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Abstract: Background, aim, and scope At present, the primary marker and tracing proxy system of the
Anthropocene epoch are under hot debate. Comprehensive multi-proxy research in diverse geological and biological
archives is therefore urgently needed. Because the Anthropocene sediments are typically thin, single-core surface
sediments rarely yield enough material for all analyses. Multiple cores are usually collected so that different proxies
can be measured on separate cores or on homogenised slices of equivalent age. However, unifying the chronologies
of multiple cores in an economical and efficient manner remains challenging. In this study, taking Huguangyan
Maar Lake (one of the key study sites for the Anthropocene) as an example, we present a protocol that uses
*%Pb-""Cs dating supplemented by cross-comparisons of magnetic susceptibility to solve this problem. Materials
and methods We collected six sediment cores from Huguangyan Maar Lake. One core (HGY?20-1-3) was selected
as the reference and dated by *°Pb-""Cs. The high-resolution magnetic-susceptibility was measured non-destructively
on all cores, and these continuous records were compared to identify readily identifiable, isochronous tie-points that
lock the chronologies of the remaining cores to the reference record. Results The *'Cs peak at 29.4 cm depth in
HGY20-1-3 is assigned to AD 1964. Based on mass depth interpolation, the resulting nonlinear age-depth model
indicates deposition from AD 1870 to 2020 for the upper 52 cm, with a mean geometric deposition rate of 0.27 cm/a
before AD 1964, consistent with previous studies. The magnetic susceptibility sequences in all six cores vary in
parallel within a range from 300x10™* m’/kg to 1200x10"* m’/kg and show a sharp excursion around the depth of 30 cm.
Discussion We choose the depth of 30.4 cm (deposited in AD 1960.4) in HGY20-1-3 as an isochronous tie-point,
correlated to the depth of 31.3 cm, 25.3 cm, 34.4 cm, 29.2 cm, and 29.9 cm in HGY20-1-7, HGY20-1-9, HGY20-1-18,
HGY20-1-28 and HGY20-1-33. Previous studies often build linear age models directly from geometric depth and
several tie-points, but for the thin Anthropocene sediments, which may have very limited identifiable isochronous
tie-points, such models would diverge markedly from true ages. We therefore recommend building age models on
mass depth; where mass depth is unavailable, we apply a “fixed-point scaling” method, i.e., stretching/compressing
the target core until its dated tie-points coincide with those of the reference core (here HGY20-1-3), yielding an
adjusted depth scale for final interpolation. The target core can then inherit the non-linear age model of the
reference core. Based on the fixed-point scaling method, we unified the age models of all the Huguangyan sediment
cores in this study. The results show that the age model of HGY?20-1-7 agrees closely with that established by mass
depth, thus validating the fixed-point scaling method. Because the ’Cs chronology constrains the upper 52 cm of
standard core with high confidence over the past 150 years, the resulting age models for the remaining cores are
likewise considered reliable for this interval. The age-magnetic susceptibility sequences of the Huguangyan show
that there was a sharp decrease around the 1960s and afterwards the magnetic susceptibility kept stable. We found
this variation appears to have been largely caused by human activities. On one hand, the vegetation restoration
activities during the period reduced soil erosion and therefore less magnetic susceptibility came into the lake. On
the other hand, agriculture and industry activities increased organic matter supply in the lake, which may dilute the
magnetic mineral concentration and result in the decrease of the magnetic susceptibility. Conclusions Collecting
multiple cores and harmonizing their chronologies before composite sampling remains a bottleneck in high-
resolution Anthropocene work. Traditional correlation of distinct proxy inflections followed by linear geometric-
depth interpolation suffices when multiple tie-points exist, but collapses for thin Anthropocene sequences where
very limited tie-points can be recognized. We therefore advocate building mass-depth age models, or where mass
depth is unavailable, employing a newly proposed “fixed-point scaling” method that stretches the target core
vertically until its dated inflection snaps to that of the reference core. Applied to Huguangyan Maar Lake, one
standard core anchored to the AD 1964 "’Cs peak and the basin-wide post-AD 1960 magnetic-susceptibility drop
synchronized six parallel records, yielding a common 150-yr age model. Moreover, the basin-wide magnetic-

susceptibility plunge of the 1960s mirrors reduced erosion and rising nutrients, encoding regional human impacts
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and furnishing available geological evidence for Anthropocene research. Recommendations and perspectives This

study provides an important chronological framework for the subsequent multi-proxy analysis in Huguangyan Maar

Lake. As magnetic susceptibility testing is economical, fast, and non-destructive, we propose that age dating

supplemented by cross-comparisons of magnetic susceptibility is a good way to unify chronological frameworks of

different sediment cores, which could be widely applied in multi-proxy research in the Anthropocene.

Key words: Maar Lake; Anthropocene; chronological framework; multi-proxy research; magnetic susceptibility
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Fig. 1 Bathymetric map of Huguangyan Maar Lake showing

isobaths and sampling site
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Fig.2 The age model of HGY20-1-3
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(a) Magnetic susceptibility sequence in this study; (b) CRU3.4 precipitation data in the study area and non-residual-Sr concentration in Huguangyan
sediment (Zeng et al., 2012), with the latter indicating precipitation variations; (¢) mass accumulation rate in Huguangyan Maar Lake (Xue et al.,
2023), indicating watershed erosion intensity; (d) arboreal pollen concentration in Huguangyan Maar Lake (Xue et al., 2023); (e) total nitrogen and
total phosphorus content in Huguangyan Maar Lake (Zeng et al., 2012; Ma L, 2022); (f) the concentrations of persistent organic pollutants in
Huguangyan Maar Lake (Han et al., 2016). The blue shading highlights the sediment interval deposited since AD 1950.
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Fig. 9 Sedimentary sequency of magnetic susceptibility in Huguangyan Maar Lake compared to regional climate change and other
constructions in the lake
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