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Abstract

The Longkou-Tudui gold deposit is tectonically located in the northeastern margin of Jiaolai Basin, the
southern segment of Jiao-Liao-Ji tectonic belt, and the southeast margin of North China Craton. The study area
has been intensively explored since many years ago, but the source of ore-forming fluid and metallogenic mate-
rials is still debatable and controversial, which seriously restricts the study of metallogenic mechanism and further
exploration. In this paper, various analyses including trace element geochemical characteristics and C-H-O-S iso-
topes of calcite veins and other minerals closely related to mineralization were carried out, and the fluid geoche-
mical characteristics and genesis of Longkou-Tudui gold deposit were discussed. The trace element analysis
shows that the contents of Fe and Mn in different types of calcites are variable. The calcites formed in the main
metallogenic period have the highest w(Fe+Mn) (114 070x107°), but the marbles from the Jingshan Group have
the lowest w(Fe+Mn) (3971x10°°), and the w(Fe+Mn) values (5410x10°°) of barren-calcites is between the former
two. The 8"C,,, values of barren calcite samples are between —6.90%o0 and —0.19%o, and the 'O,y values are
between 5.38%o and 12.15%o. The 8"C,p; values of calcite samples bearing ore are between —8.56%o and —6.41%o,
and the 8"0g,y value is between 8.66%o and 10.61%o. The 3“C,,, values of marble samples of the Jingshan
Group are between —3.83%o0 and —6.73%o, and the §'*Og,,,, values are between 14.39%o0 and 16.28%o. The C-O
isotopic compositions of calcites indicate that the barren carbonate veins were formed in the multiphase system
involving granite and mantle, and the ore-bearing carbonate veins were formed in a multiphase system invol-
ving igneous carbonate and mantle. The hydrogen and oxygen isotopes of quartz and calcite are D, ., =—51.5%o
to —119.9%o and 5'"°O

tic water, and may also have involved both meteoric water and strata water. The §**S values of sulfides in the ore

vaer =0.6%0 to 7.81%o, respectively, indicates that the ore-forming fluids were mainly magma-
range from 8.5%o to 12.7%o, and the sulfur isotopic compositions show a significant normal distribution. The
enrichment of *'S represents the isotopic compositional characteristics of crust-derived sulfur. Together with the
regional metallogenic and geodynamics setting, it is considered that the Longkou-Tudui deposit is a magmatic-hy-
drothermal related, structure-controlled, altered rock-type gold deposit, and the fluids came from the multiphase
system with a mixed source of mantle and crust. Finally, a metallogenic model is established based on the compre-
hensive metallogenic conditions revealed in this study. The results highlight that the Fe+Mn enriched geochemi-
cal characteristics of carbonate veins may possibly indicative significance for gold prospecting. Overall results
from this study can provide new scientific basis for the deep and peripheral prospecting of gold deposits in the Jia-
odong region.

Keywords: geochemistry, gold deposit, ore-forming fluid, ore-forming materials, Fe-Mn elements, carbonates
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Fig. 1 Geotectonic (a, after Li et al., 2010) and regional geology (b, modified after Geng et al., 2020) map of northeast margin

of the Jiaolai Basin

1—Quaternary sediment; 2—Laiyang Group conglomerate; 3—Metamorphic rocks of Jingshan Group; 4—Intrusive rock; 5—Early Yanshanian

granite; 6—Late Yanshanian granite; 7—Late Yanshanian dikes; 8—Ductile shear zones; 9—Fault / Structure; 10—Gold deposit;
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Fig. 2 Geologic map of the Longkou-Tudui gold deposit in the northeastern margin of the Jiaolai Basin
(modified from Zhao et al., 2019)

1—Quaternary; 2—Qugezhuang Formation of Laiyang Group; 3—Longwangmiao Formation of Laiyang Group; 4—Shuinan Formation of Laiyang

Group; 5—Douya Formation of Jingshan Group; 6—Marble of Dingguosi member of Yetou Formation of Jingshan Group; 7—Xiangshan granulite
section of Yetou Formation of Jingshan Group; 8—Guangshan marble section of Lugezhuang Formation in Jingshan Group;
9—Anjicun schist section of Lugezhuang Formation of Jingshan Group; 10—Qiujia unit-monzogranite;

