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Abstract: [Objective] The Qimantag metallogenic belt is an important porphyry—skarn polymetallic metallogenic belt in China, and
the Niukutou deposit is a large—scale Pb—Zn polymetallic deposit discovered in this metallogenic belt in recent years. However, there is
a lack of research on the relationship between the age of the ore—forming rock mass, skarn formation, and Pb—Zn mineralization.
Additionally, the relationship between the physicochemical conditions for skarn formation and mineralization in this deposit has not

been thoroughly explored, which restricts our understanding of the metallogeny. [Methoods] Through the zircon LA—ICP-MS dating
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and electron probe technology analysis methods, this paper provide detailed information on the mineralization age, skarn zoning, and
mineral composition characteristics. [Results] The results indicate that the monzogranite closely related to skarn was formed at 389.9 +
2.2 Ma, indicating that the Niukutou mineralization occurred in the Middle Devonian. The skarn rocks of the Niukutou deposit exhibit
obvious alteration zones, and overall belong to the calcium—magnesium series skarn rock formation. Near the ore—forming rock mass,
there is a set of andradite and hedenbergite mineral assemblages, while far away from the ore—forming rock mass, there is a set of
grossularite and Mn—hedenbergite mineral assemblages. The main skarn minerals in the retrograde metamorphic stage are ilvaite,
tremolite, actinolite, etc. The MnO content is low near the ore—forming rock mass, and gradually increases away from the ore—forming
rock mass. This suggests that the chemical composition of the skarn minerals in the retrograde metamorphic stage has a certain
inheritance from the skarn minerals in the prograde metamorphic stage. The ore—forming hydrothermal fluid migrates from the
proximal to distal end of the ore—forming rock mass (southwest to northeast), during which temperature, fo,, and pH gradually
decrease. Mineralization changes from the high—temperature metal mineralization assemblage near the ore—forming rock mass to the
Pb—Zn mineralization assemblage distal from the ore—forming rock mass. [Conclusions] Based on previous research, this article
believes that the calcium—magnesium skarn formation related to Middle—Late Devonian magmatic rocks in the Qimantag may be a
prospecting indicator for skarn Pb—Zn deposits in this region. The temperature, fo,, and pH gradually decrease during the migration of
ore—forming hydrothermal fluids from the proximal to distal end (southwest to northeast) of the ore—forming rock mass. This change in
physical and chemical conditions is the reason for the enrichment of manganese rich skarn minerals and Pb—Zn mineralization in the
distal end of the ore—forming rock mass.

Key words: Pb—Zn mineralization; Middle to Late Devonian magmatism; calcium-magnesium skarn formation; Qimantag

Highlights: The large-scale lead-zinc mineralization and calcium-manganese skarn formation in the Niukutou ore district of the

Qimantag metallogenic belt are closely related to the intrusion of the Middle-Late Devonian magmatic rocks.
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Fig. 1 Regional geological and tectonic map of Qimantag belt (a) and regional geological and

mineral resources map of Qimantag belt (b)
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Fig. 4 Geological map and skarn zoning plane map of the M1 section in Niukutou deposit
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Fig. 5 Hand specimens (a) and microscopic photos (b~d) of monzogranite in Niukutou ore district
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Table1 LA-ICP-MS zircon U-Th—Pb isotopic compositions of the Niukutou monzogranite

