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Abstract: This paper is the result of environmental geological survey engineering.

[Objective] To carry out multi—stratigraphic research on the borehole BZK0402 located in the Shuiyang River basin, and explore the
sea— level fluctuations since the last deglaciation and the origin of the Paleo— Danyang Lake formation. [Methods]|Based on the
lithostratigraphical classification and the magnetostratigraphic and chronostratigraphical constraints, the multi— stratigraphic study
on the BZK0402 core was carried out. Comparative analysis was also been made between the BZK0402 core and the cores which
located in the Yangtze River valley and the Yangtze River delta. [Results]The analysis divided the BZK0402 core within
Quarternary era into two units, namely the Middle— Upper Pelistocene Dagiaozhen Formation and the Holocene Wuhu Formation.
The sediments through the western margin of the Yangtze River delta where the BZK0402 core lies in, also furthers our
understanding of the general pattern of sea—level change since the Last Glacial Maximum (LGM), with these changes divided into
four stages as follows: (1) The LGM was associated with a period of gravel and sand dominated deposition as a result of steep slopes
and significant strong fluvial erosion within the Middle and Lower Reaches of the Yangtze River. (2) The Early Holocene saw a
decrease in the grainsize of the sediments being deposited, with sedimentary facies changing from fluvial to lacustrine environments
as a result of post—glacial transgression. This period also saw the development of pteridophyte undergrowth—dominated coniferous
forest vegetation along with lakes and bog and swamp areas. (3) The Middle Holocene transgressive maximum was associated with
the deposition of lacustrine clays that contain coniferous broad—leaved mixed forest vegetation. (4) These sediments are overlain by
disturbed Late Holocene to present sediments, with this disturbance caused by uncertain factors. [Conclusions] The sediments in the
Shuiyang River, which is a tributary of Yangzte River, not only formed within Holecene, but also formed in Pleistocene. The Paleo—
Danyang Lake located within the Shuiyang River Valley formed during the Early Holocene, and the period of the lake formation

consistent with the Holocene transgression.

Keywords: paleomagnetism; “C dating; luminescence dating; Paleo— Danyang Lake; global climate change; environmental
geological survey engineering; Yangtze River

Highlights: The Shuiyang River Vally records Pleistocene—Holocene sediments. The formation of the Paleo—Danyang Lake has a
time—synergistic effect with Holocene transgression.
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Table 2 Results of the optically stimulated luminescence dating of the BZK 0402 core

I I OSL 4% /ka BP
LTS KFERE/m  HRESS K% Th/10¢  U/10°  Water/% De/Gy ————————
Age Uncertainty

BZK0402-OSL2 10.9 180206-3 0.408 4.18 2.29 13.1 1003 712 6.4
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HE NP A -IABOE—RAB S, K IR
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W) A AR AL~ AZ | [FIRESE 7 i DU
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44.89% ) Hr LT I A4 R AL & (35.42% ) J& 2, & AR
(5.16%) IRz, i A /D AR (1.88%) i 2-
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FUAZ B (0.28% ) 45 5 B 25 ] 35 TR 7K 35 803
(1.6%) . KRS EBEWNZ A E AR
AN —HE -G, AT RAR G i s, ARAR
o LRI B o R R AR AR 5 R T R
M B i, R IRK ISR BOHE . TR e S s
B B AR BRI A0 LA T i — T it R TR A Ch 32, °F D
W DX WERIAVR AT SRAFAE o X8, KT R Ui 70
FHI51 ZKO1 FLADRY IC 3% R TS 78 [ AR T R
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AR R AW R E T AR REHERR A 15 T R
B AT RE , A ER T T Z3 M gt B K AR 0 (1 HE 4
2019) o 52N FLUTRE FE 1 DX 3P 7 244 NE [
VLR (B 1a) .z AL LA A B
HRLERE B EA LR, R
R PEWTZ . B BRI R R — B L]
T R I B AR LX) M —— 258 2 1) e
S DU 2] RAR VD BR A )2 , Bz B A B A AR
A, HEN 2R b SR 2 (R
4 ,2016)

