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SN I R A W T T K AR B AR 1 G
HEIREE SR, I 3 A KR — TR AR &R P AL
Bt U W) BT R IR AR e E AR HE
B A BRI R AL — B R S R AE R AT AL
& AEALBLSEAT 5 A L N A (B A, 20125 2425C,
2022), HHT, EA KT A Db S
TEER MR R SR AR IR AR T b T T ) S Ak I
Wi, Hrb i TR P s 4R 5 A id 5
FAFEUIR G, PR A v S A TR A i i
R B O 38 b (Kimura and Watanabe, 2001;
Galarraga et al., 2008; Algeo et al.,2012; Adegoke et
al.,2014; /45 ,2015) o (HITAFRIIDIFR R,
e TR ARV P A & SR RN 2 40 5) | F4EAE

EVER CRLEEE RO, TURR A Tl 5 40) o A 55 22 i
PRI SR, I B AN [R] o)A PR A 1 22 S, 5
BEME Mo TC R TeARE 7R AR I A5 I 22 2R
R (Jones and Manning, 1994; Rimmer, 2004 ; Over et
al.,2019; Algeo and Liu,2020) , i it 70 2 $5 b 1 H
A AL R BT D7 T T E PR, A
HEATAROCHT ST I | 75 BT R 2 Al 5 PR AT, AR
PRWFFE XA , e 538 TR

PTAER Mo TE R 2 B AN TRY ) 2 560, 5 HA Gl
HITRA L, Mo TTE X A A S5R39 728 b S AURE
HEZUA B TIRUE U EAEM AR Y
PRAEHARAZ AW A D SR AT, A1, Mo TERE S W) 5t
Y SRR XD B AZ B R R TS S MR )N
1M, Mo iy iy 7K A S A IR D R A8 1) B Ay BAEL Y
fEbR. Mo TEHLTE 1y & B, WFFE R B LSS Mo
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& mA T 1~2 wele, il 5 DALY MoS, JE X AFTE
/D343 LL PbMoO,, CaMoO, JE 2C 7778 3¢ 7 Bl 5 4
(Miller et al.,2011) , BARHEAE H1 ) Mo F2 20K A i
B WA D R IR TR = 1 AL (Neely et all.
2018) o H:T Mo ARl iy bR Ak 2447y, 1T AW
B Mo [ 3 \U-Mo 4£45 \Mo/TOC 57T K8 b fF i
IR SR 2R KA 2 T T Bl LA
R AKAE A Ji 19 45 7 T B AT 8 295 7R 3 L (Crusius et
al., 1996; Algeo and Tribovillard, 2009 ; Tribovillard et
al.,2012; B R4, 2021 5 5K BEiE 45, 2022) .

SR 55 VAR EL L W90 SE 45 5 52 B 5L TS 1 52
me, HEA A A AU B EE o TR BREE ) 22 ¢ 1k
S 45 Mo BTTRE L 434 2 & 4E . N Chappaz et al.
(2008) BIFFE N R AR TR WIIA Ny , W 4E AL . pH (E
(5.3~5.6) BARA WA, Mo I TTVE B2 245 TR A
SR, AR BRI B PRSI Y, Mo
DUVERT & FeS WL B sl 30 v 1Y [ 2 AL 5 Dahl et al.
(2010) BIF5 Fii - A B AR AL 1Y R 35 JE B, Ak
Mo 1) 32 BEPTR IR AR S i ALK AT v i A AL BORL I
Bfo Helz et al. (2011) 73087 T 58 22 MUV AT K A 532 Y
W S A ARG Al 4 A 2, DA A A K A v 1) Mo 97T
UE AT BESZ Fe-Mo Bt A W A DT TEFE ] , /KK pHAE K
7 (a3 AR ) WL E T HS X Mo I [El %2 . Glass et
al. (2013) T T I 4 Je 7 2215 1 ol A 10 3 £ 08
i HZ R A TR ) Mo 2R IR T A ALY
AR S ALY . AT UL H Mo B TTTRERILA |
I AR B s SRR AR TR AR KA+, 33X %)
I S AR [ A5 1 B DU RR A B3 2 B RS TR
AR SCUAFR [l e RN —— 1) 1 2R 2 DR 32
BEWFIEXT G, I v 25 B AR SR AR R R G I
BB WA TR vh Mo (9P~ ThD 43 A AR, 257 Mo
U EE R R Y . TOC M H AT /Y
G R AR, A W55 S ALK Hh Mo JT R 1) & 4
B B4l PR 2, DU Ry Mo Je 278 BT Ak &
HH e PSR AR AR