11—Muniushan monzogranite; 12—Fault/ Structure; 13—Deposit
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Fig. 3 Photos of calcite (carbonate) with different occurrences intunnels and cores from the Longkou-Tudui gold deposit

a. Thin calcite veins with coarse-grained pyrite; b. Thick calcite veins with coarse-grained pyrite; c. Thick calcite veins with fine-grained pyrite;

d. Thin calcite veins with coarse-grained pyrite; ¢. Thin calcite veins with spotted pyrite; f. Jingshan Group marble
Py—Pyrite; Kfs—Potash feldspar; Cal—Calcite; Qtz—Quartz; Chl—Chlorite
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Table 1 REE analytical results of calcite (carbonate) from the Longkou-Tudui gold deposit (w(B)/107%)
s /S Paval REETr it KELE
XT002 XTO003 XT005 XT006 XT007 XT001 XT004 XT008 XT009 XT012 XTO013 XT010 XTO11
La 8.39 8.07 5.52 2.63 5.99 57.4 4.59 7.61 17.7 14.4 10.8 4.19 1.69
Ce 24.9 24.4 19.0 8.54 20.4 100 10.5 18.3 29.2 28.3 26.8 6.59 2.83
Pr 4.14 4.16 341 1.59 3.75 12.1 1.44 2.58 3.33 3.35 3.56 0.67 0.27
Nd 21.3 22.0 18.8 9.02 21.1 48.5 6.51 11.3 13.2 13.3 15.0 2.40 0.87
Sm 9.77 10.1 9.07 4.90 11.2 9.61 1.66 2.76 2.85 3.50 3.51 0.39 0.13
Eu 3.40 2.81 2.90 1.17 3.22 4.26 0.86 2.31 1.30 1.72 2.70 0.15 0.03
Gd 16.9 15.5 13.1 7.91 17.9 9.06 1.73 2.72 3.04 3.75 3.47 0.45 0.11
Tb 3.55 3.16 2.43 1.66 3.64 1.32 0.27 0.41 0.44 0.54 0.53 0.07 0.02
Dy 21.4 18.6 12.9 9.61 21.0 6.67 1.46 2.11 2.08 2.51 2.72 0.45 0.11
Ho 4.26 3.66 2.27 1.89 4.08 1.12 0.28 0.37 0.35 0.41 0.47 0.11 0.02
Er 11.8 10.2 5.69 5.24 10.9 2.50 0.70 0.88 0.78 0.92 1.13 0.36 0.07
Tm 1.91 1.69 0.86 0.91 1.72 0.30 0.10 0.11 0.10 0.12 0.14 0.05 0.01
Yb 12.5 11.6 5.37 6.58 10.8 1.55 0.61 0.66 0.55 0.65 0.76 0.32 0.07
Lu 1.86 1.79 0.74 1.07 1.60 0.21 0.09 0.08 0.08 0.09 0.09 0.05 0.01
Y 123 105 67.0 49.0 119 38.8 10.1 12.6 14.7 14.4 17.8 5.98 0.82
ZREE 146 138 102 62.7 137 254 30.8 52.2 74.9 73.6 71.7 16.3 6.24
LREE 71.9 71.5 58.7 27.9 65.7 232 25.6 44.9 67.6 64.6 62.4 14.4 5.82
HREE 74.2 66.2 43.4 349 71.6 22.7 5.23 7.34 7.41 8.98 9.31 1.87 0.42
LREE/HREE 0.97 1.08 1.35 0.80 0.92 10.2 4.89 6.11 9.12 7.19 6.70 7.71 13.9
(La/Yb)y 0.48 0.50 0.74 0.29 0.40 26.6 5.43 8.30 233 15.9 10.2 9.45 17.8
SEu 0.81 0.69 0.81 0.57 0.70 1.40 1.54 2.58 1.35 1.45 2.37 1.12 0.76
5Ce 1.04 1.03 1.07 1.02 1.06 0.93 1.00 1.01 0.93 1.00 1.06 0.96 1.02
T WAL 1,
R2 RO-THSTKRGTHAOEBE)BETESTER (wB)/107)
Table 2 Trace element analytical results of calcite (carbonate) from the Longkou-Tudui gold deposit (w(B)/107)
414 I8 A (IS Paval AR B
XTO001 XT004  XT008  XTO009. XT012 XTO013 XT002  XTO003 XT005  XT006 XTO007 XT010  XTOI1
Rb 0.46 0.09 0.44 0.34 0.77 0.45 0.28 0.44 0.65 0.26 0.43 0.24 0.26
Ba 1800 90.1 34.7 104 1100 38.4 16.7 11.5 12.0 8.29 8.02 12.2 212
Th 0.08 0.01 0.09 0.05 0.15 0.08 0.57 0.78 0.06 0.48 2.99 0.02 0.02
U 0.23 0.01 0.01 0.49 0.17 0.01 0.10 1.16 0.45 0.34 0.46 0.01 0.01
Pb 15.5 38.4 4.71 5.15 28.8 4.35 6.99 7.54 5.21 5.00 2.62 2.43 9.84
Sr 2980 763 1470 1970 1140 1590 184 232 261 184 200 208 276
P 21.9 16.2 42.8 12.6 48.1 41.7 18.1 16.8 21.2 21.3 223 15.6 12.4
Zr 0.03 0.02 0.01 0.01 0.11 0.02 0.02 0.03 0.03 0.03 0.03 nd nd
Hf nd nd nd nd nd nd 0.01 0.01 0.01 0.01 0.01 nd nd
Ti 0.98 0.92 0.60 0.34 1.68 1.44 0.79 0.33 0.69 0.34 1.01 0.26 0.36
Mg 5910 592 67900 1540 76700 82500 74400 74700 72400 87700 71000 119000 124000
Fe 9650 3580 58800 3750 74100 90000 97200 79800 98200 92700 108000 5290 3680
Mn 10700 1830 2200 5380 3220 2850 5570 5890 5170 13000 6070 842 291
Co 2.13 0.91 8.55 0.81 22.8 17.6 0.59 1.12 1.79 0.74 0.90 0.80 0.66
Zn 1.23 1.28 50.9 0.56 75.1 62.2 11.3 11.5 7.12 8.68 8.99 5.53 9.36
Ca 994000 391000 184000 379000 232000 208000 200000 195000 196000 213000 201000 270000 252000

