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FH LT (tapiolite)—IE S STEHH (mossite)j& (Fe,Mn) (Ta,Nb),Os HEE R AIFEER
LR Y, H 5SSk -y Ik B ERAER (ABX,) MR ARE , (H 3 TR
M %Ro WESY RILT 1746 £, MR EEIEMERE SHT HI, 1959 £5k, £H
REREFESIEIERGRERET O, & HREEA- SIS TR “ B8R 5
EIKHP BRI —RE B AT Y, BIGRES T HHER T2 NEST s MEXNE LS
THERBEHEHEBNERIESE, WS MG IR, YN EIET WIER S T HdF
L INE B RS SHT A ET W L E N ARZEER £ , B 1E X-5HEEHSHT, &5
EEEEARAE BN REREHM—MHIT H—EHET

. B R E

R8RSR B AR ATR (1915 X 1.0 X 0.7 2 4.0 X 25 X 1.5 |
HKYBH 1) AN RLICOHMBZBERA 2). THEREG, REEM—BERKE
FRL, E RO, B, ANHER, RAME, I OATFRR, BLETR,
R, S _ERAER R RIS SRS (A REZE AR 120°) (R A 3 ). BEEE 6.2, H = 682
FI/FHEK, HE 7.49 (HLLEMIERE 4 KFY, £RUER 7.502, 7.494, 7.496,
7.479), HEFGER M (SSSEMAHE). BESR =957 (BE: 22°C, VihE:
0.104 < D < 0.147 X, 4T : 5 BF CCly + 1.52 ZEF+ CH,0H BRAK). T HWIERNL
ST ARBN, WEERLE SR P iEE, AL akaEa(Vo) B R AN KR
— a8 () $TBEE No = 2.30, Ne == 2.45, Ne — No = 0.15,% A vh BB TR A MW
BB 4) BEAGET, T WL TFAILE (S AR ATZ SIS AL, A
R gk et (OKO-1) AR5 Wz KA Ro = 15.4% Re = 18.9% I GTik,
AR = 18.6% , TERBN Gt = I L, FWRABMKRK—ETECHTH, EXRELT,
TBEESEE (BAS5). FACGHEFEAGEREKE (SEINTHMASKY 1 REFIR
B, ARG EES A R BEREAE, X BE RV Mz 2R (B
5,6)0 HSEWGAESRANGBERIEE (B 5,7)0 F B LML, FEREN R ERRIGhSE
o TOAETEER, £FET, ASEBERT YAE RN BIRRE RIS,
FTFREBERAT YRARNSEREHE,; 7 Y5 EERBH AR ZIFMew T4 1% 4F
Z 5% ¥k BEBREA TSR P 2R I 3 AR IR TTIE W0

X-SHEEMDHEARYT WA T E&AAE, BIES R, BOABRBHFITE 1,

3R 10 R, &0 %2 80 SR AE0A-PEEST SIE S FMAT 2/, Kb o s
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ao( &) co(R) aolco TR FEIR
el ; 4.72 9.225 1:1.954 .« & %
TR F AR AT A . 7
(FD;HGYUIBC)F‘::;,‘ES*EL 4.745 9.21 1:1.941 [L,8%8]
I BT FE(Kumnro, . ; '
cxor6éae) FEV i FH k" %734 9:252 L3l | (3,4
LSRR (Mocc) = IE #57 284° 4.711 9.12 1:1.936 ! [1,91]

SETRERGKT" o T DRSS TEIBAIAR 20 g2 TR, A0 ¥ 525 538
K 5 357 A 4 R R AR B AR LTS5 2 — 50,

2 FHBHER) X-SEHREN o RYE

7230k BT TR KSR A ®E O # % 5

Akl dn I hkl d/n I hkl d[n I Akl dln I
002 1.543 4 4.58 1 002 1.543 2
4.20 2 1.533 4
1108 | (3.67) 4 310 1.502 6 1108 | 3.67 4 310 1.498 6
3.60 4 1.451 5
110 3.33 8 112 1.429 4 110 3.33 8 112 1.405 7
301 1.405 7 3.27 2 301 1.392 7
1.344 2.94 6 1.333 2
1018 | (2.85) 4 2.83 4 1.301 1
) 202 1.293 2.70 2 202 1.291 5
321 1.214 2.58 1 321 1.209 8
101 2.57 8 1118 | (1.200) 101 2.57 9 1.188 6
400 1.190 2.49 3 1.182 1
200 2.37 6 222 1.138 6 200 2.37 5 222 1.133 7
11t 2.26 2 330 1.121 4 111 2.26 2 330 1.118 5
210 2.11 2 2.19 1 1.096 3
210 2.09 3 1.088 3
2.05 3 1.078 10
2118 | (1.99) 6 411 1.070 7 2118 | 1.917 4 411 1.073 | 10
201 1.86 ! 2 420 1.064 1.894 2 420 1.062 7
1.757 2 1.035 3
211 1.75 10 211 1.738 10 1.027 2
421 1.007 4 1.716 4 421 1.016 3
220 1.68 6 220 1.673 7 1.001 7

3018 | (1.552)] 4 ) 3018 | 1.571 1

[3,%01] &%ﬁ"é 57T3mm, fit#E FeKap, Bidk 35kv,
ma, [} 6hrs.