/107 R0 2 LU AR AFH%/Ma
W5 Th/U

U Th 2pb/Aiy lo 2Tpb/AU lo 2Pb/**Ph lo PoA*U 16 PHAU o
N1012-10.1 225 137  0.61  0.06268  0.0007  0.44835  0.0151  0.05200  0.0018 392 4 376 11
NI1012-102 295 203  0.69  0.06215  0.0006  0.47332  0.0138  0.05511  0.0016 389 4 393 10
N1012-10.3 482 453 094  0.06219  0.0006  0.46007  0.0112  0.05348  0.0012 389 4 384 8
NI1012-10.4 251 186  0.74  0.06171  0.0006  0.46418  0.0115  0.05453  0.0014 386 4 387 8
N1012-10.5 214 111 052 0.06311  0.0006 047258  0.0144  0.05419  0.0016 395 3 393 10
N1012-10.6 183 125  0.68  0.05965  0.0009  0.49444  0.0190  0.06007  0.0023 373 6 408 13
N1012-10.7 389 231 059  0.06215  0.0005  0.47091  0.0114  0.05482  0.0013 389 3 392 8
NI1012-10.8 640 557  0.87  0.06151  0.0006  0.50814  0.0209  0.05999  0.0028 385 4 417 14
N1012-10.9 426 319 075  0.06140  0.0007 047571  0.0128  0.05596  0.0013 384 4 395 9
NI1012-10.11 210 111 0.53  0.06298  0.0006  0.50475  0.0178  0.05790  0.0020 394 4 415 12
N1012-10.12 470 309  0.66  0.06344  0.0007  0.49962  0.0147  0.05686  0.0015 397 4 411 10
N1012-10.13 331 199  0.60  0.06252  0.0006  0.45931  0.0124  0.05316  0.0014 391 4 384 9
N1012-10.14 455 377  0.83  0.06264  0.0005 047064  0.0211  0.05436  0.0024 392 3 392 15
N1012-10.15 225 151  0.67  0.06332  0.0007 048701  0.0149  0.05588  0.0018 396 4 403 10
N1012-10.16 257 162  0.63  0.06262  0.0007  0.46100  0.0119  0.05341  0.0014 392 5 385 8
N1012-10.17 311 172 0.55  0.06196  0.0006  0.46648  0.0133  0.05445  0.0015 388 4 389 9
N1012-10.18 338 195  0.58  0.06190  0.0005  0.46640  0.0114  0.05468  0.0014 387 3 389 8
N1012-1020 339 217  0.64  0.06304  0.0006 047879  0.0116  0.05495  0.0013 394 3 397 8

TE: Fl6-bI It th B 210,195 fUR TS, Br2£10,19%5-5 5UR TR AP/ U INACTEIE 389.942.2 Ma(R A4S REAIE)
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Table 2 Electron microprobe analysis of skarn minerals from the Niukutou deposit %
S Sio, TiO, ALO,  C,0, FeO MnO MgO CaO Na,0 K0 S R /B2
NZB62-2-1 38453 0.023  17.883 5.381 0.171 0.026  37.135  0.023 99.1 FHERA A1
NZB62-2-2  37.922  0.006 17.692  0.001 5224 0.191 0.061  37.187  0.006 98.29 HhERARE A
NZB62-2-3 38.609  0.01 25.884  0.003  9.134 0.027 0.013  24.561 0.01 0.002  98.25 BT
KUB080 37557  0.025 24265  0.028 11346  0.186 0.007 23492 0.025 96.93 B AT
NZB73-1 38693  0.185 24527  0.021 1031 0.045 0.049  24.098 97.93 HHERRR A
JYB-7 38.917 16.527 8.497 0.864 0.018  33.683  0.013 98.52 AT
YMB-02 35.945 0.623 27586  0.073 0.496  34.116  0.043 98.88 BT
KUB-214-1 36769  0.035 0918 0 26318 0.543 0.135  32.267 0 0.014 97 B A
JYB-08.1 49.156  0.028  0.468 17792 9.108 1226  22.181 0.02  0.008 99.99  ERESBMEA
JYB-08.2 49.046  0.001  0.185 0016 1523  13.804  0.065  21.548  0.029 99.92  HRESERNMEA
NZB-279 50.864 1.06 0.083 32268  3.662 1.921 9422 0072  0.047 994 PR A
NZB279-3.1  48.853 - 0.63 0.116 33726  4.567 7.774 1.37 0.057  0.035  97.13 il BH A
NZB279-3.2 49258  0.004  0.957 - 31.946 3.63 9.684 1.611  0.074  0.068 9723 IR
NZB279-3.3  46.242 - 0.699  0.086 36728  3.934 7.948 1311 0.06 0.06  97.07 i PR
NZB279-3.4 46924  0.001  0.606 0208 35419  4.149 8.103 1241 0077  0.049 9678 A
NZB279-3.5  48.778 - 0.982 0.125 33226  4.031 8.355 1.569 0.09 0.081  97.24 i BH A
N608-5-2.2 48.536 - 0.141  0.025  21.605  7.705 20.71 0.681  0.013 99.42  EHMINA
N608-5-3.1 49209  0.033  0.098  0.034 22567 5677  21.698  0.778  0.003 100.1  &EEEMINA
N0624-2.1 54.096  0.014 0.45 0.131  17.482 1.29 10.139 13481  0.09  0.043 9722 FHA A
N0624-2.2 54.03 - 0.507  0.115  15.487 0.78 11.083 1453  0.093  0.067  96.69 A
N0624-2.3 54.199 - 0.44 0.052 17426  1.232 9.176 1351 0.073 006  96.17 FHE A
N0624-2.4 55528  0.031  0.539  0.046 15485 1024  10.683 13471 0153 006  97.02 A A
N622-5.1 52.11 - 0278  0.044 2452 1.221 11248  7.716 0.05 0075 9726 e
N622-5.2 52.149  0.002  0.181 - 25612 1507 11178 6906  0.038  0.019  97.59 e
N622-5.3 52.364 - 0343 0.027 24269 1365  11.131 8301  0.053 0.074  97.93 FHA A
KUB-214-2 29.986  0.122 0.809 0.123 42.44 8.658 0.257 13.06 0 0 95.46 BHA
N608-8a-1.1  37.745 0478  24.394 - 9.492 0.106  24.603  0.011 96.83 i)
N608-8a-1.3  37.611 - 21.674  0.024 13.4 0.023 24343 0.029 97.1 S a)
N608-8a-2.1 37.6 0.072  22.534  0.614 11345 0318 23.96 0.018 96.46 e
N608-8a-2.2  37.37 0117 22125  0.135 12.641  0.065 24171  0.019  0.006 0.006  96.66 i)
4 29.99%, TiO, &t 0.12%, ALO, &K 0.81%, 424 WE%k