T “nd"FRR TR



K4 Je - T HES D RA R RO A (R 1E 28 ' s
a. ANE I A K . B AR AR T A K o RN B A IR, A R s d O A Ak (R R D )
Py— 8 ; Dol—H &A1 ; Cal—J7 fi# 47 ; Qtz— 41 & ; Chl— 4% I A1

Fig. 4 Orthogonal polarized light microscopic photos of calcite (carbonate) with different occurrences from the Longkou-Tudui

gold deposit

a. Calcite veins without mineralization; b. Calcite veins with fine-grained pyrite; c. Calcite veins (a high degree of automorphism) without

mineralization; d. Calcite veins with mineralization (agglomerate calcite)

Py—Pyrite; Dol—Dolomite; Cal—Calcite; Qtz—Quartz; Chl—Chlorite

TR LR 1, &AM 4 oo R 4
TERIE 2k 11 =40 ZREE N 62.72x10°°~146.08% 1076,
S 117.18%1076; 8Eu fE A 0.57~0.81,F 14 0.72;6Ce
{8~ 1.02~1.07, 17 1.04; LREE /HREE {4 0.80~
1.35,°F-171.02; (La /Yb) [} 0.29~0.74, 11 0.48;
(La /Sm)\ff } 0.35~0.55, -1 0.43; (Gd /Yb) fH K
0.99~2.02,°F-11.32,

{56 )5 it 41 TREE 4 30.79x107°~254.59x 107,
347 92.97 x107°; 1E Eu 5 & Bl &, SEu {H & 1.35~
2.58,F-11.78;8Ce fH 1 0.93~1.06, 14 0.99; LREE
/HREE {8 & 4.89~10.21, - 7.37; (La/Yb)  {H N
5.43~26.56,F1) 14.95;( La/Sm)\ {8~ 1.78~4.01,F
$72.68; (Gd/Yb)fH K 2.36~4.84,°F-1413.96,

