

Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si

Si
Si
Si
Si
Si
Si

Mg F Na
Mg F K=
Mg F K
Mg F= Ca

Mg F= Ca
Mg F= Fe
Mg Na H=
Mg Na H
Mg Na H
Mg Na F

Mg Na=F
Mg=Na Al
Mg Na K
Mg Na=Cr
Mg Na Fe
Mg=Al H
Mg=Al H=
Mg Al H
Mg=Al H=
Mg Al H
Mg=Al H
Mg: Al= Ca
Mg Al
Mg:=Al Ca
Mg=Al Ca

Ca
Li
Al=

Na

Al
Fe

Ca

K
Na=
Ca

Na
Fe
Fe
H

Ca=H

F
Fe

Mg Al= Ca=Fe

Mg Al= Fe

Mg Al Fe
Mg:- Ca

Mg Ca H
Mg Ca F

Na=

Ca

Fe
Na=

Mg=Ca Na=Al

Mg Ca Al

Fe

Al H=
Ba Al
Ca K

Fe Ca

Fe Ca

Ca
Fe

Ca=Fe
Na Ca
Na=Ca

Fe Na

H Ti
F H=
K= Ca

Al Na
Al H
Fe

H K

Fe Na

Fe K
Sc

Ti

Na K

Cl Na

Potassic-fluororichterite
Tainiolite (3)
Spodiophyllite (3)
Fluoro-
magnesiohastingsite
Fluoro-edenite
Magbasite
Potassicrichterite
Eckermannite (3)
Magnesio-arfvedsonite

Fluoro-magnesio-
arfvedsonite

Fluororichterite
Nybgite (2)

Eifelite

Krinovite

Roedderite
Aluminobarroisite
Tschermakite

Gedrite (1)
Magnesiotaramite
Gedrite (2)

Barroisite (2)
Cannilloite
Hastingsite (2)
Fluorocannilloite
Kaersutite (2)
Fluoro-magnesiohastingsite
Chloro-potassic-ferri-
magnesiotaramite
Pyrope (2)

Diopside

Augite (1)
Fluoro-edenite
Omphacite (1)
Chloro-potassic-ferri-
magnesiotaramite

Ko.7sNay 25CaMgs(SigO2)F,
KLiMg,Si,O1,F;
NagKMg, »sFe“ o 75Fe” 1 sAlg sSig05s
(Na,K)Ca,(Mg,Fe®", Ti)s(Si,Al)g0,,F,

Nag oK 2Cay sMgy 7Fe“ o JFe™" o 1Siz 4Aly 602F1 7(OH)g 3
KBaAl 755Co 2sMg,Fe",SisO0F,

Ko.75Nay ,5CaMgs(SigO,,) (OH)F
NaNa,(Mg,Al)SigO,,(0OH),
NaNay(Mg,Fe“")SigO,,(OH),

NayKj 3Ca54Mdy 1Fe“ o 1Fe™ o 6Alg 2Si7 9025F 1 2,(OH)g 5

Na(CaNa)Mgs[SigO,,]F,
NaNa,(Mg;Al,)Si;AlO,,(0H),
KNazMg,Si1;030
NaMg,CrSi;04
Nay sKq sMgs 75Fe“"1 55811030
CaNaMg;Al,(Si;AlO,,)(0OH),
Ca,Mg;AlFe* Sig0,,(0H),
[ IMgsALLSigAl,0,,(OH),
Na,CaMg,AlFe™ (SigAl,0,,)(OH),
[ IMgsALLSigAl,0,,(0H),
[ 1(CaNa)MgsAlFe®" (Si;AlO,,)(OH),
CaCa,Mg,Al(SisAl;)0,,(0H),
NaCa,(Fe“",Fe*")(SigAl,0,,)(OH),
CaCay(Mg,Al)(SisAlz)Oz(F),
NaCa,(Mg,Al)(SigAl2)O43(0OH);
Ko.sNag 4Ca,MgsFe“ Fe™ (SisAl,0,,)F1 4(OH)o 6
K(CaNa)(MgsFe“",)[Al,SigO,,](Cl,OH),

Mg3Al,(SiOy)s
CaMgSi,04
Cap gNag ;Mg oFe“" ,Alg 4 Tig 1Si; 405
NaCa,Mg5Si;AlO,,(F,0OH),
Cay sNag sMgg sAlg sFe“"o1Si,06
K(CaNa)(MgsFe™",)s[Al,Si)0,,](Cl,0H),
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Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si

Mg=Ca Al Fe
Mg Ca=Fe=H
Mg Cr Al Fe

Mg

Mg-
Mg-

Mg
Mg

Mg-

Mg
Mg
Mg
Mg
Mg
Mg
Mg
Mg
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al=
Al=
Al
Al
Al
Al
Al

Mn
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe=
Fe
Fe
Fe
Fe

Mg-B
Mg Fe
Mg Fe
K B
K F
K Na
K Mg
Ca 7
Ca=Fe
Ca=Fe=
Ca Ba
Cr K
Mn: Fe=
Fe B

Na=Ti
Na K F
Mn

Na= Al

Cr

Be Pb MnF
K Rb Na Fe
F Ca=Fe Na
Fe Ca Na Ti
F

Cr Na Ca

K Ti Na

Mg
Sr

F Ba
Ce
Mg Ca Na=Ti

orth
orth

Augite (2)
Potassicpargasite
Knorringite (2)
Donpeacorite
Ferrosilite (1)
Hypersthene
Akimotoite
Anthophyllite (2)
Cummingtonite (1)
Magnesioanthophyllite ?
Magnesiocummingtonite(2)
Ferribarroisite (1)
Majorite (1)
Majorite (2)
Chayesite

Pigeonite
Joesmithite (2)
Lepidolite (2)

Uvite (1)

Uvite (2)
Boromuscovite (1)
Paragonite (2)
Chromdravite (1)
Cordierite (1)
Magnesiosadanagaite (1)
Boromuscovite (2)
Muscovite (3)
Muscovite (4)
Muscovite (5)
Pumpellyite-(Al)
Ferritschermakite (1)
Epidote-(Sr)
Armenite
Chromphyllite (2)
Uedaite-(Ce)
Feruvite (2)

Cay gNag 1Mgg oFe™ o 2Aly 4 Tig ;1 Si; 406
Ko.sNag sCa,MgsFe“"5(SigO,,)(OH)1 gFo 2

Mg;Cry(SiO,);
Mn“"; 7M1 25Si,06

Fe“"MgSi,Og
MgFe“"Si,Og
Mgo 75Fe"0.255105
Mgy7(SigO,,)(OH),
[ IMgy(SigO2,)(OH),

Mg,Fe“"3(SigO4,)(OH), L. )
MQs o5F€”"1 75Si02,(0OH),
CaNaFe", ;5Mgp 75Fe”"5(Si;AlO2,) (OH),
MgsFe®™; ,Aly 6Si 2(Si04)3 o ) )
MgsFe™ 1 ,Alg 6Sig 2(Si04)3
KMg;Fe“ Fe®"Si;,04
Mg; ssFe“5.55Ca0,1Si,06
PbCa; yMg, sFe”"; sFe” s sMn“"; 5SisBe; 502(OH); gFo
KLi,AlSi,O,,F(OH)
Ca0,75Na0,25M92,25Fe‘*OJSAI5(BO3)3Si6013(OH)34E )
Cag 75Nag ;5MJ; 25Fe”™ o 75Al5(BO3)3SisO15(OH)sF
NaAl,(Si;Al)O;4(OH),
NaMgsCry sFe”; 5(BO3)3SigO15(0H),
Nay oK1Ca,MgsFe“"o sFe™ o 1 Tig 3Al(Sis 4Al, 6)s02,(0H),
KAI,Si3BO1o(OH); sFo s
KA|35i3010(OH)1.3F0.2
KA|SS!3010(OH)1_8F0_2
KAI;Si30,4(0OH), gFo.»
Cay(Al,Fe“",Mg)Al,(SiO,)(Si,0;)(OH,0),-(H,0)
Ca,Fe*",MgAl;Si;0,,(0H),
CaSrAl,Fe*(Si,0-)(Si0,)O(0H)
Ko.75Bag 25Crg 75Al1 25513010(OH) 1 5F0 5
Mn“"CeAl,Fe“"(Si,0,)(Si0,)O(0OH)
Ca 75Nag 25Fe“"5 4M0 7 Tig 3Al3 6(BO3)3SisO15(OH),
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Al H Cs F Li= Mg: Fe Nanpingite CSO.QAIl.GMgO.ZFeﬁ.O.ZLiO.ZSi3.2AIO.SOlO(OH)l.8FO.3
Al H Ce Ca Nd Mg:La F= Fe Gatelite-(Ce) Ca, ;1Cey 4Lag sNdggPro 1Smg 1Al; Mg sFe“" o 5Sis 10420.3(0H)1 6Fo 3
Al Li=F K H Na Rb=Fe Lepidolite (3) KLi,AlSi,O,,F(OH)
Al B= Mg H V= Na Ca K Fe Vanadiumdravite (1) Nao_gKo_lMg2.3AI0.GCr0_5V3+5.8(Si6018)(BO3)3(F)0_1(OH)3_3
Al F= H= Li K Rb Ca Cs Lepidolite (4) KLi,AlSi,O,,F(OH)
Al F Li K Trilithionite KLiy sAl; sAISi;0q0F,
Al F Li K H Mn Fe Masutomilite (2) KLi,AlysMn**; sSigAlO;oF; s(OH)q 5
Al F Li=K H Fe Zinnwaldite (1) KLiFe* Al,Si;01F; s(OH)o s
Al F Li K Mn H Masutomilite (3) KLi,AlysMn“*; sSigAlO;oF; s(OH)q 5
Al F Li=K= Fe H Zinnwaldite (2) KLiFe“ Al,Sis0;0F; 5(OH)g5
Al Na H=Ca S K C <Cl Franzinite (3) Nay1KgCayoSizpAlzg0120(SO4)10-2(H,0)
Al Na CI Ca K S Quadridavyne (2) Na,K; 4Ca, ,AlgSig02,Cl3 5(SO4)g 0
Al Na K Anorthoclase Nay 75K.25AISi;0g
Al Na K S Ca CI Giuseppettite (2) Nay,K16CagAlgSig019:(SO4)10Cl,-5(H,0)
Al Na Ca Lisetite (2) Na,CaAl,;Si 016
Al Na Ca Lingunite (Na,Ca)AlSiz;Oq
Al Na Ca Oligoclase Na, gCag »Al; ,Si, gOg
Al Na Ca Andesine Nag sCag sAl; 4Si, §O0g
Al Na Ca H= S K CI Tounkite Na; 9Ca, 3K §Sig 1Al590,4(SO,),Cl-(H,0)
Al Na Ca Mg Fe Omphacite (2) Cayg gNag sMgp Alg sFe* 5 1Si,06
Al= Na Ca=S K Haliyne (4) Na,Ca,AlgSig0,,S,(S0,)Cly 5
Al Na Ca CI Scapolite Na,Ca,Al;Sig0,,Cl
Al Na CaCl= S H K C Afghanite (2) Na, gCas 5K 7Sig 1Al5 9045(SO4)1 27Cl1 55(CO3)1-0.5(H,0)
Al Na Ca=ClI= K S DaVyne (2) Na4cha28i6A|6024(SO4)C|2
Al Na S H K Ca Bystrite Nas ,K; gCaSig Al §024S,4 5+ (H,0)
Al Mg orth Cordierite (2) Mg,Al,Sis0q5
Al Mg hex Indialite Mg,Al,SisO4
Al Mg H= B F= Ca Uvite (3) Ca0.75Na0,25M92.25Fe‘+0.75A|5(BO3)3Si6013(OH)3F
Al Mg H= Na Ca Aluminomagnesiotaramite(1) [Na,CaMgzAl,(SigAl,O,,)(0OH),
Al MgH Ca Na Aluminomagnesiotaramite(2) Na(CaNa)y,(Mg3Al)5s(SigAl,)s05,(0H),
Al Mg H= Ca Na=Fe Ti K Magnesiosadanagaite (2) Nay oK 1Ca,MgsFe“ " gFe™ o 1 Tig sAl(Sis 4Al, 6)502,(OH),
Al Mg H= Ca K= Fe Na Potassic- K0.75Na0'25Ca2Mg3A|1.25Feé+0.75(8i6A|2022)(OH)Z

magnesiosadanagalte
Al Mg-H= Ca= Fe REECe Dissakisite-(Ce) CaCeg 4sREE( sMg; 1Fe“" 4sAly oFe™ 45Si301,(OH)
Al Mg H= Fe Magnesiogedrite MgsFe“ ,Al,(SigAl,O0,,)(OH),
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Si
Si

Si
Si
Si
Si
Si
Si
Si
Si
Si
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Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si
Si

Al=
Al

Al
Al
Al

Al
Al
Al=
Al
Al=
Al=
Al=
Al
Al
Al
Al=
Al=
Al=
Al=
Al=
Al
Al
Al=
Al=
Al
Al
Al
Al
Al
Al
Al=
Al
Al
Al=
Al

Mg Li=H
Mg F= Ca

Mg Na K

Mg Ca Na
Mg-Fe Na=
Mg Fe K

Mg Fe Ca
Mg Fe= Ca=
Mg:=Fe Ca

K= B F
K Na
K Ba
Ca H=
Ca H= B
Ca H= B=
Ca H= B=
Ca H=V
Ca H
Ca H=
Ca B= H
Ca B=
Ca Na
Ca Na
Ca Na
Ca Na H

Ca=Mn:=H

Ca Fe H

Mn F= Ca
Fe H Na=
Fe H Na
Fe Na=Ca
Fe H= Ca

Fe
Na

F Na Ca

Fe
K Ca MnTi

Na

H Na=Ti K
Ti Na K

Mg
Mn Fe
Mn
Fe

Na
Pb Mn Sr

Fe Mn Na=Ti
H Fe Mg Na

Ss= K C

Sr Fe

Ce=La Mn Ti
REE Ce=Mg Cr=Fe
K= Ca

Ca

tricl
mon

2007-015

Holmaquistite (3)
Fluoro-alumino-
[magriesiowdraitiie

Yagiite

Omphacite (3)
Osumilite-(Mg) (1)
Osumilite-(Mg) (2)
Pyrope (3)
Kaersultite (3)
Rhonite

Leucite

Microcline
Orthoclase
Boromuscovite (3)
Sanidine
Hyalophane (1)
Axinite-(Mg)
Tinzenite
Manganaxinite (1)
Ferroaxinite (1)
Mukhinite

Epidote (1)
Hancockite

Ferroaxinite (2)
Manganaxinite (2)
Labradorite

Bytownite

Anorthite (2)

Liottite
Strontiopiemontite
Allanite-(Ce) (1)
Khristovite-(Ce)
Amphibole Group
Aluminotaramite
Aluminoferrobarroisite
Aluminoferrotschermakite

) [ 1(Li;Mg5Al,)SigO,,(0OH),
Na(CaNa)y,(MgzAl,)ss(SisAly)ss04,F;

Nay 5K 75MgsAl, sM; 5Si51 5Al, 5069
Cao.eNao.sMgo.eAlo.sFeHo.lSizoe
Ko.75Nag 2sMg; sFe“ o sAl, o5 75SigAl; 059

K0.75Na0_25Mg1.5F62+0.5A|2.25Fe3+0.758i9AI3O31
Mg;AlL(SiO,);
NaCa,(Mg,Ti)SigAl,0,3(0OH),
Cal.sNao.zKo.lM92.5Fez+1.3Fes+1.2TiSi3.3A|2.7020
KAISi,Oq
KAISi;Oq4
KAI,(Si;B)0;(0OH,F),
Ko.7sNag 25A1Si50g
Ko.75Bap 25Al1 75515 2505
Ca,MgAl,B0O;Si,04,(0H)
Cay gMn“" gFe™" 3Al,(BO3)Si,01,(OH)
Ca,Mn“"Al,B0;Si,0,,(0OH)
Ca,AlL,V(Si0,);(OH)
Ca2Fe3+2,25AI0,75(SiO4)3(OH)
Cal.zpbo.ssro.zMn2+o.2A|2F93+o.9Mn3+o.1(SiO4)(Si207)O(OH)
CayFe?*Al,BO;Si,0,,(OH)
Ca,Mn“"Al,B0;Si,0,,(0OH)
Nay 4Cag 6Al1 6512408
Nap,CapgAl1gSi2 208
Nayg 05Cag.95Al1.95512,0508
CazgNag 1K 5Sig 1Al5 6024(SO4)1 3Clo o(CO3)g 6(OH), »-0.6(H,0)
CaOISM n‘+0IZSrOI7CaOI3AIlI8M nJ+OI9FeJ+OI38i3OlZ(OH)
Cel.zcao.eYo.sAl2.25Fes+0.75(5i04)3(0H)
Cay sREE 7Ceq sMJy 4Feq1Cro 1 MNAIL(SiO,)(Si,07)(OH)Fo 60, 2
K(CaNa)(Fe*";Al,)(SigAl,) O (0H),
Na(CaNa)s,(Fe* 3Al,)ss(SigAl,)x302,(OH),
[ 1CaNa(Fe“");Al,(Si;Al)O,,(0OH),
[ 1Cay(Fe™)3Al(SisAl,)0,,(0H),
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Fe H= Ca
Fe H= Ca
Fe H= Ca
Fe H= Ca
Fe Mg

Fe Mg K
Fe= Mg

Fe K Mg
Fe Ca H
Rb K

Sr Ca

Y H Fe
Ba K Ca
Ce H Fe
H= Al
Na=ClI

Al H

Fe Na H=
Ca H= Na
Ca H= Na
Ti

Ti Na Nb=
Zr

Zr

Zr

H

= Be= Al
H Be Mn
H C

H F=

= Na

H= Na F
H= Na=K
H= Na=K=

Mg

Mg K Na=Ti
La Mn:Ce
Mn Na Ca Ti
Cl H K Na
Na

Mg:K Na F
Ce Ca

CayY

Cl

Ti

Ca Mn F

F= Al Cl Fe
Ti Mn Fe

H Ba

Zn F

Na=K Sr=Ba CI

Zr Nb
F Mn
Ti= Cs

Ferro-aluminotschermakite
Ferritschermakite (2)
Sadanagaite
Allanite-(La) (2)
Sekaninaite
Osumilite-(Fe) (1)
Potassic-chloroparagasite
Osumilite-(Fe) (2)
Potassicferrisadanagaite
Rubicline

Slawsonite (2)
Allanite-(Y) (2)
Hyalophane (2)
Allanite-(Ce) (2)
Kalborsite

Altisite

Lithosite

Fenaksite (2)
Delhayelite (3)
Tinaksite

Davanite
Shcherbakovite
Khibinskite (1)

