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Abstract In paleoclimate studies, geochemical indexes are predominantly employed in the analysis
of loess, lake and other sediment types. However, the role of chemical elements in indicating palaeocli-
mate conditions in river sediments has been rarely investigated, primarily due to significant variations in
sedimentary dynamics. In this paper, the significance of paleoclimate indicators derived from the geochem-
ical index of the late Longshan Paleoflood section (SQ) dating from 4 to 3. 8 ka BP in the Luoyang Basin.
The analysis reveals a significant correlation between the chemical elements in the SQ profile and the medi-
an particle size. After accounting for the influences of provenance, sedimentary recycling and diagenetic
potassium metasomatism on the chemical elements, the chemical elements were grouped based on the cor-
relation coefficients with median particle size. Subsequently, we established chemical element parameter
indexes according to the migration strength of the elements within the same group. The results are consistent
with the CIA particle size effect correction findings, both indicating low values in the paleoflood layer,
which suggests a dry and cool climate. Based on the results of palynology in this profile, it is concluded
that the relatively mild, warm and cool climate in the Luoyang Basin serves as a significant environmental
background for the occurrence of paleoflood events around 4 000 years ago. However, the complexity of the
river deposition process presents limitations for this study. The method of grouping parameters offers a valu-

able approach to exploring the palaeoclimatic significance of chemical element indicators found in river sed-

iments.
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A AAESE AR, JFAE B L R (X AR AR,
1985; Z=4f 54, 2013; Li et al., 2022a; 5
88, 2023) . WAV (BKIEASF, 2009; WK
&5 20115 Sun et al., 2021; RfEE4E 2022) %
WA R T2 0 o TR AR T2 2 1 i 30 e
i R ARERIANE 2 —, Hol Rl s
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KB TP o 2K S SRR, TR TR
Pt oo R o A L AE S 8 R AR, X —BB
PERR ORLEERON T G — BH A TR, 1983
Laceby et al., 2017) , & J8H: 25 SR DA 1 42 1 7 i
Bl A As e, BT, PR TUR Y IR R R 2
AT UOBUR A (g Je it 55, 1987 B I % 5%,
20145 HFEILAE, 2023) APPSR E (Bl 5,
2007; gho2EksE, 2016) 45,

TER E B Wb, KA — B —
AP (RAE, 19975 WBEHESE, 2005; B
KA, 20115 5K R W5 M E IE #F, 2011; Wu
et al., 2016; #7HESE, 2018), Xl kK LA
KA DIV S (= T e o S Ll R Y G RO P
S UUBURFAE 23 7 FIOK SCRRAE S A 55 ., X v 3
isthkBERL T UK Z R BESE Ny, & Rb/ Sr fH s ik
HHOK A K R AR, K Z TR Y
TOC & . APLAM KM & &Ik T 302 (K
WA, 2005); @i EREGIMN (YCZ) ¥ tR
ZRWON A R U K R TLRUZ (SWD)
(FREAESE, 2012) 5 X H PR IR AR st ik oy 4t
KEJWFFE L], CaO, Fe,0, FI MgO &35 45 ] 45 71
AKARAR AL, T CIA FI Rb/ S {5 W AJ 5 7% B K il i
(24, 2020) , Bz, HETAYE EEKTTAR
WFsEihk Z X “RLBEERON” AL T R SO T
FRBEXWBIIE OB — A =R, 19835 3k &
4%, 2012; Laceby et al., 2017; F & 5 %%,
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2021; Liet al., 2022a) , BRA¥E R R-B2H
Sy iral R B 7 20 B 09 07 vk 0l K URR P A
JCR FIAH & S B AT 43 2801 W R L BR SR 95 78 B X
(EYIRAE, 2014), HXFFYRE. TIRLRE. K
AT RERN KBV EZE (Borges et al., 2008; Jian
et al., 2013; B L%, 2018; MIELLEE, 2021),

