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PRI EEB B 20 120 80—904FAN, FET S DI AS AR Fubdl, R T
FITEVE R RLEE ™ 1 A3 HH ) 3 Y FRAZ AR R A T U BRAR AR AR s DA P 0 S B 1)
TR GARIR IR, A Lok e 2 I 12468 (RAarilt) —§msk (haggrih) —
W (Measgrith) 3 BB (FskI AP E AR SCZEE . WRAE . MERM ., It
EMER, ARZ OB EERE I 3045 ), UBRILZ T 1 it i — R M S — R i T
AL RE . 2000 4F LR, BEE INAEBOR BB m FIRHIFE bR 6, TP T — R 515
SIPERGUBUCRAFTY Az imn Skt | [m) B RIS 22 3K A4 ) s TR B4R
BARMZAEIRLi 5 b, K Attt P R o FE e MR — TR i 1 — iR i 10—
et 2 it {2 e TR B BE 1, JFFRR T A I ] B A — R B TR — AR ROk
FASA . BRI EAWTAAEP TR O ZRFAEAEOR T-BR b, R sk
GRS, BRI BERAR, (CRESR B IX I UARPR T AL A SEAAE L, X SIS
A R R SN R . @ #RBERTE L TR BN AR AUF IS, 4R,
B (SR FH R — AR > 2, R U A s CRR AL 52 m ™ 5 [, SC T PREEAR
FHAE bR B % R BE 05 SR DU 3 T3 A BOR IR B R M 5 S5 B30I AR g
BERAFAEATENE

FAETEZ I ET b EE R R & Rz ™, HHZ DORRHIE B = %, H
A 5 PR TE i DCIAH DURRAF ARSI, B2 BN A 2500~7500 a o W JE A% B9 5K
B, WA E T 2 s MARE N S AR BT . PSR BORMITSY T VPR IER AR . R
J& . /NI A R, DA AR T AU R LART AT D) R L RS L HARR
IKEITERR ST . I, rhasgr R A RIS M e M A . 1oL, KT AR
ISR E T DI AR AL A7 A 4 DL PR A5 L N 2RI Tian 28 A AR DO
S0 2 T AR E P U M 531 A 7 M R R R I R AR 2 AR A2 M S
WL, AR PR AR 2 AR IR I 2k B LLE R . 2RV IR T 5
HOAERE, RRARTERUARRTEL/ DN s T Leroy 55 HE T4 JZ OB RO FIBER R ZE R, Rk
VRSP BT REAE R AR 0. R, A ZER AT T AR AL JUAN ] Fsf ST B 5 UL

¥R .
fifp R L [ R ) O B B A G PR A ) ELARE it o 3 i A 3 2 ORI SROT R

RGBT I . AR EP AN B TAR R EAR b, ASCERBGR B E L 15 km AL H 55 R
b DU AL ARG GRITEHAE T B AETE VYR 10 km A, Py S H00 8 S5 B Qi
VEZEN—) WBFFEX 4, $LE I mokE R AMS C FIOSL g 4R, 456 = i Rma s
IR EZ A3 70 A, 2 R RS 1 A T e DX G o BB L ke DX S sl 1 A U 2R 58 A8 A0
o fERCEERN L, BTE EPERE M X DUBA AR AE A DU P S R Bl iR, SRIT R R A
HALIERR ,  HORAN R st J) P 9P TR Sl B 5t L2 22 5

2

FIVETE (38°43'N~39°02'N, 115°38'E~116°07'E) #uAbAedb-FIr il (B 1), i K
A7 L2 R 7 R Tl i B Bt A v ) v BB =22 (] B (R L X, e . B . SHTE .
FEAEPENAE 143 RN —IOTETAALAL,, $EZ IS AT IR . R R e A
WA . WX R 366 km™, AR 32200 km’ ™Y,

P U 1 DX R Tl R e WU X, AR 12,1 ¢, 1 PRR-4.6 C, 7
AR 26.8 C; BE/KE 525 mm, Fe RKAFREKE 865 mm (19774), H/NMEREKE
263 mm (19624F), 7—9 H /KL b 4FRFEK 511 80%!™,
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Fig. 1 Location of Baiyangdian Lake

