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Abstract: The Nanhua manganese deposit in Changyang anticline of western Hubei is a Datangpo-type manganese deposit, and its
metallogenic age is precisely in the interglacial period of the Neoproterozoic Snowball Earth event. Under the background of the
breakup of the Rodinia supercontinent, there is genetic relationship among the climate change, rift basin and manganese
mineralization in the Datangpo period. In order to elaborate the control of paleoclimate, sedimentary environment and manganese
source on the sedimentary mineralization of large-scale manganese deposits, restore the metallogenic process of Datangpo-type
manganese deposits in western Hubei, this study selected Paomaping manganese deposit in Changyang area of western Hubei as
the research object, and carried out a comprehensive study on its geochemical characteristics. The results show that the Mn/Fe
ratio of manganese carbonate ore is high, the separation of Mn and Fe was very thorough during the deposition process, the

oxidation-reduction sensitive elements V and U are depleted, and Mo is enriched, revealing that the Datangpo period is an
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oxidation-weak oxidation sedimentary environment. Paleo-oxygenation facies such as 6U, Uau, Th/U, V/Cr, and Co/Ni indicate
that the Datangpo period was an oxygen and weak oxidation sedimentary environment. The Al and T1i contents of the Changyang
anticline rhodochrosite are slightly higher than those in the Hunan, Guizhou and Chongqing areas, indicating that the content of
terrigenous debris in the manganese deposits in the northern margin of Yangtze is higher than that in the southeastern margin of
Yangtze and the depth of its sedimentary water is relatively shallow or closer to the source. The study of CIA index shows that the
weathering intensity of Datangpo period in Changyang anticline is medium, rhodochrosite and carbonaceous mud (shale) rock are
characterized by the low Al/(Al+Mn-+Fe)ratios, positive Eu anomalies, LREE enrichment, Nb/Ta, Zr/Hf, Y/Ho ratio and
La/Yb-Ce/La, (Co+Ni+Cu) X10-Fe-Mn, Zr-Cr diagram analyses of manganese carbonate indicate that the source of
manganese is mainly from deep hydrothermal fluid, supplemented by land-derived manganese, and it was sourced from the
hydrothermal sedimentary in the mineralization period. By studying the CIA index, Sr/Cu, Rb/Sr, Sr, Sr/Ba values, it is

considered that the Datangpo period of Changyang anticline is a warm and humid climate environment. The mineralization of

manganese carbonate is obviously coupled with redox environment, manganese source, paleoclimate and paleosalinity.

Key words: Paomaping manganese deposit; geochemistry; paleoclimatic; sedimentary environment; manganese source.
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Fig.1 Tectonic setting of the Changyang area, western Hubei and stratigraphic column map of the Datangpo Formation
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Fig.2 Structure photos and microstructure characteristics of manganese ore in ZK1401
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Table 1 The contents (% ) of major elements in the manganese-bearing rock series of drill ZK1401 Datangpo Formation in Pao-
maping manganese ore deposit