Dalyite

Wadeite
Wollastonite-1A
Wollastonite-2M
Wollastonite-3A-4A-5A-7TA
Xonotlite

Bavenite

Samfowlerite
Rosenhahnite
Yuksporite

Pectolite

Wohlerite

Frankamenite
Senkevichite

Cay(Fe™")3Aly(Si;Al)055(0H),
Ca,Fe“",MgAl,Si;0,,(0H),
Ko.75Nag 25CaFe ", sMg; sAlg 75 Tig 25(SisAl,02,) (OH),
Calag 75Ceg 25F€“ 0 7sMn“"g 25Al sFe™ 4 5(Si04)(Si,07)O(OH)
Fe“"15MgosAl,SisOss
Ko.75Nag 25F€“"1 sMJo sAl 25Fe™ 0 75S15A1;050
Ko.6Nag 4Cay Mg, 1Fe", ,SigAl, 70,,Cly 1(OH)o
Ko 75Nag 25F€“"1 sMJo sAl 25Fe™ 0 75Si5A1;05,
Ko 75Nag sCay 75Fe "5 25M 0o 7sFe "1 25Si5 3Al3 5022(OH)1 4F0. 400 2
Rbyg 75K0.25A1Si1304
SroCag1Al1 1710
Y1.2Ce0,6Cag 3Al 25Fe ™" 75(Si04)3(OH)
Ko.75Ba.25Al1.75512.2505
Ce12Cap6Y0.3Al 2578”0 75(Si04)3(OH)
NazKgTi,AlLSigO46Cls
Ky gNay sCag 7Fe”"; sFe™ o 4Mn“" 3Sig020(OH)o gFo 2
Nay 5K2,5CasAlsSiz0g0Clo.7F0.7(SO4)0.6-18(H20)
KzNaCay 75MNn“"g 55 Tig gsFe“"0.1551;019(OH)
Ko.66Ba0.23Nag o7KNaTi; 4Nbg 4701 52(OH)0.4651401,
K,ZrSigO5
CaSiO;
CaSiO;
CaSiO;
CagSig017(OH);
Ca,Be,Al,SigO,6(0OH),
Cay,Mn*"3Zn, ¢Bes 1 Si14Os6.5Hs 6F 1.2
Ca;Siz0g(0OH)1.9(CO3)o1
Ko.7Bag 3Nag 7Sr0.3Ca1 g Tip2Si34Tio.7011F0.9Clo.1(OH)g02-0.6(H20)
NaCa,SizOg(OH)
K3 9Na, gCas ;Mn“g 1Si;,030F 2 (OH)1.4-0.8(H,0)
CsKNaCa, TiO[Si;0,5(0OH)]
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Si= Ca H Mg Al

Si Ca H= K

Si CaH K F
Si Ca H K=F
Si Ca H K =

Si Ca H= Sc Fe
Si  Ca H= Sc= Sn

Si Ca H Zn=Al
Si Ca=H Y C
Si Ca Li F Ti

Si CalLi Ti H
Si Ca Li=Ti K=
Si= Ca Be

Si Ca Be H Na
Si= Ca Be H Mn
Si Ca=C= Na H
Si Ca F= Na

Si Ca F Na=K
Si= Ca F Na Zr
Si Ca F= K =

Si Ca Na H K

Si= Ca Na F= Ce
Si= Ca Na Nb F

Si= Ca Mg

Si  Ca Mg Al Na
Si  Ca Mg:=Fe Na
Si= Ca Al

Si Ca Al H S

Si  Ca=Al H= Mn
Si Ca=Al B=H

Si= Ca Al F= Na
Si= Ca Al F Fe
Si= Ca Al Na Mg
Si Ca Al Fe Mg
Si Ca K H F

Si Ca K La=Ce=

Na=Fe Ti Mn Mg

Ti
Ce
Mn

MTXRA>X

Na

Ti
Zr

Fe

Fe
Fe

Fe
Ti

Th

Na Sr=Nb CI

Na Mg: Mn: Fe
Er=Dy Yb
Zr

F Na

Na Zr

Ti=Y

Nb

C Na Mg:Fe

Mn Na=Ti

Mn: Mg

Al Na

Juanite

Charoite (2)
Tokkoite (1)
Eveslogite
Miserite
Scandiobabingtonite
Kristiansenite
Minehillite
Kainosite-(Y) (2)
Baratovite (1)
Katayamalite
Baratovite (2)
Gugiaite
Jeffreyite (3)
Harstigite
Carletonite (2)
Agrellite
Fluorcanasite
Hiortdahlite (1)
Denisovite
Canasite

Rinkite
Marianoite
Akermanite
Omphacite (4)
Aegirine-augite (2)
Grossular
Tuscanite
Piemontite
Ferroaxinite (3)
Sarcolite
Manganvesuvianite (1)
Melilite
Esseneite (2)
Tokkoite (2)
Iragite-(La) (1)

C310M94A|23i110_39'4(H_20) ()
KsCag(SigO15)2(Si,07)Si;0(OH)-3(H,0) )
K,Ca,Si7014(OH)1 25F0 75
CagoKoNa,SrsBaTi;NbsFe™; sMn™; 5(OH);,Sis50144Fo(OH):Cl,
KCa, 5Ceq5SigO2,(OH) 1 5Fo s
CayFe 5 75Mn“"; 255¢Sis014(OH)
Ca,ScSn(Si,0;)(Si,050H)
K1.9Nao.3Fe£+o.1Mgo.1Mnz+o.1caz7.szn4.8A|4.4Si39.40112(_OH)15.2
Ca,Y15Ce05514015(C0O35)o7+1.9(H,0)
KNay ,5Ca7Li3Ti,Siy,054(0OH) 1 sFo s
Ca,BeSi,0,
Cay sNag sBeg 75Alg 2551,05(0H),
CasMnBe,(Si04),(Si207),(0H),
Ko.7sNa3 5Cas 75518015(CO3)3,65(0H)o sFo.4: (H20)
NaCa,Si,OoF
CazNao.gYo.lzroleTi0.1(5i207)F1.300.4(OH)0.2
Ko.7sNag 25C2,Si30gFg 75(0OH)g 25
Na, 5Ca,CeTig.75NDg 25(Si,07),03F
Na,Ca,(Nb,Zr),(Si;07)2(0,F)4
Ca,MgSi,0,
Cao.eNao.3M90.6A|0.3Fez+0.15i206

Cao.75Nao.25M90.5Fez+0.25|:e3+0.25(5i206)
CazAly(Si0,),
Ko.gcas.sNao.sM90.1Fez+0.1si6.3A|3.7022(SO4)1.4(C03)0.6(OH) -(H0)
Ca,Al; gMn** g oFe** 5(Si0,)3(OH)
CayFe? Al,BO;Si,0;,(0H)
NaCagAl,SigO,4F
Cayg gMn* Alg gMn*"; 5Fe* o sMg; ,MN“" 4Sis7 §069(OH)g g
Cay sNag sAl; ;Mg sFe"o 1 Si; 507
CaFe’ AlSiOg
K2Ca,Si;015(0OH)1 25F0.75
Ki.1Lag7Ceq7Thg 7CazsNag 5Siss 7Alg 3049
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Ca=Ti
Ca Ti=
Ca=V
Ca Vv
Ca Vv
Ca=V
Ca Cr
Ca=Mn
Ca=Mn
Ca=Mn
Ca Fe
Ca=Fe
Ca Fe
Ca=Fe
Ca Fe
Ca Fe
Ca Fe
Ca=Cu
Ca Zn
Ca Zn
Ca=Zr
Ca=5n
Ca Ba
Ca=Ba
Ca La
Ca Pb
Ca Th
Sc Y
Ti H=
Ti= Na
Ti Na
Ti= Fe
Ti Fe
Ti Sr
Ti= Sr
Ti= Ba

Al Fe

Al Fe Na Mg

Li

Mn
Mg Ti

Fe Mn Na=Mg

Pb=B F Be K Na
K Ce Th Na Al

Na=Sr F
H Sr= F= Fe=Ba K Ca
H F Fe Ca=Mn K
La=Ce Ca Mg Na=Th

Ce La Ca Mg Th
Fe REE Zr

Titanite
Morimotoite
Vanadomalayaite (1)
Goldmanite
Vanadomalayaite (2)
Yamatoite (1)
Uvarovite
Glaucochroite
Johannsenite
Lithiomarsturite
Kirschsteinite
Hedenbergite
Andradite
Babingtonite
Manganbabingtonite
Esseneite (3)
Ferrobustamite (1)
Cuprorivaite
Hardystonite
Petedunnite
Gittinsite

Malayaite
Walstromite
Hyalotekite (1)
Iragite-(La) (2)
Margarosanite
Ekanite

Thortveitite
Lamprophyllite (2)

Barytolamprophyllite (2)

Lamprophyllite (3)
Orthochevkinite
Chevkinite-(Ce) (1)
Strontiochevkinite
Rengeite

Benitoite

CaTiSiOg
Ca,TiFe*'Siz04,
CaVvo0sio,
CagV*"; AlgsFe™55(Si0);
CaVvOsio,
Mn“; 25Ca075V""1 sAlo5(Si0,)s
CazCry(Si0,);
CaMnSiO,
CaMnSi,0q4
LiCa,Mn,HSi50;5
CaFe“'SiO,
CaFe“"Si,Op
CazFe™5(Si0,)s
Ca,Fe”" ) 7sMn*" ,5Fe”"Sis01,(OH)
Ca,Mn*"y 7sFe*" o 5Fe” Sis014(OH)
CaFe**AlSiOq
Call7Fe4+0I3M n£+0IOSSi206
CaCusSi, 0y,
Ca,ZnSi,0;
Cag gNag 1Zng 4Fe“"5,MNn“" ,Mgo 1Fe*5 15,06
CazrSi,0;
CaSnSiOsg
BaCa,Si;0q
BasPby gCay 2Ko.6B1.2Sio 6Alo 2Si7.5B€25028F0.75Clo 25
K1.1Lao7Ceq7Thy 7Caz sNap 2Sizs 7Alp 3040
Pb(Ca; sMn“45)SizO0q
Sc15Y 055107
Na,Sr,BaTi3Si,044(0OH),F
Ba,NazFe™ ;Ti(Si,07),03(0H)o.75F0.25,

Cel.zLal.zcao.eNao.4Tho.4Fez+1.5Mgo.sTi2.25F93+o.758i4022

Cel.7Lal.4cao.8Tho.1Fez+1.8Mgo.zTiz.sFes+o.55i4ozz
SrsREEFe“" Zry s Ti3 551,05,

Sr,ZrTi,Sis0y

BaTiSi;Oq
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Ti
Ti

Ba
La

K Na
Fe= Ce

Fe La=

B Mg

Sr Ti

Li

Li Na
B Sn
Na Li
Na=Ca

Mg Na=

Al= K
Al Ca
Al= Fe

K Na=

K Fe
Ti Fe

Fe Cs=

Fe= Ba
Ba Na
Ba=Fe

Ca=Sr=

Mg- Fe
Fe
Ca Al

Ca

Na

As

La
Mg
Nb

Ti

Ti

Al

H

REE Mn Na
MnY Th
Al Cr F=

Na

Ce Nd

= Ba Ca
Zn Fe Zr
F Na Nb
Na=Ba K=
= Na Nb

Fe Al

Batisite (2)
Perrierite
Chevkinite-(Ce) (2)
Vanadiumdravite (2)
Haradaite
Suzukiite (1)
Suzukiite (2)
Chromdravite (2)
Scheuchzerite
Tanohataite
Nambulite
Vistepite
Natronambulite
Marsturite
Johninnesite
Shirozulite (2)
Androsite-(La)
Bariumbannisterite (2)
Niobokupletskite
Kupletskite (3)
Perraultite
Kupletskite-(Cs)
Orthoericssonite
Strakhovite
Ericssonite (1)
Norrishite
Ungarettiite
Kozulite

Kanoite
Spessartine
Tweddillite
Bustamite
Rhodonite
Ferrobustamite (2)
Yamatoite (2)
Pyroxmangite

Bal'zKo'eNaolzTizsuOM
Lay sCe; 3CagsREE(4Nag » iz g1 3Ca04MNg 3MJg 1Al 1S40,

Cey 7Lay 4CaggThy1Fe”"; gMgo  TipsFe™ 551,02,

Nag 9K 1M 3Al0 6Cro sV*"5 5(Sig015)(BO3)3(F)o1(OH)3 3
BaV°'O(Si0s),

BaV>"O(Si05),

NaMg;Cr, sFe™; 5(BO3)3Sig015(0H),

Na(Mn,Mg,Zn)e[VSigO,5(OH)](OH);

LiMn,Si;Og(OH)

Lio.7sNag ,sMn“",Siz014(OH)
Mn**,SnB,(Si0,),(OH),
Lig.3Nag,Mn“",Sis0,,(OH)
NaCaMn;[Sis0,4(0OH)]
Na,Mg,Mn“"15(AsO,),(Si;2035)(OH)s

Ko.9Bag.00MN“"1 53MGg 9aF€“"0 2Alg 29 Tig 04Si2 54Al1 47010(OH) 1 97F0 03

Mn“" 75Cag 3Lag sCeq ,Ndg ;AIMN* " Mn“*(Si0,)(Si,0,;)O(OH)
Ko 75(H30)0.25Bag 75Cag ,sMn“" 14Fe“" ;M5SirgAl0g0(OH)s
KzNay sMn“s ,Zng 1Fe“ 4 sNby 5710 4 Tip 3Siz056 o(OH)sFo 1
Kz.25Nag 7sMn“"s sFe“" 1 75 Ti; sNbg 5SigO6(OH)4(F)

Na, 5K 5Cag sBay sMn“"sFe” 5 Tiz gNby ,SigO3,(OH)3 sF2(H20)os
Cs; 5KosNaMn“ gFe“",Lig 4 Tiz 4Nbg sFe” o 1SigO26(OH)4F
BaMn,(Fe*"0)Si,0,(0H)

NaBazMn“"sMn*"Sig0,4(0H)4

BaMn“",Fe® Si,Oq(OH)

KMn®",LiSi, 01,

NazMn“",Mn*";Sig0,,

NagMn“*,Fe™ o 75Aly 25Siz0,5(0H),

Mn*"; sMgo5Si,06

Mn“"3Al,(Si0,);

Mn“"; 55Ca 75Si30q

Mn*“ g oFe“"6,02M00.02C20.05S105

Mn“"; 55Cag 75V 1 5Alo 5(Si04)3
Mn“*, gFe’" 5 ,Si05
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Mn
Mn
Mn
Mn

Mn:

Mn
Mn
Mn

Mn:

Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe

Fe=

Fe
Fe
Fe
Fe

Fe
Fe
Fe
Fe

IITXT IIIIIIII

Fe P

Pb

F= Na

Ca

Mg: Ca
Mg: Ca
Ca
Ca
Ca Mg
Ca Mg

Al

Na Al

K Ti= Mn

mon
orth

orth
orth

Permanganogrunerite
Ferrobustamite (3)
Calderite

Taikanite (1)
Yoshimuraite (1)
Hejtmanite (2)
Ericssonite (2)
Taikanite (2)

Kentrolite

Grunerite (1)
Ferro-anthophyllite
Ferroholmquistite
Nalivkinite

Riebeckite
Sodic-ferro-anthophyllite
Magnesiumastrophyllite
Ferroferriwinchite
Ferroglaucophane
Ferritaramite
Ferrikatophorite
Ferri-ferrobarroisite
Kornite

Ferribarroisite (2)
Ferroferribarroisite
Ferrorichterite
Ferrowinchite
Nafertisite

Minnesotaite
Katophorite (2)
Protoferro-anthophyllite

Protomangano-ferro-
anthophyllite

Grunerite (2)
Ferrobarroisite

Annite
Ferri-ferrotschermakite

[ IMn,(Fe*)5(Sig0,,)(OH),

Mn“"; 55Cag 75Fe” 1 sAly 5(Si04)3

Bay §Sro ,Mn“"; gFe“"o 4 Tig gFe” 5 2(Si,07)(PO4)0.6(SO4)0 4(OH)

Bay 5SrosMn*";Si,01,
Pb,Mn*",Si,04
Fe“"7(Sig0y,)(OH),
Fe“"7(Sig0y)(OH),
Li,Fe“"3Al,(SigO,,)(OH),

[ INay(Fe“"sFe”™,)(SigO2)(OH),

Na,Fe";(SigO,,)(OH),

K,Na,Mg,Fe’"; sFe“"sMn*" s Ti,SigO,6(OH),F
CaNaFe“";MgFe*"(Sig0,,)(OH),

[ INay(Fe“"3Al,)(Sig0,,)(OH),
Na,CaMgFe“",Fe* ,(SigAl,0,,)(OH),
Na,CaFe“";MgFe®'Si;AlO,,(OH),

[ 1CaNa(Fe™");(Fe*"),(Si;Al)O,,(0H),
Na,CaFe” Al 75Fe™ 4 55(SizAlO,,) (OH),
CaNaFe“", ,sMgg 75Fe™ 5(Si;AlO0,,) (OH),
CaNaFe“", Mgy 75Fe” 5(Si;AlO,,) (OH),
Na(CaNa)Fe“"5(SigO,)(OH),
CaNaFe“",Aly 75Fe™") 25(SigO2,) (OH),
NagFe“"s sFe”™1 5Ti,Si1,039 ,5(0OH)1 75-2(H,0)

Fe“",sMg, 5Si4010(0OH),

BaMn“"; sFe“", s TiO(Si,07)(OH); sFo 5

BaMn“",Fe’"Si,0g(OH)

Nay Ko 3Cay sFe™3 ,5Mg; 5 Tip ,MN“" Al 7Si7 30,5(0OH),

Fe*" sMn“"MgSigO,,(OH),
Mn“"Fe*"sMgSigO,,(0OH),

[ 1(CaNa)Fe*"sAlIFe** (Si;Al)O,,(OH),

KFe* 3AISi3019(0H); sFo s

[ 1Ca,(Fe™")3(Fe™),(SisAl,)O(OH),

[ 1Fe“"7(Sig0,,)(OH),
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Fe H= Al=Ca Na Hastingsite (3) NaCa,(Fe“",Fe®)(SigAl,0,,)(OH),

Fe H= Al=Ca Na=Ti Ferrokaersutite NaCa,(Fe“",Ti)(SigAl,)O,,(OH),

Fe H K= Ti Na=Mn Mg F AStrOphylllte (2) KzNaFe£+5'25Mnﬁ—Mgol75Ti28i8027(OH)3I5FOI5

Fe H = Nb= MnNa F Ti Niobophyllite K,NaFe“ s ,sMn“"; 75Nb; 5 Tig ,SigO46 25(0OH)4Fg 75

Fe H= Ca Na= Al Ferro-edenite NaCa,Fe“"5(Si;Al)0,,(0OH),

Fe H= Ca Ferro-actinolite [ 1Ca,Fe*"5SigO,,(0H),

Fe H= Ca Mg= Al Ferroferritschermakite Ca,Fe“",MgFe™,Si;Al0,,(OH),

Fe H= Ca Ce Al La Ferriallanite-(Ce) (1) CaCeq o Tig14Alg gsFe 1 44FE”" § 63MNg 07Sig 6404(Si,0;)O(OH)
Fe H= Mn Manganogrunerite [ IMn,Fe“"sSigO,,(OH),

Fe H= Sb Chapmanite SbFe®",(Si0,),(OH)

Fe H= Bi Bismutoferrite BiFe™,(Si0,4),(OH)

Fe Li H Mg Na F Al Ti Mn Sodic-ferri-ferropedrizite Nag 7Li, 4Fe”"; 6Fe“"1 sMdg o5Alo 2 Tip 13MNg 07S13025(OH)1 45F 55

Fe Li H Mg Na AI=F Ferri-clinoferroholmquistite  |Nag ssLi; gF€”"; ssF€*" 1 55M0; 06Lio.26Al0.26Si5022(OH)1 76F0 24

Fe Li H Mg Na Al F Ferroclinoholmquistite (2) Nag 36Li1 oFe™™; ssFe“ 1 55M01 o6Lig 26Alg 26Si5022(OH)1 76F 024

