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Fig.1 The geological map of Gubaoquan intrusion (reduced scale after Gubaoquan iron deposit 1 3 2000)
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1—Quaternary system;2—Precambrian marble interlacing muscovite schist;3—Permian basalt belonging to Zhesi group;
4—allgovite and diabase;5—gabbro;6—olivine gabbro;7—augite troctolite; 8—deposit body;9—fault; 10—geological boundary
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Table the analytical data (%) of olivines, pyroxenes and plagioclases
PR R V7] Si0, | TiO: [Al; O3] FeO | MnO | MgO | CaO |Na:O| K:O | NiO |Cr0;| Total 21 )%,
WA A | H1-2-0l1 | S A [40.16] 0 ] 0.01|16.1|0.26 [43.15/0.06 | 0.03{0.01[0.24| 0 | 100.06 Fogz Fas
MEOMOK A | H1-2-0l2 | S4ME A [39.92]0.03 | 0.03 | 15.7 | 0.17 |43.82[0.01 | 0 [0.02]0.27 | 0.03 | 99.94 Fogs Fapr
WO S | HI-2-0l3 | StHHEA |39.78/ 0.03 | 0 | 14.9 | 0.27 [45.66[0.02| 0O 0 |0.27]0.02 | 100.96 Fog, Fal6
WA A | H1-2-0l4 | SMM A [39.26] 0.01 [ 0.02| 16 |0.22(44.17|0.02]0.01| 0 [0.17{0.03 | 99.9 Fogs Fair
WK H2-8-oll | M [38.13] 0 |0.05]25.5|0.38(35.07[0.06| 0 ]0.01|0.08]0.29| 99.57 Fori Fagg
WK A H2-8-ol2 | MM fA [37.62] 0O 0 |26.1]0.49(35.23/0.02| 0 |0.01]0.19| 0 99. 67 FozoFaso
WK H2-8-0l3 | S##if 37.86] 0 ]0.02]25.4(0.39| 37 [0.02|0.01| 0 0 ]0.02]100.73 Fors Fasg
WK H2-8-ol4 | SR4MiA [38.32] O 0 26 10.39(35.37/0.02| 0 0 [0.05]0.01|100.17 Fori Fazg
MM MK | HB-8-oll | SMiMi A [39.88| 0 0 [16.4]0.24|42.7710.02| 0 [0.04]0.24|0.06| 99.68 Fogs Farg
WK A | HB-8-ol2 | SHMiMif7 |38.74] 0 0.04 | 17.9]0.31 | 41.4{0.09 0 [0.04/0.32]0.13 | 98.99 Fog Faig
WM MK A | HB-8-ol3 | StMiMi e [39.86| © 0 16 | 0.25(42.18] 0.05[0.03|0.01|0.37]0.04 | 98.8 Fogz Fais
WM HE I 4 | HB-8-old | Stfi#s i [38.98| © 0 [16.1]0.22|45.1210.03|0.01 | 0 |0.290.01]100.75 Fogs Fair
MEAMOK A | Hi1-2-px] | BB MG [50.37] 1,13 | 2.9 | 4.89 | 0.18 [17.09] 21.1 | 0.45]0.02 | 0.08 | 1.18 | 99.32 | Wos3EnyFss
WAMK S | H1-2-px2 | #¥A  |51.52] 1.36 | 3.22 | 4.09 [ 0.13 [16.26|22.6 | 0.53 | 0 |0.08|0.71 | 100.44 | Woy;Eny;Fs;
MEAHK S | H1-2-px3 | B4 M |55.59] 0.5 | 1.41[9.93 [0.26 (31.83/0.86| 0 |0.01]0.01|0.35|100.74 | WoiEng,Fsis
