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K2R P4 s Darling Rang X 3 85 107 U-Pb 4E X% s MR fb 2 s TR IX BT 5T

B AR 4 R BR 1) 32 25Uk (Calagari and
Abedini, 2007 ; Bogatyrev et al. ,2009; Zarasvandi et
al. .2012) 75 6 [ 22 TF R A A BT 0Bk 9 3 A7
e s P S R BN ES N N e = B o 8
U5 B8 X AAE BE R . RO S TR 4R
kO E, HPGE Darling Range #i X 48 + 8"
TR FEE (1988 F ¥ & £ ik 35 14 t; Hickman et
al. ,1992) R MAE A, A B T i ok 3 E H 45 1 K

B A O PR R I BT AU AR R R K
RAER R =), & & Al Fe 1 Ti (& & k9 F1 A
¥y (Calagari and Abedini, 2007 ; Wang Qingfei et
al. ,2012) . MRAE MRIEEAE B L8 F 250 H L
BRRE IR £ hy B S i 21 0 B Ak R h 2 D R e 10 s Sy
A B R 26 B (Bardossys 1982; Bardossy and
Aleva, 1990),J5 & 5 14% &£ 4 (Mameli et al. ,
2007), WEHTAFALEE LTt T BORIE F R Gl AR

MERf s LR 2 RV 5 R AR B TE Ly
e e B RA — & IR (Horbe and Costa,
1999 ; Mutakyahwa et al. , 2003;Deng et al. ,2010;
Liu et al. , 2010) . Ff A X8 L8 10 5 4 % 079
VL ERAL S N I S W ORI AT TR R AT
%% (Schroll and Sauer,1968;Bardossy, 1982; Bardossy
and Aleva, 1990; Anand et al. , 1991, 2003 ; Calagari
and Abedini, 2007; Taylor and Eggleton, 2008;
Bogatyrev et al. , 2009; Gu et al. , 2013; Zamanian et
al. ,2016;Zhang Qiming et al. ,2015), 3 7& F A 48 +
B )% KR (AL O,/ TiO,) R G HfE 6 +0C
B C A3 AR ) BT 48 T Y ) B ke IR AT 5y T A
T H % JF B (Schroll and Sauer, 1968; Gu et al. ,
2013;Zhang Qiming et al. ,2015),
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{H A B X kM 2t 58 o8 88 0 3R R e W & K 2.65 ~ 2.55Ga ( Myers, 1990 ), Mount

(Valeton et al. ,1997; Taylor and Eggleton, 2008;
Wang et al. ,2012;Gu et al. ,2013), HEH+71
EBUE — MR ARGG W R B T RE Z A R 2 F
A 3t 35 R HE K R 8 SF R B2 (Hickman et
al. , 1992; Sun Pengfei et al., 2016 ), Darling
Range My DX A1 28 B 6 2 284 R0 AU AL
RS S R R A B RLBE X A A
W4k (Anand et al. ,1991,2003), R ABFFEIN N
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AL RE AL A5 B I XUAL K 98 7 ) (Anand et al.
1991; Hickman et al., 1992; Anand and Paine,
2002) K B UL (Grubb, 1971) Je KU T B
(Brimhall et al. , 1988; Glassford and Semeniuk,
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1 X R 5
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(Anand and Butt,2003) ([ 1), K& AL & 4k F
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Z ) VR A Al e DA EDJE Al R 3 B ) A 3 B
i (Harris, 1994 ; Cawood and Nemchin,2000),
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(Nieuwland and Compston, 1981; Fletcher et al. ,
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Bric 4t (Meyer et al. ,2002), {i F Darling Range
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Fig. 1

s 1 = BRI s T LT A (Hickman et
al. \1992) . BHERW 70 A5 T AL L5 I OR 2k 5
D THIE SRR — S W R R A
e U A BRTE L A F T Y s BRI B A
TR FLAT 0] 25 £L A 7] T %) TOURT 32 W 4 22 B 4
FETY = KEOSAENEEEAMLLR, &
L0 FEUBT W RIE XA TR0 2P, Bk
FRAETE oA N AR Ry AR i A 1 20+ B 3 TP AR
I, (Horbe and Costa,1999; Meyer et al. ,2002),

3 AF i Sk ik
AR Nt Darling Rang #b X 948 + 5 M H Tk

Bedrock geology of the Darling Range in western Australia (after Hickman et al. ,1992)

16X 5 P T 50 o6 2 40 B Al LA-ICP- MC 45 41
U-Pb I4F, SRAEKISHES 23 1. 4% 9 58 Lo~
WA 6 A6 R A A 3 PRk s e L 1 14 Ry
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PR RAFENLE DL 1, FES I E5 R gk 1 fr
AN A VIR0 s (1 A

FRICE TR X 5661 Ba, Sr 43 Hr
K ICP-AES, HAth o £ (L #6H# -0 %) 43 #r R H
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Fig. 2 Microphotographs showing bauxite ore and granite texture and structure of Darling Range
(@) —MUFERAE R A 5 (b)—MURLAE B 5 (o — ZAREE 07, ARG R A 1 R . B NI Sb . R k™ & =t A R R0 S R £ (D —
RES L0 SRR A AR A D EORE L SR T A N (o — MARIRER £ (D— SRS 10 SR E R RIS £ DU S Uk
ol s Qtz— A %5 Aug— W £ ; Bt— B = ; Hem— 7572k 5™ ; Chloritized biotite—%¢ Jé £3 1k 2 = £} ; Kaolinitization plagioclase— =5 & + fb &1
£1 ; Bauxite and hematite-bearing clay—& 48 + 4" FI AR 2: 9 £ + ; Bauxitic clay—4%8 + 5"k %5 + ; Hematite and bauxite— 3 a4k FI48 + 4 ;

Bauxite—48 + 8"

(a)—Porphyritic-like granite; (b)—coarse-grained granite; (c)—pissolitic bauxite, pissolitic oolitic and zonal structures are developed,

with the content of hematite decreasing while the content of bauxite increasing outward; (d)—pissolitic bauxite, with the hematite

replacing the early quartz and filling within quartz; (e)—brecciaed bauxite; (f)—pissolitic bauxite, containing hematite and bauxite with

quartz clastic particles as the core; Qtz—quaztz; Aug—augite; Bt—biotite; Hem—hematite

