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Abstract: The Beiling gold deposit, located in western Henan Province, is mainly hosted in the Majiahe Forma-
tion. The rocks are composed of basaltic andesites and andesties. In this paper, the petrological and geochemical
characteristics of the volcanic rocks were studied to constrain the petrogenesis. The result shows that the volcanic
rocks of the Majiahe Formation are rich in alkali, especially in K,0. The mafic-intermediate rocks are characterized
by a relatively low abundance. Their total amount of rare earth elements (SREE) is 154.60 x 10~ ~200. 60 x
10 °. They forms a LREE-enriched distribution [ ( La/Yb) \ =6.72 ~8.22] with the existence of weak negative Eu
anomaly. In addition, the rocks display LILE enrichment (such as U, K, Pb and Nd) and HFSE depletion ( such
as Th, Nb, Ta, Ce, Zr and Ti). The chemical data presented in the paper show that the Majiahe Formation rocks
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had a modified mantle source with ancient subduction belt materials. It is suggested that these volcanic rocks expe-

rienced a crystal fractionation process during the magmatic evolution. Comprehensive research shows that the Majia-

he Formation was formed under a continental rifting environment.
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Fig. 1 Tectonic sketch map of western Henan Province (a, after Pang Zhenshan et al. , 2006) and geological map of the Beiling
gold deposit (b)
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1—Quaternary sediments; 2—Longjiayuan Formation of the Guandaokou Group; 3—upper Gaoshanhe Formation of the Guandaokou Group; 4—mid-

dle Gaoshanhe Formation of the Guandaokou Group; S—lower Gaoshanhe Formation of the Guandaokou Group; 6—Majiahe Formation of the
Xiong” er Group; 7—fault; 8—auriferous structural altered zones; 9—fracture zone; 10—attitude
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Fig. 2 Microscopic images of the rocks in the Majiahe Formation
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a—intersertal texture in basaltic andesite ( + ); b—pilotaxitic texture and amygdaloidal structure in amygdaloidal andesite ( + ); c—intersertal tex-
ture in amygdaloidal basaltic andesite ( + ); d—granular quartz (core), granular albite ( middle), chlorite Couter) of amygdaloid body in amygda-
loidal basaltic andesite ( +); Q—quartz; Pl—plagioclase; Px—pyroxene; Ab—albite; Ch—chlorite
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Table 1 Major elements (w,/ % )and trace elements( w,/10 ~®) of andesites in the Majiahe Formation

