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Abstract: This paper is the result of mineral exploration engineering.

[Objective] The Manono—Kitotolo spodumene (40%—70%) pegmatite, one of the lithium—cesium—tantalum pegmatite (LCT) in the
world, is located at the Mesoproterozoic Kibaran rare metals metallogenic belt in the Democratic Republic of Congo (DRC). The
field works revealed that the symbiotic minerals of pegmatite gradually evolved from outside to inside: granite aplite zone( I ),
muscovite—feldspar quartz zone (11 ), quartz albitite zone (1ll), spodumene zone (IV) and quartz kernel (V). [Methods] In this study,
the composition of major elements of mica, spodumene, cassiterite and columbite—tantalite are analyzed by Electron probe X-ray
micro—analyzer (EPMA) to bring light on Li-Nb—Ta—Sn mineralization and pegmatitic crystallization differentiation. [Results] The
results show that the content of Rb, Li, and F in muscovite gradually increased from outward (1) to inward (V), meanwhile the
K/Rb gradually decreased. The content of Fe and Rb in lepidolite (V—1) is relatively higher than in muscovite( I ), which indicating
highly fractionated pegmatite inside. Li mineralization mainly occurs in spodumene pegmatite (IV). [Conclusions] The grain size of
spodumene varies from macro—crystal to coarse grain and medium grain and its principal components keep consistent except Li lost
by oxidative leaching, argillation, greisenization and other alterations. Cassiterite with high Nb and Ta is generally formed by
greisenization in zone I[-IV. Nb-Ta is mineralized in the form of the columbite—tantalite—manganotantalite isomorphism in the
zone I -1V, with the development of differentiation, the content of Ta and Mn in minerals increases, while the content of Nb, Fe and

Ti decreases and formed Ta-rich and Mn—rich Columbite—tantalite.

Key words: spodumene; cassiterite; columbite—tantalite; muscovite; greisenization; Manono—Kitotolo Pegmatite; mineral
exploration engineering; the Democratic Republic of Congo
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Fig.1 Regional geological map of Kibaran metallogenic belt
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AR ALy (977£18) ~(966+21) Ma( Dewaele et al.,
2016), A PERFAE IR A Am B e 2 51 B AR <, B
FJE G 1L 46 i< 7 (Gerards and Ledent, 1970; Cahen
etal., 1984), Dewaele et al.(2010)#F5% E7~, Kibaran
BT AT s B AT AR IR A I K TR,
SRR AR RS G4 B (GRS L A
KEEHY.

Manono—Kitotolo ™ [X_ 4 & Hi 2y 1 7T i AR
Kibaran JHE THCE . R A fASBRb A, HoJ2 =k
EMALAR 30°~60°, fla) ALY, HiZHfA 50°~90°, #”
XA s F 2 AR A TG ], JEAR R — 5 &
AW L, LT Ay i 2 — RSN K, £
w2 U RH AR A AU AR ) WAL (1] 2a),
FEZALTU ) W R IR R AR RS . BT IXY
A6 A F 253 A Lukushi fE 50 75 . B RRIRAE 54
REG ALK A ALK s A AR M 55 . R
Kokonyangi et al.(2006) B 5% . 7 , Lukushi HER
P15 T8 T i B AR B AR B e, Y AR
A BHA AR BB, oA ERAE 2
B B R AR <, ABAS 2 A0 SRR AR 5 A T —
RS, PR A 2 s AR AT RE SR A BRTR A 1
(Dewaele et al., 2016) ., ZZ#E &k 25434 T Manono
i fh A W R, 505 A AT oA, TR AR
it A, Mgk AR AR B

Manono—Kitotolo {55k i [ B ) 15 km,
T2 800 m, KB A KMMIWA &R IR, /5 hIb R
# Manono FIFg U Kitotolo i Bt (€ 2b) .
Bt & B A Al A e, Al
MAETILAR 40°~60°, 161 # 7R, B fH 30°~50°,
BT AT R RS b, Sl e 9 1) S A
X Sl by 3 A P R AR R] . ALZR 2019 4F 5 H (Ferguson
et al., 2019), Manono—Kitotolo 5 i = B A & J@ i
PRI £ 4K 414 t, Li,O & i A 1.66%, Sn i
4 0.075%, Ta fifi 0.003%.

