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Abstract: This paper is the result of environmental geological survey engineering.

[Objective] This paper aims to investigate the distribution characteristics, the contents and distribution of soil elements in different
sedimentary facies of Quaternary, the control factors and the sources of sediment materials in Xiong’an New Area, and to provide
geochemical bases for the study of regional palacogeographic evolution and epigenetic geochemical environments. [Methods] Based
on the surface element content data obtained from the geochemical survey and monitoring of land quality in Xiong’an New Area, this
study employs multivariate statistical methods (such as elemental content analysis and ratio tracing) to reveal the relationship
between regional elemental geochemical distribution patterns and the epigenetic environment. [Results] The soil in the
alluvial-lacustrine plain subregion has the characteristics of low value of SiO, and Na,O, and high value of AlL,O,, Fe,O;, MgO,
Ca0, K,0O and Na/Rb. The soil in the alluvial—diluvial plain subregion is characterized by high SiO, and Na,O, and low Al,O,, Fe,O,
and Ca/Ba. The distribution of soil geochemical major elements is primarily controlled by chemical weathering intensity of source
sediments, while epigenetic environment also influences the depletion and enrichment of major elements. The source area is
currently in the stage of moderate chemical weathering dominated by plagioclase weathering, with no evidence of potassium
metasomatism in weathering products. The soil parent materials in each sedimentary facies are mainly derived from the mature
continental quartz source of Taihang uplift on the west side of Xiong’an New Area. Additionally, in the subregion of alluvial plain,
parent materials of a small proportion of samples are from mafic volcanic and neutral igneous rocks. [Conclusions] Geochemical
indicators such as soil element contents, element ratios and element combinations (Rb—U—-Ga, Fe—-Mg—Ni—V) can effectively

differentiate sedimentary facies environments in the study area and serve as reliable tracers for soil parent material properties.

Key words: surface soil; geochemical index; sedimentary facies; provenance identification; environmental geological survey
engineering; Xiong’an New Area

Highlights: (1) Elemental geochemical methods were applied to study Quaternary sedimentary facies features. (2) Based on soil
geochemical elemental composition characteristics, provenance tracing can provide foundational data for environmental geochemical
assessment of regional soils in Xiong’an New Area.
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Fig.1 Geological map of Xiong’an New Area and its surrounding area
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CaO 0.345" 0.330" 0.302" 0.281"
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Table 2 Statistics of geochemical indicators of elements in sedimentary facies soil of rivers and
lakes of Quaternary in the study area

sah HRCPJRTEX (N=14) HRFLTEEIX (N=254) AR EE X (N=332)
A RME RKE BfE RME IEON:! HE fR/ME RKE HE
Sio, 57.28 66.1 62.47 53.63 70.7 64.1 50.86 68.49 58.79
ALO, 10.91 14.45 12.49 10.41 16.26 11.94 9.46 17.79 13.04
Fe,0, 3.74 6.75 5.16 335 7.03 44 3.49 8.21 5.34
MgO 1.9 2.84 2.38 1.67 4.22 2.46 1.79 3.93 2.71
Ca0 3.29 5.9 4.02 1.85 9.06 4.32 2.19 9.12 5.16
Na,0 1.59 2.46 2.09 1.23 2.83 1.99 0.73 2.66 1.63
K,0 2.11 2.55 2.32 1.89 2.5 2.22 L1 3.17 2.35
Ba 457 559 519 483 688 549 434 1129 549
Cr 55.56 88.76 71.66 49.05 92.91 64.82 47.92 106.53 73.07
Ga 14.3 20.25 17.09 13.27 22 15.76 12.94 24.95 17.74
Nb 12.99 16.04 14.22 10.98 15.1 13.3 10.9 16.5 13.98
Ni 223 46.7 33.48 19.49 46.83 28.92 13.48 58.86 35.73
Rb 85.06 113.62 98.44 72.33 127.11 89.02 77.8 142.39 102.99
Sc 8.95 16.36 11.91 8.25 16.96 10.69 8.72 20.32 13.00
St 176 231 200 159 360 221 141 338 206
Th 9.47 17.45 12.12 7.7 14.21 10.14 8.25 23.82 12.73
Ti 3407 4679 4037 3059 4520 3715 2772 5049 3882
U 1.62 2.62 2.05 1.39 3.09 1.95 0.74 3.36 227
v 65.1 1112 85.7 60 120.6 76.5 55.6 136.6 89.1
Zr 171 362 252 162 369 241 115 347 202
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Fig.3 Coupling relationship between geochemical field of soil element index and sedimentary facies (the legend is the same as Fig. 2)
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Na/K HAE R AE 48 /R VTR IR 855 o WF 58 IX L 4 ep
Na,O #l K,0. Na,O Fll Rb AKX ZRECH 0.597 F
0.816, £ P=0.01 & {5 /K, ¥ 2 i 3 7 /H ¢
(& 4); SAfF5E X 38 Na, Rb 201b 5 & &5 %S
] 4340 F AR SR R, Na/Rb R 162437 5 TR A A
B K ZR U O b S T X S TR 43 A (1] Sa) o B
EO iR | SR ERE T RU Y AV AT iU RL b Y A S v ¢ T
B TRART YR Z . JORL R 4 0% B 28 4 ifi
B Na, fik Rb 9 M Bk £k 2% 43 46 F: 1F 5 HL Na/
Rb Hb3R Ak 27 i {8 il 1) 5 vy K O 1) 2A e B — 3
P 5 76 AR T H /N DR D0 B Rb, IR Na 119
FEAE , Na/Rb I {E X 5 w8 A S D A1 32 b Y Rl
W4