Fe F= Mg:Al= Ca K Fluoro-potassichastingsite KCay(Fe*",,Mg,Fe™)s(SigAl,)505F,

Fe F Al=K Fluorannite KFe“";AlSi;040F,

Fe Na Wilkinsonite Na,Fe*",Fe®",Sig0y

Fe Na H Li Ferroleakeite NaNa,(Fe“")s(Fe®"),Li(SigO,,)(0H),

Fe Na H Al Ferric-ferronybgite NaNay(Fe*")s(Fe™),(SizAl)O,(0H),

Fe Na H= Al Ferro-eckermannite NaNa,(Fe*",Al),(SigO,,)(OH),

Fe Na H Arfvedsonite (1) NaNay,(Fe*",Fe*")(SigO5,)(OH),

Fe Na H K= Ca Ti Al Mn Arfvedsonite (2) NaNa,(Fe*",Fe*")(SigO,,)(OH),
Fe Na=H Ca= Al K= F= Mg Katophorite (3) Na1.2K0.3Ca1.3Feé+3.25Mgl'5Ti0.2Mn4+0.2A|0.7Si7'3022(OH)2
Fe Na F Li Fluoro-ferroleakeite NaNa,(Fe*",Fe*",Li)(Sig0,)F,

Fe= Na=Al H Ferronybgite NaNay(Fe*")sAl,(Si;Al)O,,(0H),

Fe Na Al H Mg Ca Ti Crossite (2) Na,Mg,Fe*"Alg 75Fe™ 25(SigOy,) (OH),
Fe Na K Tuhualite Nay gKoFe“ " Fe SigO45

Fe Na Ti Aenigmatite Na,Fe* s TiSigOy

Fe= Mg Ferrosilite (2) Fe“"MgSi,Oq
Fe Mg Clinoferrosilite Fe"; sMg5Si,04

Fe Mg H Na= Ca Ferribarroisite (3) CaNaFe“", ,sMgg 75Fe™ 5(Si;AlO0,,) (OH),
Fe Al Almandine Fe* Al (Si0,);

Fe Al H Ferrogedrite [ JFe“"sAlL(SigAl,0,,)(OH),

Fe Al H Na Sodic-ferrogedrite NaFe“"cAl(SigAl,0,,)(0H),

Fe Al H=Na Ca Taramite Na,CaFe*";AlFe*" (SigAl,0,,)(OH),

Fe AEH Mg F Ba K Ferrokinoshitalite Bag 5K 4Fe*",MgSi, sAl; 5010(0OH)1 35F 65
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Fe Al H= Ca
Fe Al H= Ca
Fe Al H= Ca
Fe Al H= Ca
Fe Al=Ca H

Fe Al=Ca CI

Fe S Mg:=Ba=
Fe K Mg Na
Fe Ca H Al

Fe Ca=H= Ce
Fe Ca Na Mg
Fe Ti= Mn F

Fe Ti= Ba H=
Fe Mn

Fe=As Ti Al

Fe= Ba

Fe Ba=Ti= H

Fe Ba Mn Mg
Fe= Pb

Cu H

Cu Ca

Cu=Sr

Cu=Ba

Zn K Ca Mn
Zn K Mn Li

Zn Ca Pb

Zn Fe Na=K

Zn=Pb

Sr Na Th H

Sr Mn Ba Ca
Y H

Y H Th Mn
Y F

Y F Fe

Y CaH F

Y Yb

Na

K

K Na

Mg H= K Na
Al H K

Al Ti Mn
Al

Na H Ba=Ca K
Mn

Ce La=Nd Y
Mn

Na

Y Na

Mn:Fe Zn Ba
La Fe=Ca=Ce
La P= Ce Fe

2007-054

Ferrotschermakite
Ferropargasite
Potassic-ferropargasite
Potassicsadanagaite
Ferrohornblende
Potassic-chlorohastingsite
Anandite (1)
Merrihueite

Epidote (2)
Ferriallanite-(Ce) (2)
Aegirine-augite (3)
Jinshajiangite
Bafertisite (1)
Pyroxferroite
Cervandonite-(Ce)
Gillespite

Bafertisite (2)
Andrémeyerite
Melanotekite
Plancheite

Liebauite

Wesselsite
Effenbergerite
Shibkovite
Dusmatovite
Esperite

Larsenite
Umbozerite (2)
Taikanite (3)
Thalénite-(Y)
Yttrialite-(Y) (1)
Fluorthalénite-(Y)
Rowlandite-(Y)
Britholite-(Y) (1)
Keiviite-(Y) (1)

[ 1Cay(Fe*"sAIFe™)(SigAl,0,,)(OH),
NaCa,(Fe“",Al)(SigAl,0,,)(OH),

Ko.75Nag 5sCaFe” Al s5Fe™ ) 75(SisAl,04,) (OH),
Ca,Fe”",Aly 75F€”" ) 55(SizAl0,,) (OH),

Ko.sNag 4CaFe“ sMgFe™ (SisAl,0,,)Cl 4(OH)o 6

Bay 75K 25F€“ 5 25M g 75Si3Alg 77”5 30161 5(OH)o 5

Ki1.sNag sFe“"3 75Mg1 »5Si1,039

Ca,Fe”; 55Alg 75(Si04)3(OH)

CaCey g Tio 1Al 68”1 44 0 93MNg 0710 0404(Si,O7)O(OH)
Cay 75Nag ,sMJg sFe”" o 25Fe " 25(Si,06)

Nay gKo9Ba; 1CaFesMn; 3Tiz gNbg ;SigO3,0, gF25(H20)0.6(0H)0.1
BaFe£+l'5M n£+0'5TiSi208'5(OH)0'5

Fe“ sMn“"Si; Oy,
Ceg4Ndg,Lag,Y o1 Thy 1Fe™; Tig gAlgsFe™ o 4Si; 9AS; 1013
BaFe“"Si, Oy,

BaFe£+l'5M n£+0'5TiSizog'5(OH)0,5

BaFe“"; M 3Mgq 1Si,0-
Cug(SigO5,)(OH),-(H20)

CazCusSigOy

SrCuSi 04

BaCuSi 0,

K2Cay 3Mn“"g sNag 3Zn;Si;,05
K16NagsMn*"; 5Y o 6Zr0 2215 25110 755112030
3Zn4(Si04)4

([ 1:Na;)KFe,Zns[Siy,03]

PbZnSiO,
Ba; 5Sry sMn**,Si,0;,
Yl.5ThO.SSi207
Y Fe**Si,0LF,
Y3ca2(sio4)2.25(PO4)0.75(OH)0.75F0.25
Y15Ybg5Si,0,
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Y Yb Er Dy

Y Th

Y Th=Fe=H=
Zr

Zr

Zr=Ba

Nb Ba Ti
Ba

Ba H CI=Ca
Ba H= Ti= Fe
Ba Be Pb
Ba Na=Ti
Ba Cl= Fe
Ba Ti

Ba Ti =
Ba Ti Na
Ba V B
Ba V B
Ba=Mn H
Ba Fe B
Ba Fe Ca
Ba Fe Ca
Ba Sn Ti
La H= Al
Ce H= Al
Ce H La
Ce=H= La=
Ce Ti Cr=
Ce Ti ?
Yb Y

Yb Y Er
Yb Lu Er
Pb

Po H Ca
Pb Al

Pb CI= Fe

Lu Tm Ho=Ca Gd
La Ce=F Mn
F= Mn

Sr Mn Na

Ca K Cl

C

Cl

S Mg K= Ca
Cl Mn

Ti

= S Sr

Pb Mg

Mn Mg Zn

Nd

CaY P

Y P

Fe= Mg Ca=Pr

Dy Tm Ho Ca Gd
Y Dy Ho Ca Gd
Fe=Ba CI

Na=Mg Ca

tetr
tetr

Keiviite-(Y) (2)
Yttrialite-(Y) (2)
Yttrialite-(Y) (3)
Zircon

Reidite

Bazirite
Belkovite (1)
Sanbornite
Muirite
Bario-orthojoaquinite (2)
Hyalotekite (2)
Phosphoinnelite
Fencooperite
Fresnoite

Titantaramellite
Innelite
Nagashimalite (1)
Nagashimalite (2)
Yoshimuraite (2)
Taramellite
Pellyite (1)

Pellyite (2)
Pabstite
Tornebdhmite-(La)
Tdrnebdhmite-(Ce)
Fluorbritholite-(Ce) (1)
Britholite-(Ce) (1)
Polyakovite-(Ce)
Orthochevkinite
Keiviite-(Yb) (1)
Keiviite-(Yb) (2)
Keiviite-(Yb) (3)
Alamosite
Hyttsjoite
Plumalsite

Jagoite

Y15ThosSi,07
ZrSio,
ZrSio,
BaZrSi;Oq
BaSi,05
Fe“",Ba,Sr,Tiy(Si;0;,),0,-(H,0)
BagPb; 5Cay 5Ko 6B1.2Si0 6Alo 2Si7 5B€25028F0.75C o 25
Ba,NazTi3[Si;014](PO4,504)2(0,F)s
Ba,TiSi,0Oq4
Ba3.9Ti1.9Fez+Fes+o.4Mgo.zBl.ssisozsaC'o.s
Nay 3Mp 3Cag 2Baz 1Ko 2 Ti3(Si;07)2(SO4)2(OH)1 5Fo 3
Ba,V¥*;TiSigB,0,5 sCI(OH), 5
Ba,V**3TiSigB,0,5 sCI(OH)g 5
Bal.ssro.zMUHLGFEHOATio.sFeﬁo.z(si207)(PO4)0.6(SO4)0.4(OH)
Bas.4pbo.eFeZ+2.9Tio.6Fes+o.3M90.152.2Si7.8029C|0.5
Ba,CaFe”"; ;Mg sSisO17
Ba,CaFe”"; ;Mgq sSis0:7
La, 5Ceq 5AI(SiO,),(OH)
Ca, gCeg gL ag sNag 6(Si04)2.7(PO4)o.5Fos(OH)o .2
Ca, gCeogThosLag sNdg 2Siz 7Po5012(OH)o sFo.2
Ce; gLag ,Ndg 4Prg ,Cag sMgg gFe“ o ,.Cr1 oFe” o 7 Ti1 sNby 4Si405,
(Ce,La,Ca,Na, Th),(Fe*",Mg),(Ti,Fe*);[Si,0,,]
Yb;5Y(5Si,0;
Yb;5Y(5Si,0qg
PbSiO,
Pb,gBa,CasMn“",Fe’"5(Sizq0q0)Cl-6(H,0)
Pb,Aly(SiOz)7(?)
Pb, 4Nag ,Ca, 1Fe* 5 Mg ,Si3 1010Clo.s(OH)o 2
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Pb Ca
Pb Ca
Bi
Th
Th

Cl
Mn

Th Na=Ca K

U

H
H
H
H

F Ca=Th
Ca=Ce=
Ca=Fe

Na F

Na= Mg
Mg-= Li
Al Li=
K Ca
Ca H=
Ca H

Ca F=
Ca Mg
Ca Sr
Ca Sr
Ca=Th
Ca=Th

Fe
F

Al

Fe
Na
Fe

Na

Ce

Mg
Al=

Mn Ca=Fe
Fe Ca Na=
Zr Na Be
Zr Na=Cs

Mn
H

Mn=
Sr=
Mn
Ce

Si=

Fe
Mg
Al=
Fe
Al
Fe

Mn Na=Ca Fe
Mn Na=Fe Ca

Mn

Mg Na Al

Mg:- Na

K Li= Ca=Fe=Cs
Be Li

Sr La Nd Pr
K= Mn

Na Ca

Al Ba
Ce

Na=Sr

Na
Ce La H Nd

La=Nd REE

Na=Ca Li H
H Ca

K= Ca F

Ca Al K Mg
Fe Ca

mon
tetr

Nasonite
Ganomalite
Eulytine (1)
Huttonite

Thorite

Steacyite (2)
Uranosilite
Bederite
Wicksite
Gainesite
Mcecrillisite
Cheralite
Belovite-(Ce) (1)
Panethite
Simferite
Amblygonite (2)
Pyrophosphite
Bearthite
Samuelsonite
Deloneite-(Ce) (1)
Stanfieldite
Fluorcaphite
Deloneite-(Ce) (2)
Brabantite
Cheralite-(Ce) (1)
Pretulite
Purpurite

Griphite

Triplite
Dickinsonite-(KMnNa)
Dickinsonite
Qingheiite
Bobfergusonite
Varulite

Fillowite (1)

PbyCasMn“"SigO33
Biy(Si0y),
ThSiO,
ThSiO,
Ko.eNa0:7cao.7Mnﬁo.zTho.gSisom.e
(UO,)Si7045
Nay 5sCa,Mn“" Mg 7Fe“"5 sFe”"; sMgo Al MN“"5(PO,)g-2(H,0)
NaCa,[(Fe*"o.75,MN“" 25)sMgFe”" (PO,)s-2(H,0)
Nay 6Ko 3Cs0.1B€g L0 1211 7Fe“ 0 1Cag 1(PO,)4-1.5(H,0)
NaCsBey 75Liq 25Zr2(P0O,)4-1.5(H,0)
CaTh(PO,)sF
.. . (Sro.45C€0.3Nag 15Ca0.1)5(PO4)3(OH)
Nay 2Cag 6Ko 2Mg1 2Fe™ 0sMN™ 2(PO,),
LiMgy 1Fe”"56Mn* 5 3(POL),
Lio 75Nag 25AI(PO4)Fo.75(OH)o.25
Ca,Al(PO,),(OH)
Bag »Sro.1Cag 1Fe”",sMn“"; gNag 1Al; 5(PO4)g 5(OH)s 4
NaCa,SrCe(PO,)sF
CayMg, gFe"; ,Mn“"5 ,(PO,)s
(Cag.45,Sr0.3,Ce0.2,Nap,05)5(PO4)sF
NaCa,SrCe(PO,);F
CaTh(PO,),
Tho3Cag 3CeqNd 1189 1REE(,05(PO4)0.9(Si04)0.1
ScPO,
MnPO,

CaMn2+3.1Na1.1F92+1.1Li0.7Fe3+0.8A|1.9(P04)6F2(OH)0.1
Mn2+Fe2+0,5Mgo,3Ca0,2(PO4) Fo.75(OH)o.25
KNa,Mn**CaMn?®*;;Al(PO,)1,(OH,F),
Ko.sLio.zNas.scao.gMn2+9.6Fez+3.9A|0.s(PO4)11.3(OH)3.9
Nal.sMn2+1.5M91.1Fez+0.3cao.1A|0.4Fe3+0.1(P04)3
Na,Mn**sFe** Al(PO,)s

NaCaM n2+2.25F92+o.5F93+0.25(PO4)3

Na,CaMn®*sFe? ,(PO,)s
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Mn Fe Ca Mg

Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe

Fe
Fe
Fe

Fe
Sr
Sr
Sr
Sr
Sr
Sr
Sr
Y

Zr
La
Ce
Nd

H Na Al=
H Mg Ca
H= Ca

H= Zn

H= As Ca
F= Na H=
Na= Mg=Mn
Na Al Mn
Na Ca

Na Mn H=
Na=Mn Mg=
Na Mn Mg
Na=Mn H
Mg Na H
Mg Na Ca
Al Mn Na

Mn H Na
Mn Na Mg=
Mn Na=Al

Mn Ca

H= Al Ca
Na=Ce Ca
Mg Ca H
Ca H= F
La H= Ce
La Ca Ce
Ce H Na

K

Ce Nd Th
La Nd Th
Si= La Ce

Ca=Ba
Na

F  Mn Mg

Mn
Al= Ca=Ba

Mg: Ca

Al=K= Ca ?

Ca

Ca

Al=K= Ca F
Al=Pb Ca=Ba Mn
Mn

Ca Mg

Al=Ca=Sr Mg F
Ca
Ca Mg

Ba Mn:Fe

Ca

Th

orth
trig

Beusite (1)

Heterosite

Rodolicoite
Fluorarrojadite-(BaFe) (1)
Tassieite

Meélonjosephite
Zinclipscombite
Walentaite
Fluorarrojadite-(BaFe) (2)
Maghagendorfite
Ferrowyllieite
Ferrohagendorfite
Arrojadite-(KNa)
Hagendorfite
Ferroalluaudite

Arrojadite
Sigismundite
Johnsomervilleite
Wyllieite
Arrojadite-(SrFe) (1)
Alluaudite
Rosemaryite

Graftonite
Goedkenite
Belovite-(Ce) (2)
Strontiowhitlockite (1)
Strontium-apatite (1)
Belovite-(La) (1)
Belovite-(La) (2)
Belovite-(Ce) (3)
Xenotime-(Y)
Kosnarite
Monazite-(La)
Monazite-(Ce)
Monazite-(Nd)

Mn**; gFe®*; ;Cag Mo 2(PO,),
Fe*" (PO,)
Fe* (PO,)
BaFe“"Na,CaFe“";3AI(PO,),1(PO;0H)(F),
(Na,[ ])Cay(Mg,Fe“"Fe*"),(Fe*",Mg),[PO,]s(H;0),
CaFe“"Fe*"(PO,),(OH)
ZnFe*",(PO,),(OH)
CagsMn“"o sFe“ 1Fe™ 3(AsO,)(PO,)3(PO3)(OH)
BaFe“"Na,CaFe“";3Al(PO,);1(PO;0H)(F),
NaMgMn“"Fe*"; sFe™ 1 5(PO,);
Na; sMn“"o 3Ca ,Fe“ Al sMgg ,Fe™ 5 02(POy)3
Nay sCagsFe“ s sFe* o 5(POL)s
KNasCa(Fe,Mn,Mg),3AI(PO,),1(PO;0H)(OH,F),
Nal.4cao.1Mn2+1.3F92+1.1F93+0.8M90.1(P04)3
Nal.lcao.lFez+o.6Mn2+o.5Fes+1.7Mgo.2(PO4)3
KNa,CaMn?*,Fe?* ;,Al(PO,)1,(OH), sFo s
Na3(BaO.8KO.}Fb)(CaO.BerZE)(Fe”&lMgS.7MnﬁO.Z)AI(POAl)lZ(OH)Z
Na; ,Cay ;Fe” 35Mg3 :Mn™" 7(PO,)s
Nag sCag sMn“"y gFe” s gFe” o sMgg 1AI(PO,);

SrFe** NayCaFe”" ;Al[(PO,)1,(HPO,)(OH),]
Nao.eMn2+o.zcao.1Mn2+Fes+2Mgo.1(PO4)3
Nao.eMn2+o.zcao.2Mn2+o.7Fez+o.3Fes+o.9Mgo.lAlo.e(PO4)3

Fe2+1,8Mn2+0,9Ca0,3(PO4)2
Sry5Cag sAI(PO,),(OH)
(Sro.45Ce03Nag 15Cag 1)5(PO4)3(OH)
Sr;Cay 4Mg; 6Bay ,Mng 04F€0,04(PO4)s(POs0H)g
(Sro.55:Ca0.45)5(PO4)3Fo5(OH)o 5
(Sro.45,L.89.3,C0 2,Cag 05)5(PO4)3Fo 5(OH)
(Sro.45:L80.3,C€0.2,Cag,05)5(PO4)3Fo.5(OH)
(Sr0.45,Ce0.3,Nag 15,Cap 1)5(PO4)3(OH)
YPO,
KZry(POy,)3
Lay 5Ceq.25Ndg 2 Tho,05(PO4)
Ceo.5La0.25Ndg 2 Thg 05(PO,)
Ndo 5L-20.25C€0.2Tho.05(PO4)0.75(S104)0.25
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Sm=Gd Ce=Th
Yb
Bi
Th=Ca Ce=La
Na=Fe
Mg- K
Al Fe
K= Mn
= Fe
= Cu
= Cu Al
K= Cu Al= Fe
= Cu Fe
K Sr
K Pb Na

