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Abstract

Geochemistry trace of subsurface geology and mineralization for
Yangjiaba polymetal field of South Qinling

Introduction of the author: Zhao Fufeng, male, was born in April, 1983 whose
tutor was Professor Liu Xianfan. He graduated from Chengdu University of
Technology in mineralogy, petrology, gitology major and was granted the Master
Degree in June, 2009.

Abstract

Qinlin orogene is one of the important metallogenetic belt for China.The
Mian(Mianxian)-Lue(Lueyang)-Ning(Ninggiang) triangle block lying in the south
Qinlin collision belt of Yangtz plate and Huabei plate is composed of Mian-Lue
tectonic belt and Bikou micro-block and northwest Yangtz plate.It is a important ore
serried area, where occur many middle-large deposits of Au,Ag,Cu,Pb,Zn,Ni and so
on. According to the regionally geological background datum,the Mian-Lue-Ning
block has undergone processes with rifting and accretion of paleo-basement during
late Archaean to early-mid Proterozoic, piece togather in late Proterozoic, lifting
togather during Caledonian and Indosinian-Yanshanian orogenics, and it has
characteristics of alert crust-mantle impact, complicated tectonic movememt,
substance-energy exchanging frequently,and mineralization notability. The subsurface
geology play a important role in mineralization with the special geological
background. We choose the Yangjiaba polymetallic ore field as object of study to
research it’s subsurface geology process and mineralization through study of fluid
inclusion, rare-earth element, trace element and isotopic element from rock and ore in
Mian-Lue-Ning triangle block.

The divided-area phenomenon(A and B) for the distribution of fluid inclusions
types is discovered by analyzing and studying for series characters of fluid inclusions
in minerals from quartz veins which were closest to mineralization in the polymetallic
ore field. Pure liquid-inclusion distributes mainly in area-A and homogeneous
temperature of primary gas-liquid-inclusion, which is composed by H,O, 184°C.
Primary gas-liquid-inclusion (big volume and high gas space ratio), composed by H,O
and CgHp ,distributed mainly in area-B and its homogeneous temperature has higher
temperature than the highest temperature(293°C) that was tested by other researchers,
was 245-348°C, concentrating to 260°C and 330°C. The result shows that ore-fluid of
higher temperature and reducibility was concerned with mineralization in the
polymetallic ore field.

The characteristics, as rich in LREE and different assembled abnormity of Ce and
Eu and Yb, are found in ore and quartz-calcite veins and volcan host rock by analying
and studying their REE and trace element. It is concluded that the rich in LREE is one
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of the obvious characeristics for the action of mantle fluid. Anomalies of positive Eu
and negative Ce and Yb in ore and veins and the H,O-CgHg fluid from fluid inclusion
in vein are the important symbols that the mantle fluid has the nature of high
temperature and reluction. Existence of anomalies of positive Ce and negative Eu and
Ce,Eu,Yb nanomlies’ weakening and disappearance are an expresssion as mixing of
crust-mantle fluid and matter. Pattern of trace elements of Veins ,mineralized rock and
ore are similar. Comprehensive research indicates that poly-metallization is controled
by the mantle fluid being of the natures of high temperature and reduction and rich in
LREE. It is the strong mixing of crust-mantle fluid and matter to play an important
role in the poly-metallization, but the mante fluid is of domintant position in the
process from start to finish..

Research detectes that previous “dolomite” displayed the occurrence of intrusive
contact in volcanite series for mid-Proterozoic Bikou Group, and the rock is
confirmed as carbonatite which derived from mantle based on the studies of
petrography, geochemistry of elements and isotopes. The carbonatite had an ensemble
displays in the aspects of enriching LREE and LILE (large-ion lithophile elements),
especially Sr and Ba, and depleting transition elements, especially Ti, Cr and Ni. Else
as HFSE (high field strength elements) had more enrichment in metallizing alteration
carbonatite than in weak or no alteration rocks. The understand is compatible with
petrographic features, which polymetallization was accompanied by silication and
sulfide alteration, and isotopic study results that setting was similar as EM I enriched
mantle and the rock had intergrade from carbonatite to carbonate rock. The research
conclusions suggested that the metallization related to the formation of carbonatite
were probably correlate intimately to crust-mantle superimposed alter, which was
resulted in syngentic mineralization or intensive land orogenesis while the tectonic
framework was transformed from mid-Proterozoic to Meso-Cenozoic for Qinling
orogene. Therefore, discovery and confirmation of carbonatite provide new petrology
evidence for study subsurface geo-geochemistry geology dynamic event and process,
and contribution that crust-mantle contamination superimposed alter improved
metallization.

