Climate Change Research Letters S{EZ{LHFF AR, 2025, 14(1), 8-20 Hans Xt
Published Online January 2025 in Hans. https://www.hanspub.org/journal/ccrl
https://doi.org/10.12677/ccrl.2025.141002

}

A AREELT

ek
WHLITVE R S B S AR 2 e, WL e

RitRERE

Weks H . 20244F12 A1H; FHER: 20244F12 A30H; KA HB: 20254F1H8H

=

FLARBER R M AMEX 2 —, FBATZA0ERRELTRY, RIXIEA SRR
Bkl AN ZX ELFIRIIVUR S0 RE. TERER. TTRRINMBURIE. BLIIRRBRKA R
I 1B RUBE B AR BRACRHIE R RSB T 253 T IR Z X R LA AR R B R . SRR (1) %
XERZEHRATIRYARAER L, TIANE S AN B R ) 38 3 T 8 WVE B A e D AR R I Y i
ZRENM, ZHRTREKHALDR. EEXELREATRIRER, Bl M0 &REHRTIRYKN
JRFERN~1.22Ma, (2) ZEXMRLFIRYERT EMARTFRUASRBDMEYT KR, EREH
EFTHEAMEHED (MPT) R EIRIKBHZBEHKER. 3) BLURERR T ARANBIREHNRERE
R(EASM)ZRALRHIE Je FLORBIHLA . SR HIE, XBEEFRMEKEIE K- & - K7 FEL, EEZ
ETERKEMEETEAZRNL, HRERRENES . BENLUR, HHioxRT ZRIFETEES.

ST RERM, ZXEASME B/ BT DORIF SRS, F5HI —AEH 1 A 2F (MBE)J5 15
VK391, NEASMAMBER] X322 5 Wi NARAE TR « ARRRLINSEST X B UM IR ER HRRE
BERULE IRV FRIESE T T RGBT

XA
Ht, ETAAE, FRIBE, SEEL, WHRKR

Progress and Prospects of
Loess Research in West
Liaohe River Basin

Zhenyuan Yao

College of Geography and Environmental Sciences, Zhejiang Normal University, Jinhua Zhejiang

Received: Dec. 1%, 2024; accepted: Dec. 30%, 2024; published: Jan. 8", 2025

SCEG| A PR, PHILITAUEE BT ST R S R ). URAR AT ST R, 2025, 14(1): 8-20.
DOI: 10.12677/ccrl.2025.141002


https://www.hanspub.org/journal/ccrl
https://doi.org/10.12677/ccrl.2025.141002
https://doi.org/10.12677/ccrl.2025.141002
https://www.hanspub.org/

Wiz

Abstract

The West Liaohe River Basin is one of the distribution subregions of loess in Northeast China, and
wind-formed loess sediments are widely distributed in the basin, which is an ideal material for the
study of regional environmental changes. This article summarizes the main progress in loess re-
search in this area in recent years, including sedimentation and distribution characteristics, for-
mation age, possible material sources, climate change characteristics and driving mechanisms re-
flected by loess sedimentation at different time scales. The results show that: (1) the majority of
loess sediments in the region are primary loess, and loess profiles with relatively high sedimentation
rates are usually sporadically distributed along the edges of the Otindag and Horqin sandy lands,
and most of them have been formed since the last glacial period. Older loess profiles are located in
the southern part of the basin, with the oldest known loess deposits having a base age of ~1.22 Ma.
(2) Loess deposits in the region record the history of aridification of the Asian interior and expan-
sion of the eastern sands, mainly related to the gradual increase in global ice volume since the Mid
Pleistocene Climate Transition (MPT). (3) The eolian record also reflects the characteristics of East
Asian Summer Monsoon (EASM) variability and its driving mechanisms at different time scales. Dur-
ing the Holocene, the regional EASM precipitation showed a “low-high-low” pattern, which was
mainly controlled by global ice volume and sea level changes, and secondly driven by solar radiation.
Since the Late Quaternary, the Loess has recorded several climatic wet and dry fluctuations. The
results of the multi-indicator analyses indicate that the EASM in the region has continued to weaken
since the Early/Middle Pleistocene, especially during the interglacial period following the Mid
Brunhes Event (MBE), which provides evidence for regional differences in the response of the EASM
to the MBE. In the future, systematic studies on the age of the bottom boundary of loess sediments,
quantitative paleoclimate reconstruction, and the source of loess dust material in the study area
should be strengthened.
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YIHRAFE 1 SUBARIE PSRV DA BB 2R I8 5 (1 5 545 R[S ]-[7]. MEAh, XL AR T I 23 Bl 4 2= KA i
VG WA IE A 4 A ALK PP B A B 22 X JRlat “PHARN”  “UKRERIRL”  “ERABRLEN Y 25
AERAEYIH IR EIGIR, 0T XIS 2 A R 7= A BRI

