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Re-Os isotope age of pyrite from the Maevatanana gold deposit in
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Abstract: The Maevatanana gold deposit in Madagascar is a quartz-vein type gold deposit hosted in a greenstone
belt, and its genesis is highly controversial. This article conducts elemental geochemical analysis and dating of the
Maevatanana gold deposit, and explores the mineralization age and process of the Maevatanana gold deposit in Mad-
agascar. The gold content of gneiss is 1. 11x10™ ~80. 8 x10™, with an average of 19.55x10™; pyrite is the main
gold-bearing mineral in gneiss, with a Re-Os isotopic age of 752+27 Ma. The gold grade of the gold-bearing quartz
vein is 26.44x107°~132.22%x107°, and pyrite is the main gold-bearing mineral. The Re-Os isotopic age of pyrite
in the gold-bearing quartz vein is 535+26 Ma, representing the mineralization age of the Maevatanana gold deposit.

The Re-Os isotope isochron ages of two phases of pyrite correspond to the time of two collisions during the Pan Afri-
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can orogeny event. The gold content in gneiss is much higher than the average grade of the crust, and encapsulated
gold can be seen in pyrite. The Re-Os isotopic age of pyrite indicates intrusion of granite and gabbro at 752+27 Ma.
The Madagascar terrane underwent extensive metamorphism from greenschist to amphibolite facies, and gold in vol-
canic sedimentary rocks was activated, migrated, and enriched to form a source layer. The mineralization age of the
gold-bearing quartz vein is 535 + 26 Ma, which is consistent with the age of the Cambrian post collisional A-type
granite in central northern Madagascar. Field evidence and geochemical data indicate a close genetic relationship
between the Maevatanana gold deposit and the Cambrian post collisional A-type granite. During the process of mag-

ma ascending, the high-Si melts entered the magma and gradually evolved into ore-forming fluids, which enter the

host structures and enrich mineralization.
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A R R — & 0 AL B 45 2R (7
FEANAE,2019) , B 7 R G 1 S 00 B B fEARZ K
AU 0 PR, v I A A 0 KB G 0 DR 1) 4 ™
4 B EAE & e w5 B2 W L i (Harraz,
2000; Harraz and Hamdy, 2015) . 4 ¢ H iR A
KA A R RIS AE i v, 32 A AU
@ B TR KU T 4 H (Meinert, 2000; Halter
et al. , 2005; Schindler et al. , 2016) . 12 A &
A RAE IS (] R0~ () B A YRR H 2 —
L2 RN S S0 45 AR T 5 B i RARAS JE DUJE 14
"R ( Meyer and Saager, 1985) , @ W AR IE T
R, BARG AN TS S EE T E
JE (R4 i KA A 2 DB B & 87 IR (Ferry and
Dipple, 1991; Thompson, 1997; Jia et al. , 2003) ,
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i) . Andrianjakavah %% (2007) #f 5% T Maevatanana

SRS IR R A T R AR AL 0 Sk P AR
BRI ARk A AE UK, PUE & OF5EIA
g s A BT 820 ~720 Ma( Handke et al. |
1999) 1 550 ~ 520 Ma ( Paquette and Nédélec, 1998;
Rambeloson, 1999) %) 2 #1401k, =% % (2013)
WFSE T E3k il Maevatanana 4 R4 F 1 | A
WIZHL XA 2 B H, 23500 % 07 4 K 3 T fik
UG & & A Bk, S T 3RAFMERR B RO 4 i
Yang 55 (2016 ) Ml 75 1< % BT Bk (19 85 41 U-Pb 4R 18y
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AR JFUE I R KL B G, D4R R A IX

1 XS

bR AN s A4 by 7 758 23 2H B, AR B O i 2E
oA VU B A G BNE AT S (de Wit,
2003) . HIFER R A A4 R 5 DI X (Collins and
Windley, 2002; Collins, 2006;
2009) : Bemarivo ¥ . Antananarivo £l Antongil Hh e A
I Ttremo Al Tsaratanana 7 F (K 1), X Loy 2
) Jg k) ¥ 2% M. Antongil $ibk 1 3 200 Ma ) - FR 7
12 600~2 500 Ma A£G 7 41 ; Antananarivo Hi1
Het 2 600~2 500 Ma F 5 RS FUBTIC A ARAE B 2

