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AT, A I D S R A2 T A ] B4 R
Yy LA I LY = 22 2 (Maynard, 2014 ; Johnson
et al,2016;Otero et al ,2024) .

UTAER , Bt T PO AR AT 7 b J5T ) A e b A T
VERIA IR A TEHT 9 04 B G 3t 1L B b B3 R By
A L&y S X, PL BT R TAE S T E R
MW (BLA,2019; 5K 1% B 2, 2020) , 1841 5 ALUT
FUE R R R SRR AT B I R 2R
A A A R AT A DTORR BB PR S 4T R (2l
2018; 5K A AR AT, 2018 M R 45, 2022) , Ho 5 5t
P AT IRACIESE B8 R AT B e AR TR
S b DX 3T A BT A BRI AR AT, H AT 2 & B R A
(PR A, IRAE T A sk Ge A I T 25 Bk o by A0
A RS R I s T A AR
IR IR B AR . 2 R ST R CAu B
IR R UURR 2 o A I ER AT A T 6] — 2 A7, T
{CRHZAT PR 0 b FTRRE A R R AN R R s i A T
TREBFSE (PMBEZE ,2020) , k0 56 T4 B 1 9
Jo R 5 TR BT AR ML A Ty T RS T2
Tz X OORR G AR O VR R TR L Kk
W TAERHEDE

YT I, AS ARG 3E Aok T A 0% B 1 b SR A XF
H R AR5 & e R SO LS TT T RS R A
AR WFSE TSR A A0S ) LS A H kA
SRR RS T IR B AR AT ) 5K AT 1 B
BE W10 S T2 RIS 12, Wiz i X R 52
B A HEMIETE L.

1 XEHFLEE

HFGE XA T8 5 PG B VU ER b X, i Ah B BLR
Fili b 5 I R 2 ), A B AR RS 1L R PT R AR
F F W ELLH ARy, VU AR LA < b 24 A B 5 I L
A il e (I —1-4) Fgk v B S P e ( 11 -1-
S)FASE, AR LAl B S W o A 53 AR T
— G 7K i M e (IV —2-1) Fn g db s e ( IV -2-2) 48
e, Z 9k oo s R EE (et A A S 9 I -2-
1) BEAERLSICI -2-2) FFE PG FL— 5 E A 4
R (M-2-5)[ & 1(a) (B 5T45,2022)

DX 25 i 25 U vy ooy AR 2 ST 20 e R A A

0 T2 W B DL B b ot iy AR 3 2R B R i A
B RRMRIEM A B TUA RAL, KB R R e
RARER BRKY ZMENR, H B RN
A T 11 T A R T A — B TR R A el Ve AL R
MAREIE s, A m— F g e Ak Kl
FeR S R S AR CR YRSy e e AU EN Y ST b
FIWIAR R 3, & A vk KoK HER [ B 1(h) .

ZX N WA MBI RE . M EER
NWW [i] i, F PG [n) AR AR & 5 28 UR—ARHLA
i TR 58 A B R A2 454 s R A 3
FEIRIR—BT /R SRR R W E 1(b) |, A E
BEWE A WESA M A B SRR R IR . R 4
FHREFABKELERMA SR —LBERAT
Rk, LA R B TS R T 5 X TP ARG IR
— AT IR — A, DU R O W2 BT R 2k 2
NW-NWW [, BAR 25 1, IRRE R -

HRHTELRF PRERAS 356 B2k
FIR A RRHR AL B e TR IR 20 EUR A R R B T
S A B R A B DN K ]
KPR R N K DL e =B 28 K AE R, Rl i
W WA —ARILAWHE T —RINERKRE KA S
Ik B B RO B AR I 1(b)

DX IR IR A T2, bR 2 B A B S P 1 R
PSR A0 TR R X R E F A R 58
SRR, SRR I R G A IR IR S
SRR R A S DT RS IR , B R R R
At T 2O T A e G e BE (B LA,
2019;Li et al,2022)

