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Fig. 1 Schematic diagram of soil type and sampling point location in the study area.
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Table 1 Quality control of analysis methods.
Bt WiH GBW07401 GBW07402 GBW07403 GBW07404 GBW07405 GBW07406 GBW07407 GBW07408
Se AlgC —0.006 0.021 —0.019 0.019 0.006 0.009 0.026 0.009
RSD 4.46 4.63 4.53 4.81 2.46 443 4.95 4.55
As AlgC 0.008 —0.006 —-0.024 0.013 0.007 —-0.014 —0.028 0.01
RSD 2.9 4.24 3.4 3.38 2.13 4.12 4.8 322
He AlgC 0.026 0.028 —-0.022 0.009 -0.012 0.006 —-0.029 —0.026
RSD 4.48 4.78 4.85 2.68 3.49 2.51 4.9 4.28
Cr AlgC 0.035 0.031 0.029 0.016 0.007 0.034 0.025 —0.035
RSD 4.07 4 4.01 0.99 0.91 3.1 0.53 4.89
Cu AlgC 0.026 0.018 0.022 0.026 —0.035 0.029 —-0.035 —-0.011
RSD 1.69 435 3.38 1.35 0.45 1.66 0.72 2.59
Pb AlgC —-0.017 0.006 0.01 —0.005 0.001 —0.01 —0.016 —0.008
RSD 1.35 4.57 23 2.48 0.28 0.51 4.23 3.83
7n AlgC —0.018 0.013 0.021 0.001 —-0.015 0.004 0.015 —0.003
RSD 0.55 1.4 1.85 0.35 1.09 3.05 0.45 1.4
Fe AlgC -0.013 —0.009 —-0.002 0.01 0.014 0.01 —0.004 -0.018
RSD 0.57 0.57 0.4 0.42 0.43 0.41 0.18 0.82
Mn AlgC —0.01 0.003 0 0.026 —0.001 0.016 —0.018 —0.007
RSD 0.65 0.49 1.17 0.56 0.43 0.39 1.36 1.23
S AlgC -0.014 —-0.021 —-0.028 0.008 —0.005 0.025 -0.019 0.012
RSD 2.67 1.25 3.06 0.99 0.83 1.45 0.94 3.24
M AlgC —-0.017 0.02 0.015 0 0.014 0.013 —0.017 0.013
RSD 0.95 0.71 2.02 0.69 0.89 0.89 1.26 1.58
Ca AlgC 0.01 0.018 —-0.01 0 0.022 0.019 0 0.007
RSD 0.42 0.42 0.59 0.45 0.86 1.59 2.49 1.83
Mo AlgC 0.018 —0.009 —-0.015 —0.024 0.015 —-0.024 -0.018 0.025
RSD 4.14 4.13 4.6 3.92 4.23 4.2 3.79 4.6
cd AlgC —0.026 0.006 —0.038 —0.042 —0.023 —0.038 —0.034 —0.035
RSD 3.26 4.6 4.51 4.5 491 4.19 4.99 3.04
C AlgC —-0.02 —-0.018 —-0.026 0.014 0.013 0.005 0.007 0.014
o8 RSD 3 431 2.72 4.63 4.92 1.47 4.06 3.92
WiH GBW07412 GBW07413 GBW07414 GBWO07415 GBW07416 GBW07417 — —
pH pHysy 6.06 8.18 8.20 5.63 5.37 5.36 — —
REg4 0.08 —-0.06 0.06 0.08 -0.07 —-0.08 — —
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YIS Z, AERTT Se i & HEKAL (& 3), &l X 4
HLE I, T R Pl G 2 K I i R [
il o BT T A D URIAREE N T R R I SR W 4%
F, B AR 4, £h28Y FpiiE ARV T A4 @R
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WU, TR M) LA I T B e 0 T

