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Geochronology and geochemistry of Mashan trachydacite, JiMo District, Shandong Province and their geological
implications
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Abstract: Intermediate-acid volcanic rocks with columnar joints expose in the Mashan area, Jimo, Shandong Province. The geochronology and
tectonic setting of the volcanic rocks had been rarely studied. The petrographic characteristics and major element results show that the volcanic
rocks at Mashan are trachydacite. Zircon LA-ICP-MS U-Pb dating of the trachydacite shows that the volcanic rocks erupted at 113.2 £ 1.3 Ma,
that is, in the late Early Cretaceous. In-situ Lu-Hf analysis suggests that the zircon eHf (t) values range from —19.5 to —0.4 and two-stage model
ages of zircons range from 1.97 Ga to 3.26 Ga, indicating that the magma was sourced from the melting of ancient crust. The Mashan
trachyandesite is characterized by high content of SiO, and Al,0Os, low content of MgO, enriched Na,O and K,0. Moreover, all samples are
featured by lower total contents of rare earth elements, enriched light rare earth elements, deficit heavy rare earth elements, slightly negative Eu
anomaly, high Sr content, low Y and Yb contents. The major and trace elements of the trachydacite in Mashan are quite similar to adakite, and
the adakitic magma could have been formed by the melting of the lower old crust after the regional crust thickening in Eastern Norch China
Block during the Yanshanian.
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Fig.1 Geological map of Mashan region with pictures of outcrops and photomicrographs of the volcanic rocks with columnar joints

a. sketched geological map of study area ( According to reference [13]), b. section of columnar joints developed in Mashan, c. geode structure of the

trachydacite, d. petrographic characteristics of Mashan trachydacite under microscope, with single polarized light (-)

on the left and crossed light (+) on the right.
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Table 1  Zircon U-Pb dating results of trachydacite at Mashan
LB AE % /Ma
9 Th/10° U/10° Th/U WERIBE /%
YPhPb  +1c  PbPU  +1c  PPb/AU £l 2Pb*Ph + 16 "Pb/FU + 1o Pb/A*U + 1o

MS-01 32 370.2 0.01 0.04995 0.00297 0.13378 0.00741 0.01984 0.00039 195 134 127 7 127 2 99
MS-02 165.0 235.1 0.70 0.10304 0.00387 2.14901 0.07840 0.15008 0.00276 1679 69 1165 25 901 15 74
MS-03 0.0 0.45 0.01 0.03465 0.01682 4.37117 2.07928 0.03412 0.01459 - -- 1707 393 216 91 56
MS-04 13273 9353 142 0.04782 0.00197 0.11810 0.00484 0.01785 0.00027 100 87 113 4 114 2 99
MS-05 3769 2945 128 0.04951 0.00329 0.11991 0.00749 0.01787 0.00040 172 156 115 7 114 3 99
MS-06 100.5 1153 0.87 0.05643 0.00525 0.13687 0.01219 0.01767 0.00053 478 205 130 11 113 3 85
MS-07 899.6 8062 1.12 0.05167 0.00246 0.12889 0.00600 0.01787 0.00037 333 105 123 5 114 2 92
MS-08 969 148.0 0.65 0.11618 0.00370 5.07929 0.16091 0.31262 0.00570 1898 57 1833 27 1754 28 95
MS-09 1121.3 809.3 1.39 0.05088 0.00258 0.12693 0.00628 0.01795 0.00036 235 114 121 6 115 2 94
MS-10  80.6 1209 0.67 0.08139 0.00443 0.71790 0.04065 0.06321 0.00167 1231 140 549 24 395 10 67
MS-11 0.0 6.2 0.00 0.09050 0.02278 0.45048 0.12001 0.03243 0.00361 1436 496 378 84 206 23 41
MS-12  510.8 1110.0 0.46 0.05150 0.00206 0.12502 0.00506 0.01727 0.00030 265 93 120 5 110 2 91
MS-13  167.7 24669 0.07 0.16904 0.00406 9.84273 0.23879 0.41252 0.00633 2548 40 2420 22 2226 29 91
MS-14 1845 166.1 1.11 0.05229 0.00471 0.12991 0.01039 0.01795 0.00046 298 210 124 9 115 3 92
MS-15  69.1  246.8 0.28 0.05578 0.00257 0.26734 0.01174 0.03436 0.00062 443 102 241 9 218 4 90
MS-16 109.4 3154 035 0.05255 0.00237 0.24168 0.01064 0.03271 0.00060 309 99 220 9 208 4 94
MS-17 9375 6258 1.50 0.05214 0.00239 0.13070 0.00511 0.01794 0.00034 300 106 125 5 115 2 91
MS-18 396.1 5555 0.71 0.05303 0.00222 0.13004 0.00486 0.01749 0.00032 332 94 124 4 112 2 90
MS-19 529 13254 0.04 0.05007 0.00146 0.22608 0.00622 0.03209 0.00044 198 69 207 5 204 3 98
MS-20 614.1 290.2 2.12 0.04650 0.00531 0.11427 0.01412 0.01715 0.00048 33 243 110 13 110 3 99
MS-21 3467.1 15425 2.25 0.04698 0.00156 0.11737 0.00414 0.01766 0.00029 56 72 113 4 113 2 99
MS-22 1321.0 881.1 1.50 0.04750 0.00189 0.12030 0.00482 0.01797 0.00034 76 89 115 4 115 2 99
MS-23 4123 496.5 0.83 0.04682 0.00251 0.11249 0.00555 0.01728 0.00040 39 126 108 5 110 3 97