Ba Ra

H Pb Se
K S= Cu
Zn Se
Sbh= Pb
Pb H Cr
Pb H= As
Pb C

Ca=Nd

Si

U H PbY

mon
orth

Monazite-(Sm)
Xenotime-(Yb)
Ximengite
Cheralite-(Ce) (2)
Eldfellite
Langbeinite
Millosevichite
Manganolangbeinite
Yavapaiite

Piypite
Alumoklyuchevskite
Klyuchevskite

Klyuchevskite-Duplicate
Kalistrontite
Palmierite
Anhydrite
Gorgeyite
Pauflerite
Mikasaite
Chalcocyanite
Euchlorine
Fedotovite
Zincosite
Celestine
Barite
Radiobarite
Scotlandite
Anglesite
Orlandiite
Chlorothionite
Sophiite
Nadorite
Yedlinite
Georgiadesite (1)
Phosgenite

SMy 2Gdo 2 Tho.15Ce0.15Ca0.1Ndg 1(PO4)o.g
YbPO,
BiPO,

Thy 3Cag 3Ce02Ndg1Lag 1REE 05(PO4)0.6(Si04)0.1
NaFe(SO,),
K2Mg2(SO4)3
Al sFe” 15(S04)s
KaMny(SO,)3
KFe*"(SO,),
K,Cu,(S0,),0
KSCUSFe3+0.5A|0.502(SO4)4
K3CusFe* 0,(S0,),
K,Sr(SO,),
K15NapsPh(SO,),
CaSoO,
K2Ca5(SO4)s*(H20)
VO(SO,)
Fe™2(SO4)s
CuSO,
KNaCu;(S0,);0
K,Cus3(S0,);0
ZnS0O,
SrsO,
BaSO,
Bag.9999R0,0001(SO4)
PbSO;
PbSO,

Pb3Cl; 5(OH)o.5(SeOs)- (H20)
K,Cu(S0,)Cl,

Zn,(SeO3)Cl,

PbSbO,ClI

PbgCrClsOg(OH),
Pb,(AsO;)Cl,(OH)
Pb,(CO;)Cl,
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Ca
Ca
Ca
Ca
Ca

Pb As
Pb |
Pb=Bi
Si Zr
S

S Na
Cr

Cr

H P
H Si
H= Si
B

B C=
B= Si
B= Si
B Mn
C Mg
= Si
F Si
F Si
F= P
Al= Si
Al ClI
Al= Fe
Si

Si

Si

Si

Si ?
Si H
Si H
Si H
Si H
Si H=
Si H

Fe

Ti

Be Fe
Al
Zr

Mn Mg

Mg H

Ce Be H= F= Al Fe Ti
REEBe= Th U H= F= Al
C H

Si B H Al

B Ce La As Fe=Th Na

Na Ti Zr Mn Fe REE
K S C= Na Mg:Fe
Si

C

C=F

F

mon
orth

Nealite
Seeligerite
Perite
Khibinskite (2)
Arcanite
Aphthitalite
Lopezite
Tarapacaite
Lime
Ruifrancoite
Cebollite
Dovyrenite
Takedaite
Sakhaite
Mottanaite-(Ce)
Ciprianiite
Gaudefroyite
Harkerite
Tilleyite
Vicanite-(Ce)
Hainite (2)
Spodiosite
Latiumite
Wadalite
Brownmillerite
Hatrurite
Larnite
Rankinite
Kilchoanite
Fluorcalciobritholite
Dellaite
Foshagite
Killalaite
Scawtite
Fukalite
Reinhardbraunsite

Pb,Fe“ (AsO,),Cl,
Pb;Cl5(105)0
PbBiO,ClI
K,ZrSi,0;
K2.25Nay 75(SO4)2
K,CrO,
Ca0
Capy(Fe*,Mn,Mg),Be,(PO,)s(OH),-4H,0
CasAly(SiOy4)3(OH),
CagZrSi 014(0OH),
Cay(BOs),
CazMg(B0O3),(CO5)-0.36(H,0)
CayCey 5 Th 1Cag sAlg sFe™ 4 Tig 1Be §(SisB402,)O(OH)q 5Fo s
Ca4.6[Tho.4U0.3REE0.7]2A|0.5Fe3+0.5Beo.S(Si4B4022)Oo.9(OH)0.5F0.5

CayMn®", 5(BO;)3(CO3)0; 25(0OH)g 75
CayMgsAlL(SiO4)g(BO3)s(CO3)10-2(H,0)
Cas(Si,07)(CO3),
CagCeysLa, s ThASASy sNag sFe’ SigB,0,0F,
Nag sCag sREE » Tiy 5Zrg sMN“"o sFe“" 5 25Si7.807.7F5 3
Ca,(PO,)F
Cas oK1 7Nag 4Alg Mo sFe* o 0oFe™ 075 3Als 7055(SO4)0.5(CO3)o.4
CagAlsSi,044Clg
CazAIlllFe£+0I905
Ca;SiOs
Ca,SiO,
Ca;Si,0;
(Ca,REE)s[(Si,P)O,]5F
CagSiz011(OH);
Ca,Si;04(0H),
CagSi4014-(H,0)
Ca;Sig(CO3)015-2(H,0)
Ca,Si,04(CO3)(OH)F
Cas(Si0,),(0H)15Fo 5
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Ca= Si
Ca=Si
Ca Si
Ca Si
Ca Si
Ca Si
Ca Si
Ca Si
Ca= Si
Ca Si
Ca Si
Ca Si
Ca Si
Ca Si
Ca Si
Ca Si
Ca= Si
Ca Si
Ca Si
Ca Si
Ca Si=
Ca Si=
Ca Si
Ca Si
Ca Si=
Ca Si
Ca Si=
Ca Si
Ca Si

Ca Si
Ca Si
Ca= Si=
Ca= Si
Ca P
Ca P

Ca P

H= Al Mg
H= Al Mn
H= CI

C

C

F H

F Na Ti
F Na Ti
F Na Zr
F Na=Zr
F Ti H
= Nb
Na=Ti= F
Na Zr F
Mg

Mg

Al H F
Al Mg B
P

P F H=
=S F
=S C(ClI
S

S

S H CI
S H CI
S F P
Ti Fe Al
Fe Ti Al
Zr Al Ti
Zr Ti
Ce=H Th
Ce=F Na
H

H C
H= F= CI

Mg Fe

Al H Fe
Nb Sr

H Ti=Fe Mn Mg

Ti
Na= Al

Nb
Fe Mn Mg:Nb K

Mg: Fe
H Fe Ti

s cl
H Cl
H F

T T
T

C

Fe

P La F= Nd
P La H

mon
mon

Vesuvianite (1)

Manganvesuvianite (2)

Rustumite
Paraspurrite
Spurrite

Cuspidine
Gotzenite (1)
Fersmanite (1)
Hiortdahlite (2)
Rosenbuschite
Gotzenite (2)
Niocalite
Fersmanite (2)
Hiortdahlite (2)
Bredigite
Merwinite
Vesuvianite (2)
Wiluite
Nagelschmidtite
Ellestadite
Fluorellestadite (1)
Chlorellestadite (1)
Ternesite
Jasmundite
Hydroxylellestadite
Chlorellestadite (2)
Fluorellestadite (2)

Schorlomite (1)
Schorlomite (2)
Kimzeyite (1)
Baghdadite
Britholite-(Ce) (2)

Fluorbritholite-(Ce) (2)

Hydroxylapatite

Carbonate-hydroxylapatite

Apatite

CayoMg,Al4(Si,07)5(Si04)s(0H),
CalB.QMn3+A|8.6Mn3+1.2Fe3+0.4Mgl.7Mn2+0.4Si17.8069(OH)8.9
Cay0(Si,07)2(Si04)Cly(OH),
Cas(Si04),(CO;)
Cas(Si0,4),(COs)
Ca,Si,07F; 5(OH)g 5
Cay 75Nag 25 Tig 75Al0 25S1,07F1 5(OH)g 5

Ca 3Nay Srg 1 Tip 3Ny 6S14055F;

Ca;NaggY0.12r06Tio1(Si,07)F15004(0H)o 2
Cay 25Nag 75210 75 T 2551,05F
Cay 75Nag 25 Tig 75Al0 2551,07F1 5(OH)g 5

Cay4Nb,(Si,07),06F,

CayNag oY 12Zro6Tig1(Si,07)F15004(OH)o
Ca;Mg(SiOy)4
CagMg(SiOy),

CayoMg,Al4(Si,07)5(Si04)s(0H),
Ca19A|7Mg4.8Fe3+O.9TiO.SBZ.GSi18076(OH)2
Cay(Si04)3(PO,),
Ca5(Si04)18(PO4)0.9(SO4)0.3F0.6(OH)0.5Clo 1
Cas(Si04)(PO4)(SO4)Fo.6(OH)o 5Clo 1
Cas(Si04)(PO4)(SO4)Clo.6(OH)o.5Fo.1
Cas(Si04),(SOy)
Ca;1(Si0,4)40,S
Cas(Si04)15(S04)15(0H)0,6Clo sFo.1
Cas(Si04)(PO4)(SO4)Clo 6(OH)o3F0.1
Cas(Si04)(PO4)(SO4)Fo6(OH)o5Cloy
Cas(Ti1.7Fes+o.zA|o.1) [(Si0.7,Fe3+0_2, Fez+0.1)o4]3
Ca3(Ti1,7Fe3+0,2AI0,1)[(Si0,7, Fe3+0.2,Fe2+0.1)O4]3
Ca3Zr1.5Ti0_5Si1.8A|0.9Fe3+0.3012
CagZry75Tlo.2551200
Ca, gCeq o Thy sLag 4Ny 2Siz 7Po5012(OH)o sF0 2
Ca, gCeqoL-ag.4Nag 6(Si04)2.7(PO4)osF08(OH)o.2
Cas(PO,)3(OH)
Cas(PO4)2.5(CO3)0.5(OH)

CaS(PO4)3(OH)0.3333F0.3333C|0.3333
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Sc=
Ti
Ti
Ti
Ti
Ti
Ti
Ti

P H MgP
P F

P F C

P CI

P Na F

P Na=Mg

P Na=Fe

P Mg

P Mg=Y

Ti

Ti Nb=Sb Ta
V Na=Mn As
Fe

Zn Te

As H

As H Al Cu

As H Fe Cu
As F

As ClI P

As Sr H P

Zr= Al Fe=Si

Nb Na=Ti= Fe
Nb Ti H REE
Mo

| Cr

W

W As=Y

Zr

Ta

H Ca=Nb Fe=

H Sn

Si

Na

Na Al CI

Ti
Mg
F=

Y Ce Pb Th=U

Mg Nb

Fe=Th=U

2007-058
orth
tetr
tetr
2008-016

Whitlockite
Fluorapatite

Carbonate-fluorapatite

Chlorapatite
Arctite
Merrillite-(Na)
Ferromerrillite
Merrillite-(Ca)
Merrillite-(Y)
Perovskite
Stibiobetafite
Palenzonaite
Srebrodolskite
Yafsoanite
Johnbaumite
Barahonaite-(Al)
Barahonaite-(Fe)
Svabite
Turneaureite
Fermorite
Kimzeyite (2)
Latrappite
Calciobetafite (2)
Powellite
Dietzeite
Scheelite
Paraniite-(Y)
Allendeite
Heftetjernite
Hongquiite

Brookite
Anatase
Rutile

Yttrobetafite-(Y) (2)

CagMg0.7Fe2+0.5(PO4)6(PO3OH)
Cas(PO,)sF

Cas(PO4)2.5(CO3)05F

Cas(PO,)Cl

Na,Ca,(PO,)sF

CaysNa,Mg,(POy)14

CagNaFe(PO,),

Ca15MQ,(PO4)14

CayY,M0,(PO4)14

CaTiOg
Ca1.18b0.7§P0.1Ti0.9Nb0.7Ta0.406.3(_OH)0'2
Ca;NaMn™[(VOy)0.6,(ASO4)0.3,(Si104)0.115
Ca,Fe®",0

Ca;Te,Zn;04,

Cas(AsO4)3(OH)
(Ca,CU,AI,Na)lelz(ASO4)g(OH)X ‘n Hzo
(Ca,Cu,Na,Fe** Al );,Fe* ,(AsO,)g(OH,Cl), -n H,0
Cas(AsO,)sF

Cas(ASO4)25(PO4)o5Cl
CagSry(AsO,);.5(PO4)o5(OH)

Cao.sNao.zNbo.sTi0.2F92+o.2Mgo.103

Cay sREE,Thg;Ug 1Nby ; Tig gFe”" 106(0H)o3Fo1
CaMoO,

Cay(103)(CrO,)

Cawo,

Ca,Y(AsO,)(WO,),

Sc,Zr;045

ScTaO,

TiO

TiO,

TiO,
Cao.6Y0.4C90.3Fez+0.3pbo.2Tho.1U0.1Ti1.2Nb0.6F93+o.106(0H)0.7
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H=V Ba

H Cr Fe
H= Cr Ba

H Y Ca Nb
H Y Zr Fe
H Y Nb U
H Y Th=Ca
H Nb Y Ca
H Nb=Ta=
H Ce Ca Nb
H Nd Ce Nb
H= Ce

H Pb F= Nb
H= U

H U Fe Y=
F Na Zn Y
Na=Ca Ce Nb
Na=Fe

Na Nb=Ce Ca=
Mg Fe

Si= Sr

Si= Ba Nb CI
K Ba Fe
Ca H=Ta Y
Ca Al Zr
Ca=Zr

Ca=Zr

Vv

\Y

V Fe H= Al
V Ba Cr
Cr V

Cr Fe K Mg
Cr Fe Ba Mg
Mn
Fe

Fe

Nb Si Mn:U

Fe=Ce C U W
Ce Fe

Ce Nd Fe=Ca U

Fe

Ca=W=U Na=REE
Ca Si= Th Ce

Nb H= ReEe Fe Ca
La Nd Pr

La

Fe

Sb Mn:Nb W

As Sb

Ca Sr
Sr

mon
mon
mon
mon

Mannardite
Carmichaelite
Redledgeite
Aeschynite-(Y) (1)
Kobeite-(Y) (1)
Kobeite-(Y) (2)
Yttrocrasite-(Y) (2)
Aeschynite-(Y) (2)
Euxenite-(Y) (2)
Aeschynite-(Ce)
Aeschynite-(Nd)
Lucasite-(Ce)
Plumbobetafite
Orthobrannerite
Brannerite (1)
Murataite
Loparite-(Ce) (1)
Freudenbergite
Loparite-(Ce) (2)
Armacolite
Matsubaraite
Baotite

Jeppeite
Scheteligite
Uhligite
Zirconolite-2M
Zirconolite-3T
Kyzylkumite
Schreyerite
Hemloite
Ankangite
Olkhonskite
Mathiasite
Lindsleyite
Pyrophanite
Pseudorutile

Tio.62Cro.19F€*"008015(0H)0 5
BaTigCr,044-(H,0)
Y 6Cap3Fe” 1 Tiy 75Nbg 2505(0H)

YO.QUO.lTil.SNbO.SOS(OH)

YO.QUO.lTil.SNbO.SOS(OH)

Y0.5Th0.1C30.3';{0.1Ti_1.9Fes+o.1O4(OH)2
Yo6CapsFe 0.1T|1.75Nb0.25C_)5(0H)
Y.7Cag2Ceq 1(Tag 2,Nbg 7, Tig 1)206

Ceo.ecao.sFe_Ho.lTi1.75Nb0.2505(OH)

Ndo 6Ce 4 Tiy 75Nbg ,505(OH)

CeTi,05(0OH)

Phbg.sUq 2Cag 2Nag 1 REE 1 Tiy sNbg 4 W ,06(OH)g 6Fo 4
U*"U°"Ti,0.,(0OH),

UosCag.3Ceo Ty sFe“ 5506

Na,Y,,REE; ,Zn, gFe* Cag sMn“"y ;Tig gNby 5Sig 1035 1F75(OH)1 »

Nao'eceo'zLaollcaollTio'ngo'zo:;

Na,Fe* ,TigO1

Mgp 75Fe“"0 25 Ti,05

SI’4TiTi4Si4022

Ba,Tis gNb; sFe*" 5 6Si,0,5Clo g
Kl.ZBaOJTiS.GFeﬁ'OAOlS
Cai.1Y0.4Sbo.3Mnbo.zTil.zTao.sNb0.2W0.106.5(OH)0.5
CazrTi,0,

CazrTi,Oy

V¥, Tis0q

Vd+2Ti309
A50.758b0.25Ti6V5+3F92+2A|023(0H)
Bal.lTﬁ5.5V6+2.4cro.2016
Cr1.5V5+0.5Ti309
Ko,6Cag3Sro1Ti1sCreFe” 1 sMdosOss
Bag 755T0.25 Ti13CreFe’"1 sMgo 5035
MnTiO4

Fe™,Ti;0q
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Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti
Ti

Fe H
Fe K
Fe Cr
Fe

Fe Mn:

Fe Mn
Fe Zn
Fe Sr=
Fe Y=
Fe Y=
Fe Y=
Fe= Nb
Fe= Ba
Fe= Ta
Fe=U

Fe =

Zn Mn:

Zn Fe
Sr

Zr
Zr
Zr
Zr
Zr
Nb
Nb
Nb
Nb
Nb
Ba
Pb
U

U Fe
U Nb

_n
<<<JTIQQQZ

Ce Y
Al= Ba
Mg Ca

Sr La

Mn

Y U
Ce La=
Ce La=
Pb Mn=

Nb
Ca Ce
La V
Fe
Mn: Na

REE

Cr Fe
Fe Ce
Nb Fe
Nb Ce

Na Ca
Na Ca
Ta Ca=

CayY

U
Na
Zr

Y=

Pb

C

Al=
Th
Th
Fe

U=
U=

Ce=

Th
Th

Ca Th Pb
Al Ce V

Ce=Pb

Ca Zr=Pb

Pb

Nb
Y

Th=Mg
Si Fe

Si Fe Th Ta
Th=U

Ce

Davidite-(Ce) (1)
Priderite
Loveringite
lImenite
Crichtonite
Senaite

Landauite (1)
Dessauite
Davidite-(Ce) (2)
Davidite-(La) (1)
Gramaccioliite-(Y)
IImenorutile (1)
Henrymeyerite
Struverite
Brannerite (2)
Davidite-(La) (2)
Ecandrewsite
Landauite (2)
Tausonite
Trimounsite-(Y)
Srilankite
Mongshanite
Zirconolite
Zirconolite-30
Zirkelite
Aeschynite-(Y) (3)
IImenorutile (2)
Betafite (3)
Yttrobetafite-(Y) (3)
Polycrase-(Y)
Barioperovskite
Macedonite
Brannerite syntetique
Brannerite (3)
Uranopolycrase

) Ceo.75L20.25Y 0.75Uo 25 TizsFe 50z
Ko.gBao.3Nao.1Ti6.5F93+1.1A|0.3016
Cag7Ceg3TirosFe*3.4Cr2 oMo sZro 6Al 40,033
Fe*'TiO;