TFeO 7N 42.44%, MnO 7 53k 8.66%, MgO
TN 0.26%, CaO Fi R 13.06% (K 2) . H5HTA
WA T A A — S (BN £ 45, 2019),
AR B AR TFeO &R, 1M MnO 7 48
o, X A BESE Mn BT M Fe B T, HIE
THL B R, 5 R AP IR BHAAEA
] — DX 38, M S50 -RAE 4 B0 IRA AR (E 9) .

FAINAET Y, 5 FRRE, 2283k X PR A F
SEUR—EF YRR, BT A T (8] 7-
g, h) o RS, iR AR B AR TR B
=Y. RN, MAINA Sio, SN
48.54%~55.53%, TiO, ¥4 0.00~0.03%, Al,0, 7%
N 0.10%~0.98%, TFeO &4 15.49%~33.23%,
MnO 4 0.78%~4.03%, MgO i 8.36%~
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(%5, 2009)

Au. Fe # PREHA

(Yu et al., 2017)
& Sn "R BAT A
(Yu et al., 2017)
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Fig. 9 Graphical classification of Fe-Mn—Mg (a) and TFeO vs. TFeO/(TFeO+MnO) genetic diagram (b) of ilvaite

21.70%, CaO 4 0.68%~14.53%, HfAINA 32
EIfg ] J (& 10), 48 L N R0 Y EEZ R T
HEA S%EMNAE, PRERIEREA. H5 8
N2 YRR, H MnO 75 S 0A i s
425 %W

S0 A SRR ARG . R, Bk
T (K 7-1), W 5N I E L IESOET,
BASHETWE, ¥Ry RaT Y, A
T B, R W T R R
Yo BFIRESERER, 84 A0 EER 5N
Si0,(37.37%~37.75%) . Al,05(21.67%~24.39%) .
Ca0(23.96%~24.34%) J TFeO(9.49%~13.40%) .

5 1 i

51 HEXWFET KRB REaRKSRTER
A R SR R A R, — EATAES

CaB>1.5; (Na+K),<0.5; Ca,<0.5

1.0 =
oo |__EM
08F gy | . *°
~ 07} . o B4 N A
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= 04l
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Fig. 10 Mg/(Mg+Fe™) vs. Si classification diagram of

amphibole in Niukutou deposit

W RIS R B R 2B KR R
— 3, J& T EI S =St (B 5 S3CAE, 2012; B
452013 P UTLAE, 2013), H 4 R HE HORS 5 19
RIS B, BEE A4 Sk RIS TAR R BIR AL, AN
W A 27 AN A 8 Sk T R B A R AR A BT AR
H—g e i (Wk 77 %5, 20165 B4, 2021), 4
kR A B IR S AR R R T — &5
B S 5, R 2%, I T r e i i &
RN, o B He ) o i (= i 5e 5 30T s e i o)
SR, WA Se A IR BTN A K b, &
I3 SR A, T R 2 A, HAE AR ) &
KW AMZ, AIE W E 1 R A CERR 4,
2021; Pk fek, 2023)