2 RMFRRAE

21 XK

BT 5 P 1 R A B 58 AR PR A T IX 38 AR R
[E1(b) |, KNERARER, M2 % 8
B FARGAIERE(CT) RN LA BG4 T3 Fiik
WA (Cog) (BI2), FAXRGMBEFAET XNER
SRS AR, b R ARG IR RS A
B (CT) N —EW ks — A —lea —Ie K
ARV A, P b 2 U RS e
FHZH A, L B —EHER S m TR
JT 8 A I R K — IR B o rh R e ik

2025 £ 108 % 33%&-F 5

937



938

B4t

75°40'E 75°50'B 76°00'E
® F
o HYK
38°30'N 2 \] 38°30'N
4o
2
15y N QE
=
'3
%
c Sy
—— A 38°20'N
o V|
ol
ol
o
@ _TE _TFE 6B TPE T8 % -
z 2T ke B g
(e}
i
z = .
7&°E___75°E__16°E__71°E___78°E
75°50'E 76°00'E

[ s [ s 0 Il [ s [T
I [ B e - s B 2 Ns
-3 BORR X . I -1 BRI -1-4-3 Rt defifidfe s 11 -1-5-4% s e i Ittt ; M-B R EINR : 2-THRCIMA R,
M -2-1-F 35 gt A QB 05 T -2—2- B A5 H7 5 9 5 T —2—5—JE v FL—T5 LA i 2 A 5 IV - P — = VT L &R < IV -2 92 309
RN =2 | SEATHFE R F—Ri K e 5 IV -2-2-Jgdb bl ; 1SS DU R 2. 08 % 553, B R4 F B S — EA WS ;5. A5 R ;6. 8%
F7 BB F 8 B F 0. KIRR 10, T B 1L IER AR 512 =& 22 KBRS 13. —B0ERNES; 14 S8 A HNE
4515 FERREAE R IN 5 16,80 ELZERHE AE 10 5 17, KR 5 18 Sl 2

E1

3H 528 ) e P 3 X K A SE £ B (a) B (X 453t 5T (b)

Fig. 1 Geotectonic location(a) and regional geological map(b) of Aketao area, Xinjiang
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Fig.2 Geological map(a) and typical geological section map(b) of the Xiaoerbulake manganese deposit in Aketao area,

Xinjiang
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Fig.3 Ore field, hand specimens and typical microscopic photos of the Xiaoerbulake manganese deposit in Aketao

area, Xinjiang
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Fig.4 SEM characteristics of main minerals of the Xiaoerbulake manganese deposit in Aketao area, Xinjiang
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M R AT RS AR A S UK AR [l s E TR S
MRk, My A EEmRMKE R TR,
MnO & &4 10.9%~13.3%, V-3 & & 4 11.9%; Si0,
N 11.3%~25.4% , -3 5 18 4 18.8%; PO, & it
4 0.15%~3.57%, “F- 35 7 & R 1.12%; Fe,0, &% 14
17.9%~26.6%, ~F- 34 &% 1~ 20.9%; CaO % & A
15.09%~28.2% ,F-Y4 5 18 4 18.7%

TOUR AR 14 3 570 2S5 2R 7R : MnO &% i
9 0.18%~4.65% , F- ¥ 5 5 4 2.46%; Si0, & N
11.7%~30.5%, “F- 34 & & 4 23.9%; P,0, &% & N
0.15%~1.18%, V- 4 & 5 4 0.52%; Fe,0, & &t K
8.33%~39.70%, V- ¥4 T it K 23.30%; CaO % 1t N
3.75%~29.00% , F-34 & & H 15.90% .,

BAKKF 5541 MnO  P,0, Fll CaO & i+
T0UREAR FB A 1R 5 Si0, 3 & L TR Al A IR, vl e S
BRA A N SRR 0L R o S U8 Ry
WA AH K 584 % P/Mn HL{E 4 0.0078~0.1652,
S HAE M 0.0518, Mn/Fe [ {H 4 0.45~0.78, -1
FAE R 0.65, 2= B X N AR 0 A ks 4 v il 23 4
WA
3.3 WEMB LT EHBRU FEHIE

R AR L AR A S TR A [l et AR £
TCRITEERIE 1, MEITTR T HT A Sr.Yb,
Sm AY JCE % A LA R =5 , Rb . Ba \Nb Fl Zr 5%
JCR O RAH L A IR, AR TT R G AR