TR AR Ab b X 2 R 7 3 b AR R LA AL, B A AR X, X ORI A A L
JE AR L Y 3 3 B I AR 20 B =N X [8] [9] oAb, PHIL VATt ZR AL 3 Lt L AL A A b X,
T EAIE. R AR BT 4, ERERERE . AR b B2 RE TR
TP B LA RR, XX LS T — RAIBCR, MO T S A B HE
PR S D ATHSAE[8]-[11] FEARHE2E[12]-[17]« POFRIE[10] [18]-[24] SAZIAEZMAR[11] [12] [23]

DOI: 10.12677/ccrl.2025.141002 9 SAEARAL I 7T LA


https://doi.org/10.12677/ccrl.2025.141002
http://creativecommons.org/licenses/by/4.0/

Wiz

[25]-[34155 75 T AR IX I8 H IR L O s A R it 7 B2k . Tk, A4 7k
SR PE LT AU RO BT Tt R, AR 1 S PO AR TR T RERI I ITORIE DA S 3
S R R A TR 1) ROBE PR AR AR AR AE A SREN ML o AR SRR b, SRS RR AW FU It 22, LAY
SEAF R PE I RIS 38 RO R O RO B AR, Bk — 2D B2 5 (U S ARG K B A R

2. XA

PEIC I A T FRE AR A X, ARG E AR50 0 = Ryb AR M 20 ma AR ik, P FERE L Lk, %
R E ZERIGHIA (K 1(2). WIIZ KRR ARGERE, AR IZE KR P R 1% XCH TR 520 o
A2, 5l - VAL e, AT R PE A0 AL X B2, REAR LU fw mE U8 RS XA 3 (B 1(b)~(c))e
SEWMNEHE R, HFEHE~7.8C, FHKEN~390mm, Hi 6~8 A HIFE/KERE &R &FFKE
1 65%LA b, & T BB AT 2= U SR . XA IREEM BT, DA IREF S (Stipa capillata Linn.) 3IK
%13 (Stipa krylovii Roshev). A% F (Stipa breviflora Griseb.) NN [35], BARKIEME &= R SR Y
JoE A S A o

N
O FREas

A TR L 00 400k |
[ON 1.3 m

30°N

105°E 110°E 115°E 120°E 125°E 130°E 135°E

Figure 1. (a) The geographical location the Xiliao River Basin; (b)~(c) Atmospheric circulation models for summer (JJA) and
winter (DJF) at 925 hPa, based on reanalysis data from NCEP/NCAR from 1980 to 2020

1. (2) FILAMRIBHIBME; (b)~(c) EFIA)FILZE(DIF) 925 hPa FIASRHHEN, EF NCEP/NCAR K
1980~2020 FFHIE TR

3. AR RERRER
3.1. R ESHHE

PE L IAT RIS X (1) 35 F 4 A G SR B T AR AN L3 7 AR RS, B2 [ AR ) Fe A4, 4y
A T3] 3 K PP R PR A S5 AR . AR, BT AR BIRH. IR, PR R B
[8]o 12 DX AR I R AR Xof 452 v P 348 351 T (3 2 A YR UK LA K 1 3% - JURR) S 5 W v 0 o VD HURRE R I
WL B oA, HIEE — A K[10] (F 2(a)~(d). PR — R E® T, £ R0 FHEL,
ONRAEL EETHEELE, LEHE, BRSNS R, R A. MR, REME
AR ()58 TR T B0 A TR X e, FLE R — e KR ANEE[11] (8] 2(e)~(h)), Himt -t
HER OB, X S TR TR R (L S R A v b o R AR S TR SR IR
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Figure 2. Field photos of a typical loess profiles in the West Liaohe River Basin (including Ping’an cun, Kulungou, and
Anjiawopu profiles according to literature [36]; Tabanhuru profile according to literature [30]; Damaliantu profile according
to literature [37]; Niuyangzigou, Sanbahuo and Toudaojingzi profiles according to literature [38])