3 Hidhoe s BURRAE

Manono—Kitotolo f4i ity & J& T8 — 45 —8H {5 it o
(LCT) (Dewaele et al., 2016; Bradley et al., 2017), F
BRI AYE R A RO SO B b
AR, HUCOh B4 SRS AR T4, i
A% K IRHTF S % Malata, Carriere 1 Roche %5

http://geochina.cgs.gov.cn F1E M1 5T, 2024, 51(2)


http://geochina.cgs.gov.cn

2024 4

A

100 m

?i)%i%égf area Ltfrunﬁite %Ejgjjgf stratum
%?Z%é?fgjiziments m gi)%ﬁf g gﬁ%:j place

A 7R LA T b

Qf)?n}zqi%orphic rock l?ie?r\i)ﬁﬁgz_‘ite

¥l 2 Manono Hi X b7 &€l (a) . Manono—Kitotolo " X 11 i [¥] (b) (#i& Ferguson et al., 2019 f&240) F1 Malata £ &7 ki) 7~ B

FEl(c)

Fig.2 Geological map of Manono area (a), Manono—Kitotolo mining area (b) (modified from Ferguson et al., 2019), and sectional
schematic diagram of Malata pegmatite dike (c)
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Fig.3 Graphs of rock samples in the Manono-Kitotolo pegmatite
a—Quartz albite zone (Ill) interspersed with muscovite feldspar quartz zone (Il ); b—Long columnar spodumene giant crystal from zone IV; c—Coarse
spodumene crystal from zone IV; d-Medium—fine grained spodumene crystal from zone IV; e—Altered spodumene crystal from zone IV-1;
f-Lepidolite from zone V —1; g-Coarse grain of cassiterite in greisenization pegmatite (G); h—Coltan in greisenization pegmatite (G); i-Metasomatic
relict texture of spodumene from greisenization spodumene pegmatite (G/IV); Spd-Spodumene; Cst-Cassiterite; Clb—Columbite-tantalite; Ab—Albite;
Q—-Quartz; Ms—Muscovite; Lpd—Lepidolite
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Fig.4 Micrographs of rock samples in the Manono—Kitotolo pegmatite
a-Muscovite feldspar quartz zone (II'); b-Fine-grained quartz and coarse-grain microcline is lconographic structure from zone Il ; c-Medium albite

from zone Ill; d-Fine grained albite and allomorphic columbite-tantalite from zone Ill; e-Coarse grain of cassiterite in greisenization pegmatite (G);

f-Fine quartz and albite metasomatism spodumene from zone IV; g-Spodumene symbiosis with cassiterite from zone IV; h—Alteration spodumene
symbiosis with medium albite from zone [V—1; i-Lepidolite symbiosis with Muscovite from zone V—1; Spd-Spodumene; Cst-Cassiterite;
Clb—Columbite—tantalite; Ab—Albite; Q—Quartz; Mic—Microcline; Pl-Plagioclase; Ms—Muscovite; Lpd—Lepidolite; Ser—Sericite
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Table 1 Analytical data of major composition of mica in the Manono—Kitotolo pegmalite

