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Fig.1 Geological map of the Aershan area of Inner Mongolia ( after Inner Mongolia department of land

and resources, 1:50,000 regional geological mapping report, 2006 ; Chen et al. ,2009)

;10— 11—
17—

12- ; ;18-
1 -blanket sand gravel, swamp, sludge of Holocene ;2—Xikou Formation of Pleistocene ;3—Wuchagou Formation of Neogene ;4 —Baiyingaolao For-
mation of Upper Jurassic ;5—Manitu Formation of Upper Jurassic ;6—Taerbagete Formation of Middle Devonian ;7 —Nigiuhe Formation of Middle—
Lower Devonian ;8 —Woduhe Formation of Upper Silurian ;9—member 2 of Luohe Formation of Upper Ordovician ; 10—member 1 of Luohe Formation
of Upper Ordovician;11—syenogranite of Jurassic;12—ganite of Jurassic ;13 —adamellite of Jurassic ; 14—adamellite of Permian ;15—diorite of Permi-
an ; 16—adamellite of Carboniferous ;17 —geologic boundary ;18 —angle disconformity ;19 —slmpling position ;20—displacement fault;21-abnormal

fault ;22 —normal fault
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Fig. 2 Section showing volcanic rocks of Upper
Jurassic Baiyinggaolao Formation in the

Yingjianggou area ( after Chen et al, 2009)
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( Do D
:Si0, 68. 14%
~75.40% , ; ,
(Na,0+K,0) 4.95% ~8.85%, AL O,
12.30% ~13.90% , K,0 3.30 ~7.39%,
MgO 0.15% ~0.47% , TiO, 0.23%
~0.33% ,Mg 6~24,  Si0,-K,0  (Peccerillo and

Taylor,1976) ( 4b)
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. AFM  ( 4b),

. TAS (Rickwood ,1989) ( 3) ,

o

14

o

Na,0+K,0(%)

o«

Si0,%

( Rickwood, 1989)

Fig.3 Total alkai-silica (TAS) diagram of volcanic
rocks from the Yingjianggou area in Inner
Mongolia ( after Rickwood, 1989)

k- ;U - + Uy - ;Us— ;Ph—

F—feldspathoidite ; U; —tephrite+basanite ; U, —phonolitic tephrite ; U; —pollenite ;

Ph—phonolite ;S, —trachybasalt ; S, —basalatite ; S; —trachyandesite ; T— trachyte +

trachydacite ; B—basalt ; O, —basaltic andesite ;0, —andesite ;0; —quartz andesite ;
R-ryolite
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(%)

Table 1 Major elements compositions of volcanic rocks from the Yingjianggou area in Inner Mongolia( % )

PSH3-1 PSH5-1 PSH7-1  PSH7-2 PSH7-3  PSH9-1  PSHI0-1  PSHI1-1 PSHI2-1 PSH12-2  PSHI3-1 PSH17-1
Si0, 9. 14 73.92 74.50 68. 62 68. 64 68. 14 74.90 68. 14 75.26 68.18 75.02 75.40
Fe, 05 1.19 0.75 0.68 1.02 0.86 1.07 0.83 1.03 0.82 0.36 0.73 0.78
FeO 0.38 0.30 0.38 0.45 0.45 0.30 0.23 0.23 0.23 0.45 0.23 0.30
Al O, 13.60 13.35 13.30 13.60 13.85 13.20 13.10 12.95 12.95 13.50 12.85 12.30
Ca0 2.51 1.29 1.15 2.95 2.8 3.72 1.16 3.63 1.33 2.93 0.85 0.69
MgO 0.37 0.15 0.08 0.23 0.30 0.47 0.23 0.43 0.30 0.25 0.22 0.18
K,O0 4.9 5.12 4.85 4.81 4.65 3.30 4.42 3.48 4.24 4.07 5.16 7.39
Na, O 2.45 3.28 3.66 1.58 1.82 1.75 3.63 1.47 3.46 1.8 2.66 1.46
MnO 0.06 0.04 0.04 0.04 0.04 0.02 0.04 0.04 0.05 0.03 0.04 0.01
P, 05 0.06 0.03 0.01 0.06 0.04 0.05 0.02 0.03 0.02 0.05 0.02 0.01
TiO, 0.33 0.26 0.24 0.34 0.30 0.31 0.24 0.28 0.23 0.27 0.23 0.26
LOI 4.72 1.11 0.74 5.% 5.81 8.34 0.88 8.35 0.72 7.61 1.6l 0.76
9.77 9. 60 0. 63 9. 63 9. 60 100. 67 9. 68 100. 06 9. 60 9.55 9. 61 9. 54
Mg" 18 12 6 13 17 24 17 24 21 2 18 13
(2009) ;Mg* =100 * Mg/ (Mg+0. 9TFe) ,
FeOT
10
- [ ] Tholeiitic
L @R HBE % I H 5
)
i (B R 5D
Calc-Alkaline
, : R bR Y Y .y
30 50 70 90 Na,0+K,0 MgO
Si0,%
(a) (b)
4 Si0,-K,O(a)(  Peccerillo,1979)
AFM(b)( Ringwood,1975)
Fig. 4 SiO,-K,O(a) (after Peccerillo,1979) and AFM(b) (after Ringwood,1975)
diagram of volcanic rocks from the Yingjianggou area in Inner Mongolia
Harker « 6) |, Si0, , Ba.Rb.Sr
s Si0, (LILE) , Pb . Ti
K,0 Na,0O , Ti0, AL O, FeOT, (HFSE), Ti ,
CaO MgO  MnO , K/Ti- Ti ,
° Ca0 K/Ti- Ti ( Roger,1992) ,
FeOT  MgO (5, U ,
» ’
( 2004) , , ,
3.2 ( ,2000) ,
( 3):Zr/Nb=8.489 ~16.212,La/Nb=2.912 ~
¢ 2) 4.675,Ba/Nb=20. 135 ~ 81.987
«C 7 ,
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2 (pg/g)

