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The basin sediment provides an important means of studying regional tectonic actives; however, regional
climate factors, overlaying tectonic actives, affect the sedimentary process in the basin. Because of the
lack of long-term scales data, the research on climate change in the arid and semi-arid region is limited.
The PL02 core, located in the center area of deposition in the Yinchuan Basin, has a thick deposit with a
higher resolution and sedimentation rate, making itself practical for the reconstruction of the paleocli-
mate and the coupling relationship between regional tectonic activities and climate change.

The study of the 720-m borehole near Pingluo County is presented in this paper. The chronostrati-
graphic sequence of the core is established by palaeomagnetic dating. The magnetostratigraphic correla-
tion to the geomagnetic polarity timescale shows that the PL02 core recorded the Brunhes, Matuyama,
Gauss, Jaramillo, Olduvai, Kaena and Mammoth polarity chron or subchron. The sedimentation rate
and the magnetostratigraphic of the core indicate that the onset of the PL02 core in this section occurred
at �3.4 Ma BP. The analysis of the core established a detailed chronological framework for regional geo-
logical research. At the stage of 3.22–3.04 Ma, 2.581–1.95 Ma and after 0.012 Ma, the sedimentation rate
increases gradually, which archive three regional tectonic subsidence events.

The frequency-dependent susceptibility of the sediment is used to reconstruct the paleoclimatic
change. The frequency-dependent susceptibility is more effective than the magnetic susceptibility on
reflecting regional climate change in the basin. From 3.4 to 0.467 Ma, the gradual decrease of
frequency-dependent susceptibility reflects the regional climate change from warm and humid to cold
and dry. Since 0.467 Ma, the gradual increase of the frequency-dependent susceptibility corresponds to
the climate becoming warm and humid again.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

The Yinchuan Basin is a Cenozoic fault basin. The Cenozoic evo-
lution of the tectonic stress field of the basin is controlled by the
interaction between the Ordos block in the east, the Alxa block in
the west and the Tibetan Plateau block in the southwest. There
are various types of faults in the basin and its peripheral moun-
tains, which is controlled by different tectonic backgrounds and
mechanisms (Zhang et al., 1998; Deng et al., 2003; Li and Li,
2008; Liu et al., 2010; Wang et al., 2011). The tectonic activity is
intensive. The fault activity, the formation and the evolution of
the basin have long been the focus of debate (Ma et al., 1982;
Liu, 1998; Liu et al., 1990; Darby and Ritts, 2002; Hou et al.,
2012; Huang et al., 2013; Cheng et al., 2014). In addition, the region
lies in the transition zone of arid and semi-arid climates, which has
recently become a focus of research of the East-Asian monsoon and
global climate change.

The Yinchuan Basin continues to sink and receive the eroded
materials from the surrounding mountains and plateaus, which
causes thick sediments in the basin. The deposition of the conti-
nental sedimentary basin is generally regarded as an important
component of the alluvial and fluvial archive, which provides reli-
able evidence for regional tectonic activity or long-timescale cli-
matic fluctuation. Therefore, the sedimentary characteristics
(such as sedimentary facies, chemical composition, grain size, sus-
ceptibility and so on) of the basin have become a popular topic for
research (Zheng and Liu, 1994; Lin et al., 2001; Zhang et al.,
2010a,b).
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Previous studies have performed many drillings to analyze the
development and activity of faults in the case of bedrock
(Research Group AFSOM, 1988; NBGMR, 1989). However, the sed-
iment cores are usually short and only span part of the Quaternary
period (Zheng and Liu, 1994; Tong et al., 1995, 1998). Although
some sediment cores are long, the sampling density is too low to
rebuild the sediment transport and deposition process in detail,
and even worse, some of the cores have not been studied regarding
dating (NBGMR, 1989). To some extent, the weak precision of the
instrument also limits further research. In general, the results of
the study are questionable (Research Group AFSOM, 1988; Zheng
and Liu, 1994). This paper describes a detailed study of the mag-
netic stratigraphy of the Pingluo PL02 borehole in the Yinchuan
Basin. Through establishing a chronological framework and analyz-
ing the relationship between frequency-dependent susceptibility,
magnetic susceptibility and the regional environmental change,
this paper provides basic data for the regional tectonic activity.
2. Geological setting

