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Fig. 1 Geological map of Songshugou ultramafic rock body
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Table 1 chemical compositions of chromium-spinels
from the Songshugou ultramafic body
w Y 4
R&ES REEAIY Cr;04
%5 34| 10, |Al,03! MgO (Fe,03| FeO | CaO | MnO [H,07T| TIO, |Cr 03] &4 Foor | Xms | Xcr | Yor | YA Need+
{4

1 245 A |24 9%k 0.54]7.35 |11. 02} 6. 25 [16. 21 0.16 56.8 (98.33| 2.62 | 0.64 | 0.84}0.77]0.15 0. 08
2 24—8 {A—C[24 SR {k| 0. 82 7.9511.03(6.45(17.55 0. 47 56.2(99.53] 2.41 [ 0.49]0.82)0.76)0.16 | 0,08
3 24—9 A |24284K|0.76|7.63|9.18|7.41{11.03 0.25 55.6 191.86] 3.14 | 0.48 | 0.83 | 0.82} 0.17 | 0.01
4 24—3 B (24 B[ 0.249.02(7.48 (10.93|16. 36 Lo.m 0.15 L55.21 99.57( 2.11 | 0.38 | 0.8110.75| 0.18 | 0.07
5 24—2 B |24 EFk|274]8.119.89 [11.25]14.97 0.85 | 0.17 |50.01197.99| 1.97 | 0.4 | 0.81|0.74 | 0.18{ 0.08
6| 12—14 A (1289 0.34)7.64[9.367.59[15.89 0.19 [ 0.19 (58.37{99.57| 2.57 [ Q.46 | 0.83 | 0.79{ 0.16 { 0.05
7 12—5 B |128F4k|0.86)7.49 10.29| 5.53 | 15.6 0.16 | 0.19 |59.00{99.23[ 2.37 | 0.49 | 0.84 | 0.81]0.15] 0.05
8 Tu A (11254818 1113068 01[13.65 2.23 | 0.17 {48.86{99.57( 2.34 | 0.45| 0.8 | 0.76 | 0. 19 { 0. 05
9 1 A | B#w | 0.9 ]9.56] 12 [7.48(13.36 0.48 54.88(98.66| 2.73 [ 0.45[0.85|0.78| 0.14 [ 0.08
10] 272—2 |[A—clz72Bgkl 1 [8.76[10.47] 7.78 |16.52 54.6(99.13] 2,32 [ 0.49 [ 0.81 [ 0,741 0.180.08
1| 272-3 A [272 B4k 0.84 [ 8.27 |10.31) 6.89 [17. 47 55.09|98.87| 2.33 [0.49{0.82|0.75]0.17 | 0.08
121 272—8 272 BH 4| 0.68 | 9.86 |11.16| 7.59 | 15.3 0.36 54.92(99.87) 2.48 [ 0.53[0.79[0.73{0.19( 0,08

MA
13 | KT108-T15{A—C (272 BF & 8.96 {10.14] 9.12 |17.77 54.84100.83 2.11 } 0.5 | 0.8 | 0.71]0.18{0.11
14 |BT108~T16| A—C 272 B 5 % 7.18 | 6.07 | 8.96 | 23.8 54 110001 1.7 {0.3100.840.74]0.140.12
15 | KTi08-T) [A—C (272 BF & 8.18(7.75] 8.9 |20.81 53.51/98.15] 1.86 | 0.4 | 0.82]0.73]0.16 | 0. 11

)
16 | MTi00-T4 |A—C|272 S8k 8.35(7.45]8.12|21.2 53.92(99.04[ 1.89 | 0.39]0.81] 0.73|0.17 | 0.1
17| CKi20-T2 | F {272 8K 7.15( 6.43 (11.65(22. 87 §1.96(200.09 1.56 [ 0.33) 0.83 | 0.71) 0.14 | 0.15
18| CK124-T6 |A—C |272 B8k 8.3309.55 ! 9.75[18.45 53.49(99.57| 1.96 | 0.48{0.81|0.71 | 0.16 | 0.13
19] CKi46-T1 | F [272 B0 8.22 [ 5.94 110. 43| 21. 58 52.83) 99 | 1.69 | 0.31{0.81]0.73)0.17 ) 0. 11
—