W *‘L%*DEZI OOX{ 1— [(206Pb/238U _207pb/235U )/((ZOépb/ZSSU +207pb/235U )21}
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Hi g es
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Sr/Y-Y HUAEHI B A2 5 (La/Yb) (- Yby F1500 [l fig 52
()5 25 IR 4 7 A B AR SRR s v L (L 8) o 41
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KA, %N 4 5% FRAE R ARORE S, 3R WL R AR AT RE>
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Fig.2 Zircon characteristics and dating results of the trachyandesite in Mashan

a. cathodoluminescence (CL) images, yellow numbers=U-Pb ages and red number= g;(¢) values; b. weighted mean age, c. concordia diagrams of

zircons from the Mashan trachydacite.
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Table 2 Zircon in-situ Lu-Hf results of trachydacite at Mashan

_g 175y b/"HE 26 Ly/"HE 26 VSHf/'TTHE 26 ¢ (Ma)® TS 26 e®® 26
MS-01 0.010770  0.000113  0.000468  0.000004 0282340  0.000014 127 1971 32 -125 051
MS-04 0092622  0.002184  0.003462  0.000074 0282242  0.000021 114 2209 47 -165  0.76
MS-05  0.080054  0.001520  0.003027  0.000039  0.282239  0.000021 114 2213 46 -16.6  0.74
MS-07  0.145124  0.004230  0.005205  0.000141 0282221  0.000020 114 2263 44 -174 071
MS-08  0.004921 0.000209  0.000125  0.000005 0281265  0.000015 1898 3263 33 -11.1 0.54
MS-09  0.105545  0.000874  0.003823  0.000037 0282214  0.000017 115 2272 38 -175 0.6l
MS-12  0.133218  0.001571  0.004997  0.000055 0282232  0.000033 110 2239 72 -17.0 1.17
MS-13  0.022171 0.000979  0.000714  0.000025 0281177  0.000027 2548 3087 58 —0.4 0.96
MS-14  0.064095  0.001647  0.002542  0.000062 0282191  0.000029 115 2317 63 -18.2 1.01
MS-15  0.022432  0.000587  0.000875  0.000019 0282176  0.000016 218 2287 36 -164 058
MS-16  0.013703  0.000135  0.000627  0.000005  0.282294  0.000012 208 2030 28 125 044
MS-17  0.110210  0.000395  0.004199  0.000016 0282159  0.000017 115 2395 38 -195  0.61
MS-19 0024116  0.000554  0.001112  0.000024 0282102  0.000012 204 2458 27 -194 044
MS-20  0.082807  0.001461  0.003316  0.000056  0.282225  0.000025 110 2248 55 -172 088
MS-21 0.150046  0.004172  0.005299  0.000146 0282263  0.000023 113 2172 51 -159  0.82
MS-22  0.132288  0.002429  0.005110  0.000093  0.282254  0.000022 115 2191 48 -162  0.77
MS-23  0.074151 0.004070  0.002805  0.000147 0282187  0.000018 110 2330 39 -185  0.64
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Table 3 Whole-rock major element compositions of

trachydacite at Mashan %
Fdb 5 M-01 M-02 M-03 M-04 FHIMHE
SiO, 65.44 67.26 67.06 67.18 66.74
TiO, 0.46 0.45 0.44 0.40 0.44
Al O3 14.58 13.37 13.43 13.38 13.69
Fe,03 3.61 3.89 3.65 3.62 3.69
MnO 0.08 0.10 0.08 0.09 0.09
MgO 2.10 1.95 2.14 2.36 2.14
CaO 3.40 2.67 2.76 2.58 2.85
Na,O 3.77 4.48 4.71 4.41 4.34
K,O 3.83 3.76 3.58 3.98 3.79
P,04 0.18 0.19 0.21 0.17 0.19
L.O.I 2.12 1.46 1.86 1.65 1.77

o P AL Y b e R BE B R P, R ST 4 R RE Y
K,O & B 5, Na,O/K,0 -2 1.15, IREE 7~ 5
LUK 1T 9% 22 25 1) 25 SRR VR AR, 7T RE T B T 344 55 b
SEYIE Rl . 4 F S LR I 95 E Y Ce/Pb LU
0.97~1.73, 34{H 1.31, 55 K1Y Ce/Pb LA %7
fIE (14.38) BAR AN 7], 3 B >fe 5 2 R U XA 7 i >
ot WS BRI BT S 1L ¢ ms04” 5 “ ms08”
S5 2 A L AT B AR U I By ol ¢ 17MS01” |