Al
B G5 BEAAZFK ALO, CaO Fe,0, K,0O MgO MnO NaO SiO, S TiO, P,O;, Total  CIA Mf“ Mn-+
Fe Fe+Al
ZK1401-H1 KRG @ukARA 12.07 3.51 511 260 2.01  1.00  1.09 66.38 0.03 0.65 0.08 94.53  65.32 0.22  0.59
ZK1401-H2  M@yKiis  13.58 2.15 470 3.60  1.60  0.72  0.92 65.68 1.53 0.61 0.19  95.28  66.20 0.17  0.65
ZK1401-H3  MB@EyKiA 1340 3.39 7.98 372 142 111 0.82 55.11 5.03 0.61 0.27  92.86  66.55 0.15  0.52
ZK1401-H4  M@yKiiA  6.08 17.35 571 1.31 110 4.68  0.36 39.28 2.57 0.31 0.69  79.44  70.00 0.91  0.30
7ZK1401-H5 MBfaykeis 1407 3.35 3.32  3.94  1.65 098  0.77 63.71 0.84 0.64 0.69  93.96 67.39 0.33  0.71
ZK1401-H6 Mk 13.84 2.82 3.17 3.8 1.71  1.06  0.72 65.97 0.4 0.62 0.12 9431  68.83 0.37  0.71
ZK1401-H7  BRFRTUH  16.32 0.32 5.36 478  1.43 029  0.98 61.03 3.49 0.68 0.08 9476  65.99 0.06  0.68
ZK1401-H8 &4 935 7.98 4.85 268 1.66 11.57  0.63 39.8 2.90 0.42 0.84 82.68 62.23 2.64  0.29
ZK1401-H9  BREREGH™ 4 7.86 5.52 4.93 221 1.85 18.04  0.54 34.58 2.33 0.43 0.39  78.68 6531 4.05  0.19
ZKI401-H10 BREREGH 4 10.38 3.32 5.69 297 1.68 1434  0.72 39.32 3.36 0.55 0.35  82.68  64.99 2.79  0.27
ZKI401-H11 BB 1590 1.07 6.52 4.64  1.37  0.33  0.99 57.32 4.61 0.69 0.62  94.06 65.72 0.06  0.64
ZKI401-H12 B 13.33 1.70 544  3.80 144 655  0.97 51.12 3.66 0.70 0.29  89.00  64.57 1.33  0.44
ZK1401-H13  BRFETUA  15.84 0.54 7.36 455  1.32  0.50  1.08 57.41 5.38 0.72 0.21  94.91  65.10 0.08  0.60
ZK1401-H14 8RO A 7.04 6.52 4.07 200 1.84  21.49  0.53 29.86 2.40 0.35 1.25  77.35 64.27 5.84  0.16
ZK1401-H15  &4%A 1164 2.29 559  3.29 148  10.12  0.86 45.96 3.97 0.56 0.27  86.03  64.52 2.00  0.34
ZK1401-H16  &4E%E 1094 4.70 4.18  3.10 1.49  11.62  0.82 42.84 2.73 0.54 1.72  84.68 64.35 3.08  0.33
ZK1401-H17  BREGTUA  13.98 1.46 7.56 3.86 1.20  3.36  1.15 52.76 5.80 0.66 0.29  92.08  63.68 0.49  0.48
ZK1401-H18  BREGTUA  14.86 1.20 548  4.13  1.21 2,17  1.12 57.18 3.86 0.73 0.16  92.10  64.53 0.44  0.59
ZK1401-H19  &4¥%A 12,10 2.76 574  3.38  1.31  7.95  0.91 48.324.15 0.60 0.28  87.50 6449 1.53  0.39
ZK1401-H20 RO A 6.27 6.63 3.81 179 206 23.12  0.41 26.97 2.19 0.34 0.34  73.93 6558 6.71  0.14
ZK1401-H21 WS A 10.26 4.40 517  2.90 1.61  13.05  0.68 40.34 3.66 0.52 1.12  83.71  65.58 2.79  0.28
ZK1401-H22 ®WEFRERH A 9.45 4.90 527 265 1.57 13.12  0.65 40.11 3.94 0.49 0.32 8247 65.33 2.75  0.27
ZK1401-H23  BREESUA 1097 3.84 534 3.04 1.06 547  0.61 54.654.10 0.57 0.13  89.78  67.40 1.13  0.42
ZK1401-H24  BRFESUA 1171 2.29 6.62  3.35 077  1.04  0.51 59.77 5.55 0.59 0.11  92.31  68.79 0.17  0.53
ZK1401-H25 K@ uKE A 11.28 4.25 4.65  3.14  0.68  0.85  0.50 64.39 3.06 0.59 0.15  93.54  69.07 0.20  0.60
ZK1401-H26 JKEE@UKRRA 13.98 2.14 4.77  3.63  0.92 040  0.93 66.79 1.95 0.60 0.34  96.45  66.64 0.09  0.67

: CIA=100 X n( ALO,)/{n(ALO,) +n(CaO*) +n(K,0) +n(Na,0) | , HeHf n(CaO*) AR R # H A Ca(McLennan, 1993).
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0T BT W R B 2R CE AR LA
HHE MY A SRR R Rk 2 b R Bk
W EE IR R KPAR - AR, B
A AR IR UKL R B /)N 1 8 Bk 4 JOURL 2H B, B AR IR
KA — /N T 10 pm, AT 5~8 pwm Z ] (8] 2H
21). R A % w8y 28 A8 2 AR U A E
G50, BN A0 IE D7 B IR N 3B 45 4 (&
2 2K) , Hodp /b Bk BT 0ORRL 42 38 40 pm. 22

