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Ashwal et al. , 2007 ; Bingen et al. ,2009; Bjerkgord
et al. , 2009).660~610Ma(Ashwal et al. , 1998;
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1996 ; Hauzenberger et al. , 2004, 2007; Cutten et
al. , 2006) =ANFrBe. ST XA IR e bL 74 AL 3 T 2
— K TR 22 Y 3 L B (Goscombe et al.
2000; Kroner et al. , 2000; Hanson, 2003) , {H i &
NN I 11028 Bl I R R ) 3 2k R X BT L
oo i AR B O iz R 3 D as g A R ROk g
(Kréner,2001) . % FRHC A B ER g™, B N4 E
G 2N AR BRI AT TR B AR S E R L
YE(Wilmart et al. ,1989; Hu Shiling et al. ,1990;
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Fig. 1 (a)—Regional structural map of Mozambique; (b)—geological map of Tete province in
Mozambique (a modified after Hanson, 2003 ;b modified after Barr et al. ,1987)
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(a) : 1-—Phanerozoic overburden; 2-—800~410Ma Pan-African orogenic belt; 3—1. 35~1. 0Ga orogenic and 800~410Ma Pan-African orogenic

belt;4—1. 35~1. 0Ga orogenic belt;5—2. 05~1. 8Ga orogenic belt; 6— Archean craton;7—national boundaries, 8—location for figure b;ZB—
zambezi tectonic belt; MozB—Mozambican tectonic belt; IB—irumideorogenic belt; LB—Limpopo orogenic belt; LC—The Lluio block of LC;
(b) : 1—Phanerozoic overburden; 2—anorthosite; 3—composite pluton; 4—the Second Formation of Zambue Group; 5— Zambue Group; 6—
Barue Group; 7—Angonia Group; 8—Luia Group; 9—Fingoe Group; 10—Rushinga Group; 11-—Chidue Group; 12—Late Fingoe granite;
13—Early Fingoe granite; 14—Desaranhama granite; 15—Sinda granite; 16— Ilmenite ore body; 17—granite; 18—anorthosite; 19—section

position and number;20—sampling location
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Fig. 2 Measured section for anorthosite in ilmenite field, Tete province, Mozambique (Pm1)
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1—The Third Formation of the Mesoproterozoic Angonia Group; 2—the Second Formation of the Mesoproterozoic Angonia Group; 3—the

30° 5533
10 L‘?—O—uo 11 12

Pt,Ag | 1 PLEI\G" 3 v o ‘ 4 ‘ Ilm
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First Formation of the Mesoproterozoic Angonia Group; 4—anorthosite instrusive body; 5—Ilmeniteore body; 6—garnet biotite amphibole
gneiss; 7—biotite amphibole plagioclase gneiss; 8—biotite plagioclase gneiss; 9—anorthosite; 10—ilmenite; 11-—gneiss occurrence; 12—

sampling location

B3 55 b vl R4 SRR I ARH A B A0 BOBE T AT (IE 32 )

Fig. 3 The pictures for field and microscopic of anorthosite in ilmenite field,

Tete province, Mozambique (orthogonal polarized)
() —RHCE SRR 2 i 5C R B 5 (b) —RHC A Y BRI 2 s (o — Bk B Jr 5 (D — &SRB BHCA B HUR A
(O—&HFRAT ANARKE R (DO—3FARNARCE BHE A
Im—8 0 06— RHC A s Tmn— 8RB B s Pl—RHC A s Be— B 2 B Am— M N A
a)—Contact relationship between anorthosite and ilmenite; (b)—ilmenite intercalations in anorthosite; (¢)—photomicrograph for ilmenite;
(d)—photomicrograph for anorthosite containing Ilmenite; (e)—photomicrograph for anorthosite containing biotite-and-amphibole;
(f)—photomicrograph for anorthosite containing hornblende

