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B 1 F/RFEREIEEISHERE KA EE
EEBRS,1981: KL W% ,2000)
Fig.1 Internal zonal structure of Koktokay No. 3
granitic pegmatite dyke, Altai, NW China
(after Wang et al. , 1981; Zhu et al. , 2000)

Gk H; | —XBE—BXRERAEW,; | —WRRMKAH;
I—HREBEEH,; N—HZB—REW; V—HHAKE—#
BAH VAR EERH; I—AsE—# ek aw; u—
BEB—HAPAKAE; K —AERAHFKAZ

G—Gabbro; I —graphic and pseudo-graphic pegmatite zone; I —
saccharoidal albite zone; @I —blocky microcline zone; N —
muscovite—quartz zone; V —cleavelandite-spodumene zone; VI —
quartz—spodumene zone; VI—muscovite—thin sliced albite zone;
VI—lepidolite—thin sliced albite zone; X —quartz and microcline

core

RES A B BS S H , 2 AL B M E ), A
BT IRA W S B FREEARMBEERATRSL
Xt A o SR 4R B M AT TR 4 ER A AT E R
S TFREEARAMEEISHEREKPRA L7,
VA, VA VIRV R R BE R R W, T
LA, WA VI DA R K i RE s P R 2 B

KR S A G5 H AR AR T IR W St A
FTYASEE—EER. | WRET KT YWHEE
3% , BB K /NE10~150 pm WAL, EES A T
KA &R, AT YA AR TABRA. B
S BEKA%; VR KT WEME, B A
/NEE10~500 pm 2 (8] 354k, 2 A F ol £ 5 e, 3
AT YA BRSO BREA KA VIR
BT BTYEAR AR . BREEEREEEK &
KA[ik2.5em EA,LABTYERERSA .M
FHA BROS UHRSRT BT YE AR —¥A
I, Bk g B AR X V A A, W BB R AE TR,
7E60~620 pm Z A 4L, AR T YWAERK GRS
B CBRED BRA MBS A S I RKY
BT Y RKEREME ANHNEBE—HBE, KA
#E100~1100 pm 2Z & 284k, LA B9 W 45 4
ARG KA A REERT %,

EREEABD MRS R BAASXRBED K
TR ELEANEER Nb/Ta 538 [ Ta/
(Nb+Ta) HfHTEO. 13~0. 9822 [ AE fb 1 Fl o G /2 &
) Fe/Mn 4348 [Mn/(Fe+Mn) I {E £ 0. 55~0. 94
Z a2 4k, EE L A0, 55~0. 858 Bl N ] A 3C X
ERSAN A G R 17N RE SR 62 R IR
YR CELrp T #F L VHEL VOB VEHE R VI 43 B R4,
3,27, 12116 BURD Fefif T 4811 MR 40 Y B F 18
RS AT AR B 295 I B R SR B R R Bl
BRU-RET-REy-HEY Wy Eg (82D, 2
ERAREHETHETYWEEAENE Mo FH1E, R
FHRET - T 5IT (UA T HFRBEY -EHET) .

BTHFNEERRY, AR T #FEKT K
TYLURET N, A RIEEY R, 4 58
EEH-4A4E T 1 Ta/(Nb+Ta) e {EZE0. 13~0. 772
&) A% 4k, , S ¥ {H K5 0. 26, T Mn/(Fe+Mn) HW{E 7E
0. 65~0. 84 (A A4k , 3B K 0. 73, N 77 [ FB 4k
TETHBERDURET A E HERSRELS
I#MLERHBHAE, K Ta/(Nb+Ta) ILETE
0.15~0. 422z [a] 24k , FX{E K 0. 32, [E BF Mn/(Fe
+Mn) L FE0. 71 ~0. 79 Z [8] 28 4k CE ¥ E K
0.75), B TAEH RIRA Ta/(Nb+Ta)F1 Mn/ (Fe
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Fig. 2 Chemical compositions of columbite-group minerals
from five structure zones of Koktokay No. 3 granitic
pegmatite dyke in Altai, plotted on the FeTa;Os-FeNb,Os-
MnNb,0s-MnTa,0; quadrilateral diagram
+—EERGK A (I H); O—BEE—RAXEH(VF); 00—
HAKA—SEAH (V) O—AX—EBAF (VH); A—