AT, DURRIREE i Rl AR [0 R K AR 728, it
BHATTRR T —EH0E R A SHERELL (e, Se fEUL
KR RE AL TE A AN AN P a3 X e, U
T—EFERRMAMERL @, G2 @l Je s
T, TR EREE Ry A A5 AT I - 3
Fi DT I Se 7E i N B4R, (HAE A oM
K, T HHE I S22 5. R, iH:
TR AR Se UURIA FI 4 1200
3.2 PEFAGEIR i s SRR
321 FrEFILIX

i F 1 X E A M Se & & 4 T 030~
2.22mg/kg; 4 )8 He, Pb BT 5, LT (IR
B o A% bt Y5 U RS A AR e (UAT))
(GB 15618—2018) AU i E{E; Ni, Cd. Cr Fl As ff
1E 0.2% ~ 2.4% 1) 00 H IR, As F7AE 0.1% Y 5L
B PEaT AT 2R, hiF I EilA A S
BAAHZKREY), Se fri BEZ ALY . A IR
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Fig. 2 Division of Se-enriched soil area in the northern margin of the Qinghai—Xizang Plateau.
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Table 2 Statistics of element content characteristics in Se-enriched area of Xining Basin.
P =N A EL A~ L
o = at (mg/kg) i . =it (mg/kg) e | . it (mgrkg) S
JLE Kz JLE - K o JLHR Kz
TR R - TR R - T KR -
Se 0.54 0.26 2.1 1.00 Cu 27 25 L1 0107 || As 16 25 0.6 0.29"
S 6145 353 174 0.05 Zn 72 71 1.0 0077 || cd 0.2 0.6 03 —0.01
Sr 367 154 24 0207 || Mn 641 580 1.1 0.01 Cr 81 250 | 03 0.06
Mg | 31200 14800 21 0257 || Mo 1.22 0.86 14 0317 || Heg | 0.034 3.4 0.01 —0.07"
Ca | 85400 28500 30 0227 || Fe | 46700 44900 1.0 0237 || pb 24 170 | 01 007"

W “FTFOR Se HIZUEMMIGCREG " FIRTE 99% MBS IX B BEA; K=HEAT R R KSES I (SR i i
- HEys Je KA P bRiE GR47)) (GB 15618—2018).

KKFR P Se WAEMMM BT ALAK L AR R A AT LA Cu-Ni #idk
M P R IIX A Se B R SOTIARE: WA, X Y 2 A WK Fe-Ni, Fe-P 4 R A 1R
—7& Se W AR XM RATVE S EI—m R EMTE  Cu-Au, Cu ZEEH 5 (K), LIS A K PRWA K
L —AfF, 25 1) B 54 Z ALl B Al 0. kIl Cu LR E L LA Cr.
EEVIE (8 2); ZRAMEA XA 13T Se 5 Ni & Akl 1 5 088 B v sl PSR . Cu,
Cu. Ni, Cr, As, Zn, Cd ¥R E S RTR RBUFR  Ni LAY 3, Au 7 AL s AR e s 32
FHOEME; —RAERH IE WM Z M A e ZONaEY), JCLIBEe, b h . H0E i X%
WAL MABRA T Se MRS Img/keg PLE (R 3), [ WAFEM BB L Se & RARAL T RIAAE %
BRI I Se WAESBALWO LG, PO fuE
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Fig. 3 Schematic diagram of spatial constraints between the Se-enriched area of Xining Basin and the ancient saline lake-basin.
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Table 3  Statistics of Se content of main lithology and weathered materials in Laji Mountain.

