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Abstract: The Sadaigoumen molybdenum deposit is a large-scale porphyry molybdenum deposit discovered in
the 1980s on the northern margin of the North China Craton. Previous studies have mainly focused on its metal-
logenic regularity, whereas the genetic relationship between the two ore-hosting rocks (the red monzogranite
and the white monzogranite) and their link to mineralization remains controversial. Based on detailed geological
surveys and engineering verification, this study presents petrological, mineralogical, geochemical, and geo-
chronological data to investigate their genetic connection, diagenetic processes, and constraints on mineraliza-
tion. Zircon U-Pb dating yields emplacement ages of (247.2 +2.0) Ma and (245. 1 + 1. 8) Ma for the red and
white monzogranites, respectively, indicating coeval Middle Triassic magmatism. Both granites show similar
geochemical characteristics: high Si02, Al>Os, K,0, and total alkali contents; A/CNK=1. 34 - 1. 46; enrich-
ment in Rb, K, Th, U, and LREEs; depletion in Nb, Ta, Ti, P, and HREEs; and variable negative Eu
anomalies. Biotite in both monzogranites is dominated by crust-derived ferruginous biotite, with minor magne-
sian biotite. The results demonstrate that both monzogranites are high-silica, high-K, peraluminous I-type sho-
shonitic series granites. They share a similar origin and tectonic setting, derived from partial melting of the
lower crust, with comparable P-T conditions, emplacement depths, and oxygen fugacity, all favorable for Mo
enrichment and migration. In summary, the two represent the same pluton emplaced in a post-collisional exten-
sional setting. The main body formed as red monzogranite during magma cooling and crystallization, whereas
the white monzogranite is a later product of kaolinization alteration. Molybdenum mineralization occurred subse-
quently, together forming a typical example of a continuous Middle Triassic magmatic-molybdenum mineraliza-
tion event in the Yanliao area, northern margin of the North China Craton.
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images of the red monzogranite
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and the white monzogranite

(sample G03) from the Sadaigoumen Molybdenum Deposit
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(LOI) M 1.36% ~ 2.27%, SiO, % & 5 69. 83% ~
72.64%, K,0 &rit N 5.22% ~5.87%, ALO, & &K
13.54% ~ 15.28%, CaO % 44 0.42% ~ 1.49%,
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n=16, MSWD = 0.46 n=0 -
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0.041 =
R X L
P gxs
SRR ERRERREE r
| Fast | ‘ ‘ ‘ ‘ |
0.037 s
0.035 . !
0.24 32 036 2%
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PRI = 24594085 Ma | ©
L n=19, MSWD =0.59
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0.041 |
<
=
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% 0,039 g | ‘ “ l“‘
Eu 5
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0.037 - 235 +
206pb/3SU JIALT-HI4EHL = 245.1 + 1.8 Ma
n=19, MSWD =0.37
0.035 L I L I L I L I L I 225
0.18 0.22 0.26 0.30 0.34 0.38
207Pb/235U
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Fig. 4 Zircon U-Pb concordia curves and weighted mean age diagrams for monzogranites from the Sadaigoumen Molybdenum

Deposit (aandb: red monzogranite; candd: white monzogranite)

MgO & 4 0. 28% ~0.61%; K,0 + Na,0 & it K
8.03% ~9.57%, K,0/Na,0 /1.52~2.14, H#5
T K,0-Si0, BlfiEth 8 2 i 291 (K5 (a) )5 A/
CNK M 1.34~1.43, A/NK M 1.54~1.62, B35
T A/CNK-A/NK gyt sRm Xk (K15 (b) )
e Lot & B & E (SREE) &, N 209.9 ~
326.3 ppm, LREE/HREE{HY (La/Yb) fH435K
26.3 ~31.0F157. 17 ~ 86. 19, {EBRALA A brifefl
s £oeE F o R Ak (e (a) ),
HHBEARME Ce 154 (8Ce}y0.92~0.93) A
Eu %551 5% (8Eu N 0.62 ~0.78); TEE4hHhE
PR e KR (K6 (b) ) o, B/REHERD,
Th. U. K%Jt&, 5HNb, Ta, P, Ti%TH,
AP RK ALK SR (D10~ D13) Bk
(LOI) K 0.65% ~ 0.76%, SiO, 5 &4 70. 74% ~