B=B—EA WA (IH)

-+ —Saccharoidal albite zone (zone I ) ; <-—muscovite—quartzzone
(zone N ); [J—cleavelandite—spodumene zone (zone V ); O—
quartz—spodumene zone (zone VI ); /A -—muscovite—thin sliced

albite zone (zone VI)

+Mn) HAE S8 B T BRI VAL VLRIV, AR Bk
PHETYWERTS I #MNHH SRR KRS 5
fiE X 3 S A S B BT IR T W LIS N
F, 0B IR NG A RE G50 8] B 2 57
ARTAVE, MELEHHE AR ZHLEK, V
M VI VIHE ) Ta/ (Nb+Ta) H (B 28 1k 78 F 4 31
$0.37~0.86,0.36~0.91F10.48~0.97, 1 Mn/
(Fe+Mn) b fH 725438 B 43 5 9 0. 67~0. 95.0. 69~
0. 95%710. 62~1. 00,

4 RV BT KNG

BHAEFEABERAARREY -HET A
B MRS, E R VA RNV S
SR P RET - BT BA Y BRI E R
W EREE - R B LA T SRR AL L ¥ T B AR B

M35, T MR -HE T Rk R KR,
¥ 15 ) AR 15 HE 0 B A, BUE BB AR I M BB AL
TREE EEZZMHEUSIMHE SR FEHE.
4.1 HEREHIE
WAREHERRAXERY-HET HEHE
HEARBZ — FELFVH LA HFHEN
REV-HEV REFELEAE—F A, B LK
Ko B 3a S 4 AL i i A48 30 4 H 3, YA AR X LR
I, 6] dR A Y S B AR R E AR R Wi AR FR
WHENGEE - THERRW, X6 )5
HERER S (EDMTREL ST (BEOLERY
R BN THEEFWEFERS ERIANE Ta
ENb, W HNE Ta A Nb, BRAULGRWERE Ta
BIAFAE . R B S T RIE R AR HE B %R
2R B K, Ta/(Nb+Ta) H (2 5 ] LA
X F0. 45, 4R T Mn/(Fe+Mn) thfE R #H20. 02,18
BARETAE I E R R E AP Nb A
Ta SBAMMLE . FEHREMNE B3 $,RET -
AR R R BN IR B B B R AE
(E3b) MTEERAEREOTUEF S,

1 VHRRENAVBEFRWEREY -EET
BFRERB S
Table 1 Representative chemical compositions of
columbite-group minerals with oscillatory zonation
from V -zone in Koktokay No. 3 granitic pegmatite,

Altai, NW China

TER 1 2 3 4 5 6 7
Nb,Os 15.90| 21. 98 |19. 64|25. 56 |23. 99(28. 62(27. 43
Ta0s 69.31]| 63.74 |61.78|57. 05|59. 45|55. 25(55. 61
FeO 1.58 | 1.43 | 1.38 | 1.17|1.23 | 1.78 | 1.66
MnO 14. 06| 14.35 |14.63[15.17|15.00(|14. 76|14. 84
TiO; 0.07| — |0.01|0.02|0.01| — |0.04
Sn0, — — — — — — -
WO; -l =-1-1-1-1-1-
Sc,03 — - — = —= — —
Total 100.92101. 50 |97. 43|98. 95(99. 67[100. 41/99. 58
PLeA R F A REMITE
Nb 0.550| 0.731 [0.685|0.850(0.801|0.925|0. 898
Ta 1.442| 1. 276 |1.297|1.142(1.194}1. 075]1. 095
Fe 0.101]| 0.088 |0.089|0.072}0.0760.106|0.101
Mn 0.9111 0. 895 |0.956]0.945|0. 93810. 8940. 911
Ti 0.004| — |0.000|0.001|0.000] — [0.002
Sn = — s — — — —
W —_ Fo — — = — —
Sc - - — - — — -
Ta/(Nb+Ta)| 0.72 | 0.64 | 0.65 | 0.57 | 0.60 | 0.54 | 0.55
Mn/ (Fe+Mn)| 0.90 | 0.91 | 0.94|0.93|0.93|0.89 | 0.90