P TR T S R ol b A e S A 325 (O Wi e Ll XU AR B AT i AR
T IMAS  (Pinus tabuliformis) . S2AL3%% M Hs (Larix principis-rupprechtii) . 1145 (Populus
davidiana) . FAME (Betula platyphylla) FERE (Quercus) ZF; ) FJRIX A T A A
J& (Populus) . M) J& (Salix) . )& (Styphnolobium) . i J& (Ulmus) F1 R & &
(Ailanthus) “FFR ARPVRIN TAREF B /NE  (Triticum aestivum) . K (Zea mays) . KE
(Glycine max), -5 (Malus domestica) FIERE (Juglans regia) ELTAEY; @ FATEEN
T A KW E (Phragmites australis) . 7 W (Typha orientalis) F1 3% (Nelumbo
nucifera) “F/KAFY,

3

3.1 BFShTIE

201944 H, 7EEBHEIL 15 km il (38°46'2.55"N, 115°49'0.41"E . 4K 7 m) EHF—
HU 88 B B SRF AR R IF A TAE, fiv44 h BG-2019., BG-2019 i/ 6 m,
K 0.4~6.0 m A [ASRVIFZ, #2 em [P RIEFRARFEM, ¥£0.0~0.4 m AHHEIZ, %10
em [AIFFCRAEFEPRIE AL, LIRS HEARER S 283 15 ARARAR L RAENT 5 & T DA A 2B 1L,
PAPERIE (OSL) 4ERFER 61 . AMS “CHEM 61
3.2 EKRME

PEHUBG-2019 #I 1 AMS “CAEAA MRS, Hi 35 [E Beta Analytic Inc. 5% B 52 5 &b
FRAIGR TAE, FRAEAY “CAEIE R JH IntCal 20 #% 1F $X 4 42 ®/7F Calib 8.2 F /5P i 4l
HJi4F . #EEBG-2019 1) 1 OSL AEARAE S TR A S Fuhr, i ol sth S R 2 e 7K SC b o
IR b S5 B 5% T D 8 S AT AR S 36 2 58 A O SIE B A BT TAE, R4S A AR ISR
Fleming P HEATAEIE 3 I8 r AT OSL AW VR #£ A IE 1950 4F, S5 IE M) “C R A H—
Z e RN TRUARAR AL iT BEAEAEDTRR BTN, SOW AN [T TR A9 TOURC AR A 7 A4 Rk
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3.3 FIESHT

WLEE AT R BT AR, AR ICT 0.5 g0 AR RR A A AL A L BRAE i
T RR IR ER A AL S, A £ 7S e W TR N VS A A i SR 43 40 L, TS 7E Malvern
Mastersizer 3000 IR EEA A Tl
3.4 M

iRy SIS A R 8 R IR — R AL A —F IR AL B LT RS IRCT 150 g
SEI AR PR R S IA— R A AT/ (B A+ 27637563 %r ), LITHE
WPE o Ry %88 MG TTHAE Olympus BXS1G2A AW s ~ ik fr, FRES% (hEMEY
ERIEA) PR (b EEE U2 ARy L) P R EE Ab BEAE Excel 8P EAT, RliAAE
YIAERY B oy L DUIr S i B A A Y AE Ky B ECA FEE O T, KA RIS YR E & 43 DA
gtk ek DS OKAE | BRI fR B RO SEEOTHE fky B3 R Tilia
2.6.1 BRI

4

4.1 HMEFK

Fie b 2 VTR AR, BG-2019 #11f A R i Lol X150k 7 MR EZ P . 4.46~6.0 m, I
K B — DR )2, WAEZEE (K2); 3.46~4.46 m, FyRDIAD—RD D
JZ; 2.48~3.46 m, BEMEP—MIbEEEL)E, KFEZHET; 1.262.48 m, WM —
WHiPZ; 0.94~126 m, KEH—PHE+)Z; 0.6~0.94 m, Hb—wPFUMEPE; 0.0~
0.6m, HHEZ+THEIE . 456 e X B # )2 DR I B9 90 B 4 " A A el
A BENEEERAE | AR SCIN S BG-2019 ] 11 EE ) B K G M R — 2 L 2 TR AR DU
b —HHAD 2 A AR TR