Thomas et al. ,
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., Tsaratanana &+ b 13T 5 b 1) B9 3 S 2¢ A 7 4
WA A, Sai A T B I R
RIREA, A0l AR A Babk-fE&am
R FAINA R R Bk i . Antananarivo Hb 3 Al
Tsaratanana 7+ A £ W1 Z 4, — ¥4k 820 ~720 Ma
e s W AR A KT IZ 7R T F A8 SR T,
AR B R gk B A AR B A N A A (Tucker et al.
2014) . Itremo & Rty oo ARSI LB ot AR It
BUEH N, Bemarivo 48— 2 W PE BT DI 3 g L
Wik, 0 Sahantaha #f & 5 KA 20 R, JLFR B A2
JRUIEA 4 A% ( Thomas et al. , 2009)

50°E

I N3y X 3 55 &l ( Collins et al. , 2003)

Geological map showing the principal tectonic units of Madagascar ( modified after Collins et al. , 2003)

2 BT

Maevatanana 2% 75 17 7& Tsaratanana 7+ 5t P4 Il
A — el (B 1), E=h A AN BEER
A FIAR i 3P 5 — R A 2 AR ( Collins et al.
2003; Collins, 2006) , %Lk A7 AL B LA A iR A
(Tucker et al. , 1999; Collins, 2006) , &8 61T
ik s AR A FE R iz AR i I F R s
AR BT AH R gk R A AH B AR N A AE (Tucker et al.
1999; Collins, 2006)
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F WA N Maevatanana # X 85 A, 1% AR
Foe—FRA B, H 60% RIS T (H A3 )
K Bt MINA  Fe-Ti BALY 55 G FIAE A %
ZH ) TN 40% JE K 2 — 43 K 9 3 Jo ik (|l A 0
ERA ARHC A RHS A B A R K A 55 2 AR
(Kabate et al. , 2006; Andrianjakavah et al. , 2007) ,
KBz gy Ut il , 35 U1s 2 ) 342° ~351°, fiit
[ P, A 40° ~48°, W oy I 9 Jit ik 2 8] 7Y
b E S T o T e S ol 5105 i 0k = S A D 4
i e Bk % s R B e B K kR H
i s R A L, K KA U-Pb 4R #4858 2 548. 3+
5.3 Ma( Yang et al. , 2016)

FR AR A AT Maevatanana A1 (& 2)
Z AW E ], 20A KA R A Tsaratanana
JF FI Antananarivo #i3t . Maevatanana 28 &1 5 1% &
REHWR A, ZE A AR A 2 518~2 502 Ma
(Tucker et al. , 1999) .

BT A ARAE 5 A R H BEFE Maevatanana p 3 ( &
2), EEH R WA (35% ~40%) FIHAT(25% ~

N
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[ poes . mismoesss . faims ] poes
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III -1 & [ ] Macvatananatd E Tt
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(Andrianjakavah et al. , 2007)
Fig. 2 Geological sketch map of the Maevatanana gold area
in Madagascar ( Andrianjakavah et al. , 2007)

35%) BHEAT (15% ~20% ) FIR =B (5%) , KB
Yol KA A KR R A0 55 B Th Ak —rh
HRLZE R, 2% A R ARy 747 ~ 727 Ma ( Yang
et al. , 2015)

Maevatanana 4/ [X i Tkopa 7] Fl Betsiboka 7]
MY A8 (8 2) o YN R AT 1Y)
W EM & SAYIKEE S, & aadhkdh a5 aR
15, R B A e KR PR AT ) — 22 )
R, i Ao A, 7K BRI Y o R R W 4 U
AYk AT 401k, T Maevatanana 47 [X %) 1
RERK, W 55 #2 B A Tl A6 72 B S 55, Maevatanana
B X PARSR F BA RIAL TolkAE TR .