Ilm—TIlmenite; ve—anorthosite. Tmn—titano-magnetite; Pl-—anorthose;Bt—biotite; Am—amphibole
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HORAFERER D06 1 148 JF T 3l AL v >R 4587 ff 1) )
K4 U-Pb 4E R FE 0 1 14 (D103-1)
3.1 #£RAU-PbEFE

BEATT ) Pk R LSS 6 A A AR K O B A
J2 R R A R R 1 AR R D e S 5T
B RHE G RE SRR S 22 R A 3 N LR A B S
TERCH 5T PR L 45 A b 1A, 15 8 585 0 UKL 58 5
TR i S i G S A R . T
i KA CL GO P A 0% 85 A b (4T AR R0
PREE A FRE AT TR AN 9 . Z 5 iR PR T W] B R I
F R B B A DA

B 41 U-Pb [m] {28 & 4F [ A 7E b BG4 4 5 B
Jay L 2R JRy ik v 52 55 25 R T LA-ICP-MS 43 #1 58
Ao WG b i R bR SR R O A
SVLR REUE AR EE R LW P A T
AU DABR i A R R (R s R R s A B
K% B (Hu Zhaochu et al. , 2008), % 4b, %l i
1 M 80HE % 344 ICP-MSDataCal(Liu Yongsheng
et al. ,2010) ZbFR5E AG . U-Pb [a] {7 20 4F 5% F 85 A1
FrifE 91500 AT AL 2 3 1A IE , B 43 B 5 S FF
BLEDHT 2~3 K 91500, A FE S U-Pb 4E
U VS AR PRI AT 49 4F % 11 58 44 R T Tsoplot/Ex_
ver3 (Ludwig, 2003) 5 i .
3.2 ERAERERE

HAEMEITR AR B E A
LV 45 $b T 7 880 2 JF & Jmy 52 36 I a0 ) 58 8
F T E (S0, TiO, , Al, O, , Fe, O, , FeO, MnO,
MgO,CaO.Na, 0. K, O, P, O;) % i X 256 %3 i
[AFS-2100 #I(D460) ,PW2403 A1 (D183) 143 #7 . K5
T 2% KRR A 0. 01% . Hi 0K T
2R HL B A 45 B 1 R B % A (ICP-MS X2 #1)

PEAT W . W E RS AR T 500, B IR IR A
0.05ug/g. M4 R RAFESBOILER 1,56 2.
F1 ERINTFAFEKRGKT AMNKESS
FTEXTEUERTE
Contents of major element for anorthosites in

Table 1

ilmenite field, Tete province, Mozambique

FRFES 5332 5333 5334 5397
EAS R | AHRE | BKRE | BIKRE
SiO, 49. 42 50. 94 50. 49 52.56
AL Oy 26. 05 29. 28 28.15 19.96
TiO, 1.09 0.21 0.46 0.7
Fe, 0y 1.09 0.089 0.16 0.66
Eshs FeO 4.79 1.34 2.45 5.23
LR K;O 0.44 0.31 0.38 0.56
LBy Naz O 3.65 3.54 3.42 3.65
%) MgO 1.45 1.01 1.52 5.42
Ca0 10. 35 12.51 12.23 10. 22
P, 0; 0.3 0.044 0.063 0.062
MnO 0.13 0.042 0.055 0.13
LOI 1.2 0.63 0.59 0.81
Total 99. 96 99. 95 99. 97 99. 96
Mg# 15. 37 31. 14 27.13 38.34
FeO,/MgO 3.65 1.27 1.55 0.98
Na;O / K;O | 8.30 11. 42 9.00 6.52

4 il A R
4.1 #£RHU-PbEHE

RHE A 1 85 A 2 R T 0037 WK R IR 50 B
AR KLEEZAE 50~100 pm Z B, KFEH 1+ 1~1 ¢ 3,
CL EHER (& 4 S 7R K 4 5 A 938 ARCIR 5RZ 1 i
ARG o Oy R BV 5 SR L R B A 5 20 o3 4 A 1 B
AEH A RGN 52 . AT R A T W AR KBS A