A S RIS B A R N A - I &R
G, B2 Iy T A3k, TR AL RN A | A A
a1 MR KA KE RS mE 4 LR N,
A B GER" ZAAE i<)  R I B A Dl AR A
S CRABRK A R B EYMRAA . SRR AR,
XTI AT AR RGBT . SRR, S — S iRl
A Gy I B K AR R S R R B RS YA L
BRIBAEAT . B AT A Ry, SR A
NEED™ . DT, o —E PR e 5. X
Pl AR B~ fbr i R R GG KK A LT H B
F AR RAE (8 = BEAL S4E . w8 4k), WR =K
AR T X Sy R A B A

ARUE XS SR i 2 RV KA
i A THESY, it 5547 LA-ICP-MS K5 405347, 15
18 AN A A AR AT S4B 389.9+2.2 Ma,
& Trleditt. X 50 X ALY NEET A1 Re—Os
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SR AR IS (359.246.3 Ma) A — 3 (F 97 /i 4%,
2023) . Z5AETAWEIE TAE, AR RAFGE PR ELEAE
BH, 2505 3k XA AR A VG 3 0 A A
sl a5 K E 4T KA AR R B
SR M3 575 DA B S DU 1 S o B R BEIX
LB PLEVRE A T2 AT R Y BRI X L (% [ v,
2010; FK EAE, 20145 R IEFEE, 2014, 20165 fhit1E
&, 2017a; XUMEAE, 20205 XITHAE, 2020), FFKTER T
A2 SEAK M X AR S VR e A AR AEHI T e S
HYRED IR IIE BB VIR O
52 WEERBHYEBELZEGREST LY

EFA

— B UL, AN R R RS R A R R A
S, 40, Meinert(2005 ) 8 33 % HH F 573 M
WG R I, Foy R AR R IE R BRI : fEik
W AR —EAR T A AR R, T B s
1A, 55 R B 42 Ml 5 D0 BRA L A RRE K AR R
Fro WRAEMEY W RS0 RIERA N
(Meinert, 2005): EIT A AR — B A | B
WA AR, mE R SRR E R A .
S A RREBEA Y RAD Y. R A TEYEED
DR B W DO T4 R A | S8 IR
T RHE, BT OANK TR R A S AR R
B PR ER B, 1Y R 4 3R B A L B 0
AW RAW - BAEA YA R AT R
FEA 5 3 OV 1Y R A (B —194%, 1990; Meinert,
2005) o AR SCEXF T X M1 W RIIBFFE & B, H =
KA A M Ah, B R 2A i IR I : B8 A
FEER AR A1 7 — BBV A1 > B B . R A
AR A a5 A o XA o AR
WG BRI > B R RN
W NEE, T S . AR S LT
N EEE RS A B A BER TR P AR A A — 2

L T RAE K A AR, BT YA A
A B L BSOS RAE R A AR,
MnO &8I, TR YA MRS TN .
A, PR ANR B PR A RS- A o XA Mn %
AR TR R AR AR TR ) 32 AR By
Bow i Je AR AL ph AR T R0, 1 dn, BEA A i
AR AREA 2D T REE P AL 2= SR AR TR
BRI o FERET KA A R, AR R AR
WY A BAA L 48 A 5%, B MnO & A,

AN B BHEE A7 . R A7 8495 41 MnO i,
HARAR BN AR R B o XS 7 25 3K 28 1 AR ol
W 5 S DA T B ) B — s i gk, 4k
R TR ST ) 1) B o0 2 AN R R IR (1T A
2020; Wang et al., 2023) .

HRAE AT I IR L 2R T AR, R R AT R
(I FE R 384~600°C, MY K 5 I8 i Y it B2 Ky
346~458°C, A1Vl LB BEA 133~433°C Gtk
4,2021) 0 AT AR ESN, AR f, |
TR | pH (HE[RKaF (Wang et al., 2023) ., Z55 0
ARGy REIE, P LAHIT, B7 DXT ARE: H P e AR
e shin .