REREHE L TRV, 4 4000 44 f5 2
o [ b K A AR A B, A R I R A Y
gHE R R BT X — I B OK BRI (R,
1997; HEIEMS Ay e, 2003; 475, 2005,
HAEKS, 2011 KAEREFEIER, 2011; Btz
& 20125 R fEAE, 2017; Zhang et al., 2019),
MZHK AT L (An et al., 2005; BGEIRFIZE /DG,
20105 fRB 3C4F, 2020) . KPP TUER (4B e 4%,
2023) . WIAHDLAR (W= XK, 2001; 4FF
¥ %, 2020) ., f1 % ( Wang et al., 2005; Hu
et al., 2008; Tan et al., 2018; BKPEERZE, 2023) .
ot (B #4E, 2012) Ml R0 s B X
— I kA T s, B H ETXF T 4 ka BP
oK SRR T R LS 4.2 ka BP RSN
AT RYIE R AN AA BIHRIAR, T B O
TR K ) 1T AT PRI A8 AR E AT 23 A U2 BF 5 5 — I 3B
AEHE S EE T B,

SQ F T AL T T R 4 BH A, 2% T sk Y
i L G 30 K S R R B S Sk sk ik bk A
HA KK (Zhang et al., 2019), W2 ¥ 7 ¥ 5K
4 ka BP bk g5 fF pg AR T . 2B R T T
ERISER b (CoRRIRAIZ ERS, 2011, 2012), X*f
WG PAA L 4~3.8ka BP gty itk (SQ) i 1 i 17
e R, TEHFER IR . DURRHEJE Il #0452 AR
YERTRY S J5 , ik X CTA R 47 kL BE %500 AL 1E
R WA 2 8o B, &5 & fk 22k, R
4~3. 8 ka BP #if J7 b K 2548 K AR B9 TS o

2 MREXHER

1 PR, T A PO AR, B U T AR A
Mok, MRS RN, 5 AR mR
H A T A BT 2 M XA B Y 1) I AR
U ] 71 N il e S M W (7 S R o R
12~14.7°C, SEFEEMHABEEZNELR; FF1
R TR i 500 ~ 650 mm, B 7K & AF bR A 2R 1 AR b 8K
K, ZIA G GBI R 1 BH L AR

/o1 i L e L NN O R LT 295 v/ 7 NN v
RARSE s ARTT 3 23 A HE AR BTN, 45 IR) 2% . 1R
RIS SN

T PR 4 b 5 22 B Dy B b A BB 1] AR R A L
Febg . B GRS s B R b BUEJE ] 4
R AT = B T3 B M A B AR A AN
R T2 B H TR LA AR 2 S BE 4 10000 4R R S
(Storozum et al., 2017; Zhang et al., 2019); T1 [
g T Bt B, K274 10000 45 {i f5 F
I HE A, A 7000 4F HT G 45 ) HE A (Zhang
et al., 2019),

JKIEFIH (SQ FTH ) Ab T = B Sk st dik g A —
FNLHERIRE, LT 0N Rz, A
AR FR R 112°41715.17E, 34°41719.2"N ([ 1),
WA B A1 0 KRR A WO R A BN R S
Z: O, QZEREHAR DT B H)ZE, @JF N IK
WEOERLRBYPZE, @R MRECHDZ, OFHN
R R 2. K, Q28T T2 Bi i T
R AT ERR Y, @2 RO ZE T AR Tl ik K R
(B 1) (IR IERE, 2011),

3 HmRESHHT

Fie R 4 em [AIBEAE SQ HIHIE Q) ~ © 2 E L8 R4
TUBRE AL 31 4 (SQ1~8Q31), @ L#E.
WMD)z RSB AR S 3 4 (L1~13), %
JEERAEL 3 19 L A 52 6 43 BT T 1 L K AR 6 N L T A
(2011, 2012) AEMiEgudid. MAEZRER, L~
L3 5 i OSL 4E {843 51 % 2. 64 ka BP, 3.80 ka BP
F14.04 ka BP (iR REEFIE IERE, 2011),

b2 0 F A3 A AE G o K= i LAl 5 il e T Ak L
B B0 A S e R B T A S5 D PR
o HERRARIO. 4 g BET IS AR, S4g T EM
DUBER A . O B . UL IR S R — A
S R PR AT, A = DU i AR A R TR
TN o A0 BB P s R e, (0 26 B A )
ARL ADVANT XP+# Il J7> 3 X G 28 2¢ o6 6 1§ A 3k
T, WRITESIIRE/NT 1%, MEITTED
SCUGA W Ol KR BE R 200 H R RE G E T LA
105 C 4t 12 h; FREL 0. 0250+ 0. 0002 g £ 5 il &
EAGEMEHES, MA 2mL ZHER . 0.6 mL 4
TR RN 5 T e R IS N I A W N MR AR 185 °C Ak A
72 by ¥ R I R RCE AR 150 °C L AR b AR
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Fig. 1 Location of Luoyang Basin and SQ profile
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4.1 SQ #FHEIITEHFIE

SQ FlEHH kAR (Md) . WEICRAMD A
S A EIT R SR & B 2 B, hE R
7. HRIGRAMY A S EAMBEITRE S RNE
BEREFE@®, @R ZEEAH RS R, FEH
@, WEZEEAEA —ENELSN, HR0. @2
TR K TR .