20 C332 A |272 §¥4K| 0. 05 |10. 42(10. 97 23.97 0.37 0.17 [53.76|99.83| 2.24 | 0.49)| 0.78| 0.740.21 | 0,05
211 caze-1 B 0.379.588.31 25.500.15{ 1.4 54.68(99.94] 2.14 (0.37(0.79 1 0.75] 0.2 | 0.05
22| €330-2 B 0.31!10.61] 8.89 24.92 1.79 0.16)53.7 [100.78 2.16 [0.39|0.77|0.73 | 0.22 | 0.05
23| cals-l A 0.2319.6409.91 22.08/0.18 | 1.68 0.21 [56.07( 100 | 2.05 [0.45( 0.8 {0.76 [ 0.13 [ 0,05
24| c38-2 A 0.35 | 8.93 | 8.96 25.52 2.23 0.18 ) 53.3 (99,55 2.09 | 0.39 | 0.8 | 0.76 | 0.19 | 0.05
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= E3] SI02 |Al1203| MgO [Fe203| FeO | Ca® | MnO H2O+| TIO2 |Cr203| &1 Feo - | Xme | Xcr | Yor | YAl [YFe3+
235 211 A 21 894K 0.22(6.21|7.92]9.12 (16,59 0.120.05!58.19/98.42| 2.35 | 0.41(0.87 | 0.81|0.130.06
26| 571 A |5TEFMtK| 1 (7.85[8.024.03]21.4 0. 26 57.86(100.42 2.31 | 0.36 | 0.83 | 0.79 | 0.16 | 0.05
27| 246—1 A 24628 4K] 0.72 ] 2.67 | 7.88 | 10.8 19,33 0. 34 56.299.04| 1.94 1 0.38|0.91| 0.9 |0.08]0.13
28| 242—1 A |21z 83tk| 1.02 | 4.58] 7.64 |15. 42|20. 52 0. 14 49.06/98.38] 1.34 | 0.360.88) 0.7 ] 0.1 | 0.2
29| 245-2 A 245 S @ k| 3.3 | 5.54(12.53] 10.1 |11.17 1.3 [ 0.07(35.19]99.2 | 2.72 [ 0.51|0.87 | 0.81|0.120.07
30| 3361 A (336 BFHK| 0.66 | 4.2 [10.95(6.19 [14.42]0.29 0.42 62.04[99.17| 3.14 | 0.55| 0.91 | 0.85 |0. 088| 0. 06
31 219—1 B 21985 & 4 7.49|13.05 8 13.55 1.0510.15 [F1. 41 99.6 | 2.57 | 0.51 | 0.82(0.76 | 0.16 [ 0. 08
32( 2192 A 219294k 5.26 5. 15| 8.81410.99] 18.2 2.4 | 0.15 |47.25{98.24{ 1.68 | 0.25|0.86|0.78|0.13¢ 0.1
33| 219-10 | A (219 8%k 0.72 | 4.52 | 9.78 | 5.98 |17. 41| 0.31 0. 24 59.33|08.29( 2.6 |0.48| 0.9 | 0.83|0.09 | 0.08
34 21918 A M08k A2 A OR)G.07]5 411862 59.84)99.59| 2.55 | 0.44 ) 0.87 [ 0.82/0.13)0.06
35| L3is-3 A BB Tk 4.33[5.73 ] 9.58 20,91 58.88(99.61| 1.99 | 0.3 | 0.9 | 0.820.09 0.09
36| G12—T2 | A [612-8@ 3.89 [ 6.11(6.39|20.23 60.49(97. 11| 2.39 | 0.33|0.91|0.96|0.08 | 0.06
37 622 A (62 8T 5.98 | .48 |10.21) 22, 4| 0.8 51.8(98.87( 1.47 [ 0.24|0.85]0.73]0.13|0.14
38 KA2-33 F 0.66 [ 2.34({ 7.65|12.718.11( 0.37 55.27)97.9] 1.87 | 0.39|0.94(0.81|0.05(|0.14
39| Prj-37 F 2.16| 4.8 | 5.46]9.84 | 20.9 | .98 54.38/97.54| 1.83 | 0.19]0.89|0.83 | 0.11|0.06
40 Pri-45 F 1.42 ] 5.7 5.28 [19.87115. 95| 0. 71 4.77|96.7| 1.41 | 0.15[0.85]0.7310.13{0.14
1] Col6—1 |Aa—cC 0.34|5.45] 6. 81 8. 69 0.18 55.73|99.62| 1.94 | 0.3 | 0.88|0.83|0.12|0.05
42| Col6—2 |A—C 0.47 | 4.92 6.61 28.97| 0. 26 55.97199.59( 1.93 | 0.29]0.88|0.84{0.110.05
43| Col5—1 |A—C 0.47 | 6.54 | 7.52 23.03 56.9496.35| 2.47 [ 0.37|0.45|0.81 | 0.14 0.05
44] col5-2 [A—cC 0.44]5.83 | 8.75 22.95| 0.29 0.25|57.83| 98.8 2.52 | 0.4 | 0.87 | 0.83|0.13|0.05
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Table 2 chemical compositions of Songshugou ultramafites (Wt %5)