2. A ARETHEMEFIMNR R (EHPFERA, ERE. RRSHEHIEBXEK30]; EYIFFNEIE R
[30] RO EEREBE(37]; 478 ZBRAKEH FRIEEHE38])

3.2. EEARNEEER

Table 1 Basic information of main loess profiles in the West Liaohe River Basin

* 1. AIDTRBEERLIEERER

R AR 2354 5153 PSR I 12 23R
JiE A6 Y (KLG) 121°15E 42°37'N 63.96-333.52ka  OSL ;szézf 2006; Yiet
S22 (PA) 121°41'E 42°43'N 15.79~297.72ka  OSL Yi et al., 2012
FFRH(WNT) 109°32'E 34°34'N 1.06~10.15 ka AMS14C Mu et al., 2016
SEYERELr(TB) 116°46'34.7"E  43°27'36.42"N  1.1~25.6 ka OSL Zhou et al., 2018
PU75 1LI(SFS) 116°27'8.0"E  43°27'82"N 3.2~18.3ka OSL Zhou et al., 2018
%I (GLH) 117.42°E 43.25°N 0~12 ka OSL Zeng et al., 2024
JLH(BG) 115.71°E 42.40°N 0~130 ka OSL KIS, 2019
EHREMAIWP)  119°1520E  41°41.05'N 12.1~70 ka OSL WL, 2017
ERETI(NYZG) 11843 41°55'N ~0~1 Ma OSL. s ?2% 2011 Yietal,
414k (SBH) 118°41.17E  42°1827N  ~0~1 Ma OSL. 7t ;{;62’0‘;[6 2013; Zeng et
SLIEHT(TDIZ)  119°0.22°E 42°6.88'N ~0.65~1.22 Ma iy Hh f Zeng et al., 2016
M-+ F(SSIZ) 118.66°E 41.87°N ~0~1 Ma OSL. {ithfZ Suneral., 2018

FE RS LA O, F 2 KOUBOR(OSL)IARE . I C (AMSMC)IIAE i ik il 4
ZErk . %X H BT O ARIE ) 32 B H ARG BT 1. Mueral. (2016) [27]1F ] AMS™C J5 %%}
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FFFRFWNT)RI AT TR, JAF TG 48t DUR IR 7 41 . RXL(2017) [36]58 5 Xt
AR DX R KUK AR A 3 LRI THEEAT T R G BOGIAERT 7T . Yi e al. (2015) [14]F]F A 5% SAR Hl
BT pIRIR00 P FRINAE J7 V20 = 4K (SBH)HITHIREAT T 0 i 20 HHIMARRIF 5, 45 R WA A A 1Y)
CERATE 44~15ka B —30, HUMEMZ T 44ka i, A5 SAR MELE LA R . BfE, Yietal (2016)
(130 2B RE T (NYZG) BT PR T s 20 HER AR 78, WL T KA A S e i X AR 45 58, AR
A OSL 58K pIRTR o 1A 45 FAE R KUK BN — 5, (BN A SR 7 JTER SAAER
filti, W FORE AR G DX e R I A 5 SR B B AR RIAUK I . (EAER R, FEREEKLG). NYZG.
SBH I [HI &R &> 4Bttt (0 AEAR G5 SR, X T R AR IX 52 5 Z1 (1) N 2805 3l 4R 3 T 7E 1 IR /it /K AR
BT S 801

X TR 38 LU AR e, by bR fo o LRI S8 770k o RS O P b 2 2 0T 9 [ 3918 Y
BAMHZ R AR, WRRSERBE 2, B RA MR — PR . BHE011) [17]5F Xt
NYZG HFITHEAT T ks BE M R G0% 0 HGB R TAE, RINZX 03 LIRS T 5 38 t~1 Ma, Bfij5
0 AR b TR R R AR HEE 5 ~1.22 Ma [16]. %51 T T 7% 06 i 355 1 X 1) — S v P L JEG 8 Sk 34
SAAINIR . B, ARSI T B TR AR T S A 2 R T AT AR 7, DA I 1% X 38 3T
TR AR 8