BEA MR ThoU F1 Pb & B8 FEl 40 22
X10 °~176 X 10 ¢,90X 10 ~341X10 °F1 9 X
10 °~37X10 *(W% 3), Th/U WAEA T 0. 24~
0.52 Z 8], 38~ H o 2K K (Wu Yuanbao et al.
2004) . A&l 4 PR RHE s A BOHE B 9 A Rl
28 1 ol B 3 GRS AN B R T 9220 (Il 5) 5 B 36 Pb/
FRUARIS A T 561 ~599Ma Z (1], 25 >4l A AL
SEY AW K 580 £ 5Ma, MSWD=1.5,f0E T K
IS AR
4.2 HRAUFEHE

B A Si0, =49.42% ~52. 56 %, h HE Ik 5
Y Al Oy = 19. 96 % ~ 29. 28 %, H A 75 48 19 45
fiE s TiO, &M 0. 089 % ~1.09% . K, OF & 0.31%
~0.56%,MgO &4 1.01% ~5.42% , Mg # 5 %
4 15.37~38. 34, 8 /8 HAT(R Ti.K.Mg,Fe i ;
CaO Zrit 10. 22% ~12. 51 % AHAT #5185 s Na, O 55 &
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3.42% ~3.65%,Na, O/K, O {2} 6.52~11.42,
FeOr/MgO fH >}y 0. 98~3. 65, 7~ HA7 L PERLBE X
RAERE. A A LOL &R 0.59% ~ 1.2 5K
HAPTFH/NT 10 D,
K2 ERIUERAFEKGTHEHBMKER L.
METRMIKUER S REFER
Table 2 Geochemical components and characteristics

of rare earth and trace elements foranorthosites

in ilmenite field, Tete province, Mozambique

Kb 5332 5333 5334 5397
2 B R | AHRE | BRE BRSA
Y 6.97 2.13 4.28 9.98
La 4.82 3.07 3.63 6.61
Ce 9.5 5.98 7.35 14.9
Pr 1.27 0.72 0.97 2
Nd 5.14 2.91 4.16 8.6
Sm 1.12 0.61 1.04 2.13
Eu 1.5 0.98 1.13 1.32
Gd 1.18 0.43 0. 84 1.91
= Th 0.21 0.077 0.15 | 0.35
JLR Dy 1.37 0.5 0.84 1.93
&8 Ho 0.24 0.075 0.16 0.39
(X10-6) Er 0.75 0. 24 0.51 1.2
Tm 0.12 0.041 0.067 0.17
Yb 0.72 0. 26 0.5 1.28
Lu 0.12 0.041 0.085 | 0.22
Lay/Yby 3.98 5. 84 3.69 2
Cen/Ybx 3.47 6.06 3. 87 3.06
oEu 4.56 8. 04 4,94 3.51
> REE 28.06 15.93 21.43 | 43.01
LREE/HREE | 11.91 8.27 21,44 | 12.42
Nb 7.85 4.81 5.43 6.96
Ta 0.36 0.12 0.21 0.17
Rb 1.65 3.8 3 4.1
Sr 469 453 457 398
Ni 4.52 6.97 7.51 11.5
Co 10.7 6.2 9. 47 24
U 0.12 0.11 0.13 0.2
MR ITER Ba 184 132 127 188
g Zr 32.5 26.6 31 46.5
(X1076) As 0.53 0. 44 0.32 0.2
Th 1.13 0.58 1.17 2.31
Hi 1.39 0.79 0.98 1.75
Se 7.94 2.18 5.14 24.6
Sh 0.097 0.12 0.1 0.067
Th/HI 0. 81 0.73 1.19 1.32
Ta/Hf 0. 26 0.15 0.21 0.10
Th/Ta 3.14 4.83 5.57 | 13.59
Zr/Y 4.66 12.49 7.24 4. 66