£ | 8i0, | TiO; | Al:O5 | Cr203 | FexO3 | FeO | MnO | CoO | MgO | NiO | CaO | K:0 |Ns:0 | M/F CA

1 |43.28/0.00| 0.19 0.53 2,13 {6.55|1.17(0.01 |45.85(0.24 {0.02{0.00{0.03(8.50 39.11
2 139.13/0.02] 0.91 8.40 |2.8410.15}0.02 |48.15| 0.28 1 0.05| 0.01 | 0.02 | 8.16 | 55.27
3 (39.15/0.01 | 0.08 8.79 [3.76]0,21}0.03}49.5)0.38}0.060.00]|0.05]|8.80| 54.63
4 40.34[0.01 0.24 0.81 2.04 [6.7810.17(0.02148.85({0.490.07 {0.00}0.17 | 9.96| 28,40
5 |41.64|0.01| 0.25 0.44 2.506 [ 6.2210.17|0.02 {47.98{0.39 | 0.07 [ 0.000.309.94| 18.87
6 143.24}0.01] 0.29 1. 08 2.72 | 7.61)0.21]0.02{44.41|0.3510.04}0.00]0.02(7.75] 65.83
7 (40.50({0.01 0.05 0.54 1.53 |7.8810.13:0.0248.88;0.26]0.02]0.00]0.21]9.32]{ 8.79

8 45.60[0.03| 0.76 1. 83 3.49 [ 5.87 (0. 11{0.0142.2210.1110.00{0.000.02(8.31] 16.18
9 146.98[0.01 | 0.29 0.51 4.56 |5.72]0.16|0.0241.44/0.1710.12 | 0.001{ 0.02 | 7.41 | 84.12
10 42.42 0.00 ] 0.54 1. 88 1.7 8.30]0.15) 0.00|44.64] 0.13 | 0.07 } 0.00 [ 0.11 [ 7.94 | 36.63
11 {41.08{0.00( 0.05 0.92 1.40 [ 6.47 { 0.09 | 0.01 149.35) 0.26 ) 0.33) 0.00) 0.03 ) 11.3 | 91.13
12 [41.58; 0.00| 0.086 1. 14 1.89 [6.62{0.14(0.02(47.56( 0.28(0.65{0.000.0310.1/ 95.22
13 }41.04)0.00} 0.11 1. 09 2.10 [ 7.37]0.15)0.02147.39{0.29 0.40| 0.00 | 0.03 | 9.00 { 92.43
14 (39.87{0.00] 0.08 0.81 2.01 }7.91]0.15)0.02 |48.55[ 0.30}0.27 | 0.00} 0.03{8.80 | 89.30
15 [42.88(0.02( 0.25 0.24 0.31 (7.2910.11]0.01{47.96|0.3210.59)0.00)0.02 | 11.2 ] 96. 43
16 |40.52| 0.03 | 0.42 0.72 0.93 [7.68[0.02]0.01(48.57(0.24(0.80(0.00(0.03(10.2| 96.18
17 ]41.29) 0.00) 0.04 0. 60 1.07 [ 7.62[0.10| 0.02 |48.48( 0.29 | 0.46 } 0.00 | 0.03]9.99 | 93.39
18 (42.68] 0.03¢ 1.23 0. 38 7.39 | 6.1410.21]0.02]36.27]0.115.390.00]0.14]4.98) 97.38
19 |44.34(0.06 | 1.37 0.7 4.07 [6.23{0.23|0.01(35.46(0.13(7.26)0.01/0.14)6.26| 97.88
20 [49.94§0.10| 1.79 0. 48 2.09 [ 4.77[0.14|0.01 {24.96( 0.08|15.5)0.000.23| 6.8 | 98.51