The Yinchuan Basin, which is also known as the Yinchuan
Graben, is located in the northeast of Tibetan Plateau; the area
has experienced a multi-period intensive uplift and has a great
effect on the landform evolution of the adjacent areas in Cenozoic
(Molnar and Tapponnier, 1975; Zhang et al., 1990). The Yinchuan
Basin is located to the east of Helan Mountain, which has an altitude
of more than 3500 m, and to the west of the Ordos Plateau, which
has an average altitude of approximately 1500 m, and it is covered
by desert in the north and loess in the south.

The basin has a NNE–SSW trend. The Yinchuan Basin is 165 km
in length from south to north, 42–60 km in width from east to west,
and has an area of 7790 km2. As a rifted basin, the Yinchuan Basin
developed on the basis of the Yinchuan anticlinorium, which was
formed by the intensive compression of the blocks in the
Mesozoic (Darby and Ritts, 2002). The eastern and western bound-
aries of the basin are the Yellow river fault and the eastern margin
fault of Helan Mountain, respectively. The southwestern boundary
is the Niushoushan fault, and the northern boundary is the
Zhengyiguan fault (NBGMR, 1989) (Fig. 1). The NNE trending faults
in the basin are almost parallel to each other, which controls the
NNE–SSW trend of the rifted basin. The basin is mainly filled by
Cenozoic sediments, the thickness of which is more than 7500 m
near the axis. Most of the bases of the tertiary sediments belong
to the Paleozoic strata, and a few belong to the Cretaceous strata.
The thickness of Quaternary sediment alone is up to 2000 m by
the speculation of geophysical prospecting (NBGMR, 1989). The
current measurements at the Earth’s surface show that the
Yinchuan Basin is still in intermittent subsidence. The sediment
rate of the basin is 0.22 cm per year, on average, relative to Helan
Mountain (NBGMR, 1989). The Yellow River, which originates in
the Tibetan Plateau, runs through the basin from south to north
and carries a large amount of mud and sand into the basin.

With a temperate continental climate, the Yinchuan Basin is dry
and cold in winter, which is dominated by prevailing north winds,
but is always sunny in summer. The annual average temperature is
5.7–9.5 �C and decreases gradually from the north to the south. The
annual temperature range is large. Affected by monsoon, the
annual average precipitation is 170–200 mm, with a gradual
reduction from south to north. Usually, precipitation is concen-
trated in summer; in particular, the precipitation in July and
August accounts for more than 50% of annual precipitation. The
annual average evaporation is 1829.1 mm (NBGMR, 1989). The
land cover between east and west of the basin is different: it is
semi-arid grassland vegetation in the east, while it has an arid
desert landscape in the west.
From west to east, the main topography units of the study
region are the middle relief mountain (Helan Mountain), piedmont
pluvial floodplain (composed of many pluvial fans), and alluvial
floodplain (the Yellow River valley).
3. Materials and methods

This paper mainly discusses the magnetostratigraphy of the
Yinchuan Basin and its paleoclimatic significance based on the
records of a drilling core. The location of sampling drilling is 38�
55026.6200N, 106�3603.820E, with an altitude of approximately
1103 m. The location is approximately 11 km west of the Yellow
River and 22 km east of Helan Mountain. The sampling drilling is
performed on the east side of Yinchuan-Pingluo fault and on the
alluvial floodplain. The length of drilling core is 720 m.

The model of the drilling rig is XY-6B with a hydraulic
impact-rotary system, which was made in China. A triple tube swi-
vel type rotary corer is applied in the drilling. In the process of dril-
ling, the core samples are directly packed into the polyvinyl
chloride tube that is the inner-most tube of the triple drilling pipe,
which reduces the external disturbances for the sediment core. The
wall of the core has been consolidated with casing pipes from 0 to
70 m and mud protection from 70 to 720 m in depth. The drilling
work took over two months and was completed in August, 2013.