1 WFFE XA

A7 7 96K e D AR AL Y 7 IR 15T (99°36° ~100°
47° £,36°32°~37°15" N2 Al R A , 2
Y1 P4 i v D Rl 7K R 2 TR TR T T R R 2
3260 m, FIIIKIE 21 m, Fe KK A 30 m, 130 AR
4550 k1 IX A2 AR T R IR SRR,

IR TF-12.6 CC~28.0 °C. TSI AKNA PR
BRI LA B RAEK 5 J8 BT R/ INRT i 40 4 4%
LA AT | T ] | SR YRR R RG R 5 T
FER A (R IEZASE, 2010) , AW I 2 P
FIAXSFR A3, PEALHK R AT Bt K, G e
T f A GBI, AT o A
1 60% (f7 R FIZE 1A, 2010) o

T A AR R 29 660 km?, Vit N A T
FLHE 7 3 B T (R, 2016) o KRG Ll AL Ee i
& T AR R AR A AL A, TENIER AT 2
B AR B TR AR, AR DU HE R AR H R SR
HRAR T WKW H A 1B RTE E R R R
AL D AR IN A SR A I X A
WLk =& SR KE TR E s AR
N R RS SRR E R B 2 H BT A
FEITEE,1979) , IR A A A L TR . i)
X JE & B 2R e, 2R i v + | 1L FE
+ A b ) RS R S A R 2R
C, ) (BAREE B RS2 48, 19935 B A 4545 2013 ; 2 s
ik, 2021) .

TR 2 o = SR S 32 shIE A
TERUIIA (R Te 1 25, 1964 ) AR A YA 1w 2 i
AR AL S, 75 I 2 T A E— 25 R 43 it 1
B8 VT M 5 I 21U g =4 T, T8 JES AR G S 38
A A I R BE 22 /8T 3 meo DRSS R AAR LB A
BRIV T AR 2 BRI AR RIS AR R 3, R & B el
ARV VSRR B B AR KA HERAH T
T (rp R g 22 M I 5T T4, 1979) o

2 FRARCRESIK

A YRI5 BE Sk A K R 2 DU .
2020 4F 8—9 H , FIFHFIIE 2R AR L) 4 kmx4 km 1Y
O s 45 B R A TR R AR (T 2) BRI 3RER T 220 1~
Z BN HE KU AR 2~5 em BREE B DT PR
i, I B RAAT o [FIRAE AR S 2B B IS 1 m
Qb AT 2 B OR SRR, IR R A8 [ WTW-Multi
35101DS {45 X 4 B A %2 T /K BEFITTAA 1 pH
WA SR

TE S0 2 B0V VR O TR P R i R A TR 5
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Fig.1 Lithologic distribution of Qinghai Lake ( Wang, 2019)
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Fig.2  Distribution of sampling points in Qinghai Lake
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38 AN LA W R AT 0K o A, b, B AR
3080E3X Y X 5 £k %¢ G i A I3 ALO, . MnO F11
Fe,0,% 35702 ; LECOCS-900 5 /3 Hr A i A HL
JF &5 5 ; Rigaku Ultima IV 1 X 528 737 545038 26 £
W ok I 3R 0 9 5 5 R SC Mastersizer
3000 SO EE S B SR 25 5 1Y i
3 4
31 REARIFHIMo TR
3.1.1 Mo&=-Fd@uih