21 ]48.02) 0.05) 1.38 0. 36 2.29 {6.87|0.17]0.02|25.77|0.19|14.7|0.00} 0.22{ 5.07 | 98.48
22 (47.61]0.05) 1.41 0.53 2.22 }15.4210.19)0.01 [30.64;0.11111.7]0.00)0.23|7.19] 98.88
23 153.44|0.04| 0.61 0.77 1.13 15.660.11 27.88 10.2 1 0.00 0.15] 7.33 | 98.53
24 |43.37/0.00] 0.23 0. 49 3.61 | 4.67(0.15]0.02|46.51| 0.27 [ 0.66 | 0.00 | 0.03{10.3( 95.07
25 42.8310.01) 0.39 0.04 2.26 16.165]0.12(0.02|47.79| 0.31 | 0.06 | 0.00| 0.03 | 10.3 | 65,83
26 (42.91(0.00( 0.17 0. 43 2.22 16.27)0.12)0.0147.12}0.27 /0.45[0.00)0.03)10.1| 93.10
27 [39.84|0.00| 0.77 0.74 2.56 [6.6310.14(0.0148.30.26(0.74{0.00(0.02)89.52] 97.04
28 143.37/0.01| 0.75 0. 40 0.85 | 7.0110.16}0.01 |46.49}0.28|0.70|0.00( 0.03 | 10.5 | 95. 68
29 144.82|0.02| 0.51 0. 33 0.30 }7.25}10.110.01 45.45)0.24]0.90|0.03(0.04 | 10.7 | 92.02
30 [43.63]| 0.01 0.62 0. 46 2.88 | 4.8410.15(0.01(46.31/0.31)0.75)0.00)0.02)10.9) 97.04
31 |43.48[ 0.00] 0.24 0. 44 0.47 }7.31{0.31|0.02|47.47{0.29{0.13/0.00]0.03(10.8| 82.81

32 143.57]0.02] 0.43 0.76 1.67 |6.270.11|0.01(46.03( 0.26|0.93]0.00( 0.03 | 10.6 | 96.51

33 (42.07{0.01| ©.39 0. 40 1.50 | 7.10}0.17}0.01)47.34)0.33)0.670.00) 0.01|9.83} 98.40
34 (43.27]0.01| 0.53 0. 36 0.65 [ 7.30{0.15{0.02(46.59|0.32/0.770.00)0.03|10.4 | 96.06
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Table 3 REE contents of ultramafites (ppm)

UMaA BMA ME
WL WL 1’ WL WL g WL a3 WL s WL e WL,
La 0. 06 0.06 | 0.04 0. 03 0.9 0. 58 0. 38 7.8
Ce 0. 24 028 | 02 0.1 172 102 1 6.4
Pr | 0. 81
Nd <1 < <1 <1 <1 <1 <1 4.1
Sm 0. 08 0. 09 0. 06 0.03 0.2 0.11 0.21 0. 72
Eu 0. 03 0. 04 0. 03 0. 01 0. 05 0. 03 0. 06 0. 21
Gd 0. 96
o 0. 03 0. 03 0. 02 0. 01 0. 02 0. 02 0. 05 0.13
Dy 0. 92
Ho 0.18
Hr 0. 55
Tm 0. 08
Yo 0.21 0.2 0.13 0. 06 0. 05 0. 04 0.18 0. 65
Lu 0. 04 0. 03 0. 02 0. 01 0. 01 0. 01 0. 02 0.1
Y 3.3
Gom | 023 0. 28 0.3 0. 34 6. 96 5.16 112 1.99

* R\.UMA .BMA #5 i 7S L B4 \ME B i X 56065 e , L g T s R BT 9T i
WLz . WL S IR BEE 2 s WL oo . WL 2 7 HERHE 55

WLas . WL s PR E ;WL . B S WLBEEHK.

