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Characteristics of primary halo and evaluation of deep mineralization along
No. 60 vein zone of Baiyun gold deposit
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Abstract

The Baiyun gold deposit occurs in the Liaodong-Jinnan rift zone at the eastern end of the North China plat-
form, being a representative deposit in the Paleoproterozoic metamorphic strata in eastern Liaoning area. The
No. 60 vein zone is the buried largest orebody in this area. It occurs near the contact interface between biotite
schist, biotite granulite and marble, and is mainly controlled by the nearly EW-trending interlayer sliding struc-

ture. The maximum extension is 1240 m, the dip extension is 600 m, and the average grade is 3.82x10™°. In order
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to evaluate the deep ore-prospecting potential of No. 60 vein and guide deep ore-prospecting, the authors collec-
ted primary halo samples along the tunnel and drill hole of No. 60 vein to study its geochemical zoning characte-
ristics and further evaluate its deep ore-bearing property and ore-prospecting direction. The study of the characte-
ristics of the primary halos shows that the main elements of the leading halos in the Baiyun gold deposit are Hg,
Sb and As, the near-halo elements are Au, Cu, Pb and Zn, and the rear halo elements are Co, Mn and Mo. The cen-
ter of the gravity method was used to determine the vertical zoning of The Baiyun gold deposit, which is in down-
ward order of CR-Mn-Ni-F-B-SN-AS-W-Au-Mo-Cu-SB-PB-AG-Co-Zn-BI, the primary halo model of the 60
pulse zone of the Baiyun gold deposit was constructed in combination with the zonal characteristics of elements,
and the geochemical parameters of the accumulated ratio of the leading and trailing halos were established. In the
shallow part of the mining area, the front and tail halos are superimposed upon each other, corresponding to the
orebodies that are now under control. In the depth, the superposition of the fore and rear halos and the strong
anomaly of elements in the leading halos appear again, indicating the existence of blind orebo-dies in the depth.
Through the study of the characteristics of the primary halo zoning, four deep prospecting target areas were de-

lineated, which are within the range of —400m elevation, —800 m elevation, —1000 m elevation and —1200 m ele-

vation respectively between No. 056 and No.064 exploration lines.

Keywords: geology, primary halo, leading edge halo, evaluation of mineralization, target prediction, Baiyun

gold deposit
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Fig. 1

Geological map of the Baiyun gold deposit (modified after Wang et al.,2018)

1—Quaternary; 2—Gaixian Formation of Liaohe Group; 3—Dashiqiao Formation of Liaohe Group; 4—Diorite porphyrite; S—Quartz porphyry;

6—Granite-porphyry; 7—Quartz vein; 8—Potassic zone; 9—Lamprophyre; 10—Reversed syncline axis;11—Schistosity attitude;

12—Fracture and its serial number; 13—Quartz-vein type orebody and its serial number
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Table 1 Statistic table of element content in geological body

Ho i Ve B RO B bREEEES) BRECY)  WEGY ORI RME
Au 45 1235 340 1680 1 0.2 5000 1
Bi 45 0.55 0.34 1.06 1.91 0.3 7.08 0.15
Hg 45 0.05 0.04 0.01 0.28 0.1 0.08 0.03
As 45 24 6 42 2 4 162 2
Co 45 12 11 6 1 0.6 41 6
Cr 45 70.5 68.2 9.75 0.14 0.3 92.7 58.8
Cu 45 67 26 157 2 0.3 1022 7
Mn 45 285 261 140 0 0.9 782 101

. Ni 45 39.87 35.7 10.08 0.25 0.2 67.4 30.1
Pb 45 25 15 41 2 1.1 267 5
Zn 45 70.78 49.6 91.94 1.3 0.9 631 22.2
Sn 45 4.07 4.03 0.65 0.16 0.9 532 3.07
Mo 45 2.43 2.38 0.96 0.39 1 7.5 1.49
Ag 45 2.37 0.53 4.35 1.84 1.2 19.05 0.07

