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Fig. 1 Geological map of the Anhua Dongping area (a) and Sampling schematic of Muzi black shale weathering profile (b)
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Table 1 Statistical results of major elements in Muzi black shales weathering profile and the soils derived from the black shales
Si0,  TiO, ALO; Fe,0O; MnO  MgO  CaO K0  NaO  P,0s
B LOI CIA (8% pH
%
B/ME 2645 0.09 2.39 0.72 0.00 0.23 0.06 046  <0.10  0.02 386 7057 0.63 1.84
) BARM 8692  1.14 2096 3499  0.05 2.70 222 425 0.15 201 3296 8577  6.89 6.08
T RE
(n=44) EHIME 6731 063 1226 548 0.01 1.23 0.18 2.90 0.10 0.18 9.44 7747  1.09 3.60
A5 S
0.16 0.40 037 1.17 1.24 0.40 1.97 0.38 0.09 2.11 0.69 0.05 0.99 0.31
ES
/ME 2645 0.09 2.39 0.72 0.00 0.23 0.06 054  <0.10  0.02 825 7057  0.79 1.84
e ROKME 8692 063 1325 3499 0.01 1.72 222 385 <010 201 3296 7559  6.89 3.31
JURER S 6294 031 617 905 000 073 046 169 <0.10 049  17.83 7391 203  2.50
(n=12)
g 0.33 0.50 0.52 1.35 1.13 0.61 1.55 0.57 / 1.51 0.52 0.02 1.00 0.21
ESe
B/ME 6070 049 1022 111 0.00 1.29 0.06 289  <0.10  0.03 799 7440  0.73 2.38
WA 7191 063 13.67  7.92 0.01 2.70 0.08 373 <010 042 1187 7733 132 3.79
WIERALZE
(n=9) SEEME 6895 056 1214 3.18 0.01 1.64 0.07 334 <0.10  0.12 9.69 7562  0.90 2.74
g 0.06 0.11 0.09 0.72 0.29 0.30 0.07 0.11 / 1.19 0.16 0.01 0.23 0.17
R
B/ME 5977 058 1299 334 0.01 1.28 0.08 289  <0.10  0.05 494 7515 074 3.17
B 6961 068  17.53 1086 0.0l 1.62 0.12 405 <010  0.17 858  81.69  1.06 5.01
hERLZE
(n=4) FHH 6427 063 1494 766 001 144 009 349 <010 009 691 7837 091 421
A5 S
- 0.06 0.07 0.14 0.43 0.20 0.11 0.20 0.14 / 0.60 0.23 0.04 0.18 0.18
ES
B/AMAE 6426 076 1550  3.85 0.00 1.39 0.07 3.27 0.10 0.04 512 7669  0.70 420
A 6864 080 1624  8.08 0.01 1.57 0.08 4.12 0.10 0.11 647  80.12  0.87 4.88
BRI
(n=4) SEHME 6710 077 1577 5.04 0.01 1.49 0.08 3.77 0.10 0.07 565 7827  0.79 4.49
A5
- 0.03 0.02 0.02 0.41 0.15 0.05 0.07 0.11 0.02 0.49 0.11 0.02 0.09 0.07
/ME 6825 0.73 1447 092 0.00 1.46 0.07 3.68 0.10 0.03 386 7590  0.65 428
WA 7374 083 17.06 212 0.01 1.66 0.07 425 0.10 0.03 6.10 7824  0.70 4.90
TEERE
(n=4) FEH 71.08 080 1553 1.47 0.01 1.55 0.07 4.00 0.10 0.03 501 7701  0.68 473
28 0.03 0.06 0.07 0.37 0.09 0.06 0.01 0.06 0.01 0.09 0.23 0.02 0.04 0.06
f/AME 5595 0.28 441 3.08 0.00 0.25 0.07 0.46 0.10 0.03 468 7725 063 3.86
mgres  ROKME 8539 114 2096 777 0.05 1.64 0.27 4.18 0.15 0.21 9.16 8577  0.90 6.08
I FE 69.64  0.82 13.87  4.83 0.03 1.11 0.14 2.67 0.11 0.11 632 8111 0.76 455
(n=11)
A S
0.11 0.29 0.33 0.35 0.71 0.39 0.51 0.41 0.15 0.58 0.23 0.04 0.10 0.15
EX 1
ucc®! THIME 6589 050 1519 5.00 0.08 221 420 3.37 3.90 0.16 328 4798  1.77 -
CAS™ FHE 6500 072 12.60  4.60 0.08 1.80 3.20 2.50 1.60 0.12 291 61.25 1.56 -
NASC™!  FH#fH 6480 070 1690  5.67 - 2.86 3.63 3.97 1.14 0.13 - 67.74 145 -

11::UCC ,CAS \NASC/5I 2 Fihe o E P34 JLETUA /" RR S EOCE T SURNEAE ;=" R B Bk
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Fig. 2 The A-C*N-K diagram of samples from Muzi black shales weathering profile

a
b
140 | ©
BSS
120 |
2 4=
T
cw| ™ I o
20————i> ----------------------
EW
) <&
N e il SRR T
MW FBS IW MW EW CW BSS
1000 - ¢
900 25%~75%
200 L — T 1.51QRP Kyt
W - — Pl
e o il
g 29 o Sl
L‘[l_‘ZOO—;
= 80‘
FBS @ = EEI
40 -de - TqE - é— -
————————————————————— - - -
ob=d==---d4----4----4----4--- -
: : I FBS IW MW EW CW BSS
0 100 200 300 | i