5 RAMBEME)LH

5:1 SH%ER
HEAUWEESARUARL S BAERS BEASARYBEAES. ERELX

do B ] XAy AR R A (CMED I I ig s (MME) 2K, i 8UAFIig A EHE B CME
WAL B EMRER AR UAR BACEABER, XEFHEINET MME L85

. BEEAENE T ELER MME T3,
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Table 4 Trace element contents of ultramafites & chromitites (ppm)

4% BERS A Rb St i 7r E Ra Nb Cu Zn v Ga LE TE
WLy | SimPEmEse s | 4.1 | <<i0 il j s l 14 7 111 30 2.6 | 23.1 L153.6
WLe | Sis#irEss | 5.3 27 | <101 6.6 ] i3 3 111 31 2 209 | 152
WL, | JERgiigEses | 4.9 | <<l0 ) 18 | @ 1 33 115 ; 310 L1219 8Ll

R | WLw | FEEHEY | 6.8 1 <10 <10 | 37 10 20 188 27 1.8 | 53.8 | 236.8

WLos | HHEROME | 7.4 16 13 53 10 28 111 33 2.3 | 70.4 [174.3
WL S tof<io | 1r | os2 oz | 7 | 248 | 134 | 2.9 | 49 [39L.9
wio o lso <o) 1z | e e [oe | o7 ]l | 2620
WLz Ehiﬂ#ﬁ%ﬁiﬁi 2| st 20 | 041 e | w2z | oag | L9 |190.8] 1869
f T N
|

WL i 2.1 14| <10 79 15| 485 183 | 5.4 96 | 607. 4
WL“L B 2.3 | 34 17 ] 29.1 27 ! 28 982 | 471 2.6 | 58.4 |1401.6

A WLas ! wEh o4 | <10 | <10 82 | 19 ¥ 585 337 2.2 i 1054 | 938.2
WL3s WEE 1.5 1 <10 | <10 42 18 12| 615 279 1 ?1.5 907
WL3s e 1.1 15 | <10 | 82 15 1 s 292 l_ms;a 15 | 98-1 | 404.5

WL s FEH 4.7 | 86 | <10 il 1 I 8 s7 | se 2.6 [29.7 173.6

WLoy | BHEMBE | 5.4 | 27 14 27 12 | 159 71 101 | 21.8 | 41.4 | 352.8

EMA | WL MMERS | 5.1 | 73 | <10, 51 | 14 23 |92 m 2.6 | 70.1 | 182.6
l WL s HE 6.5 96 21 55 | 14 19 74 ) 69 1 2 75.5 | 164

PM (Wood ,1979) 0.86] 23 | 11 7.56 | 0.62 | 26 k3 56 ' 84 | 0.04 | 222

CLM (McDonough ,1990) 1.9 19 21 ,r 33 4.8 111 85 56 { 2.4 | 39.7 | 134.4

* WL REfh it X EH S E . L WP s R BFF T \LE =Rb+Ba+Nb. TE=Cu+Zn+V +Ga,
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THE GENETIC CLASSIFICATION OF SONGSHUGOU
ULTRAMAFIC ROCKS IN NORTH QINLING MOUNTAINS

Zhang Zejun
(Xian College of Geology)

Abstract

The genetic classification of ultramafic rocks is the long —disputed subject. After inte-

grated studies and analyses in field geology,petrology and geochemistry,the writer think that
Songshugou ultramafic rocks in North Qinling can be divided into three genetic types,that is
the magma crystallization (MA ) type.the mantle residue (R)type and the metasomatism
(ME) type. The MA type is further divided into two subtypes of basaltic magma crystalliza-
tion(BMA) and ultramafic magma crystallization (UMA ). The ME type also into two sub-
types of mantle metasomatism (MME ) and crustal metasomatism (CME ). Therefore the
Songshugou body is a typical example of Alpine —type multigenetic ultramafic bédy. The au-
thor thirk that achievements of this paper will push studies of genetic classification of Alpine

—type ultramafic rocks forward.



