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Fig. 1  Schematic diagram of Ziyang composition
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Fig. 2 Schematic map of sampling location of Maoba Town, Ziyang County
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3.2 HEAhETALFE

FEREM A AT, B4, )5,
W ZEREN 1 ~3 em K/, FHPUAR: 533 200 ¢
Rl (5K 5F,1997) g & 200 B, R4, JF
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TRAEAE AL R XT840 P (105°C £2°C) T
M2 ~4 h, RHEZR, A 0.500 ¢,

AR SCHE S50 3 B rpOR B 28 6 BRI RS
FEXTHR AT HY (MIX 5256 28 P 3b o (5 &
F,2015) , RO A 4
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AR SR FH e Ao R DY A 2SI 4 Tk
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AR I T AR HURE i A0 0 HR R
TR AR F c 1) 8 4l K 3R BOK IR S, 2)
0. Imol/L K2HPO4-KH2PO4 (pH = 7) 2% /i Wk
P A, 3)0. 1 mol/L NaOH # B %5
PEAHLAN, 4)0.5g KClIO3 [& {485 K 1 10ml #
HC1 A9 TE A 90 A5 BURE Ak 47/ 46 FL ) F B0 TRl 5)
HNO3 HF Fl HCl04 = 7 iR IR iR 78 fifk 5% 75 75 A
(kA 45 ,2020) , BUORHPRE IS, 4 BRI 3 2 1
5 e,

0. 500g7% 117 i
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Fig. 3 Four—step five—state sequential extraction method

(after Tang Mulan,2018)
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Table 1  Total selenium content in all rock samples ( after the test of Faculty of Material Science and Chemistry, CUG)
M FoEca Se Fr R (x107°) M5 Ak Se Trht(x107°)
MbO1 KA 0.310. 14 Mb14 IR AT 0.58
Mb02 e A A 6.45 Mb15 BATUH 3.22
Mb03 BN 43. 89 XA01 (SRR 36.0+1.95
Mb04 TR 2.17 XA02 (SRR 33.60

Mb5-01 T AR A 71. 14 XA03 MR 49.31

Mb5-02 RO 86. 77 WMO1 Tl o Al 126+9. 83

Mb5-03 i 4. 42 WMO02 RO 36. 28
Mb06 WA A (e 1) 11.75 WMO03 RS 23.95
Mb07 W 1.37 WMO04 FET 438. 40
Mb08 e B AR 28. 80 WMO05 BEuA 14.72
Mb09 T oA 15.19 WMO06 [ndigiEa 14.13
Mb10 EENY/ 6.27 TJGO1 SR 22.56
Mb11 S 4.12 TIG02 (SRR 28. 67
Mb12 T ST 25.350. 67 TJGO3 WECEEY) 44.29
Mb13 IRETUE 9.70
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M E H Al LA H, MbO1 . Mb04 . Mb5 - 03 |
Mb07 Mb11 Mbl4 Mbl15 % =4b R4 2|1 A A
FE b SRR B BRI, M BN A RS K
DT T T A T Y A R T A
R HE Mb03 Mb05—1 Mb05-2, APk 5 K
B AR A 7R FLR BRI 6 A A A -
FEAME M R A A RE A,
WMO1-WMO06 iX 6 A i 1 S Al 75 5 ] £ 45 51
KA, HoH 2 rp ¥ S, ok WM -04 fifi & &
ik 438.40x107°, XA TR L £ FE W
Em T HL 7 VBT O X R 4R (Maka et al.
2020) . AP S A B T AR e R A U
T MB5-03 Fl MB11 5 ¢ i tp il 5 5 2 4. 42%
107°°F1 4. 12x 107, £ WMO3 7}y 23.95%x107°,
1 WMO04 2k 438.40x10°°, WMO03 F1 WMO04
fn R A R — 7 [\ ok fe BT, LA % i 25 R A
K, W] g5 HAS R 2 A0 0 oA T i [ 22 S5
£ & ( Matamoros—Veloza et al. ,2014) ., & P4
i e AR B AR LR A B oA A2