45 84 64 58 1 0.5 210 16
F 45 720 672 254 0 0.3 1755 315
w 45 8 6 5 1 0.1 22 1
Sb 45 3.11 0.67 8.4 2.71 0.4 50 0.31
Au 148 6.63 1.07 27.36 4.13 5.8 23.8 309
Bi 148 0.24 0.19 0.12 0.51 0.2 0.1 1.15
Hg 148 0.04 0.04 0.01 0.3 0.3 0.1 0.08
As 148 13.96 3.66 32.38 232 5.5 12.8 200
Co 148 9.27 8.66 4.55 0.49 0.8 0.4 29.5
Cr 148 76.52 72.75 19.68 0.26 0.6 0.2 210
Cu 148 19.29 16.9 8.91 0.46 0.3 0.1 46.5
Mn 148 392 226 437 1 1.8 2.1 2654

o Ni 148 43 38 14 0 0.1 0 95
Pb 148 13 12 5 0 0.9 0.4 38
Zn 148 47 45 26 1 1.1 0.6 265
Sn 148 8 5 9 1 7.1 7.5 42
Mo 148 3 3 3 1 3.1 2.6 23
Ag 148 0.7 0.2 2.2 32 23 7.3 20

148 76 47 93 1 0.3 0.3 872
F 148 1135 982 534 0 0.5 0.2 3409
w 148 2 1 3 1 35 4.8 19
Sb 148 1.2 0.3 4.6 39 10.2 39.3 50
Au 92 31.16 6.09 71.63 23 3.8 8.7 500
Bi 92 0.31 0.21 0.22 0.7 0.8 0.6 1.28
Hg 92 0.05 0.04 0.01 0.29 1.1 0.3 0.08
AL As 92 30.67 5.25 55.72 1.82 2.3 4.2 200
Co 92 10.96 10.5 6.07 0.55 0.6 0.3 38.2
Cr 92 82.17 75.65 36.18 0.44 0.5 0.2 354
Cu 92 21.63 16.65 15.51 0.72 0.7 0.5 95.5
Mn 92 359 264 268 1 0.5 0.4 1452
Ni 92 43 40 14 0 0.6 0.2 88

FE P A B R KB e/ METC R B0 : Au Ty 107 AT 107,
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Continued Table 1
Hb A IR BEaBuA CFEEX) ) REE2ES) B RE(Cy)  WE@E)  mORE BUIME
Pb 92 48 16 190 4 0.04 0.2 1402
Zn 92 112 55 384 3 0.5 1.7 3612
Sn 92 5 4 6 1 0.6 0.7 43
Mo 92 2.74 2.39 1.31 0.48 0.03 0 9.87
bt Ag 92 1 0.24 257 2.58 22 5.7 18.69
B 92 79 69 60 1 0.6 0.5 276
F 92 744 766 296 0 0.5 0.2 1826
4 92 3.92 2.12 4.34 1.11 0.9 1 272
Sb 92 211 0.46 7.45 3.54 2.6 9.2 50
Au 21 2.8 0.98 4.07 1.46 1.3 1.9 16.5
Bi 21 0.25 0.19 0.16 0.63 2.1 13 0.82
Hg 21 0.04 0.04 0.01 0.22 0.1 0 0.06
As 21 4.16 2.41 5.03 121 0.7 0.8 25.4
Co 21 19.65 16.7 11.23 0.57 0.2 0.1 46.2
Cr 21 132 98 76 1 0.2 0.1 310
Cu 21 29 29 13 0 0.7 0.3 48
Mn 21 410 294 215 1 0.7 0.4 765
— Ni 21 78 56 48 1 0.9 0.6 216
Pb 21 16 13 10 1 0.3 0.2 46
Zn 21 61.71 61.9 15.58 0.25 0.05 0 92.6
Sn 21 5.1 42 4.7 0.92 0.5 0.5 25.39
Mo 21 2.46 2.12 1.15 0.47 0.4 0.2 6.94
Ag 21 0.2 0.15 0.14 0.71 0.02 0 0.57
B 21 119 70 208 2 0.3 0.5 1000
F 21 1316 1291 509 0 0.3 0.1 2477
4 21 2.13 1.38 1.55 0.73 0.2 0.1 6.41
Sb 21 0.53 0.31 0.79 1.5 0.5 0.8 3.92
Au 526 83 5 421 5.1 18.1 91.6 5000
Bi 526 0.37 0.32 0.23 0.6 0.7 0.4 221
Hg 526 0.04 0.04 0.01 0.3 0.1 0 0.08
As 526 17 3 42 24 15.9 38.5 200
Co 526 15.07 14.2 5.99 0.4 0.005 0 46.1
Cr 526 83 79 31 0.4 1 0.4 576
Cu 526 33 28 25 0.7 0.1 0.1 356
Mn 526 318 266 188 0.6 0.6 0.4 2564
LA =tk Ni 526 46 41 19 0.4 0.2 0.1 315
R Pb 526 23 17 58 2.6 0.5 13 1254
Zn 526 79 68 95 12 0.9 1.1 1889
Sn 526 4.16 4.09 1.49 0.4 2.7 1 33.3
Mo 526 2.5 233 1.22 0.5 2 1 20.84
Ag 526 0.59 0.17 1.91 3.2 8.3 26.6 20
B 526 77 52 84 1.1 0.9 1 1000
F 526 836 801 245 0.3 0.4 0.1 2189
w 526 4 2 13 3.5 1.4 49 299

