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Fig. 1. Geological section of the wolframite stockwork
and the Beauvoir granite (based on surface observa—
tions and data from the Echassieres No,1 borshole®?).
1. Beauvoir granitej 2. Les Colettes granites 3. La Bosse
granite; 4 . Mica schists 5. Quartz stockwork.
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Table 1. Average electron microprobe analyes of wolframites

I RN | LA THC6)* STLEI(3)* | $5FLFERC 6 )*
Nb;Os 3.06 0.40 NS+ 0.070 0.009
Ta:0s 0.00 0.05 Tas* 0.000 0.000
SnO: 0.03 0.03 Sni* 0.000 0,000
TiO: 0.11 0,05 Tit* 0.005 0.001
FeO 17.41 19.92 Fe?* 0.735 0.844
MnrO 5,43 3.25 Mn2* 0.231 0.139
WO; 72.51 75.98 we 0.949 0.989
S¢:03 0.02 0.00 Sc3* 0.001 0,000
& # 99,57 99.68 & it 1.991 1,982
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Fig. 2. Fe versus Mn diagram for ferberite
1. Upper part of the boreholes 2. Lower part of the borehole
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Fig. 3. W versus Nb diagram for ferberite (symtols as for Fig. 2)
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Fig. 4. (W+Nb) versus (Fe+Mn) diagram for ferberite (symbols as
for Fig, 2).
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Bill, £ (W+Nb) fl (Fe+Mn) ZEFERIFHMRXR, LN EFHFHXAMRAPLER
B o WHFe# NbE #t .

AT RRBENDERBY FEERR, EFRHLTRATRHELRLX:

(@) LBk Fe** WO, —Fe* " NbOJE X B . AHBRFETRN:

We* + Fe**—=Nb"* + Fe* (2)
B3 HWHIFe® iy b2 R o i 1Lk
W=1-Nb (3)

Fe**=1 —Fe** (4)
(a) PAE#E# Fe**WO,—Fe?**Nb,Os XA HBL , FENBBF-REVEHBEEER.
HEBRERN:

3 We* + Fe?*=—= 4 Nb** (5)

HBET K, HLUTREXRER:
W= 1 —0.75Nb (6)
Fe?*=1 —0.25Nb 7)

SR, 7EH 3 o, Nb-WZzjalhhsk ARAM N —0.90fi—0.92, AR EBARRE
ARPH—1 ERR3) K—-0.75 (XERO . HIFAHEE—TFTHAIXERNAEH &
BHUTXRER:

(3) + (86)
W= 1 —0.88Nb (8)

MREE, X558 3 R REHEIL,

MEARZEFe MEML RRER41) , HARELREABAIETHEEH (W+NDb)F
(Fe+Mn) ZHPIXER:

(3) + (6) + (7)
Fe?*+ (Mn?*) =3 —2 (W+Nb) (9)

ZXFR AW O BME 4 POARFTLE, ENZANHETE ARTHELE
(#mTi, Sn, Sc) fERHP FRFEE.

ME 3 FiE 4 b, EATLARTE B E H RS 2 ka7t s .
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T Echassieres#b[X 2 1B 5 % Fe, MipMRLH KMo, Wit T ML (00 K, W
B HIE (0 &2,

2. ANTF#3E LE, BOyrONbEREFAR, BTTadBMRE, HELRETLE XM,
KRR OFEBBEY, { (0,) MASAFTREY P Nb, TaZRKHH¥m, & Echas-
sieresHi[X , 83 Bk MO B PR4SAE, FHAT KW RIFMUAA LI B D E , CuneyMBroundf i}
RBIEATX—AY; W E¥MASET L THMmB&y E®ND, X% 8T L 8 £(0.)
HTHME (0 El, B4, BHERRN(2)Ba#E.f (0)) (FHEEFIT Fer*—Fet,
B FlF Fe** NbO B i th f fE 7 .
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ST EEBYV ALK R AP IE, £ Echassieres IX RHAMEEY 2 EF
AR A, BR—BN0. 1mm EREY BB ZEE SI—FrE @l (E5),
IS RV (wolframoixiolite),

SRR ETORT B ERFITR 2P, ARFTLLEH, XHRET EETa

(Ta:05=2.3—4.6%) , W(WO;=5.4—8.8%) fITi(Ti0; =2.8—4.7%), Snfy&RKIK
(5n0.<0.4%), HULIBEREE CHRSH AR EMHEEHLFERS) EXER Carrock

Fell B89 A XKHBARAS,
TIEERBEY P BEREGECEA TEEZ®,
3Tit*==2(Nb, Ta)** + (Fe, Mn)?* (10
FINDE BB PFERR—H, WERSKY PHEHBXTLUH TG BRI
4Nb**==Fe** +3W** an

B, EREYVPHFERPERLTR. SLA-RAVEE K0 8 5%y -8 %o EE
#, EfNHXFEEHRND,

BT AENBEY, NRBHEREMAXORT HFEZEMN, ERLERSHE
A, EMRBLUTHE (E2) .