BoIny, R VRART Y 1 BT FE R P
M) JRE T R R 0 2H RN B AR
ELF,2006; Tian Huan et al. ,2020) , FA LS Y=
Bl &5 it T REBR A 2 P JR 7 T B SRR A A
JZ4 5% (Tian Huan et al. ,2016) ,3X HA G0 A
A S O AR T — s i B S
MR ) 6 A (1) BTG I 5t 25 SRR | LR 5
S TR AR S i X 5 S B BF
FEATR—E(BRPE,2002) ,

Xf 29 AMUFAE A A1 FE i 1 Bl 25 S R AT 20 A
R E AR B AR B DU LR AR R
FHAHER 1, TEBR AR A | B (0, s R o
ST B AR B, TERE U A R 22 B T
TE A WA U TP R 5 IR

4.2 WA

222 5 T R F ICP-MS 5 BT 25 40
Bl b A AT RE S A T B B R
TEE3 P,

K2 EAHRPWEERLSEELER(x107)
(Pt o R 2 (B0 AR A2 Be il i)

Table 2 Total table of selenium content by morphology in rock samples(x107%)

(after the test of Faculty of Material Science and Chemistry, CUG)

i/ AL

G KL AISRE ANEEE e BRI ST PRGN FEHRIECOR
HY 59.75 85.03 305. 27 95.21 50. 12 595. 37 619. 00 96. 18
MIX 58.24 67. 08 285.92 82.29 67. 67 561.20 619. 00 90. 66
MB-5-01 4.18 4.40 45.70 15. 61 3.86 73.75 71.14 103. 67
MB-5-02 3.20 3.19 15.94 60. 75 13.15 96.23 99. 64 96. 58
MB-5-03 0.53 0.32 0.57 2.11 0. 06 3.58 4.42 81.07
XA-01 2.40 1.27 3.74 20. 57 8.33 36. 31 36.01 100. 83
XA-02 1.03 1.33 3.56 17.25 10. 49 33.66 33.60 100. 16
XA-03 1.93 1.70 3.93 20. 37 7. 14 35.07 33.44 104. 87
WM-01 6. 56 8. 64 70. 32 31.32 13.97 130. 81 125. 61 104. 14
WM-02 3.35 4.08 13.37 23.04 7.31 51. 14 37.53 136. 27
WM-03 0.37 1.78 4.79 12. 69 1.69 21.31 23.95 89. 01
WM-04 22.40 29.71 149. 05 176. 31 28. 82 406. 28 438. 40 92. 67
WM-05 0.11 0.81 6.16 5.04 2.38 14.49 14.72 98. 48
TJIG-01 0.00 0.00 0.51 12.45 10. 23 23.18 22.56 102.75
TIG-02 0. 81 1.01 2.81 10. 58 8.20 23.41 24.74 94. 64
TIG-03 0. 08 0.59 2.35 20. 07 11.01 34.09 31.20 109. 23

®3 KWEAIERAE HY MIX BRIHERFE(DEE,2015)
Table 3 Recommended values of HY and MIX selenium forms in laboratories ( after Ma Zhenzhen,2015)

Wik S 4 K schm gnsadm MO s g
P = T VAN

LE¥iva mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

FEIE 50.7 96.9 327.0 101.0 49.5 619.0
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ek
Wik 54 ki ek ansagm MO g g
FE(HHEFA(E 50+5 9316 320+20 1017 49+4 629+5
ARXFFR v 22 (RSD% ) 7.31 4.10 2.03 4.98 4.59 5.92

SEIG AT AR VEY) T HY 45 A 45 R 5w
FORARE(HY MIX) TESHERE (D HEE,
2015) $53L (52 3) , M &= (K AS W ME R 59. 75 %
107 FRUEME N (50+5) x 107 A ASHL 506 7 & Ky
85.03x10°°  FRUEME N (93+£6) x 10, AHLLE A&
Wl 5 2 h 305,27 x 10°°, (A (320 £20) x
107° i/ B AL ) 45 & A5 0l & /4 95.21x107°, g
HEME A (101£7) x 107 3R A4 4 50. 12%x10°°,
FRUEM N (49 +£4) x 107%; S & &8 fy 595.37 x
107 BRIE AT AR IE A (629+5) x 107, HoAfi 1 42
HURTSCR AL 5 35 96. 18%, AR 6 1CP - MS
N PR A (B e A A v AL, IR B S50 0000 Pl 4
4.2.1  JKVEAM

