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Abstract: Lacustrine sediments are good recorders of palaeoenvironment changes and have been
widely studied in recent years. The study of lacustrine sediments in Southwest China will improve
our understanding of the complex environmental evolution history of Southwest China. Therefore,
this paper presents a high-resolution rock magnetism study from the Pengtun drilling hole (PT2) in
the Heqing Basin, Southwest China. The results show that the dominant magnetic minerals in the
PT2 drill core are magnetite, maghemite and haematite. The magnetic susceptibility (χ) of the upper
part of the core (0–13.5 m) is lower than that of the lower part (13.5–33.5 m). There is no maghemite in
the upper sections. The minerals with high χ values have the characteristics of pseudosingle-domain
(PSD), single-domain (SD), superparamagnetic (SP) and multidomain (MD) grains. The magnetic
domains are widely distributed, and the particles are coarser. When χ is low, the magnetic domains
of the different samples vary greatly, and the particles are finer. Combined with the magnetic and
nonmagnetic characteristics of the sediment, we infer that the change in χ in the PT2 drill core is
related to clastic input, water erosion, and reductive dissolution.

Keywords: lacustrine sediments; rock magnetism; drilling hole; magnetic enhancement mechanism

1. Introduction

The Asian monsoon is an important part of the global climate system. It connects
climate change across high, middle, and low latitudes and affects the local environment and
humanity through events such as rainfall or weather disasters [1]. The mechanism driving
the Asian monsoon is related to the seasonal migration of the intertropical convergence
zone (ITCZ). The Asian monsoon is also influenced by sea–land thermal differences and
the regional topography [2,3]. The Asian monsoon brings abundant heat and moisture
inland from low latitudes. People in monsoon areas are affected by monsoon floods [4].
The systematic study of the Asian monsoon can help us understand the processes involved
in contemporary climate evolution and help humanity develop a more harmonious rela-
tionship with the land [5]. When studying the Asian monsoon, studies of the southwest
monsoon (Indian monsoon) that encompass long-time scales and have high resolutions
are essential. The Heqing basin, located on the southeast edge of the Tibetan Plateau uplift
zone, consists of a structural fault within a subsidence basin. It is not only a transitional
zone between the Tibetan Plateau and the subtropical lowlands but also a transitional area
between the Indian monsoon region and the southeast monsoon region. The Heqing basin
contains thick lacustrine sediment, which provides an excellent opportunity to explore the
evolution of the Indian monsoon and the uplift of the Tibetan Plateau [6–8].

At present, high-resolution research on the Indian monsoon has achieved many re-
sults. Examples of this research include stalagmite records from the Indian subcontinent
and southwestern China [9–11], marine sediments from the Arabian Sea and the Bay of
Bengal [12–15], and lacustrine sediments from southwestern China [16,17]. Additionally,
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the methods of researching lake sediments are constantly updated and improved [8,18–20].
Rock magnetism has been widely used in studies of paleoenvironmental changes and ero-
sion history in recent years [21,22] because it requires only a small sample amount, offers
high sensitivity, and is convenient. Rock magnetism is the basis of paleoenvironmental
references for environmental magnetic parameters. Magnetic parameters are related to
the concentration, mineralogy and grain size of magnetic components. Rock magnetism
is often influenced by a series of processes related to physical, chemical and biological
changes. Thus, the interpretation of magnetic parameters within paleoenvironmental
and paleoclimatic studies (e.g., identifying the enhance mechanisms that the magnetic
susceptibility of lacustrine sediments in SW China) remains controversial.

Peng [23] and Xu et al. [22] suggest that the increase in magnetic susceptibility may
be related to the presence of maghemite. This is different from the view of Hu et al., who
assert that “the presence of magnetite is the reason for the high susceptibility”. There-
fore, rock magnetism and environmental magnetism analyses of the Pengtun (PT2) core
recovered from the Heqing Basin are presented here. AMS 14C dating was accomplished
at the Radiocarbon Laboratory of the Institute of Earth Environment, Chinese Academy
of Sciences (Table 1). The dating results were calibrated using the CALIB 7.0, and the
INTCAL13 calibration curve [24]. The objectives of this paper are to further understand the
characteristic variation in magnetic susceptibility in the Heqing Basin, to explore the inter-
nal mechanism driving magnetic parameter variability and to expand the understanding
of paleoenvironmental changes in the Heqing Basin.