TR S S R N DG R A T BB N
F L 25 MR T 220 (B 2L) A & 25 8 32 AR
A A g BB LA SRR 2 8], AT L B R
A A TR Y TP RS A BRI
2M 2N BT R AR B IR AT
ROBEBFERWE ,REFTH LT YZE(E20).
32 FEREWE

MDA S A R R R TR AT A R LK 1
KYE I 20 & 4008 7 ik BT 0 K45 R s, SI0, &
A F 39.8%~61.03% , 318 52.35% ; ALO, &% &
I 9.35%0~15.84% ,F- 342 13.08 % ; MnO & & ¢
T0.29%0~11.62% ,F-# K 5.08% ; Fe,O, &% AT
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0.32%~7.98%, F ¥ K 251%; K,O & & /v T
2.68%~4.78%, ¥ ¥ S 3.72% ; MgO & &= v F
1.06%~1.66%, ¥ 34 &/ 1.31%; P,O, & @ A F
0.08%~1.72% , 31 0.42% . &4k I 2 R i 0L

5K Bz BE IR A B9 8o FE AR — B0 (S BRI 4

TR R A A IR 2 R R, Sio, A T
26.97%~40.34% , F ¥4 35.20% ; ALO, &% H# AT
6.27%~10.38%, *F- ¥ K 8.54% ; MnO % & 4 T
13.05%~23.12% ,F ¥/ 17.19% ; Fe,O, & &N T
3.81%~5.69%, F ¥ o~ 4.82%; CaO & & A T
3.32%~6.63%, F ¥ K 5.22%; KO &% & i F
1.79%~2.97%, ¥ ¥ & 2.42%; MgO & & /i F
1.57%~2.06%, F ¥ R 1.77%; P,O, & & it T
0.32%~1.25% ,F ¥R 0.63% . Bk FR 46 0 £1 5 il

FHRAE MR AETETRCRESEML, 5%
JE o EORE A R B ALO, L SIO, & B b, 5 3%
B (MnCO,) # 16 1F A 3¢ B9 CaO . MnO |
MgO F 1 3 0, 38 78 5 5 28 DL Bk R 6 8 047 e
H ¥ 5 PP 40 K i PR Fe o A UC AR AU 5 07 K
33 WETEHME

5 FERR A R A AR R T 2 A B 4
S5 0L 2. Hovh R WE B AL S AR VR A R TR A Mo
&P E 13.07X10°°; Cu % 1 7 ¥ {H 89.72 X
10°° V& & F WM 82.25X10 % Cr & & F 1
66.33X 10 *; Co 7 1 F ¥ {H 54.20 X 10 *; Ni &
¥IME 69.59 10 °; Th & &-FH{H 10.27X10 ;U &
T YE 2.38 X 107" Sk FR 46 07 41 Mo 7% 2 - ¥ {H
5.93X 10 % Cu & H - 69.30 X 10 V & & 3
B 70.50X 10 *; Cr & 1 -3 {H 48.50 X 10 *; Co 7 it
EHIME 62.08 X105 Ni & 5 FH{H 51,4310 °; Th
T 8.84X10 U & | {H 2.70<X 107"
TRV BRI % Mo . Cu V .Cr Ni. Th# it &
WRRER A A1, 1 Co U & Ik T oM 0 A1 . % #il
PR ZK1401 FL i f oC R 17 PAAS 4k, &
hVe A Bk T UL A AR B Mo Co M i & 4, Cu.
Ni B E % ,Cr.Zn . Sr. Th. U . Zr . Rb 7 #i . % R 4
WA FE AR AL 2R Co Mo & 4, Cule il s 4, &
B Ve i T DA R i TG 2 2 R R R A A
B A5 AR AL, 3R B K 0 8 300 o s 5 5 S 2 L
34 HLLEIE

M YRR BT AL A R+ ot E 4 A ik
45 RO R 3D PR B ZK1401 fL % A e A
e it W & S REE - 5 2 247.06 X 10", Bk MR 4l

W 1 S REE ¥ 4 & 318.12X 10 °. 1 7 I 4 o
2 4 0" A SREE - ¥ &y 285.0X107°, [ # & B
BB MR AP 4 S REE BAK , H W B & T
PAAS L & iy J6 7 1R kalahari 46 #% B2 £ (Chetty
and Gutzmer, 2012) , fik F 3 1 ¥ i 4 &5 & .
ZK1401 fL & %% J8 % > LREE/> HREE “F ¥ {5 K
8.13, MM 4% H 41 > LREE/>HREE - {4 5.97.