HRGE 2 T FH 7K A5 5 1 WM -
04 B, T >20x 107, X T #5220 75 1 oK
VAR X f =, H X TR R Ok U0 A
WMO1 ,WM02 . MB5-01 ,MB5-02 . XA-01 ,XA-03
B FROK A & B, IR T 10x107°, WM -
03 \WM-05 ,MB5-03 . TJIG-02 . TJG-03 . XA-02 ¥
st PR AN B AR 78 TIG-01 HhoRAs: ik i

IR F AL XE Se0,”, /K IF A
SCRY AT AT (B PR R 45,2018 ; Petrovi ,2021) , J&
AT LAY A R MSOR FETE 25 BRI, KA B i Y
e e B AR FLUR R ik T AR AR B
R ERE KA B B R AR AR JE 1 4
bR (HEJT 4 4 2021;Qin Haibo et al. ,2017) ,#F5%
A G AT Yy s L AR i NS 2
st PR AR 2 S A BN, WA AR R
et R e R ZR VR F AR UEAE
4.2.2 W[ASHRASTH

HRAE e 2 AT UL AT A8 4 A 2 o = 1o WM -
04 Ff i, F23 30X 107, Ay AT 58 $8 AT 5 2 5 A B
i HOh WM-01 \WM-02 MB5-01 ,MB5-02 ¥
f, T WM =03 . WM =05 ,MB5-03 . TJG-02 TJG -
03 XA-01 ,XA-02 XA-03 F 5 bl & =A% 78
TIG-01 "R A th ] 22 4 Al H 454 i 1] 28 4
AN i e LR b 7 AR R A AT AE
A Se T EEIE Se0,”, I A W A LN A 2L ES

it , ] B AR ) W R FH (Wen Hanjie, 2002) , HR
Hhs Bl AR R Al — A, 78 Sl 25 v o eIk
kA 2 B B A AR AN i, A B i, LA
TR IS 5] + 5 KRB rha] A sl 4 W ORI B
AR ( Tessier,1979)

4.2.3 AHLEEEAM

HRHE 2 2 AT DA HLEE & 800 5 im0 WM
—04 BE S, FEIE 150 1070, 76 Bl & &b o i
o HWR g WM =01, MB5-01 K&, #>50x107°
T WM-02 , WM-03 ,WM-05 MB5-02 TJG-02,
TIG-03 . XA-01 . XA-02 XA-03 F£ih A HLESE &
S AR B 7E MB-5-03 \ TIG-01 P Bl
G4 AS AR AR

RAATUAMEEFCA AN G Se IEEE
Z AN Moreno 1 Kreyenhagen U175 Y 25—,
5 g ik Bkt M AP A BH N Y Smoky Hill 1 Sharon
Springs Member U1 1 [l R 5 0 35 300 kb DX AT ME SC
i DX ) 8, TS FIRE T 7 | A R T 2R A 4 T4
Tulare VI A I A2 17 T H 28 K 4 b ) LR
— & (Matamoros—Veloza ,2014) , IX—Z5 R R A
WL W TG ) R X T A A AR TR ok 15
EAURRE R, A LGS AN HVETE 5 7E A Gl
14 5373 S50 A HIL 2 B PR BB T [l
4.2.4 WELY/ AL S A

FRIEE 2 0] WL WM=-04 FE & TP aL i fb 45 &
AU 2T 180 107 HL B R i b /il Ak
WSS G R, HAE WMS-03 £ & B/ il
s G EIR,