IR 1L KB SREE 8 6.24%107°~16.26 %107,
FH4111.25%107°; 8Eu fH 4 0.76~1.12, F-$4 0.94; 5Ce
i 4 0.96~1.02, ¥4 0.99; LREE /HREE {H K 7.71~

13.91, F 7 10.81; (La /Yb)y {H N 9.45~17.83, F
13.64; ( La/Sm)y 8 N 6.95~8.14, - ¥ 7.55; (Gd /
Yb) (B H 1.17~1.37,F31.27,

B A ARBE A RR) L B R B 0T
RREAE (K S ERW s a BARER Tk
0, A T ER AR AR AL 5 TREE T fi A )
A i - J0 2 & R RRAE 30 LU S5 A
WRIREL 7 A e R e B — 3k
412 MEITE

Je -2 0 Rk = A AREE Ty il A9l
BRI AT MMEITR ISR (R2) Ko
A1 WY w(Ba) A (8.02~16.7) x 1076 ; % B 75 fit 41 Y
w(Ba)} (34.7~1800) x 1076; F8] LI K FHL A w(Ba)
(12.2~212) x10°,  w(Rb) 7E 8k F = 1 H K (0.26~
0.44) x 1076 {8 J5 f# A1 H w(Rb) 2 (0.34~0.77) %
10765 38 111 K H 25 B w(Rb) M (0.24~0.26) x 1076,
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B Z A 1 w(Th)h (0.06~2.99) x 10765 4 )5 i £
o w(Th) 2k (0.054~0.15) x 1076 ; 3 (L i K #L 75
w(Th) 4 (0.01~0.02) x 107, £k = A w(Sr) 2~ (184~
261)x 10705 fIBE J7 fift A1 1Y 0(St) K (763~2980) x 107
IR L1 R H 5 00(ST) M (208~276) x 1076, Kk 21
w(Ti) A (0.03~1.01) x 10755 Ik B J7 f#t 41 w(Ti) N
(0.34~1.68) x 107°; Jf 1L ¥ K 7 w(Ti) A (0.26~
0.36) x 105, £k 1 = f1 " w(Mg + Fe) & (85690~
114070) = 107°; K 8¢ J7 fi% 1 w(Mg + Fe) 7E (5410~
77320) x 10705 ) L1 HE R EE 5 () w(Mg+Fe) by (3971~
6132) %1070, w(Mg)TEER M = A AKEE J7 A F13
L KA 2 51k (71 000~87 700) x 107,
(592~82 500)x 10 F1(119 000~124 000)x 10, w(Fe)
TERR A A0 AREE Dy A7 A L B R 43 31 o
(79 800~108 000) x 107, (3570~90 000) x 107 fil
(3680~5290) <1070, H: V- 241 {H 43 5 & 95 180x107°
39 980x 107 1 4485x107°, w(Co)TERk I 2= A1 AR
J7 fifk A FIR] LU A R B A 5o : (0.59~1.79) %
1076, (0.81~22.8) x 1076 £71 (0.66~0.80) x 1076, - HJ {5
I3 1h 1.03x1076 . 8.80x 107 F10.73x 1076, 1w(Zn)7E 8k
F oz A1 AREE 5 A A R LU A R B 53 300 2R (7.12~
11.5)x1076,(0.56~75.1)x 1076 F1(5.53~9.36) x 1076, H
SEEE S 9.52x1076,31.88x 10761 7.45% 1076, 4k
F A1 AREE T fif A FRFR] LR RS Tt o0 R il A3 A
A (E 6)rI 1, Sr Al Ba A6 IE 54 ,Nb Zr T 5+ o