+ICFE M RSD<<10%,
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FE PSR R 5800 [ A0 06 2 8 A B A% AR L AR
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#r.U.Th & & L4 M127(U.923 X 10" °%; Th:
439 X 10°%; Th/U. 0.475 N 4b #5 3k 47 & IF
(Nasdala et al. » 2008) , 31t F Hh 78 BRI 3 5~7
AN b S A E B A G-1 XA il AT AL
TE 34 — AN 45 4 Plesovice, Wi 2 #% 19 4R 245 LA
PRAEN 12 A K B B2 . K4 A BER ) ICPMSDataCal
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Table 1 Major (%) ,rare earth (X107°) and trace ( X107°) elements data of granite,
bauxite and clay samples from Darling Range of western Australia
WA WA WA | WA | WA | WA | WA|WA| WA | WA|WA|WA| WA |WA| WA | WA
R=A W A-2|WA-4|WA-6|WA-7 WA-9
14-1 14-8 -10 | -12 | -13 | -14 | -15 | -16 | -17 | -18 | -19 | -20 | -21 | -22 | -23 | -24
— e ok | A ; o
AT AL LA L e e A e A E LA M R T bl -
wiE o |RAE %Uf '{k% L RER | RER L% L ER R R R A A PR\ R | JFOA [ RN }ih Bt | #HL ik
o, | BESE | BURE |6 WAk | )2 . [ AR AR v Jo i el
k= L T8 | 5 8 |0 RE| E | | | B L
5t izl BES) k= 5t
SiO;  59.81|2.15]0.75|0.73|21. 81|36. 06|46. 25|54. 07| 6. 45 | 4. 38 |14. 83|66. 08| 83. 5 |65. 09|77. 36|75. 86|25. 29]46. 69|74. 64| 61. 2 | 5. 34
Al,O; |16. 86(36.12[10. 56| 36. 7 |29. 83]29. 52|25. 26|18. 46|42. 66{40. 92|35. 07|17. 54| 9. 52 |16. 89|13. 47|11. 32{19. 73|30. 34|15. 02|23. 24|31. 83
TFe 6. 38 35. 14|76. 85(35. 14[33. 51|16. 09]13. 42|15. 55|29. 64(36. 15|28. 21| 3. 27 | 0. 36 | 6. 88 | 0.5 | 5.18 [38. 06| 4.75|1.45|2.07 |38.71
MgO 2.15]0.03|0.12 0.010.07[0.03{0.03|0.15 0.010.010.04|0.86|0.18|0.18]0.14|0.17]0.09{0.02| 0.1 |0.04 [<0.01
CaO 3.85]0.08{0.06[0.04]0.11|0.13]0.05{0.08|0.06(0.05|0.07|1.82] 0.1 {0.08|0.06]0.08]0.06]0.05]|0.06]|0.05]0.04
Na, O [3.27|0.06|0.04{0.02|0.06[0.06|0.04|0.08]0.06{0.03[0.08[3.55|0.15/0.14[0.09| 0.1 (0.05| 0.1 [0.08]0.05]|0.02
K: O 4.9710.06|0.02]0.03{0.03[0.03|0.06|0.03]0.02{0.01]0.04]4.53]1.63|1.65[1.18/0.22{0.06]0.12(0.19]0.17|0.04
MnO 0.0810.01/0.01{0.01{0.03[0.01{0.01|0.01]0.01{0.040.01]0.02]0.01/0.01{0.01/0.01]{0.02]|0.01/0.01]0.01]0.01

TiO, 0.7413.182.67(2.18(2.35[0.93]0.48| 0.5 [3.35(6.13[2.57]0.38]0.21|0.33(0.39|0.45|1.33[0.23(0.12]0.18]| 1.01

P, 05 0.36]0.040.07]0.05{0.05[0.03]0.03]|0.04]0.06{0.05[0.03] 0.1 ]0.02|0.02{0.03|0.02{0.03]0.010.02]0.01]0.04

Bedeht | 1.5 [23.11(8.86 [24.93|11. 97(17. 06]14. 29|11. 02(17. 62|11. 97|19. 01| 1. 81 | 4. 24 | 8. 66 | 6. 76 | 6. 54 |15.27|17.57| 8. 18 |12. 91|22. 88

Total  99. 97{99. 98(99. 99/99. 83]99. 83]99. 94[99. 92|99. 98|99. 94[99. 74[99. 96]99. 96{99. 92|99. 93|99. 98/|99. 94|99. 98[99. 89(99. 86]99. 92|99. 92