B X BG-2019 F S A AH AR AR DIRUZ Y, AL 51R FH AMS “C i1 OSL %47
EAE, SR ER (FEl2, 1. %£2), Hf4.46~6.0 m. 2.48~3.46 mF10.94~1.26 mI7E
R B R AR 43 5 0 B4 10270~13710 a, B 4> 4630~5400 a F1HE 4 3470~3700 a;
3.46~4.46 m, 1.26~2.48 m F10.6~0.94 m i AHUIFZ 10 & B 415350 4 54> 7130~8000
a. H4-3700~4630 a fEE4>3230~3470 a. #IH 1.3 m GHIVEAHZIGHE) F10.6 m GiiiAH
JETHER) Ak Y OSL M 4F 25 53 5 g BEA 3730 a FIEEA- 3230 a, A SCIA K F &8I s i 7
ARFR AR TR R IR B N ZERE A 3230~3730 a2z [f]; [Alih#S 0.6 m. 1.3 m B4EIR I
ELIEARSER IR (87.6 cm/ka), >R750.94 m AL AYARIR A EEA> 3470 a.

Zi4A BG-2019 T AN RIS AEARZ5 SRANUTANIA BT AR AL RRAE , o] LUA S [T
DIBHRAME 22 57 W3 W, ASEADURUZ AR AR DURUZ & (R 7E B S A UUAR [R]
Wi, ke 2 A9 M EEAS 8000~10270 a Ml 4> 5400~7130 a. Sl 5 R AR RS X EE 23
M, ASSCR LM NAE B 7550 AR A UIRUZ S TR EIE 5, RIS DIEUZ INFE bRk
i FAEAR
4.2 REASY

B BG-2019 F A FUTAZ YO IR . itz i RE R IE, A SCHE IR 2 em [A]
BEXTF 0.6~6.0 m UL ZHEA TR AL 204007, H 52l 269 REA o 422 BR TR Uk fHL 40 A
1k, W ARAS AT B 44 92 [ 3t BRI 20 SRR A v X 2 R (> 63 um) . D (2~
63 um) FIFEE (<2 pm) 3DG0N, [FIRHFE T E&AE B ERAR | PR R ok R
BEESH, e RUTRIASE 22 5, WA AR FIR] S AR BE 44 AR AL R IE F R A R
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BG-2019%/# =Y 4Fiit(a BP)
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mm HEZSHHEE O WME—AB = AR TAAHR AR BEMZ
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Fig. 2 Lithology and age-depth model for profile BG-2019
#1 BG-2019 3 EH AMS"“C £
Tab. 1 Results of AMS"C dating of profile BG-2019
. . - . y BEEAF#S REIEAFHE
VT FI 3 YR R Ml | 14 2 A
DUBUH HURERB AL TR (m) WA C4:#%(a BP) (20, cal a BP) (cal a BP)
IARE T TR 2.48~2.50 s 385030 4153~4406 4268
LRRH 3.00~3.02 Ees 4560430 5052~5436 5185
JEEH 3.42~3.44 s 4690430 5319~5553 5392
IAHZ 1 T 4.48~4.50 B 918030 10244~10486 10329
s 5.00~5.02 s 998030 11269~11682 11419
JICH 6.00~6.02 Ess 1188040 13602~13800 13712
&2 BG-2019FHE OSL F£REHE
Tab.2 Results of OSL dating of profile BG-2019
- NN WE U Th K R S Dy SkE
R HORERL REE ! HRGE FREDy # oj(m i)
(m) (ppm)  (ppm) (%) E.D (Gy) (Gy/ka) (%)
AR I TS 0.6~0.64 1.94 9.61 165  11.26+0.48  3.44+0.14 11.5 33004200
WAz 1 TR 1.28~1.32 1.81 9.36 1.74  13.16£0.89  3.43+0.14 14.1 38004300
Rl 1.80~1.84 1.77 8.91 1.74  15.04+1.10  3.30£0.13 222 4600+400
JEEHE 2.46~2.50 1.70 8.61 1.67  15.0040.79  3.19+0.13 19.5  4700+300
WR— A oS 3.56~3.60 1.73 9.87 1.68  23.88+0.67  3.29+0.13 21.7 73004400
“MYIMZ  ds 436-440 165 904 169 25504199  3.17+0.13 240  8000+700




1200 i B 2E 774

4.2.1 HWBHENRE

WA T (4.46~6.0 m, Hi4-10270~13710 a): HERARAALIERI A 10.8~35.1 um; Zh
+E A 2.5%~10.4%, F116.4%; By 64.1%~85.9%, F1479.9%; WHRL i 4.8%~
33.4%, F¥13.7%.

