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Abstract

Holocene changes in climate, vegetation, geomorphology and sea level formed the environmental
context constraining prehistoric settlement location and subsistence strategies. This study com-
piles twelve high-resolution records of pollen, magnetic susceptibility, phytoliths and stalagmite §13C
from the Liaoning cultural zones, integrates them with digital terrain analysis and sea-level data,
and compares the cultural-layer profiles of representative sites such as Chahai, Niuheliang, Xinle,
Pianbao and Xiaozhushan with adjacent natural sections, in order to examine how human-land re-
lationships evolved in this region during the Neolithic. The results show that (1) climatic trajecto-
ries differed among the three zones, with Liaoxi shifting from warm-humid to cool-dry at about 6 ka
BP, northern Liaodong turning cool-dry at 6.7 and 5.5 ka BP and warming again after 2.2 ka BP, and
southern Liaodong being warm-humid in the middle Holocene and cold-dry in the late Holocene; (2)
vegetation underwent multi-stage succession, with forest-steppe dominating the early and late
phases in Liaoxi; (3) Settlement sites in Liaoxi were concentrated at elevations of 200~500 m, ele-
vations of sites in northern Liaodong gradually decreased through time, and over 90% of sites in
southern Liaodong were located in coastal lowlands below 100 m. Slope aspect showed limited in-
fluence on settlement distribution, while sites clustered in low river network density areas during
the middle period and shifted toward high-density areas in the late period. Coastal human-environ-
ment systems in southern Liaodong exhibited higher sensitivity to sea-level changes than inland
systems in Liaoxi; (4) warm-humid intervals coincided with cultural florescence, whereas cooling,
drying and sea-level fall accompanied cultural decline or migration.

Keywords

Liaoning Region, Neolithic Period, Holocene, Climate Change, Human-Environment Relationship

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518
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PR HiU 5 7 S U AR Al 5 N SRR B IR R, X oG R B B X [1]. B3
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LT AN IDHE SO IZ 0 X, BN AR R IRy« PR T AR R A SC BB ", X e B
XA R AR B A T HIX ER TR & K48 b SR 5T 7 R
[4], AL BA DGRV GG B TP ARG R At 1 RAF %1

1.2. ERIIMRZIIR
R IR A 5 N iEs) 2 7 BA ML . BRI . R, Ea . LSRR,

DOI: 10.12677/ccrl.2026.155110 1030 AAEAR LI 5T g


https://doi.org/10.12677/ccrl.2026.155110
http://creativecommons.org/licenses/by/4.0/

iKEAI S5

AR AR A RIS RS M s 1k A1 R 2 L BRI 3R 5] 5 35070 1 DX g~ T e 30 B o e T A 0] s b A 7 AR R
6]

[ /b2 QTR Z PR3 Maclnnes S0 70 1 HAS T By Byl P I 224k . &S 3 5 KL ko %5
AL AT AR [7]; Kidder S5 DA 4 T IAT b 355 A A R A 2 G 1 L TR JT I S RIS v A ) A
#[8]; Turney A1 Brown i H UIRAR AL ST 5 b 5 75 AL S35 Bl ) 3 ZE IR A P 3R [9] o

ED Wi o R AR R R EI N R R R o R ARV U2 E S ER I AN B I UNE ST/ CIHE & A AN
B RE[10]; RALHIWETUR BT b DX RVE 0 A 5 i1 T 8l b TR AAL 3 DIAE R [11]s SRR ik S i i
AL AT T, A il P I 82 Bt B 1L SCAR 5%, 1 4000 a BP i Pl 5 /K & S BUiE A
ALEEIR[12].

FULTHUX S, SRR 7L X AT H FH A5 AHOCRBEAL[13] IR By el 4Bt
MBEIEAR 5 RE AT [14] [15], HF ARV 2 S R A B o A 13004 RO R IX AL ARG 3 5 B AR BE 5%
A[16]-[18]. ARMBA W L2 RAET IR KU — MBI E, SR G EHER T 45 & 2 AU fEhs
5 AR S b, XAl v IR B AR X AR = kAT R 48 HEB ) LA

AFESCA X B AR B SAFAE W R 22 R, V0 DR L BB AR By 5 IR X R AL T3t B
AZFT, B T EVE BRI s SOR DCAREAL Tl . PR S . R, B X
FURARTEMA R L, ANFRISCADCE ST A SR A0 75 At w] ReAr e W R 22 5, AT TR B AT DXy
TR AR RN FET 0, ASCHR IR X P A Ve X A N b 50 28 200 1 T A2 A A U v
TICP ARG B, IF B L BOC XA BT IC S SRR -1 10 A2 1 e e A 3 ik S
WREE, XX — R BT R .