FeO 2.6910.4410.73]0.31{1.94(0.64|0.44|0.47]1.67{2.51[0.99]1.59]0.31|0.74]0.22|0.52{0.46]0.39[0.25] 0.4 | 0.28
A/S 0.28]16.8|14.08| 50 |1.37[0.82]0.55|0.34]6.61{9.34|2.36[0.27]0.11/0.26{0.17|0.15{0.78]0.65| 0.2 |0.38|5.96
A/T ]22.85|11. 36| 3. 96 |16. 83|12. 69(31. 74| 52. 3 |37. 14|12. 73| 6. 68 |13. 65|45. 68[44. 91|50. 72|34. 27|25. 38|14. 83[133. 07122. 1{128. 4|31. 51
La 124 11.07]0.59|0.166.63|21.6(23.4]47.8|4.98|3.56{1.99|81.1| 25 |22.4|40.9| 16 |10.3|1.95]0.61|1.26| 1.82
Ce 231 |3.04|1.75]0.43|15.6| 28 |28.3|54.3[15.7]10.9|12.5| 138 |44.2]|40.8|71.1|26.5]25.5|17.8|3.21(42.8| 30
Pr 26.910.33/0.21]0.05{1.43(2.73(2.74|6.13]0.91{0.88|0.46|14.3]4.02|3.53[6.67|2.68[2.84] 0.3 [0.11]0.34|0.54
Nd 107 [1.32]0.87|0.175[5.38|7.26(7.34]16.5(3.29|3.31|1.75|50.7| 14 |12.4| 22 |9.21| 12 |1.07]0.37|1.31| 2.22
Sm 18.71 0.3 10.2810.08|1.24]1.09|1.06(2.19]0.68|0.83]0.45|7.64|1.91]1.62|3.07|1.27|3.29|0.34|0.12]0.23]0.52
Eu 3.5510.06{0.07(0.02]0.19|0.15]0.16{0.27|0.12]0.12]0.07|1.34]0.15{0.18[0.16{0.12[0.48]0.04|0.02|0.07{0.11
Gd 16 [0.26]0.12]0.08[0.89| 0.9 [1.11{2.08|0.66]0.54|0.45|5.84|1.46|1.64(2.38|1.22(2.39]0.39/0.15/0.46] 0.57
Th 2.6410.06{0.04(0.02]0.16]0.13]0.12]0.21/0.14(0.09{0.11]0.56(0.13]0.11/0.19|0.15|0.460.07]0.06|0.08]| 0.1
Dy 13.110.39(0.38]0.08]0.75]0.5710.64] 0.9 |0.79]0.54|0.94]2.16|0.63]0.46|0.85[0.69(2.72]0.44]0.39|0.43] 0.5
Ho 2.5 10.08(0.08(0.02|0.12]0.08|0.08|0.11{0.17]0.11| 0.2 [0.26|0.06|0.07| 0.1 [0.13]0.56| 0.1 [0.08]0.14|0.09
Er 7.2710.31{0.25[0.07]0.39]0.25]0.26]0.34/0.55 3510.7910.78] 0.3 {0.19(0.37]0.28|1.61]0.37|0.36]0.46] 0.28
Tm 1.1 10.08(0.05|0.02[0.05|0.04({0.03]0.05| 0.1 |0.07{0.15]|0.08[0.04]0.03|0.04]0.05|0.32|0.06]0.03|0.09]|0.07
Yb 7.05]10.45{0.36[0.13]0.42|0.25] 0.3 {0.46|0.86[0.55|1.040.73]0.32{0.21[0.41{0.43[2.45]0.59|0.31|0.75]0.44
Lu 1.02(0.0710.05]0.03|0.05[0.02|0.04[0.05[0.11|0.09]0.14{0.13[0.05]0.06|0.07]0.08|0.32|0.09]0.05]|0.18]0.07
REE p61.837.84|5.09 |1.36[33.29|63.07|65.58|131. 4|29. 04|21. 93|21. 03B03. 6492. 25| 83. 7 |148. 3|58. 81|65. 23|23. 61| 5. 86 |48. 65|37. 33
(La/Yb)n|12.62] 1.7 | 1.16 | 0. 92 |11.43|61. 97|56. 14|75. 19| 4. 14 | 4. 66 | 1. 37 |79. 91|56. 21|76. 88|72. 08]26. 51| 3.02 | 2.36 | 1.4 |1.21 | 2.97
OEu 0.61]0.67|1.02]0.82{0.53[0.46|0.46|0.38]0.52| 0.5 [0.47]0.59]0.26|0.33[0.17/0.28| 0.5 |0.34[0.56]0.55]|0.64
0Ce 0.9411.241.22]1.23|1.18(0.76|0.72|0.67 |1.67|1.47|3.08]0.92]0.98|1.01[0.96| 0.9 |1.14]5.09 |2.87|15.72| 7.34

LREE/

HREE 10. 09| 3. 58 | 2. 85 | 2. 13 |10. 79(27. 21|24. 45|30. 26| 7. 63 | 8. 37 | 4. 51 | 27. 8| 30 |29.18|32.67|18. 37| 5.03 |10.21|3.11|17.8|16. 64
\ 97.51 907 | 1528 | 570 | 674 | 252 | 180 | 138 | 497 | 715 | 426 | 44.8]19.2]25.9|32.9|62.8| 205 [91.4|25.1|25.8| 369
Cr 27 11509 | 1795 | 1228 | 199 | 61.733.4|31.4| 224 | 197 | 197 |9.39|5.16 | 11.5|9.01 | 18.6 | 74.1[39.7(9.83|21.5| 201
Rb 138 12.66(1.22|2.15(2.64|2.14(3.23]1.21|1.36| 1.3 [3.04| 140 |35.9]43.1|30.8(9.49|7.02(8.33[13.8|11.4] 3.1
Sr 614 | 1.3 |1.02]0.95(4.14| 7.4 | 8.6 |12.9(3.94|3.82|1.89| 147 |15.5|20.1(15.9|3.62[4.55]3.47|5.32|3.47|1.83
Y 70 [1.86]1.54|0.48(2.32(2.01(2.17]2.65|5.03|2.87[7.02|7.35[2.04]1.79|2.63[3.64|9.77|3.14(3.25|3.74] 1.64
Ba 2612 17 |3.87|11.3(12.6(15.5(19.6|23.5]14.4(9.55|19.3|1409| 588 | 1044 | 707 |78.7|34.3|28.5(52.4]28.8| 14.4
Th 50.8(14.4| 7.5 |7.89]56.1|65.4[81.9| 125 |41.9|36.1| 64 |28.7| 28 |[45.9| 41 |24.4|32.5|76.2|12.3|40.9| 549
U 7.4412.04(1.18|1.65[2.46|2.65[2.62(3.23|4.35[4.16| 4.3 |2.07]1.67(2.08|2.51|1.92[25.4]7.64|8.82(9.16] 35.5
Nb 21.5(13.413.6| 84 [12.6|15.3(13.9]20.7[79.8|64.1|70.4[9.98|5.04|8.27]9.18|6.42| 27 28 110.9(32.6| 11.9
Ta 1.3410.93]0.91]0.61|0.66]0.55|0.41[0.58(8.81|6.21(8.07| 0.4 [0.29]0.39]|0.42] 0.3 | 2.6 |3.52|1.47|3.82| 1.22
Zr 369 | 180 | 101 | 121 | 154 | 171 | 197 | 345 | 346 | 332 | 418 | 244 | 316 | 300 | 432 | 213 | 230 | 210 | 57 244 | 453
Hf 9.631]6.07(3.87[4.91]5.37|4.66[5.65[9.52|10.5[9.59|12.86.28[8.26(8.41|11.1| 5.5 [6.58]7.54|2.24|11.3]|21.6
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4.3 &7 (Liu et al. , 2008) , il & 5o F v 46 K 2 5K
1M S Ph/% Pb > 1000, R #F 47 % il 85 AL IE
“PbH %?ﬁ“%ﬁl%ﬁ’j?ﬂ‘ﬂ “UPh &R R I 2T R

A REZ AR S 5E P 52 I, X P & i 5
f89 70 BT s TE T 5 I 9 B L 85 A0 4R 0% 8 A& Tsoplot
3.0 P AR, TN SE 5 K o A2 AT 2 W Hou
Kejun et al. (2009),

4 oy Hriias R

4.1 $5A U-Pb Fi#f

L 4 B b CWATA-1) F 5 BRCR 48 £ 8 B
(WAT4-8) 3R B A [H] 14 H DXL L85 A7 89 4 AiE AH 8L
BA B PR AR AR 2 Cn il 3 iR 48 LR
PR AR BN TAER A H 2B R T
100pm, K I8 W A M AR, 2800k T 1+ 1
~2: 1 Z PR TF 2 1~3 1 2, FET
HR R T B A TR o EL TR A B A A R A AR X B
T AT AN B 5], R] RE S 5 A ) AR P
(2], of 40 AR it v S TR Y A A U AT T R ik
iz i AR R B .