EROAT A T W TR IR R, TR TC R Yo ZePivth#8 (B 1) A 20° 2 1000°
i B R BLAS R DREBE BB VT AR S50 HIR Fe*™ 5 Mn?+ fI4EA6 A6,
R AR RO ST AT T 3B, Ry WAL S R G
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20°

E 1 HEEFKy g

B LMy roitisEr (B 2), HEETRE AR s REREMYA
BAESFHEL [(Nb,Ta),061% 6 A
3 NaCl : 5% JB KBr i85

(%)

12345 67 8 9 10 11 12 13 M 12 13 14 15 16 17

A S
B 2 EESTSINII/MERIKEEEE
— - — B, —— $EHP; ---- RESHSKF; —— HAE; e BT

=. 1k =& W& 4
AT PR ESTREREB TR 3. BARITHFENITR N, ARESTHERAET
RI#E: Si,Al,P La(0.1—0.3% ), W, Hf (0.01 %), V,Cu, Pb.Bi, Zn, Sc, Y, Yb(0.005—
0.008% ), S54&EABAT WHILERAEILEE(RR 4 )WEBRTAEA: )R Y
EEEEE, MnO 34 2.66 % , TR AEY WEEZRIKN; 2) &8kEE, TiO, %2.56%,
MEFS LAEMASY FILFERE Ti; 3) MENEASY R, A7 PSR ELRFE
Fz3 EHEHSTREEMFER

Tas0s 63.30 0.143 0.286 0.715 1.30 3.25
NbeOs _16.23 0.061 0.122 0.305 0.55 1.38
FeO 13.05% 0.181 0.181 0.181 0.82 0.82
MnO 2.66 0.037 0.037 0.037 0.17 0.17
TiOn 2.56 0.032 0.032 0.064 0.15 0.29
. ZrOs 0.01 — — —

Sn0s 0.98 0.001 0.001 6.002 0.01
Ca0 0.00 — — —

MgO 0.14 0.003 0.003 0.003 0.01 0.01
+H,0 0.02 0.001

—H;0 0.05 0.003

& = 99.92 2=38 1=d 5.93 =X

* GLFEJRBIGE FeaOs = 9.03 ZARELR, FSE FeO = 4.94 WO HREZ 2N,k FeO AR,
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1 2 3 4 5 6 7 8 9 10
CaO 0.15 1.96 — — — — — — — —
MgO — 0.10 — — — 0.15 —_ —_ — 0.14
FeO 13.41 10.69 14.68 15.60 14.84 13.68 14.47 | 16.62 4.64 13.05
MnO 0.96 1.49 1.10 - 0.42 0.88 0.81 —_ 12.02 2.66
SnOs 1.26 0.34 —_ 0.59 0.32 0.53 0.48 0.18 — 0.98
TiOq — 0.18 — — 1.38 pizy — — 3.92 2.56
NbaOs — 1.37 2.50 3.90 5.18 9.19 11.22 }82.92* 34.64 16.23
TaaOs 84.44 | 82.55 77.36 | 78.58 77.23 75.16 73.91 44.53 63.30
X o 0.14 1.14 — 1.29 —_ 0.07 _ —_ 0.26 0.08

& O#1 | 100.36 | 99.82 95.64 | 99.96 99.37 99.66 | 100.89 | 99.72 100.01 99.92

= 7.85 7.45 —_ 7.22 7.192 7.762 7.946 6.45 6.21 7.49

&% (AT B R OBEERNA EERRA | F 2% | F 2 B R |[EERNE
7= #t | Cror- | Ta66a- | Ilymusa | Kacrep| Munrexa-Posennans| Cykyna| Mocec | Mmanne —
6€ne Ta66a CHTH xa-Tany Tappa**

Fokbdesml [1,%2] | [1,%°] | [1,%] | [1,%%] | [1,%%] [1,%2] | [1,%2] | [1,%] ) [1,%%] | & X