71.62%, K,0 &M 5.04% ~ 5.68%, ALO, &
0 13.34% ~ 14.97%, CaO & & N 1.29% ~
1.44%, MgO %M 0.38% ~ 0.57%; K,0 + Na,0
TN 8.30% ~9.29%, K,0/Na,0 A 1.47 ~1.59,
P18 T K,0-Si0, F fi h i B XA &8 (S
(a) ); A/CNK 4 1.34 ~ 1.46, A/NK HJ 1.54 ~
1.74, 85T A/CNK-A/NK [ f# A 1 3e 48 i X
B (ES5 (b) ); MitonHE A& (SREE) &,
4 205.2 ~230.2 ppm, LREE/HREE{HS (La/Yb)
JEA R 17.3 ~ 28. 0 F1 36. 81 ~ 62.29, TEEKAL
B3 A AR o0 R I A A T v S s A (o 3
(K6 (a) ), JFHEARMM Ce i H (8Ce Ny
0.91~0.93), Eutp&5 iS5 N+ (SEuk0.51 ~
0.83); TELrHEtrE T ICRE (K6 (b) )
i, BRE%ERD, Th, U, KZEJLE, 5 Nb,



o554 1 QAR ARIb s P AL GRS A T B X AR b e PR Bl 72 3L 1083

®2 HSHIZKIENSELA-ICP-MS $#A U-PhllE 4R
Table 2 LA-ICP-MS zircon U-Pb dating results of monzogranites from the Sadaigoumen Molybdenum Deposit

s FrR/107° _ [ {3 3 L fE AE#%/Ma
Ph U Th WPRA%PL 1o YPBAPU 1o PPLARU 1o PPHAU 1o PPASU o
GO2(ZL 8 — KAL)
1 55 1609 1385 0.86  0.0524 0.0011 0.2842  0.0066 0.0393  0.0007 249 4 257 19
2 58 710 1073 151  0.0537 0.0032 03060 0.0136  0.0406  0.0011 257 7 249 11
3 80 915 1576 172 0.0515 0.0012 02768 0.0067 0.0389  0.0004 246 3 251 7
4 75 846 859 1.0l  0.0534 0.0013 02827 0.0080 0.0384  0.0007 243 4 252 37
5 27 805 630 078 00532 0.0015 0.2831 0.0073 0.0388  0.0007 245 4 255 21
6 12 1109 1985 1.79  0.0562  0.0020 0.2927 0.0089  0.0387  0.0011 244 7 262 9
7 81 1573 2802 1.78  0.0543 0.0010 0.2918  0.0053  0.0389  0.0004 246 3 256 18
8 35 656 1136 173 00560 0.0034 02902 0.0091  0.0389  0.0008 246 5 255 11
9 48 527 1531 291  0.0601 0.0035 03205 0.0124 0.0400  0.0009 253 6 246 18
10 51 531 1096 206  0.0529 0.0029 02894 0.0103 0.0406  0.0008 257 5 254 6
11 34 1166 1540 132 0.0543  0.0010 0.2949  0.0093  0.0394  0.0011 249 7 250 23
12 47 685 1807 264  0.0533 0.0032 02971 0.0164 0.0398  0.0009 251 6 256 42
13 61 980 1345 137 00549 0.0015 02960 0.0106 0.0395 0.0011 250 7 256 6
14 47 809 2006 248  0.0559 0.0023 03058 0.0111  0.0392  0.0009 248 6 255 50
15 79 1317 2504 190  0.0505 0.0011 02709 0.0057 0.0389  0.0004 246 2 255 19
16 63 934 2009 215 0.0548 0.0022 02974 0.0085 0.0393  0.0011 249 7 267 16
GO3( 1 —RKAE K 1)
1 4 481 2407 500  0.0543 0.0038 0.2855 0.0129  0.0385  0.0007 244 4 258 6
2 8 415 1024 247  0.0625 0.0074 03143 00243 0.0386 0.0012 244 7 255 7
3 13 474 569 120 00520 0.0042 02758 0.0133 0.0388 0.0006 246 4 251 4
4 3 340 772 227 0.0542  0.0038 03042 0.0121  0.0395  0.0007 250 5 397 9
5 56 214 161 075 00504 0.0062 02641 0.0202 0.0383  0.0008 242 5 256 7
6 29 245 496 203  0.0402 0.0046 02578 0.0168  0.0382  0.0009 241 6 244 6
7 44 279 875 314 00451 0.0033 02503 0.0136 0.0384  0.0008 243 5 251 4
8 35 478 1045 219  0.0502  0.0030 0.2960  0.0095  0.0389  0.0005 246 3 251 5
9 10 570 1668 293  0.0569 0.0043 03084 00164 0.0391  0.0008 247 5 253 4
10 10 182 273 149  0.0522 0.0045 0298  0.0154 0.0383 0.0006 242 3 383 6
11 14 309 753 244 00513 00019 02731 0.0104 0.0384 0.0004 243 3 258 4
12 30 975 316 324  0.0480 0.0035 02525 0.0170 0.0388  0.0006 245 4 248 5
13 9 123 204 1.66  0.0429 0.0041 02857 0.0331 0.0394 0.0010 249 6 255 4
14 24 977 2289 234  0.0559 0.0028 03032 0.0130 0.0394 0.0004 249 3 240 4
15 32 469 1041 222 00531 0.0028 0.2820 0.0115 0.0387  0.0006 245 4 247 4
16 16 407 503 124  0.0503 0.0031 02761 0.0108 0.0391 0.0006 247 4 256 4
17 29 200 457 228 00517 0.0046 03031 00185 0.0389 0.0006 246 3 250 4
18 24 327 1168 357  0.0448 0.0032 02523 0.0134 0.0385 0.0006 243 4 250 6
19 28 381 1054 277 00526 0.0019 02784 00097 0.0386 0.0006 244 4 256 4
Ta, P, Ti%ILE, 0.93). AR Eu i 55, Db &0 5 N