HR A — B BEA SO R CL KR, S8
() 5 IR A0 AR T PR, T AR BB A 20 A g
# i) CL K 1% (Jian Ping et al. ,2001; Wu Yuanbao
and Zheng Yongfei, 2004), —f&iAhy Th/U>0. 4
FEH A A Th/U<<0. 1 748 gk 7, H 2 i i
Th/U Lo B0 590 B P 5% 22 800K i B 45 6 B A1 N B
25 Fa ok 1) N g A 1 B Rl (Li Changmin, 2009) . 78 i
HM Th, U J Th/U 1A 4 % K 152.10 ~
1695. 00,249. 40 ~1262. 30 Fl 0. 12~2. 32 (4N % 1
Fis). Th/U WAESS & 85 CL BHR 8w . 2 5k
A1 B W IR 5 B AR 23 A0 JCERART L (HAR S 5 A
T O E KA A A 3 Fas) . anlEl 4 Fs g5 AR
ZAL T USRI LR b Kl MR BT O, 2 WA AR U-Pb
RARFEAREL AT HIER 5 A4 0% I 22 B0 0 AR

WA14-1
- @

100um 5597 3+ +23. 8Ma 2592.3423. 8Ma
2557.7+22. 8Ma  2613.9%+26. 2Ma

21 s A BB — 2.7 Pb/*° Pb AT 24 48 %
#2585+ 12Ma, MSWD=0. 83, 5 §if A 158 5% X
BIAE <1 A A 5 — 2 (Myers, 1990 ; Nemchin and
Pidgeon,1997),

B R JE B A7 Pb/*° Pb AR 8 AT 4
1167Ma H1 1267Ma 5 2539 ~2696Ma (16 Fi) W 4
FEWRELATE Th.U & Th/U 435K 37.50 X 10°°
~90.00 X 10 °,25.80 X 10 ° ~137.20 X 10 ° F
0.66X10 *~ 1.45X10 °,J5% Th.U & Th/U K
{543 51 56.80 X 10 ¢ ~ 1875.00 X 10~ °, 435. 80 X
107°~3600. 10X 10 5l 0. 10~1.20, Th/U {4
it CLER . BEAZBEAHNERKE . Z ek

BBATTC AT AH 5 S KA A A A R A
127%1 Kisa . WmE 4 PR B0 8 E A U-Pb
AR AR X TAE X A BA B B8 U-Pb A —3
L RE S H A7 B TS [ AR B A KA IR UE 1
i Pb ZRA K. 2539~2696Ma 4 B, AR 4G 1
FOAE IS I S B 1 0 BE /N F 90 00 1 50 15 A AL
SR R 2579+ 15Ma, MSWD=1. 16,

4.2 FERE

kA EERSA SIO, (59.81% ~83.50%) .
Al O, (9.52%~16.89%) . TFe(0. 36 % ~6.38%) .
Na, 0(0. 09 % ~3.55%) K, (0. 22% ~4. 97 %) Al
Ti,000. 21%~0. 74 %) . A KALHTE K # Na Fl K
B AHRE T R B A8 B A L X B OT R A ) TE X
ekug i b T B £

AT AP EREICED AL O (19.73% ~
42.66%) . Ti0, (0. 48 % ~6.13%) . Fe, O, (12. 98 %
~38.43%),Si0, (0. 73% ~46.25%) N F ., L5
Bl K (% 1), X P03 o0 R OB ok 7444 % ~
85. 07 %, W T 21+ Ak A FH 4 , A 280 B 458 55 119
A (Zhang Qiming et al. , 2015), # 4 F Al O,
TiO Ml Fe, O SR K& TN G 58 L (R
D, ZAE K A E XL FE Al (Fe fil Ti 0 &

@ o g©

2606. 5+26 9Ma 2573.8%44. 8Ma

2545.4+25. 0Ma 2612.7%25. 5Ma

2572.2+34. 0Ma

2538.9427.3Ma

®

3 V4 Darling Range Mo X FE K& (WAL4-D 545 267 (WAT4-8) §f 1 B AL R

Fig. 3 Cathodoluminescence images of zircons of the granite (WA14-1) and bauxite

(WA14-8) in Darling Range of western Australia



M K& PR Darling Range # X 21 + 48 + 07 i 3R A6 22 450 4E IR X BF 5% 593

hdean:2585j:12h4a]

0.52 WAI14-1 2680 [lFZLMSWD=083
0.50
2640
0.48
§§2600
D 0.46 =
< 4=
5 B
£ 0.43 2560
0.42
2520
0.40
0.38 S T = 2480
207Pb/235U
0.53 2700
Mean=2579+15Ma
n=15,MSWD=1.16
2660[
2620
<
22580
&

i
2540
2500
0.192
1.7
0-415 105 115 12,5 2460
207Pb/235U

Bl 4 P4 Darling Range #1[X 16 54 7 (WAL4-1) 548 + 5 (WAL4-8) 4% A1 U-Pb 4F i 1 1R 5 A 35 46 1% 17
Fig. 4 U-Pb concordia diagrams of zircons and weighted average ages of the granite (WA14-1)

and bauxite (WA14-8) in Darling Range of western Australia

RAET B R R AR T I 2 T 2R AE KA I R
Aoy kAR W TE R M O B T Sk & A4 T 46 .
11 Si0, & it WAH B R W L0 T O — 1~ & Si
& Al Fe fl Ti WAL 2L R . B Ao +oC R Wl 5
B ICE AL 08 Bt B, XAk bk ag A 2 &
B L R 1 & B K (Mutakyahwa et al,2003),
MR R4 8 4 K, O, Na, O, CaO Fl MgO & &
XK H K, O &K 0.01% ~0.06%,Na, O &
BH 0.02% ~0.09%, CaO & & H 0.04% ~
0.13%,MgO & }y<C0.01% ~0.09%, ] BAK T
R AESH (R D, BREN 1LI7TH ~
24.93%  BREE . FTRE ST AT Y R E R =K
1, — KRB A S RBEDA K,

AL O, 5 SiO, 2 & & M fA LK R, 5 TiO, 1
BB EMIEM LR (B 5 MHERE r 435K
—0.72 1 0. 73(r 2 Pearson #H R R %) . R BIH0Hr
WRIE L0 WIE g — % SivE AL T i
W, Fe, Oy-Al O5-SiO, K i B W58 K88 -9 A

W& s I 2L R AR T A E PR AL AR
BT X 6).