TE R B A WA FE b, [F] Bl T R Ca Ml
Ba Z 9Ltk ok, (B2 AL IS Ba AR £k A i iR
IRYIMETERS . S ULTE, Ca M LR 5 TR i 2k, 25
[ I Ca F1 Ba KA 4385 (5K 75 2 4%, 2012) . fF5RIX
Ca/Ba HEHbERfb 2725 [H] 0 A R F S (1] 5b), 78
JEEB 1 Bt B JFO X, 7E RSP I DX RS L
HeFHW Hh Ca T RS TR J%, Ca/Ba H(H S AR A 45 1F,
T P 7 T e DX o R /N DX 422 32 DR T 2
B Ca/Ba HAE SEAFE . (HAREE, [Fh it 07
JFEE X, FEMF5E X ARAE R4S < HLIX. Ca/Ba LU A 2 3
AL, PEALEBZ I X Ca/Ba Fb (R 52 20 i (4
ik, ¥ Ak i 2 5 %) J R AT e HL AR = B R R AT
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X D
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Fig.4 Correlation between Na,0—K,O and Na,O-Rb of soil in the study area
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Fig.5 Coupling relationship between geochemical fields of Na/Rb and Ca/Ba and sedimentary facies in the
study area (the legend is the same as Fig. 2)

FEZ2 59 2, WF5E X LA 1] o0 B, Hnp e A5 Ji
WEDXZR . PEIIE N AN TR] o AR BB A b 11X Ry K R 1T )
T DX, ELsn s AIRBERE; PO R A3 X R 4 il 4
JRIX, EARES | SEERHIE
422 EEAFMAHIE

TERA MR 7 35, T oo R ek fb 2=k
FAEAE2E 5, R T Z A G EAR R TIRA
BRI EEZER . W Rb, U, Ga ¥ KET
FATRAG, WK FEBRITAR, 58+
SEWE I 1 Fe. Mg, Ni, VAR ICEK, 5 LI
INEI OB S B R AR R AR TS . IR I
BIBREA IR 7K 22T U1 D DX v DL O o gk A
(Fh 5T 458 ) M 2 90 5 SR A AIE, FEMCRE T B 22 1Y
Al R rp S B AL ERAE . WFSE X 35 pH (5L B8
PEREAE, Rb, U, GaJt & 41 & Ml Fe. Mg, Ni, V
A 13—k SN FERE 7 X R 3 R 0 H X 1
P A RV T TR e 3 2 P b ) R {1 R R
TAERF S DX b0 b DX 1) e RO D e 3 5
b S b B ] 9 S 5L B A G A P AL R AR
(K6).