MO A | Hi-2-px4 | W4 Ma [55.56] 0.43 | 1.41 ] 9.58 | 0.21 [30.66( 2.29 | 0.05]0.01 | 0.07 | 0.4 | 100.68 | Wo,Eng Fsiy
MK A H2-8-px1 | il #EA [51. 18] 0.79 [ 3.07 | 7.56 | 0.2 [16.98] 18.8 | 0.4 [ 0.04| 0 ]0.38| 99.4 | WoseEnyFsi»
WK A H2-8-px2 | IRiBEMEA | 52.2(0.84 [ 2.47 [ 6.76 | 0.16 [15.29]22.30.38| 0 |0.16 | 0.23|100.79 | Woys Enyy Fsy
WK H2-8-px3 | #EMEA [51.14]0.74 | 2.54 | 6.37 | 0.19 [15.09] 22.1[0.32| 0 0 [0.51] 99.02 | WousEnuFsio
WK H2-8-px4 | i@ MA |52.97]0.68 | 2.32(8.07 | 0.2 [15.85|19.4 [0.41[0.01| 0 |0.21]|100.11 | Wou1 EnssFsis
WS R s | HB-8-px1 | &4 | 53.3]0.41|2.02(3.66| 0.1 |17.12]23.1]0.41 0 0.07 | 0.72 | 100. 93 | WousEnysFsg
WM K A | HB-8-px2 | & HEAT [52.43] 0.39 [ 2.28 | 4.49 | 0.16 [17.61] 20.3 [ 0.41 | 0.04 | 0.12 | 0.88 | 99.06 | Wos2Ens Fs;
WM M A | HB-8-px3 | BB KA [52.12] 0.59 [ 2.61 | 4.59 | 0.19 [17.57] 20.4 [ 0.39 [ 0.02 | 0.2 | 0.87 | 99.55 | Wou3EnsFs;
MK % | HB-8-px4 | i MEA [52.03] 0.24 [ 2.94 | 5.76 | 0.11 [18.05] 18.7 [ 0.41 [ 0.01 | 0.06 | 1.29 | 99.57 | WosoEnssFso
WEAMUK A | H1-2-pll | fiKA |51.5410.09(30.9] 0.1 |0.01]0.03|13.7|3.790.06 0 0.01 | 100. 22 Angz Abss
WA A | H1-2-pl2 | $rKf [53.28]0.07 [29.3]0.15[0.09| 0 |12.5]4.69]0.08| 0 0 | 100.11 Angs Abgs
WA A | H1-2-pl3 | HikKA [50.91]0.06 [29.9]1.01 | 0 [0.76]12.8]4.06| 0.1 0 [0.02] 99.67 Angs Abss
MEAOMOK A | Hl1-2-pld | $IKA [52.72]0.03 129.5[0.15| 0 [0.01]12.5|4.88]0.08| 0 0 99. 89 Angg Abg,
WK A H2-8-pll | #iEA [50.86] 0 |31.9]0.21| 0 [0.02]14.1|3.84[0.05| 0 0 101 Angs Abs,
WK H2-8-pl2 | #ifA [51.98]0.03|30.6[0.26| 0 |0.01]13.6|4.17[0.06|0.02| 0 |100.66 Ansy Aby
WK H2-8-pl3 | $iK A [51.56] 0.1 |30.7]0.42 0.01 | 13.6{4.030.08]0.08| 0 |[100.64 | Ang AbssOry
MR H2-8-pl4 | FikKf [50.53]0.11|31.5|0.24 0 0.04 | 14.4 [ 3.76 | 0.06 0 0 100. 62 Ansg Abys
WM 4 | HB-8-pll | KK f [48.49]0.04 [32.9] 0.2 [ 0.01]0.01|16.1[2.59[0.03| 0 ]0.02| 100.4 Anz7 Abgs
WM H I A | HB-8-pl2 | KK [48.27]0.05[32.9(0.17 [0.03| 0 |16.2]2.46|0.05|0.01|0.03 |100.14 Anzg Abg,
WM A | HB-8-pl3 | REK A [49.01]0.08 [ 32.7]0.13| 0 0.1 | 15.6] 2.7 [ 0.03| 0 |0.04|100.41 Anzs Abyy
WM % | HB-8-pld | HrK# [49.34]0.02 | 32 [0.29[0.01]0.03|15.2[3.24{0.05| 0 ]0.02|100.17 Angr Abys
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Table 2 The Major elements compositions ( % )