By £OC R Mg R B B0 AR AR
S REE 4 88.4x10°~100.9x10°°, V- ¥ (& & 94.0x
107 5% %5 1 M i SLREE 4 67.3%10°~83.4x10°°, T
s+ 4 SHREE 4 17.4%107°~21.9%10°, 52 F i 1
FL(E M 3.08~4.78 , F- X5 LU AE M 3.70;6Eu {EH 4 1.06~
1.37, YA R 1.24, LB (4 1F Eu 5% ;8Ce (H N
0.75~1.00,F3{E 4 0.90, EL55 1Y 1 Ce 575 o AXT
FHEEA A, BlAH AR IRAL, S REE by 47.7x
107°~127.0x10°, SF-Y{E A 88.8x107°; 484 £ &1 2 A
1, T E A B BRI R A LR 4.29~
9.20, - LAl M 5.59;8Eu {H H 0.58~1.39, -1 It
{4 1.08, K551 IF Eu 574 ;6Ce {H 4 0.53~1.13, °F
¥IE R 0.87, HEGAY 1 Ce H -
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HT AR, DL 32 545 5 S AR A B 5 B J)
AR = Tt AR AR R A i b A R B
{45 1 (Zhang et al,2021;Li et al,2022) , A5
() B SR AR P 5E A5 R BT 78 (9 1A 7R I A b TG 4 2R T
Bl , H A M AR XS AR o AR A7 IX el b 8 1% 3l 1Y R
i (R () A N R AR b & & 1 /D s il 7 A
YK A U ER AL 22 AR I A R P AR KA S,
SRR R T R AR e AL 3 T Bl R AR AN
T R Z VU YIE XM R . R, e R &
i SCHAR Y TG 3R LB RE S 3[R 29 ) Bk U

FRICESIE R LR, H RGP i A
TiO, & H UK, 1 0.02%~0.04% (F- 118 4 0.03% ),
BBl A TiO, 2 AR X8 R L R 0.029%0~0.06% (-3
H°M 0.04%) s 565 41 1 ALO, & & 4 2.45%~4.01%
CEEMEN 3.60%) , [l A H ALO, & & 50 A4,
K 2.40%~4.00% (73118 4 3.23%) , R W0 41 N
BBl A M [F — R . 4687 7 Si0,/ALO, L E Y [ K
3.93~6.44 , 34 {H Ky 5.18, [l 7 Si0,/ALO, H {8 15 [l
g 4.87~8.59, -1 {H Ky 7.26, ¥ T BE RS Si0,/
ALO, HAE (2549 3.6) , H.Si0,~ALO B E [ E 5(a) ]
R, TEBVEAGKALIX, R Y SRR AR A
BT A HA B S |, 0 A #oKiE s 25 (4
K5 ,2022)

Y JRAT R SEER A1 AL(AL+Fe+Mn) LB 4 0.05~
0.09 CF-H{E 4 0.07) , [l Al/(Al+Fe+Mn) FLAE hy
0.04~0.24 (318 1 0.12) 3 56 0 A Fe/Ti L {H N
619.12~1 174.85 CF-FI{E 4 907.21) , [l Fe/Ti L
H152.67~2 283.92 (“F-Y{E K 885.85) ; Eh i A1 (Fe+
Mn)/Ti HAE M 1 033.49~1 999.56 CSF-H{H A 1495.00),
FElE Fe/Ti HUAE M 174.06~2 579.74(SF-H{H 4 998.08) .
R B 40 2 LAY HOK TR 1) A/ (Al+Fe+Mn)
Ft 1 (<0.35) . Fe/Ti b {H (>20) F1 (Fe+Mn)/Ti F {H
( >20+5) (Bostrom et al, 1973; Adachi et al, 19863
Yamamoto, 1987) . 1F Fe/Ti— Al/(Al+Fe+Mn) #% 5
EILES5(b) ] I, 3 86 b E 34 9% A $OK TR 3
W, 5 i % W I i T Ak R AR AR — 2, i —
R R AP s R T Y Az B IO TRE
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F1 BROBNZRET T A, SAMKKEIWER
Table 1 Geochemical analysis results of ore and rock of the Xiaoerbulake manganese deposit