SERR L B/ A4 45 2 R AL S 2 T Ak
SEHIERS . BRIABRIE R S IR A B A T
FHLTE AR RN B i B s Se (0) B A Se
(-2)BYHES (BT K 55,2018 ; Tang Mulan et al. |
2020) , FELFAMLIX, X P2 AT A IF itk 9/ 6
R4 G A0, 20 BRI S . 5 BIL BT AH 56 1)
Wl M L, 5 B Ak /6 Ak 0 R S 1 G A
K, 22 B AT TG 1) S A0 JRT BB SR AL
2 2 PR ALY A 2 A A T R ST Y 2
7, T HAEHER AL FE AT R v | 3 R R 58 R
ALY I BTN (A TR B R
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4.2.5 GRS
HRAEE 2 n] WLAR I A A /2, WM -04 B 5 %
Vs A B BT 30x 107 Hk S WM-01 WM
-02 ,MB5-02 . TJG-01.TJG-02 . TJG-03 . XA-01 .
XA-02 XA -03 F i 5% i 2500 5 i Y 7E 5%107°
~ 15x 107 Z [a]; i WM -03, WM-05,MB5-01
MB5-03 A i Hize R AR 7 & A XA, AR A
Eﬁﬁ@é‘iﬁﬁ&Eiﬂ/z;?izéﬁﬁiijuﬂi%ﬁﬂ?ﬁa
Aﬁ?fw%w 35K A P G A
R IRIE A B LU, — o R B
Mﬁ%@?%ﬁﬂﬁtﬂﬁﬁﬂ%ﬁo HULATE 1, A A
WA 5 i 7% (5K % 5%, 20205 Xiao Kongcao et al. ,
2020) , REIE A 21| 3 S PR FH LA Bk 4 W s 1)

il S ARAI
4.2.6 M

FPE R 2 ] WS S WM —04 A 5 S

SR, HN>400x107; Hk S WM-01, WM -
02 .MB-5-01 MB-5-02, 7 50x10°°~ 150x10°
Z 8] H B A R R i’J<50x1o o FEXT

BUAR ., EE IR A R SR i RS PR A AN ]

F4 HRPEES

EUE RIS S 50 BB A0 T 5 R e AP G
IS TR K, 5 R R R A S R
T B RER A, FE A A FE A MB-10 ﬂl WM -

01 SREE I FE P BE & A BIR BB, X 288K
T BE U IIAE 5 SR I RE e R B E Al AN

X E AR Se T2 RRK, RIS
FE AL B RS AT C

WFFE A, B0 F b | DX I () A I I 358 )
TR E A, FR X IR R H)ZE 2 — R GG )
WrBL R DI, A 20 LI~ ool L 1)
BREIPHA RS KA RS TR BT 5 Rk
INEERE . ST 2R G a 0 BA U s 4 Se.
As.Cd Mo, Cu,Cr Ni,Sh Ba %0 R WHHE, E
AR RS R0 & F IR AR AR T2
PAER PR A 1, B Y s 3 Y G 2 ]
AEJE PR AE HIE B ( Yu Xiaodong,2017)

4.3 5@%7@ /JL»\//TIII/\*E

IR LA & &5 B & B L EA
LA A4, Wk 4 Fios,
SEER (%)

Table 4 Percentage of selenium speciation in samples( % )

B K A ATHLZ 4 e et 45
HY 10. 04 14.28 51.27 15.99 8.42
MIX 10. 38 11.95 50. 95 14. 66 12. 06
HN-7ZD 2.81 9.94 29.12 4.60 53.53
YTB 4.85 15.49 58.19 11. 08 10. 38
MB-5-01 5.67 5.97 61.97 21.16 5.23
MB-5-02 3.33 3.31 16.57 63.13 13. 66
MB-5-03 14.71 8. 86 15. 87 58. 86 1. 69
XA-01 6.61 3.49 10. 29 56. 65 22.96
XA-02 3.05 3.95 10. 58 51.25 31.18
XA-03 5.50 4.85 11.22 58. 06 20. 37
WM-01 5.01 6. 60 53.76 23.94 10. 68
WM-02 6. 54 7.97 26. 15 45. 05 14. 30
WM-03 1.73 8.36 22.47 59.53 7.91
WM-04 5.51 7.31 36. 69 43. 40 7.09
WM-05 0.75 5.58 42.50 34.78 16. 39
TJG-01 0. 00 0.00 2. 18 53.69 44. 13
TJG-02 3.45 4.32 12.00 45.21 35.02
TJG-03 0.23 1.72 6. 88 58.87 32.30
WAt 4 T LA X R SRS TEATT XA-01,XA-02,XA-03, WM-02, WM-03 , WM-
AN i 7 LSRG T WM -01, WM —04 04 'WM-05 ,MB5-02 MB5-03 . TJG-01 . TJG-02