FE S FeRal A Si0, TiO; | AlLO;s | Fe;O3 | FeO MgO CaO | Na,O | K;O | P,Os5 | MnO | Mg# [Mg/Fe
78GTO03 Wk A 49.46 | 0.69 | 15.37 | 1.07 6.78 8.54 | 12.25 | 2.61 0.16 0.04 |0.17 [ 0.66 | 1.92
78GBS8S KA 47.12 | 0.28 | 22.02 | 1.27 4.31 8.42 | 12.43 | 2.31 0.16 0.02 [0.09[0.73]2.71
78BHO05 MK A 46.18 | 0.55 18.2 1.86 5.89 | 11.33 | 10.11 | 1.71 0.23 0.06 |0.13]0.73]2.63

12 WK A 49.17 | 0.50 | 18.22 | 1.03 5.08 7.89 | 13.53 | 2.05 0.14 0.03 |0.14]0.70 | 2.29
27 WK A 48.53 | 0.34 | 16.24 | 1.17 4.47 | 10.78 | 14.13 | 1.71 0.12 0.08 |0.12]0.78 ] 3.41

30 WK E 48.37 | 2.05 | 14.29 | 4.73 7.85 6.51 9.79 3.1 0.85 0.26 | 0.21]0.49|0.94
78GH174 MK A 46.41 | 0.27 | 17.98 | 1.51 5.56 | 10.69 | 11.7 1.94 0.10 0 0.12 10.73 | 2.71
78GP24 WK A 49.61 | 0.47 | 17.11 | 1.52 5.46 9.57 12.3 1.99 0. 20 0 0.17 1 0.71 | 2. 44
78SH40 WK 49.65 | 1.03 | 18.98 | 2.61 4.54 4.20 9.69 3. 85 0.72 0.14 | 0.14 ]0.52 | 1.07
78BH41 WK 47.86 | 1.36 | 16.18 | 4.44 6.75 7.55 7.52 3.41 0.70 0.19 [0.16 | 0.56 | 1.23
78BH48 MK 46.18 | 0.12 | 19.13 | 1.21 3.35 9.91 | 14.13 | 0.97 1.31 0.04 |0.09]0.80 | 3.90
78BH49 Wk A 46.30 | 0.08 | 23.41 | 0.71 2.51 7.54 | 11.96 | 1.14 2.5 0.04 |0.08]0.81]4.16
78KHO03 WK 45.20 | 2.16 | 12.86 | 7.29 7.82 5.39 9.37 3.49 0.12 0.39 |0.221]0.40 | 0.66

WK A 48.24 | 0.97 | 17.88 | 3.16 5.95 7.51 | 10.99 | 2.55 0.89 0.28 |0.13]0.60 | 1.50
78BHI18 | MMk A | 49.37 | 0.47 | 14.99 | 1.21 5.08 9.96 | 14.32 | 1.96 0.08 0.04 |0.17 [ 0.74 | 2.80
21 WM A | 49.03 | 0.37 | 17.95 | 1.44 3.41 9.04 15.1 1.65 0.13 0.03 | 0.1 0.77 | 3.35

24 WM MK % | 46.16 | 0.38 19.9 1.55 5.59 11.3 | 11.37 | 1.81 0.26 0.04 |0.12]0.74 | 2.84
78SHO6 | MiMikER A | 46.55 | 0.20 | 20.69 | 1.44 5.50 11.6 | 10.13 | 2.14 0.07 0.02 |0.12]0.75 | 2.99
78SH21 | MMikER A | 47.72 | 0.20 | 18.74 | 1.37 5.66 | 11.87 | 9.90 2. 44 0.07 0.02 |0.12]0.75] 3.02
78SH23 | MMiMEK A | 49.01 | 0.26 | 18.44 | 1.53 6.08 9.65 | 10.88 | 2.72 0.07 0.01 |0.13]0.70 | 2.27
78SH22 | MMM KA | 50.34 | 0.34 | 19.28 | 1.08 5.50 8.63 | 10.88 | 2.94 0.18 0.03 [0.13]0.70 | 2.33
78GTO7 | MEAMIK A | 39.38 | 0.41 6. 49 6.13 6.11 | 27.69 | 4.78 0.53 0.10 0.03 |0.18]0.81|4.18
78BHI15 | MM A | 47.53 | 0.30 | 19.93 | 1.35 5.62 | 10.02 | 10.92 | 2.24 0.18 0.03 |0.12]0.72 | 2.57