Table 1. Radiocarbon dates from the PT2 drill core.

Sample Depth (m) 14C Age (a BP) Age Error

14C-1 3.13 17,237.05 48.87
14C-2 4.78 23,916.33 117.24
14C-3 7.12 31,301.50 183.37
14C-4 9.32 39,550.87 558.24

2. Study Area

The Heqing Basin (26◦27′~26◦46′ N, 100◦08′~100◦17′ E) is located in Heqing County,
northwest Yunnan Province, and consists of a long strip of land oriented from south to
north, which is consistent with the strike of the structural belt [25] (Figure 1). The Heqing
Basin covers an area of ~144 km2. It is bounded by continuous and high mountains
to the east and west, lower mountains to the south, and Yulong Snow Mountain to the
north. The average elevation of the Heqing Basin is approximately 2193 m above sea level.
Furthermore, it is situated in the middle of the Honghe deep fault that extends northwards
and the Jinsha River deep fault, which belongs to the Hengduanshan residual vein in
northwest Yunnan [26]. The basin bedrock is mainly composed of limestone, calcareous
conglomerate, sandstone, and silty shale [17]. The local climate is dominated by warm and
humid air from the Bay of Bengal in summer and by the southwesterly jet in winter [25].
The local climate is also related to the local climate of the Tibetan Plateau, which means that
it is warm and humid in summer and dry in winter. The Heqing Basin has a mean annual
temperature of 13.5 ◦C. The annual average precipitation is between 900 and 1000 mm and
is mainly concentrated in summer.
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Figure 1. Location of the study area, redrawn after An et al., 2011 [25].

The core collected from the Pengtun No. 2 hole (PT2), 2 km away from Heqing
County, was obtained in Caohai Town, Heqing County, Pengtun Village. The geographic
coordinates are 26◦35′24.0′′ N,100◦11′08.2′′ E, and the wellhead is 2188 m above sea level.
According to the difference in lithology, the sedimentary sequence can be divided into an
upper part (0–13.5 m) and a lower part (13.5–33.9 m).

The sediments in PT2 drill core are mainly green-grey and brownish red clay, and
the upper part has obvious colour variations and a more complex lithology. The lower
lithology is relatively simple and is composed, mainly of green-grey clay and contains a
shell (Figure 2). The deposition is described in detail as follows:

a. 0–0.22 m, brownish red clay;
b. 0.22–0.68 m, brownish red clay at the top, grey mud at the bottom;
c. 0.68–2.85 m, grey mud at the top, green-grey silty clay at the bottom;
d. 2.85–4.98 m, green-grey clay with brown peat visible in the middle;
e. 4.98–6.96 m, green-grey fine sand with two layers of lignite in the middle;
f. 6.96–9.14 m, green-grey fine sand at the top, green-grey clay at the bottom;
g. 9.14–15.65 m, green-grey clay;
h. 15.65–29.85 m, green-grey clay, contains shell debris;
i. 29.85–33.87 m, green-grey clay.

In this study, a detailed rock magnetic analysis was carried out on the drill core from
PT2. We discuss the mechanisms that impact the magnetic properties and the geographical
environment changes of each depositional unit in this area.
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Figure 2. Lithology of core PT2 and the typical photograph of various parts of the core sediment.