13. IRAR

AR FEN A (1) B F5 oBC. HREASE &P R ICREE = R XA <
RS HEBIEAS: (2) FH ArcGIS Xfistht S AT B K /04, BRI BEIRFA B0 RV e bk 5 (3) A
AR I T i AL, FRRARRIMESCL R R 5 B AR EIR E,  2520 IXN H5 8 (E AEAL o

2. MREXBASHREKRIE
2.1. WX

AR R . PR Sl R S ), AT RRR I P SR
B AT 2 R PR R X NI X L AR ABER I X SO R R R X . A X 5%
PSRRI AR 5, T ARFMREALE . QUM K & RA I Bk X FasE TS shia e,
LT BB A AR AU AR RR B L o 5, R4 NIV 500 R K X8, IR S I AR L5 30 R
PIANEX, B PG SCA X S AR SO XG0 SO R SO X R R, 43 Bkt B i - DB i L i) 4l
NI SCAE, BRTES KATE W dbimseth, BLR/ANERIL—Z S G E BT E b,

2.2. BUEFRIR

ARSCHTH 634 AbFIEBOEEEERIE T8 (R ESC S « 0T ) [19]. GO X ) SR
SCHIY [20]  CUZR¥ BE A 8 E H MR Tl 2 SO e ) [21]5 k), o 540 AbwT e SCAk g 1.
PRI FHFE AR B R IR T NOAA T S M B i K AH DG TR 3R STk s M B AU SR FH 23 #8230 m ) SRTM
DEM, % ArcMap Ab38 5 A8 st 70 X B0 rm R B S 3 B . 3% My B 45 [22] [23]-
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Figure 1. The study area and surrounding climate and vegetation sorting locations
1. AREXEEAGSERSEERE RS

Table 1. Selection of various index elements for climate reconstruction in Liaoning region
# 1 UTHXEESESERERIEE

fip e ARSAXAEER CARSAX R
H SR M3 4y X TLVEAR L R IX TP R IX TARAELIX LR ERIX
; PE/\AL G - XLW. FAA . FHIET I e s e s
SR SHINT & Eh LT Ghgl, CRRHIEL BRANR T RS
WEAHTRIE 8. WLE. RAkR FRER. fOkr R, 5 61C fks

3.2. FFEHESHTTE

AN T AL BR A A B W KRG AR 2%, & 55 DU 20 3R 488 AR Ak I B5URR [X 45 [40] . ASSCH - ArcGIS 1Y
“Extract Values to Points” T H, K& Hstht S fe . P 3w S W 25 FEHR N 2 JE PE R [22]. s
%434 0~100. 100~200. 200~500. >500 m PUZ; 3 5 2 [ [ fr 2 22 06 A 2 b v I &5 & 1 7 X S2 Bk
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3.3 XUERIESBRREX Lo

AR AR BUR KA E S REE S A6 RN BRI Ja RS AL K SO R T, S5 AR
[ 91 B SR T (an oG J\ ] s« 75 B0 D) b, 38 I PR T S B . R S ST R HERR L TR
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4, LR34
4.1, AIREXSFHSERHE

4.1.1. TAMXH XS SIRIFE
VG Sy =M B gl AR ARy RA R SRk . 10 )\ IR b5 3 fEok R [38], At IRk
TER EIL 25%, SRIFUEAEE: HAasgtt PR IER B R A L 20%, AEE T4, HIFHHER S
NGB AR B B AR AT B IARIE IR s WA M 0 35 FRAIK . SR FlRD, v it — 2% .
XLW HTH . #ith R 5 ke st Bor[27] [39] (4 2), 5.0~4.3 ka BP S f HFRIR A M4 T 22 Xk
99; 4.3~3.7 ka BP JIEFR4EFHIGE, A EBAA T 3.7 ka BP & NIRIRGIE. 81 S, L X4
Ao RSB R T IR . MR TR IRHIE, 6 cal. ka BP ZeAa ¥ A TR F R4 2 5 ka BP.
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Figure 2. Climate change curves recorded by multiple proxy indicators in different cultural zones of Liaoning
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4.1.2. THEXHXILEPLFHT SIEFFHE

T IR SO IX AR v 0 3 AR ARy R TE AA Je A 53 B g R AR NH5 A7 55 613C 1l 5k [34]# 10.6~3.5
ka BP %73 Mg Wi 1 IR S T R I = B, Herb, 8.8~6.7kaBP Jyi& B MR A5 1Y
. SAERBRRE, 5 EACR A S 6180 iR IR K G A ) A [41].