Maevatanana 4" K 5% NNW-SSE 57 4] # 5"
(MBS, 2013) , X LEETT I AR /N, AN RETE
B Ehrih (R TERR Sk LARZ U, X SE 8y Y]y
3 HE A LR BLA K, LK B LK,
AR A BE R AT I B A A e ORI ik AR B A
Vs, S 1) 3420 ~ 351°, {611 jE P4, 6 ffy 40° ~48°,
Jhrp ) FE AT ATE 0.1~ 0.8 m, K 0.5 km, &4
A7 G ok S LA Ak B S A, 4 A e kb 4
Pk 26.44~132.22 o/t(F-1 80. 19 g/t) , W AL A
B4 i A 0. 47 ~3.02 g/t (CFH 1. 12g/t) (B &
2, 2015)

S ERPIMERZ R B REAL, JL 1 BOR B LK 58,
TETFHRAS L A g A M B 0,30 20 1 0 T 28 522 4 ok
R, AL A s T iR A BT TR
FHCH A SE 20 BT, RO AR R B A 45
) o AR 1) 5 — PR BB 5 v SR B 1) ) R 58 B A
K, IS A e ok — S A A, AR B 4
P FIEE AL 5 B AT G iR AL 04 Ty 5

TE ZK3-5 Bl fl, — FFAb < Bk A 7 R TR EE
286.25~ 305.50 m, Bk AR B REAL, 4B
B KO R 254, A 0 R A RSB o bk
AN, ARSI T R, LLE T ASRE BT
SR A WSS A & A Y oy TETFAnA b ik
A fHA R AINA BERE B otk
SR ASFA N, B A, BIE - HIE, 2
AR, AR 4087 0. 20~0. 53 g/t

T Ag A S RN T 5% B AL
KIR/NA 1~8 mm, BERE Ry &0 (K =2 ik
Yy, 7 EEIRZ . Al S A
K L | G i, AR T
BRI A L F AR IE R R R E) A R 2 4 KR
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Sh A T TARA LA B A A4
3 HEahREES T

S AR Q1 ~ Q5 SR H Maevatanana £ F4 B 75
G Ak, FIMRCEFER: GL~G3 T ~T22 KSR ikiE
i W1 ~W30 & H Maevatanana M &0 A RS
3.1 Re-Os Ffr 3 F iRk

e ZE 0 B 250 3L Re-Os [ R AR4R27
3% 50 BB R A L Y Re-Os [A] 67 3 4F % 3K,
Re-Os [RI 243071 72 Fad 2 0L Du %5 (2004)
3.2 EWERMIRULEMLTE

Fr A I (aal? KREEBK Au Ag & 80T 7E

a i

GR35 S 3 0 3 e 8 B, R 2 MR TR I O T A A
i, FH 2.5 mL S 4R HE 0. 5 mlL @4l AY HNO,
TEf R TR, PR HNO, $2HURE ST BE 45,
it IR 5 A5 8 1 B AL (1CP-MS) #7407

4 4k

4.1 EHHH Re-Os i EEMLER

i At e e s TP I sk S e h
ek o BB AR X B 4 S OORE (1 3) , A
S FEGR R LA R SRR R BE
I, & &R 1Y Re-Os [A i 2 - 14 AE S A R F R
TP A Y BT AT R I A e K P BT AR

Bl 3 ik Maevatanana 44 PRAE & B 7
Fig. 3 Photos of Au grains within pyrite of Maevatanana gold area in Madagascar
a— R IFRERESh ; b—& 0 A RES; o— R RRE TP EERDT R & d—F STl EET RS

a—gneisses; b—gold ore; c—Au grains within pyrite in the gneisses; d—Au grains within pyrite in the auriferous quartz veins

R G 7 T B R Re-Os [A) 4 2 451}
LRAFWS

WA G G B AR E Re-Os [A) 13 28 4047 45 21
W1, Re 5} 0.65x107° ~1.28x107°, 3 Os &
4 0.01x107°~ 0.07x107°, " Re/ "™ 0s {5 Jy 61. 57
~321.89, ffi [l Isoplot 4. 15 ¥ {4 ( Ludwig, 2003) 3

