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Quaternary strata lithologic characteristics and environmental geological significance of borehole WKZKO01 in

the eastern Songnen Plain

Abstract: [Objective] The study of the Quaternary stratigraphic characteristics in the eastern Songnen Plain is of
significant importance for understanding regional climate change and the evolution of sedimentary environments.
However, current research on the Quaternary in this area is limited, which restricts the comprehension of the
mechanisms underlying climatic and environmental changes. [Methods] This study selected the borehole WKZKO1
from the eastern Songnen Plain as the subject of research. On the basis of lithological characteristic analysis, dating,
sedimentary environment evolution, and climatic evolution information were obtained using optically stimulated
luminescence, palynology, and laser grain size analysis methods. By comparing with the results from the typical Harbin
Huangshan section, we discussed the Quaternary stratigraphy of the borehole and the sedimentary environments it
reflects. [Results] The Quaternary strata in the study area are divided from old to new as follows: the Middle
Pleistocene Huangshan Formation, the Middle Pleistocene Harbin Formation, and the Upper Pleistocene Guxiangtun
Formation, with no Holocene Tantou Formation present. The Huangshan Formation is 13.05 m thick, with a median
grain size (Md) ranging from 7.77 to 11.84 um, and an average value of 9.62 pm. The pollen zone I-1 is dominated by
xerophytic herbaceous pollen, with a small amount of mixed coniferous and broadleaf woody plants, and no
hydrophilic herbaceous pollen. The Harbin Formation is 24.05 m thick, with a median grain size (Md) ranging from
9.67 to 14.98 pum, and an average value of 11.74 um. The pollen zone I-2 is still dominated by xerophytic herbaceous
pollen, with mixed coniferous and broadleaf woody plants as the secondary component, and the appearance of
hydrophilic herbaceous pollen. The Guxiangtun Formation is 15.6 m thick, with a median grain size (Md) ranging from
11.61 to 19.91 um, and an average value of 14.12 um. The pollen zone II has fewer pollen contents overall, with an
increase in hydrophilic herbaceous pollen compared to the previous stage, and a sharp decrease in the content of
xerophytic woody and herbaceous plants. [Conclusion] The Huangshan Formation represents lacustrine deposits, and
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pollen zone I-1 records the cool and dry climate of the early Middle Pleistocene. The Harbin Formation also represents
lacustrine deposits, and pollen zone I-2 records the cool and humid climate of the late Middle Pleistocene. The
Guxiangtun Formation represents fluvial deposits, and pollen zone II records the cold and wet climate of the Late
Pleistocene. [Significance] The Wangkui borehole WKZKO01 records the environmental evolution process of a small
lake adjacent to the Songnen ancient large lake, transitioning from the lake center to the margin and eventually

disappearing to form rivers.

Keywords: palacoenvironment; paleoclimate; optically stimulated luminescence; grain size; pollen; Songnen
Plain

WE: METEARNENLHEFEAXS T THREXBAGEMAMAATEECEFEER L. AW, Bl X
TURHEFNLARKD, NTRHATHEXAGAREEAMNENER, AARLENBTREAHNELE
WKZKO1 25 HL A R &, aWRHEL T ER L, FRALEL., BhfRE SR 7%, SFhambe R
ERLFEAEARR, 4L FELHEX S AR TRTEHTT Hit. FAXRNEELHESHE
EHX LN PEFRRLA. FEHEBREL, LEHEF S B4, TLHAEEA., A EERLLRE
13.05m, A#EME, FhF LR T FEFHEHRT AR, B/RELE 2405m, H#EME, b I-210
FTYFEH MBI REAME; s ELHRE 156m, HARME, ERFNEFTHEHNHAERBFE. 25
WKZKO1 45 FL18 5 T A8 A 8 B 2 AR5/ N e o 0 B IR SR G W T 0 R I M IR R i AR
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DURRHL % T F & M T R 5 B, 2 0 s B B SR SRS R B B, IR N A 2
fE R XU R BRI R X (Xieetal., 2017; PMASE, 2022) o Fam-r 23 E 5 Y R4E% K & i
Xz —, BBFrRUIREE L ZH G IRk, MEBHEEE IR T REM A TR, FEEPEZER 7.
HAEE R AT A S (FhE PSS, 1982; RETESE, 1984; =5, 2013; Xieetal, 2017; /&
WA, 2018; RIEEE, 2020; FkZE, 2020; AFEMEE, 2023 AT, 2023; WEFILE, 2024; A,
2022) o M, SEPULLYTRREIEFIHLE R 7 A2 0 0% XA T AT . AhEE R AE (1982) TERAIL
JRFET MOy BRI U SRR, M IX NS DU LB R E AT TP 9y . RETESE (1984) TERGRIER
Sl 3 TR E R AT R PA/RIEALURIEGR AL, m0ss (2013) 76 BRI 1E B2 D 2 )
TR FE A, 8 H AN (AL X b JE R R 23 FRAFAE — 5 22 35 T 7 1R85 1 0] 55 5 Ll T ELAh, AR IO AR 2
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T TE R SRR DU Rk Z 0 S iE s o ARFEARACE Tt RIL R EIUH , DA R AR 55 2 th
XTI IR1S 1 WKZKO1 B FLNIT AN R, BTN ALA TERHIE o HT, 56 6R0e. b a i & o fki i 2
T8 2 Fh T BOWRA BT J5 AR S B 2 b [X SR DU 40 2 AT T BRIy, FEVEAB AL T SR G MRS R R UTAR
JEHEAE, R0 TR FLUTRUAR AR AL DA S SRS A R, DA A BT B A3 e 3 S h . DURER
Bikg mi b m vkl
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Figure 1 General map and lithology characteristics of borehole WKZKO01 in eastern Songnen Plain
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Figure 2 Lithologic triangle map of borehole WKZKO01 in eastern Songnen Plain
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Table 1 Lithologic and stratigraphic characteristics of borehole WKZKO01
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B, kR, HoRETH. & RO ARSI ORI, WEEBBONEH .. ZERE 50.25~50.55
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2.1