Sro.7L292Ce01Y1Pbo 1 Tirs1Fe* s 1 Fe™, sMN* 7034
PbTiyFe”";Mn**,0s4
Nay 7Kg 2Pbo ,Mn“*Zn, 5Tiy5 7Fe*"; g03g
Sr0.75Pbo.25Yo.7Uo.3Ti15Fe3+5038
Ceo.75|—ao.25Yo.75U0.25Ti15Fes+5038
Ceo.75Lao.25Y0.75U0.25Ti15Fe3+5038

Pb0'75Sr0.25Y0'75Mn3+0.25Fe2+2Ti15Fe3+3038
Tio.7Nbg ,Fe*,0,
BaFe“ Ti;Oy4
TiosTag,Fe”"ooNbg 10,
UosCag3Ceo, Ty sFe 5506
Ce 7518025 Y 0.75Up 25 Ti1sFe 503
Zng sFe* o ,Mn“" ,TiO,
Nag 7K ,Pbg ,MN“"Zn; 3 Tiys ;Fe“"1 §034
SITiO;
Y15REE5Ti;1Sig90g
Tio 75210250,
Mg, ,CroeFe“ o 3TisZr,01,
CaggFe 1Y 0,02 Tho0sZr1.1Fe” 03 Tip 1NDg 507
Y .6Ca0.3Fe“ 1 Tiz 75Nbg 2505(OH)
Ti0'7Nb0'2Fe£+0'202
Uo.3Ca92Nbg g Tig gAlg 1Fe™ 1 Tag s04(0H),
Cay Y o.4CegsFe 3Py, Thy 1Ug 1 Tiz ;Nbg gFe” 5 1:06(0OH)o 7
Y0.5Cag1Ceg1Ug1Thy 1 Tiy 2Nbg 6 Tag 306
BaTiO,
PbTiO,
UosCap3Ceo, Ty sFe“ 5506
UoY0.3TNo1TizsNbg 4Tag 106
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H Ca K Ba
Na K

Mg

Mg-=Ca Na

K Mn

Ca

Ti

Ti H= As Fe
Ti Si Ba
Mn Cr Fe

Fe

Fe=H Ti Al
Fe Na=Cu
Fe Cr Mn
Fe Cu

Cu

Cu

Y

Ba H Fe Mn

La

Ce Pb

Pb

Pb H Mn:Fe Zn
Bi

Bi

Bi

Mg

Mg Fe= Al

Ti Mg K Al
Mn Fe V

Fe

Fe

Fe Si= Ba

orth
mon

mon
orth
tetr

orth
cub

Paramontroseite
Karelianite (1)
Shcherbinaite
Straczekite
Bannermanite
Magnesiocoulsonite
Schéferite
Ronneburgite
Cavoite
Berdesinskiite
Tomichite
Batisivite
Vuorelainenite
Coulsonite
Nolanite
Howardevansite
Karelianite (2)
Lyonsite

Blossite

Ziesite
Wakefieldite-(Y)
Gamagarite
Wakefieldite-(La)
Wakefieldite-(Ce)
Chervetite
Brackebuschite
Clinobisvanite
Pucherite
Dreyerite
Eskolaite
Magnesiochromite
Chromite (1)
Yimengite
Manganochromite
Xieite

Chromite (2)

V,0;

V;0s

Cay 3K 5Bag,V"3050-3(H,0)
Nag sKq V76015

MgV*",0,

NaCa,Mg,(VO,);
K,MnV,0;,

CaV;0,

V¥, TiOs
V6+3'9Fe6+0'1Ti3ASOl3(OH)

Vg Tig[Ba(Si-,0)]0,4

Mn“"; 75Fe“"0 25V 1 5Cro 504
Fe*'V*",0,

V¥ oFe™ ) 6Fe™ ) 5Ti Al 3014(OH),
NaCu“"Fe*",(VO,);

Cu“3Fe™,(VO,)s

Cu,V,0;

YVO,
BazF93+o.75Mn3+o.25(VO4)2(OH)
LaVvO,

Ceo.6Pbo.sPby 1(VO,)

Pb; eMn*" sFe*"55Zng 1(VO,),1.6(0H)
BiVO,

BiVO,

BiVO,

Cr,04

MgCr,0,

Ko.gBao.lcr4.7Ti3.5M91.4A|0.7Fes+0.35i0.1019
Mn2+0.8Fez+0.3cr1.9v3+0.0404

FeCr,0,

Fe“"Cr,0,

V20,

Fe“"Cr,0,
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Cr=Fe Mg
Cr=Fe Ti
Cr Fe=Ni
Cr Co Al
Cr=Cu

Cr Zn
Cr=Pb

Mn

Mn

Mn

Mn

Mn

Mn H
Mn=H B
Mn H Na
Mn H= Si
Mn H= Si
Mn=H Si
Mn=H Si
Mn H= Si=
Mn H Si
Mn H= Si
Mn H= Si
Mn=H Si
Mn H Si
Mn H Si
Mn H= Si
Mn H= Si
Mn H= P
Mn H Ca
Mn H V
Mn H= Zn
Mn H= As
Mn H= As
Mn H As
Mn H= As

Mg-

Co
Fe

Cl
K

Mg

Mg-

Cl

Fe
Fe
As

Si

Ba
Al
Ni

Al

\%

Sb
Sb

Zn
Sb
Mg
Mg

Fe=

Mg

As

Mg Fe

Cu

orth
tetr
hex
tetr

trig
trig

orth
mon

Donathite
Hawthorneite
Nichromite
Cochromite
Mcconnellite
Zincochromite
Crocoite
Manganosite
Ramsdellite
Pyrolusite
Akhtenskite
Hausmannite
Nsutite
Wiserite
Manjiroite
Alleghanyite
Ribbeite
Turtmannite
Friedelite (2)
Franciscanite-111
Franciscanite-VI1II
Orebroite-111
Orebroite-V1I1
Schallerite
Kraisslite
Orebroite-VI1I1
Welinite-Il1
Welinite-VIII
Triploidite
Takanelite
Reppiaite
Hydrohetaerolite
Eveite
Sarkinite
Arsenoclasite
Dixenite

Fe“ 0,sMgo.1Cr1 sFe” 0504
Ba[Ti;Cr,Fe,Mg]O,q
NigsC0g.4Fe“"0,Cry sFe™ 0 3Aly 304

Cog 5Nig2Fe“"52Mdo1Cry 4Aly sFe™5 104
CuCrO,

ZnCr,0,

PbCrO,

MnO

MnO,

MnO,

MnO,

Mn“"Mn**,0,

Mn*") 6501 7MN“" 15(OH)g 5
Mn“",B,05(OH);35Clo s

Na0'7K0'2M n4+7'5M n£+0'3AIO'1016 N 1-6(H20)
Mn5(SiO,),(OH),

Mn“"3 75Mg; 25(Si04),(OH),

Mn“"23M0, 5(VO4)7.25(ASO4)0.75(S104)3(ASO3)0 303 5(OH) 20,03
Mn“"¢SigO;5(0OH)7 5Cl, 5
Mn“"sV°",Si,04,(0OH),

Mn“"3V7" 5(Si0,4)01 5(OH), 5
Mn*"gFe“"; sSby 5Si;01,(OH),

Mn“*;5[As* O,0H][Si1,030](OH) 14
Mn“"2,Mg; 9Zn3 ,Fe” 7(ASO3),(AS04),7(Si04)s.4(OH) 15
Mn“"3Fe®  5Sbg 4(Si0,)O0; 5(OH)1 5
Mn“"gW, sMgq 5Si,01,(OH),
Mn“"3W, sMg ,SiO6(OH)

Mn“"; sFe”"o5(PO4)(OH)
Mn*"; 4Cag ;Mn**,04-(H,0)

Mn“"5(VO,); 5(AsO,)s,(OH),
Zn,Mn’",04-(H,0)

Mn,(AsO,)(OH)

Mn,(AsO,)(OH)

Mns(AsO,4)2(OH),4
Cu*"Mn“",Fe® (As* 03)5(Si0,),(As* 0,)(OH),
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Mn H Ba

Mn H Ba Si

Mn H Pb

Mn Be=Si S

Mn B

Mn B

Mn B= Mg Sb Fe
Mn Mg Sb=Fe Al
Mn Al Si= Sb Fe=
Mn Al Sb=Si Mg
Mn Si

Mn Si

Mn Si

Mn Si H

Mn Si H F

Mn Si H= Mg
Mn Si H Ca Zn
Mn Si H V Ca=
Mn Si H Zn
Mn Si = As

Mn Si= Ca

Mn Si= Fe Sb Ca
Mn Si= Cu

Mn Si= As= Sb= Mg
Mn Si Sb Fe Ca
Mn P Na H Fe
Mn P Fe

Mn P Fe Ca Mg
Mn K

Mn Ca

Mn V H Ba As
Mn Fe

Mn Fe

Mn Fe Sb As Si
Mn Fe Ba Al=Pb
Mn=Cu

Mn £n

Mg H Ca
Fe

As

Ca
Mg
Ca

Na= Si

tetr
tetr

Psilomelane
Romanéchite
Cesarolite
Helvite
Jimboite
Takeuchiite
Blatterite
Filipstadite
Katoptrite (1)
Katoptrite (2)
Braunite-I
Braunite-11
Tephroite
Leucophoenicite (1)
Sonolite
Manganhumite
Leucophoenicite (2)
Medaite
Jerrygibbsite
Tiragalloite
Neltnerite
Langbanite (1)
Abswurmbachite
Parwelite
Langbanite (2)
Fillowite (2)
Joosteite
Beusite (2)
Cryptomelane
Marokite
Nabiasite
Bixbyite
Iwakiite
Manganostibite
Hollandite (1)

Crednerite
Hetaerolite

Ba-(H,0)Mn*";04,
Bag7Mn*"; §Si01010-1.2(H,0)
Mn,Be;(Si0,);S
Mg,Mn*"0,(BO;)
Mn“"5:Mgy,SbsMn™"; 75Fe”" | 55(BO3)1603,
Mn“*,sMg; sFe” 0 gShAly 0505
Mn“" 13 7My 4Al; sFe™ o 5Sb,1Si,0
Mn*’1; /Mgy 4Al; sFe™ o 55b; 181,02
Mn“"Mn*";SiO;,
Mn“"Mn**;SiO;,
Mn,SiO,
Mn7(Si0,4)3(OH),
Mn“"4(Si04)4(OH), sFos
Mn*“s ;sMg1 75(Si04)3(OH),
Mn;7(Si04)3(OH),
Mn*“"s §Cag 2V §AS; 2SisO15(OH)
Mn*“"g 5ZNg 5(Si04)4(OH),
Mn*",As>"Siz04,(OH)
CaMn*"Si0y,
Mn*“"; 7Cag sMn*"7 ,Fe”™; ,MN“" 3Sb; 551,054
Cu“"Mn*"SiOy,
Mn*’; ;Mgp gCag ,Shy 9ASSIO1,
Mn“"; 7Cag sMn™"7 ,Fe”™; JMN“" 3Sb, 551,054
Na,CaMn“"sFe“",(PO,)s
Mn“"(Mn*" Fe*")(PO,)O
Mn“*; gFe“"5.7Ca 3Mgo 2(POy),
KMn*"gMn“",044
CaMn,0O,
BaMn“"g(VO,)s5 3(AsO4) 7(OH),
Mn*"; sFe*" 1504
Mn“"Fe“"; sMn*",0,
Mn*“*,Fe“"3(ShO,) (ASO4)0.75(Si04)0 2504
Bag sPbo2Nag:Mn* 1Fe”"1 sMn“"o sAly 5Sio 1016

CuMnO,
ZnMNn,0,
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Mn Zn Si Sb

Mn As H C

Mn As H CI

Mn=As Na Mg Ca Fe Pb
Mn Sr

Mn Nb W Ta Fe Ti
Mn Sb Fe

Mn=Te= Pb

Mn Ba

Mn=W

Mn Pb

Mn Pb V Al=Ba

Mn Pb Fe

Fe

Fe

Fe

Fe

Fe H

Fe H= Mg=Sb Zn Mn Al
Fe =P

Fe =P Mg

Fe =P Mn

Fe =P Mn

Fe= H= P Ba Ca Mn
Fe H S

Fe H CI Ni

Fe H= As Zn

Fe Be=Si S

Fe B

Fe B= Mg Sn

Fe F= P Mn

Fe Mg

Fe Mg=Al= Si= Ca

Fe Al Ca Si Mg

Fe Si

Fe=Si H B Mg Na Al

K

trig
cub

Yeatmanite
Armangite
Magnussonite
Arseniopleite
Strontiomelane
Koragoite
Melanostibite
Kuranakhite
Hollandite (2)
Hiibnerite
Coronadite (1)
Coronadite (2)
Zenzénite
Wiistite
Hematite
Maghemite
Magnetite
Ferrihydrite
Rinmanite
Barbosalite
Satterlyite
Lipscombite
Wolfeite
Johntomaite
Schwertmannite
Akaganeite (2)
Wilhelmkleinite
Danalite
Vonsenite
Hulsite
Zwieselite
Magnesioferrite
Dorrite (1)
Dorrite (2)
Laihunite
Povondraite

MnsAs15050(OH)4(CO5)
Mn“"sAs304(OH)g 75Clo 25

Cay,Na ,Pby sMn“"3 JMgFe*’ 5 6(AsO,);
SIMn*" Mn*",044

Mn“*; ,5Fe™ 5 75Nby 5 Tag g Tig sND; ,MN™ 5 gW; 5Tag 505

Mn“"Shg gFe* 403
PbMn*"TeOq

Bay gPbg ,Nag ;Mn*"g 1Fe™; sMn“" sAly ,Sip 1016

MnWO,

Pb(Mn*",Mn“")gO045

Pb, 1Bag ;Mn*"; ,Mn“"4 sV ,Al 101
Pb, oFe’"; sMn*"; ,Mn*"3 ;045

FeO

Fe,03

Fe,O4

Fe“"Fe™,0,

Feé+203'0.5(H20)

Zn; 6Mn“" 3Sh,Mg,Fe“"; 5Als ,014(OH),
Fe“"Fe*",(PO,)(OH)
Fej:1.5M9025+(PO4)(6+OH)

Fe™ o7sMn™ g 55Fe™ ,(PO,),(OH),
Fe“"; sMn“"o5(PO,)(OH)

BaFe“"; 3Cap 4Mn“ 3Fe”",(PO,4)3(OH);
Fe™"16016(0H)12(SO4),

ZnFe* 3(As0,),(OH),
Fe“",Be;(Si0,);S
Fe“",Fe” ' BOs
Fe“"MgFe®"(Sng 10,(BO;)
Fe“"1sMn“" o 5(PO,)F
MgFe*",0,

Ca,Mg,Fe* ;AlLSi, 0y

Fe“"Fe™,(Si0y),

Fe™; 6Nig 406 4(OH)g,Cly 5

Ca,Mg,Fe’";Al,Si,0,,

Nag 75K 25F€ ™" 25F€“ 0 75F€“ 3 6My Al 6(BO3)3(SigO15) (OH),4




cNeoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNONO)

Fe
Fe=
Fe
Fe=
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe
Fe=
Fe
Fe
Fe
Fe

Si
Si
Si
Si
Si
Si
Si
Si=
Si
Si=

Cu

H= Al
H K Mg
H= Ca
H Mn Al
H Ba=Al
Be Ca Ti

P Ca Mg
Ca H Al
Ti Zr Y

H Na Al=
H Na Al=
Na

Na

Mg- Mn
Mn Mg

Si= Al Mg

H= As
H= Sb
Mg
Mg-Ba
Ba

U Pb

Si

Mg

Zn

Pb Al=Ti
Pb Ti Al

Mg:= Al
Mn
Mn Pb Ti

Al

Mg:S K Mn
Al Na=Mg Mn

Ca=Sr
Ca=Pb

Ca

Macaulayite
Tetraferriannite
Ilvaite (1)

Deerite

Anandite (2)
Hggtuvaite
Fayalite
Harrisonite

Ilvaite (2)
Tranquillityite
Grattarolaite
Arrojadite-(SrFe) (2)
Arrojadite-(PbFe)
Galileiite
Xenophyllite
Sarcopside
Stanékite

Dorrite (3)
Ulvospinel
Graeserite
Derbylite
Pseudobrookite
Haggertyite
Batiferrite
Romanite
Almbosite
Jacobsite
Franklinite (1)
Magnetoplumbite (1)
Magnetoplumbite (2)
Trevorite
Delafossite
Cuprospinel
Franklinite (2)
NeZilovite
Brunogeierite

Fe”"5,Al,Si,043(0H),
KFe“",sMgo sFe”"o.75Al0 25S13010(0H),
CaFe“"3(Si0,),(0H)
Fe“ sMn“",Fe”"; 55Al.75Si6020(OH)s
Bag75Ko. 25782 25M 0o 75Si3Alg 7Fe* 0 30101 5(OH)o 5
Ca}.sNao.5Fe£+3Fed+1.5Tio.gMgo.sMnﬁo.lSis.eBel.sAlo.eozo
Fe*",(Si0,)
CaFe™"s Mgy 7(PO,)»(Si0y),
CaFe“",Fe” Si,0,0(0H)
Fe*"gZr, 5Y 5 Ti5Sis0,
Fe*"305(PO,)
SrFe“"Na,CaFe“"3AI[(PO,).,(HPO,)(OH),]
PbFejNaZCaFe“BAI(PO4)11(PO3OH)(OH)2
NaFe“",(PO,);
NayFe;(PO,)s
Fe“ 2 4Mn“"g sMdo 3(PO,) 10
Fe”"Mn*"y ¢Fe“"53Mgo.1(PO4)O
O Ca,Mg,Fe’";Al,Si,0,,
iFe“"'0,
Fe™ ,TisAsO45(OH)
Fe*"3Fe”", Ti,ShO,5(OH)
Fe” 1 sFe”04Mdo 1 Tig 7sFe "0 2505
Ba[Fe“"TisMg]Oyo
Ba(Ti,Fe®"gFe“",)0y4
Fe*"1 2Uo.6PDo2 Tio.7sF€” 02504
Fe*"sFe’",V,Sis0,;
Mn*“g sFe“"0.3Mgo1Fe” 1 sMn™"5 50,
Zng gMn“ sFe™ o 1 Fe’™; sMn*"5 50,
Pby ;Fe™77Mn*"; Mn*o 6 Tig gAlp 4Ca9 1016
Pb1.1595+7.7Mnﬁz.eMnﬁo.eTio.eAlo.ztcao.lOlg
NiFe™,0,
Cu'Fe’"0,
CugsMgo1Fe "o 0sFe™ 1 6Aly 104
Zng gMn“ sFe™ o 1 Fe’™; sMn*"5 50,
PbZnZMn4+lI5Ti0'5Fed+8olg
Geg7sFe“ o 5Fe™ 20,
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Fe
Fe
Fe=
Fe=
Fe=
Fe=
Fe=
Fe
Fe=
Fe
Fe
Co=
Ni
Ni
Ni
Ni
Ni
Cu
Cu
Cu
Cu
Cu
Cu
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MnZn,SiO,(OH),




cNeoloJoloNoNoNoNoNoNoNoNoNoXooXoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNo ol

As
As

As
As
As
As
As
As
As
As
As
As
As=
As
As
As
As
As
As=
As
As
As=
As=
As=
As
As
As=
As=
As=
As=
As=
As=
As=
Se
Se=
Se=
Sr

