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Fig. 1 Study area location and tectonic division of Jiaolai Basin (Zhang Yueqiao et al. , 2008)
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1—fault; 2—normal fault;3—reverse fault;4—Proterozoic; 5—Cretaceous pinch layer;6—intrusive contact line;

7——coastline;8—Location of measurea section
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Fig. 2 Measured section of Lower Cretaceous Qingshan Formation in Hexiguo-Lengjiacun, Jiaozhou
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Microphoto of volcanic rocks in Jiaolai Basin southern margin
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(a)—Tuff with crystal of Houkuang Formation; (b)—andesite of Bamudi Formation;

(c)—rhyolite of Shigianzhuang Formation; (d)—trachyandesite of Fanggezhuang Formation
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Fig. 4 TAS diagram for volcanic rocks of Qingshan Group
in Jiaolai Basin southern margin(LU Yuanfa, 2004)
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Pc—Picrite basalt; B—basalt; O;—basaltic andesite; Oz—
andesite; O3—quartz andesite; R—rhyolite; S;—trachy basalt;
S, —basaltic trachyandesite; S;—trachyandesite; T-—trachyte,
toscanite; F-—foidite; U;—tephrite, basanite; U, —phonolite
tephrite; Us—tephrite phonolite; Ph—phonolite; Ir—boundary of
Irvine, the up of Ir is alkalinity, and the down of it is sub—

alkaline (Le Maitre, 1981; Irvine, 1971)
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Nb.P.Zr Ti 86 75, R Ry 5 5 /\ ar 414
mn i) Ba,La Nd & K& FRATLEMETMITR
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Table 1 Major element (%) analyzing result of volcanic rocks in Jiaolai Basin southern margin

A AL ke SiO; | TFe; O3 | Al Os TiO, CaO MgO K:0 Na, O MnO P;0Os pSSis o
CG02-26-1 74.86 2.65 13.47 0.44 0.43 0. 39 2.70 1. 67 0. 04 0.13 96. 80 0.6
CG03-11" 73.79 1. 54 13.18 0. 24 1.31 1.78 2. 86 0. 34 0.02 0.01 95.08 | 0.33
ol DXMGZ-1 76.42 0. 86 14.15 0.06 0.05 0.11 4.14 2.08 0.03 0.01 97.93 1. 16
DXMGZ-2 72.61 1.02 14. 64 0.07 1.78 0.17 4.30 0.69 0. 04 0.01 95. 34 1.16
DC05-01 57.17 8. 06 16. 49 1.03 1.52 4.18 2.91 3.61 0.11 0.27 95.37 | 3.00
CG03-13 52.30 7.62 15.10 0.99 5.54 6.55 2.34 2.42 0.07 0.48 93.43 | 2.44
PJ12-01 55.26 6.45 14.95 0. 89 6.56 4.58 3.13 2.93 0.09 0.3 95.15 3.0
Kigb DXSM-1 51.08 10. 48 17.3 1.45 2.46 4.41 2.83 1.43 0.16 0. 60 92.22 | 2.25
DJGZ-1 57.35 6.34 14.98 0.91 6.41 5.92 2.56 2.73 0.10 0. 36 97.68 | 1.95
DJGZ-2 57.58 6.47 15. 33 0.92 6. 60 5.33 2.59 2.79 0.09 0. 37 98.10 | 1.99
DIGZ-3 57.15 6. 38 14. 96 0.91 7.35 5.22 2.55 2.79 0.10 0.37 97.80 | 2.02
CGO01-09 62. 41 1.92 9.79 0. 35 8.98 1.35 2.48 3.00 0.09 0.11 90.50 | 1.55
Th-3 64.10 4.61 14. 48 0. 60 5.58 2.08 4.52 2.42 0. 100 0.13 98.64 | 2.28
fra PJ20-4 70.42 2.57 14. 86 0. 36 0.94 0. 41 5.98 2.82 0.05 0.04 98.47 | 2.82
DHFS-1 71.93 1.08 14. 66 0.08 1. 89 0. 31 4.41 3.11 0.06 0.01 97.55 1. 95
PJ26-2 66.73 5.11 15. 47 0.55 1.31 0.74 4. 01 3.91 0.05 0.20 98.18 | 2.64
CG02-10" 63.28 4.52 17.16 0.50 2.17 1. 42 3. 60 5.26 0.06 0.17 98.16 | 3.87
] LY1 53.83 10. 06 15. 34 2.72 3.7 2.31 2.67 4.49 0.13 0. 66 95.92 | 4.73
faf Th-1 63.69 4. 81 15.58 0.61 2.79 2.36 3.71 4. 47 0.07 0.19 98.30 | 3.23
Th-2 53.70 8. 14 15. 89 1.28 5.23 5.28 3.45 3.13 0. 080 0.57 96.76 | 4.05
Jm-1 65. 44 3.74 15.31 0.52 2.59 2.17 4.06 3.91 0.070 0.15 97.99 | 2.83
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Fig. 7 K,0O-Na,O diagram for volcanic rocks of