EARER L0 AR AR LU A/SC(AL O, /SiO N A
BN A IS B Rl 0. 55~50. 00(FK 1), H & ik
o B AR A (ER X S T2 DA B IR A A L 6T
BHRA EW AT E RS R D, KR (AL O,/
TiO,) o J2 Sz W58 0 Bl ML 3 A o 8 a5 s B
Yy U5 AE ALY A 2 A A O ) K % (Mameli et al.
2007) . WEFEKER 05 18 b s HAHIE Bk 3, 7 5]
7 12.69~52. 30 Fl 22. 84~50.72, FW| — # =i
B SE R B YD
4.3 WELR

B 0V B0 KR 7= 1) JT R 1Y) 4k e AR
FH < TR A= 87 v (i o0 3RO6 H B 2 4k R P A
AL (Yan Jian et al. ,2013;Zhang Qiming et al. ,
2015), Wk 1 PR B L0 0 AN A MEITR T
B V(180.00X 10 % ~715.00X10°),Cr(33.40 X
107 °~1228. 00X 10 %) Zr(121. 00 X 10 °~453. 00
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Fig. 5 Diagrams showing correlations between Al, O;-SiO, (a) and Al, O;-TiO; (b) in Darling Range of western Australia
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Fig. 6 The Fe, O;-Al, O5-Si0O, triangular diagram showing the mineralogical classification of the bauxite ores

(after Aleva,1994) and the SiO,- Al,O;- Fe, O triangular diagram of bauxites showing degree of lateritization in

Darling Range of western Australia (after Schellmann,1982 quoted in Zamanian et al. ,2016)
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Ti, #5541 Ba.K.Sr.P.Sm, FHHE LT KT
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XRILE Y

(Yan Jian et al.,

REEHEBMAAWER O fETEm ERBM AN FE A LT . B3

JTLR M HA Rb.Ba K. Sm & Th.U KHRHE, F 25 ZERBR
Rb.Ba.K.Sm 20 &R {6 sh 180 . 5 T i L 7% 4.4 WEITE

FEEHH SRS, W Th.U XE T E%R 4.4.1 HRBEMBLHTHELTEHT
E% vﬂﬁﬂ%'f’t%‘@ﬁﬁim
HA o0 fa 2 f M3 9 % % (Yan Jian et al. ,

T A TE R KT LR NN A

AR ot K Bk 58. 814
X107 ~561.83X 10 ° (F{E K 208. 09X 107°) . K



%3 AN 6% P9I Darling Range 4[5 21 - 6061 - 7 Hb 5K (625 4 iF J% 08 IX B 5 595

% 2 P& Darling Range 1 X 12 K & (WA14-1) 558 + 5 (WA14-8) Ky $5 A LA-ICP-MS M EFE R %
Table 2 LA-ICP-MS zircon U-Pb dating results of granite and bauxite in Darling Range of western Australia

i) o 3 LU i (Ma) i A

Spot £ Total Pb| Th?3? yezss 'l‘h?f?/ pL MPI{)/? fi ST o Ty on lign

X107E)X107 8 X106y U8 ZOGPk; + 1o 2351y + 1o 2387y + 1o 206 pl, +1o 2351y +1o ZSSU’ +1o %