1E (Na, O+ K, O)-SiO, [ fi# (& 6a) H. & A 7%
AZRAE ZRAL I ELEEATEEN; E K O
SiO, E f# C(E 6b) 5 78 AR B $7 38 2 578
Bl

4.3 HbBR4LFAFAE
4.3.1 HLIRTERHIE

BEKAEPHETRELERN 15.93 X 10 ° ~
43. 01X 107" (& 2), /s Ff b 6 o A 6 801K, Lay /
YbufE o 2~5. 84,58 (H M L4018 — M . Cex/ Yby{H
h 3. 06~6. 06, ELA7 1 Bl b 5 7y 55 B2 38 7 0 i
SERHIE SR E M L A 8. 27 ~21. 44, % + B A
—E M E % 0Eu BT 3.51~8. 04, H AW Y
Eu TR & E K TR A0 PR,

FEM 1 BC o il R I (L Ta) o MK A FE 5 Y R
Lo AT AL, B 1e) A i R R M O
LR T sV G N [ e s 1 20 L & 1| A
Eu FERINIEFH-HIERT . Baa KBS
IR,

4.3.2 WETEFE

RHC AR I i JT R & SV T AR b (R
(K2 AAEDHIAMAITR (Y. Yb L) & & AHY
SR T IR GG Mg (e . Th/HI LbfE Ry 0. 81~1. 32, °F
¥ih 1.1, Ta/HI FbfH A 0. 1~0.26,F 4 0. 18,
Th/Ta A N 3. 14~13.59,F ¥ N 7 I£ 45, Zr/
Y WA N 4. 66 ~12.49, K #IC R & & L AFE(E
W2,

JE 46 1 A o AL R X B (B 7h) BR , BHK A FE
i S TG 2R 4 T il 4R — B AR AR A K 4G o S
FRAE. AAFESM A BN RE FEATE Ba.Sr
JTLRMEL.Pb LR EE . mFMILR Zr Nb %
JCE 5 11 By Kl & A R ALE

5 g

501 RIKEHESH
HREXANPRK A EET YL PR KA H
F (An38~An50), LA Ik K.Mg.Fe, & Ca,Al &
AR B 0 U R S R K A YA o
e Y 4 (EL SRS B 08 S5 AT B0 7 B 2 R B AR AE . X
AR 25 B R 1 58 5 9T 6 R i B9 RS 5 AR B, AT fE
YR B 2w A K 45 d 43 5 (Hu Shiling et
al. 1990 , [a] i} 5 H 1 42 o 2o B2 b O A 1 — 3 7
N Y HA R 2 B B B 4R A7 R AIE (Chen Zhengle et
al. ,2014) . KB K — BOR IR T 5 A 18l 3t 1% 5%
i BBl (Sklyarov et al. , 2003 ; Kong Huilei et al. ,
2018)  Hvpr 5 A7 &l 1 1 A X 5 % LILE #l LREE,
T E M ICER Nb, Ta, Zr; 8 Bl 1 s ) A8 X &
HLRETEATTRMETRITR . RHCEME YL
P 25 LREE & %M Rb.Sr.Ba 55 KB A LEK
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Table 3 Zircons U-Pb dating results for anorthosites in ilmenite field, Tete province, Mozambique

