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PROTOLITH RESTORATION AND TECTONIC SETTING OF THE WALL ROCKS IN
THE QINGCHENGZI LEAD-ZINC-GOLD-SILVER ORE CONCENTRATION AREA IN
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Abstract The Qingchengzi ore concentration area, which occurs along the Liaodong rift depression zone of Liaoning Province,
is an important Pb-Zn-Au-Ag polymetallic mineralization concentration area in northern China. The orebodies and ore-
bearing rock series occur in conformity, controlled by certain horizon and lithology, among which the Dashiqgiao formation is
the source bed of lead and zinc, and the Gaixian formation with high abundance of Au and rich in As serves as the source
bed of gold and silver. The metamorphism and ductile shearing contribute to the enrichment and mineralization of gold. The
wallrock of Pb-Zn deposit is mainly composed of marble, granulite and leptite of the Yangshugou lithoformation, Dashiqgiao
subgroup; while that of Au-Ag deposit, mainly schist of upper Gaixian formation, with a little granulite of Dashigiao
formation. The lithogeochemical characteristics of the wall rocks and protolith restoration show that the protolith of the
marble is composed of limestone and dolomite, and the protolith of the granulite and leptite is mainly argillaceous sandstone,
with minus volcanic rocks. The protolith of schist are mudstone, sandy mudstone and siltstone; while the protolith of
leptynite is argillaceous sandstone. The tectonic setting of the marble and schist should belong to stable continental margin,
and that of granulite and leptite should be of active continental margin or island arc. Combined with the history of regional

tectonic evolution, it is believed that the crustal extension, deformation and relevant tectonomagmatic activities caused by
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rift action offered a favorable environment for the formation of the Pb-Zn deposits. Sedimentation within different levels of
rift basins, submarine volcanic exhalation and hydrothermal sedimentation along the contemporaneous faults offered ore-
forming substances and fluids for the formation of source bed. The metamorphism occurred in Luliang period played a key
role in controlling the superimposition and enrichment of the Pb-Zn deposits in this area.

Key words Pb-Zn-Au-Ag deposit; protolith restoration; tectonic setting; Liaoning-Jilin rift; Luliangian metamorphism;

Liaoning Province

0
_ 2
400 N NN
Au.Ag.Pb.Zn —
1-5 6-10
1n-12 13-15 14 16-17 :
Ptl_’y N N
Pt1y4 N
1 N Y
| Pb.Zn.Au.Ag
18 N N N N N
AS ~
118-23 % Pb.Zn Au.Ag

Pb.Zn.S.Fe



15

3 207
1
Fig. 1  Geological and mineral sketch map of Qingchengzi ore concentration area
1— 2nd member of Gaixian fm. 2— 1st member of Gaixian fm. 3— 3rd member of Dashigiao fm. 4—
2nd member of Dashiqiao fm.  5— Ist member of Dashiqiao fm.  6— 3rd member of Gaojiayu fm. 7—
porphyritic biotite monzogranite ~ 8— biotite plagiogranite 99— streaky monzogranite 10—
granite porphyry 11— mineral site 12— fault
2
N N N N
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Table 1 Geologic and petrographic characteristics of the wall rocks of lead-zinc-gold-silver deposit in Qingchengzi

ore concentration area
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3%
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0.015 mmx0.4 mm~0.5 mmx2.0 mm
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<0.5 mmx1.0 mm
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Fig. 2 The wallrocks of the Pb-Zn deposit in Qingchengzi ore concentration area

specimen photo of grey fine-grained marble b—
specimen photo of biotite monzonitic granulite d—

monzonitic granulite

50x  microphotograph of marble ¢—

25x  microphotograph of biotite
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Fig. 3 The wallrocks of the Au-Ag deposit in Qingchengzi ore concentration area

specimen photo of light grey muscovite schist

b—

25%  microphotograph of muscovite

schist ¢— specimen photo of biotite plagioclase granulite d— 25x  microphotograph
of biotite plagioclase granulite
2 Al,0; ~3.88% Si0, 21.92% ~68.94% Al,04/5i0, 0.01~
0.31%~17.02% K,O  0.12%~4.71% Na,0  0.003% 0.33 2. N Si0,
2
Table2 Major element content in the wall rock of the lead-zinc-gold-silver deposit in Qingchengzi ore concentration area