The great thickness of the Quaternary deposit is consistent with
the sedimentation rate of the Yinchuan Basin, which provides a
convenient means for core dating. We collected magnetic stratigra-
phy samples of the drilling to obtain a more precise age. Generally,
the oriented block samples are collected at 0.2-m intervals.
Depending on the core recovery rate of the sediments (the core
recovery rate is 94.7%), small amounts of the sampling intervals
are as large as 0.4–1.0 m. Each sample was processed indoors
according to the lithological characteristics. Each clayey core sam-
ple is cut into three sets of cube specimens, each with a size of
2 � 2 � 2 cm3. Each sandy core sample is made into cylinders
and placed into three glass tubes with a size of 2 cm in height
and 2 cm in diameter, which are sealed by silicone. A total of
3400 directional samples are obtained. The paleomagnetic mea-
surements are performed on a 2G-755R Superconducting Rock
Magnetometer in the paleomagnetic and rock magnetism labora-
tory, Institute of Earth Environment, Chinese Academy of
Sciences. The measured specimens include 1837 thermal demag-
netization specimens and 747 alternating demagnetization speci-
mens. The processing and measurement of all of the specimens
are performed in a magnetically shielded environment. Thermal
demagnetization specimens are heated by the TD-48 Thermal
Demagnetizer and then measured using a 2G-755
Superconducting device. A system thermal demagnetization mode
is adopted with 16 steps, which are at 25 (at room temperature),
100, 120, 150, 200, 250, 300, 350, 400, 450, 500, 550, 580, 600,
650 and 675 �C. The alternating demagnetization specimens are
directly measured using a 2G-755 Superconducting device. The
measurements are performed in 15 steps: 0, 50, 80, 100, 120,
150, 200, 250, 300, 350, 400, 450, 500, 600, 700 and 800 Gauss
for system demagnetization.

To obtain the top age of the core, eight 14C samples are taken in
the upper part of the core, where the organic matter is relatively
rich and the sediment which is dark in color, varies from blue gray
to black. All samples were submitted to Beta Analytic Inc. for AMS
radiocarbon dating. Radiocarbon ages were calibrated by the
INTCAL13 calibration curve (Reimer et al., 2013) and are showed
as 2 sigma standard deviation and mean calibration ages (Table 1).

The powder samples are taken at 0.1-m intervals from the core
for magnetic susceptibility measurements. A total of 6692 samples
are collected. These samples are air-dried in the laboratory and



Fig. 1. Sketch of the study region. (A) A digital elevation model (DEM) image showing the Yinchuan Basin distribution. The black rectangle outlines the region of the Yinchuan
Basin. (B) Main faults in the basin. F1: Easter margin fault of Helan Mountain; F2: Luhuatai fault; F3: Yinchuan-Pingluo fault; F4: Yellow River fault; F5: Niushoushan fault. (C)
Geologic cross-section (A0–B0) from Helan Mountain in the west to the Yellow River in the east, as shown in (B).
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then gently grinded and measured using a Bartington MS2 mag-
netic susceptibility meter to obtain the magnetic susceptibility.
4. Results and discussion

4.1. Paleomagnetism and dating

The results of thermal demagnetization (Fig. 2) show that the
remanent magnetization of the majority of specimens contains
two parts: a low temperature component and a high temperature
component. At low temperature, the remanence and its direction
change is relative large. A turning point appears when the demag-
netization temperature increases to 250 �C or 300 �C. With the con-
tinuously rising temperature, the trajectory of the vector is
relatively stable, the end point is toward the origin, and the rema-
nent magnetization gradually decreases (high temperature compo-
nent), which shows that the secondary remanent magnetization is
cleaned out and that the native characteristic remanent magneti-
zation is obtained. However, there are still some individual
samples for which the secondary viscous remanent magnetism
and isothermal remanent magnetization of the specimens are not
cleaned until the demagnetization temperature reaches 500 �C or
580 �C.