5 6209-3 6209-6 6209-9 6209-11 590-1 590-6 590-9
Si0, 51.56 53.56 51.27 51.19 53.61 52.26 53.04
Ti0, 1.42 1.40 1.55 1.62 1.47 1.43 1.46
AL O, 13.33 12.85 13.41 14.58 13.42 12.96 13.21
TFe, 0, 13.24 12.32 13.31 13.02 12.65 11.67 11.03
FeO 4.50 7.46 8.09 8.71 8.51 6.54 5.71
MnO 0.35 0.33 0.27 0.24 0.36 0.26 0.24
MgO 3.81 3.04 2.81 2.89 2.31 2.81 2.24
Ca0 4.35 3.91 2.91 2.06 2.35 4.26 3.00
Na, O 2.23 1.73 2.33 1.94 1.98 2.23 1.77
K,0 4.11 5.24 5.17 4.12 4.95 4.63 6.16
P, 05 0.41 0.38 0.44 0.45 0.41 0.39 0.42
ekt 3.15 3.21 4.51 5.89 4.46 5.07 4.41
Total 97.96 97.97 97.98 98.00 97.97 97.97 96.98
K,0 +Na, O 6.34 6.97 7.50 6.06 6.93 6.86 7.93
K,0/Na, 0 1.84 3.03 2.22 2.12 2.50 2.08 3.48
A/CNK 0.83 0.82 0.91 1.28 1.04 0.79 0.88
A/NK 1.64 1.51 1.42 1.91 1.56 1.49 1.38
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Continued Table 1
Fe5 6209-3 6209-6 6209-9 6209-11 590-1 590-6 5909
o 4.70 4.60 6.80 4.48 4.53 5.08 6.26
Mg” 40. 14 36.51 32.98 34.09 29.85 35.94 32.12
Li 13.2 14.3 11.9 17.2 18.9 15.9 14.8
Be 1.61 1.81 2.7 2.57 3.47 3.88 3.16
Se 22.6 24.5 26.8 32.3 26.8 25.6 22.2
v 178 187 192 207 193 170 166
Cr 122 120 128 129 120 116 124
Co 42.6 36.1 39.5 39 35.8 32.6 39.9
Ni 31 33.6 35.9 33.6 31.6 28.8 31.2
Cu 16.8 26.7 23.2 24 37 19.8 31.8
Zn 136 116 140 208 183 114 105
Ga 20.2 19.9 22.9 24.2 20.4 19.0 24.7
Rb 96.3 154.0 155.0 117.0 170.0 171.0 222.0
Sr 664 425 474 417 363 288 480
Mo 4.50 2.26 10. 10 4.55 4.24 1.65 10.20
Cd 0.975 0.214 0.515 0.384 0.402 0.247 0.135
In 0.091 0.081 0.085 0.090 0.103 0.084 0.075
Sh 2.61 7.46 6.44 4.80 5.28 2.03 5.15
Cs 6.50 5.67 9.82 17.30 19.70 25.10 17.20
Ba 3 086 1 435 739 784 759 1023 1 246
w 8.57 15.10 21.00 25.30 38.00 9.34 25.30
Re <0.002 <0.002 0.002 <0.002 <0.002 <0.002 0.003
Tl 1.48 2.75 3.49 2.28 3.00 2.26 4.67
Pb 51.6 33.6 368.0 156.0 82.4 52.7 47.3
Bi 0.056 0.039 0.018 0.018 0.344 0.012 0.009
Th 1.72 1.55 1.95 1.99 1.71 1.23 1.72
U 2.370 0.776 1.990 1.120 1.010 0.862 2.030
Nb 8.06 7.17 9.07 9.26 8.29 7.20 13.20
Ta 0.433 0.407 0.484 0.498 0.431 0.385 0.467
Zr 75.0 61.6 84.5 85.5 65.4 50.5 52.8
Hf 2.82 2.54 3.15 3.28 2.43 2.01 2.21
La 34.9 31.3 34.1 33.2 32.9 28.3 37.3
Ce 72.6 63.9 74.6 69.9 67.9 57.8 77.6
Pr 9.20 8.28 9.34 8.85 8.72 7.38 9.51
Nd 39.9 35.9 40.9 38.8 38.0 32.5 41.4
Sm 8.11 7.29 8.26 7.72 7.51 6.47 8.14
Eu 2.64 2.04 2.19 2.05 1.96 1.73 2.16
Gd 7.46 6.53 7.41 7.06 6.64 5.79 7.24
Th 1.37 1.19 1.34 1.28 1.21 1.05 1.28
Dy 7.95 6.62 7.53 7.36 6.68 6.04 7.18
Ho 1.53 1.30 1.48 1.41 1.25 1.13 1.34
Er 3.98 3.38 3.92 3.65 3.30 2.96 3.45
Tm 0.642 0.532 0.619 0.588 0.533 0.491 0.547
Yb 3.50 2.86 3.41 3.24 2.79 2.63 3.06
Lu 0.420 0.355 0.425 0.399 0.347 0.331 0.389
Y 42.4 34.4 40.1 37.4 33.1 31.4 37.4
> REE 194.20 171.48 195.52 185.51 179.74 154.60 200. 60
LREE/HREE 6.23 6.53 6.48 6.42 6.90 6.57 7.19
(La/Yh) g 6.72 7.38 6.74 6.91 7.95 7.25 8.22
(La/Sm) 2.71 2.70 2.60 2.71 2.76 2.75 2.88
(Gd/Yb) 1.72 1.84 1.75 1.76 1.92 1.78 1.91
SEu 1.02 0.89 0.84 0.83 0.83 0.85 0.84
3Ce 0.96 0.94 0.99 0.96 0.95 0.94 0.97
Rb/Sr 0.15 0.36 0.33 0.28 0.47 0.59 0.46
Nb/Ta 18.61 17.62 18.74 18.59 19.23 18.70 28.27
Zr/Hf 26.60 24.25 26.83 26.07 26.91 25.12 23.89
Nd/Th 23.20 23.16 20.97 19.50 22.22 26.42 24.07
Th/Nb 0.21 0.22 0.21 0.21 0.21 0.17 0.13
La/Nb 4.33 4.37 3.76 3.59 3.97 3.93 2.83
La/Sm 4.30 4.29 4.13 4.30 4.38 4.37 4.58
Ta/Hf 0.15 0.16 0.15 0.15 0.18 0.19 0.21