WA (2.48~3.46 m, Hi4-4630~5400 a): EARIARASALIEIE A 9.9~44.1 um; Zht
T 3.3%~12.5%, F146.3%; M iE 57.1%~86.7%, ¥4 75.8%; K& & 5.1%~
38.8%, “F-118.0%.

TBEA (0.94~1.26 m, E4>3470~3700 a): FP{EKALEILIELHIHN 9.9~36.4 ym; Fit
T 2.6%~11.1%, F-114.9%; b 61.8%~90.3%, F-181.3%; FbK & & 5.5%~
32.7%, “F3713.8%.

4.2.2 ARHEITIRE

TFR— A =FAH (3.46~4.46 m, BE47130~8000 a): HERARAEALIE N 27.5~
101 pm; Z6 4% 5 0.03%~5.9%, FIHCH 1.7%; b 19.5%~73.8%, F-34154.1%;
R & 22%~80.5%, Xk 44.2%,

FAH T (1.26~2.48 m, Fi43700~4630 a): HHERLAE AL YEE 2 30.3~53.7 pm;
B 1.6%~3.3%, F142.3%; HP i 57.4%~85.3%, F176.3%; BPRI SR 11.9%
~40.7%, “F-3421.4%.

WA (0.6~0.94 m, #H4>3230~3470 a): H{ERARAALIE RN 22.2~47.3 um; Zh
5 1.9%~3.9%, F12.7%; Kb & 68.4%~86.9%, F-1477.9%; Wk & 9.6%~
29.7%, F4719.5%.

BUKE (E3), BG-2019 HEMIAHLIEY (77.9%) FF S, HEREHR9.9-44.1
um, PEPRARH 31.0 pm; FHEAHLRES (81.3%) o5 T, AR 9.9~36.4 pum,

R B Fit(%) (%) (%) R A% (um)
. 4 8 12 020 40 60 80 0 20 40 60 80 O 20 40 60 80 100
3300200 @ =
100
3800+300 @ [ ]
1 MO TE4RAR
4600+400 @ 1 (cal a BP)
200 :
41534206 O — 1 BRI @)
5052~5436 ® ¥ —
[ 300 +HE R B
5319~5553 @1+ ] B
7300400 5 S
400 =RANHE
8000+700 o ]
10244~10486 93— ] FIFALE
11269~11682 ® 500
] WaME
]
= ] HEAMZ
13602~13800 ® 600

e BRI H R AT A
K3 BG-2019 HITARLEE 4 -5 TP ERiAR

Fig. 3 Grain-size fractions and median grain size of profile BG-2019
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THRER 0.1 ums WH—AW = 0T
WARDLRZ DL b (54.1%) Fab AL 80 cm(FIAH)
(44.2%) JE, PIEBAEN 27.5~101 g | — 220 cm(EIAH)
um, EAPEAR 64.7 pms FRHTUR g b/
E‘%}Jﬁgﬂbjﬁ[ﬂ*ﬁ@ (77.1%) %H@*ﬁ :\3 AR
(20.4%) NF, HERFE N 22.2~53.7 ﬁ 61 120 em(BEAH)
pm, TR ALS pm; AR & | DS en@in
=L WRAGURUR T — AW = R 4

AL BUR R A2 1 S B R b R
PURUEHL, T — A= 1 AR R
RS R TR R, w7

RV 6 MR 2 B 43 A 3

VU B B TR | T B UURUZ AT o

1000

Fi— AW = A1 M TTRUZRLIE 43 A 3 01 )
T AU (1 4); FUTHIARIR R

AT B A T G B 2 40 A Ui B4 BG-2019 A [ TR ER SR 451 % i 28 [

iﬁ éﬂ ﬁj\ﬁ Z: Iﬁ] Zﬂ‘ {}ﬁ :.H:l& ]é E,:J gﬂ ﬁi}‘ , ﬁﬁ ?m‘ Fig.4 Grain-size frequency distribution curves of different facies
AL R 97— A B9 = 7 AR T mprofileBG-2019