Se & (mg/kg)

i

ZRA Elipa BEICE FARRE KA (Fa et (ERRI Y= e
(n=25) (n=4) (n=6) (n=2) n=7) (n=3) (n=1) (n=1)
Ferel 0.12 0.09 0.08 0.08 0.06 0.24 1.08 1.25
R 0.24 0.12 0.12 0.21 0.20 0.44 1.19 0.61
T 0.30 0.24 0.22 0.23 0.30 0.37 0.84 0.47

TERH LU SO PR — i AR Il PR S 0
A1 B AN+ BE PR IR R W (18] 2, 3R 3), ik
PR A X R A AR — 148 Se &%
wIEA TR, 14 Se Ha AR Se 1y 2 5L 1
WA R A M SSVE R, A ok B AR 40 A AL
TR L RIZ X R Se I LAY BRI

gi b, P 1l 5 Se v {H IXOE R A P
— i & A AR A KL R R TR
i Se IR, TEMALY T L BOE o5 Se +4%; — &+
AP Se 15 M HAER, i Se 7ERZ 15—
WEE, B Se 145,
322 ARILX

IRPULE Se i W2 AL P A TE i) il 1
Hit o SRR XCE R M Se 4bF 0.30 ~ 0.71mg/kg;
)8 Hg. Pb B RT 5, WK T LIER e R
Mo A 575 e XU 4 15 b (X17)) (GB 15618—

2018) KUK i LB Cu AF7E 4 > sl LB A, o5 L
9 0.1% . FIAR I LA B 30 A7 B Y 398 5 TR AR
W1 Se o AR LA A XA T H AR i L AT FE R R
LR R 5 AU AR Ll BN B ASRE Ay 2 AL,
A VRSULIR R W SR A XS R )2 A
“BRWRIHAND S, &R KA A e
o MOOUE AN S b, SR R A
b BRAIe g4 . HIERITH TR Sl
Lo & mE (8 4) Bor, TEARE A9 FiF 2km
b+ 5 Se 5 - THEH (Se & 0.4mg/kg); 24 HE VT
W% OB, 3 Se, Cu, S &2 il EF (Se &
12.6mg/kg, Cu 7% & 4146mg/kg, S & & 5988mg/kg),
Se. Cu. S 25 B IEA G B8 T 1km &b, Se &
g 2 AR (Se &4 0.74mg/kg). JIRYE Se AR fk
55 AR, 7R X Se iAZIMLAE 9.49mg/kg, #°
X RUFIRTE Se & i iiEe 3 ~ 10 1%, F8/R 07 X
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Fig. 4 Changes of Se, Cu and S contents of soil in Daban Mountain.
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L Fe B s -390 vy Ll ) o B R I g R 4 R
A, o HBBOEE L, AR ASENRKE; &
IR & =TI = SN S| i = O S (T = T
M Se & B 4T 0.30 ~ 0.59mg/kg; Hg. Pb. As., Cd.
Cr, Cu, Zn, Ni ¥ T (AT AL+
s e U FE BRI (047) ) (GB 15618—2018) XL
I i E 1

XN REREA . KRTIBRY . T3 T Se
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Table 4 Correlation analysis of Se in soil with related

elements.
JLHR Se S Cu Corg
Se 1
S 0.88" 1
Cu 0.98" 0.79" 1
Corg 0.01 0.12 0.05 1

H IR 0.01 K BUI)  f EAEOG

FA—KRVIRY—F R T Se SURITH = 145
fiE, JEHOK R VTR s s 38 n 173 3 %, HEWK
RULFIIE: Se i8S M BN i . HUS TR 28 1k
b, F4:E BN Se IR, BT A4 Se
R S A AT, AT I Se A
A—IK RV — Il B iz 5 & 4, ek
HRA P A AR PR Se B &, X—E 4
1185 V0T A NI AR B, 0 0l B e T I i 5
B (A >SKARVBY > 1) kA3 e EE
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Table 5 Statistics of Se content in different media of different regions.
HUFHILE Ea il [l s
g T, Se A it PERBCE Se A it PER B Se Akt
() (mg/kg) (63 (mg/kg) () (mg/kg)
ah 18 0.07 51 0.15 24 0.67
&SRl 14 0.20 51 0.25(5%814) 24 0.61
T4 22 0.34 51 0.29 24 0.47

(SRR VUR > )

