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SHRIMP U-Pb dating, geochemistry and tectonic implications of Pingshun
gabbros in southern Taihang Mountain
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Abstract

The major petrogenetic minerals in the Pingshun gabbros located in southern Taihang Mountain are plagio-
clase, clinopyroxene, hornblende and olivine. As the SHRIMP zircon U-Pb dating results show, diagenetic age of
gabbros is (123.4+1.7) Ma, which indicates that the gabbros were formed by Early Cretaceous magmatism in the
North China craton. The major oxides of the Pingshun gabbros are w(SiO,) 42.82%~49.74%, w(Al,0,) 11.91%~
16.54%, w(MgO) 6.79%~14.57%, w(TiO,) 0.36%~1.53%, w(Fe,0,) 4.02%~15.03%, w(CaO) 7.45%~18.70%,
w(K,0+Na,0) 2.42%~3.81% and Mg" 56.53~81.68. LREE are enriched, and HREE are depleted, coupled with no
or a weak positive Eu anomalies. Moreover, the rocks are characterized by high abundances of LILE and LREE,
and low abundances of HFSE (such as Nb and Ta). The **Pb /**Pb ratios of gabbros range from 17.062 to
18.295, *’Pb/**Pb ratios from 15.354 to 15.422, and **Pb/**Pb ratios from 37.185 to 37.298. 1,=0.7046~0.7051
and &,,(125 Ma)=-14.03~—13.00. These data suggest that Pingshun gabbroic magma originated from the EM I ,

and was contaminated by minor crustal composition. Hence it might have been formed by early Cretaceous mag-
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matism in Taihang Mountain area resulting from the destruction of the North China Craton.

Key words: geochemistry, magmatism, EM [ ,Pingshun gabbros, the southern Taihang Mountain
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Fig.1 Tectonic location (a) and simplified geological map (b) of the Pingshun intrusions in the South Taihang Mountains
(modified after Zhao et al., 2000; 2001)
1—Western Block; 2—Yinchuan-Hetao Rift Zone; 3—Shanxi-Shaanxi Rift Zone; 4—South China orogen; 5S—North China Rift Zone;

6—Eastern Block; 7—Su-Lu Hyperpressure metamorphism Zone; 8—Fectonic unit boundary; 9—Daxinganling-Taihang

gravity lineament; 10—Tan-Lu fault zone
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Fig. 2 Photos of field and microphotographs showing typical textures of the Pingshun gabbros
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a. Spherical weathering of Pingshun gabbros;b. Gabbros, composed of plagioclase, clinopyroxene, hornblende, biotite, olivine and magnetite,

olivine with reaction rim consisting of fine biotite and coarse magnetite;c. Clinopyroxene with a typical reaction rim, composed of

fine hornblende and biotite;d. Olivine xenocryst with a typical embayed texture, note that olivine was altered to serpentine

Ol—Olivine; Cpx—Clinopyroxene; Hb—Hornblende; PI—Plagioclase; Bi—Biotite; Qq—Quartz; Mt—Magnetite; Ser—Serpentine
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Table 1 Zircon SHRIMP U-Pb analytical results of the Pingshun gabbros
w(B)/10°¢ I (<)