Under the condition of alternating demagnetization, the trajec-
tory of demagnetization changes at 100 and 500 Gauss, with a
decrease of the remanent magnetization; subsequently, the pri-
mary remanent magnetization is obtained (Fig 2). There are only
a few specimens that have a secondary remanent magnetism that
cannot be cleaned; these specimens can be cleaned by thermal
demagnetization. The results show that the magnetic characteris-
tics are various. Goethite is the main magnetic mineral, and greig-
ite or pyrrhotite may be included. In addition, maghemite and
magnetite occupy a certain proportion. The measurement results
of the characteristic remanent magnetization of the thermal
demagnetization are shown in Fig. 3. The characteristics of alter-
nating demagnetization and the changes of thermal demagnetiza-
tion are similar. The directions of the characteristic remanent
magnetization (ChRM) are calculated using the least-squares fit-
ting technique (Kirschvink, 1980).



Table 1
Radiocarbon ages in years BP and calibrated of the Pingluo core.

Code. lab Depth (m) Conventional radiocarbon
age (yr BP)

2 Sigma calibrated radiocarbon
age (cal yr BP) (95% probability)

Mean calibrated radiocarbon
age (cal yr BP)

Beta-394162 2.8 3490 ± 30 3840–3690 3655
3660–3650

Beta-399959 8.0 7680 ± 30 8540–8410 8425
Beta-402814 8.2 7500 ± 30 8380–8300 8340

8255–8215
Beta-399960 8.8 6820 ± 30 7690–7610 7650
Beta-402815 13.0 7170 ± 30 8020–7950 7985
Beta-394163 13.2 29,580 ± 150 33,960–33,565 33762.5
Beta-399961 14.8 7860 ± 30 8715–8590 8652.5
Beta-399962 16.8 12,930 ± 40 15,600–15,295 15447.5

Fig. 2. Result of the thermal demagnetization and alternating demagnetization of the PL02 core and their correlations with the geomagnetic timescale.
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The remnant magnetization is mainly of normal polarity at the
layer of 0–137.2 m and of reversed polarity at 137.2–496.3 m in
depth, with two instances of normal polarity at 162.4–179 m and
284.3–333.8 m. Subsequently, the remnant magnetization returns
to normal polarity at 496.3–720 m, with two layers of reversed
polarity at 606.8–640.3 m and 680.3–704.1 m (Fig. 3).



Fig. 3. Representative demagnetization diagrams of both thermal (a–d) and alternating demagnetization (e–f). Solid (hollow) square plot inclination (declination) within the
orthogonal demagnetization diagrams; NRM denotes the natural remnant magnetization.

Table 2
Boundary age and sedimentation rate of the core in Pingluo.

Depth of
Borehole/m

Boundary type Age/Ma BP Sedimentation
rate/m/kyr

0.83 a 0
2.8 Derived from 14C 0.004080 0.483
16.8 Derived from 14C 0.012455 1.672
137.2 B/M 0.78 0.166
162.4 Top of Jaramillo 0.99 0.120
179 Bottom of Jaramillo 1.07 0.208
284.3 Top of Olduvai 1.77 0.150
333.8 Bottom of Olduvai 1.95 0.275
496.3 M/G 2.581 0.258
606.8 Top of Kaena 3.04 0.241
640.3 Bottom of Kaena 3.11 0.479
680.3 Top of Mammoth 3.22 0.364
704.1 Bottom of Mammoth 3.33 0.216
720.7 b 3.40 0.216

a The top 0.83 m-thickness deposition is disturbed and deposited by human
activities.

b Calculated by sedimentation rate of Mammoth subchron.
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Compared with the geomagnetic polarity timescale (GPTS)
(Cande and Kent, 1995), the layer of 0–137.2 m is the Brunhes nor-
mal chron, 137.2–496.3 m is the Matuyama reversed chron and
496.3–720 m is the Gauss normal chron. Among them, the layers
of 162.4–179.0 m and 284.3–333.8 m are the Jaramillo and
Olduvai normal subchron, respectively. Those at 606.8–640.3 m
and 680.3–704.1 m are the Kaena and Mammoth reversed sub-
chron, respectively. The main polarity and sub-polarity periods of
alternating demagnetization are consistent with those of the ther-
mal demagnetization, which further confirms the reliability of the
thermal demagnetization.