K BH YL B AR DX R ) 1 32 3l S (B A i e 7
A8 X BELYT ML X e R S R A G G R R
M ER Py HR A B PRAE T B, ) DX T A i A
TF RS DU 20 b 2 B AR AR 2E ST, TRIRE A R B 1
Sl AR R i, et s 2 ss , e TR O
TFELAE,2016) o ZK BT A9 1 VAR 3 22 IR
— Ih g 1 BEH R i R 5% S P R AR A R
RS I 118 W7 2 5 % sl s AR ) Sy v s (R
D74 ,2008) o ] & KT = A1 I 5 75 M L X A8
138 S 7S AL X SR AR, SF X N
M GOk , Bkt i is sh R I HF L5218 T DA
BRAXT T BB AL R LR T b T IX, A
XGRS T I A R G MR . R
4 36 156 2l FUABE /N T v B thE s BB i SR pu Al
DUBLEAR BN 5 327wy s i Ak 35, s 32 it 1
AR A5 S AR 6 29 (9H7,2013) .

25 FTIR , BZK0402 FL T 75 1 X 8 K 41 DX BT Aa
TG s AR R . Xk PER 5 BZK0402 FLAH
HEIE, AT LI BZK0402 FLAFFE ) X 48, 76
e S thE— 2 th 2 S8 A A B i Al s 4R 7, DA
FeE MR AR TR 32
5.2 EXLL5KEHEE

TR BRI A VT AT it b XA VTS, b
AR = AP 2 . & 3 X ) BZK0402 fL(Z: 9
m) AL (Z: 6 m) Y07 T /K BHYL R, fi 4
JEHE AT B, E AL 33 kme A PEXT LA L
(1l 4) AT 0L =2 7 At R TR e B &l £
S5H TS P BH R B R A — 2, s e
D YR BRI VTR A THUHE 2 B3 A A R DR (2R
1£,1989) o YV WA A YT AK A7 TOUFE 1) ke PR = 2
FETERTI 1 32 3l V- T THRE AT A8k . TR IR

B RE) 3 T6 B R B, BZK 0402 FLATF1E 1) 43
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We? VEFEsK PH YT I BZK0402 FL . [ 3881 L (5
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B09fL(Z:3.3 m, L% 83 m; Ak .55 ,2010) E4 73
EXTH (BN 4) B AR ORI LK, 1 F i AR AL e
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R B MBS 54 HIECRED,

AT HERTAE A ] 2R AR Uk A T e 2
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S B3 K T 55 7Y T 1Y 15 25 2495 80 m, WTR[IAE A L
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PLUN B R R AT 2 (A B o Bl K T s B 2 R 6
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I NO6S6 FLIHC UK H BRIAT R AH T2 REAH . “C IMI4F
B[R 7E 10 ka BP £ 47, 48 78 FE B B8 T T — 42 it
AT R WAL T AR R 2
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FEUG e A= ERUE T, 17 CV VB U AR T8 iR (R ik i 45
2010; &% A4 2018 ;Gao et al., 2019) , 5[,
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Fig.5 Lacustrine sediments found in the BZK0402 core

TK PRV A Z AN 22 B iR

(2) K VT T Uit 45 i f) s FLOXE B 156 B oK 3
AT 45 B H: 3237 R DL DU W JBE W I 78 B A i
], $6 7 DX s 1 78 M BBt — 2ttt 2 2 R kA
WA SR . Z5A RIS AR IX BT RS5H 1
DB IS AT R, AT LA i IX 4t LA
R T AR TR 32

(3) &t R IR BRI TR LB XK BT
TSR TR RE =AM o TR B | VTR A7 T
FORE K PV CIRUSOK AN , A ZETE Bt PRI, 90
T R B R Wik iz 3 JC I B 38, WA
TS UK IR AR A TR A7 — 3