Q@ ZE M@ ZI MY ik x R, Ze,
Si0,. Sr. CaO Fl Na,0 H FIifi b & & & #r FE A%,
Ba, Zn, K,0, Cu, Rb, MgO. TFe,0, il AlLO,
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A R BR K K. 0.7809 (Zr) . 0.7554 ( Si0,) |
0.7440 (Sr). 0.6705 ( CaO ). 0.6278 ( Na,0) .
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4.2 H=mHmTiHEH (CIA) RE

CTA (A2 ph A8 45 0) ] LU & 4K A s o
FE, RAR A s AR BE (K 4885 (Nesbitt and
Young, 1982), 54N

CIA=[ Al,0,/(Al,0,+Na,0+Ca0 " +K,0) ] x100

Hr, ALO,. Na,0. K,0, CaO " ¥ 4> T BE IR
B CaO " Ry ERRERH CaO 43T HEIR B

ABIESE I R B R it R TRV J7 1 B 25 AR RE R £h
M5 Ca ¥y, HORM McLennan (1993) $i H AU AL
WE BRI E CIA, BD Yl LY f i
Ca0/Na,O Wy FEE/R ILMH KT 1 B, DL Na,O 1y & &
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Fig.2 Curves of medium diameter, major elements oxides and trace elements of sediments

in layer @—® of the SQ profile in Luoyang Basin
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SR, 4 7 I B 9 UM (Nesbitt and Young,
1982),

CIA fR =2 Rk ER (BA 85, 2018)
RLEERLN, (RE 1 & 4, 2008) . PLARE (Borges
et al., 2008) . B ACH/EA (Jian et al., 2013; f#
FEAnAE, 2021) SFER R, FHBEAER
S S W S PR KA R BE . SCH T 1 (Si0,/A1,0,) -
lg(Fe,0,/K,0) ZJu#ithy &, ICV (53 2% = 48
£ . A-CN-K &I FIAREL B2 RN % 1E 55 7 16 %) ] BE 1Y
S R R T R

lg(Si0,/A1,0,) -1g (Fe,0,/K,0) — o4k # &
(Bl 3-a) Wx, SQ HIHYIEG)Z F 2 L iU KAk
Yk E, QM@ FE D E Ny, O
R IUE ALY (Gu et al., 2023a) . K]
AT A R, BRI K X R E, @2
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M@RBEZHBAEEES, HPhO@RIHY 1CV
BT 1, RUIUUR Y Al AE 28 ad 58 20X Ak 5 7 9T
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SQ HI T LAYy 2B SRR o A, 5 A-CN %4
AR KA R Ak (R Sk 92 Zk) I BT AT,
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LI EIR N o SR G SR A1
2R, RUIEAR 2 2 B i 2 v 0 s A0 Y
M ( Nesbitt and Young, 1982; Jian et al., 2013;
IR/ RIER R X, 20185 &5, 2021), DLk
ST UL, SQ FTE H i B )2 R @ 2 it /K TR
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Fig.3 Provenance, sedimentary cycle and potassium metasomatism test of sediments in layer 3)—®) of SQ profile in Luoyang Basin
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Fig. 4 Correction curve of chemical element parameters of sediments in layer 3)—() of the SQ profile in Luoyang Basin
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Table 1  Correlation coefficient between major element oxides,
trace elements and medium diameter and its classification of