L IX - HET &R & i SO G R b 2% 25 1]
O3 AR5 5 DO R DTRUAHFR A ¢ R R, 450
AU M0 X P e ER (b e R 3k &
AR BT s BR AL A T R AR AR A BURAE R LA
PRI A /N X i R T N XS5 DY 2R
DU IG . R ERIbF e R M AL & 25 (B 0 R
FRAE AL A HB BR Ak 27 3 B UE S T A58 X5 D0 R TR

HTERI A B
5 1 ®

5.1 BT ERERYFSRIREERT

R IRBF Y X - 80 38 & i SO BURRAE 5 0T
UM Zs R A 45 R BoR, B Roo R H1kL.
B2 U R TUBIAEE R0, [FER T R AL A5
TEBR Z DTSR 0 2 A1, 38 32 i B B 4 4 S 21
B AR o PRI AT 3 i A 38T 2R 2 R A R J 1K
BCATERE AR B AR Ak, A T A A B I i S e
PEo ANAFSE X Ca/Ba HUAEHRHE 7, BV b 76 4H [H]
MIZRA AR T, o R A i v aesz i+
BETOR IR 5l 35 A 03 T AN TR

ORI Ak 27 il AR 18 55 (CLA) A — > R
X Ak 2 AL R B2 (14 £k 2 48 B5 B ) 12 02 FH (Nesbitt
and Young, 1982) . H: it % /A 30k . CIA=[ALOy
(ALO+Ca0*+Na,0+K,0)]x100, =X i 3 i /3 Y45 g
IRGYEL, CaO* B AFAE T REMREL W )b CaO (Bl &5
) CaO FUBRALAUIRLE) CaO HIEE/R 40 . H
FHREBRELT M CaO 5 Na,O i H LA 12 1 By EL 13
TEAE, BT LA 24 CaO B EE IR BUK T Na,O i, 1f
A CaO*=Na,O; fii 24 CaO [P FE /R % /N F Na,O
B, CaO*=CaO(McLennan et al., 1993) . il % AN
CIA<S50, HW IR XA A A il 57 1 2% XAk, CIA
K, HW IR IX 25 18 37 (A2 WA RGER Z1 . F 9% X
CIA /i T 59.4%~78.3%([& 7), ¥{H N 67.9%, i
XIS Z T SRR s XL, BF
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Fig.6 Coupling relationship between geochemical field of uniform accumulation of soil element assemblage and sedimentary facies
in the study area (the legend is the same as Fig. 2)

5 X NAE S T ARHCA B A 3R L B (& 7)),
AL S A AR D, DX b2 XA AR B
WOMSRIFAEE A-K 2. TERZRNFACRAEH 1S
LR, BH A B A WA IE BUES 1 (0 3 B W Y
AT A-CN 17 10 647, Bl G 1h 28 XA TR B n g,
WAk AL BT 5 A-K ZiAHAE (Nesbitt and Young,
1996; Jrifg %, 2019) o 5T X PIRE S KU B 344k
W& 4T A-CN 1Y 47, KT A-K ZAHzE, Ui
W2 X AR 7 ) R 32 R A A ), H RiAL T LA
RH A R E BB B

PRI HZAS (2020) X e 87 X B 4B X 4B g Jis it
TIP3 B 0 P AT Y S, HE R DASE WA L
R R F, &8N 43.37%~49.23%, A= il
5.68%~13.99%, 4B A L A = A &

AlO, Al -
AP I
1001 OAl Alluvial plain
90F (ERiES) o M AT 5
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< 60+ ’v,046
< 50 HR A
© 40t 0.4
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20-0.8:‘ 0.2
0 0.2 0.4 0.6 0.8 1
CaO*+Na,O K,O0
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Fig.7 Diagram of A-CN—K of soil samples in the study area
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DUAIE 5 DX PG A0 F KA T 10 A A Sy i X 4 3 T 43t
G ALY/ N