B RS e ER Y EFEFAL
BRFERXFARIBRPHESHERTRILT.
FEEBRIBFAHIXFLABFIRNALH
B, RATEMFRELmEHEREFOHES
RIARFAAMS "CUEL R P A H B, B
TR ORI R TR N EE R DA R A &
HHELNETRFHES,

References

Cao Guangjie, Wang Jian, Xiong Wanying, Zhang Xueqin. 2006.
Sedimentary characteristics of the Yangtze River's paleovalley in
Nanjing since the last glaciation maximum[J]. Marine Geology &
Quaternary Geology, 26(1): 23— 28(in Chinese with English
abstract).

Chen Zhongliang, Yuan Feng, Zhang Jinzhe, Shen Shihao, Li Xiaohui,
Li Xiangling, Huang Meng, Simon M J. 2020. Paleomagnetic

evidence for the Gothenburg geomagnetic excursion during the
Pleistocene— Holocene transition recorded in the Paleo— Danyang
Lake, eastern China[J]. Journal of Asian Earth Sciences, 201:
104140.

Dai Jinfang, Zhao Rui. 1992. An Application of Remote Sensing
Techniques in the Study of Palaco— danyang lake evolution[J].
Journal of Lake Sciences, 4(2): 67— 72(in Chinese with English
abstract).

Fan Daidu, Li Congxian. 2007. Reviews on researches of timing of the
Yangtze draining the Tibetan Plateau to the East China Sea[J].
Marine Geology & Quaternary Geology, 27(2): 121— 131(in
Chinese with English abstract).

Gao Maosheng, Guo Fei, Hou Guohua, Qiu Jiandong, Kong
Xianghuai, Liu Sen, Huang Xueyong, Zhuang Haihai. 2018. The
evolution of sedimentary environment since Late Pleistocene in
Laizhou Bay, Bohai Sea[J]. Geology in China, 45(1): 59— 68(in
Chinese with English abstract).

Gao Maosheng, Guo Fei, Huang Xueyong, Hou Guohua. 2019.
Sediment distribution and provenance since Late Pleistocene in
Laizhou Bay, Bohai Sea, China[J]. China Geology, 2: 16—25. doi:
10.31035/cg2018062.

Ge Shulan, Shi Xuefa, Wu Yonghua, Xiong Yingqian, Han Yibing,
Tang Baogen.2008. Magnetostratigraphy of Borehole EY02—1 in
the northern outer continental shelf of the East China Sea[J]. Acta
Oceanologica Sinica, 30(2): 51— 61(in Chinese with English
abstract).

Jiang Yuehua, Lin Liangjun, Chen Lide, Ni Huayong, Ge Weiya,
Cheng Hangxin, Zhai Gangyi, Wang Guiling, Ban Yizhong, Li
Yuan, Lei Mingtang, Tan Chengxuan, Su Jingwen, Zhou Quanping,
Zhang Taili, Li Yun, Liu Hongying, Peng Ke, Wang Hanmei. 2018.
An overview of the resources and environment conditions and

major geological problems in the Yangtze River economic zone,

http://geochina.cgs.gov.cn [ E ML, 2022, 49(2)



W49 Ho M MR R Ky R WK VTR BZK0402 L2 T 2 Rl 43 K L vk S B8 T AR DB R, 665

China[J]. China Geology, 1(4): 435—449. doi: 10.31035/cg2018040.

Li Zhuohua. 1989. The questions of the ancient geographical
environments in the upper reaches region of Yangtze River
Delta[J]. Journal of Seismology, (3): 54— 59(in Chinese with
English abstract).

Liu Jianxing, Shi Xuefa, Ge Shulan, Li Xiaoyan, Yao Zhengquan, W
ang Xin. 2012. Record of geomagnetic excursion during Early
Holocene in the Central Southern Yellow Sea mud[J]. Quaternary
Sciences, 32(4): 663—669(in Chinese with English abstract).