10 — — Y%HEA
B — RS EA
— Sl BERIA
N2
wn
<
=
Fg
og
0.1
001 L L 1 L L L

42 C-H-O-SEfIZx
42.1 C.Ofi%E

Jo - HE S0 R T A (kR ER) C O Al &R
NI 3 FE 7. ASURAFSE TAE &ai A C ORI
FIERGE R — 50 T2 3, LM Ae 5 31 0k i
5 0 508 5w A5 BT I 50 A A 2 RS,
2019; 5K 8k, 2018; BiMG, 2019) o K EE Jr i A1 AF
813Cppp 1l 1E—6.90%0~—0.19%0 2 [F] , 2 2% 4 6.71%o ,
B BE R, P YA N —4.03%05 8" Ogyow TH TE
5.38%0~12.15%0 Z [0 , & 2% N 6.77%o , i 5l A 4
o, S R 8.28%0; BK 1 = A HE i 83Chpy H
TE —8.56%0~—6.41%0 Z 0] , i} 25 4 2.15%o , 15 HIL T &
I I A —T7.42%0 5 88 Ogpow THLTE 8.66%0~10.61%o
ZIa), M 258 1.95%0 , AR 34 {E 2 9.82%05
FAI LU R BHLA A i 813 C o TH TE —3.83%0~—6.73%0 Z
] L 8" Ogyow 1H TE 14.39%0~16.28%0 Z [f] , 52 WL A
A5(2020) BT 1L Hin DX L AF A 4 B 25 21
—.
422 H-Ofi%E

Jo - HE A R A E- T ff A1 H-O [R3 223005
SER 4, I Dy A RTINS O [l 2R H
A3 1000100 75 g es=3-38(2.78) x 106/ T°-3.40 />
#1154 (Clayton et al.,1972) . P45 R /s A Joke
it 1 8D e, [ TE—119.9%0~—69%o0 , 1% 22 47 50.9%0 , -
P H —104.46%0; 850 yjpera TEL 1E 6%0~14.8%0 , 1 22

La Ce Pr Nd

Sm  Eu Gd

T Dy Y Ho Er Tm Yb Lu

K5 PAAS BRIEALIS T 1M - b G A PR ) 70K D7 A (B RRER) B 1T 3R 70 2 (PAAS o J Kty AR AT 5
#lii McLennan, 1989)
Fig. 5 REE partition patterns of calcite (carbonate) with different occurrences from the Longkou-Tuidui gold deposit after PAAS

normalization (PAAS is post Archean Australian shale, from McLennan, 1989 )



986

2021 4F

A/ R A 08

0.1

0.01

0.001

T

1E-4

1E-5

— Y%Az=h
— REHRA
— JE R

1E-6

RbBaTh U NbTa LaCe Pb Pr Sr P Nd Zr Hf SmEuTi Gd TbDyHo Y Er TmYbLu

K6 e H-b G PRAN R P IRBRERER O i A7) Sct ST R BRI

Fig. 6 Cobweb diagram of trace elements of carbonate (calcite) with different occurrences fromthe Longkou-Tudui gold deposit
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Table 3 C and O isotope analytical results of calcite (carbonate) from the Longkou-Tudui gold deposit