Qingshan Group in Jiaolai Basin southern margin

(Middlemost, 1975; LU Yuanfa, 2004)
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Nb i G 5 5 I KBl 72 19 ¢ AE L 38 5 46 78 b
FWF S T & (Hugh et al. ,2000), Nb,
Ti B f05 8 38 5 BRI S0 el A G Ll
FHFAE (Condie, 2001) . JI 3 7 2% 19 2K 1
WERME ESEILE Nb P Ti R F% Rl L
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BT e, vl e 58 F e i If b A A G
3.4 HEIITESLE

W58 X LA AT R 4L 5 7 4L Lo R 4
Mras R 3, kIl E M Lo R BB (CREE) A+ F
217.88X10 °~330.09X10 “Ji[ ], LREE 7
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Table 2 Trace element ( X 107°) analyzing result of volcanic rocks in Jiaolai Basin southern margin

5 iEEAM Rb Ba Th Nb La Ce Sr P Nd Zr Hf Ti Y
PJ06-5-1 120 925 16. 8 13.8 90. 2 142.6 | 171.2 277 50.5 238 6.6 1606 19.8
PJ06-5-2 148 998 19.7 16.9 96. 4 156.5 | 217.0 231 59.2 258 6.8 1745 23.1
K, gh PJo8-2 166 1227 17.5 15.5 72.9 119.9 | 173.1 368 43.8 290 8.1 1826 19.5
PJ09-01 121 1083 17. 6 15.7 77.5 129.7 | 145.5 338 50. 8 261 6.9 1780 18. 8
PJ11-03-1 90 759 13.8 20.1 95.0 143.0 | 232.1 579 56.7 311 8.8 3155 26.4
PJ12-03 78 1053 14.5 13.2 96. 6 155.6 | 280.5 536 62.5 308 8.5 3067 19.9
PJ04-13 105 1977 8.4 13.2 60.8 83.4 385.6 693 35.7 246 5.2 2381 17.6
PJ08-5-2 148 1878 4.8 17.2 63.8 103.5 | 591.4 1995 43.6 317 6.1 5029 21.3
PJ08-6 82 1566 5.2 13.5 55.5 101.9 | 451.2 1637 44.0 287 6.2 4417 20. 2
K, gb PJ08-8 48 1593 2.0 12.4 60. 3 97.2 732.5 2124 45.5 240 5.2 6482 21.3
PJ11-03-2 138 1418 8.6 13.9 67.1 118.2 | 518.1 2157 45.1 310 7.6 5115 19.6
PJ11-05 89.8 1713 9.3 9.8 58.6 104 493.3 | 1244.3 | 38.5 256.6 5.5 3121.1| 16.5
PJ16-2 102 1448 6.1 14.3 68. 4 118.3 | 696.4 2410 47.2 293 7.3 5686 22.7
PJ16-3 93.9 |1591.2 3.9 16. 6 71.1 111.3 | 575.3 | 2389.4| 52.3 292.8 6.3 6070.6 | 20.8
P6B1 165 616 22.4 29.3 72.3 112.8 72.7 247 40.3 197 5.9 1584 21.3
P6B2 156 707 18.8 22.3 40.3 70.1 55.2 99 28.5 155 4.3 1071 15.8
P6B3 121 749 15.5 21.0 67.5 102.7 89. 2 333 41.9 251 6.8 1660 21.0
P6B4 161 618 19.2 30. 4 91.1 159.9 | 131.4 247 63.9 409 12.1 2221 28.9
Kigs P6B5 156 536 17.7 30. 6 50. 5 89.2 42.8 107 36.2 261 8.1 1345 28.7
P6B6 130 422 16. 8 25.2 49.0 90. 0 46.9 119 34.8 221 7.3 1163 27.0
P6B8 208 219 20.7 47.3 39.9 71.7 38.3 112 38.8 315 10. 6 1200 37.2
P6B9 234 158 21.8 45. 6 45.5 84.5 25.8 84 39.4 301 10.0 1092 43.5
P6B10 210 294 19.0 45.5 35.4 66. 4 25.4 63 30.0 306 10. 3 1072 34.1
P6B11 113 2077 4.7 20.5 62.0 96. 5 228.5 480 37.6 371 7.8 2751 22.2
i P6B12 113 2004 7.2 18.8 93.5 151.8 | 276.9 947 55.8 346 7.5 3517 26.4
fraf P6B13 103 2219 7.7 19.4 80.0 133.5 | 395.1 968 47.7 325 6.4 3305 24.1
P6B15 131 2409 8.0 20.2 79.6 127.0 | 544.9 1419 51.8 379 7.5 4429 25.6
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Fig. 10

