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Quaternary strata lithological characteristics and environmental geological significance of borehole
WKZKO01 in the eastern Songnen Plain

Abstract: [Objective] Study of the Quaternary stratigraphical characteristics of the eastern Songnen Plain is of particular
importance for gaining an understanding of regional climate change and the evolution of sedimentary environments. To
data, however, there has been comparatively little research focusing on the Quaternary strata in this area, which has
accordingly limited our comprehension of the mechanisms underlying changes in the regional climate and environment.
[Methods] In this study we focused on the borehole WKZKO1 in the eastern Songnen Plain. On the basis of lithological
characteristic analysis, we obtained dating, sedimentary environment evolution, and climatic evolution information using
optically stimulated luminescence, palynology, and laser grain size analytical methods, and based on comparisons with the
results obtained from a typical Huangshan section, Harbin, we discuss the Quaternary stratigraphy of the borehole and the
sedimentary environments it reflects. [Results] The Quaternary strata in Wangkui county 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 an absence of a Holocene Tantu Formation. The Huangshan Formation is 13.05 m thick, with
a median grain size (Md) ranging from 7.77 pm to 11.84 pm, and an average value of 9.62 um. Pollen zone I-1 is
dominated by xerophytic herbaceous pollen, with small amounts of mixed coniferous and broadleaf woody plant pollen,
although lacks pollen derived from hydrophilic herbaceous plant. The Harbin Formation is 24.05 m thick, with a median
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grain size (Md) ranging from 9.67 um to 14.98 pum, and an average value of 11.74 um. Pollen zone I-2 is still dominated by
xerophytic herbaceous pollen, with that derived from mixed coniferous and broadleaf woody plants as the secondary
component, and the appearance of hydrophilic herbaceous plant pollen. The Guxiangtun Formation is 15.6 m thick, with a
median grain size (Md) ranging from 11.61 pm to 19.91 pum, and an average value of 14.12 um. Compared with the earlier
stages, pollen zone II has a less abundant pollen content, although is characterized by an increase in hydrophilic herbaceous
pollen, and a marked decline in the content of pollen derived from xerophytic woody and herbaceous plants. [Conclusion]
The Huangshan Formation represents lacustrine deposits, with pollen zone I-1 providing evidence of a cool and dry climate
during the early Middle Pleistocene. The Harbin Formation also comprises lacustrine deposits, with the pollen record in
zone -2 indicating a cool and humid climate during the late Middle Pleistocene. The Guxiangtun Formation comprises
fluvial deposits, with pollen zone II recording a cold and wet climate during the Late Pleistocene. [Significance] The
borehole WKZKO01 provides a record of the environmental evolution of a small lake adjacent to the large Songnen
paleolake, revealing a transition from the lake center to the margin and eventually disappearing with the formation of rivers.
Keywords: paleoenvironment; paleoclimate; optically stimulated luminescence; grain size; pollen; Songnen Plain
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Table 1 Lithological and stratigraphical characteristics of borehole WKZKO01
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Table 2 Sample information and dating data of optical stimulated luminescence (OSL) of borehole WKZKO01

BT R /m U/(uglg) Th/(pg/g) K/% RO R/Gy R%/Gy AEFIR/ (Gy/ka) FrK % AR ka
WKZK01-1 233 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 6.13 251 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
WKZK01-4 12.19 1.43 6.01 1.96 236.06 12.77 2.60 2252 90.7+4.9

32 WAHMUAEIWER

618y #F & 4 51 R H O 25 WKZKO1 4 £l 8.0~
522 m B TR Z, SRA&E 13 1A o, Hh 58 E 1
KR 30 Fh o AR S SR R BCEE TR UL R A3
Fra B (0 3) o AR FLAS [R] 2 07 H 300 760 28
R CH 4y SRR AR L, ¥ 3 4 WKZKOL £/l A T
i b3l o R 2 AR AT, A R AR .