SRS
SERE A MBIIERER, FERRIE 500 g /647, WIRMAINT: B, BIRAVBURAIRER (4~11
) JFRD BB FATOME G R SRR R KA ORI, 2023) . BRI



55 CANBERRA-BE3830 %4 =444 v RE1t {1 LEXSY G-research BB G EAL . SEROGIAELE [ 4R G5 i
TP T S B0 W 0 SE R
2.2 Mk asth

R YR MR AR R AR 13 PEARD FE S, B RE SR EE 100 g /24, SeHBRE N 0 B, SRRACTE, FR
11-6 V3%, 7K B FL B 3 4 0 il BRI 7E ZeissAxio Imager M12 s FARgE, % 5EGBRE (GFE,
2015) , EHH R B R b 0T o AR VDI T P e R
2.3 NEDH

FLRAE 264 MFRLFERE M, %18 0.2 m S5 (B BERAE . JEFRIO R BEIEE MR b i, FESCREE 50 g 244,
FEA AT AR ERAKHE GB/T 19077-2016 CRLE AT WOEHTINEY o BAFERIER—K, Frdhg S A R A 1
S%IATEEVENE, EEVERE, MR BRI M AR T R 1 S AR ) S A A B A I R O
BRAFER, FESHTUFHL (<4pm) . B (4~63 pm) . # (63~2000 p m) H 475 2%
(Shepard, 1954; Link, 1966) .

3 H#Z

3.1 ERAMELER

AR TAES BIAEEZE WKZKO1 45 FL3HIE 2.33 m. 5.08 m. 8.84 m. 12.19 m AbHUAS 4 L BOLRE M 47 4F
FRINGE o FEM RO R M S5 B> 5~ 65.242.8 kay 79.5+2.4 ka. 86.0+3.7 ka. 90.7+49ka (F£2) , Atk
HLANFES, BFEMAERKIZNE RIF, SRGNESMEONES, KR E&A HEEA, AR &l
MBIEEARTE . BT, R 2.33~12.19 m W ULF YD 4 3B T i B 58 i, 90 3% 7 A X B 58 9 i
(65.242.8~90.7+4.9 ka) B BAUTARFR G AR A S SA%AF 2.
3 2 WKZKO1 5L M R 15 B RN F KR

Table 1 Sample information and dating data of optical stimulated luminescence of borehole WKZKO01

v e R U Th K ERGHE IR IR EIKE g
s
(m) (ppm) (ppm) (%) (Gy) (Gy) (Gy/ka) (%) (ka)
WKZKO01-1 2.33 1.68 8.32 1.85 183.81 7.90 2.82 2491 65.2+2.8
WKZKO01-2 5.08 1.22 7.25 1.90 199.13 6.13 2.51 28.66 79.5+2.4
WKZKO01-3 8.84 1.31 7.17 1.61 215.21 9.27 2.50 17.80 86.0+£3.7
WKZKO01-4 12.19 1.43 6.01 1.96 236.06 12.77 2.60 22.52 90.7+4.9