AMFERAS)  MnO FeO P05 Si0, CaO MgO ALO, TiO, Fe,0," Na,0 K,0 LOI H,0* 5i0, A Fe/Ti <Fe+,

/ALO,  /(Al+Fe+Mn) Mn)/Ti
TFREA(AXTHT) 3.85 12.10 0.43 21.60 14.10 3.40 323 0.03 30.50 0.20 0.04 13.10 7.47  6.69 0.07 1197 1365
T (AX2HT) 4.65 9.48 0.28 11.70 3.75 4.31 240 0.02 39.70 0.36 0.07 2440 156  4.87 0.04 2284 2580
BT (AX1H2)  10.90 2.02 0.15 15.70 15.90 2.15 4.01 0.03 26.60 0.40 0.11 1670 9.29  3.93 0.07 967 1405
BT (AX2H2)  13.30 2.00 0.39 22.80 15.00 2.82 3.99 0.03 18.90 0.50 0.12 24.80 10.10  5.71 0.08 868 1542
B (AX2H3) 1220 2.45 3.57 11.30 28.20 2.74 2.45 0.04 2020 0.45 0.11 2920 7.42  4.63 0.05 619 1033
Bl 7 (AX2H4) 1140 428 0.36 25.40 15.80 2.65 3.94 0.02 17.90 0.63 0.17 22.00 934  6.44 0.09 1175 2000
BRI A (AXTH3) 0.18 13.10 0.56 26.90 11.20 1.43 3.14 0.06 24.40 1.20 0.34 12.80 791  8.56 0.09 457 461
PRI A (AX2H5) 259 279 1.18 29.00 21.40 2.04 3.38 0.05 13.40 243 029 2090 230  8.59 0.14 339 412
PRI A (AX2H6) 1.05 4.96 0.15 30.50 29.00 2.03 4.00 0.06 833 0.14 0.08 24.10 248  7.61 0.24 153 174
APECRES5) St Se Rb Ba Th Ta Ce Nb Cr  Zr Hf Yb  Sm Y La Pr  Nd
PFHIA(AXTHT) 299 5.93 2.85 15.60 4.18 0.30 30.20 3.26 27.70 27.30 0.50 2.78 3.64  26.50 14.50 2.92 10.90
TR (AX2HT) 64.80 3.15 3.57 23.80 1.96 0.19 18.50 1.90 18.50 23.30 0.40 1.70 256  17.30 8.15 1.74  6.80
R4 (AX1H2) 481 497 3.71 53.80 3.00 0.25 29.00 2.37 36.20 24.90 0.50 4.02 438  32.90 15.60 330 13.30
R (AX2H2) 561 6.33 12.80 41.70 3.31 0.34 3420 3.44 47.20 22.80 0.60 4.12 522 3470 16.80 376 14.80
FRiM AT (AX2H3) 792 528 5.40 69.20 2.97 0.27 38.10 2.57 38.50 38.30 1.80 3.87 3.65 38.40 20.30 432 1530
FROPAT(AX2H4) 432 7.04 2.90 31.90 3.24 0.19 26.50 2.66 42.40 19.50 0.50 2.94 3.01  30.80 17.30 3.87 14.80
RFHA(AXTH3) 210 9.62 70.40 117 11.47 1.00 56.40 11.22 108 182 540 2.13 521  21.00 26.00 5.86 20.40
TEL KA (AX2H5) 767 4.94 12.90 110 3.44 0.31 30.60 2.89 32.70 33.30 130 296 4.77  33.40 27.00 4.95 20.20
P (AX2H6) 951 5.10 4.68 64.60 3.44 0.31 22.00 3.33 49.30 25.30 0.40 1.78 3.46  21.00 21.10 434 16.50
FPERERSS)  Eu Th Gd Dy Ho Er Tm Lu La/Yb Y/Ho Ce/La S REE SLREE SHREE LREE/HREE 6Eu  8Ce
PRI A(AXTHD) 1.67 0.58 3.60 323 0.64 1.90 0.31 033 522 41.50 2.08 77.30 63.90 13.40 478 139 1.06
PEK A (AX2HT) 093 038 243 224 046 1.37 021 022 479 37.70 227 47.70 3870  9.00 429 112 113
i (AX1H2)  1.88 0.94 5.72 550 1.16 3.35 0.59 0.60 3.89 28.40 1.85 89.30 67.50 21.90 3.08 115 0.93
R A (AX2H2) 175 1.12 4.65 528 1.29 3.11 048 0.52 4.07 27.00 2.04 9720 76.60 20.60 3.72 1.06  1.00
R A (AX2H3)  1.65 0.83 3.65 4.11 1.56 2.87 029 026 526 24.60 1.88 101 8340 17.40 478 137 0.93
FRiiPA(AX2H4)  1.82 1.01 534 598 1.16 3.46 0.63 0.58 5.89 26.60 1.53 88.40 67.30 21.10 3.19 137 075
TR A (AXTH3) 0.88 0.61 3.78 322 0.60 1.67 0.25 023 1220 3520 2.17 127 115 1250 9.20 0.58 1.06
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Abstract: The manganese deposits in China are predominantly of sedimentary type, having formed from the