Hark diagram for volcanic rocks of Qingshan Group in Jiaolai Basin southern margin(Lu Yuanfa, 2004)
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Table 3 Rare earth element ( X 10™°) analyzing result of volcanic rocks in Jiaolai Basin southern margin
5 P6B1 P6B3 P6B5 P6B11 P6B13 P6B15
AR Kigs Kigf
La 72.30 67.5 50. 5 62.0 80.0 79.6
Ce 112.8 102.7 89. 20 96. 5 133.5 127.0
Pr 8.71 14.57 10.91 10.91 18.79 18.12
Nd 25. 86 50. 27 39.76 36. 68 65. 64 64.61
Sm 3.88 7.78 6.99 5.39 9.84 10. 13
Eu 0. 64 1. 63 1.61 1. 40 2.10 2.45
Gd 3.70 6. 86 6. 45 4. 90 8.37 8.65
Tb 0.43 0.73 0. 89 0.53 0. 88 0.92
Dy 2.44 3.76 4.60 2.82 4.35 4.70
Ho 0.55 0.76 0.98 0.59 0.92 0.96
Er 1.67 2.16 2.67 1.74 2.56 2.74
Tm 0.29 0.32 0.41 0.27 0. 38 0. 40
Yb 1.88 1. 95 2.55 1.72 2.36 2.45
Lu 0.30 0.29 0. 37 0.27 0. 36 0. 37
> REE 235.45 261.28 217.88 225.72 330. 05 323.09
LREE 224. 20 244.45 198. 97 212.88 309. 87 301.90
HREE 11. 25 16. 83 18.92 12. 84 20.19 21.19
LREE/HREE 19.92 14.53 18.92 16.58 15.35 14. 25
LaN/YbN 27.55 24.77 10.52 25.92 24. 31 23.35
SEu 0.51 0. 67 0.72 0. 82 0.69 0.78
6Ce 0.93 0.77 0. 89 0. 84 0. 81 0.79
(Lo -O-P6BI 16
-O-P6B3
-O-P6B5
—e-P6B7 12 =
100 --P6BI13 A .
'\5 —-@-P6BI1S ;’E} 3 *
:{f 4
2 10
0 40.0 60.0 80.0 100.0
La/X10°
e 5 PR 13 3 4 v % LT L e R ) B A A AT
La Ce Pr Nd  Sm EuGd Tb Dy Ho Er Tm Yb Lu 25 1) L e (B 37 % L 2004)
Fig. 13 Discrimination diagram of fractional crystallization
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Fig. 12 Chondrite-normalized REE distribution patterns for
volcanic rocks of Qingshan Group in Jiaolai Basin southern

margin(Lu Yuanfa, 2004)
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southern margin(Lu Yuanfa, 2004)

Wk W 121 B P 14) L LA 41K L 1 G 4 2y B TP
EEAH A AR T It 3t . Cr A Ni RBLH T 98
SR T B AE . TioMn KRBy A & 4. CroNi
i 20 105 T A A X A S R DXk D B
R A7 5 2R b A0 S5 SRy - O T A KL
PR AR .



o BT

1116

o
&4

1

http://www. geojournals. cn/dzxb/ch/index. aspx

2014 4

R4 BRESUWPEFTUBRNULUETEEBTESNER(X107°)

Table 4 Transitional metallic element ( X 10™¢) analyzing result of volcanic rocks in Jiaolai Basin southern margin