3. Materials and Methods

We collected U-Channel samples from the PT2 drill core, performed alternating de-
magnetization experiments at intervals of 2 cm, and then measured the environmental
magnetic parameters such as the anhysteretic remanent magnetization (ARM) and the
isothermal remanent magnetization (IRM). The magnetic susceptibility was measured with
a Bartington MS2 magnetic susceptibility instrument at frequencies of 4700 Hz (high) and
470 Hz (low) in turn, and normalized by mass. χ is often used to indicate low-frequency sus-
ceptibility. The ARM was obtained in a direct-current field of 0.05 mT and a superimposed
alternating field with a peak of 80 mT. Then, the gradual alternating demagnetization of the
ARM was performed according to 2 mT, 5 mT, 10 mT, 20 mT, 30 mT, 40 mT, 50 mT, 60 mT,
and 80 mT. The saturation isothermal remanent magnetization (SIRM) was obtained using
a pulse magnetometer with a 1 T pulse field and then demagnetized at magnetic fields
of 2 mT, 5 mT, 10 mT, 20 mT, 30 mT, 40 mT, 50 mT, 60 mT, and 80 mT. ARM/SIRM were
used to reflect the changes in size of magnetic minerals, especially ferromagnetic minerals.
χfd (frequency characteristic of magnetic susceptibility) can be used to show the absolute
concentration of superparamagnetic particles [27]. χfd = χlf − χhf (χlf is low-frequency
susceptibility, and χhf is high-frequency susceptibility). Finally, collecting samples at 5 cm
intervals, air-drying, grinding, and compacting were carried out, and the Ti value was
measured with an Axios advanced wavelength dispersive X-ray fluorescence spectrometer.

A total of 24 samples were selected at the crest and trough of the χ wave to conduct de-
tailed rock magnetic testing. The χ-T curve was measured using an MFK1FA Kappabridge
in an argon atmosphere. The heating system used was a CS-3 type high-temperature
furnace; the heating range was 40–700 ◦C. Each sample had a mass of approximately 0.25 g.
The IRM acquisition curves, hysteresis loops and first-order reversal curve (FORC) were
obtained by a MicroMag3900 vibrating sample magnetometer (VSM). The saturation mag-
netization (Ms), saturation remanent magnetization (Mrs), coercivity (Bc) and coercivity of
remanence (Bcr) were obtained at the same time. The FORC diagram was processed with
FORCinelv.1.18 [28], and the smoothing factor was 3–5.

All measurements were carried out in the Laboratory of Environmental Magnetism,
Xi’an Institute of Earth Environment, Chinese Academy of Sciences.
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4. Results
4.1. χ, ARM, SIRM, and ARM/SIRM

Magnetic susceptibility (χ) is commonly used to determine the concentration of ferri-
magnetic minerals [19,27]. The maximum value of χ is 265.48× 10−8 m3/kg. The minimum
value is 5.19× 10−8 m3/kg, and the average value is 46.41× 10−8 m3/kg. χfd and χ change
in the same way (Figure 3). χ decreases from bottom to top, indicating that the ferri-
magnetic minerals contents decreases. χfd represents the decrease in superparamagnetic
particles. SIRM also reflects the concentration of ferromagnetic minerals. This showed a
similar change as χ (Figure 3). Compared with χ, SIRM had a weak overall decreasing
trend, a larger change in the upper part (0–13.5 m) and a smaller change in the lower part
(13.5–33.5 m). ARM is more susceptible to the influence of single-domain particles and was
used to reflect the absolute content of single-domain particles [19]. Therefore, ARM/SIRM
is often used to reflect the relative content of single-domain particles. Compared to the
ARM/SIRM ratio, the ARM and SIRM values change in phase within the PT2 drill core
(Figure 3). This suggests that the magnetic properties of the sediments are mainly affected
by the changes in magnetic mineral content, which originate from terrigenous input [29,30].
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Figure 3. SIRM, ARM, ARM/SIRM, χ, χfd, and Ti of the PT2 drill core. They are shown in blue,
orange, green, black, red and purple. Additionally, there is a pink line at 13.5 m that divides the entire
core into upper (0−13.5 m) and lower (13.5−33.5 m).

4.2. Temperature-Dependent Magnetic Susceptibility (χ-T)

The magnetic components in representative samples can be identified according to the
temperature dependence of magnetic susceptibility (χ-T curve) [30–32]. We normalized the
curves obtained (Figure 4c,d). As shown in Figure 2, all the final values after cooling were
higher than the initial values before heating. This indicates that new minerals may have
been formed during heating.
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Figure 4. High-temperature magnetic susceptibility (χ-T curves) of typical samples from core PT2.
(a,c) and (b,d) represent samples with high χ values and low χ values, respectively, and (c,d) represent
the heating curve after normalization.