H Fe

H= Cu=2Zn
Mg Na Fe
Mg Na=Cu
Ca Be=Si
Ca Mg Na
Ca Mn Na
Ca=Fe=Sb
Mn H Ca
Mn Ca Na
Fe

Fe H
Fe=H Pb
Fe Pb

Fe Pb
Cu

Cu H =
Cu H K=
Cu Pb C=
Zn

Zn=H Na
Y

Sb

Ce

Ce Y

Ta Na Pb
Pb

Pb H= Mn
Pb Ca CI
Pb U

Bi

Bi

Bi Ni Co
Pb

Pb

P F

Cd
Ca=
Zn
Ti
Mn
Mg

Na=
Mg

Zn

Ca

= Ca

Mg

Nb

Mn Ca
Cu Al

Al Sn

Fe
Pb P

Fe H

mon
orth

mon
tetr

2008-009

Karibibite (1)
Keyite
Nickenichite
Johillerite
Asbecasite
Berzeliite
Manganberzeliite
Stenhuggarite
Grischunite
Caryinite
Schneiderhohnite
Karibibite (2)
Mawbyite
Ludlockite
Ludlockite-(Pb)
Trippkeite
Calcioandyrobertsite-1M
Calcioandyrobertsite-20
Gartrellite (2)
Leiteite
O'danielite
Chernovite-(Y)
Stibioclaudetite
Gasparite-(Ce)
Chernovite-(Ce)
Zimbabweite
Paulmooreite
Trigonite
Hedyphane
Hallimondite
Rooseveltite
Tetrarooseveltite
Paganoite
Downeyite
Kerstenite
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Fe®",As,04(0OH)
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Pb,(UO;)(AsO,),
BiAsO,
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Nig,g6C00.11Bi0.99AS1 0205
SeO,

Pb(SeQy,)

PbSeO;

Sr5(PO,)sF
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Nap 4L.80.4Ca0.2NDg 75 Tip 2503
Nap 4L.89.4Cag 2NDg 75 Tig 2503
Mgo.7Fez+o.1Mn2+o.1A|0.1Nb1.7Ti0.2Tao.206
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YNbO3
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Mn2+0.7F62+0.2Ca0.04Ta1_7Nb0_306
Mn“"Tag.4Sny sFe 51 Ta; §Nb 4O
Fe*'Ta,05
Fe"0gMn**g,Tay gNby .05
Fe"0.7Mn**g 3Ta; gNbg 0505
Fe**SnTa,04
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Pb,AlI(PO,)(VO,)(OH)
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As TI
As TI
Ag=Pb
Ag Pb
Ir
Au Ag
Hg
Hg=TI
TI
Tl As
Tl As
Pb
Pb
Pb
Pb
Pb
Pb
Pb
Pb
Pb
Pb O

Fe
Fe

Na As

Pb

As Cu

Tl

am
orth

Ottemannite
Rhodostannite

Toyohaite
Suredaite
Incaite
Cylindrite
Metastibnite
Stibnite
Gerstleyite
Kermesite
Clerite
Berthierite
Willyamite
Paakkonenite
Pierrotite

Chabournéite
Andorite
Roshchinite

Tolovkite
Criddleite
Livingstonite
Vaughanite
Weissbergite
Jankovicite
Parapierrotite
Plumosite
Robinsonite
Plagionite
Moéloite
Fuldppite

Heteromorphite

Zinkenite
Playfairite
Launayite
Scainite

Sn,S;

Cu,FeSn;Sg
Ag,FeSn;Sq

PbSnS;
Pb,Sn,FeSh,S;5
Pb,;Sn,FeSb,S;4
Sh,S;
Na,Sh;AsS;5-2(H,0)
Sh,S,0

MnSh,S,

FeSh,S,

Sh,AsS,
Tl14,Pb7Sbs0AS41S147
PbAgSh;Sg
Ag19PbgCu,ShgASsSeg
IrShS
TIAg,AU3Sb;Sq
HgSb,Sg
TIHgSh,S;

TISbS,
Tl;SbgAs;SbS,,
Pb,Sh,Ss

Pb,SbeSi3
PbeSheS;:7
PbgSb2,S4,
Pb1Sb1gSs3
PD2,Sb26S61
Pb14Sb3,Ss5405
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Sh
Sb
Sh
Sb
Sh
Sb
Sh
Sb
Sh
Sh=
Sh
Sb
Sh=
Sh=
Sh=
Te
Te=
Te=

Hg=

Hg

Pb O Cu CI
Pb CI

Pb CI O

Pb Mn Fe
Pb Mn:Ag
Pb Fe

Pb Fe

Pb As

Pb As

Pb Ag

Pb Ag

Pb Ag

Pb Ag TI

Pb Hg

Bi

Au=Pb Sb Bi
Pb Au=Bi
Pb=Bi

Bi Pb

Cu

Cu Rh Ni= Pt
Cu Pt Pb
Rh

Bi

Pt= Pb Cu Rh
Cu Ir

Pd Ni

Pd Ni

As Cu Zn Cs
Sb As

Ag

Fe

Sh=TI

mon
orth

tetr
tetr
trig
hex
cub

Pellouxite
Dadsonite
Pillaite
Benavidesite
Uchucchacuaite
Jamesonite
Parajamesonite
Twinnite
Guettardite
Zoubekite
Fizélyite
Ramdobhrite
Rayite
Marrucciite
Horobetsuite (1)
Nagyagite
Buckhornite
Saddlebackite
Aleksite
Tungstenite
Rheniite
Erlichmanite
Cuproiridsite
Iridisite (2)
Inaglyite
Kashinite
Changchengite
Xingzhongite
Malanite
Cooperite
Braggite
Cinnabar
Hypercinnabar
Metacinnabar
Galkhaite (2)

Tvalchrelidzeite

CUg.75Ad0.25PP10Sh125,7Clo 450 .0
Ph,;Sb,3Ss5Cl
Pb4Mn2+o_75Fe2+0_25Sb6814
AgPb;MnShsS;,
Pb,Fe“"SheS:4
Pb4Fe£+Sb6814

PbSb; gAs; 1S,
AgPb,Sb,S:o
Pb14AgsSh,1S,5 (?)
Ag3PbgShy;,Sy,

Ay 5Tl sPbgSbgS;;
HQ3Pb1Sh15S46

BiShS,
AUPbSb, 75Big 25 T€, 556
AuPh,BiTe,S;
Pb,Bi,Te,S;

PbBi,Te,S, (?)

WS,

ReS,

0OsS,

Culr,S,
Irp.3CU 53RNy 2Nig 1Pty 1S,
PbCuslrgPt,S;6

Ir; 5Rho 553

IrBiS

PbosCUgsFe“ 01111 2Pty 6Rhg ,S4
CuPt; 5lrgsS,

Pty.6Pdg sNig 1S

HgS

HgS

HgS

HQ1,50, 4AS; 515

Cs0.6Tlo.4HY3 5CU; 5ZNAS; 6Shg 451,
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Tl

Tl

Pb
Pb
Pb
Pb
Pb
Pb

Pb
Pb
Pb

Pb
Pb
Pb
Pb
Pb
Pb
Pb

Pb
Pb
Pb
Pb
Pb
Pb
Pb=
Pb
Pb
Pb
Pb

Pb
Pb
Pb

As
As

Cl= As=1

Cu
Ge
As
As
As
As

Rh
Fe

Ag
Sb

As= Bi
In= Sn= Bi

Sn
Sn

Sn=
Sn=

Sb
Sb
Sb

Sb
Sb
Sb
Sb
Sb
Sb

Cu
As
Sh
Sb

Cl

Cu
As
As
As
As

Cu

Bi Sb
Fe
Fe
Fe

Sb As Ag
Sb Ag=Bi

Sb
Sb
Sb
Bi
Bi
Bi
Bi

Bi
Bi
Bi

Cu
Cu Fe
Cu Ag

orth
mon

orth

Ellisite
Fangite
Galena
Mutnovskite
Dzhezkazganite
Morozeviczite
Tsugaruite
Gratonite
Lengenbachite
Jordanite
Kirkiite
Abramovite
Lévyclaudite
Coiraite
Potosiite
Franckeite
Boulangerite
Falkmanite
Semseyite
Ardaite
Meneghinite
Veenite
Geocronite
Madocite
Sorbyite
Sterryite
Owyheeite
Jaskolskiite
Izoklakeite
Tintinaite
Cosalite
Aschamalmite
Bursaite
Lillianite

TI;AsS,

TI;AsS,

PbS

Pb,AsSICI

PbosCuq 3Ry 1S,

Pby 5sFe“ o 75Geo.9584
Pb,As,S;

PbyAs,S;5
PbsAg1 2CU0 gAS,S13
Pb4As,Sb,S,;
Pb;oBisAsS1e
Pb,SnInBiS;
PbgSn;Cu;Bi, 5Shg 5S4
(Pb,Sn),, sAs;SnsFeS,g
PbeSn,Fe“"Sh,S;,

Pb, SN, sFe“"Sh,S;,
PbsSh,S;;

PbsSb,S;;

PbyShgS,,
PbgSh;3S55Cl;
Pb,3CuSh;S,,

Pb,Sh; 1AS; S5
Pb14SbsASS,5
Pb17Sb14AS,S4
Pb;¢Sb; 7AS) 354
Ag,Pb(SbgAS;S,g
Pb;Ag,SheBi,Sy,

Pb, ,Cug ,Sb; ,Big ¢S5
Pb,,Cu, gFe** 4Sby; BigSs;
PD196CU1 AG0 oS3 5BI; 7534
Pb,Bi,Ss

PbeBi,S,

PbsBi,S4

Pb3Bi,Sg
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Pb
Pb=
Pb=
Pb
Pb
Pb
Bi
Bi
Bi
Bi
Bi
Bi
Bi
Bi
Bi
Bi
Bi
Bi
Bi
Bi
Bi
Bi
Bi
Bi
Bi
Bi
Bi
Bi
Bi
Bi
Bi
Bi
Bi=
Bi
Bi

Bi
Bi
Bi
Bi
Bi
Bi

Cu
Cu
Cu

Cu=
Cu=
Cu=
Cu=
Cu=
Cu=
Cu=

Cu
Cu
Se

Se=

Se
Se
Ag
Ag
Ag

Ag=
Ag=

Ag
Ag

Ag=
Ag=

Sb
Hg
Pb

Cu
Se
Ag
Sb Cu
Sb Cu

Ag=Pb
Pb
Pb
Pb
Pb
Pb
Pb
Pb
Pb Ag
Pb Ag
Cu=Pb
Pb
Pb Cu

Pb Cu

Cu=Pb
Sh
Pb
Pb
Pb
Pb
Pb Cu
Pb Cu

Ag

mon

2005-036

Xilingolite
Nuffieldite
Babkinite
Heyrovskyite
Kobellite
Giessenite
Bismuthinite
Cuprobismutite
Hodrushite
Cupropavonite
Emilite
Krupkaite
Gladite
Hammarite
Lindstrémite
Friedrichite
Salzburgite
Padéraite

Pekoite

Wittite

Junoite
Nordstrémite
Makovickyite
Mummeite
Borodaevite
Gustavite
Schirmerite (1)
Treasurite
Kitaibelite
Pavonite
Benjaminite
Horobetsuite (2)

Grumiplucite
Cannizzarite

Pb, sCuBi, 5S;
Pb;pAgBIsS1g
Pb13CUg 75AJ0 25BigShS2g
CuyBi15Ss;
CugBiySy,
AgPbCu,BisS;,
Cuy0.7P010.7Bi13S48
PbCuBi;Sg
PbCuBisS,
Pb,Cu,Bi,S,
PbsCusBi;S;g
Cuy6Pby ¢Big4S12
AgPb,CugBi;; S5,
CugPb,Ag3BigSsg
PbCuBi;S:6Se,
Pb;Cu,BisS;,Se,
Pb;CuBi;S;Se,
Ad15Bi55Sg
Ags;CuPbBigS;5
AgsBig 75502 25516
PbAgBI;Sg
AgsPb;Bi;S;g
Ag7PbgBi15S3,
Ag10PbBizSs;
AJo.75CU0.25B12 25Pbg 7555
Ad2.25CUg 75BisPb,S1,

HgBi,S,

BiSbS,
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Bi
Bi
Bi
Bi
Bi=

Cl=0

Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl

Cl=Cu

Cl

Cu

Cl=Cu

Pb

Pb

Pb Cu

Pb Cu=Fe
Pb Cu Ag
Pb Cu=Ag
Pb Se

Pb Se
Pb=Se Cu
Pb Ag

Pb Ag

Pb Ag

Pb Ag

Pb Sb

Pb Sb Fe
N S

O= Cu K
O Pb=Cu
O Pb=Cu Ag
K O= Fe
Cu Se K= Cd
Pb H C

Na=Fe
Ca
Mn
Cu O
Pb

Ni

K

2008-005

Bismutoplagionite
Galenobismutite
Felbertalite
Eclarite

Neyite

Berryite
Mozgovaite
Weibullite
Proudite
Schirmerite (2)
Eskimoite
Ourayite
Vikingite
Ustarasite
Sakharovaite

Avdoninite
Cumengite
Boleite
Erythrosiderite
Burnsite
Barstowite
Chloromagnesite
Sylvite

Rinneite
Chlorocalcite
Chlormanganokalite
Ponomarevite
Pseudocotunnite
Hydrophilite
Scacchite
Molysite
Lawrencite
Nantokite
Tolbachite
Melanothallite

PbBI,S,
PbgCup sFe“" o 5Bi12Ss
AgCuU3Pby5Bi13Ss4
Pb3Ag, sCU,5Bi7S16
PbBi,;Ss.755€0.25
PbeBigS;,Se,
AgsPbgBi;Syg
Ag;Pb;oBi;15S36
Pb,Ag;BisS;3
AgsPbgBi;3S3,

PbBis sSbhy 5S4
PbO.gFe£+0.lBil.ZSb0.7S4
(NH,),SnCl,

P51 CU,Cl4(OH) 40
KPb,AgeCU4Clgy(OH)4g
K,Fe**Cls:(H,0)
KCdCu;0,(Se05),Clqy
Pb,(CO;)Cls-(H20)
MgCl,

KCI

K;NaFe“ Clg

KCaCl,

K4MnClg
K,Cu“",0Cly,
K,PbhCl4(?)

CaCl,

MnCl,

Fe**Cl,

Fe*075Nig 25Cl,

CuCl

CuCl,

Cu,0Cl,




Cl= Ag

Cl Te= Pb
Cl=Hg

Cl Tl Bi

Cl Pb
Cl=Pb= H= O
Cl Pb =0
Cl Pb =0
Cl Pb F Ag
Cl Pb K

Cl Pb TI

Ti

Cr

Cr C

Cr C= Fe
Cr Fe

Fe

Fe C Ni
Fe C Ni Co
Fe N

Fe N

Fe Si

Fe Si

Fe Si Ni

Fe P Ni
Fe P Ni
Fe P Ni Co
Fe=S Mg H=
Fe Cr

Fe Co

Fe= Ni

Fe Ni

Fe Ni

Fe= Se

Fe Ta Nb

Ni

2008-014

Chlorargyrite (1)
Kolarite
Calomel

Cotunnite
Laurionite (3)
Penfieldite
Fiedlerite
Bideauxite
Challacolloite
Hephaistosite
Titanium
Chromium
Tongbaite

Isovite
Ferchromide
Iron
Haxonite
Cohenite
Siderazot
Roaldite
Gupeiite
Xifengite
Suessite
Schreibersite
Barringerite
Allabogdanite
Tochilinite (2)
Chromferide
Wairauite
Tetrataenite
Kamacite
Taenite
Achavalite
Jedwabite

AgCI
PbTeCl,
Hg,Cl,
TI3BiClg
PbCl,

Pb,Cl;(OH)
Pb;CI,F(OH),
Pb,AGCIsF 1 5(OH)qg 5
KPb,Cls
TIPb,Cls

Ti

Cr

CryC,
Cryp,Fe” 6Cs
CrgFe’ o,

Fe

Fe* ,oNisCs
FeU+lI8N iO'QCOOISC
FesN,

Fe£+3I8N iO'ZN
Fe,Si

FesSis

Feo+2.25N 07551
Fe®; 25Nig 5P
Fe®*; sNigsP
Fe®"; 5Nig.51C00,03Po.06

(Fez+o.95)9(M90.95F92+o.05)5(OH)2

Fe*,Cry4
CoFe
Fe""05Nigs
Fe"oNip 1
Fe""o.gNip.»
FeSe

Fe™,Ta; sNby s

PbCI(OH)




Fe Ir
Fe= Pt
Co=As=
Co=Se
Ni

Ni Si=
Ni S
Ni S
Ni=S
Ni= S
Ni S=
Ni= S
Ni S
Ni S
Ni Fe
Ni Fe
Ni Fe
Ni= As
Ni As
Ni As
Ni As
Ni= As
Ni= As=
Ni= Se
Ni= Se
Ni= Se=
Ni= Sb
Ni= Te
Ni= Te
Ni= Te
Cu

Cu O
Cu O
Cu S
Cu S
Cu S

Ru=

Sb

Fe

Co
Sb

Te=

Pb
Bi
Bi
Bi

Fe
Pd

Te

Pd=

Sb

Os

As

Bi

Pb
Sb

Co

Sb

Sb

trig
hex

Hexaferrum
Tetraferroplatinum
Oenite

Freboldite

Nickel

Perryite
Heazlewoodite
Vozhminite
Tucekite
Tellurohauchecornite
Shandite
Bismutohauchecornite
Parkerite
Hauchecornite
Awaruite
Nickelphosphide
Melliniite
Nickeline
Dienerite
Maucherite
Orecelite

Oregonite
Majakite
Maékinenite
Sederholmite
Kitkaite
Breithauptite
Imgreite ?
Hexatestibiopanickelite
Vavfinite

Copper

Cuprite
Paramelaconite
Spionkopite
Roxbyite
Chalcocite

Fe®0.65170.14050,08RUo 08
PtFe

CoSbAs

CoSe

Ni

NigFe""5Siz 55Po.75
Ni;CoAS; 6Shg 4S,
NigBiTeSg
NigBi,Sg

NigBi1 25SP0.755g
Ni, sFe""

Niy ;Fe™; 5P

(Niz 30F€1,64C00,01)3.95P1.05
NiAs

NizAs

Ni;Asg

Niy77As;
Ni,FeAs,

PdNiAs

NiSe

NiSe

NiTeSe

NiSh

NiTe

Ni 75Pdo 25 T€0.75SD0 25
Ni,ShTe,

Cu

Cu,O

CuO

Cuy4S

Cuy.7gS

Cu,S




Cu S
Cu S
Cu S
Cu=S
Cu S
Cu S
Cu S
Cu S
Cu=S
Cu S
Cu S
Cu S
Cu S
Cu S
Cu=S
Cu Zn
Cu Zn
Cu Zn
Cu As
Cu As
Cu As
Cu=As=
Cu As
Cu As
Cu=Se
Cu Se
Cu Se
Cu Se
Cu Se
Cu=Se
Cu=Se
Cu=Se=
Cu=Se
Cu Se
Cu Se