4. TRERVHIBRRIR

RN EE R AR ITR A P 40 I3 SR BF R SR R SRR RA 1T, e s R 5 1 7= AR S 2 ML
RS RGO 1) ol P 10 33 DA A T AR RO PR S8 R0 25 07 T R AT B X [6]. 1E4 1k, XPZIX B )
WIIERIE T AR 55, 35 R IR R B 0 1 S5 AT Nd-Sr [FA7 2. BB S A U-Pb SRS . Al (U) RIS (HA L
S FAL RS . FWIFEET Nd-Sr RIS Z AU FE[10] [18] [20 Y% MIS4 LA B AL & 1) Nd-Sr [F67
FHBUHAT TIE, 25K IR0 L BAR B ena FIK S7St/8Sr BRHIE, WP Fa 7R HORIE T B 1)V
HEIE LY RIC Y . T, Zeng et al. (2020) [23]%F X4 A 3 ANEE - #I1H(SBH. NYZG. TDIZ)%
ANZEA) 28~45 pm FERRERAH 531 Nd-Sr [FIA7 2347 1T IE, HEMIA) ORI Tk b i, Hod 23
1.2 Ma —HERFEAAL,

Xie et al. (2012) [21 K8 E5 A7 U-Pb SRR 1 77728 VN FH BRI 70 Hb e 25 1R 19 A AR UK BASK
DU 50T, 25 BRI A ER A SRR AR . 45 G450 I AL R (enr (1), ZBFTEIAA
2600~2300, 2100~1600, 600~100 Ma =ZHAEHY H. enr (t) A A ISR 47 T BERVE T Ak 78 Fil AR A6 55,
600~100 Ma H. enr (t) 4 IEAE R4S A1 AT BESRIE T A W3 L A7 AR 30, a2 B il 11 0 KA 3t e o) 38 =400 5k ) o ik
Fdi e BT ECRRL Nd A HE [RIA 2 TR B, ARidss L R T RRIR A 1 I AR RRE (1
52 1t S BE(SMGT W) AR FITE RAHE R85 LR - e s Rd@ (SKTC) FE AL R Vb B 42 [24]. i, Yin
et al. (2024) [22]%HVb M 12 X 3 4 1) 3= TR IX B W s B HH T R BE, AT TIA S 5 T8 A XUt 225 b 1 A 2
Yo LR KA B TR ) = B TR . E AT AT AT XX B R AR SRR R AR 2 ]
(38— UK - TR UK AR [a] FROBE iR 75 A8 40 56 o) /L ) AR DT, 3 48601 IR R 5 T BOEAT 256 ) )
AT RS [ F I ) ) G

5. WA MR RBREY A FIR 8] R B B SUR AL FHE R IR RNHLEI
5.1. I ABET LS XIE Dt K

AR AR TR, BB AR AU R 5 R X (T2 N M X AV Phi
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Figure 3. Comparison of grain size >63 pm of the SBH, TDJZ, NYZG and SSJZ sections with other records (a) Grain size of
SBH, TDJZ, NYZG, and SSJZ profiles [12] [23]; (b) Global average temperature [40]; (c) Global sea level [41]; (d) Record

of benthic 6180 [42]
[# 3. SBH. TDJZ. NYZG #1 SSIZ @ > 63 um R Fid RS HMiZRAIELE () SBH, TDIZ, NYZG. SSIZ ZIEHY

HKIEE[12] [23]; (b) REREPBRE[40]; (c) ECEFEE41]; (d) EHE 5180 [42]

JEEM 880 (%0)

