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Petrology and geochemistry of ultramafic rocks in the Yishui complex,
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Abstract: Ultramafic rocks occur mainly as inclusions or xenoliths in Yishui magmatic and metamorphic com-
plexes, without typical spinifex texture. Their chemical compositions are characterized by high MgO (22.23%
~27.49% ,>20% ) and low Si0,(38.60% ~49.40% ), TiO,(0.11% ~0.39%, <0.5% ) and K,O (0.02%
~0.39%, <0.5%) content. As for other oxide compositions, total iron (FeO') values are in the range of
7.68% ~11.14% , CaO content ranges 5.15% ~12.86% , and Al,O; content varies remarkably in the range of
1.56% ~8.94% . The CaO/Al,Os ratios of most samples are 0.61 ~1.36(=1), with the exception of three
samples, whose CaO/AlLO; ratios are 7.70~8.20 (>1) and MgO/FeO" ratios are 2.00~3.33. MnO(0.13%
~0.20% ) and Na,O(0.12% ~1.03% ) content is low. The rocks can be roughly divided into two types, i.e.,
olivine-pyroxenite and spinel-hornblende-pyroxenite. The former containing olivine shows strong serpentiniza-
tion, with a mineral assemblage of calcic clinopyroxene + olivine + minor orthopyroxene, followed by the altered

mineral assemblage of serpentine * chromite + magnetite + hornblende * spinel. The latter containing no olivine has
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features of local talcization, and its mineral assemblage consists of (bronze) pyroxene + clinopyroxene (diop-
side) + spinel, followed by hornblende + magnetite * talc + serpentine. In general, the ultramafic rocks have fair-
ly low REE content (2 REE) =11.45x10 %~22.63%10 °®) with LREE/HREE ratios in the range of 1.64
~4.40. The chondrite-normalized REE patterns of all samples show negative anomalies of Ce and Eu. Most
samples show indistinct fractionation of LREE, LREE-HREE and HREE, with the exception of three olivine-
containing samples showing relatively high LREE/HREE ratios (3.35~4.40). The trace elements in the ultra-
mafic rocks show significantly different anomalies of incompatible elements Rb, Ba, U, Nb, Sr and Zr. Ba and
Nb assume negative anomalies, and Rb and U as well as part of Sr display positive anomalies; in addition, nega-
tive Zr and Ti anomalies appear in olivine-pyroxenite, and there exist no Zr and Ti anomalies. SHRIMP zircon
U-Pb dating of the ultramafic rock (YS0631) shows that the metamorphic zircon U-Pb ages are 2 560 ~
2 605 Ma, with a crystal zircon age of 2 719 Ma. HI isotopic composition of the sample has Hf(¢) value of 8.2,
indicating the depleted mantle model age of 2 680 Ma. In summary, the ultramafic rocks originated from the
mantle, formed in the early Neoarchean, and were then subjected to anatexis and magmatic effects, thus experi-
encing metamorphic transformation.

Key words: Yishui complex; ultramafic rock; petrochemistry; komatiite
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Fig. 1 Sketch geological map of the Yishui complex Shandong Province simplified after Shen Qihan ez al .
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Fig. 2 Outcrop photographs of ultramafic rocks in Yishui complex
a - 1 km b— -

c— —

a—spinel-bearing amphibole websterite exposed 1 km east of Shishanguanzhuang-Fengjiazhuang b—serpentinized amphibole-olivine pyroxenite

exposed southwest of Dashan-Qinglongyu c—serpentinized amphibole-olivine pyroxenite exposed along the topped ridge between Mashan