There were some differences between the upper and lower parts of the χ-T curve.
In the upper part of the sediment (0–13.5 m) (Figure 4c), the χ-T curve increased slowly
as the temperature increased from 0 to 400 ◦C and began to significantly increase at
approximately 400 ◦C. The increase is mainly due to the formation of a large number of
magnetic minerals, which may be caused by the decomposition of iron-containing clay
minerals and/or silicates [33,34]. χ reached a peak at approximately 500 ◦C and then
decreased rapidly, which may indicate the Hopkinson effect of magnetite or the formation
of ferrimagnetic minerals [22,35,36]. Finally, the curve decreased rapidly at 580 ◦C and did
not fall to the lowest value near 600 ◦C, implying the presence of magnetite and haematite
in the sample [33,37,38]. In the lower part of the sediment (13.5–33.5 m) (Figure 4d), some
samples showed a decline at 300–400 ◦C in the χ-T curve, which may be attributed to the
conversion of thermally unstable maghemite to haematite [32,39,40].

4.3. IRM Acquisition Curve and Hysteresis Loops

The IRM acquisition curves in the upper part of the sediment are more dispersed,
while those in the lower part are more concentrated. The IRM acquisition curves for the
high χ sample rise rapidly below 100 mT, reach 90% of the SIRM values at 200 mT and
are close to the highest value but are not saturated in the range of 600–800 mT (Figure 5a).
Most of the IRM acquisition curves for the low χ samples reached 80% of the SIRM values
at 200 mT but were not saturated at 1000 mT (Figure 5b). These results indicate that the
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sediment is mainly composed of low-coercivity magnetite and maghemite. There are a
few hard magnetic minerals that exist [38]. The maximum value of Bcr is 72.35 mT, the
minimum value is 23.30 mT and the average value is 38.05 mT. The hysteresis loops of the
samples also show similar characteristics.
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Figure 5. Isothermal remanent magnetization (IRM) acquisition curves for core PT2, (a) high χ value
samples, (b) low χ value samples.

The hysteresis loops for high χ values are close at approximately 300 mT (Figure 6e–h),
and those for low χ values are close at approximately 500 mT (Figure 6a–d). The small
fluctuation after the curve closure shows that the sample is less affected by paramagnetic
minerals. The appearance of wasp-waist hysteresis loops at low χ values may be related
to the mixing of magnetic minerals with different coercivities or the contribution of hard
magnetic minerals due to the low magnetic mineral contents (Figure 6a–d). The maximum
value of Bc is 17.28 mT, the minimum value is 8.36 mT and the average value is 13.11 mT.
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4.4. Hysteresis Parameters and First-Order Reversal Curve (FORC) Diagrams

The Day plot diagram is plotted with Bcr/Bc and Mrs/Ms as horizontal and vertical
coordinates [27]. It is used to reflect the particle size of ferrimagnetic minerals contained in
the sample [18,41]. The Day plot diagram shows that the state of the magnetic domain of
the selected samples is mostly the vortex state (the PSD range) [41,42]. The projection points
of typical samples are approximately along the SD + MD mixing curve, and with decreasing
χ, they extend to the direction of MD grains (Figure 7). However, determining the field state
of the Day plot diagram is often fuzzy [43]. To better distinguish the magnetic domain state
of ferrimagnetic minerals and understand the interaction between particles, the first-order
reversal curve (FORC) is proposed [44–46]. The sample with high χ values has a Hu peak
at approximately Hc = 20 mT, indicating the presence of SD particles (Figure 8a–d). The
vertical distribution at less than 10 mT shows the information for the SP particles. In
addition, the FORC diagram as a whole is more divergent, demonstrating strong PSD
grain characteristics [44]. The distribution of the unclosed peripheral curve on the Hu
axis shows the characteristics of the MD grains. However, in the samples with lower
susceptibility (Figure 8e–h), there is a larger domain change. The difference is that the
curves for low χ samples have a weak distribution along the Hu axis. Some samples show
obvious SD and/or SP grain information, and some samples are similar to the curves for
high χ value samples.