WAL, —EEERE 1] [12] [23] [23 ]8R TRLERRREA X LR it AR E L, K2 ST U
v T X R SUARRE3], 1 Un>63 um (18 B4 A THam b i) 9 sk #2 . P93 L5 fi(SBH. TDIZ.
NYZG. SSIZ)f1>63 um 7 & ox By — BRI ETE R 34K 3(a)), RUIFRE R0 5
Bt DR A 5K KIS, Zeng et al. (2020) [23 [\ X Pl 55 i g g it LK 4 BRUK & FRE TS KA K
1T~ SBH 1] [ i o7 B AE U vb Hb, BRI X vl ()97 5Kk F2 58 9 BiUEK,  7E IR %A [F] 437 25 (Marine Isotope Stage,
MIS)2. 4. 6. 8. 10+ 12 116 frEt, HIHERRERIL, XaTREE MPT J& vk A4 BRvK & 1 IH B3 K
P
5.2. TR RE MR EE T RRHAHE R ERHH

5.2.1. £HitHAEA0 R I B Z RURMCEHE R H RIS

WNT 5 i ¥ 5 g 45 S R TE At ATR), 1.16~0.8 ka W [A) SRR BCH T 5, Bl JE 2 B HTF 4R 3
FAE~6 ka BUTAVEAE, B S8 1 52 OL055 - AF RE RO T 1 4F RUBE R SARBEEN[27] (5] 4(a)~(b)). RFTEE
BN R F PR TB FIE A E R, ZX AR XK 2B % - & - K7 8
2o BREK A SRR B AR 2 3015 2 5 A e 2 T 0 B (K KT SR [43] . 38 BLWI IR A
TERI[44] OSHEIRIARTERI[45] (K 4(e)~(2))—Ble KBRS E L4 ks BEAG B o B BN (141 4(31)),
X5 120 X 7 R K R DA 2 TP A — B8, SRR S A R R KU R I ER R &R . K4
FE 6 ka I, e/ NURKE AR s - TG T2 A B AL Sl 78, I SRR 2= R A2 p i1 TR A UK R 32
WEIEIENN . MR BT IR T LT-BA 224, B 4 T 32 2 XU 95 7T RE 2 B K BH 56 A 3K B (301 -
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Figure 4. Comparison of EASM variation characteristics since the Last Glacial Maximum (LGM) in loess records of the West
Liaohe River Basin with other records, (a)~(b) y and TOC of WNT profile [27]; (c)~(d) y and carbonate of TB profiles [30];
(e) Precipitation records reconstructed based on pollen in the Gonghai Lake [43]; (f) Tree pollen in Dali Lake [44]; (g) Tree
pollen in Daihai Lake [45]; (h) COz records [46]; (i) Record of benthic 6180 [42]; (j) Global Sea level [41]; (k) Insolation in
July at 65°N [47]

E 4. AR R T IERAARREKEALGM) LR AR I B =X TLAFES H I RAIRIEE, (a)~(b) WNT HIEH)
x FATOC [27]; (c)~(d) TB HIEHY y FNEREREE[30]; (o) MIBEETRMEEMMEKITR[43]; () EEMRARIER[44];
(2) THERIARTEM[45]; (h) CO2IB3R[46]; (i) JRAE 0180 iB3R[42]; () £TKBTE(41]; (k) 65°N £ 5 KPRFESH47]

5.2.2. BREEPIL LRI AR T B FRURAHE R HIRBIHLE]

= RID L X 7K B H 2R AT e, TEAR IR A DK 2R M0 52 258 XU R DR e 21 P9 5 o R
JEIBG)FITHNIL R T VT IA se b b g 2% A U AR DA SR DX ek 7 2 U8 A0 g 52 28] [31]. MRER DU 4L BAK,
ZIX B il TR E R 2 X R BB, fE 108~144., 233 +£21 F1 86 + 7 ka Hif5, MR
NFERE: FE 261 32 ka B 5 RN T¥, HR I BT FE34].