The normal polarity without reversal polarity at the bottom of
the core indicates that the bottom is still in the Gauss normal
chron. The age of 680.3–704.1 m, which corresponds to the
Mammoth reversed subchron, spans from 3.33 to 3.22 Ma, with
the sedimentation rate circa 0.216 m/kyr. By this calculation, the
age of the core bottom is approximately 3.4 Ma.The top
0.83 m-thick deposition of the borehole was disturbed and depos-
ited by human activities. To develop a reliable chronological frame-
work, 8 radiocarbon samples were measured. The result (Table 1)
is mostly consistent with the age–depth model except the lab No
Beta-394163 which may be older because of leaching and moving
of the groundwater. Based on the other 7 radiocarbon calibrated
ages (Table 1, mean calibrated age), a line trend equation has been
deduced:

y ¼ 598:2xþ 2405 ðR2 ¼ 0:679Þ

where y is the derived age (cal yr BP), and x is the depth (m) of the
core.
Using the derived linear equation, you can then obtain that the
ages at the depth of 2.8 m and 16.8 m are 4080 cal yr BP and
12,455 cal yr BP (circa 0.012 Ma) respectively.

Combined with other polar reversal boundary age (Table 2), the
age-depth curve is close to a straight line (Fig. 4), which indicates
that a reasonable calculation was performed. Therefore, the depo-
sition of the borehole started at circa 3.4 Ma BP. The age within the
interval between polarity reversal boundaries (or the 14C age) can



Fig. 4. Variation of the depth-age (dotted line) and sedimentation rates (solid line)
of the PL02 core.
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be calculated by a linear interpolation between adjacent magne-
tostratigraphic control points.
4.2. Sedimentation rate and tectonic activities

The sedimentation rates are quite different at various periods,
which can be divided into four stages (Fig. 4). From 3.4 to
3.04 Ma, the sedimentation rate increases gradually, which is high
in the whole core and is up to 0.478 m/kyr at the end of the stage.
At 3.04–1.77 Ma, the sedimentation rate increases gradually and is
up to 0.275 m/kyr, which is slightly lower than that at the previous
stage. At 1.77–0.012 Ma, the sedimentation rate is the lowest in the
whole core. After 0.012 Ma (or during the Holocene), the sedimen-
tation rate increases rapidly.

The sedimentation rate of the basin is mainly related to the
regional tectonic activity and climate change. The tectonic activity
mainly caused the periodic change of the sedimentation rate in this
area. The borehole is located in the central of the flat Yinchuan
Basin and is far from the mountains. The borehole is approximately
22 km east of Helan Mountain and more than 135 km north of the
southern mountains (Fig. 1). When the Yellow River flows from
southern mountains (which lie on the Tibetan Plateau block) into
the Yinchuan Basin, the carrying capacity of the river decreases,
which is a response to the rapidly decreasing channel gradient.
Subsequently, the river flows from southwest to northeast in the
basin and runs through Pingluo. Thus, the particle size of the sed-
iment near Pingluo is fine, composed mainly of medium sand, fine
sand, and clay (Fig. 5). The sediments of the core also mainly con-
sist of medium sand, fine sand and clay. The effect of climate
change on the sedimentation rate in the central basin is quite small
relative to the edge of the basin. In addition, the sedimentation
rates of the core are high, except the third stage. For the center
of the basin, the highest sedimentation rate is 1.672 m/kyr, which
may not be dominated by climate.