Y wlPb)% ﬁ Z2Th/28U  w(**°Pb*)/107° APy APLr 1% ATPptAy 4% MPLYIN] 49 (209Pb/238U ) /Ma
LGO1-1 0.54 556 747 1.39 9.09 0.0533 33 0.1389 39 0.01892 2.1 120.8 2.5
LGO1-2 0.83 510 881 1.78 8.53 0.0462 53 0.1229 5.7 0.01930 22 1232 +£2.6
LGO1-2 1.17 601 926 1.59 10.20 0.0507 49 0.1372 53 0.01963 2.1 1253 £2.6
LGO1-4 0.71 667 759 1.18 11.40 0.0500 4.7  0.1366 54 0.01982 25 1265 £3.2
LGO1-5 0.30 499 926 1.92 8.37 0.0509 3.7 0.1366 43 0.01947 2.1 1243 £2.6
LGO1-6 1.52 466 534 1.18 7.66 0.0431 9.0 0.112 93 0.01885 2.2 1204 £2.6
LGO1-7 1.40 637 760 1.23 11.20 0.0469 7.7 0.130 8.0 0.02019 22 128.8  £2.8
LGO1-8 0.96 490 716 1.51 8.19 0.0456 6.4  0.1211 6.8 0.01928 2.1 123.1 +2.6
LGO01-9 1.63 619 619 1.03 10.20 0.0468 7.5  0.1221 7.8 0.01894 2.1 121.0  £2.5
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Fig.3 CL images (a) and Th-U content (b) of selected for zircons from the Pingshun gabbros(LGO01)
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Fig4 SHRIMP U-Pbconcordia diagram(a) and average ages(b) of zircon from the Pingshun gabbros
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Fig.5 SiO, versus MgO variation diagram of the Pingshun
gabbros (after Defant et al., 2001)
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Fig.6 AFM diagram of the Pingshun gabbros
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Table 2 Major elements, trace elements and rare earth elements compositions of the Pingshun gabbros
4o LB02 LB12 LB20 LB22 LGO1 SG204 BO15 B036
w(B)/%
SiO, 45.51 47.72 48.97 47.05 43.45 42.82 49.74 49.15
TiO, 1.32 0.82 0.36 1.16 1.53 1.49 0.6 0.77
ALO; 13.81 16.54 14.46 13.38 12.31 12.94 11.91 12.64
Fe,0," 13.54 9.23 4.02 11.21 15.03 14.75 9.42 9.59
MnO 0.17 0.14 0.07 0.19 0.22 0.2 0.16 0.16
MgO 8.68 6.79 8.84 9.89 10.38 10.38 14.57 12.89
CaO 10.58 11.18 18.7 9.58 11.94 11.83 7.45 7.86
Na,O 241 3.38 0.96 2.79 1.97 2.08 2.62 2.68
K,O0 1.4 0.32 1.46 0.18 0.98 1.16 0.92 1.00
P,O; 0.39 0.32 0.02 0.15 0.31 0.35 0.26 0.30
LOI 2.95 3.76 2.2 4.69 1.33 1.31 2.26 2.49
JEvi] 100.76 110.2 100.06 100.27 99.45 99.31 99.91 99.53
Mg* 56.52 59.87 81.68 64.15 58.35 58.80 75.83 73.16
w(B)/10°
Rb 11.67 3.923 29.52 1.481 9.066 14.28 15.05 18.59
Ba 854 127 934 54.29 362 383 413 439
Th 0.94 0.87 2.19 2.27 1.07 0.87 1.31 1.20
U 0.84 0.22 0.62 0.72 0.38 0.25 0.35 0.30
Ta 0.15 0.14 0.18 0.19 0.15 0.14 0.14 0.17
Nb 2.86 2.92 1.32 3.33 2.70 2.45 2.94 3.77
La 14.94 14.11 10.65 16.65 10.24 10.06 15.23 18.13
Ce 36.60 33.84 22.83 33.46 28.89 28.92 33.63 41.08
Sr 811.10 1275.00 311.10 578.40 728.50 675.00 649.70 661.00
Nd 24.56 20.43 11.67 18.18 24.36 23.97 18.63 25.27
Zr 52.82 60.00 159.20 100.70 43.71 41.06 64.44 67.77
Hf 1.85 1.89 3.88 2.60 1.64 1.55 1.81 2.08
Sm 5.83 4.12 2.38 3.80 6.17 6.00 3.58 4.78
Y 16.43 14.36 8.81 13.08 19.50 18.91 11.79 15.58
Cr 148 170 19.0 142.3 168.4 414.6 911 685.2
Co 35.09 28.03 14.16 11.20 42.18 45.83 54.37 52.19
Sc 17.97 24.18 5.90 13.57 16.21 18.38 25.03 27.30
Ni 36.76 60.93 16.80 28.48 76.8 214 338.2 275
La 14.94 14.11 10.65 16.65 10.24 10.06 15.23 18.13
Ce 36.60 33.84 22.83 33.46 28.89 28.92 33.63 41.08
Pr 5.08 4.48 2.83 4.11 4.62 4.61 4.30 5.58
Nd 24.56 20.43 11.67 18.18 24.36 23.97 18.63 25.27
Sm 5.83 4.12 2.38 3.80 6.17 6.00 3.58 4.78
Eu 2.37 1.54 1.14 1.43 2.23 2.24 1.13 1.48
Gd 5.96 4.29 2.73 3.89 6.22 6.22 3.69 491
Tb 0.82 0.60 0.36 0.55 0.91 0.88 0.42 0.56
Dy 4.32 3.29 1.89 2.97 4.75 4.68 2.49 3.34
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Continued Table 2
Mo LB02 LB12 LB20 LB22 LGO1 SG204 BO15 B036