Minerals 2023, 13, x FOR PEER REVIEW 8 of 14 
 

 

points of typical samples are approximately along the SD + MD mixing curve, and with 

decreasing χ, they extend to the direction of MD grains (Figure 7). However, determining 

the field state of the Day plot diagram is often fuzzy [43]. To better distinguish the mag-

netic domain state of ferrimagnetic minerals and understand the interaction between par-

ticles, the first-order reversal curve (FORC) is proposed [44–46]. The sample with high χ 

values has a Hu peak at approximately Hc = 20 mT, indicating the presence of SD particles 

(Figure 8a–d). The vertical distribution at less than 10 mT shows the information for the 

SP particles. In addition, the FORC diagram as a whole is more divergent, demonstrating 

strong PSD grain characteristics [44]. The distribution of the unclosed peripheral curve on 

the Hu axis shows the characteristics of the MD grains. However, in the samples with 

lower susceptibility (Figure 8e–h), there is a larger domain change. The difference is that 

the curves for low χ samples have a weak distribution along the Hu axis. Some samples 

show obvious SD and/or SP grain information, and some samples are similar to the curves 

for high χ value samples. 

 

Figure 7. Hysteresis ratios plotted on a Day plot [41] for representative samples from the PT2 drill 

core. SD—single domain; PSD—pseudosingle domain; MD—multidomain; SP—superparamag-

netic. The colour change in the colour bar corresponds to the magnetic susceptibility. The higher the 

magnetic susceptibility value is, the darker the sample point. 

Figure 7. Hysteresis ratios plotted on a Day plot [41] for representative samples from the PT2 drill
core. SD—single domain; PSD—pseudosingle domain; MD—multidomain; SP—superparamagnetic.
The colour change in the colour bar corresponds to the magnetic susceptibility. The higher the
magnetic susceptibility value is, the darker the sample point.



Minerals 2023, 13, 577 9 of 14Minerals 2023, 13, x FOR PEER REVIEW 9 of 14 
 

 

 

Figure 8. FORC diagrams for representative samples from the PT2 drill core. (a–d) are samples with 

high χ values, and (e–h) are samples with low χ values. Red means strong signal, blue means weak 

signal. 

5. Discussion 

5.1. Characteristics of Magnetic Susceptibility 

Detailed rock magnetic studies show that the major magnetic minerals in the PT2 

drill core are mostly magnetite and some haematite. There is maghemite in the lower part 

of the core. In terms of the domain state, the hysteresis loops and Day plot diagrams of 

the samples with high χ values show typical PSD particle characteristics. The FORC dia-

gram implies that the magnetic particles are widely distributed, mainly the SD, MD and 

SP grains. The magnetic domains of samples with lower χ values vary greatly between 

different samples. Some of the FORC diagrams show SD and/or SP grain characteristics, 

and others show PSD particle characteristics, which is consistent with the results of the 

hysteresis loops and Day plot diagram. In terms of ferrimagnetic mineral content, SIRM, 

ARM and the χfd of samples with high χ values are higher, and ARM/SIRM is lower. These 

layers have higher ferrimagnetic mineral contents. The absolute content of single-domain 

particles and superparamagnetic particles is higher. The ARM, SIRM and the χfd in parts 

of the core where χ is low are lower, and ARM/SIRM is higher, demonstrating that the 

ferrimagnetic mineral content is low. Single-domain particles and superparamagnetic par-

ticles have a low absolute content. 

5.2. Mechanism of Magnetic Susceptibility Variability 

Numerous studies have focused on the factors influencing the magnetic properties 

of lake sediments [47,48]. The mechanisms that drive changes in χ can be explained in the 

following ways: (1) the change in material source [49,50]; (2) low-temperature oxidation 

of primary magnetite [51,52]; (3) pedogenesis [53,54]; (4) reductive dissolution under an-

aerobic conditions [22,48,55]; and (5) precipitation status in catchment areas [47]. 

The sources of magnetic minerals in sediments can be divided into two categories: 

endogenous and exogenous. Endogenic refers to the authigenic minerals generated by 

sediments in the secondary environment. Greigite is a typical mineral in lake environ-

ments. The external sources are divided into detrital input and aeolian input, which are 

brought into the lake by transport via water or wind, respectively. The FORC figure shows 

Figure 8. FORC diagrams for representative samples from the PT2 drill core. (a–d) are samples
with high χ values, and (e–h) are samples with low χ values. Red means strong signal, blue means
weak signal.