220 4~ W R 2 DU b Mo & B A T
0.111~2.884 pg/g, 30 1.418 pg/g, 143 A 45 AiE
A B R U e A K X ) T P R K DX 8 T o Y
s (1 3) o I = AN TR] MR B R T Mo 75 & &

ST 3 AT B AR (AT BT DO (3 1), 9 ZR U
FIZ VUYL Mo &5 1 19 K AH N 2.88 ng/g,

TTEEAE [MTRE Y Mo ~F- 2 35 fde iy o =M MIBE K TR K

T 20 m YRR X R Z TP B Mo % &2 X B K,
AL V2R M6 Mo & it 43 A5 3 3815 HOP- S48 4y
W1 1.90 we/g F12.03 /e, 1M 76 B 416G B 01 Mo &
AT 1.25~1.5 pg/g, FEHLRAK X S EAL
N 1.64 pg/g.

3.12 Mo#'g % A%

oo ALEEACSKRIE T8 9 5, JF B A== 1k
FrAs ke , FECE R B AR Sy Uik, TR I o 1 FH Al
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Fig.3  Horizontal distribution of Mo in the surface sediments, Qinghai Lake

Xy = (XVAD) g/ (XIAD e (1)
A XARERITE , Fkfid & J2 o At AR R AR
BITUA (PAAS) | KB HISE (UCC) 8 4 BRF-#4 1t
F(AS) R EERFRT 1, TR u R EE, K2R
NIRRT (RN ,2022)

T U W B 2R 2 L 58 Cr M Co . Ni. Cu,
Cd.Zr % Z it R/ 5 (EF45%,2010) 5
UCC . PAAS  AS(WfE Rl iR = fifl , 2020) 22 80K, I

1 SERRENRYMoSEREBMTESH (pne/g)
Table 1 Mo content and its characteristic parame-
ters in the surface sediments, Qinghai Lake (png/g)

Mo

HIEER LI LI AR
IEINIE] 2.55 2.73 2.88
e/ IMAE 0.11 0.12 0.26
FHE 1.53 135 1.47

TRt 2 0.75 0.71 0.86
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DI Dy AF 75 7 e Ji - 498 0 28 5 e A 7 Vg T O
W R 2 B A S EAF A, AR R 45 %
X Mo, Al JCE % & 04 (BUEZE M 4 R, 19935 F
420105 Sheng et al. ,2012; 852445 ,2020) . [,
JCiE I F T 0 R 10 X 4= 4 Mo AL TR AE WS %
JCE L HRTRAT K P V1) JE 1 4 4 S b [ T
FEA W EEIE R SE [ 2858 W E
1990) , I AU BIFFE 2E b [+ 80 2 &% = A oA
#fE. Mo & £ REO A AT .

Moy,=(Mo/Al) ./ (Mo/AL) (2)
A s (Mo/Al),,, & FE A Mo T AL CE Y HAE,
(Mo/AL, i TP E 458 Mo 5 ALTTZE B L EL.

2T U 2R P A e AL 1) R 2% T Moy, B3 T
LR NE 4 7R, Moy, 5 Mo & 8 HA = — 3,
Mo, /T 0.17~1.87, F-3{E K 1.10, H 1 63% B9 KA+
R Moy, KF 1, X Ul B 1 RZ DI KR 2 5 4
Mo tE . MBIZ V1 Lok E | I 5 Xk L K b5 ff
T Moy, — /N 1, R BLR Mo 75 61, T8 2845 M1 B %
IK X Moy, — AT 1~2, IR 5
32 REMPMEETZMTOC