Table 2 Compositions of trace elements result of volcanic rocks from the Yingjianggou area in Inner Mongolia( pg/g)

P5SH3-1 P5H5-1 P5H7-1 P5SH7-2 P5H7-3 P5H9-1 P5H10-1 P5HI1-1 P5SHI12-1 P5HI2-2 P5H13-1 P5HI7-1

Sc 2.98 3.08 3.12 2.97 2.80 1.68 2.91 2.52 2.60 2. 64 3.12 2.26 2.72

Ni 1.87 1. 16 2.74 2.79 1.99 0.71 16. 90 4. 60 0.83 2.02 0. 67 1.49 3.15

Rb 217.30 222.20 211.70 189.30 230.50 114.80 208.80 164.70  207.90  211.00  232.40 175.20 198.82
Sr 221.80 68.44 64.13 260.20 246.70 166.00  61.21 256. 00 68. 17 189. 00 52.63 51.07 142.11
Y 19.39  22.01 22.07 18.89 18.99 11.81 21.79 19. 41 23.38 19.53 16. 19 15.72 19. 10
Zr 182.90 179.60 195.20 179.30 191.30 110.00 180. 60 174. 80 170. 80 164.30  200. 00 93.29 168.51
Nb 11.70  16.59 15.98 11.63 11.80 7.13 15.73 11. 66 15.71 11. 69 16.24 10. 99 13.07
Ba 938.50 403.10 398.50 905.20 876.90 584.40 341.90 729.00  327.10  728.20  327.00  727.20 607.25
La 54.70  50.28 47.55 50.46 52.70 31.08 49.73 50. 74 58. 84 49.52 47.29 43.21 48. 84
Ce 098.68 95.95 88.27 94.09 99.91 58.17 92.30 92.79 116. 10 91.37 92.45 77.91 91.50
Pr 11.34 11.16 10.58 10.71  11.39 6.72 10. 69 10. 68 12. 56 10. 32 10. 14 9.10 10. 45
Nd 38.77 37.57 35.46 36.61 37.80 22.57 36.38 36.07 43.23 34.86 34.74 30.18  35.35

Sm 6.24 6.37 6.02 5.99 6.20 3.63 6.12 5.77 7.00 5.54 5.79 4.87 5.80
Eu 1.13 0.78 0.78 1.10 1.10 0.67 0.77 0.92 0.81 0.93 0.69 0. 87 0. 88
Gd 5.07 5.09 4.88 4.77 5.00 2.89 4.85 4.70 5.59 4.48 4.54 3.88 4. 65
Th 0.73 0.78 0.75 0. 69 0.69 0.41 0.75 0.67 0.79 0. 63 0.63 0.55 0.67
Dy 3.85 4.28 4.06 3.75 4.00 2.27 4.18 3.68 4.20 3.43 3.26 2.84 3.65
Ho 0.74 0. 84 0.81 0.71 0.75 0.44 0.81 0.71 0.80 0. 66 0.61 0.54 0.70
Er 2.07 2.39 2.34 1.96 2. 14 1.21 2.28 1.99 2.22 1. 86 1.70 1.53 1.97
Tm 0.31 0.37 2.34 0.28 0.30 0.18 0.37 0.29 0.34 0.29 0.26 0.21 0.46
Yb 2.04 2.45 2.36 1.92 2.06 1.20 2.36 1.96 2.23 1.87 1. 84 1. 44 1.98
Lu 0.33 0.38 2.36 0.30 0.32 0.18 0.36 0.29 0.35 0.29 0.30 0.22 0.47
Hf 5.95 6.36 6.41 5.46 6.16 3.51 6.09 5.29 5.65 4.95 6.15 3.22 5.43
Ta 1.17 1.55 1.45 1.08 1.16 0. 68 1.44 1.08 1.35 1.02 1.34 0.91 1.19