5. Discussion
5.1. Characteristics of Magnetic Susceptibility

Detailed rock magnetic studies show that the major magnetic minerals in the PT2
drill core are mostly magnetite and some haematite. There is maghemite in the lower
part of the core. In terms of the domain state, the hysteresis loops and Day plot diagrams
of the samples with high χ values show typical PSD particle characteristics. The FORC
diagram implies that the magnetic particles are widely distributed, mainly the SD, MD and
SP grains. The magnetic domains of samples with lower χ values vary greatly between
different samples. Some of the FORC diagrams show SD and/or SP grain characteristics,
and others show PSD particle characteristics, which is consistent with the results of the
hysteresis loops and Day plot diagram. In terms of ferrimagnetic mineral content, SIRM,
ARM and the χfd of samples with high χ values are higher, and ARM/SIRM is lower. These
layers have higher ferrimagnetic mineral contents. The absolute content of single-domain
particles and superparamagnetic particles is higher. The ARM, SIRM and the χfd in parts
of the core where χ is low are lower, and ARM/SIRM is higher, demonstrating that the
ferrimagnetic mineral content is low. Single-domain particles and superparamagnetic
particles have a low absolute content.

5.2. Mechanism of Magnetic Susceptibility Variability

Numerous studies have focused on the factors influencing the magnetic properties of
lake sediments [47,48]. The mechanisms that drive changes in χ can be explained in the
following ways: (1) the change in material source [49,50]; (2) low-temperature oxidation
of primary magnetite [51,52]; (3) pedogenesis [53,54]; (4) reductive dissolution under
anaerobic conditions [22,48,55]; and (5) precipitation status in catchment areas [47].

The sources of magnetic minerals in sediments can be divided into two categories:
endogenous and exogenous. Endogenic refers to the authigenic minerals generated by
sediments in the secondary environment. Greigite is a typical mineral in lake environments.
The external sources are divided into detrital input and aeolian input, which are brought
into the lake by transport via water or wind, respectively. The FORC figure shows that
the coercivity of minerals is low, indicating that secondary minerals such as greigite are
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not formed [22]. The aeolian input of sand in Southwest China is very limited [56,57].
Therefore, the main terrestrial source of Heqing Lake is detrital material transported by
flowing water. Furthermore, differences in the composition of the underlying bedrock
may result in changes in material provenance [47]. The bedrock around the Heqing Basin
is mainly composed of Triassic limestone and Palaeogene calcareous conglomerate. The
material source is relatively simple and stable. Therefore, there is no obvious change in the
source area of the PT2 drill core.

Zhang et al. [52] argued that the low χ value is caused by low-temperature oxidation
of the primary magnetite (the process of magnetite transforming into maghemite and
finally forming haematite) [19,48]. After undergoing the low-temperature oxidation, more
haematite is often formed; thus, the χ value is reduced. However, our data do not support
this view. The χ-T curve shows that haematite is present in all parts of the core, but it is
more obvious in the lower part of high χ. Therefore, the low-temperature oxidation process
may not be a dominant factor in the sediment of the PT2 drill core.

A large amount of maghemite and SP particles are often formed during pedogene-
sis [40,54]. However, maghemite exists only in the lower part of the PT2 drill core, and
there is no maghemite in the upper part of the core with high χ. The overall change of χfd
in the lower core is not significant, and there is no obvious increasing or decreasing trend.
These features indicate that the influence pedogenesis has on the magnetic change in the
PT2 drill core is small [47].

Post-depositional diagenesis of detrital magnetic minerals is common in lacustrine
sediments [48,52,55]. The reductive dissolution process often takes place under anaerobic
and waterlogged conditions [48,52,58]. Fine-grained magnetite and maghemite were
preferentially dissolved [4,22,59]. The χ is generally low in the upper part of the PT2 drill
core, and there is no maghemite, which may be due to strong dissolution. The χ is generally
higher in the lower part of the core; in addition, part of the maghemite is not completely
decomposed, and the dissolution process may have been weak. In addition, the dissolution
process may result in a wider range of grain sizes [54]. Both the Day plot diagram and
the FORC diagram show a wide distribution of magnetic domains. The colour of the
sediments in the core is mostly green-grey, which also shows the existence of the reduction
environment from another point of view [60].