THEMRI G A SR BRI,
JBTERRA LA RS (K5 (a-b) ); BRKIBA
i AL 50 28 B o0 A5 A v 1 7 A i s 34
(K6 (a) ), Bt o RMMER T ITRNE S
£, I H EARMK Ce il F % (8Ce H0.91 ~

F (SEu/0.51 ~0.83); £ A PRE R
1ol I S I B TV N S 110 S 1 = W Rl
(K6 (b)), HEMEKETHEAITLE (Rb, K)

5 Th,

U2 a4, Nb, Ta. TiEmGmicE K

P 7 45U AIE
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Fig. 5 Si0,-K,0 diagram (a, after reference [17] ) and A/CNK-A/NK diagram (b, after reference [18] ) for monzo-

granites from the Sadaigoumen Molybdenum Deposit
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Fig. 6

(

Chondrite-normalized REE distribution patterns

(b) for monzogranites from the Sadaigoumen Molybdenum Deposit

mantle after reference [19] )

a)

and primitive mantle-normalized trace element spider diagrams

(normalization values for chondrite and primitive

®3 WA RKENEEE (wt%) SHETE (ppm) FHER

Table 3 Major element (Wt%) and trace element (ppm) analyses of monzogranites from the Sadaigoumen

Molybdenum Deposit
S DO1 D02 D03 D04 D05 D10 D11 D12 D13
Si0, 71.28 71.60 72.64 71.84 69.83 71.26 71.62 70.74 70.84
AlLO, 14.34 14.21 13.54 13.81 15.28 14.41 13.34 14.97 14.48
TiO, 0.40 0.35 0.47 0.30 0.48 0.32 0.45 0.32 0.27
FeO" 3.53 2.87 3.24 2.81 3.79 3.59 3.09 3.91 3.70
Ca0 1.28 0.73 0.42 1.49 1.44 1.29 1.32 1.44 1.31
MgO 0.37 0.28 0.46 0.48 0.61 0.44 0.38 0.57 0.47
K,0 5.59 5.47 5.22 5.31 5.87 5.09 5.04 5.68 5.47
Na,O 3.22 2.56 3.20 3.49 3.70 3.21 3.43 3.61 3.43
MnO 0.03 0.02 0.03 0.03 0.02 0.03 0.05 0.03 0.02
P,0q 0.10 0.10 0.10 0.12 0.08 0.11 0.10 0.10 0.10
LOI 1.97 2.27 1.85 1.36 1.83 0.67 0.75 0.65 0.76
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FES DO1 D02 D03 D04 DO5 D10 D11 D12 D13
Total 99.32 98.41 98.38 99.04 99.96 97.91 97.51 98.18 99.90