TE < 20308 28 BT CHF R b Lty €8 50— 7R SR — 7 11Dl — iy o ¥ R A0 T B2 1R B BF ST 425 )
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(X107°)
K H2-3 H2-6 H1-7 H1-3 H4-3 H4-7
HAAH R 3=y WA A AR LG =y MO K 5
Se 27.5 35.53 21.4 18.97 7.174 17.6
Ti / 2711.5 / 2546. 3 762. 1 /
\% 95. 4 158.9 102 113.9 29.43 98.2
Cr 389 565. 8 1642 2284. 3 109. 3 1704
Mn / 959. 3 / 1018 864. 6 /
Co 38.4 36. 04 72.4 80. 33 48.52 69.7
Ni 228 120. 4 1044 932. 2 210. 6 968
Cu 66 74.53 58.8 58. 4 67.33 54.7
Zn 52.1 46.01 71.2 57.06 53.1 67.1
Ga / 14. 37 / 7.79 14. 14 /
Ge / 1.451 / 1.17 0.967 /
Rb 1.39 6.97 1.09 1.89 2.03 2.24
Sr 146 121.2 68.8 62.2 165.5 72.1
Y 7.52 14.01 10.7 9.38 2.43 10. 4
Zr 7.20 18. 33 17.3 26. 49 4,47 17. 4
Nb 0.24 0.68 0.39 0.73 0.48 0.4
Ba 32.7 41. 24 48.9 33.65 34.19 52.2
La 0.56 0.74 1.05 0. 80 0.51 1.01
Ce 1.43 2.30 2.37 2.31 1.27 2.53
Pr 0.26 0.46 0.39 0.40 0.18 0.42
Nd 1. 40 2.92 1.98 2.30 0.94 2.15
Sm 0.59 1.22 0.77 0.82 0.28 0.81
Eu 0.46 0.71 0.38 0.40 0.46 0.4
Gd 0.85 2. 00 1.09 1.30 0.41 1.12
Tb 0.18 0.39 0.23 0.25 0.07 0.23
Dy 1.17 2.56 1.54 1.67 0. 44 1.17
Ho 0.26 0.54 0. 34 0.37 0.09 0. 34
Er 0.72 1.49 1.01 1.03 0.27 1.02
Tm 0.10 0.23 0.15 0.17 0. 04 0.15
Yb 0.65 1.49 0.98 1.12 0.28 0.99
Lu 0.10 0.24 0.15 0.19 0.05 0.15
Hf 0.32 0.56 0. 64 0.71 0.11 0.63
Ta 0.05 0. 04 0.09 0. 04 0.03 0.05
Pb 4,75 1.67 4,36 2.34 3.09 3.3
Th 0.06 0.04 0.11 0.11 0.04 0.09
U 0.12 0.18 0.13 0.16 0.12 0.28
> REE 8.73 17. 30 12. 43 13.12 5.29 12. 49
SEu 1.98 1.39 1.27 1.18 4,09 1.28
(La/Yb)x 0.58 0.34 0.72 0.48 1.22 0.69
(Gd/Yb)n 1. 06 1. 09 0. 90 0.94 1.19 0.91
(La/Sm)x 0. 60 0.38 0.86 0.62 1.13 0.79
T ASEAE i o B2 B N 3R AL 22 BF 52 BT MC-ICP-MS SE 36 2 43047
A A TP R T R AR, ER 4 A 2006) T T A ena (O F es. (OfH. = 1FFE S Y

i 0 A 0 R R 58 00 R B9 S R

Mo AR 3b) . &
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(Cs.Rb.Ba.Sr) . HFWHE M Th . Nb-Ta 1 BH,

exa (D fH N +6. 990~
ese (OME A +2. 3%~

f 5 4

+8. 1%, S B =5 i 5 $ RRAIE
+17. 3%, Jz Wt Sr [F]{ &
??Eo ﬁ: emd(l)*(87 Sl‘/86 Sr);*ﬁ%@i?