2 BT R s 4

43 MAEE

S BG-2019 F1 10 57 A9 F 7 U DXORE g R AU A 1 5, AR SCH IR 2~
4 cm [H]FEXT 0.6~6.0 m PLRRJZ A T4k 4387, 3T 209 M. SR, AZUTRREREE A
TR PR R 2 ) JHrp S8 ANRE it ki AR AR AL K BB IR 2] 100K Al PR BRI 45
S HERAPERI AT S ASCEEFRR BCE S B AN ] B3 DAHERR

BG-2019 {1 151 M LS 2 1 81 4R (J8) ARk 28/, AA YL
WAL 234, DINE (Pinus) . #8508 . MR ARIE (Tilia) 3, BEAMYIEN 401,
PL# J&  (Artemisia) . # W FF (Chenopodioideae) . A& A% £ (Poaceae) #l 4 Fl
(Asteraceae) N F; KAEFBRIEAH Y MM KA 184, UFHE (Hpha) . W HFEL
(Cyperaceae) . 7Kk J& (Ceratopteris) . W 4EE M (Selaginella sinensis) FI ¥ 8L &
(Concentricystes) %50 F o HACF- IR M ST AR 41 G R IE 9T iR, R IRIE
TR AR AL & Bk R . AR 22 IR K, % 185 BG-2019 HI i PTG AR
AR, AR SO BICHE T AR R AR AR 4 A AR AR RREFR T (E15)

4.3.1 #HBHETRE

i 1 (4.46~6.0 m, F4-10270~13710 a): FAZH HAXIEHE (95.7%), UIKRA
FF (32.0%) . HATER (33.1%) . &)E (152%) FZETRF (12.4%) hF; HEHpE
IR,

i I (2.48~3.46 m, 4 4630~5400 a) : AAH & & 7 21.6%, VnJE N E
(20.5%); FHARME S (78.4%), TEAUFEEE (22.8%). ZWE (26.3%) FIAA
BE (23.7%) 4 KRB & & AT Rm (G547.1%), DIUKIRE (43.6%)
MR (1.4%) T,

W Il (0.94~1.26 m, HE%4-3470~3700 a): ARAAEH T HEBEANHH RS (77.1%),
HrphE (74.8%) didaxi s, HERAEERL; SARAMEEAER (4.9%)., 3
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JF 200

4700300
4153~4406
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7300400 ©
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500 !

(%)
® UCHZIEAEf(cal aBP) o SUROELEN () m WR—AB=MWHE w3 FWRAMZ WEAE = EEMNE
K5 BG-2019 i #E4 3230~13710 a FEAHAAULAL 51K
Fig. 5 Pollen assemblage diagram for profile BG-2019 for the interval of 3230-13710 cal a BP

TR (6.7%) FIARARE (6.1%); KAEMBREMB P HHIE (4.6%) FhELEH
(6.8%) i, HAMZEAIS EEAR,
4.3.2 SARHEINRE

i 1 (3.46~4.46 m, Hi4-7130~8000 a): AALLKIRA S EE S (38.9%), VUWNE
FE (32.6%), HKEHRE (22%). fiiE (0.6%). #AE (0.5%) FifkE (1.2%),
AR E L BB AR, BEARRILIER (12.1%) . TR (8.0%) FIARA
B (36.1%) NE; KERMEEES (18.8%), FEAMLKEKE (11.0%) . FHikE
(5.7%) FIVSEFRE (2.2%).

i I (1.26~2.48 m, Hi4-3700~4630 a): AARKAEIEGHE R (55.2%), HHME L
53.5%, HERAIS EEL; EARRR S EIE R 44.8%, UETR (162%) FMEE
(10.3%) AE; KAERBREAMTHEER (2.0%) FPEER (6.1%) SEKE, H
AL AR