FLRRAT HI IR AEAR ©w 5 Iph $850[29] 27~ 6.7~5.0 cal. ka BP "<& HIiRiE% [ T4, 5.0~4.1
cal. ka BP HH# i [ % s 4.1~1.1 cal. ka BP il it % )i A0 . 256 LT £hAL-5 &A% 751 i fek [32] [33],
B AR IR BRI, 5.5~4.9 ka BP KAE—RATHM[42]; S EA R R[37] 4.2 ka BP ¢
KRR - FABRMRFES:E 2.2 ka BP, JLJ5 5 AMMBRMRFIRER R . S5 6 TS, X R A0 R R E R 2
Sttt ie, L 6.7 5 5.5 ka BP NS EE AT, 2.2 ka BP J5 [FIA%

4.1.3. TR XER Lt SIRFHE

TR 2 Bl S M B A AR AR TR 43 T [35] [36] [43]. SMEAST KB N =M Br: %22 )% 11(10~8 ka
BP) HH VKA R VK 5 HIEE AR, I IARA T KA HRT (4 8~5 ka BP)F S E IMAR = 3C~5°C, Ak
J& WS BRI B J5 3 (5~2 ka BP)IRBE(H AN T, 2 2.5 ka BP % it KR »

AR SENMATTT[43]1% W], LL 6.0~5.0 ka BP Mg, MIEHENIELD, E4 42kaBP T4
{3 CANE B AEAE s RS YR R AR I B 7R 29 5.6 ka BP J 5 /iy Fh2 5 50E 28 R, $Rm—Ik
J 38 R FEA [35] [44].

4.2. X ERHEHRRE

LREAHEMAPE. LZKO3 B9l HHETHIM . X8 LT 859l Zk2 9L, Sl A 2l 1 K
KT AR SRR S R, AR IL 7 3t X A A s AR I R

ILPGIX . A g AR B AR MO T F5 KT N AR B, o e Dy v e o 2 3
BRSO SREJR, S AR AR R R, FLIH] 6.0 cal. ka BP ZcA5 tHILA T3k W A tHAE V& - Fa bk
ST R IR SRR S A2 E),  TL 78 DX A G 3T LA B S5

IR IKAEES: R Aargr A GO FRIR AR, AARIR AR o 2 iR I0 P 9 B AR - B,
AT PR B BRSOV R R IR, R S AR R SR O B SRR A T R TR AR, R R TR
NIRRT . L ZR A B AR AL AR MO R3S, 4.2~2.2 cal. ka BP #ARARRMR, G MAAERARA R AR
o

LRI AT AREUD, DIMER . RiR . AR R SR 3, MR DAMERI AR 3, U
TR IR AR R B RO AR, TR R AR, AR R s BRSBTS A I
2.5 cal. ka BP DUJa TR, RAHER vt i RS bR

4.3. MEXSFIRIFEHRHE

43.1. BESH

A RIE IR BB MR R . Gt Won (e 2), T VE X R A is ik 4E T 200~500 m 1)
L 7 (66.7%) s HAIE PE X /5 LA 200~500 m N (48.2%), L AR IXJLEEEEH T 0~200 m (86.4%), L7k
X & 93.9%f7 T+ 0~100 m; B HHIL PG X 75 = 0 A2 70 A 33 21 (7% 28.6%), ILZRIX AL 0~100 m 5 b
T2 76.4%, 7R X e a4 A T 100 m AR .