4 i

KI5 W 3 7 e KRB R 2 2 T
P AN AR BH AR R A 1 7Y s DT
5 Hb VR A6 A 7 DT R T KBRS IR T R AA
PR SO KU 31 10 K AR AL R TR A B R R Ok
P8 DL By Aty v K R B AR LA, o BT K P T
R BRI R EE R R JR N R R
4.1 S|LUEERESH

R ARSI A/ R NSl RN |
K48 7R KR PR BE Y A AR TR A 1 BT — A
b8 2 B3RO B, AT B R S DR AR KN R
a3 BT AL O T A% 1 5k WY 52 4, 2017) . Y R JE K
T Ry B A IR S B8 JFOIR S B BB W RO AR
R, DU A& KT, R R KD CF 3 3~
6 pm) ;55 A AL FR BT b, Bk R AR A (O34 6~
10 pm) |, B, B0 A R 1 A IR Bk R
B & gw Ak & 00T BB SR B B
B, UL A B i B S 3 R AR AR Ak R B R, R
e — KT 5 pm. ZK1401 FL # 2k 0 B8 3% 40 ¥ R
B PR 4 07 A TP B R A A LUK I B AR O 5
A AR AR ERT R ZE DT 6~
8 pm, 4 Bl A JE &bk 42 3K 5] 40 pm (] 2J~2K) .
B TE A RS K/INGE s ik R s 0 T FRURE 7K 4R A6
55k 55 FAk SR AL RS I KR U AR AL B
RAE VLR Y, R AR B g AE DR Y h OB
A, FOR R AR RN S LB K, i [ B 2k
FJE 8 20 W 7e A0 AR B O s i AL A8 2 R K

FEILR M R (R D), ST ZK1401
FLOR BR 56 B A1 FE & B9 Min/Fe 4 F 2.75~6.71, 13
4.16; 1 WEL 0 Bk BR AR 0 A AE A B9 Min/Fe /v T
4.76~25.00, F ¥ 12.50.Mn/Fe A8 % H At i 48 0 2
T & SR B 0 AR Min Fe 43 85 8 R 1§ . Mn/
Fe LA (1 w5 1% 58 Bz il 0B 2R 35 48 A 38 JROIR 2 76 4
JE A AR R B SR SR B 25 T, Min Fil Fe ## m) T2k
[ CE HE LA 23 FF 7238 B AL B T, Mn il Fe AJ
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Fig.3 REE pattern and trace element distribution diagrams of the manganese carbonate ores and black shales in Yangtze area
AL A R R R AR T A AR B LG BT PR AR 0T ZK1401 FLR G TUA AR C CHL WAL I B AR ZK 1401 FLER B 0 0 A
Rt DLW R LR B BR RO A RE S B R AR BR IR0 AR FL SN L R R IR A RE A A D LE

F 84 251 A ok« k(2014)

D3 < 3 NTTIE= I S B S ) I i I
BRI B U TR GEYE A % TH IR B AR
SR B Mn/Fe LU EAR M3 (5K €K, 2014) , R BT
Ut A% o Min il Fe 43 85 1 20 W1, 2 Bl 3 26 7 IR
e TR e 7 0 B R A 1% 0T BE O 59 Ak - EARIR A
MR K 43 2 R S BURE KA B
DA 4 J@ e R e RO Tk R ERZ
WIEE SR E RN BT AR BE
AL 3 5 AN W EAT X AR JC R (A1 V . Mo .