* SRAIRSE AR CHAMETC R Pt »190 HE B NbeOs = 31%, Ta:Os 2%,

R, BE FIES S MY GHBEEM, # A e RS IRE,
By b R R IR, TR A LRI & IRIEE BT W—RFEMRN 48X, ¥ B
ALPHES TR I B, MR BB T2, M7 WL AT, R EI5e8N
R (Fep.xMny Mg, )1( Ta,50Nb,s5Tig 15 )205,93, TR I '}35‘2’1’51‘%?&(136, Mn, Mg) (Ta, Nb,
Ti):04, KT A5 WL R 8, A BT HRBE, TN XM SHERER
B TR BREPTE, X TH Wh& SME, X-SHEiastrE ity whaBFsan
AR, BAESE TRUTHISLE AR o BB IEATIT IR 2 85(Sn0, = 0.98 % )[R
S E B QBN , KT FTEEMAYT Wit HEHRGKNATERR: o™ + Ti—s
Nb™* + Fe**, BT Sn SHETLH S FPRARZEER, ik ShPh 28 R W SRR B SR BH
HP R

M, & W

it bt —RAMEETRZE, TARAy WS EMESy 5155 ST$R5 KAyt E
¥ AR IREE T BT AT AR B SR S ZE B, R ok, SREL A TR MEEA
A B R SR RANNGERRE, STAAREESFIEEF A, Nb:Ta 1 £ Rt 3:20%
IRENFT i A RA R W EES R A, AR, X—HRAaF 4 Ht
—BEFsE, REFIMk, BEERATEAT MAINEEST MIRIBUHREFTER: 1)
BACSE RS, BT WA A, Ta:Nba 4:1, TaOs (63.30%) B B¢4 40 8F"
84.44—73.91 % MK, EHEB TIESHEF (44.53—52% )0 [FEE, 7 WA NbOs
(16.23%) BEEA By (1.37—11.22 % w5 , {HZBE T IE S §T4Y (34.64—31%); 2)
HHGE , A 2 L (7.49) 5 & B M 2 W E (7.19—7.946 )R EEE, MHEBHTIES
S (6.21—6.45); 3) Hoklk, A" WIF R —dhdh (+) SEMAST R ; 4) HABEILH
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MIBE AT W a0 BA-FEHMEKY SIEH ST ZH, o 2+

SESETEBEY

A YT T A A L KA B, KA £ B AR (M EKR) , 545 W 4
L2k PEEET T XEE, A0 W W] BRI TSR T AE R, B TR A 8 A A1 WA (X B3 B 41l

WEXTHRK A Z b, BEREHAKAIREERZES,

LT WG TE G

BN, AR BEEEY WAL, MARERSC RZ A AR Z sT8k8™, AR
L eI R WA AY - PR Y S

£s HEBRF SHRGTHERHERLL

CRIELS

B AN E MKy Bk~ Sy sh#k S hr n-ghea S5
B R AB3Xq AB2Xg BX,
# 22 K (Fe,Mn)(Ta,Nb)aOs (Fe,Mn)(Nb,Ta)sO¢ (Ti,Fe,Nb,Ta)Os
3 iE ¥ £ Vil E el
BB a0 =4.7240.01 & a0 =5.08 be=14.24 a0 = 4.615
co=9.22540.034& co=15.73 co=2.978
B % 5 R SERERR, HUR SHIR, AR, iR
%K & BiE—RE ot W —BE
OB BRI G IR R KT R T S8
M ® v ¥ (010)7 % w(10)7%ER .
A 6.2 6—6.5 6—6.5
A § 7.49 5.15—8.20 4.19—6.24
W B AT AT FrERrR EEELT
% M B EmE
™ Eé BRI, T R B RN, AW
% & Ne=2.45 Ng=2.43
No == 2.30 Nm=2.45 | Nm=2.32 Ne=2.66 No=2.32
Np=2.26
b —gh(+) ZERG-) | =R —ER(E)
SR JLPEE —R T W HIHL
K & & Re == 18.9 Rg=17.4 Re = 20.5
Ro = 15.4 Rm = 17.7 Rm = 15.8 Ro = 15.8
Rp = 14.9
W R B B AR=18.6% 3 AR=14.3% B AR=22.9%
3k ik i # o
) & BEKRER T EERER
AR 9.57 10—12 7—8
pH & 6.6 6.6—7.4 6.8
& | Ta0s 64 1—40 41—84 0.4—15 1036
(%) | NbzOs 16 23—77 2—40 0.9—43 6—23

Y 5SS - $AGRT H DA B Sk Sk EAT A - SR ERETH e RO BAHIER SERIA R

56

A YR X-SHER RS ASESRES T A ALEREEH; 2R Ha 1 H.
HEFHESER s d T G RREERR; T B2 Y FER PR %
LFISER . EHEEEHI

(UsFIEHA: 196342 H 11 H)
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TAMWOAUT U3 TPAHUTHOTO NErMATUTA
Usup [3-15Hb

(Pesiome)