TR ZE S SR 1 AN [ PR A 7 AR S TR X T S ik 22 R AE W U RS IR B T R AR DL
AR A2 4340 T 100~200 m, WA B IR s 3 78 DX U R AR ARG L P, P FRAECK BB R
[ I 4 TR AN R IR IR AR k5 B A B P B R
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Table 2. Statistics of settlement site elevation in Liaoning area
2. LTHXBEEISESITR

Zig | HX 0~100 m 100~200 m 200~500 m >500 m
L T 0 (0%) 2 (13.3%) 10 (66.7%) 3 (20.0%)
T I 24 (5.8%) 36 (8.7%) 200 (48.2%) 155 (37.3%)
H AR XA 7 (31.8%) 12 (54.6%) 3 (13.6%) 0 (0%)
T TR IX g 31 (93.9%) 1 (3.0%) 1 (3.0%) 0 (0%)
e 3 T 2 (28.6%) 2 (28.6%) 2 (28.6%) 1 (14.2%)
3R TR X AL 26 (76.4%) 4 (11.8%) 4 (11.8%) 0 (0%)
WA TARX 15 (100%) 0 (0%) 0 (0%) 0 (0%)

43.2. #%R. HE S EFHE

MBS B A, P X B HEAR TR R R R SN R L s AR X AR T S5 K]
TSN AR Ly b B2 SR AT A P AR A AP iR s I AR X 3 LA SR R L, SRR K R R BRI R
Febk. 5T, Bthk oA B B R N>, 0o~7 Ya I . BRI A ) A5 A B0 60.0%. 79.8%
H183.6%. HlalJymh, o ot BRI EE S i) 53.3%. 54.5%7F1 43.6%, BRIV X 5 ELRREEE N
Ab, HAR 2B IR 22 sl i 2 TR BRI U ist bk, 3 AR Hh AR R 0L 2R ST S0 e ik bk 32 B

=

Ho

4.3.3. AT E S

IKEZ D R BRI AT A vy NSk i BB . RT3 A7 AR v R, P VT o ) e DA A AR
TS TR . AN SCR AR BE T SRR R B4 AR AT s 00 N L), Gk AN IR K 2 %5 R IX 3k P gt
HEFIBCR EE I (55 3).

Table 3. Statistics of river network density of settlement sites in Liaoning

3. UTHXEERSEILTMEE SR

ViE X fR#E PR HEEE TREE REE
L I 60.0% 20.0% 20.0% 0% 0%
A L 63.6% 27.5% 7.2% 1.7% 0%
A AR X AL 9.1% 36.4% 27.3% 13.6% 13.6%
A TR X R S 75.8% 21.2% 3.0% 0% 0%
e 34 L 42.9% 14.3% 28.6% 14.3% 0%
3 AR ALHE 26.5% 29.4% 20.6% 2.9% 20.6%
34 AR IX FE B 100% 0% 0% 0% 0%

GORER, MREE LT IR R . B as i s BEE ECHR e rh A AR AN PP IR T
X, &t di a7l 80%. 89.6%A1 67%, A MR H AR —— WIIEAE Uk Bod BT, 0TI
A BB T %, Bk AT R AR AR A . P IXORAE S TLPIX A T v e A
Ab BB 30T 00T+ S M) 14.3%; ST AR IX AL B v 6 P X agt ikl b 300 3 AR B 7 40(20.6%); TLAR
DX g FS I e Dy e S 5 4 0 A TR BE A, PRIEIE 22 i S 20 A« DK R T A il [4] o
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4.4. MREXEHLGTLEEL

ZF AR PR B, WK ORI N\ i i A g b, B S iR R SR R R R
TP JEURIL 2R~ Sy W [45], A2 AR B TD NG 43 Bk N B L AR A AR VA AR, FE R i L AR B G T 2R 0
MR 3, 51 ECHER[46]).

U
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Figure 3. Changes in the coastline of the study area
3. MRXBEETIIER

P DT 1140 SO IR S BT TP O 8 FL I 14C A E [47] [48], ¥t B R Z 46T 10.0~9.0 ka
BP, 6.0~5.0 ka BP & 2|5 KyalH, BH/EZHNREN. HHili =M LZKO3 & fLHEWI[30], #ILIER AL T
IR 2975 8.0 ka BP, % 4.5 ka BP ifF R4 F R )51R, %2 4.0 ka BP iR R4ZIT AT & .