4.3 Nd.Sr.Pb E{r=4AmRK
K FAE T 38 BB B A< A6 358 %) rp 3% L b B8 4k i
Zem RS 1 U-Pb 4F iy (274Ma) (£ 8 L%,

BAs A TR —RIR(E D,
=F BB 9T Ph/# P gy g 18, 463 ~
18.645 ;7 Pb /" Pb 4y Bl &£ 15. 604 ~15. 634 ;
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x4 HERZEME NA.Sr.PbEMLERARK
Table 4 The isotopic compositions of Nd , Sr and Pb
i = Rb(X107%) Sr(X10%) 8TRb/% Sr 87Sr /%6 Sr + 26 (57Sr/$5Sr); es (1)
HI-1 | AR E 1. 89 62.2 0. 0876 0. 70604 0. 000013 0. 7057 17.3
H2-6 MK A 6.97 121.0 0.1655 0.7053 0.000011 0. 7047 2.3
H4-3 MO VE K 2.03 166.0 0.0354 0.7053 0. 000015 0.7052 9.6
PeRis = Sm(X1076) Nd(X1076) 17 Sm /1 Nd SN/ Nd +26 (M3Nd/ M N, end (1)
H1-1 AT 0.82 2.30 0.2142 0.513025 0. 000006 0.51264 6.9
H2-6 MR 1. 22 2.92 0.2531 0.513092 0.000008 0.51263 6.9
H4-3 M M A 2.28 0.94 0. 1809 0.513024 0. 000006 0.51270 8.1
At A 206 pp /204 Ph RSD% 207 pPh /20t Ph RSD% 208 Ph /201 Ph RSD%
H1-1 A 18. 463 0. 04 15. 634 0.047 38.497 0.042
H2-6 W 18. 645 0.03 15. 604 0.014 38. 351 0.012
H4-3 R VE K 18.643 0. 04 15. 628 0.036 38. 385 0.026

TE ABCH i oh R BE ) R AL 22 BF 2R ] MC-ICP-MS 23 Hr 2 (k. 330 2 B 4R ik (=274 Ma,

208 Pl /200 P 43I B 38, 351~ 38, 497, A &4 i &
BRI 7 U Th F R EAL, H U/Pb {H50. 006~

0.057.Th/Pb {f 2} 0. 042~0. 076 . Jil Z £ i b 52 4R
e ARE AT BCLA R U (9 T Ph [ iz 2 KL
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Rb.Ba,Sr & %5 5 1% 210 M ff 10 R Mmoot R
(HFSE, {1 Nb.Ta.Zr,Hf 1 T iy F-75 &4 flk 4
a7/ AR ST =S e S S RSN A N Sx e D
L ) A 2 B, Al A ok R R DR A T 55 03 B
(Staudigel and Hart,1983), Zr 5%+ EZ Mm%
SRICER Z ] B A B A G (81 6D SR B A R i
TR M E 5 oC RAE 2 o B R AT E . R,
FATTAT LA B ATy A2 1 R 29 o 8 R A o B A A
B AE B .
5.2 FREERMWHER

AR R A ORI A1 Fo {5 70~83,
A S AIG T L o IX B k- R ek e e A R O A Y
Fo(82~89) (Zhou et al. .2004) . & T % 1038 52 5 1A
HR RS A Fo fem (78) (K452 % ,2003) ., Mg-Fe
TE RIS AT - A 22 [] 119 43 T 2 80CA — AHDRE R AR EL
B Kdoimmeae = (FeO/Mg0) o/ (FeO/MgO,pm ) =
0.3~0. 33 (Roeder et al. ,1970), 2R, FTHE M
45 fi B OS5 AR o D) TR AR 22 ) B O A P A
FH A5 B0 25 G ONS A1 L I AE I A 3R e 4
FRAORE A1 rh Y B8 B B I, PRI, Fo i B iy 1 MRS A1
2H 53 FI RETE B T WA 2RO A 2. e £ B
Hh ol AR R B R TR A TR AR S K Meg” (H 0. 61,
A28 A T B L, DX - R A R Y i I R Y