W X+ 58 e R & iR 4 KMO K56
1 Bartlett’s BR KK 56, KMO K5 56 25 % 0.747>0.5,
Bartlett's BR{AR 56 P {f<0.05, £HIKHBICEM L
PR, 16 AT ERNA 0. Bt HAT Kaiser rifE
b1 IE 22 e G 12, WEeAE 3 Uk AU MBI, S B
FEHITTR SR 2 A F WSy, DTk BT 25 SRR
85.37%(%¢ 3) . 4 F1 STlk 7 223k 53.56%, F1
T ALO,. Fe,0;,, MgO, TiO,, K,O HFH HILE
FRARFN CIA A i 35 IE M, ALO, 225+ 9 #i 32
B BOTER, HATBWERXTERY T Tio, S &
SR (Murray et al., 2000), TiO, 1] LA 1E 2 ki
JEHE B VTR AR, TRLL, o3 F1 AT DL LA 5
X 3 J2 A A B oy i U T A, AR X A
- BE A2 KA B 2 5 ) koG 2K 25 () 40 AT 1Y
FERE . T F2 5Tk 2235 31.81%, F2 K+rh
SiO, 1 Na,0 iy i 3 17 #i 7, CaO y i 3 1F #ifif
Si0, Z LIRS UTA 3, i Ca. Na Jii &R A 50
Besmin R U E A B E AR, UL, o F2 %
B A IR B X B T R 125 ) o0 A A — i
HilYEH

Roser and Korsch(1988) i# #f {f | AL,O, TiO,
Fe,0; MgO. CaO. Na,O Hl K,O 4 H| 51| s B 73 b
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®3I R EFEREETRREER
Table 3 Rotation matrix of major elements in soil samples
in study area

_ By
PAUIE i 3

TiO, 0.94 -0.012
Sio, —0.445 -0.813
AlLO, 0.922 0.331
Fe,0, 0.902 0.372
MgO 0.715 0.452
CaO 0.016 0.908
Na,O -0.589 -0.712
K,0 0.803 0.269
CIA 0.756 0.588

DTHRIT ZE1% 53.56 31.81

R 2% 53.56 85.37

PR IDX PR O 3 L TP | TR LA P TR X A
AR B A S IR X . KN TR F-F, H
S5 R BRI, A5 UURAR - SR A R R
WIUR T B H SR Bl A S IR X, [ s i
POV SN DX A 3 i/ IXC PN 3 47 2 3 2 Sk A R
A BE T, RS L P R DX R 2D A 1)
TR LA PRI (] 8) o v AR K ILEE PR X
AR 2Dt 1 T L 2 U X R i R A T
TFZE DX i B SR X A3 /N DX, B AS E 1Ao7
T X A v A X, e A R TR
K,0 /T 2.43%~2.87%, ¥IEH 2.61%, LB E{EH
RIS

F5E X PH AR 1L X A& A i Mt ok 32, PR

N
Alluvial plain
o P AL IR
Alluvial-proluvial plain|
O I AR JaE

Alluvial lacustrine plain|

PR M Ll 2 PP X

o A P IX

20 e
Ow ¢ o o >

e N R 7/F

Kl 8 i TTER FU—F2 57 it ek B P i
Fig.8 Diagram of F1°—F2’ discriminant equation function of
major elements

PLRR SR KO Ao 2, TRGA R . IR X
NG S, AERAESE X PR A T L L A 2R
BB, 1A E KA AW . BRI 2
B G YA A R0 8h, F2 2k B R —p
1, ARG SR, B ] (R R ARG B =,
1987) o BbAk, KATILACE o A AR A 2 A FHRAR
K, WA AR 1 TR R W 24 A5 A A AR KT e
T AW I IR LR S, ek ik
FA A /) s AR AE (3 IR 1L 45, 2000; Gao et al.,
2012; 5K AR, 2016) o BRLEAIFSE X S K LA )
PRDX e kLA R DX AT R B R X P A K A 7
LRk R AT Ll b B ke 5 2% A AR 28 KUk 3 i/
TR K B S AR s E T LR T
WF5 DX e Ji 32 o
52 TEARMFEMEZSHRAEE Y

- HE T F R B L) R IR B PR AR AR
Yixt RS i U R A A MET WA G gkt
B B A AE A R RN 2R b R A2 A R Y
SR, A RE BT TR OT R O R SRR AT RE S A A A
R AEAE . dnfbsg XAk . s Oy SO L SRR EE
B R DX BTRR Y 22 S A R R AR 2 s e HA b
ZH A, B PR N R 380 R 1 R fh 2 R RAE
TR BN R T 2t 5 5 ek