4 B IRAE ST IR

B0 b RTXEE E AAR T , ATR R T Y
TR Dy Re e AL B AREAERRE I o 515438 Se 5 A4
Se ¥ E A BN, HIXHIK Se M58, & Se MEEA I Y
ANBEHERMRE Se. A& Se ¥WHA R E KT, &
W ZR TR Se BREE P A TR I A4 BN 2
FEF 75 98 5 SR AL AT AE I —Fh Se W AERAL, 456 Hb
T A0l B NFEA R IRAR,, FRSA [F] i 5 24 40 5 i
T T, BleE R S E IR R A
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Genetic Types and Ecological Potential of Selenium-Enriched Land in the
Northern Margin of the Qinghai—Xizang Plateau

ZHANG Yafengl’z’3 , SHI Zemingl* , MIAO Guowen**" , XU Guangz’3 , JI Bingyan3 , MA Yingz’3 ,
YAO Zhen®*
(1. School of Earth and Planetary Sciences, Chengdu University of Technology, Chengdu 610059, China;

2. The Fifth Institute of Geological and Exploration of Qinghai Province, Xining 810099, China;

3. Qinghai Engineering Research Center of Selenium-Enriched Resource Utilization, Xining 810099, China)

HIGHLIGHTS

(1) There are three Se-enriched types in the Se-enriched land on the northern margin of the Qinghai—Xizang
Plateau: arid saline lake sedimentary, sulfide mineralization, and organic matter adsorption.

(2) The sedimentary Se-enriched land in the arid saline lake has the characteristics of stable Se source, moderate
total amount of Se, high effective amount, low heavy metals, and a variety of beneficial elements.

(3) The sedimentary Se-enriched land in arid saline lakes can produce relatively high-quality Se-enriched

agricultural products, which have high utilization value and great ecological potential.

ABSTRACT: The study of the genesis type of selenium (Se)-enriched land found in the Qinghai—Xizang Plateau
can provide a scientific basis for the construction of the research, development and utilization system of Se
resources on the Qinghai—Xizang Plateau and has practical significance for improving the risk of low Se intake on
the Qinghai—Xizang Plateau. On the basis of summarizing the characteristics and genesis types of the main natural
Se-enriched lands in China, the distribution characteristics of Se and related elements are analyzed through the
coordinated monitoring of soil and rock, and the conclusion is that there are three types of Se-enriched lands in the
northern margin of the Qinghai—Xizang Plateau, namely, arid saline lake sedimentary type, sulfide mineralization
type and organic matter adsorption type. (1) In the sedimentary Se-enriched land of the arid saline lake, the Se
content ranges from 0.30 to 1.16mg/kg, and the contents of heavy metals are below the risk control screening values.
Spatially, Se overlaps and co-enriches with beneficial elements such as Sr, Mg, Fe, Ca, and Mo. Se is derived from
the red mudstone weathering of the Xining Group, which has the advantages of stable Se source sedimentation,
moderate total amount of Se, low heavy metals, and composite of a variety of beneficial elements. It is a type of Se
with greater ecological potential in the northern margin of the Qinghai—Xizang Plateau and even the entire
northwest region. (2) In sulfide mineralized Se-enriched land, Se content ranges from 0.30 to 2.22mg/kg; Ni, Cd, Cr
and As exceed screening values in 0.2%—2.4% of the samples; As exceeds control values in 0.1% of the samples.
The land has high natural heavy metal backgrounds, posing ecological risks and limitations of high-altitude and cold
climate, which can be used to develop the forest-based economy and wild Chinese herbal medicine industry under
monitoring. (3) In the organic matter adsorption type Se-enriched land, Se content ranges from 0.30 to 0.59mg/kg,
and Ni, Cd, Cr and As do not exceed the standard. Se has the dual effects of increasing forage nutrition and resisting
heavy metal absorption, so the maximum ecological effect of Se can be regulated by further exploring the
equilibrium conditions of organic matter in the process of adsorption-release of Se.

KEY WORDS: Qinghai—Xizang Plateau; Se-enriched land; arid saltwater lake sedimentation; ecological potential
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