Si0, TiO, ALO; Fe 0, FeO MnO MgO Ca0 Na,O K0 P,0s LOI  ALOySiO,

Ysgl 57.86 0.69 17.24 9.31 5.03 0.03 3.11 1.27 0.40 5.08 0.09 4.77 0.30

Ysg2 58.73 0.59 15.30 7.87 3.86 0.06 2.78 2.70 0.18 5.05 0.11 6.42 0.26

Sdgl 58.13 0.61 17.57 8.00 5.53 0.05 3.34 1.28 0.51 4.97 0.09 5.20 0.30

Sdg2 57.25 0.55 15.68 6.91 5.39 0.07 5.01 3.25 0.47 4.69 0.08 5.88 0.27

Byl 54.95 0.74 19.42 5.98 2.95 0.07 1.69 2.78 0.11 7.79 0.05 6.19 0.35

By2 60.24 0.71 18.51 8.50 5.80 0.06 2.17 0.36 0.51 4.50 0.07 4.17 0.31

Fy2 54.73 0.86 15.78 11.88 8.18 0.09 4.20 2.87 2.28 2.29 0.08 4.71 0.29

Ji1 52.32 0.80 14.39 10.99 7.14 0.08 3.57 2.20 0.86 4.15 0.09 10.36 0.28

Bsl 21.92 0.01 0.31 2.11 1.26 0.22 15.78  24.26 0.00 0.12 0.18 34.98 0.01

Xqgl 47.37 1.33 14.94 8.34 5.84 0.12 6.21 9.26 2.74 4.37 0.75 4.02 0.32

Xqg2  52.07 1.50 17.02 7.65 5.53 0.08 4.13 549 3.88 4.71 0.73 2.32 0.33

Dnl 53.81 0.42 12.90 5.51 4.63 0.13 5.18 12.44 0.63 4.46 0.07 4.34 0.24

Dn2 68.94 0.10 15.13 1.72 1.35 0.04 1.16 2.55 0.07 3.94 0.04 6.11 0.22

Dn3 56.89 0.77 14.77 12.00 9.79 0.08 5.27 2.60 1.98 3.61 0.07 1.84 0.26

Zzgl 40.24 0.24 7.32 3.84 1.89 0.04 1024 17.34 0.08 449 0.07 15.95 0.18

%
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Table3 Trace element content in the wall rocks of the lead-zinc-gold-silver deposits in Qingchengzi ore concentration area

0.11% ~2.28%
56.78%
0.26~0.35

ALO;
2.29% ~7.79%
0.67% Si0,
2 . 510,

3

14.39% ~

32
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3.4 .

15

Cr

Ni

Rb Sr Zr

Nb

Ba Hf Ta

Th U

Li

Be

Co

\Y

98.18
99.65
119.24
107.69
73.92
76.27
182.03
169.03
10.88
242.88
37.25
67.67
4.99
130.52
49.19

Ysgl
Ysg2
Sdgl
Sdg2
Byl
By2
Fy2

J

Jf1

46.01
34.60
35.99
34.88
17.14
22.11
46.32
48.29
5.01
98.09
27.93
14.33
3.82
31.24
16.39

199.53
194.14
205.26
214.26
262.95
199.85
78.81
190.92
7.84
149.89
135.63
142.05
149.36
89.45
72.35

51.18
74.39
72.71
154.80
158.79

174.00
131.30
135.33
139.87
245.79
210.13
110.16
108.44
14.95
225.17
247.69
109.46
54.50
116.56
73.09

136.30
183.79
128.81
177.96
1800.00
1400.00
189.58
157.75
97.17
188.55

15.73
13.37
13.36
12.86
13.45
15.07
7.56
7.51
2.49
30.42
25.23
9.26
8.46
7.03
6.29

534.24
419.04
598.63
523.13
581.70

4.70
4.95
4.56
4.77
6.69
5.12
4.07
3.00
1.38
6.80
6.81
443
3.49
3.29
3.94

1.45
4.54
8.27
1.49
1.74
439
0.32
0.65
0.63
1.44
227
0.69
4.46
0.59
0.68

16.57
10.47
14.19
14.35
15.09
788.37
179.27
174.53
4.66
2100.00
1700.00
397.03
708.53
296.52
315.07

16.70
4.59
3.21
0.85
4.87
5.85
7.21
2.93
4.80
3.44

4.64
4.01
4.57
4.81
3.61
4.19
1.77
4.02
6.89
1.29
1.05
2.59
9.68
4.30
297

61.87
27.89
41.66
56.65
18.54
35.03
45.40
19.05
2.84
20.83
20.29
26.56
32.52
64.82
15.43

3.39
244
2.85
2.98
254
234
0.22
113
1.27
0.30
0.37
2.14
242
0.28
1.61

20.20
17.08
13.55
11.60
11.52
15.44
26.12
26.42
3.31
24.22
20.54
10.22
1.11
24.08
5.64

93.40
102.53
103.34
98.58
126.28
109.55
185.09
211.69
7.43
139.75
128.28
63.91
10.69
182.51
51.59

10°.
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Table4 Rare earth element content in the wall rocks of the lead-zinc-gold-silver deposits in Qingchengzi ore concentration area

Y La

Ce Pr Nd Sm Eu

Gd

Th Dy Ho Er Tm Yb Lu

SREE

LREE HREE

LREE
HREE

SEu

27.07 33.62
45.43 37.49
26.42 30.90
26.71 36.17
22.84 44.46
29.21 45.19
21.33 16.63
18.87 12.30