Syngenetic mineralization of Proterozoic is one of the reasons that Qinlin orogene
is one of the important metallogenetic belt, however, a more important reason for this
is the mineralization based on crust-mantle contamination superimposed alter after
syngenetic mineralization. The geologic background of superimposed mineralization
has close relationship with transformation of Qinlin orogene’s tectonic framework in
Meso-cenozoic.So, from this perspective, by the deep fluid being of the natures of
high temperature and reduction and rich in LREE and carbonatite magma upsurge to
crust in this backdrop of subsurface tectonic dynamics ,then mixed with substance and
fluid of crust to different extent together with mineralization. Though there is not the
exact age data of fluidic activity,the action of mantle fluid in this reaserch, either
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shows that the special process of subsurface geology lay the substance foundation for
syngenetic mineralization of Proterozoic together with volcanic action of Bikou
group in mid- Proterozoic at that time or become a sign of the significant event during
the process of extensively alter mineralization of Qinlin orogene.

Keywords: elementary geochemistry trace  carbonatite  action of mantel fluid
crust-mantle superimposed reforming mineralization  Yangjiaba of south Qinlin
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42 S TR

421 B=EITLEWHE

IR BRI A r b F AR TR A-1. R 4-1 L
R 41 BRNE SR XPBBENSELEZRS (wt%)

Fe s FE fr Si0. | ALOs Ca0 MgO Fe0s FeO K:0 Naz0
1 DGgx—3 FREIE R TN 0. 59 0.08  30.28 @ 21.26 — &325 0.01 = 0.02
2 DGLt-2 b Bk 1.44 0.52 | 30.95 @ 21.48 0. 04 0. 14 — 0.28
3 YJZt-3 14.82  0.13 | 14.19 | 15.67 = 22.03 11.29 — 0.17
4 YJZt-4 4.46 | 0.23 | 29.31 | 17.44 1. 14 3.09 0.08 | 0.03

TR LA
5 YJZt-7 38.82 | 1.07 | 15.94  19.96 2.85 5. 44 — 0.21
6 YJZt-10 61.71  2.03  8.79 6. 65 0. 10 2.67 0.17 | 0.23
7 YDXto-3 45.04 | 10.00 & 14.42 = 2.53 2.13 6.01 0.70 | 3.99
8 YDXto—4 U 9. 66 1.23 | 43.38  0.51 1.28 6.77 0.09 | 0.41
9 YDHto—4 30.56 | 5.41 | 21.45 1.60 6.87 4.62 0.53 | 0.12

5 e fir & Ti0, P,05 MnO CO; Ba0 0,0’ S0, B
1 DGgx-3 TR VYR R 0.002 = 0.004 0.01 47.02 | 0.003 | 0.23 0. 05 99. 81
2 DGLt-2 e RoR 0. 04 0.09 = 0.01 44.19  0.17 0. 60 0. 10 100. 05
3 YJZt-3 0.05 0.06 = 0.10 = 20.42 — 0.22 0. 10 99. 25
4 YJZt-4 0. 05 0.06 | 0.24 41.87  0.13 0. 10 0. 04 98. 27
5 YJ7t-7 IRE LB 0. 05 0.04  0.06 13.02 — 1.42 0. 30 99. 18
6 YJZt-10 0. 05 0.07  0.09 13.91 Srfg 2. 36 0.24 99. 53
7 YDXto-3 0. 10 0.07  0.23 13.61 — 1.36 0. 50 100. 69
8 YDXto—4 e U 0.05 0.04 | 0.59 @ 34.21 0.11 1.60 0. 26 100. 19
9 YDHto—4 0. 05 0.08  0.24 15.05 — 0.88 | 13.09 = 100.55

E: OFFERAEARE: 19 AsAkRE; 2— M AafAkRE: 3—HiEy b
AafAkiReE: 4— 590N A=A RIR S 5— W LA gk (1 = A kIR ; 6—
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9— 1 AL AR KR T A TR IR A . OFESL FR DY) 48 Holr SR A BEAS I oL 2B, 2 €O,
1 0 0 P A 7 S U A 0 23T

