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Abstract; Based on K-Ar isotopic ages (287. 5— 243. 6 Ma), diabase dyke swarms of the Changmaohezi from western
Liaoning, Northeast China, formed in the Late Paleozoic. These diabases can be divided into low Ti-Fe diabase and high Ti-
Fe diabase. The low Ti-Fe diabases are characterized by low TiO, (<2%), FeO,(12. 39% —15.33%), V (227—335 pg/g) ,
Sc (24 — 36 pg/g) and high SiO, (45. 61% — 47. 72%), AlLO; (12, 51% — 16. 71%), MgO (6. 66% — 9. 31%),
K, O (0.57%—2.39%), Cr (107—177 p1g/g), Ni (96—235 pg/g), and low Ti/Y (327—496), Ti/Zr (69—114), which
are similar to continental flood basalts. The high Ti-Fe diabases are characterized by high TiO, (5% —6%), FeO, (22. 13%
—22.16%), V (850—859 p1g/g) s Sc (51—52 p1g/g)» and low SO, (42. 88% —44. 90%), AL Oy (11. 53% —11. 57%),
MgO (5. 1526 —5.29%6)» K0 (0. 48%6—0.51%)+ Cr (<2 pg/g)» Ni (<30 pg/g)+ and high Ti/Y (1046—1106) . Ti/Zr
(250—263), which are similar to the Skaergaard intrusion. All these rocks are enriched in Rb, Th, U, Pb, Ti, and light
REE, and depleted in Ba, Sr, P, Nb and Ta. They have well-evolved Nd and Sr isotope compositions with exq(z) = —6. 43
to —4. 12 and es, () =42. 94—64. 19. The diabases were probably derived from the enriched lithospheric mantle and under-
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went fractional crystallization and crust assimilation. The high Ti-Fe diabases and the low Ti-Fe diabases are from different
crystal conditions, the former in a closed system or a relatively oxidized state.

Key words: low Ti-Fe diabase; lithosphere mantle; Late Paleozoic; Changmaohezi; western Liaoning Province.
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1 K-Ar
Table 1 K-Ar ages of diabases
Art0/Arss Ar’® /Art Art/Art K/% Arto/%  Arto /K10 /Ma
CY—18 7.539 540. 005 8 1273.9+29.1 9 605. 04219. 4 3.12-+0. 05 96. 98 0.018 1 287.5+4.6
CY—3 5.379 140. 003 0 1941.1470. 4 10441, 4+378. 6 2.2940.03 97. 24 0.0152 243.643.9
K;O
— 3
s . (40%5~50%) . 3.1
(45% ~40%) | (3% ~15%) 9 K-Ar
(<3 . ; ¢ D. (287. 5 4. 6)Ma
(Angz—s) ; : T (243.6%3.9)Ma. .
s s <5%, ( 3.2
CY—3,—4) 15%. 11 2. (CY—
1,CY—17,—18)
2 (2.26%~3.23 %),
<1.83%. (CY—3,—4)
SiO, . Fe’™ , . ,
. ( Rb.Ba.K)
Varian Vista-PRO  ICP-AES PE Elan 6000 s
ICP-MS ( ,2002),
5%. Nd,Sr €h) SiO, (42. 88% ~
“ISOPROB” 47.72%) . ALO; <16, 71% . CaO ~10% . K, O+
(MC-ICPMS) ( ,2002; Na, O<4. 78% , FeO,>12. 45%, TiO,>1. 33%,
,2003). Sr (2~5) X . C 2.
107 g,Nd 5X107" g. Rb.Sr.Sm  Nd (2) ( CY—3,—41)
ICP TiO, (5% ~6%)  FeO, (22, 13% ~22. 16%)
K-Ar L Si0, (42, 88%~44. 90%) , Al,O; (11. 53% ~
MM — 1200 11.57%) . MgO(5. 15% ~5. 29%, Mg® =0. 32)
) 60~80 ( >95%), K,O(0. 48%~0. 51 %) ,
Mill-Q . Skaergaard (McBirney, 1989;
53h ( 1. 34X 10" n/cm?) McBirney and Naslund, 1990). ( CY—
106 d, MM —1200 1,5 ~18)  TiO, (<< 2%) . FeO, (12. 39% ~
) , 15.33%) . SI0, (45. 61% ~47. 72%) .
10 ~10"7 Pa, . ALO; (12, 51% ~ 16. 71%) ., MgO (6. 66% ~
. . 9.31%.Mg® =0. 50 ~0. 56) K,O(0.57% ~
. Ar 2.39%) . Ti
1077 Pa, (Hergt et al. , 1991; Buchanan et al. , 1999; Roll-