Middle Proterozoic to the Neoproterozoic, the Late Paleozoic, and the early Mesozoic eras. These deposits are
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chiefly located in South China, with the “Datangpo-type” manganese deposit serving as the most representative
example. In recent years, notable advancements have been achieved in the study of marine sedimentary
carbonate-type manganese deposits within the Carboniferous sedimentary rock series in western China. Several
medium to large manganese deposits, including the Aoertuokanashi, Muhu, and Maerkantu deposits, have been
discovered in succession. The Xiaoerbulake manganese deposit, which is the focus of this study, is a newly
identified deposit, situated in the Aketao area of Xinjiang Province. This deposit formed at the margin of a
continental rift basin, exemplified by Qiaerlong, and is found within the stratified gray-black manganese-
mineralized, pyrite-bearing argillaceous limestone of the Lower Carboniferous Talong Group. The deposit is
primarily characterized by the presence of three manganese-rich minerals: rhodochrosite, manganocalcite, and
kutnohorite. To comprehensively examine the sources of ore-forming materials and the formation environment
of the Xiaoerbulake manganese deposit, a series of petrographic, mineralogical, and lithogeochemical analyses
were undertaken. The lithogeochemical data reveal that in comparison to the surrounding rocks, the manganese
ore is characterized by titanium depletion and low SiO,/Al,0, ratios, indicative of high-iron, medium-
phosphorus, low-grade manganese ore. Trace elements such as Rb, Ta, and Hf are relatively deficient, whereas
Th, Sm, and Y are enriched. The distribution of rare earth elements (REE) shows a pattern of light REE
depletion and high REE enrichment, marked by a weakly negative Ce anomaly, a positive Eu anomaly, and a
positive Y anomaly, suggesting that the manganese deposit originated from submarine hydrothermal venting.
Environmental discrimination analysis indicates that the Y/Ho ratio of the manganese ore aligns with values
typical of Phanerozoic limestone; additionally, the Sr-Ba ratio, the weakly negative Ce anomaly, and the positive
Y anomaly imply that manganese mineralization occurred in a brackish to hypersaline, relatively oxidized
depositional environment. The mechanism of mineralization can be described as follows: during the late
Paleozoic era, Fe-Mn-enriched polymetallic submarine hydrothermal fluids interacted with seawater. This
interaction led to the preferential accumulation of Mn?>* and Fe?>* ions as mixed (Mn, Fe) - (oxy) hydroxide
complexes within redox transition zones characterized by relatively oxygen-deficient, reducing, and mildly
alkaline to acidic conditions. These complexes subsequently underwent diagenetic transformation through
reactions with carbonate ions, resulting in the formation of manganese carbonate assemblages predominantly
composed of rhodochrosite. These assemblages were then transported to favorable sedimentary depressions,
where they co-precipitated with carbonate sediments, ultimately leading to the formation of the Xiaorbulak
manganese deposit.

Key words: geochemistry; mineralogy; Talong Group; rhodochrosite; Xiaoerbulake manganese deposit; Aketao

area; Xinjiang
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