Sb 526 1.05 0.38 3.37 3.2 11.1 355 50
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Related pairing connection table
Cr——-Ni 0.783 Co——Cr 0.577 Cu--Zn 0.557 Cu--Pb 0.549
Cu--Sb 0.500 As——Ag0.355 As——Cu0.345 Sn--B 0.282
Co--Mn 0.255 Sn-—Mo 0.244 Au--Bi0.232 Au--As0.228
Co—-F 0.213 Au--Hg 0.148 Au--W 0.062 Au--Co 0.021
Au--Sn -0.169
i A K
Pattern
-0.169 -0.069 -0.031 -0.131 -0.231 -0.331 -0.431 -0.531 -0.631 -0.731 -0.831 -0.931 1
‘ l ‘ I [ l l I I I I I I Cr
—_
- Co
Mn
F
Au
Bi
As
1 dg
Cu
4[{ Zn
Pb
L Sb
Hg
\
Sn
i B
Mo
l T T T T T T T T T T T )
-0.169 -0.069 -0.031 -0.131 -0.231 -0.331 -0.431 —0.531 -0.631 -0.731 -0.831 -0.931 1
K2 RESRISHTIE
Fig. 2 R-type cluster analysis diagram
R2 TERESTE—HEE
Table 2 List of elemental concentration zoning
SHTFR  Cu Pb Zn As Sb Hg Co Cr Ni CutPb+Zn As+Sb+Hg Co+CrNi
C, 40 25 80 10 5 0.05 18 100 60 0.4 0.3 0.6
2C, 80 50 160 20 10 0.1 36 200 120 0.8 0.6 1.2
4C, 160 100 320 40 20 0.2 72 400 240 1.6 1.2 2.4
SETHR  Au Ag w F Mo Mn Sn Bi B
C, 25 0.5 5 1100 3 600 5 0.5 120
2C, 50 1 10 2200 6 1200 10 1 240
4C, 100 2 20 4400 12 2400 20 2 480

T Au AN R 107, HAILE M 107,

I S AR 2 S N R AR BUOC N, LR A3 i, X
LR AR 20 R

(2) Au Ag . Pb LR EW K L i (TR
B Au il Ag TCRIREE i 45 52 8, H S %
WRE. PoILRFHIET AT | THH L, 75 o8
JEE AT AR TR B g 348 o 522 ik s 4

(3) Mn.Co Mo JLE TEW 1R T HF1 B84 7

o MoTCREN KL o U FEA 28, (HE T
K EB S BN A i B K, Co . Mn G
FALTEW R A Sl R SRR
B Sl S T 50 o RS Lk, 45
IR o A R R S SR DG R M ST T
ZILE M As Hg .Sb, L #ICE N Au.Ag.Pb, B %
JGZ N Mn.Co . Moj;
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Fig. 3 Zonation of primary halo from the geological section along No. 056 exploration line