inson, 1999; Marsh et al., 2000; Xu et al.,
2001). ) Si0O,
Ti
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Table 2 Major and trace element analysis of diabases
cY—3 CYy—4 CY—1 CY—5 CY—7 CY—9 CY—11 CY—13 CY—15 CY—16 CY—17 CY—18
SiO; 42. 88 44. 90 45.61 45. 71 47,72 46. 80 46. 54 47. 06 46. 59 46. 89 46. 18 45, 82
TiO; 5.15 5.73 1. 38 1. 66 1.71 1.59 1. 74 1. 48 1. 33 1. 67 2.02 1. 97
Al; O3 11.53 11. 57 16. 09 16. 19 15.73 15. 65 14.72 16. 71 15. 62 15.55 13. 32 12,51
FeO, 22.16 22.13 12. 86 14. 36 13. 38 13. 74 13.73 12. 45 14. 64 14. 11 15. 33 14. 51
CaO 9.98 9. 97 9.68 10. 00 9. 88 10. 27 10. 36 9.82 9. 30 10. 27 7. 20 10. 82
MgO 5.29 5. 15 7.64 7. 84 6. 66 7.70 7.07 7. 44 9.31 7.32 8. 06 9.21
MnO 0. 26 0. 25 0. 16 0. 18 0.17 0.18 0. 18 0.17 0. 18 0.18 0.19 0. 21
Na; O 2.16 2. 27 0. 56 2.47 2. 36 2.20 2.21 2.23 2.00 2.20 2.59 0. 61
KO 0.51 0.48 2.39 0. 57 0. 74 0. 57 0. 61 0. 95 0. 64 0.72 2.19 2.02
P, 05 0. 14 0. 14 0.13 0. 15 0.15 0. 14 0.17 0. 14 0.12 0. 16 0.18 0.17
LOI —0.32 —0.27 2. 46 0.12 0. 67 0. 49 1. 83 0.78 0. 39 1. 28 3.23 2. 26
Total 99.75 102. 33 98. 95 99. 25 99. 17 99. 32 99. 16 99.23 100.13  100.36  100.48  100.09
Mg# 0.32 0.32 0. 54 0.52 0. 50 0. 53 0. 50 0. 54 0. 56 0.51 0.51 0. 56
La 9.91 10. 41 8.194 10.49 11. 71 9. 80 11. 55 9. 86 9.59 11. 65 15. 03 14. 29
Ce 23.33 23. 69 19. 07 24. 20 27. 20 22.63 27.00 22.98 22.33 26.73 34. 20 33.08
Pr 3. 30 3. 40 2. 804 3. 40 3.78 3.21 3.78 3.23 3.09 3.72 4.961 4. 806
Nd 14. 84 15.15 12. 49 14. 92 16. 48 13.88 16. 69 13.98 13.78 16. 23 21.92 21.39
Sm 3.73 3.85 2.961 3.62 3.93 3.39 4. 05 3.43 3.31 3. 84 5. 146 5. 029
Eu 1.33 1. 35 1.072 1. 22 1.29 1.18 1.29 1. 15 1.11 1.29 1. 602 1. 531
Gd 4. 06 4. 19 3.225 3.82 4. 14 3. 56 4. 26 3.57 3. 45 4. 14 5. 684 5,442
Th 0.72 0. 74 0. 561 0. 65 0. 70 0. 64 0. 74 0.61 0. 59 0.71 0. 968 0. 931
Dy 4. 23 4. 23 3.173 3.71 4.14 3.61 4. 26 3.56 3. 46 4.11 5. 457 5. 27
Ho 0. 87 0. 88 0. 655 0.77 0. 84 0.73 0. 87 0.73 0.70 0. 84 1. 119 1. 087
Er 2.33 2.33 1. 754 2.08 2.24 2.01 2. 36 1.95 1. 89 2.22 3. 051 2.932
Tm 0. 35 0. 35 0. 259 0.31 0. 33 0. 30 0. 35 0. 29 0. 29 0.33 0. 46 0.428
Yb 2.24 2.27 1.71 2.01 2.17 1. 93 2. 26 1. 86 1.81 2.14 2. 969 2.791
Lu 0. 37 0. 36 0. 27 0. 31 0. 34 0. 30 0. 34 0.28 0. 30 0. 34 0. 467 0.426
(La/Yb)n 3.18 3.29 3. 44 3.75 3.88 3. 64 3.67 3.81 3.79 3. 90 3.63 3.67
Eu/Eu” 1. 04 1.02 1. 05 0.99 0. 97 1. 03 0. 94 1. 00 0. 99 0. 98 0. 90 0. 89
Sc 51.11 51.72 21.73 26. 95 27.91 28.23 29. 68 23.58 24.73 27.25 35. 54 29.19
\% 850.17 858.62 227.2 266.69  273.34 273.26  282.49  249.48 235.51  255.83  355.00  354.00
Cr 1. 15 1.23 107.2 145. 96 129. 41 170. 76 151. 44 112. 86 148. 13 133. 22 176. 50 171. 40
Co 61.91 62. 63 48. 05 54. 19 49. 02 51.72 55.35 49. 00 62. 85 52.09 51.33 47. 32
Ni 28.52 28.95 163.5 170.50  121.23 157.88 180.33 167.30 235.24 164.33 131.80 95. 97
Rb 14. 49 15. 66 18.43 17.52 23.23 16. 41 18.47 27.59 19. 95 22.72 57. 37 15.55
Sr 138.47 142.05 183.6 166. 72 166. 98 164. 80 161. 47 193.77 168. 19 162.80  563. 90 127. 10
Y 26. 03 26. 48 18. 73 22.92 24.93 21.97 26. 00 21.53 20. 98 24.62 31.95 30. 88
Zr 108.26 111.44 81. 68 95.51 107. 74 97.18  115.87 95.28 99.12  103.07 137.18 134.79