Th/Hf 0.61 0.61 0.62 0.61 0.70 0.61 0.78
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107,390 67.9 x 10 %, HAH 5850k % 5l (71
x 10 ") AR, T 5 9k BE 2 iU (40 x 10 7°) 5 Hf
& E A 2.01 x10°° ~3.28 x 10 %, ¥ 4 2.63 x
1070, [AIRE 55 45 B 1k 2 2 (2. 23 % 10 ) A 4 1fi &
TP BE 2 5 (1. 17 x 10 °). Nb/Ta fii A
17.62 ~28.27, F¥ 4 19. 97, B 2= 1 ANl CRE S
590-9 1] 28.27) 4h, - BJ{E h 18. 58, &t i T~ K Fifi b
FEC13), 45 JE 4G M8 f) Nb/Ta {5424 (17 ) ( Taylor
and McLennan, 1985; Sun and McDonough, 1989 ),
Zr/Hf {54 23.89 ~26.91, ¥4 25. 67, i+ Kbk
78 CLD AR T )5 46 Hu i (36 ) ( Taylor and McLen-
nan, 1985; Sun and McDonough, 1989). A% G %
Cr &8N 116 x 10 ° ~ 129 x 10 ¢, F 44 24 122.7
x 107 Ni FI&ily 28.8 x107° ~35.9 x 10 7°, -3
H32.2x10 %, Cr Al Ni (& EIBE R T RS K
(Cr& & 4300 x107° ~500 x 107°, Ni & & 4300 x
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( Sklyarov et al. , 2003; Zhao and Zhou, 2007 ). H5K
TT2H 22 111 70 kB G 3R DR U b e b o AL 1] i C I
3b) E I E 4 UK PboNd 25 K 8 TR A1 L&
CLILE) 1] % 4% ThyNb.Ta Ce. Zr Ti %% 5 37 3 U0 =
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o 4 22 1L A ) Ze/HE {H K 23. 89 ~26.91, F )
325,67, A& T 54 Mg (36 1 iz = T oK il M 5%
(11) (Taylor and McLennan, 1985; Sun and McDon-
ough, 1989), XA EE 52 M M AN . it Nb 79
INERREA Y 2 5 T 45 #d FE (Rollison,
1993). {HH: La/Nb i} 2.83 ~4.37, 11 % 3. 82,
WAL T A e A CR T 12) (i 5| B 2% RIgAE,
2016) , LG Y IR AAE A 2 . La/Sm fi
(4.13 ~4.58) YL T 5, [F) Ff 3 B Hb 5 49 o vk e A
Bl & ( Lassiter and DePaolo, 1997 ). & K F &%
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Fig. 5 La/Sm—La (a, after Treuil and Joron, 1975) and Ni — Cr (b, after Wang Sushan et al. , 2017) diagrams of andesites

in the Majiahe Formation
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