I AG 2= Sc Ti v Cr Mn Co Ni Cu Zn
PJ06-5-1 4.3 1606 49. 6 9.0 184.9 3.0 8.9 14. 4 55.3
PJ06-5-2 4.8 1745 29.2 8.7 105. 0 1.4 6.7 6.2 22.6
Kigh PJ08-2 5.1 1826 22.3 10. 0 236.5 3.6 6.8 7.0 36.5
PJ09-01 3.7 1780 21.8 13.0 426.7 2.5 9.9 14. 2 35.2
PJ11-3-1 9.8 3155 51.8 54.0 1051.7 11.4 25.7 54.8 77.2
PJ16-3 1.3 1199 14. 4 10. 4 341.5 2.0 9.0 9.6 20.1
PJ04-13 5.3 2381 37.4 14.1 423.4 6.3 10. 2 13.9 52.2
K PJ08-6 12.9 4417 86.2 59.6 463. 2 12. 6 25.5 23.0 72.1
190
PJ11-3-2 14. 8 5115 124.6 101.6 414.8 16.9 48. 6 589.5 60. 2
PJ11-05 6.9 3121.1 52.5 15.2 259.5 5 7.4 73.7 32.7
PJ16-2 13.9 6070. 6 121. 4 70.2 666. 2 19 41 26.2 83.5
P6B1 3.2 1584 22.8 15.8 95.2 5.4 12.7 11. 4 52.0
P6B2 2.3 1071 15.1 4.8 636. 9 0.8 5.2 180. 4 30.4
P6B3 4.6 1660 28.1 9.2 898. 4 5.0 8.8 64,4 4.2
P6B5 2.3 1345 26.9 5.5 64.8 1.1 6.0 16. 2 19.0
Kigs
P6B6 3.8 1163 37.1 15.6 77.7 0.9 6.9 17.7 16.9
P6B8 0.4 1200 11.5 4.2 277.9 1.5 5.1 2.8 70.1
P6B9 1.0 1092 9.4 3.6 397.9 0.8 5.1 8.2 68. 2
P6B10 1.3 1072 7.7 3.3 352.3 1.4 4.7 1.6 58.1
P6B11 5.0 2751 32.4 5.9 488. 3 2.6 5.5 38.0 39.9
Koor P6B12 6.4 3517 39.0 3.9 347.6 4.2 5.2 7.1 49. 8
1qf
P6B13 4.5 3305 39.5 4.0 328.0 3.4 6.3 19.7 37.7
P6B15 7.9 4429 63.4 14.0 425.9 7.9 11.3 14.7 66.9
L0 KA E2 R e E R LA T (CE G5 55,2009 . 1
Fara U > N 0 A R @ R = /N O € e o (o 1
0 T (Turonian) i 3] 4 B ¥ 1 %2 T i 1L BL4- 5 10°C
|k b (Huber et al. ,1995; Wilson et al. ,2002) , [a] i} J& ¢
iz —A—P6B10
= (687 2P 0 27 —_— A
= o-ren PR AR 7 AR A R I R OR B K A 4 (LIPs) KRR
£ 0.1 S . .
Z: E':l'ﬁ;:?ﬁiﬁl LI ) 1 (Larson, 1991 ; Jones et al. ,2001; F Ji&
35001 E::’,::;::i. A5, 2005) S M 25 20 KL B I R
4 PJ11-03-1
oo Kol 5 A K O G L S S e R K
o 2 0 0 5 9 53 o 5 140 BB A 15
0.0001 : : : : : : : : : - \ \ S . N
Sc Ti V Cr MnCo Ni Cu Zn T HAT B2 p I8 B S IR A 1 2 R LR K
WA 7 )2 B e T3 BABERG A 2 i B iR E 5 £

B 14 BSR4 R 275 WL AE KL A 2 3 4 )R T R UG
18 b oA A T P it oz 2 5 2004)

Fig. 14 Primitive mantle-normalized transitional metallic

element spider patterns for volcanic rocks of Qingshan Group

in Jiaolai Basin southern margin(Lu Yuanfa, 2004)
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Geochemical Characteristics of Volcanic Rocks in Cretaceous Qingshan Group
from Southern Margin of Jiaolai Basin, Shandong Province
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Abstract

On the basis of the work that the regional geological survey of JiaolaiBasin southern margin was
carried, the stratotype section for the volcanic rocks of Cretaceous Qingshan Group in study area was
measured with system sampling. It was showed that the content of SiO, in the volcanic rocks of Cretaceous
Qingshan Group is about 51. 08 % ~74. 86 % , total alkalis (Na,O+K,0) is about 3.2% ~8.8% ., ALO; is
about 13. 18% ~ 17. 3%, and TFe,O, is about 0. 86% ~ 10. 48% , after chemical analysis and data
processing. The character of trace and rare earth element is that L.a and Nd which are LILE and LREE are
relatively enriched, while Nb, P and Ti which are HFSE and HREE are relatively loss. Houkuang and
Shiqianzhuang Formation have the similar geochemical characteristics that the volcanic rocks are mainly
composed of acidic rocks, while Bamudi and Fanggezhuang Formation have the similar geochemical
characteristics that the volcanic rocks are mainly composed of intermediate rocks. The volcanic rocks of
Bamudi and Fanggezhuang Formation that erupted lately have more total alkalis than that of Houkuang and
Shigianzhuang Formation. The result of comprehensive analysis was that the volcanic rocks of Cretaceous
Qingshan Group in Jiaolai Basin southern margin were intermediate-acidic rocks with peraluminous, K-rich
and calc-alkaline characteristicc. The magma source of the volcanic rocks that erupted in four different
episodes was the same—the lower crust, the reason of which may be related with subduction of Yangtze
plate. Magma evolution process of the volcanic rocks showed strong crystal fractionation. Combined with
the lithological character and magma source analysis, volcanic rocks of Qingshan Group were not typical

bimodal volcanic eruption.

Key words: Jiaolai Basin; Cretaceous; volcanic rocks; geochemistry; major element characteristics;

trace element characteristics