Bl 5 AR*TPL/* Pb-"°Pb/*" Pb.** Pb/*" Pb-*" Pb/*' Pb &l fif DM— 7 fii % ; MORB— K X4 ; BSE—2 4
FREh i3k ; PREMA-— 28 5 WL 21 1Y) 385 38 088 )8 53 5 EM LR EM T — 5 48 #ul& i 5t (4% Zindler and Hart,1986)
Fig.5 *"Pb/*'Pb vs. *Pb/*' Pb and **Pb/** Pb vs. *° Pb/*** Pb of Gubaoquan intrusions (after Zindler and Hart, 1986)
DM—depleted mantle; MORB—mid-ocean ridge basalt; BSE—Bulk Standard Earth; PREMA—Prevalent Mantle; EM | #i

EM]] — EMI and EMII enriched mantle
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RGP IR Y . KA 52 B A G Tio, & &,
& 5 #t Nb, Ta (Rudnick and Fountain, 1995;
Barth et al. ,2000) , 7 £ SR 5 KA [R] A2 B2 1) & A2 K
BT REATTE, BE 5 H M TaNb, HA LK TiO,
CEBEH 0.61%) . (Nb/Nb" A (0. 42~1. 44) Fl4
B Th/Ta (0. 95~2. 55) . 13 BH # {K B) 45 3¢ 385 52
T REFE Y BR Y AE ) (Riley et al. ,2005), MICE
HER AL 27 BE R B 43 E 2R BROH [R) B8 AR AH B /Y T
ENRRIEREEaE & R PUN A N2 i) G TS | AR E /s
43 e 22 B0AF TR) s AR A T L ) [ 1k TR e A T S UK Y
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K 35 S A5 AF A6 R Ak TR Y A T OF A0 b R g B
(Mecdonald et al., 2001; Barker et al., 1997;
Campbell and Griffiths, 1993)., K 7a.b.c # La/
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FHCPENESE TRy B iR 4. BT Ce Al Pb.Nb
U H A [A] 1 553 T 22 00 L6 0 20 0 il A 5 0 0
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Ce/Pb=4 Nb/U=9~12(Hofmann et al. ,1986),
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BRI A2 AL . B TR G b B R A0
RAEFNATS E PR R B 1 26 41 T8 R CRLFE Sr) AR
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[Fi) 137 2% 260 ) W) Sk 52 ) i e 0 o P TR e

b 7e w4 Th, K # 58 W E A E % Th
(Rundnick and Fountain,1995), Voisey's Bay &
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BEE R b Th ok B b 52 b= M 5T R G AR Y 4
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Abstract

Gubaoquan intrusion, located at south of Beishan Rift Zone, Gansu province, occurs as irregular
stockwork, with and area of 1. 7km*. The intrusion consists mainly of hornblende gabbros including a
large amount of olivine gabbros and pyroxene troctolites, both of which show a relation of gradual
transition. Most of samples belong to tholeiite series, with a few sample belonging to alkali series. All
kinds of rocks are characterized with very low TiO, sNa, O,P,O; content and LILE, REEs(>2REE=5. 29 X
10 °—17.30X10 %), ewa()="+6.9~+8. 1, e, (1) =+2.3~+17. 3, Pb/*" Pb=18. 463 ~ 18. 645,
01Ph /2 Ph=15. 604~15. 634, “*Pb/** Pb=238. 351 ~38. 497 respectively. The magma source is depleted
mantle by previous melt extraction, and the magma experienced contamination to some extent. The
primary magma was basaltic magma characterized by high Fe and poor Mg. Fractional crystallization of
melanocrratic minerals such as clinopyroxene and olivine and various accumulation occurred during its
emplacement and migration. The Gubaoquan intrusion was the product of highly partial melting of spinel

peridotite at low pressure level in mantle.
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