HA Ca0 FrEA T 8.79% ~43. 38% 2 [A], MgO &EANT 0.51%~21. 48
% 2 [a], CO, & B8k T 13.02% ~47. 02% 2 [a], B T~9 = ANFE 5 AT IR B oy
F LS, TR A = A s k3 517 5= (Na,0+K,0) 41~ 0. 03% ~0. 65
%, 12 8 SHEMIA R 4. 96% 5 A VAR TARI S B BB IR A, AR $ AL 27 il o)
R BRI s T S A A S K T I I R R R IR e, (E R AR 2
T Wallace [mﬂl Sweeneym]ﬁﬁﬁﬂ/‘] H oz R, 1 HIX KR = vl A S
A EA T Si0, & EAR K H A5 A A OREAL il AR AT O, ke AR £ £
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4.2.2 W2 TTEFE

W DX A R T R 2 A TR 4-2, AR IR R Al T 2 A A 2 A
T R AR NI HES, B KB T tE (LILE: Sry K. Rby Ba). 3%
B7G# (HFSE: Thy Ta. Zr. Hf) FIP4IGE (Tiv Scy Cry Ni) HFHER +
JLE (Ces Sm) BEAVER, LUSAGHMSARAELL AR A DX BRI 5 1k e G 25k I 1 (&
4-2), WMFE 4-2 MK 4-2 nfEH:
R4-2 BERNE EET XHRBRENMETERIE (X100

Fe* | DGgx-3 | DGLt-2 | YJZt-3 | YJZt-4 | YJZT-7 | YJZT-10 | YDxt0-3 | YDXtO-4 | YDHt0-4

Sr 26. 50 61. 00 66. 30 53. 50 165. 13 39. 44 92.51 189. 36 231.15

K 199. 15 165.96 | 497.87

Rb 4.10 0. 55 5.40 4. 50 0.21 12. 02 10. 74 3.68 6. 58

Ba 325.20 | 583.66 | 747.50 | 1129.80 13.41 19. 12 120. 80 75.43 114.61

Th 0.05 0.08 0.23 0.23 0.17 0.06 3.37 0.56 2.39

Ta 0.01 0.06 0.02

Ce 1.63 1.71 7.37 6.90 2.72 3.60 208. 17 78. 34 80. 89

Ir 6. 00 1.04 6. 30 8. 00 3.40 5.76 97. 14 12. 31 51.77

Hf 0.08 0.03 0.21 0.17 0.14 0.07 2.50 0.37 1. 36
Sm 0.23 0.30 0.60 1. 40 0.28 0.44 15. 96 11. 54 8.11
Ti 10. 00 215.80 | 209.10

Yb 0.22 0.22 1.23 1. 00 0.48 0.23 2.60 8. 74 4.08
Sc 0.19 0.61 0.95 1.07 3.18 9.15 10. 60 7.61 7.39
Cr 12. 10 4.58 5.00 18. 60 6.02 3029. 82 9.09 5.11 5.82

Ni 7.70 7.18 8.19 6.82 59.03 | 2510.55 31. 86 201. 22 398. 44

VE: P b TR A SO R ST R R S R AL s T
718 TCP-MS; B FF & O SRAEA B FVRFIE [ 36 4-1 fhik .

_ 7 R R L

~—near-s | A REGHALL “ Gpid” 7Y,
o ke RRRIUK S TR A LR
%ﬁ 10 ' :z:j MXTE 4, UL Ba &=
z ] O g AT R WA
& | aegzens] B UL TiL Cry Ni54
> ;ZHMﬁ SEFL AR IR R A R
001 1 fHMM 255 AR TR I 1Y) R 3
0.001 L SR EAMNTE A, SR

B 42 RN S BN KA R R E U ]

) i 3 558 G 2 R DA X
JREAHIE T B T B (AR RS, P 6 AEh (YJZt-10) ANHEH B 1k,
(B EH SR ZUEA I H = A R S AE Cry Ni S B S RaaHng s, 5 H e
ALl B, XS RTERR IR = I s DR T, FEBEYR B Hubg 1) & el i AR 1
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UEAh, 0 IXBRIR S Tl G # H Sty Ba i, JULL Ba 95 i iy oA LR SRR,
XS X A T T SR, Se i Cey SmAHXTE4E, 1M K. Rby Thy Tas
Zrv HEV Tiy Cry Ni WIERILN: Uik LW BIAR Ry, i itoo = M %R
TCRRIAANT T8 MBI R E W A AR N, K12 A G R R im0
TCEE N & AR o 1K — 7 T R WK IR 2 (1 s AL IR 5 A AR AR B IR 4 1) 8 e el ¥
IR IR M BT 2R, SO0, WX DL Sry Ba B AR
A Cry Ni 5 miARCL T DU B4 B LA PR R IR 5, S PRI B AR
JALE R BRI AT — e AL A