T 1151 2% 2 TR vh aT BE S W Mo JT 3R 43 A5 1)
FEAFE R IR B TFe,0,. MnO FIAE 22T T 4 A
[ ALO, Zr 3 o PAAREI R AE S A il , )2
TUBWI TFe,0, & #AT 1.81%~5.83%, 144 4.05%,
B R A A B A 11 > 15 N IOK X >30T 7
JKIX s MnO & AT 0.04%~0.11%, F-34 57 0.08% , I
IRFHAGH AR BT TR MnO & e , —RB&Y
B0 BT TR MnO B S 31K, A X 5 MnO 55
WA R, ALO, FEANT 7.47%~14.30%, -3
N 9.41%; Zr 5 & 4 T 85.10~311.10 pg/g, “F¥1 K
130.84 pefg, fili i A TR /R T2 AL LI Ze B7E A

H A DL 7 X R Bm i & i . TOC 1Y
AT 0.06%~3.01%, V-3 7 1.40%, EZILZEM
TOC G I e B H A o0 BH (2 1930 o2 1 /K IX 7 A1
HIPITRAK X B s B A el (R 2) .
33 RENRINESEE

T VI 50 T 98 2 U R PR A A 5
A1 W b FES + (MK >2 mm | 2~0.062 5 mm
0.062 5~0.003 9 mm LA }2<0.003 9 mm) PU/Ki gk, ™
SR TATVG SR S D & e A T 2.56%~77.13% , F-
¥R 15.85%, Horh |, 509% ) FE 5 D & N 2 5%,
68.42% (AL AL £ AN 2 10%, AP AL 53 B8 57 R 8
J1.27. AP & A T 9.229%~76.69%, F- ¥4 K
60.56% , Horr , B & 15 5 T 50% (A i 89.47%,
WL S R BN 023, B S BT 0.92%~
35.28%, V3474 22.81% , Horh, & 1515 T 20% B i
17 65.79%, fH /2 & & & T 30% M9 HE T B R
31.58%, Fh AR T RECN 044(5R2) . LGk
F G B E T 50% BIAE L 5 92.11%, &
T 70% [PIFE St 78.95% , X 1 B 2 20T R LD |
At RS . MR Folk et al.(1970) JCRE 1%
=S (K S) R Z DU 2R LUk b Ry
T, RO B b AR , LA AU R
TEWAZET [ TR K DX, T 13 7K DX A T AR D o 3 A
LA D BLRDFNAD

4 g

i S HT A TR KR ST Mo TS
I3 A IR B Al S AL 64 BIF 5 2R (Sundby e
al., 2004 ; Tribovillard et al., 2004; McManus et al.,
2006; V¥ URFAF , 2007 Xu et al., 2013 ) , 4% 3C M\ fifi V5
NN R AR 7N R AR 24 Y VAN S QA S LRI
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Fig.4  Cross section of Mo, and Mo contents in the surface sediments, Qinghai Lake
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Table 2 Character parameters of grain size composition, mean grain size, total organic carbon (TOC),
and contents of main and trace elements for the surface sediments from two transects in Qinghai Lake
il i FEIES 5L p- *ﬁ%ij}ﬁi/z} » ot SEHPRIAEID  TOC/%  ALO,/% Hugle) Fe,0/%  MnO/% /(;ng)
. HRME 8.29 71.89 7669 3528 5.95 3.01 14.30 31110 5.83 0.11 2.55
'%J Te/ME 0 347 2270 1.88 097 0.20 7.47 107.40 3.31 0.07 030
. PEE 0.52 1576 59.17 2455 4.96 1.47 9.17 138.70 4.08 0.08 1.51
FrifEfR 22 2.07 21.59 1446 10.46 1.39 0.67 1.48 51.54 052 0.01 0.83
‘ SN 12.73 7713 7596 33.00 6.24 2.03 12.08 282.80 5.03 0.10 255
“ Fe/MHE 0 2.56 9.22 0.92 -0.38 0.06 7.85 85.10 1.81 0.04 0.32
T 0.97 15.91 61.58  21.54 4.83 1.35 9.58 125.12 4.03 0.08 1.67
iR 22 3.06 19.63 14.12 9.80 1.78 0.53 1.13 39.07 0.72 0.01 0.68
RokME 12.73 77.13 76.69 35.28 6.24 3.01 14.30 311.10 5.83 0.11 2.55
4 I/ ME 0 2.56 9.22 0.92 -0.38 0.06 7.47 85.10 1.81 0.04 030
it T {E 0.78 1585 6056 2281 4.88 1.40 9.41 130.84 4.05 0.08 1.60
Tt 22 2.67 20.19 14.12 10.06 1.61 0.59 1.29 44.61 0.64 0.01 0.74
L o Ze B S RS, ALO, Zr 5 Mo 1 57 AR AL A7 7E I
) SO BRFEE Mo 5 ALO, Zr B E FAA ) LA
Sl SHLID  _0.36,-0.43([8 Ta JE18) AHCHERLS . BULm], Y
k<o SCOVCLL [ BF 4 A KE T 990 0B Mo 3 5 A B
2 [ms | es SLOTH® s WRATTB Mo & 45T AE B H TN A
MIE LB F RIULRE.
42 F]HUTRFE
P H IR Z DL E 3K X SR E K B A
2® [ w i 2009 6.8 mg/L, MHRBRIZ LD F ISR KA 0 i —
ot JBAE 3.5 mg/L 7 A, BRAR TR K AR I AL KA,
2 ELAARIEE T HOK A K DR AL
/[ 2 i¥a v\ o N\ pims BERTHALCEREE,2006).
o e A IF 9 AL E A1 T, Mo 9 55 LN AR T
S 750 I 1.2 2R OB = 1 i BB ALK PR, 24 HLSHEBE AT 11 pM B, MoO2 ™