f Ry L VR B 15.6~52.2 m, 1% 45 DL Bl A2 B A
AR 5 P 2 T . Hoh, 32 RO R R
FHAE &, 350 a RARL . Tl A 8 B A B KR E
Mo KAWL ZERSAHENE . HiJE, Ha
FARIE . RREE . A 8 RS JE 55 . B A A )
Ky LA R I ERL, 5y SNEES BRI T JE R B
WA R H W o BRI T b, K e B R B, 5
SNEHANE . BBRE R B IR, SRR 3R
S . AR TR 2 A WA D
W 1R JE 39.65~522 m) LRl AR A B T Y
B ARAR EENE, ARAE D, REHBARA
B E R A, 18 n A A X T 2 (Zhang et al.,
2020) o /i Y R S OR A R W A6 K, 0 ER Y
AW AN, TCIRIK R AL . BRI R T T
WA QB I-2(VR FE 15.6~39.65 m) )5 L i A=
TR THEYAEN R E, K, RAR B &
A EABOE D, BB EER. AR AL

By B () A B 4 R B 4y, 1980), T RE IR A
PR A HE A6 K93 T 28R 5 2 A 1 A B B s A5 3860
Hh I Y R A A R L TS R R, I &
AR 78 K A B IR K BER AN o BEARAE R T B
T4 I 7

LB HE 10 TR BE 8.0~15.6 m, %4 LABR K b B
BEHIE B O 1 W 25 58 o0 R A, R AR R P 2R i A
W R, RS FE YA B B R S 5 A B B
WD, FEAEF B R L TR E L RS JE AR, AR AE K
T 30% LA I, FIRE AT B MR A AR (25 S0 ANk A i
1990) . it 5 19385 J@ . ZERHAE Ry & S REAL, B8 A 95
FORHTE BLAHT B B RHR R TR A

BT UL b, AR -1 39.65~522m) g% 1
TS R T2 (IR 15.6~39.65 m) 0 5% 1 i
A FR A IR FE 8.0~15.6 m)ic s T ¥ 1 <M o
33 MESWER

ORI b BE R A SE 28 T £ & 1 IR 3R 15
B(EFEHEE,2024) . KLESHOT LLE BN R RT
TR 9 0 5 0 A 4 At ] LA Ay 0 S T AR 5 A
S . MR H BB E S 8O ARG
MR, 1993), THE 45 R AE 4 s, B4 WKZKO1
Bl FL R BE S BURRAE Ry« bR fE IR 22 o b T 2.75~5.67
Z 0], XA K 3.07; 34K 42 M, 4bF 7.57~23.40 um
ZIa], A R 1114 pm; BB A My 4b T 7.88~



957

85 o MO JEUR T8 WKZKOT 5l LA 11U 40 3 J2 55 1 A AT 2 0 858 3t Jo i

PREAFA

%5 6 3]

%L
0T
[N S

(4!

09 0¥ 0T S 1

[ —

103Z3IM 210oya10q jo dewr oFejusored usfjod-arods ¢ 81
HEESHY B HBENF UL 02N € B

¢ oI 0z Ol O 01 0T 090v0T OI OI 0T 0Z oI 0z 0ol oI ol [°°

| IR I —— _Ll[lr&_lrfl | I E— | — | T iy I E—
0s
Sp
SO U 1 N b tor
¢¢
o€
st
0z

I I N RN [ Ni 2 IO I N N
94 S1
01
S o Fo S & g B e P F
v@@@@ @A&%x@@@:@ Nl I A SOOI S W

\\\\ \\\ \\\
\\ \\\ \\\
TR S - a— T



958 ¥R 55 54 https://journal.geomech.ac.cn 2024

648 6 -09 —04 0.122 29 3
| L |

Htdie BEEe D
6 12 24 36 55 70 85 0 13 26
I T I NI I | | I

WEFEK,

M,/um M,/um bl 2o IRESK
8 16 24 6 12 1824243
| IS TR N I ST I B B | PR Y
()_ —
10— [0
20 B

R /m

40

-

50+

8

K4 WKZKOl #5HESH AL RN AL EL L&

]
R
Wi
Bk

Fig. 4 Variation curves of grain size parameters and contents of different grades in borehole WKZKO01
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