JLE F i (X107 ) A AE [R5 2 oA AE % (Ma)
?ﬁl\“ )ﬁ 'fﬁﬁ 207 Pb/ 206 Pb/ 207 Pb/ 206 Pb/ _‘L}élhﬁ)#
Pb| Th | U |Th/U +15 +15 rho +15 +15 -
235U 238U 235U 238U
1 Bl 19 | 51 | 176 | 0.29 | 0.775 | 0.030 | 0.0947 0.0017 0.46 583 17 583 10 99%
2 W | 12 | 31 | 112 | 0.27 | 0.731 | 0.034 | 0.0908 0.0018 0.43 557 20 560 11 99%
3 W | 10 | 22 91 | 0.24 | 0.710 | 0.039 | 0.0934 0.0022 0.42 545 23 575 13 94 %
4 M| 17 | 43 | 159 | 0.27 | 0.747 | 0.030 | 0.0956 0.0019 0.49 567 18 588 11 96%
5 1gE | 20 | 58 | 187 | 0.31 | 0.740 | 0.030 | 0.0949 0.0015 0. 40 562 18 584 9 96 %
6 MBI | 18 | 47 | 169 | 0.28 | 0.812 | 0.033 | 0.0956 0. 0020 0.51 604 18 588 12 97%
7 | 16 | 40 | 156 | 0.26 | 0.753 | 0.032 | 0.0914 0.0016 0. 40 570 19 564 9 98%
8 MR | 16 | 45 | 151 | 0.30 | 0.784 | 0.032 | 0.0951 0.0019 0.49 588 18 586 11 99%
9 MeEs | 16 | 36 | 149 | 0.24 | 0.791 | 0.033 | 0.0940 0.0018 0. 46 592 19 579 11 97 %
10 | % | 20 | 55 | 183 | 0.30 | 0.791 | 0.032 | 0.0952 0.0015 0. 40 592 18 586 9 99%
11 | #8336 | 21 | 58 | 191 | 0.30 | 0.784 | 0.030 | 0.0974 0.0021 0.56 588 17 599 12 98%
12 | ¥ | 22 | 65 | 200 | 0.33 | 0.766 | 0.028 | 0.0967 0.0017 0.47 578 16 594 10 97%
13 | 8% | 13 | 32 | 127 | 0.25 | 0.722 | 0.030 | 0.0910 0.0016 0.42 552 18 561 10 98 %
14 | 8% | 19 | 46 | 168 | 0.27 | 0.833 | 0.030 | 0.0973 0.0016 0. 44 615 17 599 9 97 %
15 | ¥ | 23 | 80 | 207 | 0.39 | 0.740 | 0.027 | 0.0933 0.0016 0.45 563 16 575 9 97%
16 MEE | 13 32 123 | 0.26 | 0.808 | 0.032 | 0.0948 0.0017 0. 44 601 18 584 10 97 %
17 | & | 38 | 176 | 341 | 0.52 | 0.754 | 0.025 | 0.0912 0.0014 0.47 570 15 563 8 98%
18 | #Z#B | 25 | 82 | 232 | 0.35 | 0.715 | 0.024 | 0.0917 0.0016 0.51 548 14 566 9 96 %
19 | ¥ | 24 | 76 | 217 | 0.35 | 0.879 | 0.028 | 0.0967 0.0015 0.49 640 15 595 9 92%
20 | B | 22 | 58 | 206 | 0.28 | 0.786 | 0.026 | 0.0939 0.0014 0.47 589 15 579 9 98%
21 | 0¥ | 14 | 33 | 125 | 0.26 | 0.802 | 0.040 | 0.0957 0.0017 0.35 598 23 589 10 98%
22 | MBI | 18 | 46 | 169 | 0.27 | 0.793 | 0.028 | 0.0935 0.0015 0. 44 593 16 576 9 97%
23 | W@F | 13 | 33 | 126 | 0.26 | 0.795 | 0.033 | 0.0927 0.0016 0.42 594 19 572 10 96 %
24 | 1B | 13 | 40 | 122 | 0.33 | 0.814 | 0.030 | 0.0962 0.0017 0.49 605 17 592 10 97%
25 | MBF [ 13 | 30 | 125 | 0.24 | 0.790 | 0.032 | 0.0935 0.0016 0.41 591 18 576 9 97%
580+10Ma 564+9Ma
575£11Ma st
® - g e
1 3 5 6 8
560=10Ma 588+11Ma 588+12Ma 586=11Ma
594i10Ma >63+8Ma
579+11Ma 561+9Ma 575+9Ma
€ @ .9 Lo -
h 586+9Ma 399=10Ma 509:0Ma 16
584+10Ma
572+10Ma
566+9Ma 20 589+10Ma 5769Ma
> o e D @ ey
599+9Ma 579+8Ma 576i9Ma 592+10Ma
Bl 4 BT RAFE BT HRHS A 85 A AR R 6B /- (D103-1)