Nb 7. 64 8. 77 6. 28 6. 83 7.76 6. 71 7.79 6. 57 6. 36 7.71 10. 85 10. 58
Cs 0. 77 0. 96 1. 464 1.43 0.92 0. 83 1. 40 1.71 1. 66 1.76 12.76 2.07
Ba 87.53 97.19 114. 26 90.86  103. 84 86.53 104.03  154.07 104.58 121.23  746.90  305.60
Hf 2.83 2.92 2. 176 2.44 2.74 2.51 2.97 2. 35 2.53 2.69 3.793 3. 649
Ta 0. 58 0. 65 0. 409 0. 48 0. 54 0.48 0. 56 0. 47 0. 45 0. 55 0. 697 0. 67
Pb 3. 26 2. 87 3. 367 2. 60 2.97 2. 63 3.58 2.94 2. 46 4. 37 3. 843 3.214
Th 1.75 1.72 1. 491 1.79 1. 98 1. 56 2.01 1. 83 1. 64 1. 88 2.539 2.438
U 0. 35 0. 35 0. 317 0. 37 0. 40 0. 32 0. 41 0.38 0. 35 0. 37 0. 542 0. 677
Nb/Nb* 0.61 0. 69 0.59 0. 52 0. 54 0. 57 0. 54 0.51 0. 53 0. 55 0. 58 0. 60
Th/Nb 0. 23 0. 20 0. 24 0. 26 0. 25 0. 23 0. 26 0. 28 0. 26 0. 24 0. 23 0. 23
Ti/Y 1046 1106 393 338 412 358 390 331 328 388 486 496
Ti/Zr 251 263 90 81 95 81 88 75 69 93 113 114
Rb/Sr 0. 10 0.11 0. 10 0.11 0. 14 0. 10 0.11 0.14 0.12 0.14 0. 10 0.12
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CY—3 CY—4 CY—1 CY—5 CcY—7 CY—9 CY—11 CY—13 CY—15 CY—16 CY—17 CY—18
Rb/Ba 0.17 0.16 0.16 0.19 0.22 0.19 0.18 0.18 0.19 0.19 0.08 0. 05
Nb/T 13.18 13.55 15. 35 14. 23 14. 30 14. 02 13.97 14. 10 14.12 14. 01 15.57 15.79
Zr/Hf 38. 32 38.18 37.54 39. 16 39. 31 38. 65 39. 00 40. 58 39.19 38. 30 36. 17 36. 94
> REE 71. 61 73.17 58. 20 71.50 79. 30 67.18 79. 80 67. 48 65. 68 78. 28 103. 03 99. 43
P 512.70 519.86 470.00 576.81 605. 75 531. 74 678. 68 533. 00 539. 52 634. 38 778. 90 793. 00
Ti 2721 29283 7367 7742 10264 7856 10140 7118 6879 9555 15537 15321
Mn 1724 1750 1071 1307 1297 1277 1290 1189 1359 1307 1384 1607
Ga 20. 74 20. 42 16. 86 18.17 19. 14 18. 08 18. 14 18. 30 17. 27 18. 18 17. 11 17. 89
Ge 1. 75 1.77 1. 25 1. 47 1. 47 1. 40 1. 56 1. 35 1. 39 1. 47 1.21 1.52
%; 1076,
5 c . Cr (107 ~ 177 prg/g) Ni (96 ~
O CY-1,-5 ]
1L © Ccy-3~4 WA 235 ;ig/g) , Ti, Fe.V (227 ~ 335 Hg/g) N
O CY-7~16 Sc(24~36 )
C Y
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S cY—17.18
S
S
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3 Nd.Sr
Table 3 Nd and Sr isotopic data of diabases
WSm/MWNd  15Nd/MNd 25 OBNd/MND,  Tow/Ga et (D)
CY—3 0.1519 0.512 343 8 0.512 057 1.99 —4.12
CY—5 0.146 7 0.512 238 9 0.511962 2.07 —5.98
CcY—7 0.144 3 0. 512 282 9 0.512 011 1.90 —5.02
CY—9 0.1477 0.512 234 9 0.511 958 2.08 —6. 06
CY—15 0.1450 0.512 242 9 0.511 969 2.01 —5. 84
CY—16 0.1430 0.512 208 8 0.511 939 2.03 —6.43
87TRb/% Sr 87Sr/86 Sr +26 (87Sr/%6Sr), S sm/Nd ese (1)
CY—3 0.3028 0. 708 843 16 0. 708 274 —0. 23 49.03
CY—5 0.304 1 0. 708 962 18 0. 708 391 —0.25 50. 65
CY—7 0.4025 0. 709 838 14 0. 709 082 —0. 27 57.38
CY—9 0.2881 0. 708 529 14 0. 707 908 —0. 25 42. 94
CY—15 0.343 3 0. 708 689 20 0. 708 045 —0. 26 44, 50
CY—16 0.404 0 0. 710 324 21 0. 709 565 —0.27 64. 19
t=287 Ma
Th/Yb(0.76~0.98) Ta/Yb(0. 24~0. 29)
MORB, (Wil- ,
son, 1989), . .
Ti/Y(1046~1106) Ti/Zr(250~263) ,
(327~496,69~114) s
Ti/Y MORB, (
(Hergt et al. . 1991) (Xu et Rb,Th,U,K),Nb-Ta sRb/Ba  Ti/Y
al. , 2001) Th/Ta
3.4 Sr-Nd (2.65~3.89) La/Yb(4.42~5.44) ,
6 Nd.Sr «C 3 . ) (Condie,
"INd/!" Nd 0. 512 208 ~0. 512 343,% Sr/% Sr 1997). ,
0.708 5~0. 710 3,ena (1)  —6.43~—4. 12,65, (D) . Y/Nb Zr/Nb , Th/Nb<C