Fe
Fe
Ge
Ag
Ag

Ag=

Ag

Sh=

Hg
Hg

Fe

Ag
Ag

As
As
Ag
Hg
TI
TI

Pb
Hg
Hg
Pb
Pb= Bi
Tl

Fe

Al= Cr

Sb Ag

Ag

Anilite
Geerite
Digenite
Yarrowite
Djurleite
Bornite
Betekhtinite
Calvertite
Balkanite
Danielsite
Furutobeite
Larosite
Rohaite
Bayankhanite
Gortdrumite
Tongxinite
Brass
Zhanghengite
Algodonite
Domeykite
Koutekite
Lautite (2)
Kutinaite
Novékite
Klockmannite
Athabascaite
Bellidoite
Berzelianite
Umangite
Mgriite
Chaméanite (1)
Eucairite
Brodtkorbite
Sabatierite

Crookesite

Cu;S,

CugSs

CugSs

CugySg

Cuz;Ss6

CusFeS,
CuyoFe” o 6PbgsSs
CusGeg5S,
CugAgsHYSg
Cuy0Ag4HYSg
CusAgPbs,
Cu,Ag,PbBIS,5
TICusSbS,
CugHgS,

Cus sFe”"0.4Hg,Ss
Cu,Zn

CuszZn,
CUo.ezno.zFemo.lAlo.oscro.os
CugAs

CuzAs

CusAs,

Cu14AgsASy
Cu;9Ag,ASyg
CuSe

Cu,Se

Cu,Se

CusSe,

CusSe,

CuzAsSe;
CuzsFe” 5 5AsSe; 50 5
CuAgSe
Cu,HgSe,
Cu,TeSe;
CurTlo.75Ad0.255€4

CuAsS




Cu=Pd
Cu Pd
Cu=Pd
Cu Sn
Cu Sb

Cu Sb
Cu=Te
Cu Te
Cu Te
Cu=Te
Cu=1
Cu=Pt
Cu=Au
Cu Au
Cu Hg
Cu Hg
Zn
Zn=S
Zn Cu
Zn=Se
As

As

As

As S
As S
As Fe
As Fe
As Fe
As Co
As Co
As Co
As Co
As Co
As Ni
As Ni

S Te

Sb

Tl

Ag

Co
Ni
Fe
Fe
Fe
Ni
Ni

Co

Ni

trig
cub

orth
orth
trig

orth
orth

Skaergaardite
Nielsenite

Vasilite
Sorosite
Horsfordite

Cuprostibite
Vulcanite
Weissite
Rickardite
Henryite
Marshite
Hongshiite
Tetra-auricupride
Auricupride
Belendorffite
Kolymite

Zinc

Sphalerit
Danbaite

Stilleite
Arsenolamprite
Pararsenolamprite (1)
Arsenic
Dimorphite
Duranusite
Lollingite
Ferroskutterudite
Westerveldite
Modderite
Safflorite
Clinosafflorite
Langisite
Skutterudite
Rammelsbergite
Pararammelsbergite

PdCu

PdCus
PdgCugSgTe,
CuSng 75Sbg 55
CusSh
Cu,ShgsTly
CuTe

Cu,qTe

Cu;Teg
CusAg;Te,

Cul

PtCu

AuCu

CuzAu

Cu;Hgs

Cu;Hgs

Zn

ZnS

Cuzn,

ZnSe

As

As

As

As,S;

As,S

FeAs,
(Fe,Co)As;

Fe** 5 6Nig3C0q 1AS
CO0g 75Fe” ) 25AS
C00_75Fe2+0_25A52
Cog6Fe**o3Nig 1 AS,
Cog 75Nig 25AS
C0g.75Nig 25AS; 5
NiAs,

NiAs,




As Ni
As Ni
As Cu
As=Se
As= Se=
As Ru
As Ru
As=Rh
As=Pd
As Pd
As=Sh
As Sb
As Os
As Ir
As Pt
Se

Se Fe
Se Fe
Se Fe=
Se Co
Se Co
Se Co
Se Ni
Se Ni
Se Ni
Se Ni
Se Cu
Se Cu
Se Cu

Se Cu
Se=Cu
Se Cu
Se Cu
Se Cu

Co
Ni
Pd
Ni
Os
Ni
Pb

Ru
Ru

Cu

Co

Co

Zn=

As
Sh
Sb
Te

Co

Cu
Ni

S=
S=

S

As Ag
Fe

Hg As

Hg= Pb= Bi

TI

Fe

Sh

cub

mon
cub

orth

cub

mon
cub

Krutovite
Nickel-skutterudite
Paxite
Jolliffeite
Kalungaite
Ruthenarsenite
Anduoite
Cherepanovite
Menshikovite
Borishanskiite
Stibarsen
Pararsenolamprite (2)
Omeiite
Iridarsenite
Sperrylite
Selenium
Ferroselite
Dzharkenite
Eskebornite
Bornhardtite
Hastite
Trogtalite
Kullerudite
Wilkmanite
Tristedtite
Penroseite
Krutaite
Tyrrellite
Giraudite

Chaméanite (2)
Permingeatite
Hakite
Bambollaite
Petrovicite
Bukovite

NiAs,

Nig75C0g 25AS, g
CuAs,

Nig 75C0p 25ASSe
PdAsSe

Rug 75Nig ,5AS
RUg 75080 25AS,
RhAs
Pd3Ni,Asg
Pdy1As; sPhgs
SbAs

Os9.75RUg 25AS,
Iro.75RUg 25AS;
PtAs,

Se

FeSe,

FeSe,

CuFeSe,
CoCo,Se,

CoSe,

CoSe,

NiSe,

Ni;Se,

NisSe,

NigsC0g 3CUg 1Se,
CuSe,

Cu, gCoy gNig 3Se,

Cu7.2ZNn;3 6AQ: ,AS3SbSEg 7553 25

Cu;ShSe,

Cu, 5HYo 5500 §AS, 35€, 650 7

CuSe sTegs
PbHgCu;BiSes
TI,CusFeSe,

AS.94Sbg 05

CU3.5F92+0.5A5593.580.5




Se=As S
Se Mo S
Se Pd
Se Pd Ag
Se=Pd Hg
Se= Pd= Bi
Se Ag Cu
Se Ag= Bi
Se= Cd
Se Sb
Se Pt
Se= Hg
Se= Pb
Se Bi
Se Bi =
Se Bi Cu
Se=Bi Te
Se=Bi Te
Br=Ag
Mo Ru Fe
Ru Ir Os
Rh=S
Rh=S
Rh S= Pt
Rh As
Rh As Pd
Rh Pt
Pd S= Pb
Pd Cu S=
Pd Cu Zn
Pd Cu= Sn
Pd As
Pd As
Pd As Rh
Pd As= Sn

Pd As

Sn

cub
cub

Laphamite

Drysdallite
Verbeekite
Chrisstanleyite
Tischendorfite
Padmaite

Geffroyite
Bohdanowiczite
Cadmoselite
Antimonselite
Sudovikovite
Tiemannite
Clausthalite
Guanajuatite
Platynite ?
Watkinsonite
Skippenite
Poubaite
Bromargyrite
Hexamolybdenum
Ruthenium
Miassite
Prassoite
Rhodplumsite
Polkanovite
Rhodarsenide
Rhodium
Laflammeite
Oulankaite
Bortnikovite
Cabriite
Palladoarsenide
Stillwaterite
Palladodymite
Palarstanide (1)
Cubertieite

AS,5€, 255075

MoSe; 5So5
PdSe,

Ag,Pd;Se,
PdgHgsSeq
PdBiSe

Ads 4CU, 7Fe™ 19565,
AgBiSe,

CdSe

Sh,Se;

PtSe,

HgSe

PbSe

Bi,Se,
Bi,PbSe;S
PbCu,Bi,Ses 5S; 5
Bi,Se;Te0.7550.25
PbBi,Se,Te; 55y 5
AgBr
(Mo,Ru,Fe,Ir,0s)
Rugglro30S0 1
Rh17815

Rhl7815 (?)
Pb,Rh;S,

Rh; sPdy 5As
Rh.75Pto.25
Pd;Pb,S,

Pd, 75Pt; ,sCUsFe®*SnTe,S,
Pd,Cu;Zn
Pd,SnCu

Pd,As

PdgAs;

Pd 15RNg gsAs
PdgSh; sAS; 5
Pd;;Sn,As,




Pd As=
Pd As

Pd As
Pd As
Pd As
Pd=Se
Pd Se
Pd Se=
Pd Sn
Pd Sn
Pd Sn
Pd Sn=
Pd Sn
Pd Sb
Pd Sb
Pd Sb
Pd Sb
Pd Sb
Pd Te
Pd Te
Pd Te
Pd=Te
Pd Te=
Pd Te
Pd Pt
Pd=Hg
Pd Pb
Pd Pb
Pd=Bi
Pd Bi
Ag
Ag S
Ag S
Ag S
Ag S
Ag=S

Sb
Sb
Pt Sb=Te
Hg
Bi

Cu
Te

Cu
Cu Pt
As
Pt

As
As
Ag
Pb
Bi

Fe

Sn Pt Au

Pb

Cu
Cu

Cu As Fe Sb

mon
cub

Isomertieite
Arsenopalladinite
Vincentite
Atheneite
Palladobismutharsenide
Palladseite
Oosterboschite
Miessiite
Paolovite
Stannopalladinite
Taimyrite
Palarstanide (2)
Atokite
Naldrettite
Ungavaite
Stibiopalladinite
Mertieite-I
Mertieite-11
Keithconnite
Telluropalladinite
Telargpalite
Temagamite
PaSavaite
Kotulskite
Palladium
Potarite
Plumbopalladinite
Zvyagintsevite
Sobolevskite
Polarite

Silver

Acanthite
Argentite

Jalpaite
MckKinstryite
Arsenpolybasite

PdgAs, sShg 5
Pd, 25sHgo 75AS
Pd,;Se;s
Pdg5Cug 5Se5
Pd,;Te,Se,
Pd,Sn

Pd, 25CUqg 755N,

Pdy 25Pt 755N
Pd,Sb

PdsSh,

Pdy;Sby 7AS, 3
PdgSh 9ASy 1
Pd,gTe

PdyTe,

Pd, sAgy.Te
Pd;HgTe;
PdTey75Bio 25
Pdo sPto1Fe” 0,05
PdHg

Pd3 7Pty 2AU.1PPg 75SNg 25
PdBi
PdBig.75Pbo.os
Ag

Ag,S

Ag,S

Ag;Cus,
Ag1,CUgeS
Ag12CU,AS; 55D 5511
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Tetradymite
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Miersite
Tocornalite
Coccinite
Moschelite
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Chengdeite
Iridium
Platinum
Ferronickelplatinum
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Luberoite
Yixunite
Rustenburgite
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Tatyanaite
Stumpflite
Gold

PtTe,
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AuTe,
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AUy 75Ado 25 T€;
Au;5ShgsTes
AuTePbCuggsFe“ o 34
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PbTe

BiTe
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Pt,FeCu
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Bilibinskite
Bezsmertnovite
Weishanit
Hunchunite
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Kleinite (2)
Terlinguaite
Poyarkovite
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Pinchite
Hanawaltite
Comancheite
Kelyanite

Tedhadleyite
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Corderoite
Lavrentievite
Radtkeite

Arzakite
Grechishchevite
Perroudite
Eglestonite

Kadyrelite
Kuzminite
Amalgam
Moschellandsbergite
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Carlinite
Lead

Blixite (2)
Mendipite
Chubutite
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Novodneprite

AusCu,PbTe,
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AUy 5Ad0 75HY,
Au; sAgysPb
Au,Bi

Hg

Hg'*Hg**ClO
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Hg.3CI;BrOg
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Hg;S,ClI
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Ag,Hg3
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Pb
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Pb,04Cl,
AuPh,
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Froodite
Urvantsevite
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Hedleyite
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I'naBa 4. HekoTopble CBOHCTBA CHCTEMATH3HPOBAHHOM COBOKYITHOCTH
PaHIoOBBIX (h)OPMYJI MHHEPAJIOB
IIpenBaputenbHOE pacCMOTPEHUE KarTajaora II03BOJIUJIO BBIABUTH HEKOTOPBIE CBOMCTBA
o01rero XxuMuIeckoro oHa MUpa MUHEPAJIOB.

1) bbuin mojcYMTaHBl YAaCTOTHI BCTPEYAEMOCTH 3JIEMEHTOB Ha IEPBOM MECTE€ B PAHIOBOM
dopmyne wmunepanoB (puc. 3). KonuuecTBa BCTpEUCHHBIX MHHEPAJIOB YIOPSIOYEHBI IO
cHIKeHHI0. COOTBETCTBYIOIUE MM 3JIEMEHTHI PacIoyiaratoTcs BAOJIb OCH adcIucc.
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Puc. 3. Pacnpenenenue BCTpe4aeMOCTH JIEMEHTOB B IIEPBOM paHre paHroBblX ¢opmyn. Ock opAMHAT —
KOJIMYECTBO MUHEPAJIOB C YKa3aHHBIM Ha OCH abCIMCC dIIeMeHTOM B riepBoM panre (R1).

Kak Buaum, pedTHHT TOKa3aHHOW Ha PUC. 3 BCTPEUAEMOCTH JIEMEHTOB B IIEPBOM paHTE, HE
CBSI3aH C PEUTHMHrOM KJIapkoB (B ar%) 37eMEHTOB 3€MHON KOpBI, KOTOPBIM COOTBETCTBYET
nocienoarenpHocTr: OSIAIHNaCaFe... Tak, ma puc. 3 Beayiuue 3JI€MEHTHI 3E€MHOH KOPBI
KpEMHUI ¥ allOMUHHUNA BOOOIIe HE BONUIM B CHOUCOK 20 3JIEMEHTOB, Hauboliee dYacTo
BCTPEUAIOUINXCS B MEPBOM pPaHre COCTaBOB MUHEpaIOB. JIOBOJBHO PacHpOCTPaHEHHOE KEJe30
HAXOJHUTCS TOCIIe PEeIKUX Meau W cepebpa W UMEeT B KauecTBe ONMMKaWIIUX coceledl O4YeHb
peaKue IEeMEHTBI: PTYTh U BUCMYT.

2) JInuHBI paHroBbIX (POPMYJ, TO €CTh KOJIMYECTBA 3JIEMEHTOB, KOTOPBIC YYHUTBIBAIOTCS B
KPUCTANIOXUMHUECKUX  (opMyax MHHEpasoB, BapbHpyloT oT 1 no 16. beuma moacumnrana
BCTPEYAaEMOCTh MUHEPAJOB, MMEIOIIMX pa3Hble JJIMHBI PAHroBbIX (hopmyn B mpenpenax 1-11.
Pe3ynbTaThl cTaTUCTUYECKOTO 0OCIIEOBAaHMSI BCErO KaTajuora NpuBeIeHb! Ha puc. 4.
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Puc. 4. Pactipenenenust BCTpeyaeMOCTH MUHEPAJIOB C pa3HbIMU JJIMHAMU PAHTOBBIX (POPMYIL.
BepxHss kpuBast — BECh CII0OBaphb, HUKHSISI — HOBbIE MUHEPAJIBI.

[Ipu coxpaHeHHM MpaBWi TMPU3HAHUS MHUHEpajga «HOBBIM», POCT UX YHUCJIA HE MOXKET
CMECTUTh MAKCHUMYM Ha KPUBOH, TO3TOMY MO>KHO C(hOPMYIHPOBATh CIEAYIOLIEE YTBEPKICHHE.
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B ycnosusx oocmynHnou 0nis uzyuenust yacmu 3eMHOU KOpbl MAKCUMATbHOE YUCTIO MUHEPATIO8
Gopmupyemcs 6 8ude XumMuieckux coeOuHeHutl 4-5 6edywux snemenmos.

KonmdecTBO JTyHHBIX U MUHEPAIOB METCOPUTOB OTHOCHUTENILHO 0o0mero oobema Karanora,
MOXHO CUHUTATh npeHe6pe>1<HMO MaJIbIM U NPAKTUYCCKHU HC BJIUAIOIIUM Ha HpHBeI[eHHBIﬁ BBIBO/.
O/HaKO MOYKHO C YBEPEHHOCTBIO YTBEPXKIATh, YTO JUIS TPYIII 3TUX MHUHEPAJIOB CTaTUCTHKA OynIeT
MHOH, CJIOKHBIX MO0 COCTaBy MUHEPAJIOB Oy/IeT MEHBIIIE.

Oco0eHHOCTH KPHUBBIX B 00JIaCTH OOJIBIIMX 3HAYEHWU N, Hambojee PEe3KO BBIPAKCHHBIC
Cped HOBOOTKPBITBIX MUHEPAJIOB, SIBHO HE JEJI0 HMPUPOJbL. BUIMMO, MPOCTBIX IO COCTaBy ele
HEOTKPBITBIX MHHEPAIOB OCTAJIOCh Mallo, MO3TOMY B KadeCTBE OTKPHIBAEMBIX IIPEIIAraroTCs
Pa3HOBUIHOCTH C YUETOM «IIPHUMECEI».

3) UsBectHO, uTO Tepen uAeHTU(UKALMEH TOPHBIX MOPOJ MO UX XUMHUYECKOMY COCTaBY
MCTH pexoMeHyeT «00€3BOKHBAThY aHATU3bl. B CBSI3M ¢ ATUM OBLJIO MOJCYUTAHO KOJIUUYECTBO
MHUHEPAJTIOB, B PAHTOBBIX (DOPMYJIax KOTOPBIX Ha MEPBBIX ABYX MECTaX CTOSIT BOJAOPO] U KUCIOPO/I,
T. €. R saunnaercs ¢ HO u ¢ OH. Munepanos ¢ panroBeiMu popmyiiamu, HaunHarommxcs ¢ HO. ..
okazasock 359, ¢ OH... — 1568. Bcero: 1927, uto ot 4863 cocrasisger okojio 40%. PeannpHas
CUTYyalllsl TOPa3J0 CEPbE3HEE, TaK KAK BOJOPOJ TOJbKO B TPETHEM paHre MPUCYTCTBYeT B 218
MUHEpanax, 4YTo cOCTaBiseT emie okoyo 4.5%. KonnuectBo MUHEpasIoOB, COJEpKAIIUX 3HAYUMbIE
KOJIMYECTBA BOJIOPOJA, PE3KO CHIDKAETCS IO MEpE TOro, Kak Ha MepBble MECTa B KaTaJIOTe BBIXOST
TsDKENbIE dJeMEHTHl. VckitoueHue W3 mpaBuia — CBHHEN, Jalmuid 21 MuHepal, paHTOBBIE
bopmyibl KoTopsix HaurHatoTes ¢ OPbH.

Cepa, cTosmias TOIBKO B IEpBOM paHre obpasyet 407 muHepanos, T.e. 8% OT COAEPKUMOTO
karajora. [Ipu 3ToM TONbKO J1Ba U3 HUX COAEpKAT BOAOPO/I.

VYraepon HaxoIUTCS B EPBBIX TpexX paHrax B 6osiee yem 100 MuHepanax.

3aMeTHM, YTO 3T 3JIEMEHTHI, BMECTe ¢ (TOPOM, B MOJAABISIONIEM OOJBIIMHCTBE CIy4aeB HE
pacUJICHSIOTCS B aHATUTHKE, TI€ OHH OOBEAWHSIIOTCS B «IIOTEPSIX MPHU MPOKATUBAHUNY (I,
«LOl») u comepxkanue KOTOphIX Hepenko ObiBaeT cBbimie 10%. OTu HaOmiofeHus ee pas
3aCTaBISIOT OOPAaTUTh BHUMAHHUE HA CYIIECTBOBAHUE JlaBHEW MPOOJIEMBbI, & UMEHHO HEMOJIHOTHI
AQHAIUTUYECKUX JaHHBIX 00 3JIEMEHTaxX, UTPaIOIIUX BEIYIIYIO pOJib B Pa3HOOOpPa3HBIX IMpolieccax
MHUHEpaIo00pa30BaHus, B TOM YUCIIE U ITpH 00pa30BaHUM PYII.