4.1.1

B R RS A B R Re-Os [R3 2 S5 I 2647
K 752427 Ma(MSWD=2.3) (& 4a) .
4.1.2 Fa&APNKTEZRE Re-Os [R5 % £k
AR
T AV T Re-0s [A 7 Z 43145 51 0L
F 1, Re 5N 0.87x107° ~ 2.718x107°, 3 Os &
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o 0.03x107°~0.06%107°, " Re/ "™ 0s fH H 77. 597
~224.43, {#i[H Isoplot 4. 15 /4 ( Ludwig, 2003 )3}

x1

B S AR PR Re-Os [R5 B 2R 4F %
A 535+26 Ma(MSWD=0.79) (& 4b)

RREMEEREKPEKT Re-Os B EMILEIE

Table 1 Re-Os isotopic data of auriferous pyrite from the gneiss and gold-bearing quartz vein in the Maevatanana
gold deposit

" Re(wy/107%) ¥ 0s(wy/107) ¥ 0s(wy/1077) 87Re/ "% 0s 8705/ 0s
Y L
7
WEME  ABERE W@l ABREE Wl AR el AEE WEE AT
FRRE
Gl 1.28 0.01 0.04 0.00 0.01 0.00 144. 39 1.49 2.38 0.03
G2 0.65 0.00 0.01 0.00 0.01 0.00 321.89 3.15 4.71 0.06
G3 0.93 0.00 0.07 0. 00 0.01 0.00 61.57 0.30 1.38 0.01
eIk
Q1 0.87 0.00 0.05 0.00 0.01 0.00 77.59 0.87 1. 65 0.02
Q2 1. 14 0.01 0.03 0. 00 0.01 0.00 172.33 1.96 2.56 0.04
Q3 0.96 0.00 0.03 0.00 0.01 0.00 178.23 1.36 2.56 0.03
Q4 2.71 0.03 0.06 0. 00 0.02 0.00 224.43 3.06 2.96 0.03
Q5 2.66 0.01 0.06 0.00 0.02 0.00 221.48 1.36 2.93 0.02
55| @  FrlRaREEeT / 32}
s //ﬁ’ s
S35 & £ 24
= 25 /{/ - 204
L //
IS I e e gL 16 1=535+26 Ma
/ Initial 0-‘ . Os =0.602+0.038 Initial "*"0s/1%50s =0 961-:0.074
I// MSWD =23 MSWD = 0.79
0.5 L L L 1.2 L "
0 100 200 300 400 40 80 120 160 200 240 280
187R e/ 1880)g 187Re/1¥50g

Kl 4 DI Maevatanana 48 X BT Re-O0s [RI7 2 250 2R 5103

Fig. 4 Re-Os isotopic isochron diagram of pyrite separates from Maevatanana gold area in Madagascar

4.2 FHRE AuAg B

FORRE W (00 22 PFFE S Y Au SN 1L 11X
107 ~80. 50x 107, F¥I{H 19. 55x107°; Ag & A
0.12x107°~2. 06x 10, I {H 0. 62x 10 °(F£ 2),
R H R e BT bk 30 R FE ALY Au iR 1. 01
1077 ~2.19x107° SFH{H 1. 40x107° ; Ag & HEM 0. 04
X107°~ 2.91x10°° ,SF-HI{H 0. 46x10°°( % 2) ,