Na,0+K,0 8.81 8.03 8.42 8.80 9.57 8.30 8.47 9.29 8.90

K,0/Na,0 1.74 2.14 1.63 1.52 1.59 1.59 1.47 1.57 1.59

Ca0/Na,0 0.40 0.29 0.13 0.43 0.39 0.40 0.38 0.40 0.38

A/CNK 1.36 1.35 1.42 1.34 1.43 1.46 1.36 1.34 1.36
A/NK 1.58 1.54 1.61 1.57 1.62 1.74 1.57 1.56 1.54
Mg" 16.13 14.81 18.18 27.90 20.89 17.93 19.94 21.33 30.01
T, 756 720 747 721 743 734 773 727 747
La 71.03 56.45 88.92 69.35 58.98 61.66 59.01 55.15 57.63
Ce 123.40 98.37 153.10 121.60 102.30 107.10 102.10 95.49 102.10
Pr 12.67 10.18 15.76 12.63 10.66 11.04 11.13 9.99 10.95
Nd 40.07 32.39 50.58 41.29 34.26 35.10 37.93 31.85 36.37
Sm 5.38 437 6.53 5.66 473 476 6.43 441 5.08
Eu 1.11 1.03 1.24 1.14 1.11 1.00 0.99 1.00 1.26
Gd 4.48 3.44 5.35 4.50 3.76 3.78 5.16 3.45 3.90
Th 0.47 0.35 0.52 0.48 0.41 0.40 0.67 0.37 0.42
Dy 2.00 151 2.08 1.96 1.74 1.67 3.25 1.57 1.92
Ho 0.33 0.24 0.33 0.33 0.30 0.28 0.54 0.27 0.33
Er 0.97 0.73 0.95 0.93 0.85 0.81 1.43 0.76 0.97
Tm 0.13 0.10 0.12 0.12 0.12 0.11 0.19 0.11 0.14
Yb 0.86 0.63 0.74 0.77 0.74 0.71 1.15 0.66 0.90
Lu 0.15 0.10 0.12 0.13 0.13 0.11 0.19 0.11 0.15
SREE 263.1 209.9 326.3 260.9 220.1 228.5 230.2 205.2 222.1
LREE/
HREE 27.0 28.6 31.0 27.3 26.3 28.0 17.3 27.1 244

(La/Yb), 59.24 64.27 86.19 64.60 57.17 62.29 36.81 59.94 45.93
SEu 0.67 0.78 0.62 0.67 0.78 0.70 0.51 0.76 0.83
5Ce 0.93 0.93 0.92 0.93 0.93 0.93 0.91 0.92 0.93

Sr 332.02 325.59 332.93 314.02 337.94 330.58 284.79 355.10 365.83
Rb 232.10 195.92 203.85 189.94 207.97 206.01 173.03 213.26 182.93
Ba 893.58 857.92 939.64 898.90 940.22 646.77 602.56 981.26 976.99
Th 48.00 15.13 26.31 20.57 13.90 24.04 25.32 23.81 2031
Nb 20.34 17.58 20.28 19.94 21.57 19.27 23.77 18.72 12.79
Zr 123.11 78.67 100.06 80.74 101.95 86.83 150.82 89.01 108.19
Cs 2.61 1.97 1.94 2.01 3.18 1.83 2.29 1.83 1.65
Ga 2491 2281 22.65 2225 22.83 2223 21.04 21.74 19.25
Hf 3.92 2.69 2.80 251 3.22 2.79 532 2.97 3.08
Se 4.02 251 3.21 3.09 2.95 2.57 3.90 2.87 2.08
Cr 13.27 16.26 8.20 7.63 9.61 6.50 9.82 9.52 7.76
% 20.77 19.08 20.51 16.75 15.31 13.47 21.29 16.71 8.90
Ni 3.62 3.96 4.19 2.84 3.07 2.52 2.82 2.76 3.45
Pb 37.46 35.58 32.67 30.62 36.39 31.82 31.16 39.34 33.95
U 4.95 2.12 2.55 1.69 0.84 4.66 3.63 2.94 4.19
Y 9.70 6.71 9.21 9.17 8.50 7.93 14.59 7.95 9.32
Ta 1.56 1.64 1.40 1.64 1.95 125 1.43 1.53 1.43
4.3 E=BESH 96.40%, WTERZEARVIERIN, Hii, A=K
qE KRGS AASKAEKGT R B A B =BE S0, fALO, 4351 24 34. 28% ~