Liu Jianxing, Shi Xuefa, Liu Qingsong, Ge Shulan, Liu Yanguang,
Yao Zhengquan, Zhao Quanhong, Jin Chunsheng, Jiang Zhaoxia,
Liu Shengfa, Qiao Shuqing, Li Xiaoyan, Li Chuanshun, Wang
Chunjuan. 2014. Magnetostratigraphy of a greigite— bearing core
from the South Yellow Sea: Implications for remagnetization and
sedimentation[J]. Journal of Geophysical Research: Solid Earth,
119(10): 7425-7441.

Ma Ming, Qi Jiafu, Zhang Yuanze, Miao Quanyun, Chen Weichang,
Zhang Shuai. 2019. An analysis of subsidence characteristics and
affecting factors in the Pearl River Mouth Basin in Cenozoic[J].
Geology in China, 46(2): 269— 289(in Chinese with English
abstract).

Ma Xinghua, Sun Zhiming. 1994. The Gothenburg event recorded in
lake sediments[J]. Quaternary Sciences, 8(2): 175—182(in Chinese
with English abstract).

Miao Weidong, Li Shijie, Fen Jinshun, Gao Li, E Jian. 2016.
Stratigraphic division of NBS5 core in the Yangtze delta area and its
environmental change information[J]. Geology in China, 43(6):
2022-2035(in Chinese with English abstract).

Morner N A, Lanser J P. 1974. Gothenburg Magnetic ‘flip’ [J]. Nature,
251: 408—409.

Liu Rui, Mei Xi, Zhang Jin, Zhao Debo. 2019. Characteristics of clay
minerals in sediments of Hemudu area, Zhejiang, China in
Holocene and their environmental significance[J]. China Geology,
2: 8—15. doi: 10.31035/cg2018069.

Song Fangmin, Deng Zhihui, Ma Xiaojing, Zu Jinhua, Chu Quanzhi,
Yin Gongming, Zhou Qing. 2008. Neotectonics and fault activity
in the Anging— Ma'anshan section of the Chang Jiang River
valley[J]. Seismology and Geology, 30(1): 99—110(in Chinese with
English abstract).

Wang Fu, Li Jianfen, Shi Peixin, Shang Zhiwen, Li Yong, Wang Hong.
2019a. The impact of sea— level rise on the cosat of Tianjin—
Hebei, China[J]. China Geology, 2(1): 26—39.

Wang Haonan, Wu Zhonghai, Li Haomin. 2016. Basic characteristics
of the main active faults and seismic activities in Pan Yangtze
River delta region[J]. Journal of Geomechanics, 22(3): 500—516(in
Chinese with English abstract).

Wang Zhongbo, Li Rihui, Yang Shouye, Bai Fenglong, Mei Xi, Zhang
Jian, Lu Kai. 2019b. Comparison of detrital mineral compositions

between stream sediments of the Yangtze River (Changjiang) and

the Yellow River (Huanghe) and their provenance implication[J].
China Geology, 2(3): 169—178. doi: 10.31035/cg2018065.

Xie Zhengdong, Feng Shaohui, Huang Wenhong, Luo Ying, Feng
Changhe, Ma Zhengxing. 2006. Sporopollen record of drilling hole
ZKO1 and its paleoenvironmental information in Poyang Lake area,
Jiangxi[J]. Resources Survey & Environment, 27(1): 60— 69(in
Chinese with English abstract).

Xiong Zhen, Hou Kangming, Li Qinghe, Chen Jie. 2010. Standard
well for Quaternary research and its geological interpretation in
Qinhuai River Valley of Nanjing Area[J]. Geological Journal of
China Universities, 16(4): 498— 508(in Chinese with English
abstract).

Xu Qinghai, Zhang Shengrui,Gaillard Mariejose, Li Manyue, Cao
Xianyong, Tian Fang, Li Furong. 2016. Studies of modern pollen
assemblages for pollen dispersal— dposition— preservation process
understanding and for Pollen— based reconstructions of past
vegetation, climate, and human impact: A review based on case
studies in China[J]. Quaternary Science Reviews, 149: 151-166.