Ysgl
Ysg2
Sdgl
Sdg2

By2

835 7.37
19.24 79.77
18.22 79.77
19.77 31.72
9.19 5.33
16.94 15.32
12.04 16.39

75.78 9.17 34.00 5.95
155.66 10.77 49.23 7.60
91.42 821 29.67 5.10
81.82 9.14 32.89 5.68
102.84 12.13 4455 7.25
99.17 11.72 42.96 6.99
45.65 4.99 20.63 4.08
38.56 3.71 16.24 2.94
1648 2.04 821 1.68
178.13 21.04 77.83 11.08
173.81 20.07 74.03 10.29
72.60 8.57 3244 5.48
13.55 1.51 598 144
37.15 4779 1934 3.65
40.39 4.74 1848 3.17

0.97 5.11
1.14 7.33
1.10 4.43
1.07 5.02
1.47 6.14
1.33 5.85
1.20 3.74
0.79 2.64
0.50 1.52
3.04 8.80
2.87 8.42
1.19 4.75
0.62 1.50
091 3.15
0.80 2.69

0.79 4.46 0.90 2.59 0.47 3.07 0.47
1.20 7.05 1.43 5.51 0.72 4.40 0.64
0.69 3.86 0.78 2.39 0.41 2.62 0.38
0.77 4.30 0.84 2.47 0.43 2.73 0.42
0.87 4.70 0.93 2.66 0.46 2.88 0.43
0.82 4.64 0.91 2.63 0.47 3.00 0.46
0.63 3.77 0.76 2.15 0.39 2.36 0.36
0.45 2.65 0.53 1.65 0.26 1.65 0.24
0.25 1.47 0.27 0.73 0.10 0.62 0.07
1.02 4.57 0.79 2.15 0.32 1.99 0.28
1.01 4.65 0.83 2.43 0.35 2.04 0.30
0.72 3.95 0.76 2.17 0.38 2.40 0.35
0.29 1.75 0.34 0.93 0.15 0.94 0.13
0.50 2.87 0.55 1.55 0.27 1.66 0.25
0.41 2.24 0.45 1.29 0.22 1.40 0.21

177.33
290.19
181.95
183.76
231.76
226.14
107.33
84.60
41.31
390.82
380.86
167.47
34.44
91.93
92.89

159.49
261.90
166.39
166.77
212.70
207.36
93.18
74.54
36.27
370.90
360.84
152.00
28.41
81.15
83.97

17.84
28.29
15.56
16.98
19.07
18.78
14.15
10.06
5.03
19.91
20.01
15.47
6.03
10.78
8.92

8.94
9.26
10.69
9.82
11.16
11.04
6.59
7.41
7.21
18.62
18.03
9.82
4.71
7.53
9.42

0.52
0.46
0.69
0.60
0.66
0.62
0.93
0.85
0.93
0.91
0.91
0.70
1.27
0.80
0.82

10°°.
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3.3
Si0, Si0, 5 ACF  A'KF
Fig. 5 The ACF diagram and A’KF diagram for the wallrock
SEu . samples from Qingchengzi ore concentration area
SEu a— wallrock of Au-Ag deposit  b— wallrock of
. Pb-Zn deposit  1— Al-rich clay and shale 2—
ACF AKF 3 clay and shale 3— marlstone
S 4— greywacke 5— basaltic
al+Hfm — c+alk Si 6 rock and andesitic rock 6— ultramafic rock
4 a b
27

Fig. 4 Chondrite-normalized REE patterns a and primitive mantle-normalized trace element spider diagram b for the wallrocks from
Qingchengzi ore concentration area
After Reference 27
1— wallrock of Au-Ag deposit 2— wallrock of Pb-Zn deposit
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al+fm — c+alk Si 6
Y REE- La/Yb 7
Sm/Nd > REE
0.260~0.375 0.234~0.425
0.3. Sm/
Nd 0.24~0.14
6 al+fm — c+alk vs. Si
Fig. 6 The al+fm — c+alk vs. Si diagram for the wallrock
samples from Qingchengzi ore concentration area 4
1— wallrock of Au-Ag deposit  2— wallrock of .
Pb-Zn deposit A— calcareous sedimentary rock B— K:0/Na,0 Si0; 8a
volcanic rock C— thick mudstone D— sandstone
Th-Hf-Co 8b
S+A- NI\
7 Y REE- La/Yb
Fig. 7 The Y REE- La/Yb diagram for the wallrock samples from
Qingchengzi ore concentration area
1— wallrock of Au-Ag deposit 2— wallrock of ,
Pb-Zn deposit  I— amphibolite 11—
psammite and greywacke III— mudstone and shale
IV— carbonate rock A
AlLOy/SiO,  0.26~0.35
5Fu . ACF _ _ _ »

AKF 5 N



3 213
8 K;,0/Na,0-Si0, Th-Hf-Co
28
Fig. 8 The K,0/Na,0-Si0O, diagram and Th-Hf-Co diagram for the wallrock samples from Qingchengzi ore concentration area
After Reference 28
1— wallrock of Au—-Ag deposit  2— wallrock of Pb—Zn deposit ARC— island arc  ACM— active
continental margin  PM— stable continental margin  A— felsic volcanic rock  B— shale C—

quartzite D—

Pb.Zn.S

30

Pb.Zn

31

arkose E— greywacke
1.9Ga ®
5
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