“17MS02" ., “17MS03” ., “17MS04” % 4 {FRE iy &
Tl TG R FRAE S A SCUT AR S5 S AL . 27 1, Sl
T 2 A LRL [ C R SRR T A, A 3K T BE>
T 154 JEL il 5% 1 0 il

AP AR 5 T, AT B A U S R A B LA-ICPMSS
BE AT U-Pb 5 4, o I 1L A T 9 22 7 19 T LA 52
9 119.3+1.6 Ma(n=9, MSWD=1.9) ., {8 H H T i &
W% 25 AR Y 9 TS A7 AR IS SR/ Y 2 TS A1 AR I
39 R 11241 Ma K 1151 Mal', 5 7 SC R i i) 4%
A1 U-Pb 4F % 75 15 22 70 [l N — 25, 1530 2K A [m] 7 5
A7 WS AR (29 119~ 123 Ma) U9, il ot [ %2,
AT LA D) 1L AH T 8 2 1) S B O B s [R] AT B
FEE AT 113.2+1.3 Ma,

AN, il X% E R e R < 7 AR
IR A AR IR I AR AN, B AR S 1L AR b X IR A
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Fig.5 TAS diagram of the trachydacite at Mashan™
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Table 4 Trace element compositions of

x5 DUMHEBRRERLITRINER
Table 5 REE compositions of trachydacite at Mashan 107

trachydacite at Mashan 107
R M-01 M-02 M-03 M-04 SFIME
Li 37.5 414 36.4 38.6 38.5
Be 1.75 1.66 1.70 1.68 1.70
Sc 18.30 7.80 7.91 8.10 10.50
Ti 2823 2700 2640 2400 2641
\% 53.1 55.1 56.1 54.4 54.7
Cr 68.5 63.5 65.6 81.6 69.8
Co 10.80 11.00 11.00 11.40 11.10
Ni 32.1 29.5 29.6 39.2 32.6
Cu 4.76 45.80 28.60 28.20 26.80
Zn 48.5 72.2 68.0 67.2 64.0
Ga 17.9 16.7 17.2 15.9 16.9
Rb 91.6 85.0 87.1 99.2 90.7
Sr 402 341 422 489 414
Y 13.4 13.6 13.9 13.0 13.5
Zr 130 141 134 126 133
Nb 9.5 11.0 10.8 10.6 10.5
Mo 0.61 0.88 0.58 0.66 0.68
Cd 0.036 0.061 0.066 0.038 0.051
Cs 0.88 0.62 0.65 1.00 0.79
Ba 2381 1461 1939 1727 1877
Hf 3.73 4.35 4.40 4.00 4.12
Ta 0.73 1.20 1.00 1.15 1.02
Tl 0.38 0.38 0.38 0.44 0.40
Pb 30.3 54.6 39.2 43.6 419
Th 6.46 5.56 5.38 5.26 5.67
u 1.69 1.50 1.54 1.54 1.57

LS M-01 M-02 M-03 M-04 FEME
La 29.6 29.9 30.8 27.8 29.5
Ce 52.4 53.1 54.6 495 52.4
Pr 6.34 6.18 6.34 5.77 6.16
Nd 22.9 233 24.0 21.8 23.0
Sm 3.96 3.86 3.92 3.64 3.85
Eu 0.94 1.08 1.10 1.00 1.03
Gd 3.53 3.28 3.38 3.10 3.32
Tb 0.50 0.47 0.48 0.46 0.48
Dy 2.50 2.53 2.60 2.46 2.52
Ho 0.50 0.51 0.52 0.48 0.50
Er 1.39 1.42 1.44 1.38 1.41
Tm 0.24 0.22 0.22 0.22 0.23
Yb 1.45 1.46 1.44 1.40 1.44
Lu 0.23 0.23 0.23 0.22 0.23

Ew/Eu’ 0.77 0.93 0.92 0.91 0.88

Lay/Yby 13.89 13.94 14.56 13.51 13.98

SREE 126.48 12754  131.07  119.23 126.08

Pifi 321 5 W v A AR RLE S5 3R 05 8l 4 3 g~ L] —
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T 25 AR R R PR 2 — B 2 ks ) Al
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Fig.6 REE distribution pattern of the trachydacite at Mashan!!
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