LRI, %9 9.0 ka BP B JG /KT a2 N7, 7.0 ka BP LARTHGRIAF & KTEFE, H 5.0ka
BP DISREEAA B R34 [35]; A R IEHEIR A 2ETE 6.5~5.0 ka BP [49], R4t 5 iy X 475 7 1
YRR P 1) B A [4 7]

45 BEDHMIFEENMAMEE: TURAMXFR

451 THEMXHEKXARXR

IV X SCAL R — kAR K . 4RSS 191(8.2~7.2 ka BP), it bk iR s B i 55 . ok —
Ji 5 157.32 m?, R BH ¥ A K& N € R [50] s W44 B st bk B 58 R B 2= 4 i A I B2 S 4
o AT P 1) 7 5581l 2 A A 2 £ 8200 4200 a BP fA R 28 A AH— 5 [51] . AEA i 3 Bl i T 5
B IR R ) 7200~6300 a BP MARIEM G HA RGN, Bkg . § 85 JIHE KR S B AR
Ao I BRI R KR T 5 KB AR A 88[52] [53], WK EAKAENAN L XS, RIS R

LTS AN 1(6.5~5.0 ka BP), PRSI 43tk 10 km (#1786 )\ 8] b 34 T f R [38], Ak A Attt ¥)
WIASE I R4 % 6.0 ka BP, BRI Tm; XA T LR ILAS SOt R g, R eEbtlz. . KPR
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2R g KR AAR S B [54], Bon it E 5RO S ZBAN DR 5 8t hk % AR FE S8k i
NG RFFE “SC” BRI EARPATREE[1]; (HN DOl R RS T IO R FHE A R . 51k Rk
WAk, SINEFA N GIRAE IR, B 2 SRS AR IR, RO AL L SO S WAL S A ) E A R
R —o B/ H(4.8~4.0ka BP), Ui NIETIFT 4.3~3.7kaBP #—¥%T, MZArHARE
TSN FEOOIME, ZSCAELL R, BhE RSB . LTS IX U . AR BT X AR A
TRHC LA T, ik —20 BoR 7 SO R 5 XU I e SR A0 2 TR R B X6 B 26 R (1] 4) .

EFEIR AL & B ARTER
Tree(%)
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REcm) RUMEL  @wAEE -1 7\ A (%) _Tree(%) )
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Figure 4. Comparison between cultural sections and natural sections in the Liaoxi cultural zone, and comparison of regional
tree pollen records

B 4. TAXAXXUERIES B AR E T L K XS AT HT R

452 THRNXUXILFARXFR

IR X AGEE A M OC R SR AT R R B R N E SR (7.0~6.1 ka BP), 754 13 T fla f i
11.78~6.8 ka BP fE# A EHFEVRASHR . AR IR IE, HEH IR W T 35T 5.5 ka BP #f—H%T[33].
B R IBHE AL Z Ak LAY R AR £ [55], TEALT- PRI B B A gk YA AR ER S T R 5 N RSB
K, A7 A R R A Tk N T AR TR R B, 17 v o BA R 5 Sk B2 R v R SR AT o B A
M R KU, WORTE 2 A TR K RIX . 7K R 2 SO0 (6.5~6.0 ka BP), i&thk%
AL ORFIRT 5 2 L3 B 2R P A IR (56, H i 22 D e il it i SR AL 25, HEDN ZR V& N A7 LE
B S AR 2 25 4 4K [20]

i €8 3L A0 H(5.5~5.0 ka BP), £ 5500 cal. a BP U fi B 4% [\ ¥4 T-[33], A8l BE PR 1 (L X A=
A BHIRAELEE ST, AR 3 NHEZMT 1) BE U5 S5 A B (R ISP R R AR B U7 My R s B 5000 cal.
aBP /KR 2%, T BUE I 23 IR EF AR, v R BT A Bk 28 i B IR T R R - JbA SCAGI 1(4.5~4.0
kaBP), S MEEA1AT[29]. &Y S5REYI>, RIS IR FERE MK AR BRI, 00T R RN R iy
B RGER; JBI TG L B hE - Se b s S ol TR S48 K 28, TRIE S AT 1L 17 BH i I s sk

453, THRIHEEIBABLR
TR X P 4 A6 R M TS A SR B8 /Bl — 1S 14.(6.7~6.2 ka BPYKR 41T 4% B
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W s S i R B, 22 S A O R B I VG 4 R SO I 2o B A% 25 50 By 05 21, isthk 2y
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