Pb 21.96 21.43 20.05 21.36 23.37 12.51 22.22 18.22 18. 84 20. 35 18.08 18.23 19.72
Th 23.60 31.44 30.20 23.01 24.41 14.25 29. 56 22.06 27.34 21.72 28. 64 18.62  24.57

U 4.83 7.82 7.41 4. 65 5.01 2.76 6.83 4.58 5.57 4.30 4.82 4.27 5.24
> REE  225.67 218.30 206.18 213.04 224.05 131.44 211.58  210.98 254.70  205.76  203.93 177.13  206.93
>LREE 210.86 202.11 188.61 198.97 209.10 122.84 195.91 196. 98 238. 54 192. 54 191. 10 166. 14  192. 81
> LREE/

S REE 0.93 0.93 0.91 0.93 0.93 0.93 0.93 0.93 0.94 0.94 0.94 0.94 0.92
Zr/Nb 15.63 10.83 12.22 15.42 16.21 15.43 11.48 14.99 10. 87 14. 05 12.32 8.49 13. 16
La/Nb 4.68 3.03 2.98 4.34 4.47 4.36 3.16 4.35 3.75 4.24 2.91 3.93 3.85
Ba/Nb 80.21 24.30 24.94 77.83 74.31 81.99 21.74 62.52 20. 82 62.29 20. 14 66.17  51.44
Ba/Th 39.77  12.82  13.20 39.34 35.92 41.01 11.57 33.05 11.96 33.53 11.42 39.05  26.89
Rb/Nb 18.57 13.39 13.25 16.28 19.53 16.11 13.27 14.13 13.23 18.05 14.31 15.94  15.51
Th/Nb 2.02 1.90 1.89 1.98 2.07 2.00 1.88 1.89 1.74 1. 86 1.76 1. 69 1. 89
Th/La 0.43 0. 63 0. 64 0.46 0.46 0.46 0.59 0.43 0.46 0.44 0. 61 0.43 0.50
Ba/La 17. 16 8.02 8.38 17.94  16.64 18.80 6. 88 14.37 5.56 14.71 6.91 16. 83 12. 68
3Eu 0.59 0.40 0.43 0.61 0.58 0.61 0.42 0.53 0.38 0.55 0.40 0.59 0.51
8Ce 0.91 0.94 0.91 0.93 0.94 0.93 0.92 0.91 0.98 0.93 0.97 0.90 0.93
(La/Sm)y  5.51 4.96 4.97 5.30 5.35 5.38 5.11 5.53 5.29 5.62 5.14 5.58 5.31
(Gd/Yb)y 2.01 1.68 1.67 2.01 1.96 1.94 1. 66 1.94 2.02 1.93 1.99 2.18 1.91
(La/Yb)y 18.08 13.84 13.56 17.73 17.24 17.43 14.24 17.45 17.81 17. 82 17.35 20.26  16.90
: (2009) ;N Sun and Mc-
Dough(1989) .
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Table 3 Some trace element radios of volcanic rocks

Zr/Nb La/Nb Ba/Nb Ba/Th Rb/Nb Th/Nb Th/La Ba/La

13. 161 3.849 51.438 26. 886 15. 505 1. 890 0. 503 12. 682

14. 800 0.940 9. 000 77.000 0.910 0.117 0. 125 9. 600

16. 200 2.200 54. 000 124. 000 4.700 0. 440 0.204 25. 000
N-M OR B 30. 000 1.070 1.7~8.0 60. 000 0. 360 0.025 ~0.071 0. 067 4.000
E-MORB 4.9~8.5 0.06 ~0.08
HIMUOIB 3.2~5.0 0.66~0.77 4.9~6.9 49 ~77 0.35~0.38 0.078 ~0.101 0.107 ~0.133 6.8 ~8.7
EMIOIB 4.2~11.5 0.86~1.19 11.4~17.8 103 ~154 0.88~1.17 0.105~0.122 0.107 ~0.128 13.2~16.9
EMIIOIB 4.5~7.3 0.89~1.09 7.3~13.3 67 ~84 0.59~0.85 0.111 ~0.157 0.122 ~0.163 8.3~11.3

:N-MORB:N ;E-MORB:E sHIMU OIB. ;EM T OIB. I ;EMII OIB.