sediments in layer 3)—® of SQ profile of Luoyang Basin

LIPEX WEILHR T H
0.8~0.6 Si0, . Ca0 . Na,O Zr. Sr
0~-0.2 Ba

-0.4~-0.6 Zn

-0.6~-0.8  K,0, MgO. TFe,0,. Al,O, Cu. Rb

Sy TR ; K Al Na 24847 TR A, fERIE K
T SYE L% . 7ERE TR, Cu fEIRHE 1Y
PR VR I BRI R B TR R (AT RXAE, 1996) 5 Rb
JEF 2RO, B Bl o (9 2l R R i £ A
JE 7= A AR D B U ) R O AR AT X R AR
(BRER5E, 1996); Zr pyfb 2 KAk i 72 + 0 €,
T H A O RS E JC R R Al T K Y 3T RS I O
(Hutton, 1977); SrJ& F/rHOTER, 7ERRIH 1M
WIS 25 0 LA Se IR B A ORI R (KR
R, 1996) , IRIE/TAL R, A F T RITIH
PR, 72 SQ #l T st B A LR SR A I
MgO/K,0, Al,0,/MgO, Al,0,/K,0, SiO,/Na,O,
TFe,0,/MgO, Si0,/CaO, Fe,0,/K,0, Ca0/Na,O
Al,0,/TFe,0,, Rb/ Cu 1 Zr/Sr ( Lk TFe,0, 1t #

Fe,0, #H471H5) o 4 IC R S8 SQ #l i P iy
Sy A S FR o

@ ZE M@ g, Mg0/K,0, Al,0,/MgO .
AL,0,/K,0. Si0,/Na,0., TFe,0,/MgO . Si0,/Ca0 .
Fe,0,/K,0 -3 5 16 @ 2 i & (1K K A 0. 9708,
6.5791, 6.3823, 178.3314, 1.8368, 30.1746,
1.7793), 7@ J2 F A% (KK} 0.9473 | 6.5723 .
6.2100, 152.4867. 1.6508, 22.4815, 1.5569 ),
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SR RE RN M E sy KT 0.6 IMAA A
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S fesEou R MR B or BT 4 2R, SQ Fl T
4.04~3. 8 ka BP iy it /K ][] (9 T A6 B2 Ak 4 X Bl
Brie. (R 20, fR A8 s i K A s
ISEARE R, B 1 X O B R TR S Ak, T
P P A A A i ol 2 B A AR W), TR M A R
RAFNRAE A, HED YA T A IR Y SRR

5.2 dka HHKEHLAENSEES=R

SQ H HRLEE S5 #E AL R M s T R, 7E 4 ka BP
HIJE, W PR & T — ki F )i B b ) it
KA, T QR M@ ZE i stk F A TR
CIRREBFI IERE, 2012) , fi ] C A W48,
LR MR P A AE W SQ EI T @ 2 % R 19 AR AR
4068 a BP, Rl 9k 7K 5% £ & A i 4E AL B R
4068 aBP, 5t M T & A DA 4 % ( Wang et al.,
2005) F1I& BH 75 O W S (BRSE SE, 2023) 1Y
WFFER W], 4.2 ka S f G5 44 59 I 8] 4350 Oy 4400 ~
3950 a BP Fl 4155 ~ 3995 cal a BP, f 4K 7 [] #h X
4.2 ka SARF M L ER RIAAAEZES, HI%H A
4 ka LK F R A I R] B BR O 28 3F A IR AR
4 B[] 31 ] o

4.2 ka S5O R R — R A BRI LA R
TR, AEXT R A A 7K R B A AN [ X el LB
2% (Bond et al., 1997; de Menocal, 2001), %1,
Wu F1 Liu (2004) 1A~ 4 ka BP Fij)5 9 [E 4L .2 K
XA T 5. Bt Ui i FEK A% R 1M Sun
& (2019) MIBFFE R X — B 0 5k L O 9E % T
PR A, T ELAE BT Hh TS 9 R VI S B A A
Ui T 5o EAFE DA 4 FWid sk (Wang et al.,
2005) 7E 4500 ~4000 a BP Z [&] i 3L 1 i 21 %) 2= X
W, B R RAR (B T-a) , BT
W NDG 45 L ( You et al., 2024) fE 4450 ~
4070 a BP 2z [u] 0 A5 %5 i B S B AIG, R0 T W R Y
T8, ZEEH SN, 1% (Wang e al.,
2022) #y LKy i 5k R 7E 4150 ~ 3880 a BP ] [H]
SR s s, FEK 2R BE SQ T A
WL €996 -1 A % (Cai et al., 2010) [
50 0% 7R 3900~4200 a BP 1B T EASM (4R
HEN) RIZU M (B 7-b) . & 4w 5w
L9 WY12 % (Tan et al., 2018) f# "0 it