5 g
51 S1HET

Fr IR g s I K OB R
KTk U-Pb 4F8 4 2 548 Ma, Jp R Hh s €7

%ﬁ%ﬁé%ﬁ%(Yang et al. , 2016) , KILFMK Au
HFEN1.01x107°~2.19x107° , F-H4{H 1. 40x107°, 33
WA OO 1 4 B AR, 42 0 b 52 - Y (H
1.5x107°, #Rfi, A RA R GH Au & &8 1. 11x
107 ~80.50x 107", F-¥J{H 19. 55x107°, & F Hu55F
PIHE 1,510, RmE A b 4 & LT e FUE B 4
W ALA K, Maevatanana 43 8 [X 5 JBR A I €677 H 8
BRH™ Re-Os [R] i 2 55 Bf 2R 4F 04 O 75227 Ma, Ml
Maevatanana 28 X B 85 747 £9 Ma £ 54 & K85 4
U-Pb 4E#% ( Yang et al. , 2015) 7E15% 2% 78 Bl P A —
2, IF HLAFA Hr SCHE B 0 S35 i b A4 4 - 1R 1)
AF ) BE, R BH R R T s 4 W ok T e 508 oo i AR
ARG A K,
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R BEA (T1~T22) FIC T BTk (W1~ W30) RES K Au(w,/107°) (Ag(w,/10°) & E

Table 2 Au(w,/10”°) and Ag(w,/107°) content of dark bodies in gneisses ( T1~T22) and felsic veicns (W1~ W30)

B T1 iv) T3 T4 T5 T7 T8 T9 T10 Ti1 TI2 T13
Au 2.73 1.11 14.7 17.8 11.8 .1 38.1 16.3 13.9 2.8  4.45 26 13.5
Ag 0.173  0.139  0.264 0.484 0.579 0.998 1.04 0.697 0.661 0.668 0.418 0.144 0.218

s T14 T15 T16 T17 TI8 T19 T20 T21 T22
Au 17.3  21.1 19.3 4.8 181 29.8 80.5  35.8 29
Ag 0.298 0.863 1.35 0.12 0.257 2.06 1.06 0.57 0.551

S w1 w2 w3 W4 W5 W6 w7 w8 w9 w10 Wil wi2 W13
Au 1.25 1.55 1.25 1.08 .42 1.05 1.15 1.01 1.38 1.15 1.25  2.19 1.42
Ag 2.91 0.38 0.09 0.296 0.408 0.075 0.067 0.07 0.038 0.067 0.22 1.86 0.169

RS wi4  WI5 w16 w17 W18 w19 w20 W2l w22 W23 W24 w25 W26
Au .69 1.65 1.89  1.35 1.05 1.48  1.11 1.11 .42 1.42  1.18 1.15 1.18
Ag 0.2 0.464 1.72 0.529 0.204 0.296 0.085 0.083 0.502 0.954 0.167 0.17  0.469

S w27 w28 W29 W30
Au 1.75 .42 216 1.72
Ag 0.26 0.38 0.367 0.207

AR I, Sk rm s iARSe 5 205 T 820 ~
720 Ma /1 HHOKBE Z [RIRIESRE AT 550 ~520 Ma 7= 74
X1 EL 4 filf 83X 2 ¥R R FI AR AY Ailf 7 ( Rambeloson
et al. , 2003), 820 ~720 Ma I3k fin b fm 34 B 22
R AR Y R R I S s B A A O
AR EC AN, 3 S e s e ) (0 il 48 2 S0 1 R B B
WM& B (Handke et ol. , 1999) 3024 T )12 1)
ASTEAE AN DX AL AR Y T R T R LA 4 2 18]
P BER T RS PR BT U R R SR
T, A6 5 0T IR BICRE o — R R B 0T A R T )2 2
B AT T T AR A B PR D 75 K ( Bybee
et al. , 2010)  [A]iH & A= 7 X 380AS JAE FH, 20 o
Rek R AHZE AN, 7E Maevatanana 467 X,
7479 Ma Hroo it AL R A= AR KT ( Yang
et al. , 2015) , Ji KO UTRUE AR 5T Rl AR R A
(Yang et al. , 2016) (K 2) , P2 BB bRk wEkw 1k
S HEER Re-Os [M0 2R AE I AR IS hy 752427 Ma,
oo UIE K S FE % —3, FRRE RO Au %
R 1. 11x107°~80. 50x 107, 75 i ™ vh a] W 40 2%
& (B 3a) Ul & 0 k5 mska kA, L ERY]
JE K M TRUA AR o A rp 2R T &0 4k, RIS
it R OLTTRUE T s AL B E
TR WRZ . B R T A8 Bk, ANHERR KK ifg
KA HFOKEILFVER 5 S5 BRE 1 % (2001)
Xof H I PN A S A e Dk B A R i BE 5
—5,