4.2.3 BT IUEHE

WX M T R &' G RS HOH 4 R TR 4-3, Bt e ERRLR
FRRAEAL IR R LR 4-3, 1 4-3 R 4-3 0] LLE H W R R A .
*4-3 BRNMZ GBI XBBREHBLTTEAE (x10°)

B DGgx-3 = DGLt-2 | YJZt-3 = YJZt-4 YJZT-7 | YJZT-10 = YDxtO-3 | YDXtO-4 = YDHtO-4

La 1.770 1. 946 5.720 7.190 1.971 1.700 105.432 = 35.458 40. 093
Ce 1. 630 1.711 7.370 6.900 2.720 3.598 208.166 | 78.340 80. 887
Pr 0. 300 0. 353 0.910 1. 480 0.331 0.498 25.151 10. 512 10. 130
Nd 1. 320 1. 421 3. 600 6. 950 1. 360 2.279 95. 713 45. 450 40. 851
Sm 0.230 0.299 0.600 1. 400 0.283 0. 441 15. 963 11.539 8. 113
Eu 0.070 0. 187 0. 280 0.410 0. 091 0.176 3. 089 1.977 1.793
Gd 0. 300 0.311 0. 490 1.610 0. 301 0.411 9.874 12.399 7.385
Tb 0.078 0. 051 0.111 0. 275 0. 053 0.061 1.152 2.487 1. 295
Dy 0.270 0. 350 0.470 1. 480 0. 353 0.367 5.474 16. 566 8.441
Ho 0.090 0.079 0.130 0. 350 0.089 0.086 0.975 3.471 1. 697
Er 0.230 0.253 0.540 1. 060 0.310 0. 256 2.703 9.482 4.773
Tm 0. 060 0.036 0.170 0. 190 0.059 0.036 0.395 1.435 0.682
Yb 0.220 0.217 1. 230 1.000 0. 485 0.230 2.601 8.735 4. 080
Lu 0. 050 0. 037 0.230 0. 190 0. 094 0. 044 0.394 1. 244 0. 567
LREE 5.320 5.917 | 18.480 @ 24.330 @ 6.757 8. 692 453.515 | 183.276 | 181.867
HREE 1. 298 1.335 3.371 6. 155 1. 744 1. 490 23.570 55.820 28.921
LREE/HREE = 4.099 4.433 5.482 3.953 3.874 5.832 19. 241 3.283 6. 288
> REE 6.618 7.252 | 21.851 | 30.485  8.501 10. 182 477.085 @ 239.095 & 210.788
6 Ce 0.495 0.463 0.707 0. 484 0. 745 0.930 0.944 0. 965 0.943
6 Eu 0. 809 1. 851 1. 522 0. 827 0. 942 1. 239 0.695 0. 499 0.691

FE M FOR 2 3 B R S A 7 5t ] 2 o e S S BRI 2D 5 0 A s
5 ICP-MS; RS IRRAEAL EARFIE R 4-1 Hiiids BRRIES A (EH CT by
\{& o
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IR, Bu' B SO T Bu’ o R0 A s $1 Ce RHFIT Ce S
AL U S A B JE TR A ™ ™ DRI, 7 R B A I 22451
JWE T R BRI SR AR AR TR T AL R ST B 4E G R,
A L S5 ST R 10 R A T 8 A R T e SRl BRI B M A 1 5 A0 AR
S YR P T R U TN R M U X

B SRR

—TYDXto—4

424 C. O B IZ=4FE

BRI A Cy O AL ZRAIASE KA T3 4-4. i 4-4 w] L
R 44 MFEIZ SN X PR . 0 AL ALK (%)

g DGgx-3 | DGLt-2 | YJZt-3 | YJZt—4 | YJZt-7 | YDHto-4 | YDXto-3 | YDXto—4
8 “Com%o 1.4 1.1 2.2 -0.1 0.2 0.2 1.8 -1.1
8 g1 %o 33.9 29.9 25.8 30.8 25.6 34.8 33.8 25.9
8 “Om%o =7.2 -11.1 -15.0 | -10.2 -15.2 6.4 -7.3 -14.9

e AR BT b R AR A BRI ST (R 3R T sk FE AR R 4-1.

FAI S "Con%o (N T 1. 8~—2.2 Z[A], 8 "OunXolE 4T 25.6~34.8 2
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