WM-05 MB5-01 #&Elﬂﬁméﬁéljsmﬁttﬁ%,
JoHIE MB-5-01 SRE 5 5 R ik 61.97% , ik 4t
FE Sl L ) R RO e RE e, SR T

TIG-03 SFFE S B/ AL P 245 & 8N ik, &
BUAME NS BT R RE RS R 1R
TIG-01 . TJG-02 . TIG—-03 ixX LuAf 5 b 5% i 5
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PAR S B 0 B A o O I BT Y
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AR Z5 186 (1 4) T 45 i Stk /il ie
B SC BRI SO P 7 32 S, R ITR AR
TR 1 S AL 0 8 5 Tk SRR B (FE AR A,

100

£ B ES

A A 40 7% (%)

[
-

1 2

3 4 ABCDETFG

2017) , BRALY) (T 1% b BR A 2447 B 1 e Hp i )
EAERERERZEN, R WA AT g R RAE
AR - AN Zl ) 2 B R R (BT AR A
2018;Zhu Jianming et al. ,2012) | AL A 4
TR R SRR SR 25 R ) — N R FR

HT JKILMN

[ SR s BRAY Ah . PRPTERBHE RS A7, LAY
B4 BRE KR GREN AR RER S HE

Fig. 4 Selenium morphological distribution in Ziyang,Shaanxi and reference material samples

(1:HY;2.MIX;3.HN-ZD;4.YTB;A:MB5-01;B.:MB5-02;C.MB5-03;D:XA-01;E:XA-02;F:XA-03;G:WM-01;H.:WM02;1. WMO03;]J .

WMO04; K: WMO05;L:TJG-01;M:TJG-02;N:TJG-03)

o 44 YTB BYHFE fh R s At Uit i 35 401
HIX, 28k 5 T Y B VG 5 BHARE G B R X L T
PAR IR, AR & S LA LA &80 3, ik
T AT 5 S RH A TRV SR PR b DX /L SR PR T
ARG AR I 5 B BACA DL B R/l ik
s 60 R O A DL & S R E S
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Research of Se Occurrence Form and Geochemical Significance of
Se—enriched Stratum in Ziyang of Shanxi

ZHOU Xu-wei' , TIAN Huan’,XIE Shu-yun',Diego Armando Pinzon Nunez',
MA Zhen-zhen’ ,ZHANG Hong-yu’

(1. School of Earth Sciences ,China University of Geosciences , Wuhan 430074 , Hubei , China ;
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[ Abstract |

tant for people’ s production and life, this paper selects the typical selenium-rich area of Ziyang, Shaanxi,to de-

Selenium is an inseparable trace element for us,its content and occurrence form are very impor-

termine the Se content of 29 different lithology rock samples in the strata of this area,and it is found that the
rock assemblage in this area is mainly selenium—rich carbonaceous slate ,siliceous rock ,black shale and pyrite—
bearing coal samples,while the concentration of selenium in limestone is not strong. Fourteen typical selenium—
rich rock and coal samples were selected and the five morphological characteristics of selenium and their envi-
ronmental geochemical significance were clarified by four—step five —state sequential extraction;the selenium
morphology of rocks in Ziyang area of Shaanxi was dominated by sulfur/selenide binding state , followed by sele-
nium in residual state and organic binding state, and the sedimentary environment in Ziyang area was reduci-
ble. This paper provides data basis and theoretical guidance for in—depth understanding of selenium—rich rock
selenium content and selenium migration and transformation behavior in Ziyang area of Shaanxi Province and
the comprehensive development and utilization of selenium-rich mineral resources.

[ Key Words |

sequential extraction method

Ziyang Shanxi ; Selenium—rich strata; Selenium content ; Selenium form; Four—step five —state