TAREF S R (24) SR - FH B HAELAY
S T A B R 94, 91% ~ 96. 57% F1195. 47% ~

36.78% F1 14.29% ~ 15. 68%, FeO" #1 MgO 53 5l A
21.25% ~ 23.68% H18.91% ~ 10.90%, fi K,0 &
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8.83% ~10. 15%, MAMAALEAITIO, (1.93% ~
2.83%) M Na,0 (0.03% ~0.15%). 18K Aibx
o B s Bk A B BRI Sio, (35.42% ~
36.68%) . ALO, (14.42% ~ 15.22%) . FeO"
(20. 17% ~23.79%) . MgO (8.43% ~ 11.05%) I
K,0 (9.78% ~ 10.46%) , 1fi TiO, 5 Na,0 1% &
%, 2390 2. 23% ~ 2. 63% F10. 05% ~ 0. 15%.
MR BHES UL 224 O B EON SRR,
MR =T R SR AR . KRR ST
R ZHAE P T T M= (AIM+Fe™+Ti*") -

()

O 4t KEHA
A F KA RE

Fe*+Mn2*

(Fe™+Mn™) =Ma2Ef (K7 (a) ) TR
BARHEEN, A D IE SRR B X
MR AT, 206 Kb A 5 A6 KA
B A R A B X, (5535124 0. 40 ~ 0. 48 F10. 39 ~
0.49, FERHEARH; Fe/ (Fe + Mg™) {H224k
BN, 514 0.50 ~ 0. 58 F10. 48 ~0.59, FKHH —
H IR B 5 AR s R sz 2, X454
510*Ti0,- (FeO'+ MnO) -MgO EIfi# (K7 (b) )
—3, BOHERKEZEPESRB XS, b
EVETEELS MR AR, RPH AR B AEE,

10*TiO,

(®)

FeO™MnO MgO

E7 S KA E DB BE R E . Mg~ (ALY + Fe™ + Ti*) - (Fe*+ Mn™) = fMEM (a, #EICHE [21 -

22] ),

10%Ti0,- (FeO™+MnO) -MgO Kfit (b, #3CiHk [23] )

Fig. 7 Genetic diagrams for biotite in monzogranites from the Sadaigoumen Molybdenum Deposit, including Mg*- (AIM + Fe™ +

Ti**) - (Fe*+ Mn™) ternary diagram (a)

gram ( b)  (after reference [23] )

5 W w

5.1 BREHHEK

Hedb sE i AL A ED ST RIRE LN 28 )0 T 22 40
PR e, BT AR IRTA
REFEMBEEERAT IR (K1 (a) ). EFMFREN,
A TR A IRR A (256.6+£3.4) Ma,
WEEHW Re—Os4E M (243.0+2.2) Ma 7%'; K7
THAE B BEA PR AALAE RS (225 £ 1) Ma, AT
Re-Os 4#% (231.2+2.1) Ma 75 $5/Ri% X
FE M S T — 1 = S A AR D 2 A R —4H
I C AT

K TR T TE B IX KA A R T8 B
K, ATAMFE C SRR Z AN =8 SR
GOV R KA A B U-Ph AR R

(after reference [21 —22] ) and 10 X TiO,- (FeO"™+MnO) -MgO dia-

(257.4 + 1.1) Ma, (256.9 +0.9) Ma, (247 +
1.2) Ma; Wang 55 "' 3145 K A6 K A 45 G U-Pb
4EWE N (239.5 £ 1.5) Ma; Chen 25 10 $R7541 (5,
TRAEK A S AT RK ALK S A U-Pb A% 53 5
J(242.2+2.0) MaFll (243.7+1.6) Ma; 5KF]
FiGE IR A KA RS SO KR EE A
U-Pb 4E #5705 A (240.0 + 1.0) Ma £ (248.0 =
1.0) Ma, ARKFFHAFLE KA A A K
A6 < S AT U=-Pb 4RI 530 8 (247.2+2.0) Ma
A (245.1+1.8) Ma, —HIEIRZEJLEN—2,
AT AT ST Y E S (248.0 + 1.0) Ma ~
(239.5 +1.5) MaPN; [AH} — & fEmF 6] 5 B - H
AAefa, RO A — 59K i RR S0 G SRR . 25 1
INHL A RKAEKAMAA KA S T =&
TR 015 2R G sh iy 7= Wy, HOE T B AT e hR 2k
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