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Figure 1 Location of the QAL Core in the Northeast Plain
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Figure 2 Lithology, magnetic susceptibility and photos of QAL core. The black dashed line represents the boundary of each formation. The red dashed
line represents the average value of magnetic susceptibility in each formation
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Figure 3 Magnetic hysteresis loops. (a), (¢) The samples in higher MS layer; (b), (d) the samples in low MS Layer. The grey line represents the
original curve and the black line represents the paramagnetic corrected curve (left). IRM acquisition curves and demagnetization curves (right) for
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Table 2 OSL dating results of the upper strata of QAL core

R & R (m) U(ppm) Th(ppm) K(%) FKE%)  FHRFE(Gy/ka)  SFEFIER(Gy) A (ka)
HED300 0.2 2.420.1 8.60+0.27 2.52+0.07 2.62+5 3.40+0.24 4.78+0.68 1.41+0.22
HED301 0.4 1.43£0.07 10.00+0.46 2.48+0.07 9.61+5 3.25+0.23 24.49+4.07 7.53+1.36
HED302 0.6 1.36+0.07 9.84+0.23 2.29+0.07 11.47+5 3.2140.23 49.01+4.53 15.27+1.78
HED303 0.8 1.74+0.08 8.75+0.22 2.16+0.07 9.85+5 2.84+0.20 43.92+1.58 15.44+1.21
HED304 1.0 1.53+0.07 7.7140.23 2.51+0.07 11.29+5 3.09+0.22 131.06£9.17  42.42+4.24
HED305 12 2.4240.1 8.60+0.27 2.52+0.07 11.9745 3.37+0.24 145.58+8.68  43.24+3.83
HED306 14 1.43+0.07 8.50+0.46 2.48+0.07 6.23+5 3.13+0.22 157.39£5.07  50.32+1.71
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Figure 6 Magnetostratigraphy results of QAL core (lithology, maximum angular deviation, inclination and polarity zonation, and its correlation with

the geomagnetic polarity timescale (ATNTSZO]Z))[26]
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Lacustrine sediments from the Northeast Plain of China are an ideal archive for recording the climatic history and variability of the East
Asian monsoon during the Quaternary in mid-latitude East Asia. However, the lack of a high-resolution stratigraphy and high-precision
geochronology of these sediments has limited our understanding of the mechanisms of Quaternary climatic and environmental changes in
the region. In this study, we present a high-resolution magnetic susceptibility stratigraphy and precise paleomagnetic and optically
stimulated luminescence (OSL) chronologies for core Qiananlingzi (QAL) from the Northeast Plain. Paleomagnetic data were obtained
using alternating-field (AF) demagnetization with a peak AF of 80 mT and increments of 2.5—10 mT. In addition, OSL dating was
conducted on coarse-grained quartz (90—150 um) using the single aliquot regenerative dose (SAR) protocol. Correlation of the recognized
polarity intervals of the QAL core to the geomagnetic polarity timescale was achieved by combining the magnetostratigraphic and OSL
geochronologic data. The results indicate that the sedimentary sequence spans the interval from the Olduvai normal subchron to the end of
the Brunhes normal chron. According to the lithology and the magnetic susceptibility record, the core can be divided into four intervals,
from bottom to top: the Qian’an Formation (fluvial yellow-green, brown-red and grey-brown silty sand, interbedded with brown-black silty
clay, with gravel layers in the lower part); the Lingzi Formation and Lindian Formation (lacustrine grey-green clay interbedded with grey-
white silty sand, with fossil bivalves); and a loess-like soil (predominantly brown-yellow clayey silt, alternating with fluviolacustrine grey-
white, brown and black clay). The magnetic susceptibilities (MS) of the sediments of the lower fluvial Qian’an Formation and upper loess-
like soil strata are generally higher, indicating the neoformation of strongly magnetic minerals under predominantly oxidizing conditions.
By contrast, lower MS values occur in the lacustrine sediments of the Lingzi Formation and Lindian Formation, which indicate a reducing
environment. Overall, the MS record of the QAL core exhibits clear orbital-scale variations, with higher MS values in coarse-grained silt
layers, and lower values in fine-grained clay layers. After the application of a 300 mT DC field, the isothermal remanence (IRM) is only
70%, and a hysteresis loop remained unclosed at 500 mT. These characteristics indicate the substantial presence of high-coercivity
magnetic minerals in the intervals with low MS values. Thermomagnetic measurements (y-7) curves show an abrupt decrease in the
heating curve at 580°C, indicating that magnetite is the dominant magnetic mineral, and a further decrease above 580°C indicates the
presence of hematite. After the application of an applied DC field of 300 mT, the IRM reached 90%, the hysteresis loop was closed, and the
heating limb of the y-T curve did not decrease significantly after 580°C, indicating that low-coercivity magnetic minerals contributed
substantially to the magnetic properties within the intervals of higher MS. The lacustrine sediments of the core were dated to ~1180—450 ka
based on paleomagnetic and QSL dating, and interpolation of the age-depth relationship suggests that Songnen paleo-lake existed for
~730 ka. The grain-size record of the loess in the northeastern monsoon region shows no evidence of drought events at 450 ka, and records
of MS and FeD/FeT from the deposits of the loess Plateau indicate a trend of increasing summer monsoon precipitation at this time.
Therefore, the disappearance of the paleo-lake may be related to the multiple episodes of subsidence of the Yishu fault, which caused a
diversion of the discharge of the Songhua River from the Songnen paleo-lake to the Sanjiang Plain. The high-resolution MS record and the
precise chronology obtained in this study indicate that the lacustrine sedimentary sequence of QAL core can potentially resolve orbital-
scale paleoclimate changes during the middle Pleistocene in mid-latitude East Asia. The Mid-Pleistocene Transition (MPT) is one of the
most important climatic events in Quaternary paleoclimatology, and it is necessary to understand the response of different climatic systems
to the MPT. Detailed environmental magnetic, sedimentological and geochemical studies of lacustrine sedimentary strata in the Northeast
Plain in China should be carried out to explore the paleoclimatic record of the area, including the regional climatic response to the MPT.

Northeast Plain, Quaternary Songnen paleo-lake, magnetostratigraphy, optically stimulated luminescence,
magnetic susceptibility
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