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Fig. 1 Geological sketch map of Yunshan caldera» Yongtai County
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Table 1 Chemical composition (%) and main petrochemical parameters of Late Mesozoic bimodal
volcanic rocks in Yunshan, Yongtai County

S 1 2 3 4 5 6 7 8 9 10 11 12 13
3 (D 5) 1) 2 (12> Q1010 279y (1) 2) (9D (2) (4) 6)

SiO,  53.56 52.31 51.80 51.52 50.83 48.62 46,33 77.22 77.68 75.30 76.01 69.52 75.64
TiO,  1.39  1.54 .52 1.63 1.50 2,00 2,58 0.13 0.13 0.21 0.17 0.60 0.16
ALO; 15.96 16.26 17.01 16.94 15.16 15.1 14.9 11.65 11.88 12.10 12,18 14.19 12.19
Fe;O3  5.90 569 4,92 491 3.8 3.46 4.609 1.15 1.02 12.12 1.44 2.65 1.37
Fe) 276 3.68 477 4.8 6.9 7.77 7.12 0.10 0.14 0.13 0.36 0.8 1.29
MaO 014 0.12 0.14 0.14 0.16 0.17 0.18 0.04 0.06 0.07 0.05 0.10 0.05
Mg 4.300 4.40 4.31 4.30 6.94 7.84 8.09 0.20 0.16 0.20 0.36 0.49 0.10

CaO 7018 6.63 8.00 8.09 858 10.17 9.8 0.22 0.13 0.22 0.17 0.42 0.14
NayO 2,52 3.88 2.63 2.77 2.61 2.76 3.2 3.77 311 346 2.96 3.77 310
KO0 2,42 2.54 1.48 1.51 0.70 0.8 1.28 4.49 4.81 4.95 5.04 5.38 5.01
P,Os  0.85 0.74 0.53 0.50 0.24 0.35 0.52 0.03 0.03 003 0.02 0.10 0.01
4 2,31 4.67 1.92 216 1.40 231 6.03 1.99 1.81 2.19 1.94 3.16 2.01
ALK 4.94 6.42 4.11 4.28 3.31 3.60 4.48 8.20 7.92 8.41 8.00 9.15 &8.11
K/Na 0.96 0.73 0.56 0.55 0.27 0.30 0.40 1.19 1.65 1.43 1.70  1.43  1.62
A/NKC 0.81 0.77 0.83 0.81 0.73 0.63 0.6l 1.02  1.14 1.06 1.15 1.11 1.13
TFe/Mg 1.88 2.04 2,13 2,15 1.50 1.39 1.40 5.68 6.8 10.19 4.65 6.61 24.40
AR 154 1.77 1.39  1.41 1.32 1.33  1.44 4.48 3.41 3.56 2.32 3.8 3.83
AKI 0.42  0.56 0.35 0.37 0.33 0.36 0.45 0.95 0.87 0.91 0.8 0.8 0.8

DI 44.4 50.6 37.6 37.9 29.4 28.6 32.2 96.3 95.8 94.2 93.8 89.7 93.3
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Table 3 REE content of Late Mesozoic bimodal volcanic rocks in Yunshan, Yongtai County( X 10™%)

5 1 2 3 4 5 6 7 8 9 10 11 12 13

fF% |Ys—15 PI-10 PI-16{Ys—12 PI-27 PI-35|Ys—14 PI-20 PI-22|Ys— 11 PI-54 PI-50 PI-5I1
Jig 0] l Il I Il

P % iR ‘4'.'- W 2@ # | ATsERLE
La 60.24 39.20 56.20 | 27.90 21.50 38.80 | 27.28 81.80 110.00]105.30 43.30 56.10 37.00
Ce 106.50 169.00 112.00| 53.05 46.20 78.80 | 53.02 149.00 170.00|180.70 92.20 129.00 80.80
Pr 13.64 8.73 12.70 | 7.71 6.07 9.30 5.56  15.00 24.40 | 21.01 10.60 13.10 8.31
Nd 55.81 34.00 48.20 | 30.17 22.50 35.70 | 18.89 53.00 91.20 | 83.74 40.30 49.90 29.50

Sm 9.54  6.44 7.95 | 6.05 4.98 6.25 | 3.97 8.11 15.70|14.75 8.46 9.35 5.82
Eu 2,39 1.49  1.91 | 1.9 1.22 1.59 | 0.21 0.59 2,05 | 1.1l 0.75 0.49 0.73
Gd 7.45  5.68 6.30 | 5.81 527 5.50 | 4.12  6.07 12,10 | 12.75 7.09 7.61  4.40
Th 0.95 0.85 0.81 | 0.8 0.8 0.73 071 0.8 1.8 | 1.90 1.16 1.16 0.83
Dy 4.90 4.12 4.04 | 4.58 3.99 4.10 | 4.76 5.0 10.20 | 10.98 6.26 7.19 3.8%