From the viewpoint of fluvial landscape evolution, the timing of
the river incision is dominated by climate change in the context of
tectonic activity (Pan et al., 2009). The frequency of climate change
is higher than that of tectonic activity. As a result, tectonic activi-
ties can often be recorded by river incision and erosion materials
depositing rapidly in a low-lying basin. The sedimentation rates
of the core increase rapidly at the stage of 3.22–3.04 Ma, 2.581–
1.95 Ma and after 0.012 Ma. In particular, the sedimentation rate
of the core has changed dramatically and reached a high value
since 0.012 Ma. This result shows that three tectonic activities
may have occurred along with a relative subsidence and a high
sedimentation rate since 3.4 Ma in this area.

4.3. Frequency-dependent susceptibility

Low-frequency mass magnetic susceptibility (also known as
magnetic susceptibility) and frequency-dependent susceptibility
are important indicators for the climate research. In the
loess-paleosol profiles, the magnetic susceptibility of paleosol is
of high value, while that of loess is of low value. The paleosol layer
corresponds to the warm interglacial climate and has strong pedo-
genesis, which causes the frequency-dependent susceptibility to
have a high value. The loess layer corresponds to a cold glacial cli-
mate that makes the frequency-dependent susceptibility have a
low value (Liu, 1985; Kukla et al., 1988; Maher and Thompson,
1991). However, for fluvial sediment, the climate characteristics
indicated by the value of magnetic susceptibility are much more
complicated. Many factors, such as the terrain, water power, water
depth of sediment and land cover, are likely to lead to a change of
magnetic susceptibility (Thompson and Oldfield, 1986; Dunlop and
Ozdemir, 1997; Wang et al., 2008; Xu et al., 2010; Gerald et al.,
2015). The indicating significance shown by magnetic susceptibil-
ity may be different in different regions; sometimes it is even
opposite for the different response modes to climate and environ-
ment (Hagen and Nicolas, 1999; Zhang et al., 2010b).

Frequency-dependent susceptibility reflects features of super-
paramagnetic ferromagnetic minerals with very fine particles
(smaller than 0.035 lm) or viscous ferromagnetic minerals for
which the particle size is nearly stable at the single-domain bound-
aries. These minerals are one of major contributors to the magnetic
susceptibility of deposits formed by weathering and pedogenesis
(bacteria or chemical processes in the soil) (Thompson and
Oldfield, 1986; Oldfield, 1991). The climatological significance
revealed by frequency-dependent susceptibility is more direct than
that revealed by magnetic susceptibility in this core (Fig. 5).

The frequency-dependent susceptibility of the Pingluo core
exhibits some obvious change in the stages (Fig. 5A), though the
value of the frequency-dependent susceptibility is very low. At
the stage of 3.4–2.41 Ma, the frequency-dependent susceptibility
value is high and fluctuates with a large amplitude. At 2.41–
1.84 Ma, the value and fluctuation of the frequency-dependent sus-
ceptibility is lower than that at the previous stage. At 1.84–
0.467 Ma, the value and fluctuation of the frequency-dependent
susceptibility is the lowest; since 0.467 Ma, it increased again. In
summary, the frequency-dependent susceptibility decreased grad-
ually and periodically from 3.4 Ma to 0.467 Ma. Conversely, the
magnetic susceptibility slowly increased at this time (Fig. 5B).

The study area is located in the arid and semi-arid transition
zone. In warm and humid periods, the chemical weathering, bio-
logical process and pedogenesis are strong, which causes the for-
mation of fine particle minerals (such as superparamagnetic,
stable single domain and multi-domain grain). Although most of
the superparamagnetic may be dissolved in a reducing condition
(Anderson and Rippey, 1988; Snowball, 1993; Evans et al., 1997;
Hagen and Nicolas, 1999) during the humid climate period, a very
small amount of superparamagnetic grains remain preserved in
the sediment since many superparamagnetic grains have devel-
oped in warm-humid climatic conditions, which is the contributor
of the frequency-dependent susceptibility. Thus, the
frequency-dependent susceptibility is relatively high with a large
fluctuation at the first stage in the core. Conversely, in the cold
and dry period, with less precipitation, the physical weathering is
strong, but the chemical weathering and pedogenesis is weak,