B - ZARTREN FRA¥EFFAERERZRENR.
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Fig. 3 Back-scattered electron images of columbite-group minerals with progressive zonation from Koktokay No. 3

granitic pegmatite, Altai, NW China (the image b is the local amplification of the square in the image a)
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BERERTRER B Fe fl Mn 5B AULTIER .
4.2 BERFHE

BBRAHEIERIENT WM EI N E a0 2
BB AKX BBRR A ENREY -EET
VMV Z46, 2R A F A  BEHN
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) B T M A 2 TR B A ] 5 L AP S A X BB
R AR B VBRI E E BT AE
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B RAh & AR, B BB ILAWFIEES,
A B AR A K I IR AR, VI AR
HH A VR RS £, T HL R LS R
EHRRILI .

Ei5a & VM RET -HED . ARBRELH
WA T RENSEREKE BTN
B AR, T E R R L A S RINE
FHREBRSEZAZREYT - HET EAPFREN
Ta/(Nb-+Ta) t{H A H £ & #9 Mn/(Fe +Mn) H

H- BRI FTHENRTREX N T RS EHME Ta
ME Ta; FAIRARFIZEP TESEBEAE —EHN
T, E—NFI R — N EME Ta, &5 —
MFEIHREEE - FFIRREH M Ta/(Nb+
Ta) Hb{H 235 9]0. 18, i Mn/(Fe+Mn) tb{H RAH %=
0.01. B FEEREY -HED RIEMER4E K Fe
M Mn HERBBREHABZN.

B 5b & VI A I MG T U B TR xR
Ey-HET REGERGWBEREE . BEEBRF
WHESVHEEY-HERTAEARNER , BH
XTGBT B SRR A KT , 3 %8 B
ROAMEFRAIUERTFTEMNSRERKE, AN EL%R
WHREFRELEIHE TRRISTER (B B
oMW IRy B B F R EME Ta 7
Nb % Ta & Nb, RULHABBEFHEMETERH
F Nb f1 Ta & 2L AT, Fe A1 Mn § &
BERAE—EBRENEL, BAEPERTHEDN
FEFTRE, ARRERMABHEN LRE Fe
% Mn, i B 45 f B G AT 3L Fe & Mn E 65
¥ Fe i Mn S B EAFATRERH TEMH

100

Mn [cps]

BOBTRHER

4.3 TRGE :
ARMERBEEREMREY-HET &

A 0 e 49 1 e 32 AR T T R Y R A PR R A 3

ARE@mT-HEDT WA EEBERL T,
YRR K AE WAL, RET -HET K
REEFUTHEHER: —BXAR A A&
RO R - AR AT RN
RE Ta K% — R TAU G+ R IR

WA ALSAT ZN, T BUBORL B 2 B
Xt & Ta BFFIE

Bsc.d R MBI R TRMWERGY -
HETWEBHR TR B PRAET REE
BT , BORLH — 2 M BRI E G, 5 —F N

BRI E, B TR HIERA BR
HMRREEB AN FREERIABEME
Ta, BF T LA K B 5c 2 S fr 8 3R H 0 &
JEEE Ta MK IRE R LI LE . B Sc
B R 3 A 1 43 TR AR B IR AL 1 B

900pm

B4 BEEHRHFRET-HET TRAITE

Fig.4 Line analysis profiles of Nb, Ta, Fe and Mn in columbite

-group minerals with progressive zonation from Koktokay

No. 3 granitic pegmatite, Altai, NW China
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B 5 ARBRHwEMZABENRET-HAET FRSR TR

Fig.5 Back-scattered electron images of columbite-group minerals with oscillatory zonation and replacement structure from

Koktokay No. 3 granitic pegmatite, Altai, NW China
(a)— VH AW EREWERED BT O—UHFLPEAFWERET-BET
(O—UEZXREBET-BET; (O RBEXARET-EHED

(a)—Columbite crystal with oscillatory zonation from V -zone; (b)—columbite crystal with oscillatory zonation from N -zone;