U 55 (47 A 4 3 2 0 2 i 4 D, 7T DA g s )
A R IE R IR A, DT [R] Al T 2 0 R A A 22 18]
R Mot R G RIS RZ M SR AR
i) BR855 Fp oC R EH B A, Rk V. Mo U %5 fif & o0
FOE R RIS R UUBL B A LR B R BT L 0 B
BARH V.U & & [ Mo B9 & &8s, 8 7R It
B Sy AL - 55 A AR 9 25 58 (Algeo, 2004) . 1 5 B
B LA IR T S AR A R PAAS T4 B Y R
V.U 5, Mo fx N & 4 (K 3A~3C) , & K
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FH 5 R R I 3 00 o R AE - 55 A i U B A B

Tl 3R LU 78 H B S Ak R T PR B R B 2
SCH EAYAE . AT TR S o0 3 ) AR Ak A B
D7 T KA A5, #E R G0 R 5 L IE FH A B
il B4 T 283 5] J7 2 (Tribovillard ez al., 2006;
Nagarajan et al., 2007; Schroder and Grotzinger,
2007 ; 58 5 55, 20185 25 KA 45, 2019 ; K it 04 55
2019 fal {4845, 2023) . J T P 5R 7 Ry 15 AR 0B R AR
WK, & s RUE SN E, SR EED
T 41 Mn & 838, 245 50 IREFAIE AR Rk £ oU (R
Bl 4 4E . 1999) . Uau(Crusius and Thomson, 2000) .
Th/U (354 ,2018) \V/Cr(fal £ £ %5 , 2023) \Ni/
Co(ZE KA S, 2019) LB TF R ik FR 46 5 WL s 300 oy
REE o3 H1 (E 4) . ZK 1401 FL 3K FR 56 0 A1 A% & I 3 245
WK, OUMEA T 0.76~0.98 Z ], “E- {5 K 0.89;
V/Crfi T 1.13~2.36 Z [i] , -3 {E K 1.42; Uau
i F —1.22~1.69 Z [0l , F- ¥ N —0.25; Th/U {H
I T 1.85~4.89 Z 1], V- ¥ {E Jy 3.61; Ni/CofH i+ T
0.54~1.80 Z 8] , F-¥{A M 0.91. Jif 4 48 45 4 5 7 Bk
2 46 0 U0 B Ry S A - 55 AR A IR BT S AR TR
B JOT LA L e R D A A TR A U B B KR A
5 Z A AL, 2 B K 0E B T BUK R O B e 1 R
-39 A AL I BE , S A AR THT R .
W I T R L 22 BT (L 4) % b 43 b
7 K B I R ) 5 g 3 K AR S AR K AT T
B, OB ) 30 A4 K B D IC L 3X T BE S R
Sl 7R 7 S S T A N NI 3
Rl 2 A0 B R v 3 IR T K B R 2
Fhm A O . i T R A 48 A5 AR b B 5 MnO
A A H AR, BOR YRS 2
JZZEAH, R R AR R B A A R B b 3R
i B AN AR R R B A DG, b 5 P R R
Jo ] BCPE S 6 R R A M P A G, HOR
K 22 0] BE 5 F o 1 ol 51 Y TR 6 iR R M K
4.2 SRR

KB R K IE B X4 0T Ok UE T e A
Bili 5 N U AL BROK ) B Rl LR U 2R B
1 25 B R TE O B R A LER AR L BE R RE R
EOR Y/ AR RN/ I K 2R PSR
B HE N A REBERR A KOS R O AR & BE
e SR TR R i NN R S W (o I 1 R L 2
i £ 0 ) A A, 8 L b ) B T R Mk 0E ROk iF
AN KR Wiz 2= A DU R IX i CIA BF 9% &8 7w