FRIRTE 4 ka BP Hij J5 KK 5 A2 AR 2L (18 7-c)
EXH R K & AR, 8O MRS (E, R
KBRS T 5 SEI R T (PR A R
2005) . flibE EI T (PRARANSE, 2013) R A
> (Ren et al., 2021) BB B /8 7 4 ka BP Hif
J ¥ PR 4 R A it DX BT T A e
AT BH 45 3 1 K W6 5 ik HZ - 1 D (R e 4%
2023) % T 7F 4155~3995 cal a BP #[8] & 4= 19 T
P DLEar iy, AR KA 4.2ka T
il sk, BARAA AR (kI E) L B R A
A28 22 5, {HAE 4 ka BP i 5 29 H BUAS [R) 72 B2 Y
7R R 55 F . N SQ FlE kA, CIA KLIEHTE
@2 AR, (b2 C R I S5 %2 W IR,
Wi B TE b 7K & AR I A e XU PR T8 s, B AH
X ¥ BH AR AL T R I LAAE , R T AR ZE
WX, 2 A AR T AR 19 2 XA A Y 32 52 31
kR K S e DR R ], DRy kK R A
IR DA RH S T TR A B 8  SQ ) DAY A8 B 0 B 45
RAIESE T X —458,

SEPAZL I AR OT IR, ol e Al T
(Zhao et al., 2017) AL T Z XARE 28 103, o
BOK A 5 K e (Huang et al., 20105 B AF K
&z 2011; Guo et al., 2015), ¥ BF i DA f % .
JUIIER C996—1 47 5 F1 55 A5 1W WY 12 f7 558530 5% 1
4 ka BP HijJg i BUAY S BRI S0 . 12 4. 2 ka FAF
Hr, SQ BT ORA . R Y E EFEAL, FTRESE
AN TGS T RN gl A [ i B0 AR iR A0 AR
MR AR R FRAK, X T RE S B N & B AR R
MIRE 0 T BE, 1SR T M B AE (Tan et al.,
2018) bk R A AR (B8 K, 2018)

2 4. 2ka URFMWT LR, NN TE
4.2 ka SR AE A, 25 bR 1k R BRI Y B
2SO AAFAERCR 26 5, (HIYTE 4 ka BP Hi /5 B 1T &
Sy R/ I TR @ AN DO R S S T e 7
55 SQ Hlmif # T R MRy 1 o A 4 R — 2 W,
N SQ T C A kK A 2 1 4 ka BP i J5 <
T AR T AL B T 55 T R AR I e R

6 g

1) ¥ A SQ #H O -@)Z2 UMW i 1L ¢
TR MM A R E W], Ao 0 R 19 A R AL 5 47 B2 A
KR, ZF RN



‘(IM K

1526 + W ¥E 2 8K

2024 £ 12 f

3000 3200 3400 3600 3800

HAX/a BP
4000 4200 4400 4600 4800 5000

T T T T T T T T T T 1

8 MMWMJ\W
-8.0
-8.4

ES
T O
=g 73 (b) l
Eg 90
% -10.5
-12.0
. 1.5 (C) l l
=y
TS 90k
SN
;1051
L1
. (d)
g’ 1.0
< —AQVAVAVAK
< s L
8.0
o (e)
= 70 |
Ci A/\,/\\j\/
< 60 L
6.9 |
ON
o
X 63 |
: :ﬁ;::221111VV%
= 57 F
a7 82
& (2)
:::@ 80 F
S
Z 18 |
s

a—# 81 DA 1% 6'0 0% (Wang et al., 2005); b—J LAl C996-8"%0iC 5% (Cai et al., 2010); c—Z i WY12 6”040 (Tan et al.,
2020) 5 d—SQ Hlii MgO/K, 0 fHAE L £k s e—SQ Hlii Al,0,/MgO {HAZ L £ s S0 HlH AL 05/K,0 AL Z s ¢—SQ Hlif CIA fi (H
ERASKIE) AR o 3068 200 AR 3 20 XUl 58 / i T 020 08 T I B, B B 8 S AR 5 o iR K 1 I I
B 7 i BH A SQ FH Q -G )2 WU 2 70 2 WAH S 50 At 4 3 2085 75 1k ity £ % LL 1

Fig. 7 Comparison of chemical element ratio parameters of sediments in layer 3)—(® of the SQ profile

in Luoyang Basin with other Holocene environmental change curves
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