4) PexopaHOoe KOJMYECTBO MMHEPAJIOB, HMMEIOIIMX OJMHAKOBYIO PaHTOBYIO (opMmymy,
coctaBsieT 15. Oto panrosas hopmyna: OHSFe.

5) B cnoBape HaxomsTCs TPYIIbl MHHEPAIOB, HMEIOIINE HEpPa3INnYUMbIe PAaHTOBBIC
dopmynbl. Cpear HUX MOTYT HPUCYTCTBOBATh KaK MHHEPAJbl, UMEIOIIUE pPa3HbIE XUMHUYECKHUE
(bOopMyJIBI, TaK U OJUHAKOBBIE — MOTUMOP(PHBIE MOAUDUKAITUHN (TIOTUMOPPHI).

[Ipu ucCHonb30BaHMM MaTEpPHAJIOB CIIOBAps, ObUIO MOJCYMTAHO M YCTAHOBJIEHO, YTO W3
uMerommxcs B HEM 4863 muHepanoB 387 ABIAIOTCSA MOTUMOP(PHBIME MOAU(PUKAIHUAMU. ITO
coctaiisieT 8.0 % ot oOmiero ynciaa MuHepanoB. [lomuMopdHbie MUHEpalbl pactipenesneHs mo 169
rpynnaM, OOBEAMHSIONIMM OT JBYX JO0 8 MUHEpaJoB, HUMEIOUIMX OJUHAKOBBIM COCTaB.
Haubosnpiiee unciao MUHEpaloB HAaXOIHWTCA B TpymNmax, coaepkammx mo 2 noiaumopda. Takux
rpynmn 147, COOTBETCTBEHHO, KOJHMYECTBO MOJUMOP(POB B ITHX Mapax cocTaBiseT 294.
CymMmapnbie KonmdecTBa NoauMopdoB ¢ 3-4 u Gojee MUHEPAIOB B IPYIIIE MPEICTaBICHBl Ha PUC.
5.

Takum 00pa3oM, YCTaHOBIJIEHO, YTO CYMMAPHble KOAUYeCmEa NOIUMOPPHbIX MUHEPANO8 C
yeenuuenuem KOIuuecmea MUHepalos 8 cpynne CHUxcaemcs jo2apugmuyecku auHetiHo — Qaxr,
TPeOYIOLIHA OTIEIBHOTO 00CYXKICHUSI.

145



1000

—
=
=

]
/

—
T
e

Konu4ecteo nonimopipos

—

2 3 4 ] 6 7 8
Konu4vecreo nondmopchoE B rpynne

Puc. 5. 3aBHCUMOCTD CYyMMapHBIX KOJIMYECTB MUHEPAIOB-MOIMMOP(HOB OT UX KOJIMUYECTBA B TPYIIIIE.

XapakTep pachpenesieHus] KOJIMYecTBa MOJMMOP(GHBIX MUHEPAJIOB MO JaHHBIM PaHTOBBIX
dbopmyn nokasan Ha Puc. 6
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Konu4ecteo nonumopdios

Puc. 6. Pacnipenenenue kKom4ecTBa MUHEPAIOB-TIOMMOP(QOB M0 JJTHHAM PAaHTOBBIX (YOPMYIL.

OTMmeuaroTcs OCTPhIM MAaKCUMYM KOJMYECTBA MOJUMOP(OB MpH IJIMHE PAHTOBOIl (OpMYIIbI
PaBHOM YETBIPEM M PE3KOE CHMKEHHE MPU YBEIWYCHHUH €€ JUTMHBIL. MOXHO 00paTHTh BHUMAaHHUE Ha
T0, 4ro Tpaduk momumopdor (Puc. 6) cymecrBeHHO oTiau4aeTcs OT Tpaduka sl Bee
COBOKyIHOCTH MuHepanoB ganHoro Crosapsi (Puc. 4). Ha Puc. 6 mpuBeneHsl abCONIOTHBIE
BEJIMYMHBI YHCIa MOJIUMOP(OB, KOTOPbIE HE IMO3BOJSIOT CYIUTh O CBSI3U MEXKAY CIIOKHOCTHIO
cocTaBa MHHEpAJOB U geposmuocmvio 00pa3oBaHUs monuMopdoB. [l BBIABICHUS 3TOM
3aBHCUMOCTH ObUIM pacCUMTaHbl OTHOUICHHS KOJMYECTB MOJIUMOP(OB ¢ JaHHOW JUIMHOM paHTOBOI
dopMynbl K 00IIEMy KOJMYECTBY MHHEpPAIOB ¢ TOW e umHOM R. 3aBucumMocths monu
noiMMop(dOB OT IJTMHBI PAaHTOBBIX (hOPMYJ TIOKa3aHa Ha puc. .

Jllans nanumopthos
/
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Puc. 7. OtHomieHus nomm moiuMOp(OB K KOJMYECTBAM BCEX MHHEPAJIOB C JaHHOW JUIMHOW
paHTOBOU (HOPMYIIBI
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[TonmyuyeHHOE pacnpeneneHne CBUICTENbCTBYET O TOM, YTO € POCIOM CLONCHOCMU COCNABA
MuHepanoe (M3MepsieMOl B TAaHHOM CIIy4ae JJIMHOW PAHTOBON (POPMYIIBI) npouUCXooum CHUdCeHue
6EPOAMHOCMU  BO3HUKHOBEHUSL pA3HbIX CmMpykmyp. B nonynocapugpmuveckom macwmabe
3asucumocms 6IU3KA K TUHEUHOL, W SBISETCs 0oJiee pe3KOil, YeM CHIDKEHHE YHCIIa MHHEPAJIOB C
POCTOM ITTUHBI PAHTOBOM (DOPMYIIBIL.

[IpuBecHHBIE CTAaTUCTHYECKUE NAHHBIE MMEIOT OPHEHTUPOBOYHBIA XapaKTep, TaKk Kak B
psne ciy4aeB ObUIO HEJOCTATOYHO CTPYKTYPHBIX JaHHBIX, B JPYTUX — OBUTH HEOIIPEACICHHOCTH C
UJICHTUYHOCTBHIO COCTABOB, KOTJa UX Pa3Indusi ObUTH OJIM3KH K MOTPEITHOCTSIM aHATUTHKH.

6) IleproaMYHOCTH TAOJHUIIBI COCTABOB HEpPaBHOMEpPHA, Kak W IlepHoaudecKoi TaOIHIIbI
9JICMCHTOB, U IIPOABJIACTCA B TOM, YTO MCKIAY PAHTOBBIMU (bOpMy.HaMI/I CXOAHBIX COCTaBOB
(Ha3BaHUsI KOTOPBIX, B YaCTHOCTH, COIPOBOXKIAIOTCS HOMEpAaMH B CKOOKax) MOTYT HAaXOIUThCS
CYHIICCTBCHHO OTJIMYAIOIIUECCA OT HUX.

7) B cootBercTBUM cO cBoiicTBamH andaBuTa — llepHoauueckoil CUCTEeMO#l 3JeMEHTOB
Jlx.1.MenneneeBa — or Havyanma R-mabauyst cocmaeosé K €€ KOHIy - CTaTUCTHYECKHU
YBEJIUYUBACTCS CPEAHSS MOJIEKYJISIpHAsE Macca MUHEPAJIOB.

OrpannunmMcst >TuMu HaOmroAeHUsIMU. VX 0OCYyXJI€HHE C BBISIBICHHEM MPHUYUH UMEHHO
TaKOro MOJIO’KEHUS JeJT B psiJie ClIydaeB MOTpeOyeT CeUaIbHbIX YCUITUH.

3akarouenue

HacToaumii cnpaBOYHHK MOXET CIY)XKUTh KJIIOYOM MJI BXOJAa B Jipyrue 0a3bl JaHHBIX U
andaBUTHBIE CIIPABOYHUKH, 2 UMEHHO B T€, TJI€ BXOJOM SIBIISICTCS] HA3BAaHUE MUHEpAIA.

Hcnonp3oBaHue cioBaps-KaTajiora B IOAABIAIONIEM OOJNBIIMHCTBE CIy4aeB IO3BOJISIET
MPOBOANTh HJCHTHU(PHUKAIMIO MHUHEpalla IO pe3ylbTaTaM XHMHYECKOTO aHalu3a. W/WIH TI0
paccunThIBaeMON MO0 HEMY KPHUCTaUIOXUMHUUYECKOi Gpopmyre, TeM caMbIM UCIIOJIb30BaHUE CIOBAPS
MO3BOJIUT COKPAaTUTh BpEeMS U CpPEACTBA HA TMPOBEACHHUE ONTHYSCKUX MCCICAOBAHUNA U
PEHTT€HOCTPYKTYPHOTO aHaIH3a.

Karanor moxxer moMoub B BBIACTICHUM pa3HOBHUAHOCTeH. Ha 310 oOpamieHo BHUMaHHE B
yaueOHnke munepanoruu (bymax u ap., 2008).

IIpencraBnsss B OIHOM  MeCT€  WCHONB3YIONIMEeCS  BAapUaHThl  HAMUCAHUS
KpUCTAITIOXUMHUYECKUX (popmy, CiaoBapp-KaTanor HIoMoXeT YHU(ULIUPOBATh UX HamucaHue. Psj
IEHHBIX 3aMe4yaHuid K ¢opMmyiIaM MHMHEpaJoB, mNpuBeneHHbIX M. @neiimepom B «Cioape
MUHEpaJIbHBIX BUJIOBY», ObUTH BhIcKa3zaHbl A.I'. Bymaxom u A.A. 3omotapessiM (2000).

[TononHeHne TaOMUIBI CBENCHUSMU O CTPYKTYpPE MHUHEPAIOB TO3BOJIUT BBHISIBUTH HOBBHIE
3aKOHOMEPHOCTH B CBS3SIX COCTaB-CTpPYKTypa. EcTh OCHOBaHUSI nymaTh, 4TO CJIOBapb OyIeT
COJICHCTBOBATh OTKPBITUIO HOBBIX MUHEPAJIOB MO AHAJIOTHH C WMEIOIIUMUCS, HO, MOXKET OBITh,
MOCITYXKUT W TOMY, YTOOBI CAENaThu OoJyiee yOeTUTEIBbHBIMH JTOBOJABI MPOTHUB OE3yIEepPKHOTO
MOPOX/ICHUSI HOBBIX HA3BaHUH, OCOOEHHO KOTJa JOCTATOYHO BBIIEIUTH Pa3HOBUIHOCTh. OH
MO3BOJIUT TaKX€e BBISBISATH HEJIOTMYHOCTH B BbIIEJICHUHM HOBBIX MUHEPAJIOB U UX PA3HOBUIAHOCTEH.

MOoXHO HaJesThCs, YTO MaTepuaibl, MpeAcTaBleHHbie B Karamore, moMoryT B pelIeHUU
BOIPOCOB, CBA3aHHBIX C BBISIBJICHHEM MOJIUMOP(HBIX Pa3HOBUIHOCTEH M YTOUYHEHHUEM KPUTEPHEB
UX CYIIECTBOBAHMUA.

MOHUTOPHHT TIOMOJIHEHUSI TIPUBEACHHOW TaOMuIlbl Kak eauHoro Peectpa (wnmm Peructpa)
MUHEPAJIOB MMO3BOJUT MOHATH, B KAKOM HAIIPABJIICHUU UACT HapalliBaHWE 3HAHUN O XUMHUYECKOM
COCTaBe MUHEPAILHOTO MUPA.

Comnocrasnenune meopemuueckux ¢popmyn B CroBape, OTHOCAIIMXCS K CIIOAAaM, IpaHaTaM,
TypMaJIiHaM, CKaroJuTaM, ¥ KOJJIEKIIUHA peaibHo2o XUMHUECcKoro coctaBa B (opme RHA Tex ke
MHHEpaioB, uMmeronmxcs B HWHrepHere mo axapecy http://www.geology.pu.ru/, mnposiBuio
HECOU3MEPUMOCTh 00bEMOB HH(OPMAIINU, UMEIOIIEHCS B COBOKYITHOCTSIX KOHKPETHBIX

147


http://www.geology.pu.ru/niizk/RHA.html

COCTaBOB, M COXPAaHAIOILIEHCS B UX TEOPETUYECKUX cocTaBax. Kpome TOro, 3To comocraBiieHUE
CeNano OYeBUAHBIMU MHOTHE CTOPOHBI NMPUPOIHOIO Pa3HOOOpa3us COCTAaBOB 3TUX MUHEPAJIOB.
[Ipu 3TOM cTano sicCHO, 4TO MpeAcTaBlIeHHbIe HaMU B IHTepHeTe, Ha MEPBBIA B3I OONIMPHBIE,
KOJUIEKIIMH COCTABOB €I1I€ JAJIEKH OT HACHIIIECHHUS.

Henb3st He oTMeTHTh O€ICTBEHHOE TMOJOXKEHHE C CYMMaMHU XHMHYECKHUX AaHaIM30B
HEKOTOPBHIX MHHEPAJIOB, OTPAKAIOIIMMH HEMOJMHOTY uHpopManmuu 00 uX cocTaBax (H,
COOTBETCTBEHHO, O CTPYKType). Tak, u3 koiuiekuuu, umeromeid 309 aHanu3oB 3BIUAINTA U3
Pa3HbIX CTpaH MUpa, TOJIbKO 58 umeroT cymmy Oosiee 97.5% u Bcero 25 — B npeaenax 100 £0.5%
(bynax, Ilerpos, 2003). Buaumo, aBTOpsl B OOJIBIIMHCTBE CIy4YaeB 3aWHTEPECOBAHBI JIMIIbL B
uAeHTU(PUKAIIMKM MUHEpaja, JJid Yero JOCTaTOYHO OIpEeAeTUTh BEIyIIUe KOMIIOHEHTHI.
I'enernueckue xe 0COOEHHOCTH HAan0O0JIee MOJIHO MPOSBISIIOTCS UMEHHO B IIPUMECSX).

CrnoBapb-KaTajor sBIsSETCS HOBBIM BHJIOM CIIPABOYHBIX M3/IaHUM B 00JIACTH MUHEPAJIOTUU U
I€0JIOTUH B LIEJIOM.

CucremaTuzalys XUMHYECKHX COCTaBOB MHUHEPAJIOB JOJDKHA OOJIErYUTh YCTAHOBJICHHE
CBsI3ell MKy HUIMH U COCTaBaMH FOPHBIX MTOPOJI, TIPU 3TOM CJIelyeT OTMETHUTh, YTO OoJiee TOHKHE
OTNIMYMSL T€X W JPYIMX OOBEKTOB YCTAHABIMBAIOTCS TPU HCIOJB30BAHUM SHTPOMUNHHBIX
XapaKTePUCTHK.

[Ipennaraemerii CnoBapb Kak J>KECTKas HOCIe008amMeNbHOCMb MUHEpAanos, Kak ObLIO
nokazano panee (ITerpos, Kpacuosa, 2006; Krasnova et al., 2009), sBasercs argpasumom nns
noctpoeHus R-kmaccudukanuu (T.e. KIaCCH(PUKAIUU 1O PAHTOBBIM (OpPMYNaM) MUHEPATbHBIX
COCMa6o08 TOPHBIX TOpPOA. MOXKHO HAIEAThCS, YTO TOSBICHHE TAaKOrO ajgaBUTa CTaHET
UMIyIBCOM JUISL  3allycKa CaMOOPTaHM3allMM TakKoro KiaccuduiupoBaHus. Jlias a3toro
noTpeOyIOTCS JIBE BEIIU: pa3paboTKa MpUEeMIIEMOW is OONBIIMHCTBA TETporpadoB CHCTEMBI
YJICHEHUs PSOB U MOJIel H30MOP(PHBIX MUHEPAJIOB, a TAKXKE, TOMOTHEHHE CHCTEMbI COKPAIIIEHUI
Ha3BaHWil MuHepanoB Kperma. JItoOble ropHBIE TOPOIBI, UISI KOTOPBIX OyIEeT ONpENeieH WU
paccurMTaH MUHEPAIBHBIN COCTaB, MOTYT KJIACCU(DHUIIMPOBATHCS IO TOMY KE METOJY, OMUPAsICh Ha
paHroBbie (POPMYIIBI CITATAIOIINX UX MUHEPAJIOB.

B ornanune ot paHroBbiX (OpMyST XHUMHUYECKOTO COCTaBa MUHEPAJIOB, PaHIOBbIE (POPMYIIBI
MHUHEpAJIbHOTO COCTaBa TOPHBIX IMOPOJ MOTYT TOCITY)XXHUThb 0a30i Uil HUX CcUCMEMHOU
Homenknamypel. (OCHOBa Uil HEE YK€ JaBHO CYHIECTBYET B HAa3BaHMUSIX HEKOTOPBIX
AHXMMOHOMHHEPAIBHBIX MOPOJ, TUIIA: aJTbOUTHUT, JJAOPATOPUT, KBAPIUT, OJIMBHHHUT, MATHETUTHT,
CEepHeHTUHUT U T.X. CXOOHBIM NPUHUMUII TAKXKE HCIOJNb3YETCS IMPU COCTABICHUU IEpEeYHEn
HA3BaHW MeTaMOP(PHUUECKHUX MOPOA (yCTh HE BCET/Ia YIOPSIOUYECHHBIX) MO0 BEAYIIMM MUHEpaIam
B HUX COCTaBe, HalpUMeEp, CIAHIbl: KBapl-albOUT-MYCKOBUT-XJIOPUT; KBapI-aJIbOUT-3MUA0T-
OMOTHUT; MYCKOBUT-XJIOPUTOHI-KBAPI[-ATLOUT-3MUAOT U T.II.

Ucnonp3oBannenii B CroBape cmoco® cHucTeMaTW3allid —Kak — ONHMpAIOIIMKCA  Ha
ecmecmeennyio Kiaccugukayuio XAaMUYECKUX 3J1eMEeHTOB — [lepuoguueckyro cucTeMy 3J1€MEHTOB
— MOXeT OBITh IPUMEHEH IS YIIOPAJOYCHHUS XUMUYECKIX COCTaBOB OOBEKTOB B IPYTHX OTPAcisaX
HAyKHU U TEXHOJIOTUH, B YACTHOCTH, IIPA CUCTEMATU3aLM1 UCXOIHBIX MAaTEPHUAJIOB U UX MPOAYKTOB,
Oyab-TO 0000 YUCTHIX BEIIECTB, CIUIABOB, CTEKOJI, KOMIIO3UTHBIX MaTepHaIOB U MHOTHX JIPYTHX.

ABTOpBI BBIpaXAlOT CBOIO TIyOOKyr0 OnaromapHocth mnpodeccopy A.I. Bymaxy 3a psn
IICHHBIX COBETOB, MTO3BOJIMBIINX YIyUIIUTh TEKCT.

ABTOpBI OyyT BechbMa MPHU3HATEILHBI YATATEIISIM 332 COOOIIEHUS 00 OOHAPYKEHHBIX OITHOKaX
moboro copra. CBou 3aMedaHus MPOCch0a MPUCHUIATH IO aApecy:
nataly krasnova@rambler.ru.
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