TFSE X A L UE SR AR LT J5E 3 b X b 2k
H R 7K AT AR DX, BURE b 2R K O s AR

S X P - HETT R B i R b BR AL 2 2 BRI

WF5E X A FERE I K X, 28 3 26 7K 37 Y i ) 9% 3 1
FH, T8 BHE 1] 55 M 3 7K L T 1] 3 A A [R] A9
HEHATIRY), KL TR A SMEITER. K
Si0, il Na,O. FEHEML O (HPETE), HhR KKl
D155 08055, VIR K ) 13 /e s Es, T2 R i
KBTI

b 2R K FIHL R K Ak 2 5 B AR A5 e 1 8
HOCEMIEB M. KIEW P ICE NiEEE
FELIAW . BIFY) . IR S ks . an
AL R 2 Na, K, Mg, Ca S50 K, S5
VAR (LY B ERER ) LA R it etk A K
R, f T H Bk F RO R ], LR R e R
KB J1 5T P A AE B BN ) (RE BS TR AE PR, B AR
Na., K HA AU sk A 27 v T, B2 Na 7K1k
RERT K, KALBERR R A 5 9 e i, 5230 Na B2 5
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Bl KT, K55 80 5 0 0 ol e 1k 45 I A (e
B, 2019), EWAREHFFTIX Na FERGIE D . IR 45
TR A SR A T X PR AR, T K AR R
JEP o HI T Na', Ca®', Mg? S5 78 K P ik B2 1) A
6], 7K 8h JT MRS 5540 T, Hak B RAE W R AR
FEAE

T ICE R R BT S A, A pifnZs
[B] 7047 B2 TR IR X AL 22 KA R | 4 b
BRAL A S R 2w .+ Sil TiL
Al, Fe, Mn, Mg, Na, Ca, K % H {0 X FE LT
WYY AEAE, T 450 )R 20 B i 25 i - 45
PRI 2R, A HEREE T ) O N 2R, UL, 3
AP ETCR IR T . IR Y
HAHAEENE L, RS EG YRR
TR IM EENEZ —, HHERE SRS YRR
530 H AR TG Sk IR, A SRRIE EZk A
Rt 31\ w3 D17 W s U N S e e 521182 € = S
R S N R 4k RS &R, T LA B+
e E 4 @ TS YR IR A AR A TR . s
B Wi S AU R A 0 ) O 4
J b 45 - SRR AL R ) T2 B DR 2R, s A S
fic % e e K B HER (L4 A TR, RIFIZE 04
Xof T 4 U YL ) i W BREVE P AN [, R ke s B AE S
X 448 70 28 41 R S ) IR V5 BT Ay 4 4 e
& iR B AR R B SR ARty R
FHefh
6 %5 B

(DBFFE X+ 38T K b Bk Ak 27 2 ] S0 A BoAT 3
W5 T RHIE, HOTR & HE . 416 55k
b 2EFE R ERAE BEA 2038 78 X N 45 UURUAH o o i AR
R X 4 38 5K Sio, Al Na,0, & ALO;.
Fe,0,. MgO. Ca0. K,O F Na/Rb $#iE; it I 5
WX +HEHA & Sio, fil Na,0, fik ALO,. Fe,0, I
Ca/Ba 1 .

(2) WU X A 5 A KA R B 2 R M B 5
X+ HEH TR A5 RS I s R 2, [ R R
B TR AL S B AFAE — 2 1R 5 R X
H A Ak F DLARHE A KL A 32 10 b 48 b2 R A
B B, KA PR 8 sz o 2e A, HIETER & i
5RO R Y], HA B Ak R

(3) SR il ) B o DR 2 R il 41
LTI, AL T v IR BRI X A3 i /N XA
FEAEFR 3R il B B B FE A LS A
WA B B B O P e B MRS
JLE /N B3 40 7 R B S ) Jor ok T 3 g M 2
DX PGB AAT L R X A 10 2 XA SR b R e K
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