S R/ %

VAL R T/ I = S RETISX DA S0, TiO, ALO, FeO MmO NaO KO RboO Cs0 F e K/Rb HE
I Ms bgkl-1® 4672 034 3406 249 004 0.65 1064 014 bdl 085 9581 69.20
Ms RG16811 4789 0.03 358 — 004 1.08 937 — — 054 10056 39.71
Ms bgn2-1®  46.11 0.03 36.85 082 0.07 040 1041 073 0.02 034 9544 1298
il Ms RG5826 4656 0.03 3360 — 005 048 1066 — — 021 100.84 45.17
Ms RG9699 4753 0.03 3349 — 027 054 1031 — —  bdl 9944 43.69
Ms bgnl-3@  46.69 bdl 3490 2.68 025 053 1028 055 0.02 081 9594 17.02
v Ms B34(D 46.42  0.05 3509 268 034 033 1071 071 002 0.62 9640 13.73
Ms RG15992 4746 0.03 3473 — 030 092 985 — — 056 100.16 15.06
Ms RG16005 4690 004 3370 — 027 0.62 1032 — — 1.19 100.16 16.30
Vo Ms bgn2-3® 4562 0.02 3835 005 0.13 046 1045 1.15 bdl  0.00 9627 827
Ms bgn2-3@  46.15 bdl 3689 008 0.14 035 1062 190 bdl 063 96.18  5.09
v_; Led bgn2-5@® 5257 bdl  24.83 0.10 136 0.07 1020 292 0.08 444 9233 3.8
Lpd RG14 5547 0.01 2565 004 039 037 9.02 — — 405 99.79 513
Ms bgn2-56 4644 bdl 3793 0.05 0.07 024 990 075 bdl 0.00 9538 12.02
yop Ms bgn2-5@  46.18 bdl 3792 0.02 0.05 021 1021 127 bdl  0.00 9590  7.32
Ms bgn2-5@ 4671 0.02 37.89 002 bdl  0.17 1097 0.85 bdl 000 9679 11.75
Ms bgn2-5® 4533 bdl  37.99 bdl 003 0.7 1006 073 0.03 0.00 9434 12.55
Ms bgsl-2@®  46.82 0.05 3259 357 043 023 1061 096 bdl 143 9541 10.06
Ms RG16747  58.64 0.04 2812 — 012 052 796 — —  0.68 10171 1585 . .. .
G Ms RG16777 4644 003 348 — 020 0.66 991 — — 124 9891 1421 R
Ms RG16958 4581 0.02 3740 — 016 075 1017 — 0.61 99.87 14.49

VE: RGZRFIFE ST 45 55k H Dewaelea et al. (2016) ; K/RbELH IKFIRb S B AR AL

“bdl" FoRC TR, "R AR .

Ms—H =l Lpd—# =B

% 2 Manono—Kitotolo R A PEEATEHRDTER

Table 2 Analytical data of major composition of spodumene in the Manono—Kitotolo pegmalite

Sl e &k
B 5/ : WHER % \

Sio, ALO, FeO MnO Na,O K,0 Ca0 Ta,O; SnO, M

bgn1-3® 64.16 27.58 0.48 0.10 0.16 bdl bdl bdl 0.05 92.53

B34®G 63.91 27.54 0.43 0.10 0.14 bdl bdl 0.05 bdl 92.17

B34@ 64.30 27.42 0.19 0.06 0.11 0.02 0.02 bdl bdl 92.12

“THE 64.12 27.51 0.37 0.09 0.14 0.02 0.02 0.05 0.05 92.27
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Table 3 Analytical data of major composition of cassiterite and columbite-tantalite in the Manono—Kitotolo pegmalite

HEAHBRE M A S R %

A S0, TiO, FeO MnO Rb0 NbO, Ta0, Sn0, WO, mgx Mo/(FerMn) Ta/(TaiNb)
11 Clb  bgnl-1® 040 1.62 7.01 859 040 2634 5259 1.00 078 99.97 0.55 0.66
Jii| Clb bgnl-1® 041 039 622 982 170 2885 5138 0.07 058 99.42 0.61 0.65
I Clb bgnl-1® 036 024 637 1019 145 36.66 4398 027 032 99.84 0.61 0.55
11 Clb  bgnl-1® 041 139 593 957 151 2764 5199 085 032 99.61 0.62 0.66
I Clb bgnl-1® 041 1.87 6.18 898 156 2583 5267 099 042 9895 0.59 0.68
il Clb bgnl-1® 034 026 631 989 151 36.05 4527 0.05 042 100.1 0.61 0.56

N Clb P25 — 015 — — — — — 0.08 006 — 0.34 0.18
AN Clb P75 — 067 — — — — — 031 030 — 0.72 0.5
¥l 039 0.82 634 951 156 3023 49.65 045 040 99.65 0.58 0.56

G Cst  bgsl2® 062 0.03 050 0.05 bdl 152 193 9496 bdl 100 0.09 0.57
G Cst  bgsl2® 062  0.09 025 bdl bdl  0.65 0.7 9632 bdl  99.06 bdl 0.52
G Cst  bgsl-2® 060 0.07 0.08 bdl bdl 025 043 9826 bdl  100.1 bdl 0.64
G Cst  bgsl2@ 060 006 025 003 bdl 056 065 941 bdl  96.8 0.11 0.54
G Cst bgsl2® 055 0.11 071 0.04 bdl 238 202 9358 bdl 99.88 0.05 0.47
¥E 0.598 0.072 036 0.04 bdl 1.072 1.146 9544 bdl 99.18 0.08 0.55

vE: P25, P754) M4 K A Melcher et al. (2015) ; Spd—%#&4T; Cst—4541; Clo—4B4HEkT .