Mountain and Xueshan Mountain
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Fig. 3 Micro-textures and mineral-assemblages in ultramafic rocks from Yinshui complex
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Table 1 Electron microprobe analyses of minerals in utralmafic rocks from Yishui complex
YS0607 YS0631 YS0639 YS0808-3
Opx Amph Spl Opx Amph Spl Ol Amph Ser Spl Ol Cpx Amph Spl Ser
SiO, 54.12  46.23 0.01 53.56 45.18 0.02 40.19  45.75 41.36 0.03 39.11 54.17 51.40 0.06 42.73
TiO, 0.07 0.65 0.02 0.06 0.71 0.03 0.01 0.58 0.02 0.03 0.00 0.05 0.20 2.10 0.01
AlLOs 2.81 11.95 56.44 3.31 12.78 55.72 0.01 10.60 0.74 55.81 0.00 0.48 5.54 6.66 0.85
Cry,04 0.09 0.30 5.80 0.11 0.32 5.93 0.01 0.41 0.02 6.43 0.04 0.11 0.63 23.39 0.07
FeO 10.45 5.86 18.19  11.21 6.57 20.86  13.91 6.85 3.55 19.22 16.85 2.88 4.39 63.83 3.38
MnO 0.26 0.08 0.21 0.24 0.08 0.19 0.26 0.15 0.09 0.21 0.27 0.11 0.09 0.52 0.11
MgO 31.35 17.71 17.28  30.65 16.95 15.34  45.01 17.64  37.58 17.10 42.89 16.92 19.87 2.77 36.59
CaO 0.38 12.91 0.00 0.29 12.54 0.00 0.01 11.89 0.04 0.02 0.02 24.34 12.44 0.20 0.80
Na,O 0.08 1.48 0.03 0.02 1.64 0.02 0.01 1.30 0.02 0.01 0.01 0.11 0.93 0.03 0.02
K,0 0.00 0.29 0.01 0.00 0.30 0.00 0.00 0.15 0.00 0.01 0.00 0.00 0.30 0.00 0.01
Total 99.60 97.46 97.99 99.44 97.07 98.11 99.41 95.32 83.41 98.86 99.18 99.18 95.79 99.56 84.58
6 23 4 6 23 4 4 23 14 4 4 6 23 4 14
Sitt 1.905 6.515 0.000 1.893 6.415 0.001 1.009 6.576 4.044 0.001 0.999 1.990 7.296 0.002 4.114
Ti** 0.002 0.069 0.000 0.002 0.076 0.001 0.000 0.063 0.001 0.001 0.000 0.001 0.021 0.055 0.001
AP* 0.117 1.986 1.777 0.138 2.139 1.777 0.000 1.796 0.085 1.751 0.000 0.021 0.927 0.273 0.096
crt 0.003 0.033 0.122 0.003 0.036 0.127 0.000 0.047 0.001 0.135 0.001 0.003 0.071 0.643 0.006
Fe?* 0.062 0.410 0.102 0.066 0.435 0.095 0.000 0.620 0.112 0.001 0.001 0.175 0.971
Fe?* 0.246 0.281 0.305 0.265 0.345 0.376  0.292 0.203 0.291 0.316 0.359 0.088 0.346 0.887 0.272
Mn?* 0.008 0.010 0.005 0.007 0.010 0.004 0.006 0.018 0.007 0.005 0.006 0.003 0.011 0.015 0.009
Mg’ 1.645 3.720 0.688 1.615  3.587 0.618 1.684 3.779 5.476 0.678 1.633 0.926 4.203 0.144 5.251
Ca*? 0.014 1.950 0.000 0.011 1.908 0.000 0.000 1.831 0.005 0.001 0.001 0.958 1.892 0.007 0.083
Na* 0.005 0.404 0.002 0.001  0.452 0.001 0.000 0.362 0.003 0.001 0.000 0.008 0.256 0.002 0.004
K 0.000 0.052 0.000 0.000 0.054 0.000 0.000 0.028 0.001 0.000 0.000 0.000 0.054 0.000 0.001
SUM 4.006 15.568 3.000 4.002 15.604 3.000 2.991 15.534 9.914 3.000 3.000 4.00015.3103.000 9.837
Ol— Opx— Cpx— Amph— Spl— Ser—
Al- CaO A1203
1 YS0607 YS0631 YS0905 MgO FeO' 2.00~3.33
YS0805-3 ' YS0903 - 2
Cr Al Fe Mg 1
TIOZ A1203 CaO CaO A1203
YS0808-3 YS0901-2 7.70~8.20 MgO FeO' 2.95~3.33
3.3 + + +
SiO, MgO
2 SiO, 38.60% ~ 49.40% YS0639-2
MgO 22.23% ~27.49% >20% + + + +
FeO' 7.68% —11.14% CaO
5.15% ~12.86% AlOs Jensen 1976 FeO" + TiO, — ALO; —
1.56% ~ 8.94% TiO, MgO
0.11%~0.39% <1% MnO 4
0.13% ~0.20% Na,O 0.12% 3.4
~1.03% K,O 0.02% ~ > REE
0.39% <0.5% CaO ALO; 11.45 X 10 ¢ ~22.63 X
0.61~1.36 =1 7.70~8.20 =1 10°¢ LREE HREE
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Table 2 Major elements wy % REE and trace elements wy 10~ content of ultramafic rocks in Yishui complex