(¢)—columbite crystal replaced along the rim; (d)—columbite crystal replaced along internal fractures
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UE S, I HRRET T OURET A E, RED
BHYAREHEED XEN, XEHEET TR H
FLrEBHREV ZEME Ta REZRHER.
NG T IR W ERET E, BRSO REE
HI1HWMRET Ry OERHEHES, LHEE
Ta/(Nb+Ta) b4+ b . TV #7 . VI A VI 69
BGET RV Y FERLBEY  BEROBNREY M
S IE A BLRY T A V7, aX S 3 A 54 3 P i)
PR T Y H) Nb fl Ta & BB K . Bk
E NI H>VH,RET-HET BB E LU
Ta/(Nb+Ta) tb{H Z ¥ F+ = 8 EZFFLE, T Mn/
(Fe+Mn) HAE %A B 284k, 75 4 7 B BRI JL
e AN R A =k Py A 2 SR Ty
BRVH HEMIENRET-HED B Ta/(Nb
+T) EZFLLER, ERX—ARWEHE, 2R
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EHRABRRBEAZMIBEBRERRLUW TN,

WA RBAERERESRERETRET BT Y
IEH B3 3R AL 2 AL R AE 8 % R B Ta/(Nb+
Ta)#1 Mn/(Fe+Mn) LB B B A & HILFE L
T LWEABRREREELNKRAELSBER S
Me 3 (a0 YL 7 A 1L B -2 = B 76 K &, Huang et
al. , 2002) 7L R 6 F A &5 AL e 3 (i in &k 4
+F# & #, Cerny et al. , 1986) HF & Bl A< R BF
Y F B P R R 0] AT FL U8 35 46 b A Ik PR IR
YRR EE B L2 LF 2T m E AR
fiE , R BB TR T ) 1 X A 4 1 A B AR 47 3t 15 A
TARGREKNRED>REL.

5.2 HREV-EEYVRERENE

RS RERT RET WH—FE LAY
&, HAERELRIERE (EWLRF,1996;Belkasmi
and Cuney, 1998;Huang et al. , 2002) fi £ 5 1% &
22 (Lathi, 1987; Tindle and Breaks, 2000; Sarbajna
et al. , 2000)FF L, FERH F Nb&Ta fil Fes

Mn ZHTREBRMER . ARFERAEF . RET -
HETHEABHATAEE, AT ET
AR B AR WL 3% B HL B B P B 3R A0 1 4R AR -
HET FEHREVH IHMIHEER W

—MRYEBHT HET WP FEZELEN Fe 5 Mn
ALK Nb 5 Ta Z[H BT E B B bF, ¥ T R 2 304
Wi AXWRET-HEV B EAREHEEELT
VAT, XEREY-HET SR E R, B S
GILTFVFIT T REMESAERKE LA FIERPX
FRUF AL SFH M E B R B Nb Al Ta Z A f) B # s
B, Fe #1 Mn 2Z [6] & # 49 UK L3/ R 0T 45
IR 2 FA AR B A 5 O P AR AN 22 B 9 R AR AL
RS A BB A A R AL R B, BT A
HeAR T AR D T AR AN M A R A IR E R
RIFEATBPFLESREROER,

PR THERRELBHEREREKY -
WY PR ARG, EREEMREITEN
# /5 8] # , Barsanov 2§ (1971) A A EI R H W
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£ B %M L # . Putnis % (1992) A N REKT 1K
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Sarbajna 4 (2000) A Ry $R K W& iy B AR R4l 4
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Fig. 6 Line analysis profiles of Nb, Ta, Fe and Mn in columbite

-group minerals with oscillatory zonation from Koktokay

No. 3 granite pegmatite, Altai, NW China
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REMEANER EXTERHHORABRES
BiERET WELNEERERK . Lathi(1987) Wik H
WD BT R AR R A KA AR A
S e PP 4 B L SR BB I SRR M A TS
Cerny % (1992) FA A8 B AE AT 7= A2 B9 AU M R A
PR - B A SR 3 R T, Abella 47 (1995)
W5 T B 48 R AR A i B SRR M B R AR
B M 1 R B -, AT SSARM R AUER
T X S S A7 A R SR R S I R A EE
AafE .