H I (0.6~0.94 m. HE4-3230~3470 a) : ARAKEAI F i 5 57.0%, LIAE (56.1%)
R HEARBRIEG G 43.1%, EEAHEER (13.4%) . 2R (17.7%) FMARAE
(5.8%); KAEFIBRZEAE P IREEEE (2.6%) MRS (4.5%) S5,

13602~13800 @

5

5.1 BHiFRiX i ETREFIE

WA Ete . A, R R MR, SEAaENER, SRR TR L
ST, S5 EIR: BG-2019 )1 4.46~6.0 m (Hi4~10270~13710 a) PATEIK (/2 kRN
Wb o, DU BRI A, AR AR LIS N 32, FRIZ B 2 I A TR
3.46~4.46 m (i4-7130~8000 a) HHMEDFIRP AR B RDLL AL, Wb AR, DIRWkL
TR, Arifhy, NoRIRARTIRR , (HOKER IS M Im K A & E i m (16.8%), M
A R AT — AT = A NAETTR . 2.48~3.46 m (IF4~4630~5400 a) M@K RMFL D
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B, B EEIARE, KRET AR N 43.6%, XYM, 1.26~2.48 m (FE4~
3700~4630 a) ZJZUIRY M BUMEP AR, AR RS, DU BURIRCHL, Ao il
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Climatic and environmental evolution of the Baiyangdian area
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Abstract: The North China Plain is a typical diluvial- alluvial plain with an unstable
depositional environment and poor sedimentary continuity. However, the effects of changes in
sedimentary phases or hiatuses were not considered in previous studies of the sedimentary
record of the North China Plain, which limits our understanding of the environmental and
climatic evolution of the region during the historical period. Baiyangdian, the largest
freshwater lake in the plain, is a potentially valuable archive of regional paleoenvironmental
information since the late Pleistocene. We investigated a sedimentary profile (BG-2019; 38°46'
2.55"N, 115°49'0.41"E; 7 m a.s.l) in Gaoyang County, in the southwestern part of Baiyangdian
Lake region; the profile is ~6 m long. The results of AMS "“C and OSL dating indicate that
profile BG-2019 has two intervals of lacustrine facies, two intervals of fluvial facies, one
interval of swamp facies, one interval of fluvial-lacustrine delta facies, and two intervals of non-
deposition or stratigraphic lacunae. The ages of the various facies are as follows. Lacustrine
facies: 10270-13710 cal a BP and 4630-5400 cal a BP; swamp facies: 3470-3700 cal a BP;
fluvial-lacustrine delta facies: 7130-8000 cal a BP; fluvial facies: 3700-4630 cal a BP and 3230-
3470 cal a BP;; intervals of interrupted deposition: 8000-10270 cal a BP and 5400-7130 cal a
BP. Therefore, no continuous lacustrine facies exists in the Baiyangdian region since the
Lateglacial. Baiyangdian was a small lake during the Lateglacial, but was more extensive
during the middle Holocene, although with discontinuous lacustrine facies. During the late
Holocene the lake began to shrink under the influence of climate change and human activity.
No other than human activity around the modern Baiyangdian Lake was reserved. Pollen
analysis shows that the vegetation landscape of the Baiyangdian Basin differed substantially
between the Lateglacial and the middle Holocene. During the Lateglacial, the climate was cold
and dry, and vegetation dominated by Artemisia, Chenopodioideae, Poaceae and Asteraceae
developed in the plain, while the western mountains had a limited forest cover. During the
middle Holocene, when the climate was warm and humid, grassland vegetation dominated by
Artemisia, Chenopodioideac and Poaceae developed in the plain; Ceratopteris and aquatic
plants flourished in and around the lake; and coniferous-broadleaved mixed forest dominated
by Pinus and Quercus developed in the western mountains, with an increased forest cover.
During the middle- late Holocene, when the climate was relatively mild and dry, grassland
vegetation dominated by Artemisia, Chenopodioideae and Poaceae persisted in the plain; and
coniferous-broadleaved mixed forest dominated by Pinus developed in the western mountains,
with a high forest cover age.

Keywords: Baiyangdian Lake; Lateglacial; Holocene; paleovegetation; paleoclimate