w(B)/10°

Ho 0.85 0.64 0.38 0.58 0.89 0.88 0.45 0.61
Er 2.34 1.84 1.14 1.71 2.46 2.40 1.35 1.75
Tm 0.29 0.25 0.17 0.23 0.31 0.30 0.20 0.26
Yb 1.88 1.64 1.19 1.59 1.95 1.83 1.22 1.61
Lu 0.27 0.25 0.19 0.25 0.27 0.25 0.19 0.23
> REE 106 91.3 59.5 89.3 94.2 93.2 86.5 109
LREE/HREE 5.34 6.13 6.39 6.59 4.31 4.35 7.64 7.27
La/Yby 5.36 5.79 6.02 7.06 3.53 3.71 8.42 7.61
La,/Smy 1.61 2.15 2.82 2.75 1.05 1.06 2.68 2.39
Gdy/Yby 2.56 2.11 1.85 1.97 2.57 2.74 2.44 2.47
SEu 1.22 1.11 1.36 1.13 1.09 1.12 0.95 0.93

T PN 1o
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MgO Z [i] F) FH SC A2 Ak R 1202 AN A1 A1 FHAg gk
ALY 4 B A VR B, 3k 5 0z 7 A
A A SE RN 5R AW A . Ba . Sr.LREE MK+
RATCEAX B, S YR & T e e 1 oF
Byor i, Won IO R I B K O A Rk A

#3 FIRFEKEHE R Sr-Nd-Pb AL E TR
Table 3 Sr-Nd-Pb isotopic data of the Pingshun gabbros

FE S w(E10° STRb/%6Sr 87Sr/86Sr +26 s L(BY107 147Sm/14Nd
Rb Sr (125Ma) Sm Nd
B036 15.05 649.7 0.067 0.705452 0.000012  0.704734375 3.58 18.63 0.1162
BO15 18.59 661.0 0.081 0.705435 0.000014  0.704563886 478 25.27 0.1143
LGO1 9.067 728.5 0.036 0.705453 0.000011  0.705067277 6.17 2436 0.1530
LB022 18.59 661 0.081 0.705434 0.000012  0.704582774 5.83 24.56 0.1435
FEMSRS NA/'“Nd  +20 (1;”5"33) 06pp/20iph  07PH20PL  205Pb20PL  (209Pb/2YPb), (7Pb/2%PD),  (*°Pb/2%Pb),
B036  0.511840 0.000016 -12.9977024 18.474+0.024 15.43140.021 37.374+0.021  18.295 15.422 37.185
BO15  0.511785 0.000007 -14.0278298 17.859+0.021 15.429+0.022 37.509+0.018  17.679 15.42 37.298
LGOl  0.511841 0.000016 -14.1531846 17.241+0.002 15.363+0.002 37.457+0.004  17.062 15.354 37.229
LB022  0.511841 0.000016 -13.8578691 17.741+0.003 15.413+0.012 37.467+0.002  17.562 15.404 37.253
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Fig. 7 MgO versus other oxides for the Pingshun gabbros