(4) Xl %2 50 2= RBEITR ST R
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BRI B E TR BN A =R oA
THARRER . Mg EIcR S5 REEICRIETEM
FEAS 20 5 5 R N R oA TR RS, Ui
WARRIH U &R IC R o mili ., FiRITRGE
i A W) 72 B 1 48 75 0 1A (9 £ 7E ( Beaudoin et al.,
1987).
32 RESRERS TR

Ji AR Ay MR T R A Y i R —
(Grigoryan, 1974) , JF A= 2l [m] 43717 13 1) A9 12 S i

ARl DESE B E BN A (FF LSS, 1994) . C-B-
A6 HURS BB 0 8 B a2 43l R A R B T —
ERR (SR 2825, 20065 Chen et al., 1998 ; 1 14 #%
25,2007) o FNFF RS (1994) $2 H 4015 18 Kot 0y
B FHTR S EEUTR e — P BRI g
A 53 H B e AR 2 TT R AE 3l e 9 v (R B Ao
B IFAE O R E TR 0] i R A . EO A
Tz N IS T 8 HRROR (18 07,2016
KR BHF-7745,2019) .
ZEHSE(2010) 0 = &0 K 15 Bk 2 5 bkaitk A7
DA IR SN B LS g (7 N 1 o N = Sl N
Hg.Sb(B.F.I,Ba) . As—>Pb—Zn, Ag—Au, Cu—
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FLETE AR
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_ izl
i=1

Krp My B ih B SR TR A &R E b
MBS L H O TR R R E
Lo HH KRNG5 o A5 1 i 28 o3 ol
45 % . Cr-Mn-Ni-F-B-Sn-As—W-Au-Mo-Hg-Cu-
Sb-Pb—Ag-Co-Zn-Bi, 45 R . 7 BHA “ [ 41 7 1)
FRAE o B4 R AE — B AR M — Wk ™ sk —
A T 1E B B TR AR = ok A R, R L, 22
45 (2006 ) 3 3o BF 58 K R AL G 0 R B0 TR
AR BN AR 1 & # . Sk #8h Cr-Mn-Ni-
F-B-Sn-As, %t A Mn B & LK , WH As E /i &% &
JCE X SR B R AHAR A 2 AN AR Y Sk S R
LWL, TR T E W-Au-Mo-Hg-Cu-Pb, BE A5 i i %=
Cu.Pb L% ,JF A Hg SbAT&ZE L&, b B %
Mo TR W TR SH& TR BEMWNEH U
WA IR Sl 22 R B 5 2 9 JC %= i Ag-Co-Zn-
Bi, MA LN % Ag.Zn . Bi LR , LFRE LR

H,

J

Co, K B ALY & RBEITR, WWHI KN Z
WK
33 BEERT HEER

Fl 2z 207 IR 60 5 ik ™ 45 52 2% (] ik B Ak e 1ok
Ay i, B 2 B 2 B BOS RRAE MR E 1
A3 BT B HiER A 2 B RN PR M SCRRAE , 45 A T
FIRIEFE IR, B T s 4 07 5 AR 2 b ek b 2 A
R 4), 258 F 60 5 ko 52 B A 2Rk, 60 5 ik
NN IAA A C RIS (Hg Sb As) (JE#”
% (Au.Ag.Cu,Pb.Zn) fl & % (Co.Mn Mo) . A
F, SCZH KT 60 5 ik ) R A R 2w N R R 1
AN AR R A B RS /N T SR T R, R R
2% 5 B R B2 & s E & I —# 4y,
BB A 2 X R R AT B T T 1 AR R
T & E W & J0E N Au.Cu.Pb. Zn, 7E W 1K 1Y
SRR W N e N R B S MRS 2 S8
FEICE A Hg (SboAs, TEH Ak B W ik 5,
R N R RE VT RREEITR EE R Co.
Mn. Mo G & , 7 i fE 0 1k R W, 2 ARy 5
W5 Fhn) H b 2 50k (As+Hg+Sb ) /( Co+Mn+Mo ) JG
RE WA, 9 AT &zt K, J5 Bk /)
RIF IR (£ 4),