YS06 YS06 YS09 YS06 YS06 YS08 YS08 YS09 YS09 YS09 YS09

07 31 05 39-2 39-3 05-3 08-3 01-2 01-2s 03-1 03-2
SiO;, 49.40 48.77 46.90 38.71 48.32 47.29 46.96 46.88 47.15 47.28 47.78
TiO, 0.33 0.30 0.30 0.34 0.45 0.33 0.14 0.11 0.11 0.39 0.38
ALO; 6.78 7.80 8.44 8.94 5.74 6.70 1.56 1.59 1.67 6.52 6.54
Fe,O; 3.14 3.06 3.22 6.59 3.10 5.62 4.40 4.25 3.93 6.18 5.34
FeO 6.35 7.40 6.36 4.79 8.35 4.62 4.54 3.86 4.44 5.44 5.87
MnO 0.16 0.20 0.16 0.18 0.18 0.13 0.17 0.13 0.14 0.18 0.18
MgO 23.08 25.25 23.20 27.49 22.25 23.43 25.03 25.61 25.51 22.23 23.11
CaO 7.70 5.15 .08 5.49 7.78 6.67 12.79 12.59 12.86 7.08 7.41
Na,O 0.92 0.57 0.78 0.52 0.82 0.57 0.25 0.20 0.12 1.03 0.75
K,O 0.13 0.12 0.14 0.07 0.39 0.22 0.05 0.02 0.02 0.12 0.12
P,0s 0.08 0.03 0.03 0.02 0.05 0.03 0.01 0.01 0.02 0.03 0.04
H,O" 0.97 0.48 2.04 6.11 1.22 3.00 3.52 4.12 3.22 1.90 1.68
CO, 0.52 0.36 0.50 0.60 0.43 1.48 0.55 0.52 0.09 0.60 0.60
Total 99.58 99.47 99.12 99.82 9.08 100.09 99.97 99.89 99.28 98.98 99.80
FeO" 9.17 10.15 9.25 10.71 11.14 9.67 8.50 7.68 7.97 11.00 10.67
MgO FeO" 2.52 2.49 2.51 2.57 2.00 2.42 2.95 3.33 3.20 2.02 2.17
CaO ALO; 1.14 0.66 0.84 0.61 1.36 0.99 8.20 7.92 7.70 1.09 1.13
Y 8.82 9.205 8.52 8.81 10.40 7.91 3.49 3.58 3.78 11.50 11.10
Zr 36.64 35.05 20.98 17.1 30.00 23.00 10.50 6.17 6.80 24.40 25.30
Hf 1.06 1.09 0.67 0.555 0.98 0.73 0.32 0.29 0.45 0.84 0.85
Sc 26.12 31.45 46.66 35.2 41.70 27.40 51.60 73.30 70.80 13.70 45.10
Cr 1386 1394 2181 3817 1774 2610 3134 2 879 2 854 2168 2314
Co 74.34 76.05 74.48 123 75.9 89.9 94 75.9 83.1 87.4 87.3
Ni 772 875 859 1660 700 1012 506 387 390 908 932
Rb 2.46 1.79 7.39 2.405 1.5 6.55 4.38 4.11 3.84 14.2 10.8
Sr 49.06 43.8 45.95 89.85 55.6 489 28.9 34.4 37.6 233 261
Nb 1.104 1.18 0.80 0.725 1.07 1.01 0.28 0.25 0.3 1.31 1.35
Ba 51.62 10.225 23.03 20 27.5 780 21.7 16.2 20.1 25.4 25.8
Ta 0.076 0.125 0.05 0.14 0.06 0.12 0.09 0.05 0.05 0.09 0.09