3.2 MMLASER

TR FE R 7 3R H 228 WKZKO1 #9L 8.0~52.2 m BN LLYTRRMZ , HOREE 13 1FpEdh . FLAASE e S8R R Bk
BEEAER A EEE (B 3) o WRIESILA RO B A 281 & [ 7r & B AL, K 8% WKZKOo1
BifLA T LRI 2 Nk AL A, iR

L 15.6~52.2m, Pl SARYIIER G 3 S, Horb R SRR SERIAE R, AN ARAR
WARERMBRER R . RAEWIEH X ZRa AMARR. g, HRARBARYIE. BAEEAEYIER
TR NEERE, SIHNEERAEE R BN W AT, KRB RREIUE, NS R A
FEARL . BERRA Y, HLGERDEHI. AR T2 M, MO -1 (R 39.65~52.2 m) 467K
T UG AR S TEYER v T, DR EMRSWAREY), EEROEAEDACr . BARERE T
ST R 12 GRIZ 15.6~39.65 m) /s T LARE AR A B T HMAEm N, S iE RS A YY)
RZ, MBLERK SRR . BARIR R BB A R FAT

I 8.0~15.6 m, BRI 5 3 FHUGLIIVONRE A AR, T FRMUBEANRARAE IR, 5IMIH A
B, RN BRYIR. RaEM. BAEREAEYEH SRR TIAEREAEY, TR ER, H
MR LA I AAREY) TSR AMERE, HRfiE. mEMEARE. ARt raEtoR,
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Figure 3 Pollen percentage diagram of borehole WKZKO01
3.3 NESMER

DU FERFE L2 T F E AR NEE (FEE, 2024) . RESHTLUE B RRTTRRY) PIRLE
SIARFAE, AT AR N HORR ISR () SRk . AR R S 8O Hb A GEIEIEEE, 1993) , if
HEeERMTIE (H4) . WEPTREZE WKZKOL 85 LR E S BHEEN: bR Z o &b T 2.75~5.67 2 18], “F)
HH3.07; “FHKAEM, (pnm) 4T 7.57~23.40 28], ~FIHEHN 11.14; PERAE My (pm) 4T 7.88~20.18
Z 6, ~FYMEN 12.08; fWEE SK 4bT-0.78~0.67 Z [, ~FIMEN-0.51; U KsibT 2.36~4.05 28, “FIEN
274, BifLAR. K. B EMREARM N BIA LR (>63um) FEEEN 0.34%~24.72%, “FHIEEN
2.75%; WP (4~63pm) HEJEHN 58.70%~82.57%, F¥IEEN 76.58%; Fit (<dupm) FEEHHN
13.36%~29.86%, VX% 84 20.67% . HiflA QUM M, (pm) FIME N 1114, My (pm) FIH{HE K
12.08, M FEI R RDNIZHIE A, FFEFRT 39.65 m AR AW B, ikt NIRZE ~W 2, WiE ik mi
T~ B, WEE AR A ~ e as, LD (4~63 pm) NE, FHEENT6.58%: &t (<4pm) Kk,
P EEN20.67%; W (>63 um) FERM, FHEEN2.75%.
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Figure 4 Variation curves of grain size parameters and content of different grades in borehole WKZKO01
4 1tig

4.1 ShFLENLEHERIS

TG RVE S LR T R AL X OB Z 1 WAL R SR DU e bRt T, 78 X 8 - BA SR ARER
PE(EKEE, 2020; HRiESE, 2021) . bk, AWFRETEZE WKZKO1 LB RIEI4E(OSL) R S5
FHIE. RESHEUTEL C-M Bl (BI5) « AU /B Bis 55 50k, 456 8 FLI A PEARRAE, JF 5 0GRS L ST
RN A MR AR . R S BURRAE DL RS Ll T 3 -y R3O ORUR A CRIBEE, 20200 SEAH SCHE
FURIRXT LA AT, WD EENL T RA MR R 2R 30 5 22 4 X 28 DU 4l th Z iR P 41