As an insoluble substance, Ti is not easily lost during the transport of terrestrial debris.
Therefore, it is often used to reflect the input of terrestrial sources [61,62]. Although there
was no significant positive correlation between Ti and χ values in the sediment of PT2, the
pattern of variability was basically the same (Figure 3). This indicates that the input of
foreign debris is the main source of sediment in PT2 [22,63]. In the lower part of the PT2
drill core, the lithology is basically composed of green-grey clay with uniform texture, and
the overall climate conditions were relatively stable. This may be the reason why the Ti
content in the lower layer does not change significantly. Moreover, the change in lithology
may also lead to a change in the range of Ti.

Additionally, regional precipitation will affect the amount of debris input. When
precipitation decreases in catchment areas, a drier climate will inhibit the growth of veg-
etation. Therefore, there is little to resist debris during transport, and the erosion of the
catchment increased, resulting in a substantial increase in debris being transported to the
lake [47,63] (Figure 9a). Therefore, the χ, ARM, SIRM, and Ti values are relatively high,
and ARM/SIRM is relatively low. The magnetic domains are widely distributed, with
obvious PSD characteristics. The humid climate in the catchment area resulting from pre-
cipitation increases is conducive to the growth of vegetation, which increases the resistance
encountered by debris during transport. In addition, the erosion caused by flowing water is
weakened, and the debris entering the lake is reduced [47,51] (Figure 9b). Therefore, the χ,
ARM, SIRM, and Ti values are relatively low, and the ARM/SIRM is relatively high. Wang
et al. [64] included the influence of flowing water and land use/land cover change (human
activities) when studying the Guizhou Plateau in Southwest China, and Liu et al. [65]
demonstrated that the southern part of China would be affected by the input of aeolian
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sand through their research on the red soil in the middle and lower reaches of the Yangtze
River. Therefore, combined with the results presented in this paper, we believe that the
southwest region is less affected by aeolian sand transport, and more consideration should
be given to the influence of oxidation and reduction processes. The southeast region should
consider aeolian sand transport, combined with the local topography for detailed analysis.
The magnetic minerals in both places mainly enter the lake in the form of debris and are
affected by the vegetation changes at that time.
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Figure 9. The process of magnetic mineral input in dry and humid climates, where (a) is dry and
(b) is humid. The blue dotted arrows represent rainfall. The solid blue arrows represent the direction
of water flow.

In summary, the change in material source, the low-temperature oxidation of primary
magnetite and pedogenesis are not the main factors causing the magnetic differences in
the PT2 drill core; however, the process of reductive dissolution after lake deposition
and precipitation in the catchment area have a substantial influence on the changes in χ.
Therefore, the weak reductive dissolution process and the input of exogenous debris in this
paper may be a better explanation for the magnetic enhancement mechanism.

6. Conclusions

In this work, the rock magnetism of the PT2 drilling core was studied in detail, and
it was determined that the change in χ in the PT2 core was greatly affected by reductive
dissolution and regional precipitation. The primary magnetic minerals in the PT2 core
were magnetite, maghemite, and haematite. The χ values in the upper part (0–13.5 m)
were lower than those in the lower part (13.5–33.5 m). There was no maghemite in the
upper part. It can be concluded that the reductive dissolution was a stronger factor in the
upper part of the core, which resulted in the complete decomposition of the magnetite in
the upper part and the retention of magnetite in the lower part. The magnetic domains of
minerals are distributed more widely through reductive dissolution. The particles were
coarser in the parts of the core where χ was high, and the magnetic domains show obvious
PSD information, as well as SD, SP, and MD characteristics. The magnetic domains in
regions where χ was low vary greatly among the different samples, and the particle size
was finer. When precipitation rates are low, the vegetation is poorly developed, which
results in more debris flowing into the lake and strong magnetic properties. In the case of
abundant precipitation, vegetation is abundant, the debris entering the lake is reduced, and
the magnetism is weak.
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