B & /(mg/kg)
13 AR FA(E TUA T T AsFIMo % i B KA R B2 728 A K R TEEAS ) KUARJZ Hh As Mo 4 R B 2 5]
Fig. 3 Concentration variations of As and Mo versus weathering degree from Muzi black shale weathering profile and boxplots of As and Mo

enrichment factors in different weathering zones of the profile



AR o WA B U XU R H O LR AL 247 TR BR800, 7

BRI 22 AT o AR E P TR D BEA R TERS IR
B, 2% J0 K W IE B e B T o R R -
B BT FH Cox &5 R I INIC VIS AR, S A 2t
TUE WA S 85 W R 28 SCRRAE , DA T R At TR 3
Wtk . KR FHFBS IW MW EW .CW K&BSSHY
IC VM 5351 92.03 ,0.90 ,0.91 ,0.79 .0.68710.76, ik
7~ HFBSE|WBS, ICV{H B B FEAK W AR L RF1E , HFBSH
ICV>1, R KA Y &= K, AT ae s & & T XAk ik
ASEIE Y, TIW MW EW .CWHIBSSHICV<1(F1),
Wil AR FE SR 8 ) O ] S 2 | AR5
FARMFBSH] IMRFRAR AL BES

R VA BRSSPk A SE A0 BT T 38 AR R X

Pl R b Ak 2 P 0 R B M JT TS (Zr) 544 (HE) |
HB.(Nb) 58H (Ta) FEAR B €8 506 KUK B T AT A i v
B S A SEME . WNE4FT R, Ze 5 HE Nb5Tazz [B] 34
B 3 (N e IE A R (Ze-HAM R>0.98 ,Nb-Ta
IR*>0.95) o X Fh i B M S R W, AR 73 T A B
i XS TC R BAT N B IR A IR AR ) B
BES A BUARXS ) — o Rt # FBS Ak 27 21 i v L 45 (B
YERTH R B R E RS S R G R
R TINE NS IOC R H A, 18
FIWI A TS AsFIMo X LOT P Ca Al Fe 5 /T
KW, R ME SR . AsTEFBS . IW MW EW .CW
KeBSSH i HI{E 435 °40.20 . -0.71 —0.87 .—0.89 —0.84

300 18
250 15
200 1k
< z
2150 |- £ ok
100 6
50 1 Zr/Hf=37.90 3k Nb/Ta = 9.87
R*>=0.989 ° R*=0.959
0 1 1 1 1 1 1 1 0 " 1 " 1 L 1 " 1 " 1 "
0 1 2 3 4 5 6 7 0.0 0.3 0.6 0.9 1.2 1.5 1.8
Hf/(mg/kg) Ta/(mg/kg)
P4 AT B8 TR KU F TR i Ze-HEHIND-Tafh) & 1t 56 R 4]
Fig. 4 Bivariate plots of Zr—Hf and Nb-Ta content for samples from Muzi black shale weathering profile
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Fig. 5 The mass transfer coefficient of elements As, Mo, LOIL, P, Ca, Al, and Fe versus weathering degree for samples from Muzi black shale

weathering profile
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Table 2 Mass fluxes of As and Mo depletion in MZ black shales weathering profiles
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Geochemical Behavior and Environmental Effects of Arsenic and Molybdenum
During Black Shales Weathering in Central Hunan, China

XIE Shurong', WU Nenggiu®™*, WU Sicheng’
(1. School of Earth and Planetary Sciences, East China University of Technology, Nanchang 330013, China;
2. College of Geographical Sciences, Hunan Normal University, Changsha 410081, China;
3. College of Geography and Tourism, Hunan University of Arts and Science, Changde Hunan 415000, China)

Abstract: Arsenic (As) is a toxic element that has garnered significant attention in environmental studies, whereas molybdenum (Mo) is an

essential element for both plants and animals; however, excessive Mo is considered detrimental to human health. Black shale serves as a

crucial natural reservoir for As and Mo within the Earth’s crust and is highly susceptible to weathering when exposed to the surface.

Understanding the geochemical behavior of As and Mo during the weathering process is of great scientific significance for assessing the

ecological and environmental risks associated with As and Mo in areas where black shale is distributed. This study focuses on the Muzi

(MZ) black shale weathering profile in the central Hunan region as the research subject and systematically analyzes the content,

distribution, migration characteristics, and release flux of major elements as well as As and Mo across different weathering layers. The

results indicate that from fresh black shale (FBS) to weathered black shale (WBS) and subsequently to black shale-derived soil (BSS), the

Chemical Index of Alteration (CIA) gradually increases alongside heightened weathering intensity. The contents of As and Mo in MZ black

shale range from 12.60 to 266.00 mg/kg and 3.77 to 301.20 mg/kg, respectively. Compared to the upper crust, fresh black shale layers

exhibit extreme enrichment of As and Mo (average enrichment coefficient >40). During the weathering process, significant leaching of As

and Mo occurs; the mass transfer coefficients (z) of As and Mo for WBS and BSS are all less than 0 when compared to FBS. The initial

weathering stage (transition from fresh black shale layer to initial weathering layer) represents a significant release period, closely

associated with the strongly acidic environment (pH<3) of the initial weathering layer. The average mass transfer fluxes (Mi) of As and Mo

reached —864.96 g/m® and —510.18 g/m?, respectively, indicating substantial release amounts; this situation may pose a potential threat to

local soil, surface water, and groundwater, necessitating serious consideration.

Keywords: arsenic and molybdenum; element release; mass transfer flux; weathering process; black shale