P B I - ST I R W 7 S o N R A A =
WAL R B CIRL 4, PR 0L R ). i e Al ok oy« g AR
R BAT R B B ] A JE R R AR Oy
il R N S O = N T (S I e R
B R A TR S TR T Ok, R
MR RE RS R kIR A B R T
I, Bl R W] ORE RN JE AR R BR BT E ORI
AT T 8 8% K 46 /s A 2 DUR Wy v il 5
JE EB Ay 0 22 /0 — T B 0 ALRL T 5 i 3R0R
TR Ji8 305 4 BT o L 4810265, 8 78 T AR K AR TR B A % A
P U R B W IR O CRAEHNAE ,2013) . B B ¥4 IR
R AR A1 ALO, & & F TiO, & 50 5 T 52 M 4 5r
ALY VR, & T RORE S SN
B, R T 5 A6 2K PH H KRR T 0 RUK 1A A
XoF 358 v mk A R ) R AT L SR 0 DR A i VR ST
BOA 5 M X R T B A I — B (oK ol
2020).Fio er al.(2010) #F 5% ik Jy , Al/(Al+Mn+
Fe) tW{E 7T FH T IR Bt s & SR EERR £k \Fe .Mn LA & Al
SR A G W AE Bl R DT AR A B IR o R
B M AR T VR TS AL/ (AL Mn+Fe) Hofl
AT 0.29~0.68 Z (8], V-2 {H 0.48; R IR B 0 A1 Al/
(Al+Mn-+Fe) L H AN T 0.14~0.28 Z [a] , 3 ¥ {8
0.22(F 1) . X Lb 43 Bt 8 7 bl V50 R i X8 5k R 45 7 A1
R R /DN o R () R 5 R T R K
Bk R 46 0 A1 Min/Fe LU H V- 4 {8 4.16 , & 4 e (51)
4 Mn/Fe LB F- 3918 1.08, ik 8 45 5" 4 Mn/Fe [t
HiZ s TR, W mRRET Rz hm s
B 1t B Mn 5 Fe 43 5 Z1, 66 0 4F L — ke U5
e IR 46 24 P 1) B o0 2 W 4 0T B 4 A R AE
Al 0 2 TR B /K 44 1) B 2 T R S £ 0 K 4 A 4
fiE, R, w0 B T R s BB R £ A B
INBE X B R A A R IR AL O A R OT R
P i S — Fh A S UL 58 O X R BR AL B A La-
Ce(Hogdahl ez al., 1968) . (Co+Ni+Cu) X 10-Fe-
Mn (Hein et al.,1994) . Zr-Cr(Marchig et al., 1982)
i (P 5) s , B R B 0 A1 B o 7 78 UK TTRRIX
A3 AT IN Ry i TR TR DL R AR ROR IR Ol HR T 1
H B e IR AE ] Douville ez al. (1999) #f 5% 1A
Sk R M BT AR 1 T A A AU R B Eu IE R R
LREE & 8 (55 450, 10 B 5 B8k W2 56 9 A1 FF i 0Eu
Y948 1.14 \LREE/HREE ¥ ¥ {8 5.97 , #4 /K 37T i1
FRAE B . 55 28 X i 5 4R 0 ZK601 AL 4L -
41 Nb/Ta . Zr/HI LL } Y/Ho W {4 #4717 0F 58,
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The discriminant diagrams of hot water genesis of Datangpo Formation in Paomaping manganese deposit

A. La/Yb-Ce/La & fi# ( #t Hogdahl ez al. , 1968 ) ; B. (Cu+Ni+Co) X 10-Fe-Mn [ fi# ( 4 Hein ez al. , 1994 ) ; C. Zr-Cr & fi# ( #i8 Marchig

et al. ,1982)

NP R R RE  S | ST ol R E VT
WL, B A SRR mENZS5, 5
R BT R 0T R TR AH AL (IR R A, 2009) . ZE A A
N A KM EMNEERET BA 2 F AR
ik, DAIR AR R U5 R 3, Bl LA 2D 1 il 5 XU A ok I

YE 4 7 A6 2 0% Bl =U50 7 3 8 B 10, oy 4k
B R O R /T s Mo B B & 4, Co ., St il
WAk KK, 2014) (B 3A) , 5 S Pp4G 0 & 4
LA A F (B 3B .3C). X th 4 7 4 RS 2% 91 7 oy o
R VRS AR SN A S A SR A 4
10 (] 3D~3F) , [ £ H 3 Co Mo & %, Cr.Zn,
Th7Z (7 €&, 2014). Wi o0 Z 00 B,
WA SLREE/SHREE V%118 2 4.25, 5 1 & £
BhATARGE , HO¥ 5 A S8 vl 4R T, 3R U]l AR
WM SRR R 1 S AU R AR
Kb B SRR 0 SR e (D0) A RR AR A 1
b2/ = 5= W LTV W& 2 1 B i e 1 1 O o =
R e (K 3G 3H) , 5 st v U & T &R
B 2 LT B A REAE A RL (5K TR, 2014 ) L A

N ==

ISR PG K B b X5 3 7 AR mE S R R XK I B X
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B4 2023). 3 H N K CIA {H A T 50~100 Z ], A~
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