Fig. 4 Cathodeluminescence(CL) images for zircons from anorthosite in ilmenite field, Tete province, Mozambique (D103-1)

& 4 Nb Ta Zr IR 5 1, KW T2 £1 BAY
A0 B LR YRR A
ZARSE 1z 3l 2 R » R AR PR B 1) 52 5

FH XA EE (<20 ~ 30km) (Ziegler et al.

,2004; Jean

Chorowicz,2005) , 41 2 FI Wik BB 57 X N #HE A& 70
W AT A E IR . O SR B KA. b

b R M7 A B RARF e R K T ECRE S AR A
(5 45 Nb . Ta) £ F RS20 T 555 2 6 il 2 1 )i 2 1
PO 2 B B e AR B S R . ol Tl
F%Hﬁﬁu&”fh@ﬁ$~ﬁl O £ LU SN A

{45 FRAE N B SRR AR R 2R B A
éﬁlﬁ%&@ﬁﬁ&ﬂ’ﬂﬂﬂ%ﬂﬁﬂ%%?ﬁﬂj,ﬁ;ﬁkﬁﬂrﬁa
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Fig. 5 Zircon U-Pb concordia diagrams from anorthosite in ilmenite field, Tete province, Mozambique (D103-1)
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(a. ## Le Bas et al. ,1986; b. SZZk4# Pecerillo et al. ,1976, M4k #E Middlemost,1985)

Fig. 6

(Na, O+K;0)-SiO, (a) and K, O-SiO, (b) diagram for anorthositein ilmenite field, Tete province, Mozambique

(a. after Le Bas et al. ,1986; b. Solid line after Pecerillo et al. , 1976, dash line after Middlemost,1985)

B QE SR RS S . BARTE BB L Fa
AL R R R AT Al B8 D R e B K A B
R M AT B S R TR S R S A K
F U AF PR SRR AT 3 9 55 15 2 W g e /MO B, T
S5 o 8 Bk Bk AR K A (Emslie et al.
1994 ; Lindsley et al. , 2010),
5.2 SR HBERTEXSHKSH

WA KE R T BT 1. 74Ga, iy JL RS ) RHE
KR IR (Hu Shiling et al. , 1990;Chen Zhengle
et al. , 2014; Chen Terry Wei et al. , 2016), H#"
IR B PR Xy o 5 G 30 3 8 4t B S O3 BE 4
AW 2 F N a8 I 45 o) v TR B A U S
T A% B3 A 19 i B8 155 3 (Zhang Zhaochong, 2018;
Li Xingli et al. . 2019) . 1l 7% 8 EL Bk  A 7

W R Z )G H K 55 B EK 2k 7 (Zhang Lianfeng
et al., 2006), &0 a2 EE RGN MINA A,
Wk B P 2% (Rogaland) £k % #° & 8L T
931. 5Ma,920. 3Ma(Charlier et al. , 2006), ~FJC
AR Ly A P RHC S BB R L A 2 AN X
B R R 3 43 45 45 4 57 (SchaErer et al.
1996; Duchesne,1999) . A 2% # I\ N 4 2K i 1
7y B R pE AR L (Charlier et al. , 2015), HI&E KR
P L 2 (Labrador) RHC & T M BR 0T IR RHC S
FE R 1625Ma(Kerr et al. , 2013) , H gl H 28
By W S 45 o3 S B OF o O = A AR i AR