I ( Rollision,1993)

[ (La/Sm),=4.963 ~5.625],

l()()(i;l TTTT T T T T T T T T T T T T rTrTrrTg
2 3 [(Gd/Yb), = 1.663 ~
= [ ]
= 2.178],
& 100 E 3
I E ] 000 T T T T T T T T T T T T T T T3
< F | : 5
Ells 3 1 L i
10 E_ E B T
F 1 o 100F =
L E hicY o ]
i 1 & r ]
1 | I T N 1 N N A | "JE‘ - -
" Rb Th Nb K Ce Sr Nd Zr Eu Gd Dy Ho Tm Lu 1 3 .
Ba U Ta La Pb P Sm Hf Ti Tb Y Er Yb I 10
7 s E
( Sun C i
and Mcdonough,1989) i |
| 1 | 1 | | | 1 1 | | | 1 | |
Fig. 7 Primitive mantle normalized trace element spider ! La Ce Pr Nd  Sm Eu Gd Th Dy Ho Er Tm Yb Lu
diagram of volcanic rocks from the Yingjianggou area 8
in Inner Mongolia ( Primitive mantle values ( Boynton,1984)

from Sun and Mcdonough, 1989) Fig. 8 Chondrite—normalized rare earth elements of

volcanic rocks from the Yingjianggou area in Inner

3.3 Mongolia ( Chondrite REE values from Boynton,1984)
( 2) :
(Y REE= 4
131.44 ~225.67pg/g) X 206. 93 g/
g; ( 8 ,
, [ (La/Lu) = 14.39 ~ . ( ,
20.401], , 1998) . ( ,1999) |
: ( XLREE = 122. 84 ~ ( ,1989; ,1991) |
238.535pg/¢g)
[ (La/Yb)=13.561 ~20.259 ], ( ,2001) ,,
Eu (8Eu=0.398 ~0.611) Ce .
(8Ce=0.901 ~0.982) , , o
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. ( 3) 0.398 ~ 0.611) Ce (8Ce =0.901 ~
R 0.982) P.Ti 5
La/Sm (7.890 ~8.942) , , La ,La/Sm
’ ’ ( 9b) ’
(LILE) s Ba . Rb . Sr.
K . Pb.Ti S
(HFSE), Ti ,
MORB ,
, (1) .
LILE HFSE, . . ,

( Wilson, 1989 ; Elliott, 1997 ) .

s Nb.Ta.Ti (2)
o Rb-(Y+Nb) , ,
( 9a), ,
( 2 REE = 131. 618 ~ o
255.047 g/ g) , 210. 651 png/g, s ,
( XLREE = 122. 84 ~238.535ng/g) , o
> LREE/ Y. REE 0.915 ~0.938, , N N N
( 8) b Y Y
, , HREE ! ,
; ) Eu (dEu= !
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Fig. 9 Rb-(Y+Nb) (a) ( after Pearce ef al. ,1984) and La/Sm-La(b) diagram of volcanic rocks

from the Yingjianggou area in Inner Mongolia ( after Pearce et al. ,1984)
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Characteristics of Petrology and Geochemistry of Volcanic Rocks in the Yinjianggou, Aershan Area

WU Chi-hua',Yi Hai-sheng' ,SHEN Kun®,ZHU Ying—tang'®, XIE Hui', CAO Tong—sheng' , TIAN Jiang—fei'
(1. Institute of Sedimentary Geology, Chengdu University of Technology, Chengdu 610059;2. The No. 1 Geological
Exploration Institute of Henan Province, Nanyang 474200;3. Key Laboratory of Earth Eploration and
Information Techniques of MOE , Chengdu University of Technology, Chengdu 610059)

Abstract: The study of a typical profile of the Upper Jurassic volcanic rock in the Yinjianggou area suggests that this region has a lithological combi-
nation of a suit of medium—acid and acid volcanic rocks and volcanic clastic rocks. The rock types include sakalavite, rhyolite, crystal tuff, and tuff brec-
cia. The alternating rhythmic changes between medium—acid and acid volcanic rocks in composition is very clear, indicating two outbreak— overflow phase
cycles. Geochemical analysis of the samples shows that the content of Si0, is 68. 14 ~75.40% , rich in alkali, as high—alumina, high—potassium,and low
—magnesium, implying a high—potassium calcalkalic volcanic rock. It demonstrates total REE and LREE enrichment with sharp negative Eu anomalies
(8Eu=0.398 ~0.611) ,weak negative Ce anomalies(3Ce=0.901 ~0. 982 ) and intense fractionation between LREE and HREE. The primitive mantle—
normalized spidergrams are characterized by LILE enrichment and HFSE depletion, for a significantly negative Th—Pb—Ti anomaly and an intense enrich-
ment Ba—Rb-Sr anomaly. These medium-acid and acid volcanic rocks reflect some features of island—arc and continental arc settings.
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