FRAERE @A Au S BRI 1. 11x107°, e
k1 80.50%107° , iX Al Au B AR — M R S A A

TR H TR MR A G, LT IR
BRI WA TR B 4 R IR
Z LN AR ECE KLU B A IR 4 4 b A
NZ A — W), AL, Maevatanana 28 X 5 KA 4
B AP 5o AR B E A G

Meyer Fl Saager ( 1985) X Kaapvaal &g $i7 i Fll
Rhodesian FEH7 38 £f 47 45 Fh A A 28 8 M sk 4k 5 19
WFFE R I, KLU R 1 Aty v A S k2 4
WIRIH JRJZ, TF Maevatanana 487 [X, Maevatanana
LA RS IR B 5 (P 2) AR T Al By ik
bR N B, Antsiranana 2585 3~6 km PN
74 75 (Papini and Benvenuti, 2008) , Morondava %
WA YA %] 8 km ( Bertil and Regnoult, 1998)
ZEH] Maevatanana 2 5 iF IR E KT 3 ~ 8 km,
Maevatanana &0 R8T R E N 8.7~9. 3 km ( Yang
et al. , 2017) , BRI IKIRA R RS FEAL <2 Dk L
TRERE S &R E, WUHE R o b
Maevatanana £&5715 1] e T HUFE IR , /& Maevatan-
ana A1 S KA G PRI TR Z
5.2 FE28&W7 1k

YK ZE T 747 ~ 727 Ma HIH G RAE
MR (Yang et al. , 2015) , 2 4 A JENKAYAE IS
W T BT A IR, TTTE 150 Ma 9K LA BB
T AYNK AT (Yang et al. , 2014) , YL BH % 4 A1 9%
PREGEER T KA . Maevatanana G PR 7% 45 41 5
kP BT Re-Os A1 2R S5 I 2L A Il 535426 Ma,
55 B K I & T VS ES Dabolava 4 5 RS 1 4% 5
1) 25 4 A 9 KOS A 1 — B, KBk Re-Os [A] 37
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WA AE W 4 533 £ 23 Ma ( André-Mayer et al. |
2014) , BEHIBRAG BT Re-Os [Rf0 38 55 I 2R 4F 1%
ST,

AT EEERT Re-0s [A7 R SE IR AR 1%
h 535426 Ma, 5Z AE ik Lz 3 J5 i A BUAE R
M 4E | 537 ~ 522 Ma — 2 ( Goodenough et al. ,
2010) , LB Maevatanana 487 IR F1{Z 3£ & 11132 B 5
flfEE A BUAE < BAT B VTR AR &

Maevatanana &% K S . H.O .He fl Ar ZE R {7 £
A WY LT ) B R A I AR R T R ( Yang
et al. , 2017) ., TF Maevatanana £ JK ZK3-5 &5 fLA
O AT W— 25 A6 5 5 Tk T 80k & kAR, fEAGAT 4
37 0.20~ 0.53 g/t, AEAL T 1 I0 K 7040 B AL
HICR 70 A 8 5 [ & 7 R & AH AL ( Yang et al.
2019)  AEREEARATIE AL 5 A KR R bR e B 2K
L) N2 TCER BT AT HY | R B0 A0
FITER AT A TR oA B 5 FlE A A
e NG N1 A=y R LN i e o e 7
PRI s 0 3R 434 18 5 LA R s AR AL, B 46
w KRR W, AT BB — & WY il & AR ) T 845
Fr R SRR 45 2R (Barley et al. , 1989) o fE5)
ISR R S Rl A RUAE R T L
Kb AR AR R 2 SE (4 AL ( BGS-USGS-
GLW2008) , B¢ HA S i A BUAE 2 & A T A TR
YEF . 550 Ma Zc 4, Ehas i in s 14 v 368 2 A= 4 52
KV F 9 0  T EE > 800°C (Markl et al. , 2000
Buchwaldt et al. , 2003; CGS, 2009) , Gt & T K
W R 5 B B flJE B ( Thompson and  Connolly,
1995; Holtz et al. , 2001), Clemens 55 (1986 ) i i<
SEHE] A BUAE R A R RS Rl BE R T 830°C , Meyer
H1 Saager (1985 ) i ixh Sl K 1Y & S 0 A0 R it
BRAL 2 00T A R e A S K 0 ROk HOR
WA AR AL, Hou 55 (2017 ) i i pF5E b1 4
W R R PN 4 A TN 2, AU 4 T b Se o il
RS K, R, fez Ak 1Ls 3l 5 B, gkl
F 53 FOE W5 0 5 2R 02 W BE 1Y (Jacobs et al.
2008) .