HE SR IL ., AR EZE WKZKO1 &L 15~25 /N2, R EFLIRE N 39.65~52.7 m, 3L 548
W3 LU RS IERL P DURE ], AR LR RS BEb, DI M. AR, BEERG. RO, R
IEVEE, BAERPUR R AIBE S, Wl S A%, TR XK E R SR (L R R s AN R R
Wb, BRb, DRI, mEO. RO, RN E (RIS, 20205 ERE, 2012; £&#%F%, 2018) . fi
B 1-1 (R FE 39.65~52.2 m) id3k T T I dT A Xkt 2 e AR AR F 7R 1 T SR IE (ER
F, 2012) o WKZKOT &L A5 2002 25 R . O 20 A F o 1 SRR 5 X 3 )2 B — 8o ke
JEE AT DAAE N R A B AT b T T s 3 -y 3 2 1 S AR L (Linetal,, 2010) , “FHRiZHxT
AR, BERARAR RGN, SRR R, ABEARHERE (RIS, 2020; A7, 2018 HIA
HHRIFRSE, 20200 , ABFAFRIESH ML SR T PRSP R, 5 DX 2 5 L2
BIRL FE AR AW & (RIS, 20200 (B 6) , SR “PdJe—ig” SEEEE—5 (M
B FIFESE, 20200 o C-M B Joki 2 S H0mi i B R s i1l 2t 23 5 Gl tthy 23 1 b T8 8 17 BH R A [R) ) X
(K5, maefen ) LEMZR TARRRE S, HEEREE T EKBIZURR R IX N, AT REFR T L 4R
i N RRE WIABUTAR Y 55 WL AT B A DL R S AR TR R AR A (055, 2018 BORTLA M )5 ,
1993) o FETHUKy A G HFAE . AR K BE S E s B DL & C-M B i gz ) 1 R B8 3 G5 LI AL IR 2 A6

TG R AR ZE WKZKOL 45 5L 6~14 /N2, BRI FLIRE N 15.6~39.65 m, FL 4 48
Wo-Z5 LU AP IE R DU E ], AR . BT, RREE. BE6, SEESRUE B R,
JRES RGN DY, JEEA 2 R KM E X R IR IR N AR L ARk R
CHEIRRIFESE, 20205 PhaHr, 1982) , DLE3Ea, i, i, WEE T, SPELEREE, B
R (ERUF, 2012; BRILEHFY =/, 1993) o ¥Z WKZKO01 &5 fLM RIE4L 2 A AR 5
Xt 2 B — e . WP G L ARG KR A GURR ) 2 AN [F] OB FERFAE , 5 1L ZH M 2 S A0k A% B 2 Al 4
MG /RIS IR A, HEFERAEM BN (B, 2018; Hukikss, 2021) , PLEZE WKZKO1 %54l
39.65 m NF, WESEVFHRAM P ERAEZEEN (H6) , WHITRHREEEZESRL. hi12 GRE
15.6~39.65 m) e3¢ 7 IB A E A% . XM E WS RIS R 4 Aid sk 1l S E BT A B HERE, (H VB T4
FEIE S N R SRASAE (ERF, 2012) , 48 WKZKO1 &5 FLIEEE 31~32.2 m V5 A IOORLEE #2838 f fa 34
552 - RIEGIRUT S S3 B BEREOT R, R R B B R AR XS AR, B BN A TN IR R 1)
AAEEE R o Ul B R AR AL T o ST T A UK A IR — S e (R, 5 e SRR A T BT IR B N S T4 -85 4
BB SRR GBS AT (B RIT AR 725, 1993) , #E/RIEE 39.65 m M Jy e Ll ZH MG IR I 4L 0 40 L 2% .
C-M B Ebi S HUS E EoR . W /RIEARE YRR T SRR KR IF M X, AT REFE /R O -FRIIAR TR
BT H A HREIE S A TR . RS S EE I DA S C-M BT sz ] 1w B G R I 2

EEEHG 2t A EZE WKZKO1 5L 1~5 /N2, BRI LIREE N 0~15.6 m, 1 M-
B L R R UURRUIE [ AT 1 A D -0 B R D UCRR I [,  HmEib . B LR D . BRI RS, DABEAE
REBE, KEEHNT, PR, LERR, SRS, FEA 2N T X ZE 2 A R N
DU O kR B, IR REE (. AREE o T CHBIRAIFEEE, 2020, Fk%%, 20200 ; FMEfa. K



. KBS (BRILAMTN R, 1993) , G#F E TR, FBOAKBETR . REai R Jeh 1,
TEBE LMY, 21 GREZF%, 20000 . 25 WKZKO1 &5FLF 2 w4l i 2 5 MR e 5 X st 2 A5 — 3%
PE. OSL fEiZ%h 2 N3RS 4 DA REER 25N 65.242.8 ka (JRFE 233 m) . 79.5+2.4 ka (JEJF 5.08
m) . 86.0+3.7ka (JREZ 8.84m) . 90.7+4.9 ka (JRFE 12.19m) , AT H R . AUk 3R T
AU Ax. o, A IR RS, TRRUTR T B KR ST . BN BRE B TS R,
B R SRR KR OIS I FE . 5 X3 E i 2 i ARy 4 A e ST AR T SR IE R A & (F R
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Figure 5 Grain size parameters of formation samples from Guxiangtun, Harbin and Huangshan Formations in borehole WKZKO01
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