42. 94~64. 19,

4.1

).
) .
(Sheraton et al. , 1990),
(Hergt et al. , 1991; Buchanan et al. ,
1999; Rollinson, 1999; Marsh et al. s 2000; Xu et
al., 2001), .
SiO, . Mg* (<20. 7),Cr,Ni ,

(Cox, 1981),

0.3,Nb/Nb* (=2Nby/(La+Th)x)>0.5(<0.7),
(Pin and Ma-
rini, 1993), Sr

(Buchanan et
al. , 1999; Rollinson, 1999; Marsh et al., 2000;
Xuetal., 2001), (Hergt

etal., 1991), N
(Juster and Grove, 1989;

Rollinson, 1999; Xu et al. , 2001);
(Buchanan et

al. , 1999). ,

Ti/Y
(Hergt etal. ,1991;Xuetal. ,2001), Ti/
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Y Grove, 1989; Toplis and Carroll, 1995; Sug-
( ) Ti/Y awara, 2001), : (D
( , (Sinton et al. , 1983; Christie et al. ,
). 1986; Bryndzia et al., 1989; Kennedy et al. ,
Ti/Y 1990); (2)
) (Bryndzia et al. , 1989; Brooks et al., 1991);(3)
(Brooks and Nielsen, 1978, 1990; Juster and (Brooks and Nielsen,

Grove, 1989; Toplis and Carroll, 1995, 1996;
Sugawara, 2001).

( Presnall, 1966;
McBirney, 1989; Brooks and Nielsen, 1990; Sug-
awara, 2001), Fenner trend ;

( Hunter and

Sparks, 1987), Bowen . ,
g »SI0, \FeO,
D Tl()z ’ Alz ()g N Mg()\ Cr\ P 2 ()r)
« b, - — ( SO, ==
46 % ,MgO~9. 25%), Si Fe

b

4.2

(Hunter and Sparks, 1987; Juster and

1978, 1990; Brooks et al. , 1991).
Skaergaard (Hunter and Sparks,
1987; McBirney, 1989) ,Pleasant Bay
(Wiebe, 1997) (Hoek and Seitz,
1995). Ti (FeO,<<15%)
Ti s
(Hergt et al., 1991; Buchanan et al., 1999;
Rollinson, 1999; Marsh et al. , 2000; Xu et al. ,

2001). ,

(Sinton et al. ,
1983; Hoek and Seitz, 1995).
C 5,
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