WAI14-1
1 1115.0 | 1695.0 | 729.4 | 2.32 |0.15243|0.00234|9.11989]0. 18980(0.43157|0.00597| 2373 | 26 |2350| 19 |2313| 27 98
2 555.5 | 593.4 | 629.1 | 0.94 |0.15424]0.00178/|8.48454|0.11666|0.39717|0.00460| 2394 | 19 |2284 | 13 | 2156 | 21 94
3 383.9 | 410.7 | 279.4 | 1.47 |0.17226]0. 00236(11. 26950[0. 17302|0. 47249|0. 00497| 2580 | 23 | 2546 | 14 | 2495 | 22 97
4 823.8 | 562.4 | 467.5 | 1.20 |0.24067]0.00390[16.71956/0.41792|0.50082|0.00829| 3124 | 26 |2919| 24 |2617| 36 | 89
5 444.6 | 263.1 | 704.0 | 0.37 |0.15385]0.00244|8.56587|0.12941|0.40227|0.00321| 2391 | 27 |2293 | 14 | 2180 | 15 94
6 408.5 | 326.5 | 379.2 | 0.86 |0.17570]0. 0024011. 95554/0. 188000. 49226|0. 00674| 2613 | 22 | 2601 | 15 | 2580 | 29 99
7 285.2 | 323.8 | 249.4 | 1.30 |0.17196]0. 00463[10. 83524]0. 26326|0. 45623|0. 00725| 2577 | 45 | 2509 | 23 | 2423 | 32 96
8 772.7 | 888.1 | 474.4 | 1.87 |0.17124]0.00245[11.132120. 16503|0. 46996|0. 00388| 2570 | 24 | 2534 | 14 | 2483 | 17 97
9 269.2 | 371.1 | 320.9 | 1.16 |0.17703]0. 00294 [10. 45194/0. 22741|0. 42656|0. 00663| 2625 | 28 | 2476 | 20 |2290| 30 | 92
10 554.1 | 582.8 | 359.1 | 1.62 |0.16984|0.00272[11.18681]0. 17468(0. 47673|0. 00361| 2567 | 27 |2539| 15 |2513| 16 98
11 423.9 197.8 | 570.9 | 0.35 |0.16718]0. 00244[10. 469150. 16135|0. 45308|0. 00426| 2532 | 25 |2477 | 14 | 2409 | 19 97
12 514.0 | 501.8 | 388.4 | 1.29 |0.17316]0. 00254 [11. 258390.19069|0. 47098|0.00562| 2589 | 24 | 2545 | 16 | 2488 | 25 97
13 647.0 | 755.6 | 429.5 | 1.76 |0.17239]0.00279[10. 67641/0. 18476|0. 44854|0. 00546| 2581 | 28 | 2495 | 16 | 2389 | 24 95
14 480.2 | 468.4 | 392.8 | 1.19 |0.17494]0. 0026610. 23077/0. 16106|0. 42390|0. 00468| 2605 | 25 |2456 | 15 |2278| 21 92
15 392.9 | 152.1 |1262.3 ] 0.12 |0.11867]0.00182|3.86793|0.07686|0.23581|0.00337| 1936 | 28 |1607 | 16 | 1365| 18 | 83
16 470.5 | 467.8 | 275.5 | 1.70 |0.17185]0. 0026811. 885420. 18639|0. 50107|0. 00428| 2576 | 26 |2595| 15 | 2618 | 18 | 99
17 442.3 | 457.5 | 342.3 | 1.34 |0.17048]0. 00265[10. 03244/0. 16024 |0. 42635|0. 00340| 2562 | 26 | 2438 | 15 | 2289 | 15 93
18 547.8 | 581.3 | 392.3 | 1.48 |0.17708|0. 00351 [10. 907730. 21392(0. 44650|0. 00605| 2626 | 33 |2515| 18 |2380 | 27 94
19 597.0 | 543.1 | 538.2 | 1.01 |0.16874]0.00338[10.305000.19916|0. 44232|0.00433| 2546 | 33 |2463 | 18 | 2361 | 19 95
20 349.4 | 346.2 | 268.7 | 1.29 |0.16983]0.00305[10. 58654/0. 19637|0. 45123|0. 00500| 2567 | 31 | 2488 | 17 | 2401 | 22 96
21 259.6 | 156.2 | 298.7 | 0.52 |0.17766|0.00414[11.286820. 31630|0. 45872(0.00679| 2631 | 39 | 2547 | 26 |2434| 30 | 95
22 646.9 | 658.1 | 490.3 | 1.34 |0.17357]0.00247[10.997730. 20626|0. 45810|0. 00652| 2592 | 24 |2523 | 18 | 2431 | 29 96
23 399.0 | 242.1 | 491.0 | 0.49 |0.16763]0. 00249[10.020030. 17525|0. 43180|0. 00454| 2600 | 25 |2437 | 16 |2314| 20 94
24 556.3 | 499.5 | 545.9 | 0.91 |0.17504(0.00284[10.18330/0. 19694 0. 42026|0.00597| 2607 | 27 |2452 | 18 | 2262 | 27 91
25 476.2 | 484.5 | 348.3 | 1.39 |0.17168|0. 00458 [10. 74583 0. 28615(0. 45211|0. 00589| 2574 | 45 | 2501 | 25 |2405| 26 96
26 354.1 | 313.0 | 411.8 | 0.76 |0.17137]0.00351(9.99574|0.20648|0.42126|0.00428| 2572 | 34 |2434| 19 | 2266 | 19 92
WAT14-8

1 1756.8 | 708.4 | 3124.5| 0.23 ]0.17142|0.0023611.699820. 16447]0.49393|0.00307| 2571 | 22 |2581| 13 |2588| 13 99
2 298.3 56. 8 548.7 | 0.10 ]0.16995|0.0027611. 607380. 19954|0. 49466 |0. 00482| 2557 | 26 |2573| 16 |2591| 21 99
3 347.9 | 383.1 | 632.2 | 0.61 |0.16794]0.00236[10. 973110. 17304|0. 47275|0.00425| 2539 | 24 | 2521 | 15 | 2496 | 19 98
4 1568.7 | 1875.0 | 3100. 9 | 0.60 [0.17000(0.00233[10.46801/0. 14948]0. 44606 |0. 00388| 2558 | 23 |2477 | 13 |2378| 17 95
5 356.8 | 144.3 | 665.9 | 0.22 |0.17164(0.00249[11. 38266(0. 17269|0. 47991|0.00373| 2574 | 24 | 2555 | 14 | 2527 | 16 98
6 367.2 | 867.3 | 723.2 | 1.20 |0.17604]0.00265[10. 608850.16265|0.43594|0.00299| 2616 | 26 |2490 | 14 |2332| 13 93
7 253.0 | 262.7 | 423.8 | 0.62 |0.17106(0. 00270[11. 762290. 18814 0. 49748|0.00376| 2568 | 26 | 2586 | 15 | 2603 | 16 99
8 605.6 | 300.9 |1091.3 ] 0.28 |0.16799]0.00275[11. 64014/0.19026|0.50114|0.00357| 2539 | 28 |2576 | 15 | 2619 | 15 98
9 542.1 | 211.7 | 987.8 | 0.21 |0.17156|0.00334 [11. 879490. 23588(0. 50051|0. 00402| 2573 | 33 |2595| 19 |2616 | 17 99
10 595.8 380.5 | 1178.1 | 0.32 |0.16895|0.00297[10. 96491/0. 19563|0. 46920(0. 00420| 2547 | 29 | 2520 17 | 2480 18 98
11 548.5 | 820.1 | 1124.7 | 0.73 |0.17290(0. 00290(10. 700620. 18511|0. 44694|0. 00353| 2587 | 28 | 2498 | 16 | 2382 | 16 95
12 315.5 | 335.5 | 522.1 | 0.64 |0.17488]0.00280(12.098530.20308|0.50008|0.00474| 2605 | 21 |2612| 16 | 2614 | 20 | 99
13 267.0 | 184.7 | 467.8 | 0.39 |0.17543/0.00271[11.94016[0. 19021(0. 49185|0. 00439| 2610 | 26 |2600| 15 |2579| 19 99
14 7.4 37.5 25.8 1.45 0. 07837|0. 00597 2. 24902|0. 16269|0. 20837 (0. 00521 | 1167 | 152 | 1197 | 51 | 1220 | 28 | 98
15 33.7 90. 0 137.2 | 0.66 |0.08018(0.00257|2.36511|0.07767|0.21342|0.00260| 1267 | 63 |1232| 23 |1247| 14 98
16 896.9 | 1502.7 | 1475.8 | 1.02 |0.18473]0. 00279[12. 23381/0. 21433|0. 47818|0. 00584 | 2696 | 24 |2623 | 16 | 2519 | 26 95
17 470.7 | 367.2 | 819.4 | 0.45 |0.17582|0.0027811.909390. 18481|0. 48908{0. 00408| 2614 | 26 |2597 | 15 |2567| 18 | 98
18 319.4 | 302.1 | 534.8 | 0.56 |0.17514]0. 00308[11.70960/0. 20166|0. 48277|0. 00450| 2607 | 24 | 2582 | 16 | 2539 | 20 98