Ho 0.98 0.93 0.8 | 0.93 0.99 0.97 | 1.09 1.03 2.04 | 2.34 1.31 1.49  0.90
Er 2,36 2.31 2,17 | 2.28 .41 2,34 | 3.22 2,93 582 | 6.19 3.63 4.200 2.45
Tm 0.33  0.62 0.64 | 0.32 9.79 0.75 | 0.50 0.54 Loil | 0,93 077 0.74  0.53
Yb .82 2.04 1.84 | 1.78 2,14 2,15 | 3.54 2.94 541 | 5.9 3.63 3.92 2.51
Lu 0.27  0.32 0.28 | 0.26 0.33  0.32 | 0.52 0.47 0.85 | 0.88 0.54 0.58 0.38

Y 22.88 20.90 18.90 | 21.63 20.00 20.40 | 32.61 26.40 51.40|58.06 34.10 37.80 21.50
SREE [267.18 275.73 255.92|143.64 128.23 187.30127.39 327.31 452.72|448.48 220.00 284.82 178.04
LREE/HREE| 13.02  15.34 14.09 | 7.55 3.98 10.11 | 5.90 15.53 10.50| 9.71 8.02 9.59 10.21
(La/Yh'y [ 23.75 13.78 21.91 | 11.26 7.21 12.94 | 5.52 19.96 14.58 | 12.81 8.56 10.27 10.57
(a'Smly | 408  3.95  4.56 | 2.98 2.79 4.01 | 4.43 6.51 4.52 | 4.61 3.30 3.87 4.10
WGdYbly | 3,39 2,300 2.83 | 2,70 2.04 2.12 | 0.96 1.71 1.85 | 1.79 1.62 1.61 1.45
6l 0.83 0.74 0.80 | 1.00 0.72 0.81 | 0.16 0.25 0.44 | 0.24 0.29 0.17 0.42
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Table 4 Nd - Sr isotopic compositions of Late Mesozoic bimodal velcanic rocks in Yunshan. Yongtai County

¥ 1 2 3 4 5 6 7 8 9

ke Ys— 15 Ys—14 | Ys—12 Ys—11

ok Z ke Z ke ks &) Z by Z by WL MEler Wars e Hlnkg
R (Ma) | 113.2 113.2 1o 108" 108" 106.8 106.8 106.8 106.8
SRL/%Sr | 0.2738 0.2339
8Sr/%8r | 0.70818 0.70718

I 0.70770 0. 70682
e T) 47.29 34.78

WSm/1*Nd| 0.10450 | 0.0512 | 0.13350 | 0.12730 | 0.1129 | 0.11030 | 0.1125 | 0.1075 | 0.1130
MINA/MN(0.512189 £8 0.512208 [0.512288£9/0.512379 £ 6 0.512414 [0.512397 6/ 0.512466 | 0.512437 | 0.512448
I 0.512112 | 0.512170 | 0.512192 | 0.512289 | 0.512334 | 0.512320 | 0.512387 | 0.512362 | 0.512369
exa( T) -7.42 | -6.28 | -593 | -4.10 | -3.22 | -3.52 | -2.22 | -2.70 | -2.57
@O ABGEFEE . 12346 HAICRERL, b BRE B aT [ 6 #5000 2.5.7.8-9 51 A 2% 30kl ].
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Fig. 4 Primitive mantle-normalized lithophile element patterns
of Late Mesozoic bimodal voleanie rocks in Yushan
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Fig. 5 Chondrite-normalized REE patterns of late Mesozoic bimodal volcanic rocks in Yunshan
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Abstract

The rock associations of the first and second cycle of early Cretaceous Shimaoshan Group at
Yunshan caldera, Yongtai County, are composed of sedimentary rocks-basic lava-acidic volcanic
rocks. Intermediate volcanic rocks are absent in these rock associations; therefore, they can be
classified as typical bimodal voleanic rock associations, Geochemically, basaltic volcanic rocks in
these bimodal rock associations are rich in alkali (especially potassium), aluminum, iron, LILE
and LREE and poor in magnesium, HFSE and siderophile elements, and have relatively high
I, ratios and obviously low exy(T) values (I, =0.70682~0.70770, eng(T) = —7.42~
3.22). Rhyolitic voleanic rocks are generally characterized by rich alkali, silicon, aluminum,
and poor calcium, magnesium. They have relatively high Rb, Th and rather low Ba, Sr, Ti,
P, and exhibit obviously negative europium anomaly (8Eu=0.16~0.44). The exg(T) values
of the rhyolitic voleanic rocks range from —5.93 to —2.22. Basalts and rhyolites in different
cycles show clear geochemical variance. On the basis of an integrated analysis of the geochemi-
cal features of these volcanic rock associations, this paper concludes that the basalts originated
mainly from interaction between mantle-derived magma and low-crustal materials, and rhyolitic
voleanic rocks resulted from thermal and chemical interaction between basaltic magma and the
upper part of crustal materials. Basalts and rhyolites in different cycles have different source re-

gions, and they are products of multiperiodic pulsive layer partial melting.