5.2.3. B/ ERTHLURE & T E T RR IR H IR L H)

PEIL AT i s X 3+ - o IR SR R ALHIX H AT SRR BN AR I SR AR R, B
A X A E IS BRI ). NSRRI TR RS, B (). WS EE3 ym F &), &fF
HUB(TOC) 5 WLBK AL 2 (03 Corg) T [FIAT 220" Bpr) 55 b0 FH T 5B tH ) ) EASM EE 2, JEH = %%
REMEICFKINYZG SBH. TDIZ)H T Sl X380 2 R A A2 o |l T i 2 o A oK B 1) ST ke P
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HH DARIZEET N (] 5(a)), Bz X 5 28 )0 E 5 S R 885 . SR, ARJbH X 3 - il fh 248
AR T RERBCA %, Bl 30K B 3 B THT ARG A 2 A8 Ak 5 8 /vty 3 A3 (A8 A 2 TR PR 8 B A
SR[37], HEMI T GEAE KN -39 B A PO R IR SR R T DA A o X G A AR S B D R i
W IR EE b 3 - 351 T PP SR T S [48] [49]. AN, Zeng er al. (2017) [111IAKH NYZG HITH HIREAL AR 1L
FHIEFE~0.6 Ma DLR5 3 4 vy Ji 11 i 28 355 - 1 271 B S A [ 2 Pl A 56 () SN SR M 22 S (B e P
B NI ) T AN 2 2 AR B 11 X S S8 . 28 b, i X T R REPE R A L et — 20 T
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Figure 5. Comparison of East Asian summer monsoon variation characteristics of Pleistocene loess records in the Xiliao River
Basin with other records, (a) y records [11] [16]; (b) sand content records [23]; (¢) '3Corg records [26] [32]; (d) TOC records
[32]; (€) "' Bpr records [25]; (f) CO2 records [50]-[54]; (g) global sea level records [41]; (h) benthic 6'0 records [42]

5 EAREEHRT R IERNATE SN UFHES BT RAITIEL, () ¢ 183R[11][16];(b) BEEIZR([23];
() 6"3Corg IB3R[26] [32]; (d) TOC iB3R[32]; (e) 0" BpriB3R[25]; (f) CO2IB3R[50]-[54]; (g) £FEKEFME[41]; (h) KM
o180 83 [42]

— RS [3] [S51IAN, B RS T DU RV MU Sk AR, T RERE IR B 7R EASM (¥

o TEMIX—HEW, ZHIXK EASM B F/A EE i DREEEES, R LR A A R(MBE) 2 5 (A
5(b))o Hog b, YR IK 3 AR T U A AT P L AR R SR B A T AR g A A
R AEE R IRB) 7K 73 G RPE[56]. D T 5 G MR st 12 1 DX o B DR B 2 R AR A2, Lei et
al. (2021) [25]33E T NYZG H#|1H~800 ka LK ITN RIS 2 (6" Byr), H2E T d8hn i 1 EZ=XFEK, KIL
EASM 7£ MBE J& 2898055, N EASM X%t MBE [#) X 485 2 S R g2 (it 73k . 5 MBE # B [RIKIAAE EL,
MBE /55 [FITR] UK (1) 4= 3R OK & T /N | 1 10 v B AN SR ARk P B v (151 5(D)~(h)), B iR |- 22173 EASM
5, X PR HAM RN RE R T T Z X I E R, EA S .
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53. HSIREEER

TG E B AR R AR b SR T I B SRNHE , 1 2  EE E R IR IE R A
FARR A AR 5 AR K 7 2[RI R, AT i e 7 A2 D & gl Ui B . ARIXI R
TR FEH AL TR D H B, Zhou et al. (2018) [301KIEBURFEAB LV R R T A X R LM R
AP K B (MAP) Z B K R, S5 RN T Z= KX (MAP > 450 mm), £ LR —AE 90~120 (SI);
T2 RINZ X (300 < MAP < 450 mm), - LRELZE—MAE 60~80 (SD); Xf T KR PES %X (MAP < 300
mm), FLTHE—MIE 40~50 (SD. WRIX—KR, VPIPAGTEZIS Vb I FF 4 7E~10.5~26 ka H[H][1]
MAP < 300 mm; 7E~7~10.5 ka #H[E]F1~0.5 ka LK) 300 < MAP < 450 mm; 7£~0.5~7 ka }[A] ] MAP >
450 mm (/4] 6(a)). F5L b, REMAE ()5 MAP Z [AIFFAERI BN Z IR R, SERBIAZE () 5 K R AR
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Figure 6. Quantitative reconstruction of paleoclimate based on the loess of West Liaohe River, (a) Reconstruction of paleo-
precipitation in TB profile [30]; (b)~(f) Reconstruction of paleotemperature in GLH profile [29]
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