TESW A FAR A D, A KA ELS Z 18]
RATIZ WL, BEE RSB R T A, Hh iR
B LU N, 2 SR Rl Bl o A P R B R AR, 7E
—E MR BE TR ) 2R A AR B Y 8 o s il ™ A vy
VAR R K 4% & 43 (Rapp and Watson, 1995; Vig-
neresse et al. , 1996), U CO,. SO, . H,0 ( Svensen

et al. , 2009, 2012) , De Vivo % (2005) & Bl 85
EHREA 6%HK, AR FIRIEH R 7 km 24
TR, XS KAE A ek SR, Maevatanana 43
W IRBOCHL = PREH 43 B R R im Ak & A o, |
SO, g H,0 irff(Yang et al. , 2017) . Maevatanana 4=
PR 4 A DE DK - J0 38 70 A3 R i o0 3 70 A
K5 ZK3-5 BhifL Ao AE s a ik B Bkl — 2
S A KA AL Yang et al. , 2019) , BB I
TRTTRESR A T R IR 79 70 s Rl i F) 5 42 2 2 1Y)
rRER A, BRIRIAE (2001) 75 b [ A Sty b A
Y kAL G A PRI ST 4 3 X B8 G R I R 10T
R A R TR oA T 5 e R A AL, i
ST B3 A 0 A7 TE , A%

X E RISy (R HE A S0 5 3R R
T B IR T T BRATG e A A T Ry A 4
e R A T2 A S R BT, O — 7 T, X 2
I AR S A KR m R A PR S S BT
PR AR Au 2 B Au-S 2% 5 W) ( Pokrovski et al.
2009; Seo ef al. , 2009) , B IX $6 75 fE S A A HL T &
WA K A, B TE S Ak

PRI A TP Y R SN T v R AR R TR
AR T mEE A E S h e BT, TEE K BT
T, B T 0 0 WRAIG, 45 6 0 1) V5 A 2 R AR, T2
Rerb A R R, WO RS B R AT
He il b T2 BRI U0 BH ok M R A AR A S R A
TR, TERFAE, 83 [A) ™ 2 % o vhon] IL3I R
AR, — SR R S R AT TR, R X
SR RO ) R B AR A I T A JK 9 42 ( Duncan
et al. , 1998; Hart et al. , 2000; Baker and Lang,
2001; Zacharias et al. , 2001) . #B43 |6 BH 1 A 44
A RE R B, TR o3 [R) AT T A A 4 A X AR
(Lang and Baker, 2001) , Hou % (2015) & BT A
A PR () ) 30 2 A 5 e A, A A it A A
BT I R ZLRR A SR Bl sk FU A AL i
T30, 33X 26 w5 R i Ak D 28 SO X (ol B R 4
2008 ) BB KA AnKE B SR 5 A R ABTZ | BT D)4 45
B & AW IR (Rock and Groves, 1988)

~ -

6 45

(1) F KA b ¥ 20 Re-O0s [ E 45
AR A 752427 Ma, & 4 A S Ik P 854K Re-Os [A]
17 R SRR AR B 535426 Ma,
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43 4%

(2) 752 Ma, Maevatanana 2% 757 & 42 )12 1A%
RV BUE, a il P i e ol e G2 W E B
AT IR)Z 5535 Ma, i IR JZIERIOE iU 0 A K TE A
KBTI R, b 5E AR M 2 A A O TR
TR IO SRR g E AR,
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