P T V=177, Rb,0 & i A 2.92%, Cs,0 i h
0.08%, FeO 7 &N 0.04%~0.10%, F &l 4.05%~
4.44%, TRECITEER(GR D) WoR, | — 114549757
=B Rb,O SRR, T —1V &5 #4745 =
I = BE FeO & HEARXTR R, [A—45447 (V-1)
7= AR 2= BF FeO, MnO., Rb,0O Fil F & 1 AH X 7
THz bk, R = BT 5 4 Fe, Mn, Rb F1 F JG
o WA RIEESG A (GO E s B F & i
4 0.61%~1.43%, A% T 1 —VifH B F 55,

FH % 2 AT L, SR A R B, 22 iR
b Sio, F N 63.91%~64.30%, A1,0, % & N
27.42%~27.58%, HoAh 21 7 F = B AK, FeO & & N
0.19%~0.48%, MnO 7 A 0.06%~0.10%, Na,0 7%
14 0.11%~0.16%, Ti,0, MgO. K,0 &K T4
HFR .

H#% 3 AT, #3471 SnO, 4 93.58%~98.26%,
Nb,O, M 0.25%~2.38%:; Ta,0, & M 0.43%~
2.02%, FeO & 1 N 0.08%~0.71%, MnO 7 & K
0.00%~0.05%; TiO, & &4 0.03%~0.11%, B 71 ik
H SnO, A9 Fr 5 H HpCo 1) A T B AIG, 17T Nb+Ta
Fl Fe+Mn 1Y% fE B i 5 o

H 2 3 AT 0L, JRAH AT Nb,O, & N 25.83%~
36.66%, Ta,0, 7t} 43.98%~52.67%, FeO & & H
5.93%~7.01%, MnO % &} 8.59%~10.19%, SnO, 7%
o 0.05%~1.00%, WO, 514 0.06%~0.78%, TiO,

TE N 0.15%~1.87%, & i H S A Ta/(Tat
Nb) I & 0.18~0.69, Mn/(Fe+Mn) L {H J 0.34~
0.72, %89 Manono—Kitotolo 14 ity & 7= H AR EE IR
IR E R T ER IR |

6 1 it

6.1 FmAENSRELIEE

Manono—Kitotolo 4 ity 75 5 tH 5 HiAth A+ &
AFARL, 7= H 7 PR AR A 2 1 72 o o X (Xl o 5,
2017; s 45, 2020), 4npu 1| B J5E < pay i 22 mT
AT FEE 3 5 Bk A dfe (R AR XS, 2013; 5204,
2017a) . Manono—Kitotolo 115 ity & fi 0] F HA —5E
R ] 237 RRAE, FRAD = N R T A AL B Al
(D). AsRkaasEd (D)., MK A
(D), B (V) SR AR AENZV),
6 < 20 2 AR B A o R 8 R ZHUE 0 R #02
R AL B A TSR oy, SR A R R O AR
FH Y T B8 7 2 A Ak (Dill, 2015; 28 55 % %%, 2019;
M B R AE, 2023),

BN A A T AL R RN 45 45 R A Y
GUR RS, LW BT | A 2R 2 o S A SE R Y
WFFE X i BT Ak AR LA FEHE /R B L (Vieira
et al., 2011; J& /& R4, 2013; F ¥k i %5, 2019)
Manono-Kitotolo £ it 7+ 1Y 2 BF-ELA A [R] 19 Wl 4343
WL, FEERIN A o B 2 B AR o7

http://geochina.cgs.gov.cn F1 E M1 T, 2024, 51(2)


http://geochina.cgs.gov.cn

5518 42 )