45 5.86X107%~131.39X 10 (M{H N 61.97 X
10D+t 2 E® M, 1.36 X10 ° ~
65. 58X 10 ° (M Ky 37. 54 X 10 °) , F B 7 WAL 1
Mk AETH T TENELTRE., B0
SLREE &5 0. 92X 10 °~63. 00X 105 (¥ K

34.15X10°%) ,SHREE AW A & & 54, 4%
KB, &R 0. 43X 10 °~10. 82X 10 °(#
K 3.39X10 %), (La/Yb)xfH } 0. 85~56. 91,4
KEHB/NT 5,580 SLREE I E £I3F AR, 8+
W 41 SLREE/SHREE {4 Bl 28 b K, 2.13
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DA U0 UV T A8

16 A KR ] 2 & 48 SLREE, &% &4 55. 78
X 10 ° ~511.15 X 10 ° (¥ K 195.68 X 10 %),
SHREE & &5 2. 77 X10 % ~50.68 X 10 ° (¥ A
12.40X 10" %), SLREE/SHREE J 10. 09 ~ 32. 67
(BJ(E N 24.68), % & # £ L (H 5 K. [ B (La/
Yb)fEH 11.59~73.38, HA B B L5 L1
Bl (R 1 MK 9. i+ SLREE & 4 4.43 X
10 %~ 127.19 X 10 ° (¥ {H K 59.23 X 10 °),
SHREE &0 1. 43X 10 ~4.20 X 10 * (¥J{H K
2.74 X 10" %), SLREE/SHREE [t fif & 3.11 ~
30. 26 (¥ {EH K 17.06) K (La/Yb) I {H K 1. 21 ~
7519 RZHUNT 2, 58 ML

R s HA B U B Eu i 5%, H 0Eu H
H0.17~0. 61; M4 4 ) 6Eu {H A 0. 46 ~0. 82,
HA—ZM Eu U2 %, & 1.0 oEu {524 0. 38~
0.56. 5 0 F W EME. LKA oCe H N
0.90~1. 01 (HJ{H K 0.95) , FEA L F % . 48 L0 1
SCefH N 0.72~7.32(¥HN 2.07) . Z B2 E R
LR 0Ce (HALIR K, 0. 67~15. 72, [7] 45
A AR, BE A IE S A SRR (B8

TERR 1 J0 K BRORL IR A0 AR HE AL 1B E (& 8) L 1B i
win e & A, W R R . B R AR i
A T 2 ) s sl 1 A R 5 R A I o ol 8 Al
L, 88 10 5 AR SR A — 2 R AN ]
ATRE S ATE XA B Lo R 2 8 TG TR
X,
4.4.2 H#ABITERFE

X R A R JE B AR A RS A AT TR
IR LCERIE 3. A PEAOR TR
MR R R R 432.04 X 10 ~ 2047.93 X 10°°,
SLREE % # 5 32.73 X 10 ° ~ 379.17 X 10 °,
SHREE % 0 349.46 X 10 ° ~1668.76 X 10 °,
SLREE/SHREE .} 0.04~0.39, H (La/Yb)y
LA 3L T2 (0. 00~0. 03) , I B f + Bt &
Mir 8 AL

BB R B A A R 40 1167Ma F1 1267Ma 5
2539~2696Ma 4 % B . Hij & M 1 OT R Eow g N T
A8 i A s S I N 5 AR S, 43 0] o 402. 14
X107 °~616. 65X 10 °Fl 605. 30 X 10 ° ~2445. 54
X107°, Ai# SLREE Stk TN S#H A5
H W 538 < A8 A AHE . 43 A 11,93 X100 ~
22.39 X 10°° Fl 7.55 X 10 ° ~ 376.92 X 10 °,
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) Fig. 8 Chondrite-normalized REE patterns of granites
0.1 RbBaThU K TaNbBLaCeSrNdP ZrHRSmI Y YbLu bauxite and clay in Darling Range of western Australia
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Sun and McDonough,1989)
Fig. 7 Primitive-mantle-normalized pattern of trace
elements spidergrams of granites,bauxite and clay in
Darling Range of western Australia (primitive-mantle

normalization values from Sun and McDonough,1989)

SHREE AR5 0 & 4. 4 3 379.96 X 10 ¢ ~
604. 72X 10 ° I 597. 64 X 10 ¢ ~2421. 18 X 10~ ¢,
— %1 SLREE /SHREE A8 /N T 46 5 285 1 . 4%
B 0. 02~0. 06 F1 0. 01~0.21, [F1EHdFisfH —
BT A (La/Yb)y Ol iE T% (0. 00~
0. 04) B A4 o0 F WY L 43 B AT B 9 26 M (1 9 e
) BRI & E R LT RRE .

5 B XIS

HEARAERFETREX
BB A T 1167Ma F1 1267Ma 5
2539~ 2696Ma ($r & 5 88. 89V FEW B, HIE MW

5.1

(normalizing values after Sun and McDonough,1989)

BT A AR 2 AF 5T 3R B BF O X Bk 4 1167Ma FiI
1267Ma i 5 L J5t g5 #4430 2 &% th 5% %5 2 . 1T Darling
Range Fi#F #) Albany-Fraser 3 11745 H1 £ 7F 1345~
1260Ma Al 1214 ~1140Ma [ 44 58 4 3 {4 (Clark et
al. ,1999,2000), Cawood and Nemchin (2000) fiff
FEIN N, Darling Range Hit X (1% 74 #8315 75 b o 1 R
) 1300 ~ 1000Ma 4F #% B #% J&§ £ 1 5 Albany-
Fraser & L7 i 4F % 504 X B84 o DY AT 50 X 40
B H 1167Ma F1 1267Ma 4F i (1 18 8 #5 11 7] AE K
H Albany-Fraser i 11177 .