FE S P A Y A1 44 /% 08 24 PR 8"3C /%o 88 0ppp/%0  8"80gy 0/ %0 AR
XT001 +70-101 £ NG A A ~4.25 -24.77 5.38
XT002 +70-10-1,52-1 Ry (F VNS Pavel -7.22 —21.04 9.22
XT003 +70-58-1 /5, TWITA A=A ~6.41 —20.00 10.30
XT004 TF2020-1-465 m Ny eV (S iy Y -3.50 -22.58 7.63
XT005 +10-L8-28-104L 75 25 m %1% U RARA A -8.56 —21.58 8.66
XT006 +70-58-2 54, TR A A ~7.24 -19.69 10.61
XT007 +70-58 45, WA A ~7.69 -20.00 10.29 AL
XT008 TF2020-3-1811 m NGB IR IR T A ~6.90 -23.33 6.86
XT009 +10-L8-28-11 45, NG I IR A -4.79 -20.46 9.82
XTO010 TF2020-3-1361 m il ke -6.73 ~16.02 14.39
XTO11 TF-2020-1-545 m bl e ke -3.83 -14.19 16.28
XT012 +70-28-7 £, AT I A AR EE T A —4.52 —-22.40 7.82
XT013 TFZK2020-3-1764.20 m NEW 7 AT MEE T AT -0.19 -18.20 12.15
LS JIJ:ET’Z Elgﬁ -4.70 -17.70 12.60 Bl 2019
HK JEAT X [EPaya) -5.30 -19.20 11.10
6474 I Ew X A=A -3.60 -20.50 9.80
H179 IRy A=A -4.20 -20.40 9.90
H173 ]\Iﬂﬂ IA [,;'fE -4.60 -20.60 9.60 SR 2018
17B25 IEwIX [Epayat -3.80 —20.00 10.30
B23 LW H=Afi -3.80 -19.90 10.40
17B26 i EAIX [ERaye] —4.00 ~20.00 10.20
17-DLIJ-5 FRXNFEG X [EPaye) -3.10 —20.70 9.60
17-DLIJ-11 RXNEH X H=f -4.00 ~20.40 9.90
17-DLJ-12 RXNEW X Mz —-4.40 -20.70 9.60
17-LK-1 T 1w IX Bl —4.30 -20.50 9.80
17-LK-4 )%EE{I% r,£|§55 -4.50 -20.50 9.70 B918.201
17-LK-6 T T X [EFaya) -4.50 -20.50 9.70
17-TD-5 + T X EPayal +2.40 ~17.60 12.70
LS-2 SE RS [EPaye] -3.50 -20.20 10.10
LS-3 IR IX [EPayd) -3.70 -20.10 10.20
LS-4 Iy X [EFaYE] -3.60 -20.70 9.60

TE: ARG R B B SR A1 A
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Fig. 7 C isotopic characteristics (a) and 8"C,ps-8"*Og,0w diagrams of calcite (carbonate) with different occurrences

from the Longkou-Tudui gold deposit (b, base map is from Taylor et al., 1967)

8.8%o, “F- 4111 11.08%0 (Tan et al., 2015) , §'80,,., [
{EL7E 0.6%0~7.81%o, t 25 N 7.21%o , V- 341 {H 4.57%o-
07 f# AT FE S 8D e, TH 7E—70.7%0~—44.9%0 , B2 72 K
25.8%0, V- Il —55.18%0 5 81300t T 1E 9.3%0~10%o ,
224 0.7%0 , FIIME 9.6%00 880, e HITELTE 2.26%0~
2.96%0 , M2 2% 4 0.7%o , “F-H4I{H 2.56%0
423 HRFENME

WX EZ ALY BRI R, R

BB ST W AR RV R R T 15 R0 A s gk
LN SR i A 1 K A o L S T
838 W (B A2 Ak i BB AR /N (R 5) |, F 8.5%0~12.7%0 2
], 2P Y {H M 10.35%0, VLB R IR T 5 — . 2Bt
B 1 84S {H N 9.7%0~10.6%0, Ff i SK5(Tan et al.,
2015) 1 XTS-12 (A (it =5 , AT BESE TR Ak 2 454
1) SR BB AR AT A o R 22 B8ORE  A E T) o7 28 4 2
4 TE 2540 A (8] 8a~c ), L3S B 8 JHHIF

R4 EO-IHET RER-FRAESERMLRAR

Table 4 Hydrogen and oxygen isotopic compositions of quartz and calcite from the Longkou-Tudui gold deposit