BB 4 WIS (45) Manono—Kitotolo & 2 —4fa—4H 4 i A B S5 0 AL RRIE AR 5T

451

e, R FEUSAE SRR AT (A 4), B
o AN S R E I A YRR Z — (R
JL4E, 2017) o Ak = BERY Lis Rb, Cs, F. Ba,
Sn. Zn 71 A1 K/Rb 1B AT LS AT 5 B e A 32
o 5 3 Ak B B ( Vieira et al., 2011; J& & R 4E,
2013), Manono—Kitotolo ffi /it ¢ ' == B2 0 W) &
[ — Vi Li. F. Rb fl Cs % it % #i 7+ 5 , K/Rb
B IEAIG, FE AR A B A a) DI 25 S 1 43 S Ak
FERER R (151 5)
6.2 fEH LHFIE
Manono—Kitotolo ffi iy & L L EE A E T
ARSIV, S a 5 a5, kAt
A, — AR B SRR D, PR A A
KA B9 A T LIAE A Manono b XA B9800 R
B TEREMERAERFENLRES, N EE S b
HORETERCR Y B B, A1 i A 2 R S SRR
A B R 1) 2R B (SCFRR, 2017), 224X
YEH R, 51k inm (8555, 2017) .
AR P A1 5 Li,0 & 8 1Y 5 & 271 (Eckhof,
2017; Ferguson et al., 2019), 244 fb A PR &

B 7E 20%~30% B, Li &% & 1.8%~2.0%( Li,0 K
3.88%~4.64%) ; HLE A1 % T 7E 10%~20% I}, Li &
H 1.0%~1.6%(Li,0 4 2.15%~3.44%) ; #R 0 A1 & &
FE 5%~10% B, Li &% 1 29 0.60%(Li,0 24 1.29%) .
TE Kitotolo A" BeHr, #AMEATHF (V) 32 S8 AL K IE 1Y 52
Me, A Akl 28 b 2 B A % i <5%, AT IR B
0~70 m, i ¥ 7] 35 100 m, #2 ¥5 40 #r 45 R BoR
( Eckhof, 2017) , & b ) Li & & H 0%~0.30%
(Li,0 4 0.00%~0.59% ) , 156 BH 7 S Ak 45 1 KUK/
AU T 7K B Ik I R v, A AT BRI AL T BT R IR
5o R AT NS R R B A KUAR A o 25 i = 2
AR A (GAF) TP S ] W AR (A 6), B
Mt 3 ) R T S A R A R A 7 e B A i A TR
PR, 20 A X BV A i S A i T AT
SV, [R] s A S SRR shR it T (M i
54, 2020)
6.3 B WLHHE

R B A1 EZ o TE =0 a e dla v, ok
T AR B AT A T WD S AR A . RS o
Br &t B WK, 841 9 Nb Fil Ta & & A5 X 42 &

100 £ 100 ¢ 100 ¢
E 5 o F 3
2 0L & &
I 2 >
Ll I .
0.01 0.1 1 10 10
Li/%
100 ¢
: o
g ol LN g
2 ®
[}
1 Lol Ll T | | L wil | m
0.001 0.01 0.1 1 0.01 0.1 1 10 0.01 0.1 1 10
Cs/% Fe/% Mn/%
O lWHEak O IiH= B A NayH =B AN-1iH=E: O V-1ifH=
Muscovite in | zone Muscovite in Il zone Muscovite in IV zone Muscovite in IV-1 zone  Muscovite in V-1 zone
@ V-1 4 B + G =k

Lepidolite in V-1 zone  Muscovite in G zone

& 5 Manono—Kitotolo ffi fitim 4 = BEAJ K/Rb vs. Li, F. Rb. Cs. Fe. Mn HI& K& (Li BHEHIE T Dewaele et al., 2016; Rb.,
Cs. Fe. Mn JTCE & EMRIER 1 PEYN & B
Fig.5 K/Rb vs. Li, F, Rb, Cs, Fe, Mn for micas in the Manono—Kitotolo pegmatite (Li data after Dewaele et al., 2016; F, Rb, Cs, Fe,
Mn contents are converted according to the oxide content in Table 1)
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Fig.6 Characteristic diagram of rare element content variation of Mpete pegmatite dike (data after Eckhof, 2017)
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Fig.7 BSE images and the major element composition of cassiterite in the Manono—Kitotolo pegmatite