(a) EfTEEEHE, Nb.OJrT5.09—8.91% 2, F#46.63%; RMHBHSER
APBIE (Ta:0:=0.21-0.35%), EMBERTERXA SR&EV HEMDEKT

(b) W-Nb+ (Ta) ZEfXRELFAUTRRR:

W=1-0.75(Nb+ Ta)
B, SHHTFe* WO 8H) —Fe?* Nb,Os (BB ) Z RIE A M7 1E
%2 RENRKT-BHTORRRT NBF R I TER

Table 2. Electron microprobe analyses of the iated columbite,
ferberite and wolframoixiolite

R (5)" B (4)* | BEEF(5)" FEH(5)* |BE%F(4)* | BEEN(5)*

WOs 6.63 68.69 34,69 Weeas 0.099 0.890 0.782
Nb;O; 65.71 6.36 36.84 Nbs* 1.719 0.144 1.449
Taz0s 3.84 0.28 2.63 Tab* 0.061 0.004 0.063
TiO: 3.36 0.50 2.55 Tit* 0.146 0.018 0.167
SnO: 0.24 nd** 0.84 Snt* 0.006 nd 0.029
FeQ 13.85 18.24 13.70 Fe?* 0.670 0.759 0.996
MnO 5.80 4.16 6.93 Mn?* 0.285 0.170 0.511

&t 99,43 98.23 98.18 a4 2.986 1.985 3.997

L4 E%qlﬂﬂﬁ?iﬁﬁ}ﬁ#%ﬂ #* nd *m

¢ B RRPAOEETHROGTE, R 6 METHERM BEFLANMRETOEM BHRETLLE
MEETFHER
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B 5 JtAMEES(C). WEy (F)MEB&KET (W)
Fig. 5. Associated columbite (C), ferberite (F) and
wolframoixiolite (W)

2. 458 4ET" (wolframoixiolite)

BWHEY (Nb, W, Ta, Fe, Mn),Os, ¥k Ginzburg % &4, {HATRRIE
BRBEMTRS, BOTZT DRI EABTE. €451, TEERGF QXK
PRE. HE, BILFERFERSELEREEEDPRATES YV, %F Wolframo-
ixiolite, #EAH ANiF I BHY", {Hwolframoixioliteixiolite FEMH) H—ITBEW.
Nb, RTafyEFC0, Hi, ZHI\APHwolframoixioliteF A& BRI,

# Echassieres, {880 0 THREV MBSV ZE(ES), LIRHEREE DT,
AT HRHERT Y (dendrite), BTFHEDWERGR 2)IRY, ZFHHLERY L.
B FREV MBSy 2. EELEN: Nb,WHFe, ZHHERABLIEELSD.
Nb,Os=34.9—39.5%; WO;=32.9—35.8%; FeO=11.3—16.4%, IRETEN; Ta.
Ti, Mn,

3.EETHHAE

fEEchassieres, AXMKPRBEYT RESH, R ATA8.91%, HE ZEEME
HYHARD, TEBR2>HELKY OB, fEEEH P Beauvoir K HE—Fh
Nb, Ta, SuA LRI HLIERE, WNERXREKR, THERAH TBeauvorfEREHBA
ARBEAEMKSTFET L RAGRAT P . MBeauvoir LKA PRV R MHELE, AXER
Pk RO RERT LRy ERBLATEAE: (2) Ta/ (Nb+ Ta)fl Mn/(Fe+ Mn) H {5 £8
R (b)RRITEW, TiZREH, ELRE Ta/(Nb+Ta) Mn/(Fe+Mn) (hiE, &
ZW, Tig &, EffiMBeauvoirfE X% P HREY 2 R A LA B EHX R 15,
BRBEEYMOERET WSS (B5), LAY Beauvoir IERAHEH B A #%
Rl “BM” TREMKFHEERY, HFREKERTREBEY . SRSV IE B &R
¥y SR, AERKPEERETRE, BEZBHMEEMRYY, ¥E Carrock Fell
HEHEETAXKPHRETREEARKZH M E L BPHERA,
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Pa. SSET- BN 1L (hubneritization)

fEEchassieresHilX, AEMkPHBET MLNBRTERETREN, BLHIAFe/
(Fe+Mn) LLIERBERIK (K3) . LM Fe/(Fe+Mn) H{E—BAE05ELZ, I
WEAHBEET RGREY, FHULTRABEY A EEMLNEREFRADBYTH
REHE. XLREEXRZABEFLOER. EREHIREGLE, EL&T Rk
FRBRHFERN LS HEMoE BN A . EHik, MEEHRMHREY D i HE—#, Beau-
voirfE iR & M B A R IR IR 2B S ET L ERERE.