Xue Bin, Yao Shuchun, Xia Weilan. 2008. Modern environmental
changes of typical lakes along the middle and lower reaches of
Yangtze River Basin[J]. Acta Geologica Sinica, 82(8): 1135—1141
(in Chinese with English abstract).

Yang Dayuan, Li Xusheng, Zhang Zhenke. 2000. Lake evolution along
middle— lower reaches of the Yangtze River[J]. Journal of Lake
Sciences, 12(3): 226—232(in Chinese with English abstract).

Yang Xianzhong, Wei Naiyi, Wang Qiang, Yu junjie, Jiang Ren, Zhang
Zongyan, Zhao Ling. 2010. Sedimentary characteristics of an
ancient river channel in Zhenjiang— Jiangdu segment of Yangtze
River Delta[J]. Marine Geology & Quaternary Geology, 30(5): 11—
18(in Chinese with English abstract).

Yao Shuchun, Xue Bin. 2009. Recent Environmental evolution of
Shijiuhu Lake inferred from lake sediments[J]. Quaternary
Sciences, 29(2): 248—255(in Chinese with English abstract).

Yin Hang. 2013. Quaternary Strata, Sea— level Change and
Neotectonism of Suzhou and Adjacent Area[D]. Beijing: China
University of Geosciences(Beijing) (in Chinese with English
abstract).

Yu Zhenjiang, Peng Yuhuai. 2008. Quaternary lithostratigraphic
sequence in Anhui Province[J]. Acta Geologica Sinica, 82(2): 254—
261(in Chinese with English abstract).

Zhang Fengju, Xue Bin, Yu Ge. 2016. The lake status change of China
since the Late Quaternary and its significance for
palacoenvironment[J]. Quaternary Sciences, 36(3): 598— 611(in
Chinese with English abstract).

Zhang Xinbao, Liu Yu, Wang Shijie, Liu Weimin, Xue Wenxuan. 2018.
On the chronology of the Yellow Rivers and the Yangtze Rivers[J].
Mountain Research, 36(5): 661—668(in Chinese with English abstract).

Zhao Songling, Zhang Hongcai. 1981. The short reversal polarity

event in the latest Pleistocene[J]. Marine Geological Research, 1

http://geochina.cgs.gov.cn FPE LT, 2022, 49(2)



666 i [

b Ji 2022 4

(2): 61-67(in Chinese with English abstract).

Zhuang Huafeng. 2005. Cultivation of diked paddy— fields in ancient
South— east China and their effects on ecological environment[J].
Journal of Chinese Historical Geography, 20(3): 87—94(in Chinese
with English abstract).

Zong Kaihong, Zong Wen, Kang Congxuan, Bai Shibiao. 2016.
Research on the major active faults in Zhenjiang, Jiangsu and the
late quaternary activities[J]. Journal of Geomechanics, 22(3): 439—

453(in Chinese with English abstract).
Mt e 32 55 STk

WO, T AETTHE, SRAE . 2006, VTR HTBOR UK DL Y
WA DURR . VAR 5 58 DU 22 Hb ST, 26(1): 23-28.

FER TS, BB 1992 18 BREE AR AL FHBH AR A5 b FH [T, A
ARMF, 42): 67-72.

FEACEER, 22 NG 2007, VTS I BRATF S8 00 R (0], I 5 555 1
20T, 27(2): 121-131.

m ek, K, AR, PR, FLRRIE, XIAR, B, iR 2018.
TG T S S M VS e T L ke OB AR A AE (9], o MR, 45
(1): 59-68.

BICE, 150k, ok, REN R, BhIRES, FEOUAR . 2008, ZRIELFRSH
Fi 4L EY 02— 1 LG Hb)Z ISR [J]. T2, 30(2): 51-61.

ZEFYAE . 1989, KT = A 1 3 b DX ) oty b BE PR3 [ L[], b AR 2
T, (3): 54-59.