([ 7), WO, &I TR IR, J& T 4@ i
# WA 1985 41 (Tindle and Breaks, 1998), & # A1 =
ﬁ%’ﬂﬁ’ﬁ; LLESy=i0] 6180V-SMOW ﬁ+3-5%0’ 0Dy smow
{H-78.7(Dewaele et al., 2016), A JE A= 3% 7K it L 750
H. WIS GHA BN B SHME 20
Y 2L 45 Fh 7 S A Y (Shearer et al., 1992), 8354k
T WA SRS AENh . =d s i
RS A IR KR, ML SR (E 4e), =
A IE A SnO, 7 fe A S ) PR 328 T
AR (KL 8), UL b B Z B B, i B At i
ARSI, R s A B = S8 e
(Dewaele et al., 2010, 2011) , =Stk E#H L
PEFARSEAC R A A0 25 5 (Pirajno, 2010), 1% B0 & 14 %
PRI AR TR AL B AT i A R B 45 AR v, Bk
HoAh ¥ 2 MY A AR TR A M= AW
(Dewaele et al., 2016), [H it =5 A 40IE L H =+

F &4 (0.61%~1.43%) i T HARSE 43 9 H = BF
(0.00%~1.19%) . Manono—Kitotolo 1§ &t 7 Fi /A< £2,
B AR SE B 7R (Cryns, 2013; Dewaele et al., 2016),
2 B AR S T R BT Tl R R R R AR AR
I (120~265°C) P AR, BEITZ X 1Y = 9 A1k
VEFIES# . Sn & &5 Li, Ta. Nb & i 4 FA7
I3AR, (H LA B (90~96 m) Sn 75 8 & A= ] i
Fe(E 6), 5 Li,0 & 2 MG, Ul =9 a 1k
X0 A A el B AR, JE s b A LR
B, IR A T AR B Li JTR AR
I, 7F Manono—Kitotolo WX, =FL Ak 240 A
PR Rk
6.4 FEEBH L4FE

R HE Manono—Kitotolo #5A # & H1 4k FE 4H 42k
W FE M A s KA A (D AA g A
i CID) v, SRR 250 A 78 = e AT
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PRl
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Fig.8 BSE images and the major element composition of columbite—tantalite in the Manono—Kitotolo pegmatite
Patchy and volatility zonation—The Ta/Nb of the patch (light-colored) was changed to be higher than that of the dark-colored part

A (G) A (V)

BSE FEIM& B~ FR A ™ B fib 4 522 18 5340l
FROE, FEZERANT 40, Hod b T 3843 Ta/Nb U AE
FEXTAE R (] 8) o A3 3ty R A AR bl B AN
17 B 4 T 2 B9 (Beurlen et al., 2008), ] fig 5
P-T-X 414 F #9%  A X (Zhang et al., 2004) , i,
AR IR Y E 2R T ARE NS MR, B
A WF5¢ # W (Tindle and Breaks, 1998), B4 4H 4k
LT N s R | O S 7 £ s e S B
SHIE I (] 8), RIBEE 4 A E I 0iEAT, 54 h
PRI 1 B S, 48 . AR i & IR R
A RS 25 i S At sl A Rt AR i iy F,
SFEERHET LS, HE Rt R TS
$H¥% T, Linnen and Keppler(1997) 5% 7R, 7614
BR BT AR b S e A T e e g o AR I A A
XS T & i oG, B iAo S AR EE IR, Ta/
(Ta+Nb) BT . 7ERZ A 48 18 < A e
5 A Y, Mn AT Fe, Ta #HX6HF Nb A7 fb &
[F] s & A 1, A AR A R S R 9 45 il LA
Fe. Mn W76 3l, 52 Fe fil Mn J 5 431% ( Zhang et
al., 2004), PRELW IS MR 2, s, NITESE T
BRAER PR, IS BPE SRR (Mulja et al., 1996),
UE BB BH R 0 1 5 B PR PRk AR Y T Ak

f=E

DA R (R, 2014), KA K EH 1)
HIEXHE i Ta,05 F Nb,O5 585 L ICR VLTE . K
A B VE R A A, SCRAESE(2017) I K A
it B2 Nb, Ta WA B w FMWEZER R,
Dewaele et al.(2016) £} %} Manono—Kitotolo 1§ &t ‘&
rRREER A A ISR D SRR 5 S I
R AEA HIEECR, AR A, A5
ok 22 4k T DL R AR Bk 5 AR AN A A e 3
A 3h, B 4d), B IGAT UL, KA1 S8R 1)
W BA —E IR, TR LHRIEER. =z
AR A T BB A Ta+Nb & &t H O B P E
ot (B 7), B dem i fcs vh el AR g4
BT, PRI 2 S AR AR X Nb Fil Ta JTR RS
Ak W AR, WA T — 2D
6.5 BH 1ER SR