Fig. 5. Lithostratigraphy and magnetostratigraphy of the PL02 core and its variation curves compared to Lingtai loess record (Sun and An, 2005). (A) frequency-dependent
susceptibility and (B) magnetic susceptibility of Pingluo core. (C) Magnetic susceptibility, (D) mean particle size and (E) mass accumulation rate of Lingtai loess.
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resulting in the frequency-dependent susceptibility having a low
value with a small fluctuation. From 3.4 to 0.467 Ma, the gradual
decrease of the frequency-dependent susceptibility indicates that
the regional climate changed from warm and humid to cold and
dry. Since 0.467 Ma, the gradual increase of the
frequency-dependent susceptibility indicates that the climate
became warm and humid again.

The trend of the magnetic susceptibility and the trend of the
frequency-dependent susceptibility are opposite in value. From
3.4 to 0.467 Ma, the magnetic susceptibility increased gradually,
but it began to decrease since 0.467 Ma. In warm and humid peri-
ods, with high precipitation and a high groundwater level, the sed-
iment is in a super reducing condition fluvio-lacustrine
environment and the magnetic susceptibility is low. In the cold
and dry period, with less precipitation and low groundwater level,
the oxidation is strong with high magnetic susceptibility, which is
consistent with the climatic tendency that changed from warm and
humid to cold and dry according to the frequency-dependent
susceptibility.

The climatic temporal changes recorded by the loess in Lingtai
(Sun and An, 2005) and other sections (Nie et al., 2014) exhibit
some similar trends with those of the sediment at Pingluo core,
though the loess is considered to be a kind of eolian deposit which
is different from the alluvial and fluvial deposit in Pingluo. The
changes of the Lingtai loess section can be basically divided into
three stages from the curves (Fig. 5C and D). In the first period
(circa from 3.6 to 2.6 Ma), both the value and amplitude of the
mass accumulation rate and the mean particle size are the lowest
in the section (Fig. 5D and E). The magnetic susceptibility is high
but has a small fluctuation (Fig. 5C). In the third period (circa from
0.55 Ma to present), both the value and amplitude of the magnetic
susceptibility, mass accumulation rate and the mean particle size
are high. The variations of the second period fall somewhere in
between.

More important than all of those, the reconstructed mass accu-
mulation rate demonstrates that the distinct aridity–humidity
fluctuations occurred over glacial–interglacial timescales, and
these were superimposed on a gradual long-term drying trend over
the past 3.6 Ma (Sun and An, 2005). This drying trend is consistent
with the archive of the Pingluo core, though there are still some
differences which are under the control of the variations of the sed-
imentary environments and regional tectonic activities. More stud-
ies are needed to test this issue.
5. Conclusions

The paleomagnetic result of the Pingluo core revealed the
detailed changes of the magnetic polarity reversals since 3.4 Ma
because the borehole is up to 720 m and has a high sedimentation
rate. The Brunhes, Matuyama, Gauss, Jaramillo, Olduvai, Kaena and
Mammoth polarity chrons or subchrons are recorded as an archive.
The results establish a detailed chronological framework for regio-
nal geological studies. At the stages of 3.22–3.04 Ma and 2.581–
1.95 Ma and after 0.012 Ma, the sedimentation rate increases grad-
ually, which archives three regional tectonic subsidence events.
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Because Pingluo is located in an arid and semi-arid transition
zone, the frequency-dependent susceptibility is more effective
than the magnetic susceptibility in reflecting regional climate
change. From 3.4 to 0.467 Ma, the gradual decrease of the
frequency-dependent susceptibility reflects the regional climate
change from warm and humid to cold and dry, even though the
value of the frequency-dependent susceptibility was very low.
Since 0.467 Ma, the gradual increase of the frequency-dependent
magnetic susceptibility indicates that the climate became warm
and humid again. The change of the magnetic susceptibility is rel-
atively complex and requires further research.
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