®2 REEMESRBERET-ELET

BFRIBS
Table 2 Representative chemical compositions of
columbite-group minerals with replacement
structure from Koktokay No. 3
granitic pegmatite, Altai, NW China

TR 1 2 3 4 5 6
NbOs 21.07 | 29.23 | 31.00 | 7.09 | 31.16 | 24.09
Taz0s 62.15 | 52.19 | 52.86 | 77.31 | 52.15 | 58. 28
FeO 3.78 | 2.13 | 2.29 | 1.03 | 2.01 | 2.59
MnO 12.55 | 14.91 | 14.35 | 13.13 | 14.60 | 13.67
TiO;, 0.34 | 0.24 | 0.11 | 0.01 | 0.09 | 0.07
SnO; - — — - - 0. 02
WO, 0.26 — 0.03 — — —
Sc,03 0.31 | 0.28 | 0.29 | 0.42 | 0.28 | 0.31
Total 100. 46| 98. 97 |100. 92| 99. 01 |100. 30| 99. 04
LA R FAERITE
Nb 0.706 | 0.948 | 0.982 | 0.263 | 0.992 | 0. 805
Ta 1.253 | 1.018 | 1.008 | 1.725 | 0.999 | 1.173
Fe 0.234 | 0.127 | 0.134 | 0.071 | 0.118 | 0. 160
Mn 0.788 | 0.906 | 0.852 | 0.912 | 0.871 | 0. 856
Ti 0.019 | 0.013 | 0.006 | 0.001 | 0.005 | 0.004
Sn = — = — — 0.001
W 0.005| — |o0.001| — — —
Sc 0.020 | 0.017 | 0.017 | 0.030 | 0.017 | 0. 020
Ta/(Nb+Ta) | 0.64 | 0.52 | 0.51 | 0.87 | 0.50 | 0.59
Mn/(Fe+Mn)| 0.77 | 0.88 | 0.86 | 0.93 | 0.88 | 0.84

- RETRUR ARRERTFARRERERENR.

R4 W% (2000) B 55 h BT /R 32 351 Ak a8 Bk
VAL VHEMUHYESSEE TRERENSS,
L3 S0 R I AR SR TR T R A SRR R R, AR
REL RS FABRPHESBHTY B, EE AN
AR SR T BE R AR A B B 45 5 3 B 41 57 R
BRAEZRT FREY-HET WS R XEEH
KB AEAR FRERET-HET LRE Ta, &
Ta Witk 5 RHRET -HET REZH K FEA
£ T RMHET SATAEE PR . —F
BRI, XM RBHR AL ERBERRBINE
Fe $1iE ; 55 — R 3 AR AE R B 43 7 LR B9 3 R

VPR R AT K EE Ta R AE BT BF
KEW,FM/REISHERENREY-BEY #XNA
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The Complex Zonation of Columbite-group Minerals from the Koktokay No. 3
Granitic Pegmatite Dyke, Altay, NW China and Its Petrological Implications

ZHANG Aicheng?, WANG Rucheng”, HU Huan", ZHANG Hui®, ZHU Jinchu?”, XIE Lei"”
1) Department of Earth Sciences and State Key Laboratory for Mineral Deposits Research, Nanjing University, 210093
2) Institute of Geochemistry, Chinese Academy of Sciences, Guiyang, 550002

Abstract

The columbite-group minerals from the Koktokay No. 3 granitic pegmatite, Altay, NW China were
studied in the paper by using the electron microprobe analysis and back-scattered electron imaging. The results
indicate that the columbite-group minerals in this district are mainly Mn-enriched, which are mainly
manganocolumbite and manganotantalite. From the border zone to the core of the pegmatite, the ratio of Ta/
(Nb-+Ta) varies almost vertically with nearly constant ratio of Mn/(Fe+Mn). The chemical compositions of
the columbite-group minerals from the earlier magmatic stage vary limitedly, while those from the later magma-
hydrothermal transitional stage vary over a wide range. The back-scattered electron images show that the
compositional zonation is not clear in columbite-group minerals from the magmatic stage (zones I ~ ), while
those from the magma-hydrothermal transitional stage (zones V ~ VI) exhibit a complex compositional
zonation. Indeed, the zonation patterns vary from the progressive, via the oscillatory to the replacement
structure during the consolidation of the granitic pegmatite. The study indicates that the composition variations
of the columbite-group minerals from different zones of pegmatite and their compositional zonation are due to
hydrothermalism during the crystallization of columbite-group minerals, and the zonation patterns are mainly

controlled by the degree of hydrothermalism.

Key words: columbite; zonation; granitic pegmatite; Koktokay; Altay; Xinjiang province
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