a. MgO versus Al,0; diagram; b. MgO versus CaO diagram; c. MgO versus Fe,0," diagram; d. MgO versus K,O diagram;

e. MgOversus P,O;diagram; f. MgO versus SiO, diagram; g. MgO versus TiO, diagram; h. MgO versus Na,O diagram
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W B A IR Y o 155 1Y Eu 1F 5 % 1% 45 HREE
RRAE , 10 B A S IR DXCBTR (R T 60 k) (X548 45
1996; Menzies et al., 1998) , #HE A4 Ab FAFa & X 48,

VA KA RIBL I RH A 3 B 25 R VE T . ZE3KORE I3
LR EAL (Tb/Yb) - (La/Sm) &l i (18 12) 1 (Wang
et al.,2002) , M 5 HR 434 i 9 76 22 i A B Bk

A DR AR T AR ESN . i
Yang %5 (2007) , 7411l La/Yb HUAEAFAE , Bonseie &k
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Fig. 8 The REE distribution patterns (a) and primitive mantle normalized incompatible element spidergram (b) of the Pingshun
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Az R A 47 il sl Ak T2 it A AR RS 5 1T R La/Yb
Fb A 5 7 8 43 0 il R AR sl Ak F A A e e R
A, A KR A RS B85 2 it A RS Bl ) e e 2 Xof
o T IR BE 24k 80 km, FH >4 T I+ Hiu e FR 1%

Mg H AT LAIAE R 20 45 b o S O LG FE B,
L 60~71 18 N oK o3 55 B 90 4 4+ 3% Mg ( Lang-
muir et al., 1997), I8 AP K A Mg#=56.53~81.68
(¥{H R 63.23) g #38 T IR A4A A K . MK 5 Pb-Sr-
Nd [F 47 2 20 SRR (10 8 1), B s R R
£ Ml EMI, H3E DePaolo(1981) i AEC # =X, Sr-

140 — E ;
o S EUT LTS
| v Al REREETTGK
100 — i |
i *
> 80 ! \
@ |
60— \‘ V'S
PSR B @ s
40— ’ Q/I
201 . IE% % ALy 4 A
Yz X
0 | 1 | | | | 1
0 5 10 15 20 25 30 35 40 45
w(Y)/10°°
K19 P Y-St/ 722 53 (<1 iff (i Defantet al.,2001)
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Fig. 10 The correlation curves of isotope Pb (after Yang et al., 2000)

a. 2°Pb/2%Pb versus 27Pb/**Pb diagram; b. 2°°Pb/***Pb versus ***Pb/**Pb diagram

The Pb isotope data of Jinan/Jinling rock mass, Fushan rock mass, Shangyu/Fe-Cu rock mass and Xuhuai diorite after Xu et al., 2009;
Chen et al., 2004; NHRL—Northern hemisphere reference line; LCC—Continental lower crust; EM I — 1 enriched mantle;

EM Il —1I enriched mantle; EM [ and EM Il locations after Zindler et al., 1986
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Fig. 11 Nd-Sr diagram of the Pingshun gabbros
a. Y7Sr/*Sr versus ¢y,(125 Ma) diagram; b. 'Sr/*Sr versus '*Nd/"*Nd diagram
The isotopic data of basalts in Jiyang Basin, gabbros in Jinan, Dabie Mesozoic volcanic rocks, and Fangcheng basalts after Fan et al., 2001;
Zhang et al., 2002; 2004; Jahn et al., 1999; the locations of EM I , EM Il and LCC in Fig, 11a after DePaolo, 1981; DMM, EM | , EM I,
HIMU and primordial mantle in Fig. 11b after Hart, 1984; Zindler et al., 1986
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