Mumgepan BCTDeYaerCss B BHAE [OBOJAbHO KpymHbIX (1.5 X 1.0 X 0.7—4.0 X 2.5 X
1.5 cm) BbiaejeHad npusmarmueckoit dopmer (dmr. 1 m 2). Ilser uepHsii; uepra TeM-
HO-KOPHUHERO-YepPHasl; OJIECK NOJIyMETaJHUSCKHi, MHOTa APKAl; CHalHOCTh OTCYTCTBYET;
H3J0M HEepOBHBIH A0 NONYDPaKOBECTOro, xpynkui. Ha rpamsx xpucraiana He penko Hal-
JonaeTcsd KOMOMHanmoHHas InTpmxoska (dwmr. 3). TBEPAOCTb 6.2; YAENbHBIA BEC 7.49;
cJ1260-2JIeKTPOMAarHATeH; AWSJIEKTPAYECKast NPOHALEEMOCTh 9.57. B mnpoxopsinem cpere
He Npo3paueH, WHOTZA CJ1a60 OPOCBEYABAET B TOHKHX OCKONKaX. FlaGmopaercs CHIbHBIA
[LJIEOXPOA3M OT TEMHO-KPaCHOIO O YEpPHOTO, ONTHUECKH OJHOOCHBIH NOJOKHATEIbHBIA No
= 2.30, Ne=2.45, Ne—No=0.15. B orpaxennoM csere nouru GECLBETEH. OTtpaxa-
TeabHasg CIOCOSHOCTh HM3MEpeHa C HOOMOINbI0 (HOTOMETPHYECKOTO OKyJspa BoJblHCKOro
(0kd 1): Ro == 15.4%, Re = 18.9%. JIByoTpaxenne cmibHOe (AR = 18.6%). B
paspe3ax C CHJbHEIM [BYOTDAXKEHWeM; MWHEepajl HAMEST SBHBIH CepoBaTO-CHPEHEBbIH OT-
TEHOK, B CKDEIEHHBLIX HHUKOJISIX MuHepaa CrIbHO anmsorponeH (dwmr. 5) C HBETHLIM
3¢heKTOM OT KOPHUHEBOrO IO 36/1€HOBATO-CHHETO L[BETA, BHYTDEHHbIE DedyieKChl XOpOIIOo
BHIHBLI; B BO3AYyXe OT KDPacHO-GYporo no kpacuoro, B uumde m anminde 4acTo HaOJIo-
naercs ABOMHMKHA NPOCTHIE B mojucHHTeTmYcckme (dur. 4. # 7).

PenTTeBoCTPYKTYPHOE H3yUeHHe MuHepana, nposenernoe I'. A. CupopeHKo, [OKasajo
OPAHAAJEKHOCTL MuHepaja K rpynne pyrmna (radn. 2). HEamnmposanme oTpaxeHmit
OPOBOJNAJIOCE [0 KPHBBIM XeJjljla, [Oocje 4ero OblM OmnpejelieHbl PasMephl 3JIEMEHTADHOH
AUEAKA: gy = 4.72 + 0.01 A, Co = 9.225 =+ 0.034, 45 ¢, = 1:1.954, 0O CPaBHEHHIO
C TanWoOJHTOM W3 CKErcoabh KumAro (DmHNAHAAS) NapaMeTp MAHEPala HECKOJIbKO [HOHH-
xeH. Kopusas marpeeamms (¢wur. 8), nposegensas JI. M. Pri6akoBofi, noxasaHa OTCyT-
CTBAE 3K30- U SEAOTEpMAUecKoro s¢dexTa, COeKTPhl HOrJNOMEHns B HEGPAKPACHBIX Jydax,
noayyensnsie JI. C. ConHIeBoH, HA ueM He OTJMYalOTCS OT CIEKTPOB TaHTanuTa (dwur. 9).
PesyabTaThl XMMAUECKOTO aHa/IM3a MHHEpaja NpHBEneHel B Ta6ja. 3. Ilepecuer aHannsa
Ha [Ba KATHOHA TDYINIBI «B» 0ODH NPEAIOJIONKEHWH, UTO MMHEpajl OTHOCHTCA K Ipymie
AB,X, [OPHUBOLHT K CAenylomel gopmye:

(Feo2 Mn 017 Mg 0.)1 (Ta 1.3 Nbgss Tigas)z Os.os

Musepas npuy podeH K yuactkam aas6rTH3APOBARHOTO IPaBENTHOrO NETMAaTHTa, B 2CCOLHa-
UMA C MEHEPAJOM BCTPeYalOTCs Geprill, KONyMOHT , KACCATEPHUT, TYPMAJIAH, IPaHaT A LIHPKOH.

OcHoBHBIE CBOHCTBA MHHEDAJa, KOJYMOATTAHTANATA W HJIbMEHODPYTHJI-CTPIOBEPATA
KDPaTKO MPHBOJATCSI B Tabjx. 5.
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