605 K IR L= S EUE N B3R A LA
LT R T, TR A5 2 AF (1999) BFAY
Ay Bl ) b AL S ECB AR, FR R BRI AT B A 19
TNIEfER

®3 JPRTELXEEE

Table 3 Elemental metal content at each level

bR /m Au Bi Hg As Co Cr Cu Mn Ni
160 94609.0 0.8 0.02 149.2 69.5 1906.5 1167.8 6736.3 753.1
100 12930.0 11.4 0.09 2694.4 14.5 937.9 675.9 8477.5 482.7
40 34401.0 1.4 0.07 3758.7 49.7 1413 9545.3 3167.6 559.6
-20 40270.0 15.0 0.27 2615.0 110.8 74.7 636.7 541.0 145.7
-80 108329.2 923 0.06 789.2 221.0 140.3 5826.4 1865.0 176.1

R /m Pb Zn Sn Mo Ag B F W Sb
160 198.1 449.0 26.3 0.5 722 125.3 7054.2 90.0 63.2
100 254.7 143.2 488.9 204.8 55.5 1823.4 5922.2 4.7 210.7
40 13871.2 9374.3 81.7 38.3 123.0 75.0 4815.2 37.2 825.9
-20 3528.6 5654.0 508.0 376.0 346.8 1600.0 5845.4 533 739.9
-80 8900.4 11312 523 56.8 280.5 53.9 4231.6 85.2 487.6

TE: Aufpfii 107, HARJLR A 107,
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Fig. 4 Model of metallogenic and halo formation in the Baiyun gold deposit
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Table 4 Element accumulation ratios of front halo/rear halo

i H 1 2 3 4 5 6 7 9 10 11 12 13 14 15 16
bR /m 142.1 1184 933 72.6 603 506 23 -97.8 -111 -132.6 -151.2 -1614 -171.4 -1814 -218.1 -2232
(As+Sb+Hg)/
L. 05 1.09 1.05 257 216 1.02 1.57 0.6 0.53 2.08 7.36 1.81 1 4.2 1.64
(Co+Mn+Mo) b

4 B IRIRES S A PRI A4 T

4.1 REBBETHEEM

7 R S B b B T R R
JCEXT L AE R T2 93 B S5 S8 (2= L 1979;
ABER, 1997), il 45t LA T JL s 487

(1) ZE0 AL B As S T A 5%, 720
R Au Pb Cu S ST R W h N SR TR
KRR AT E Co . Cr Ni X H B i R, 36
AR BT 0 S AN A R AR TR HES
M FE A R R B T As Sb It & iy N A &
B UL AT B A B 0 R AR i BRI
ARG

(2) TEZH R AYLF As . SbkE 0% K He Hii 4

FIUR BRI, FR B EFITE Co.Cr NI 5
LB, B 5 F= AR TR R R R S A Sk
RBaEITEMEMMNE, I H Avc R B &, For
SO B AR AR B R B AR 3T

(3) HRER(1997)K FH T JC 2 1 i B sl F ok
FRBORVEM S5 U T 387801 o Nigel (1999)7F
Ni-Cu-PGE Ak ¥4 X 1 FH [(Ni / Cr)x(Cu / Zn)]JG
R IESATIEN , TS S AR i 1 A8 24 K
e, XTHIZOUER As Hg .Sb 5 EFICE Co . Mn Mo it
7 2Mm it & 59 (As+Hg+B)/(Co+Mn+Mo) [
B, RRATG R TR L BRE T RIRERE X
H B, TR AFAE B A I T RE M B K, i Z TR
TRAEAE B AT Rt/ (PR 1L 4E L 2008 5 7 A% 5L 55
2013) o MW k- h— 8" B — B 2 1 4 i LA
oo mEm o RA TR R SN, 18R R ER
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