FE i WX (R} TR B B T 3D, e/ %0 380, el %0 81801/ %0 A AR

GC-1 Jer A3 A 375 -82.5 14.6 7.71

GC-2 Jer A1 R 375 -96.7 14.7 7.81

GC-3 Jer VaE A 315 ~108.4 1.3 4.41

GC-4 T HE A1 B 1 375 ~114.8 11.5 5.13

GC-5 T HE A1 B 350 -119.9 10.4 4.03

GC-6 FRRNK J5 et B 200 —44.9 9.5 2.46 e
GC-7 RRNK iR B 1 200 -57.1 9.4 236

GC-8 XK Iy A1 B 200 -51.5 9.3 2.26

GC-9 T+ I AT A 200 -70.7 9.8 2.76
GC-10 JE AT I AT AT 200 -51.7 10 2.96

SQ3 ThRE Vap s AT 1 345 -73 6 0.6

DQl ARX5 A B 18] 320 -83 9.9 3.7

DQ2 XK A B 1 320 -82 9.7 3.5

DQ4 RXNFK A B 1 300 -86 10.7 3.8 Tanetal. 2015
LQ1 Uk A BT I 315 -69 8.3 1.9

LQ2 o A AT I 295 -74 14.8 7.7
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x5 RO-THESTRT AERTBEAARHEKR
5 iTJ‘ i/E\» Table 5 Sulfur isotopic composition of pyrite from the

51 M RskiEREL

55 L A FHAH 5% (4 7 i A Wk b i i s 2R
B AR R IR 3R A SRR A B S B 4 R U
FOE AR o B IE 2R B B I AR PR f
AAFAE TR OGRS 8, T R A O i R
B U R EEMEBu S, i afea4
I R 8 B (AL A 5 R A AR B T 4R S b 2k
% (Li et al, 2014; Cheng et al., 2014; i K 55,
2021),

T 1= M 40 DXl R £k ok ot o o0 R AN £
TTESMATUEH g A T EARENY
REE & , HUORAREE Jr i, T L BF R 3 25 1Y
it iR ERMk. ANt oReRFHEHE
A K IR AR B VR B R e K ORI PN 5 s S
KO BR e AL, LA R T R A O R AE
(Cheng et al., 2014; # 4R 5%, 2021) , [A] i H A5 + 00
F WL A5 6 R 7 2 Shatsky B )
OB R A KA ALL, WoR R B SR R TR R
+IC R TR, 05 HOK R R 1 A A
TEH B 2250 (Li et al.,, 2014) . Hif ARYBTFST 26 B ok
G DA B R £ LA Bu IE 528, A SCIREE A1 SR
T BuiE 5% R R £ 5 SR RRAE , UL A T RESR IR

Longkou-Tudui gold deposit

75 HEhgS oy ca WX W 8S/%

1 XTS-1 A e wEHT 108
2 XTS-2 AR R BE Jern o WS 114
3 XTS-3 AR Jer o BT 104
4 XTS-4 TR R Jern WBRT 91

5 XTS-5 AR B /ARNE ¢ 72—

6 XTS-6 HiENLE Jer gD 103
7 XTS-7 MARRHC AN JEH BT 10.8
8 XTS-8 FiASES e EET 119
9 XTS-9 AR T W 101
10 XTS-10 R T BB 9.9

11 XTS-11 VidEb el T W 106
12 XTS-12 AR T W 126
13 XTS-13 AR TIE BT 107
14 XTS-14 A JRAT BT 120
15 XTS-15 WAk T WD 115

POK A . Bu B AT Eu? il EuX BRI 25, 7ZE R PE IR
JE &R BEu® 4L g Eu?t, I B 8Eu>1, B IF &
W, M R E AL AR U SEu<l, , R 6 575 ; Ce 7
AALSEF T R Cet ER R 45 F T R Ce?r, Hi 8Ce
R R g K B A AR R AR R TR R =

16}

[ pAEEES

B A

6 4 2 0 2 4 6 8 10 12 14 0 2 4
3*S /%o

K8 e -HHEGD IR (a) L E 4 (b) K ZAT A0 ()it i) 3 3R 2 7 I Ol 171 - - MEG 1 8 40 A8 >R U6 T Tan et al., 2015;
L b EFE AR KU T L et al., 2020)
Fig. 8 Sulfur isotopic composition histogram of the Longkou-Tudui(a), Liaoshang(b) and the Pengjiakuang(c) gold deposits
(part of the data from Tan et al., 2015 and Li et al., 2020)
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1 SEu 3k /N T 1,11 8Ce W& KT 15 KL J7 fi# 1 SEu
W3 K1, 8Ce MITE 12247 s LA R IE SEu 13
fH/NT 1,8Cef7E | Z£47 . SEu Ml 8Ce 54 Ml 8/~
TR S B B AL T 553 R AR