BT 23 K AR AE RS = o B e R A v Y
fo, FNRLEE, B, Mg™" ., Fe’ B T4 G W kK A UTTE,
TE RS BN A FB RO A, H AR sk
WD, B LR A B AL A . R s
R B o, WL | fo, BIRREAR, VWO W IR TE . I
B, Mg®* . Fe? 4 & WUt vE T LK it 4R E5 08 A1
VW pH B B AP AW UTTE, IR AT T45
AT X SIS RSO A A A
— 3, IR R A BB, W pH HARSE AL, %
Wk Bt s, S20 P, Zn 4S50, 1EHES 1)
AT SR AT BEITTE

PR, 285 AN L A P R B AR LS B it
PR AL 2 S & AR, TR R T B4 A Sk
BEW IRRY R B Aol o s oA A5
AU BT il B | UREE & pH M5 R, 7L LA
AR & SR WAL A o 32, BYEED AR5 s iR R
U AN SRR S A
B A AT T RARAREE | R K pH 5%
T, SHRET L EEmA L,

53 1PEERMERET RS FERENXR

KB R I, ARIB AR ML X £ 2L H 3
R R 2, BB KA B R~ &My <
7 B R RIS &R IR A £ 48
W IR, TS, R R 5 =20 T R () 7 IR (£
RS, 2012; ;X —M8 45 2013; @ 23K, 2021) . 14
wn, BPE SRR AT IX L P X AR R
BT R A, AL A D s B L SRk
Wi B (TSR, 20135 H25804%F, 20145 Yu
etal., 2017), EEH A ML FIRE &R, D RT7
B FINBER, JL 2 1 B A A 38 Sk B S
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Mo =Bt (A %S, 2012) o A LV AL L IR
B IR IR TE A, 2353 i DX A LY 1) I 0
FIEVEF 2 & B0 IR, Hw A a5 i A 1k
B — BN AT | B FERAR A ESER AR A1 45
JThy =2, S B S A — B E PR A A
AT AN SR AT Y R A i,
H i iy K A P #EA H MnO &Rk 9.1%~
13.8%, SEAEAT AR B B ik 3.8%~8.7%, R, 2R
L IR FRSETHS KA 250, Halw ik
H—HE e At

W28 S IRAY R VA 55 A8 S A% b X
WAy RSB IR (B 50 | R AV R (an
RIRER) W RAREED IR (HE% . UAE) HY
MEAXT IR R, A5 K A A L
F-EE RGN, 15 B S Y RS Bk £ 4
JEWIRAE 2550 . X SRR R B, 48 Sk R Y
WAl B e e 5k k. g5 G ks DU
R AR T REIE T Hh— W YR 2t (SR 4R, 2017b;
VU AR = R AR 5 SR 38, Hy R ik s
TG, R A s (AT, 2011 X —1g
F5,2013), ZEH N, AR E AR b X rh—W e 2
AR AT REZES | H Ry o gl e i 3222
JRA e At A I R A NS G -
TS A T AT i X Y R B AR R G 4k
W hn.

6 4

(D) F AL IR, 56 ~E L&
WA R AL R A R AR 389.942.2 Ma, J& T
S e At

()45 3k KA 8 TAS-4L R oA s, A AR
WA R 8] S0 534 MR R B 00 A -5 R A Y R
W BSOS R AR R R R RS
BAEORY KA S B - A A -2 A Y
AT, I A R AR A v A 3 vk (P R AR
B, TR fo, . pH BHEIR. 57k
T 5 ity ) R T AR 4 SR A A AL B AR G i ) B R
WAL B AR, A RIE by & Y R AT WA S
S LB YR

(3)ARI2 B A b X —Wg e At A 3 m e 5 2
FHIC A5 -4 TURY 1 5 i a nT AR iz X Y = 25 B4
BEW IR IR FRik

Biff: B Sh TARIF R T H A A5 LA RG]
HARP S ITHEAR Y L. ERGRA ZH; %5
LA-ICP-MS # KA 2| )~ R 36 25 4o M B AR A FRA 3]
WA IFR A B b TIRABAIFE T ¥ B3R
FH B W R T B FARAT B0 F R BT &
SR FREZSRIRETH S ERGE L
HB, A EAR ARG,
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