M Manono—Kitotolo 4 iy 5 ) 45 #4) 4375 A1
T YRAE, #EWT Manono—Kitotolo #i & )& 1 IR
J& TAE A db e AL INBREAE s I IR A R b 43 25
e 1) B R A 5y R AT JC R WAL I BT R, W Rk
A S PRl b 2 (A AR R R, ZEAEOT S P A B 58 2%
PV BESS i 0 S R SR A5 R i () AR (4L
4%, 2017b; EEEAF, 2017; M 5, 2020; B A1

http://geochina.cgs.gov.cn H1E LT, 2024, 51(2)


http://geochina.cgs.gov.cn

454 3l

Hb, Ji 2024 4F

A5, 2024) o A JE U BILTR R 45 i O AR R
WA AR %5 (London, 2018; 28 3 7545, 2019), R4
B EWA SRR S (RS 5SS Z AL s
a3 SRR R A 4 TR &5 AR Y 9 Be—Be—Nb—
Ta—Li—Be-Nb—Ta—Li—Cs—Be—Nb—Ta—Sn( Shearer
et al., 1992) ., Manono—Kitotolo #i 5 & /&% K H i
T AL LU AR, R B0 A gE w1k,
AR A TSR 878 (Melcher et al., 2015; Dewaele
etal, 2016), Ha B A AR iA (D HE =B
OAr-PAr 4EHE J9(938.8+5.1) Ma, HEHE A 5 4 (IV
OB = BEAr-Ar 4E 8% 4 (934.0+5.9) Ma, #g4H
BA™ (VAT ) i) U-Pb 4E % Oy (940.2+5.1) ~(947.0+
2.8)Ma, =% a0 dna (LA ) “Ar—"Ar 5 4%y
(923.83+8.3) Ma, BLHIARARH L ARG (L AEAR A
g it BRI, Tz g A A T A R R,
i A 42 & 45 S Nb—Ta—Li-Nb—Ta—Li—Nb-
Ta—Sn—Sn. A 1] LK Manono—Kitotolo #i A 4
JEAT R AR AS 53 4 BB, S — B BOR AT
wa i S R &Rk, FEIE U
A PR FUD R AR A 5 I BO AN A
b, FZIE BCARCIR L BERLIR A8 4 A RN i e gH 2k
W5 58 =B B = e a4k, T8 BORLSORL 98 A 5 215 Y
B B Ry 3 1 2 A 8 AL RS DB AR L i B
A R AS R TR R

7 #t i

(1)Manono—Kitotolo 143 ity H A — & AU [m] 43
WRHE, KB ALK MRS AT () —A K AA
el (D) —A i A (D —E A (V) —&
BARATENE), atb2RXTPWET -V
Li, F. Rb #l Cs & & B ¥ J+ i, K/Rb {E 2 # FEAIK,
R e B A 45 di i o S AR A s

(2) #1547 B Manono—Kitotolo ¥ A & @ # K
0 fre BB AT, A TR A A
(Vi) v, ERsr R, BA & Si0,. fF Al0,
HYRFAIE, HAZH 73 & B, = Je m e A 11k
AR B R KR BB VR 2 B Li,0 1 m A R

(3)B# A1 TM—IVAF b, 84 Nb fil Ta
TR, R TA &R RE SR, 5
= AR AL K A A IR RS TR e
RN, (RS TE )  A hr E AR A

(4) SR IED W) PRk AR R Ak R
G, oA T T —IV A, Gk A S ik 2 o
STHPRHIE, DERA Y BT AR E 2 AR . B
SRR T, PR A ) Hh ) BE RV Y 7
i, 8BRS RS, T AUE S SRR PR,

(5)Manono—Kitotolo ¥ & J@ i R AW 1k R
F, HUCh B o b A g T 1L, J& 148 b A4 i e 7
Wi 4B IR, it a4 sl B R A A 4
&A1k, T A A . SRR R A SR &R
WY, =9e bR BOE BORL R 5 41

Bof: AXEFFERFLEFERT F
E#FAZ (R BELRHABRWAyHE, &
WAFTE AVZ 7k 8] A K I Greame Johnston
k. FEMBT FHERGAERAGS AR
BRIV R AR By, CH I F 1T R A
BEULIFRHETERANBERENAEN, ERE
TN RS B RR
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