XUHER, Aok, BRS8N, WRBORL, E0T. 2012, 258 A7
Tl P TEEAS T P BT PR U 0T DX T S (3], 5 DU 4T, 32(4):
663—669.

LU, R AR, SRIEEE, WA, BRERH, 5Kk 2019. BRIT. O 2T AR
ARUTRERFIE B R 00 P 2 A0AT[T]. v B R, 46(2): 269—289.
TLREAS FNAI, SIS 25 . 1994, SR 4% 35 - WA i AR o b e

S S PUZEHITST, 8(2): 175—182.

BIR, ZEEA, WA, w5557, SR 2016, KT =PI NBS FLEE Y
02 R0 MR AE BL[T]. P BT, 43(6): 2022-2035.
KT, A EHE, e, a1k, a2, Froii, JH K. 2008, KT
25 Hb %2 PR —h e L BB X R 40 S AR AE[T]. AR MR, 30

(1): 99-110.

TS, B, 2RI R 2016, 27K A X B SR L bR
TE B EANRAE )], HUTT )22, 22(3): 500-516.

T, SRTTDE, MG, BRIEHE, ORI, 5K 53, sKRAEHY, 2R, 25 H O,
R, VR, ~Fall . 2020, H EIBG AR MIS5(74 ~ 128 ka) LK
2 TR AEE [J]. M, 47(5): 1370—1394.

WHRZR, IR, B0, B35, 1 B R, TR . 2006. Y17 R FHWI X
ZKO1 Bl fLAR i s S B3 5 B[] e 2 5 88, 27(1):
60—69.

AEDIE, GEREN, 235 00), BRZS . 2010, T 55 Z3 YT VR B S URF A 465 DU 404
TR LAY K B BTRE X [T]. BB, 16(4): 498-508.
B, k7R, EEUR, . 2008, K VT T 3L S f U R B AR AL B

FE[I]. AR, 82(8): 1135—1141.

Wk IR, ZEtRE, SKAR 7. 2000. KT H R UFHSIA M LA S AL I]. W
HBME, 12(3): 226-232.

ik e, B, Tom, FRA, $1, sk, 8328, 2010. KIL=f
BT — VTR Bt Wl A DURR AR [J]. T3 b 0T 5 28 DU 28 i,

30(5): 11-18.
WeAS AR, BRI . 2009. A1 F T AP AL I S [0]. S5 U 22 BF5E, 29
(2): 248-255.

FHT. 2013, TR S 4B X 2R DU 2 b 22 -1 1 A8 1k 5 B k4 1 52 ) [D].
L B R (b ).

FHRIT, H L. 2008. LEUE SN AL HUZ FHI[]. HIFT=A4R, 82
(2): 254-261.

SR XA, BEEE, T8, 2016, WSS DUZE b AT K AR Ak B Hl R
F[I]. SR IULLRESE, 36(3): 598-611.

FRAEE, Xk, T, X04EH, 2. 2018. B A ILAYIE AL L
MBI E ], tLH2EdR, 36(5): 661-668.

AP, S ZE A, 198 1. B S Th oA A 1) M e 0 s e P A (). ¥t
HEHLTWTSE, 12): 61-67 .

0, A, ZREG A, Ml e, TR, ZEWAK, TAE, Bk, IR,
F A 2021, AKCE IR e MIST LK b2 SRR Ak K £ 2%
B USRS AR R [I]. I LT, 48(4): 1188—1199.

TEARIE . 2005, 7 ARVTR M X I FIT & S CH A S A BR 52 [1]. v
[ 77 s b EEE A, 20(3): 8794,

SIFLT, 2, FHEMET, FIHHIE . 2016, VTR ELITHE X 3 35305 2 i 24
WSS DULCTE SR AT (D). M F7 22441, 22(3): 439—-453.

http://geochina.cgs.gov.cn H1EHLFT, 2022, 49(2)