A0 55 58 LU v KRR 4 SRR S R T
WS A N 5 & R R BRI
B EEE S 1730Ma 5 600 ~ 800Ma 1 A4~ i 4



wooB

1108 http

Foa
&2

://www. geojournals. cn/dzxb/ch/index. aspx

il
2021 4§

100

@

10

Fedh/BREBRE

1.0

1 1 1 1 1 1 L 1 1 1 1 1 1

0.1

L1
La Ce

Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

/RS

0.1 J B |
Rb Ba

<
v
%

wl

{ I S I (S S I}
Th U Nb K La Ce P

Bl 7 0 B3 Ll v R Rk RS S i 1 T8 ROk B A AL TE 20l 2k 18] ()
Be ik 0 2R A6 b 8 A o A 06k 090 AT (b) CFR HE AL BB 3 Sun et al. ,1989)

Fig. 7 Chondrite-normalized REE patterns(a) and primitive mantle-normalized trace element patterns (b)

for anorthosite in ilmenite field, Tete province, Mozambique(normalizing values after Sun et al. ,1989 )
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Fig. 8 Pressure filtration mineralization model of anorthosite ilmenite (a) and Th/Hf-Ta/Hf

tectonic environment discrimination diagram for anorthosite (b) in Tete province, Mozambique

(a—modified after Charlier et al. ,2015; b—modified after Wang Yunliang et al. ,2001)
b I—HR & B30 % . N-MORB X 5 TT—#REUCR A% (T—REH MK A X5 2B 2 5 90 & Rl A gk K i KO 5 TT—RK AR 1
5L X R A X & T-MORB,E-MORB [X; IV— KBtk 8 (IV1-—fli N A REEG R B R Z R A X IV2— B R A w2 A X

IV3— KRR sk (SR R LA XD 5 Vg P K X

b:I—Divergent edge of the plate, N-MORB region; II—plate convergence edge(II1—Oceanic island arc basalt zone;II2—epicontinental island

arc and epicontinental volcanic arc basalt zone) ; III—intraoceanic island, Seishan basalt zone, T-MORB and E-MORB zone; I[V—continental

plate (IV1—intracontinental rift and marginal rift Tholeiite zone; IV2—intracontinental rift alkaline basalt zone; V3—continental extensional

belt (or initial rift) basalt zone) ; V-—mantle plume basalt region

(Andreoli, 1984) s L XA 2% 3 -0 5 bk Bk 5264
FHC A Rb-Sr.Sm-Nd [Al i 5 4R 5 A HIP U AQ
g 1144Ma } 588+ 26Ma(Barr et al. ,1984; Evans
et al. \1999) . A7 273 W A g WF 58 X N BRER By
BT dr A K 4 i 7 A (He Heling et al.

2012) s WA FHEYH NN G KA o v SE
S (Xiao Xiaolin et al. , 2014),3F R4 N B W&
7153 5 35 Mo 9 5T A KA T B Bt

A SCHAG 5 R BR A SAE BHC S B A7 U-Pb 4R 1%
9 58045 Ma, S 1 BRERT L A A AL S
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DX B 5 b v M) 3 N 3 ) (Moma) — F LA B 4B
[E 53k i in (Madagascar) K &L 600~550Ma 4}
K &8k n (Ashwal et al. . 1998; Jacobs et al. ,
1998) HA BRI 1Yy — Bk . MEE AN PR XA RHC
& RVERBR AT O o MG 0T 2 oy e B R B
45 b oy SR DR A (B 8a) s FL R ML 55 AHK A AR
I — S, RURE BEE AR TR R S0
BT o3 SR B S 5 B AR v — i K
A1 (An38~An50) ¥ 15 4 9K b5 1Y AR, SRk 4 1k
W RH A BB CE K — R R IR RE BT d g
s 8 A R B 28 AL W B T B R S5 B g e 55 AL
I J5 53 1 45 b T
5.3 RKEMEWREST