Fig.5 Triangular diagram of surface sediment types

in transects] and 2 of Qinghai Lake

BUE MU AR, 430 i 51 28 2 DR b Mo 75
Ko B IR H E
4.1 PBHIRFERBHAN

DU R ) Mo TG R 32k ) Bofi 5 e JiS A7 5%
FKIR . ST IEE AL Ze FEARIE T 8 ¥ 5t HAE
WA RN Gk, R, DURRYI A AL Zr TR
55 Mo JGEE 5 2 A AH G 1T LA Sfe A 1 A2 fi 0 e T
B2 M B B (R A7 AL o i, 2020) o AR i 75 1 50 R
ANEIT 220 ALO,  Zr 5 Mo 11 & 5284k (&
6) P LA i, A A BEI DA Sk IX 3 ALO, LA

5 H,S S AE U A CEHR AR (MO, 8?7, x=1~4) , If- H.
W — RN R Zen i R B LA E IR MoS, RAFTE
UL (Erickson and Helz, 2000; Dahl ef al., 2013;
Briiske et al.,2020) , T iR K X R Z VT Mo &
AL IR X — 25 et AR T Mo 32
ZLLVEHRR AR B (MoO; ) WY IE B iR 17K Hh (Xu et
al.,2013) , KT LAk (20) Ak R —8k (20 Ak
Y WA ALY W B OJE S [E T AT >k (Algeo and
Maynard, 2004 ; Chappaz et al., 2008; Scholz et al.,
2017) , —fAAAKIE R & Mn TR Mo 1455 fiAlL
R RIS, 5 R KRR pHAE— R 9.2
feda, gt A — 58 FAL IR O Mo W FTITTE 52
AR
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Fig.8 Correlation coefficients between Mo and other elements, mean grain size, clay components, and TOC