Bau 1 Méller (1992)1A 4 [F] I 4 ¥ 7 Y /Ho-La/
Ho Bl KRR K204, B9 sl R ERS K
BT A SO WA 5 A (R s A1) 23 A T AN
FLE I HA A, BN [R]85
FEAEB 2200 . B = A T w(La) LK (2.63 %
1076~8.39% 1076, 11ij w(Y) Fll w(Ho) ¥4 i , 1% L4 AF 5
KRR R 5 1 HiER b 2% R¢ 1E A 8L (Cheng et al.,
2014552k 4F, 2021) 5 AIREE 7 fif A2 R LU AR DR B 5
w(Y) Al w(Ho) WA . 25 & HoAth 1 2K Ak 27 4 b (&
9), Wt e 1 -+ ME 4 7 PR A R R T A R IR KR A 2
Fofr, 5 SRR FAR K, v A S T A Sy i D A 1
FAE,

AuJEEBITE , Aul & S AL TR |
W (PH A Eh i DL S A 6 B A T 2 22 4k
S DL4 @ B Ak I A UTHE , Au B Z UTUE A . 7
fift 41 Bk P 1) Fe . Zn \Pb 45 5 S 45 5 T L & & #i ik
Y. 22 F1J5 ff 41 Fe Mn JG 2 25 5 A M e (1]
10a.b) R B, BRAREE 5 i A1 4, H Al 25 Fh 25 0 fig
£ w(Fe+Mn) 5 LREE/HREE {8 ¥4 B A B & 1yt
A 9a) o 1K € 7 % 41 w (Fe+Mn) 55
LREE/HREE L AH 71 AH G OC R AT X J& i T
FKATy A B i oo R 5 72 K (LREE=4.89~
10.21), 5 Lo R & L, A & .
DL AR, 5 A &1 7 ffAs T Fe .Mn 5 2 i

20 a O %eazha
o KREHMHA
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% 12+
- o ©
EJJ 8T o
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0 30000 60000 90000 120000 150000

w(Fe+Mn)/10°

L, B R S E M, R TR S R
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PO AR P I 22 3 FPOR R - TR R £k
1 813 C g AU — R AE—1.6%0~+3.0%0 , 1 FH B R 1
4 81 Cppp IME K ZFa 5 1E 0.5%0 /£ 47 (Hoefs, 2009) ;
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2 [8] (Taylor, 1986; Ohmoto et al., 1997) . AWK Ek
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A LSAER, 5ok A 5 R SRR A K A
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~0.19%0~—6.9%o , FHo 1] GETE . T Z Fh i AR TR &, Forp
BBk AT RER VR T RIS LSAEH . 7 8 Cppy-
8" Ogpmow FH SR (] 7o) th R W . kA = AT T
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Fig. 9 LREE/HREE-(Fe+Mn) (a) and La/Ho-Y/Ho diagrams(b) of the Longkou-Tudui gold deposit
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Fig. 10 Correlation diagrams of some trace elements of calcite from the Longkou-Tudui gold deposit

a. w(Mg) versus w(Fe); b. w(Mg) versus w(Mn); c. w(Mg) versus w(Co); d. w(Mg) versus w(Zn); e. w(Mg)vs.w(Ca); f. w(Ca) versus w(Pb)
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Fig. 11 Hydrogen, oxygen and lead isotope diagrams of the ore-forming fluid in the Longkou-Tudui gold deposit
(modified from Tan et al., 2015)
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Fig. 12 Schematized metallogenic model of the Longkou-Tudui gold deposit on the NE margin of the Jiaolai Basin (modified from
Yang et al., 2014)

1—1Jiaolai Basin ore field; 2—Mouru ore field; 3—Northwest Jiaodong ore field; 4—Early Cretaceous sedimentary rocks; 5S—Precambrian metamor-

phic rocks; 6—Mesozoic granite; 7—Brittle-ductile transition zones; 8—Gold ore body; 9—Hydrothermal circulation; 10—Regional fault;

11—Decoupling detachment; 12—Extension; 13—Deep source CO,-rich Au-bearing fluid; 14—Mantle
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