R JE 55 47 Hh Y 2539 ~ 2696 Ma 4 % B . AL
BJAE WY Ry 2579 £ 15Ma, 5 A SCHRAG A9 HF AR Kl
AL B BT Y 4R 1 2585 £ 12Ma 18152 22 35
WN—E, 50 8 b i R 7 AU S 5 A1 5 Rk i
TE 5 B A B AR Z2 AL R R AE B B a FR
MR E A ThoU i Th/U AL, 8] B A6 T
thoc b AR RS B AL A T R 2 HTOA XY
Darling Range Hi X 1 {6 i< 2 28 85 A0 247 0F 55 I8



03 M K& PR Darling Range # X 21 + 48 + 07 i 3R A6 22 450 4E IR X BF 5% 599
BT .

—o—mtH (KEE)

0.1 3 Bauxite (Archeozic)
g —o—HEF (R
0 Bauxite (Mesoproterozoic)

0t
LaCePrNd SmEuGdTbDyHoEr TmYbLu

9 V4 Darling Range i X 4 < & 40 0 H 45 A i +
JG E e 4345 X (bR AL A 3% Sun and McDonough,1989)
Fig. 9 Chondrite-normalized REE patterns in zircons of

granites and bauxite in Darling Range of western Australia

(normalizing values after Sun and McDonough,1989)

B BIFFE DX A1 B8 10 0 el ol . 25 CL
PG 8 B 58 AN RBAR G 7R B A 45 4 A O WA il
1 HF 2 2050 275 WF 58 XA B & 8 A7 TR 4 4 L ik
B LA = 3 4% 4 J 2 (Nemchin and Pidgeon, 1997;
Pidgeon and Nemchin,1998;Pidgeon et al. ,2013),
WANES A RS By 8 R AR Oy 32 il B 8
B BB RAR  Uh WS A1 280 PR B RS L AT RE Sk A
it AR 8 7 A 6 . 25 B TR R B I A
K AR IR R A T S B R Bk U o
A B 85 4 8 78 Albany-Fraser orogen AJ fE 42
T ER 0 W R
5.2 Bk ZIERIER

Ti.Zr . Hf Nb, Ta.Cr 1 Ni 0 & 7 X4k
T H A X 8 Fa %€ (MacLean and Kranidiotis, 1987;
Kurtz et al. ,2000; Panahi et al. ,2000) , JT4F 3 , g
N AR Z 23 2 HT T AR R I8 s i BF Y
(Calagari and Abedini. , 2007; Zarasvandi et al. ,
2012; Gu et al., 2013; Jiao Yang et al., 2014;
Zamanian et al. , 2015), X H iz 2k &K (AL, O;/
TiO,) \1gCr-1gNi 3 & JC R HAE L Fii + T & K 73 B2
FOR PG R M XA 21+ BR80T T BE A R B e 2R AT

Yy J5 ok AR ) 1) 5 A BA A — MR 3 B 5
PSR A A BR 12, 69~52. 30, 18 X A R BR Ry
22.84~50.72, KWL X & vl e N B L0 AW L

lgCr-1gNi [&] fi# 7] LU 4 3t Sz e 5 47 14 26 7
W) 5 K 5 (Schroll and Sauer, 1968), 4 |& 10 By
/i »Darling Range i [X 87 + " = 240 F & ko + 7Y
B B B o0 A BN I BRI T AR A XL 3
B BORIE 35 oK s . HRSE I Us
Med 2 O X A RS A X0 A 0 B TR &
Bk B SR U B W) ORI A K

WRA] ] Zr/Hf Nb/Ta 2k & 70 % & i 3k H] W
BAm ORI . xR A S LR
A Ze-HI Nb-Ta [# . il 11 fros, 88 L &
T VR BRE e 1 5 AR A R A OC R L T BB
VR AE B BB T 1 R B TR KB (WL |, 3%
WIAE < e ml RE B0 LA™ B b VR TR 8 L [R] /4 ) T
3

RSPV N L e W B T T = e o e WS 7
Jo A 56 AR Y 20 A 455 2K 2 B =3 A L W] i ) ot
R TS5 E B AH L 24 2 B 1) A R R AN S
(O T4 AEAE 1 1o R & ] AR T RE S
FIOC R KA UEAE B R AR AT A K
SEu fEBEAN 40 8 R P ARKE L T LUVE 4050 ) o
SRR )5 B8 (Mameli et al. ,2007), #fF 58 XA i< & -
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Fig. 10  Plot of 1gNi versus 1gCr of bauxite ores in
Darling Range of western Australia

(base map from Schroll and Sauer,1968)
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Sm, A%} 5 # Nb,Ta,Sr P, Ti, £ 4+ 4k K T
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58. 81X 10 °~561.83X10 ° .43 + 7 # T M B &K
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Abstract

Located in western Australia, Darling Range is rich in laterite-type bauxite resources. In order to
understand metallogenesis of the laterite-type bauxite in Darling Range and constrain the source of ore-
forming materials, this study carried out element geochemistry analysis and LA -ICP-MC dating of detrital
zircons from bauxite and underlying granite. The results show that the bauxite in the Darling Range are
composed mainly of ALLO;, Fe,O,, SiO,, and TiO,. Al,0O, has a negative relationship with SiO,, but a
positive relationship with TiO,. It suggests that bauxite experienced the loss of Si and enrichment of Al
and Ti during the ore-forming process. Geochemical analysis shows that the bauxite is enriched in Th, U,
Nb, Ta, Zr, Hf and Ti, and depleted in Ba, K, Sr, P and Sm. The bauxite is characterized by low REE
contents from 1. 36 X10 ° to 65.58X10 ¢, and the chondrite-normalized REE pattern slightly tilts to the
right and shows enrichment in LREE. LA-ICP-MC detrital zircon U-Pb ages of the bauxite can be assigned
to two groups: 1167~1267 Ma (2 zircons) and 2539~2696 Ma (16 zircons). The former younger detrital
zircons possibly came from Albany-Fraser orogeny, while the later older detrital zircons have the weighted
average ages of 2579+15 Ma (MSWD=1. 16), consistent with 2585412 Ma (MSWD=0. 83) of Archean
granite, with the difference within the error. This indicates that besides the zircons from Archean granite,
minor zircons in the laterite-type bauxite may derive from Albany-Fraser orogeny belt. Using Al, O;/TiO,
ratio, 1gCr-IgNi plot, trace element ratios, and REE pattern to trace the source of laterite-type bauxite
deposit, it can be concluded that Archean granite is the major source of ore-forming materials for the

laterite-type bauxite deposit in the Darling Range of western Australia.
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