Hir 1 IC R IR TR S A B R E TR
Filsg Zr JHINb, Ta, Th % 5 3 5 7T R 6898 8 4
R B A A R & i i BR 58 (Hanson, 19803
Ganzeyev et al. , 1984; Sun Jiming et al. , 2018;
Kong Huilei et al. ,2018), XN K AFHE
Pb L& & %, Nb, Ta Jo R 5 i oy M B K fili 2 5
MVRFIE s Ze/Y HOAE S 4. 66~12. 49CKR T 4) . L 7R
P AR 28 T 8 9K L 2 1 28 AL T AR K A (Sun
Jiming et al. , 2018); FHAMRHK A KRE T% A
JGFE K.Rb.Sr.Cs & 5. %5 ICR Zr . HE Nb,
Ta S5 81, U H A Nb, Ta = i B 75 & 55 1k
TR 326 w2 B B 32 0 (Davis et al. , 1995), Ja] B
fIC T Rp A I 75 FOHE R Rl 9 A B R A 56 L L
Z FN WA Y T s2 0 (West et al. s 2004 ; Orozco-
Esquivelet al. , 2007; Gazel et al. ,2012), X N &
K Ta/Hf WE RN 0.1 ~0.21CKTF 0. 1, /h T
0.3), & /R O FLBE 2 BAA #54iE (Shinjo et al. ,1999;
Wang Yunliang et al. ,1984) ; Th/Ta F-3 L E N 7
(1.6 % H oy Bl AL 5K 3000 1k 2848 2 ioa Rk
(JE 8b) . &5 FIA K BFFE X N Y RHE 55 o IS il e
s PREE (18] 9) .

6 ZHig

(DI R A B A 58 Ti.Zr Nb LK. &
EREFHAILE.Pb LK, Ta/HI LL{EH 0.1~
0. 21 BF4RAE, R T ML AL BT Ti KB b7 BE % 2l 1)
FRAE s S8 28 25 A M 3R AL SRR AE L 255 ) FOOR 10 1
IR ki N SIS A JRe A 3 A 5%

(2) % LA-ICP-MS 15 H 55 A1 U-Pb 4E i Ry
580+ 5Ma, 7R T RHE 25 T8 B B8 S 8 o i A
1, IRl B 4 58 T R I R U B AR

590Ma~570Ma

B9 BER s KA Rk B/ 590~570Ma
H4) 35 B 358 B 7 T A
Fig. 9 The diagram for Inversion schematic
tectonic environment from 590Ma

to 570Ma in ilmenite field, Tete province, Mozambique
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DI (N SR AWPZE | 5 = LT B R LR b DN
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Abstract

Mozambique is located in southern Africa. It is rich in mineral resources, and is one of the major
export countries of titanium ore. Currently most industrial mining is based on the titanium zirconium sand
ore along the coast. The primary ilmenite deposits are far less explored, and their geological background is
largely unclear. A series of anorthosite samples closely related to the primary ilmenite have been collected
in the Tete Province, Mozambique. Zircon U-Pb ages for the anorthosite samples are 580+ 5Ma, which
indicate the time of rock formation. The chemical characteristics of the samples indicate that the
anorthosites are low Ti, low Mg and low K tholeiites. Rare earth elements show obvious accumulation of
plagioclase, dEu shows extremely high positive anomaly; the LREE/HREE ratios are 8. 27~21. 44, which
shows the enrichment of LREE, indicating that the anorthosites were formed by high-degree melting and
crystallization differentiation of the primary mantle. The trace elements have obvious enrichment of Sr, Ba
and other large-ion lithophile elements, as well as depletion of Zr, Nb and other high field strength
elements. The Ta/Hf ratios are 0. 1~0.26, Th/Ta ratios are 3. 14 ~13.59, reflecting the formation of
anorthosites in the continental retro-arc extensional tectonic environment. The study of the country rock of
the ore-forming ilmenite has revealed that the genetic type of the ilmenite is late-stage magmatic
crystallization differentiation, and the ore-forming model is crystallization, differentiation, pressure,
filtration. Our data also show the important evidence of the 660 ~ 610Ma Pan-African orogeny in the

Zambezi tectonic zone in Mozambique.
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