in the surface sediments, Qinghai Lake transects

FUE AR A, BRZ T 2 0 R s (RRR 46,
2019) . FHEHIRIZUVUR Mo & & 5 - ki 42 A AR
KRHN 048, HA HAEFSCHE (B 8) , Bk L B
DUR - SR04 & B9MEAS K, RIVRE B2 B4H , Mo 75
AT AR — G R AR TR A 2 2 TR
DX T 7 VIR K XS Bk 42 3 R ARARL , Mo & 8 11
BTk B 8, I R 0 PN A AT P T i
2 I TTRRYI R 5 Mo & 522155 (K9), %
VLI, R ORI SN X Mo 43 A BAT — & 52, {5
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Distribution Characteristics and Influencing Factors of Molybdenum
in the Surface Sediments of Qinghai Lake
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Abstract: [ Objective] Trace elements play an important role in the reconstruction of the paleoredox states of marine
sediments. Among them, molybdenum(Mo) has become an ideal proxy for the reconstruction of the redox state of an-
cient water bodies because it is mainly enriched in the form of autogenetic chemical deposition and less affected by
terrigenous debris. However, compared with the ocean, lakes are more susceptible to terrigenous detritus and have
more complex sedimentary environment, and the difference in the environment affects the settlement, distribution,
and enrichment of Mo. In this study, the surface sediment of Qinghai Lake, the largest lake in China is the main re-
search object. The enrichment mechanism and controlling factors of Mo element in alkaline, suboxic, and brackish
water lakes were identified to provide a scientific basis for the applicability of Mo element in the reconstruction of lake
paleoenvironment. [ Methods ] The planar distribution characteristics of Mo in the surface sediments of Qinghai Lake
were determined by high density sampling and systematic testing, including X-ray fluorescence spectrometer (XRF )
and inductively coupled plasma-mass spectrometry (ICP-MS). In addition, the coupling relationship between Mo con-
tent and terrigenous input, particle size, element content, total organic carbon (TOC), and depositional environ-
ment was established to determine the main controlling factors of Mo enrichment in the surface sediments of Qinghai
Lake. [ Results] The preliminary results show that Qinghai Lake is a brackish water lake with alkaline and weak

oxidation. The planar distribution of Mo in the surface sediments of Qinghai Lake increases from the coastal shallow

Foundation: National Natural Science Foundation of China, No. 41972155; Gansu Province Science and Technology Program, No. 22JRSRA045
Corresponding author: LU ChengFu, E-mail: bailu2005@163.com; YANG Fei, E-mail: yfyaolan@sina.com



F24 A EWRZ DU T HIT R B AR e R R 467

water area to the deep water area in the lake,, and Mo is slightly enriched in the deep water area. Under sulfidic condi-
tions, the soluble Mo in the water body is converted to particle reactive thiomolybdates. Because the overall water
body of Qinghai Lake is in a state of oxidation, the enrichment of Mo in the sediments is unrelated. The enrichment of
Mo in the surface sediments of Qinghai Lake may be controlled by the adsorption effect, that is, it is adsorbed and
precipitated by clay minerals, Fe-Mn oxyhydroxides, organic matter, and other substances. The correlation analysis
between Mo content and terrigenous input, particle size, element content, and TOC in the selected two transects
shows that Mo has a positive correlation with TOC, and the change is similar, whereas Mo has a weak correlation with
ALO, and Zr, which represents the terrigenous detritus input, and the change is significantly different. There was no
correlation with clay minerals and Fe-Mn oxyhydroxides. This indicates that the influence of terrigenous detrital input
on the distribution of Mo content in Qinghai Lake sediments is weak. Affected by the pH of water and the redox state
of surface sediments, clay minerals, Fe-Mn oxyhydroxides have little influence on Mo enrichment in this environ-
ment, and TOC is the main controlling factor of Mo enrichment.[ Conclusions ] For alkaline and brackish water lakes
with weak oxidation of bottom water, such as Qinghai Lake, organic matter adsorption and preservation are the main
controlling factors for Mo enrichment in sediments. The type of organic matter could also affect the application effect
of Mo as a proxy for redox identification of palaeolakes. Although the type of organic matter may influence the identifi-
cation of redox conditions by Mo enrichment degree, Mo enrichment in weakly oxidized lake sediments is mainly con-
trolled by the adsorption and preservation of organic matter, and Mo enrichment in sulfidic lake sediments is con-
trolled by both the adsorption and preservation of particles such as organic matter and the reaction with H,S in the wa-
ter and the final preservation in the sediment (MoS,) ; thus, the Mo enrichment capacity is stronger. Therefore, Mo is
an effective proxy for judging the redox state of palacowater in the lake basin.
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