Th 0.612 0.29 0.54 0.25 0.64 0.91 0.44 0.62 0.98 0.62 0.61
U 0.272 0.09 0.10 0.165 0.05 0.24 0.31 0.05 0.05 0.32 0.42
Rb Sr 0.050 0.041 0.161 0.027 0.207 0.013 0.152 0.119 0.102 0.061 0.041
Sr Ba 0.950 4.284 1.996 4.493 2.022 0.627 1.332 2.123 1.871 9.173 10.116
Zr HI 34.436 32.156 31.541 30.811 30.612 31.507 32.813 21.276 15.111 29.048 29.765
U Th 0.444 0.310 0.191 0.660 0.078 0.264 0.705 0.081 0.051 0.516 0.689
La 3.32 3.675 2.36 1.965 3.37 4.47 1.62 2.35 2.56 2.73 2.42
Ce 6.04 6.005 4.41 2.995 5.64 5.28 3.22 4.07 4.24 5.09 4.72
Pr 0.92 0.99 0.63 0.525 1.03 1.01 0.53 0.69 0.74 0.83 0.75
Nd 3.90 4.03 2.76 2.38 4.63 4.35 2.59 2.95 3.30 3.84 3.36
Sm 1.11 1.08 0.78 0.72 1.34 1.07 0.71 0.76 0.82 1.14 1.10
Eu 0.38 0.285 0.29 0.22 0.36 0.32 0.19 0.18 0.21 0.35 0.34
Gd 1.45 1.45 1.06 1.165 1.61 1.58 0.75 0.78 0.86 1.67 1.52
Th 0.24 0.255 0.20 0.205 0.29 0.23 0.13 0.12 0.13 0.30 0.28
Dy 1.51 1.675 1.28 1.4 1.75 1.42 0.71 0.69 0.70 1.88 1.78
Ho 0.34 0.365 0.30 0.32 0.37 0.31 0.14 0.13 0.14 0.41 0.38
Er 0.98 1.06 0.90 0.95 1.06 0.88 0.39 0.37 0.38 1.18 1.12
Tm 0.15 0.17 0.13 0.135 0.14 0.13 0.05 0.05 0.05 0.16 0.15
Yb 0.97 1.07 0.88 0.93 0.90 0.87 0.37 0.29 0.34 1.05 0.99
Lu 0.16 0.16 0.14 0.14 0.14 0.12 0.05 0.05 0.05 0.15 0.14
SREE 21.46 22.27 16.11 14.05 22.63 22.04 11.45 13.48 14.52 20.78 19.05
LREE HREE 2.64 2.54 2.24 1.64 2.56 2.92 3.35 4.36 4.40 2.00 1.94
Eu Eu” 0.93 0.70 0.98 0.73 0.75 0.75 0.79 0.71 0.76 0.78 0.80
La Yb x 2.31 2.32 1.81 1.42 2.52 3.46 2.95 5.46 5.08 1.75 1.65
La Sm y 1.88 2.14 1.92 1.72 1.58 2.63 1.44 1.95 1.96 1.51 1.38
Th Yn 1.11 1.05 0.98 0.97 1.42 1.17 1.55 1.82 1.69 1.26 1.25
Ce Yb v 1.62 1.45 1.29 0.83 1.62 1.57 2.25 3.63 3.23 1.25 1.23
Ce Sm n 1.31 1.34 1.37 1.00 1.02 1.19 1.09 1.29 1.25 1.08 1.04
Eu Yb 1.13 0.76 0.94 0.67 1.14 1.05 1.46 1.76 1.76 0.95 0.98

X 3080E X-series
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