I, Fik

1, Echassieres HiX A EM kP B HET BRAER 8 25 REY LAEMDE
P EREEATEHE 8.91%Nb,Os;
2, PBHESR LA HBRFHEESGEE. AT H A LW, REEHE, @
Fe/(Fe+Mn) ELIEPEIK;
3. ERETREROERRARERE:
(a) Fe**<—Mn**
(b) W4+ Fe?t=—=—=(Nb, Ta)5*+ Fe3*
(c) 3Wt*+ Fe?*=—=4(Nb, Ta)%*
BB RV, ERBRYPEESMAERBERE. (a) EEHLEF-BEY Fixfk;
(b) f8kF"—F*NbOE Mk (c) WMET-REy Bk, SEnREy HITns
AEIESE T $08k0 - Ry B A1,

® 3 NERTHESIVHRFRHITER

Table 3. Electron microprobe analyses of the wolframite
and hubnerite

No. H1 | H2 | H3 H4 H5 | Hs No. H1 H2 H3 | H4 | H5 | Hé

WOs | 75,92 | 76.26 | 75.76 | 75.40 | 76.98 | 75.87 || W®** | 0.991 | 0.998 | 0.992 | 0.977 | 0.994] 0.991
NbOs| 0.18 | 0.05| 0.03 | 0.95| 0.16 [ 0.00 [| NbS* | 0,004 | 0,001 | 0.001 | 0.021 | 0.004] 0.000
TaOs| 0.11] 0.00| 0.01] 0.06| 0.02] 0.22|] Ta%* | 0.002 | 0.000 | 0.000 | 0.001 | 0.000! 0.002
FeO | 16.38 | 17.52 | 10.47 | 13.69 | 5.17 | 5.37 [ Fez* | 0.690 { 0.740 | 0.442 | 0.572 | 0.215] 0.226
MnO | 7.53| 6.17 | 13.57 | 10.43 | 18.81 | 18.65 || Mn®* | 0.321 | 0,264 | 0.581 | 0.442 | 0.794] 0.796

&3t [100.11 |100.01 | 99.84 100,52 [101.14 |100.01 & | 2.007 ) 2.003 | 2.015 | 2.012 | 2.006] 2.014

o DIREFEOV4 RN REIORETR

4, EBHERT LN, FREY. RREVREETRY, ENNER 5Beauvoir #
WAABNHXR BHRI-BREV-REYVVHHAARINT E£E AR%F & Nb(Ta)-Fe
(Mn) -WERELD R,
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Solid Solutions in Wolframite and Associated Minerals
from the Quartz Stockwork of Echassieres Area,France

Wang Rucheng

(Department of Earth Sciences, Nanjing University 210008)

Key words: Wolframite; Nb, Ta-minerals; solid solutiong

Echassieres quartz stockwork

Abstract

The quartz in Echassieres area is genetically related to the La Bosse
granite, and the later Beauvoir granite penetrating the stockwork has di-
vided it into two parts: the upper part and the lower part.

Wolframite has the composition of ferberite which contains MnO 1.2-
10.4% and is rich in Nb (Nb,0O;=0.1-5.1%) but poor in Ta (Ta,05<0.2%).
The substitutions between the major and minor elements are; (1) Fe*'=—
Mn?*; (2) W&+ Fe**———=NDbS*+Fe’*; and (3) 3Wt*+Fe**==4Nb’*. The
composition of ferberite varies regularly from the lower part to the upper
part, .xhibiting the decrease in Fe/(Fe+Mn) ratio and the increase in Nb
content.

Columbite, rarely present, is rich in Ta(Ta,0s=2.3-4.6%), W(WO;=5.4
-8.8%) and also Ti (TiO,=2.8-4.7%). The associared ferberite is especially
enriched in Nb (Nb,0Os=5.1-8.9%). The principal substitutions between
elements in the columbite are: (1)2(Nb, Ta)**+ (Fe, Mn)?*==23Ti**and (2)
4(Nb, Ta)**<=3W** + (Fe, Mn)?*,

Wolframoixiolite, associated with columbite, is rarely seen and typically
dendritic. The major elements are Nb, W and Fe (Nb;0s=34.9-39.5%, WO,
=32.9-35.8%, FeO=11.3-16.4%).

The emplacement of the Beauvoir granite brought large quantities of
hydrothermal fluids into the stockwork. As a result, the quartz veins were
corroded by later topaz and zinnwaldite, and ferberrite was replaced by hy-
drothermal fluids, forming the Nb-rich ferberite—wolframoixiolite— W-rich
columbite association, meanwhile, hubneritization took place along fissure
zones or crystal rims of ferberite, forming wolframite or even hubnerite,



