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Abstract: Through the Pearl River Estuary Wan Qing-sha W2 core AMS 
14

C dating of 

sediments, combining with paleomagnetic test, pollen analysis, and comprehensive 

comparison with other relevant records, the regional framework of Holocene age was 

established. Using the combined feature grain size and magnetic susceptibility proxies 

for the environment, climate change information in the area since about 6 000 cal yr BP 

was obtained. The result showed the area since the middle Holocene had experienced 

three stages climate changes of warm and dry - cool and wet temperature and humidity. 

South area of China in the late Holocene climate (especially rainfall) had important 

changes, corresponding to the Northern Hemisphere solar radiation reducing, air 

temperature decreasing, Asian monsoon weakening, and it had close ties with activities 

to strengthen El Nino - Southern Oscillation events.  
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The granularity of the sediment is an important physical indicator of sediment 

environment. As shown in the research of the loess formed by the accretion of wind and 

dust, the grain size of the loess is a good indicator of the changes of the East Asian 

monsoon, and it can be correlated to the curve of the deep-sea oxygen 

isotope(δ
18

O).Meanwhile, magnetic susceptibility is one of the indices which show the 

magnetic features of the sediments. The information of the environment changes can be 
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displayed through analyzing the curve of the magnetic susceptibility. The researches of the 

deep-sea sediment show that the magnetic susceptibility and the granularity of the 

sediments can be used to measure the speed and the transporting capacity of the ocean 

current. Also, the researches of the sedimentology show the magnetic susceptibility and 

the granularity of the sediments indicate the climate changes of drying and wetting. In 

1980s, Huang Zhen-guo et al. studied on the formation and evolution of the Pearl River 

estuary, followed by Lan Xian-hong, Zhang Weiqiang, Zheng Zhuo, Liu Chun-lian, who 

have further researched on the climate changes of the Pearl River estuary. However, few 

people have focused on the climate change there after Holocene and less researches were 

on the magnetic susceptibility and the granularity of the sediments and its relations with the 

climate changes, since most of their researches are on the spore and pollen, clay mineral 

and foraminifer. This thesis focuses on the evolution of the climate environment of the 

Pearl River estuary after Holocene through analyzing the magnetic susceptibility, the 

granularity of the sediments and other substitute indices such as the spore pollen.  

 

1  The natural environment of the Pearl River estuary  

 

The Pearl River estuary lies in the south of China with the surface area of 10 000 km
2
.  

It is a plain area, where the Pearl River water system joins the South China Sea. Since 

later Pleistocene epoch, it had sediments composed of clay, clay with aleuvitic texture, 

aleuvite. The thickness of the sediments ranges from several meters to scores of meters 

because of the changes of basement topography and the rate of deposition is from 50 cm 

to 250 cm every millennium. The drill core W2 under study is located in a town, named 

Wan Qing-sha Town, which lies in the south of Guang Zhou city surrounded by sea at the 

three sides (Fig. 1) . 

 

2  The collection of the samples and the research methodology  

 

The number of the samples under research was 141. They were collected with the 

inter-space of 10 cm. The instrument to analyze the grain size was Automatic Laser 

Granularity Analyzer Mastersize 2000 produced by the British company, Malvern, whose 

measurement range of the grain size was from 0.02 to 2 000 μm, and the instrumental 

error of the repeated measurement was less than 2%.  

Steps were as follows:  

a) Add distilled water and 10% hydrogen peroxide to get rid of the organic fertilizer.  

b) Add 10% hydrochloric acid to get rid of inorganic carbon. 

c) Add distilled water, without moving the sample for 24 hours. 
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d) Add the dispersant, at the same time, use the ultrasonic wave to oscillate the sample for 

15 min . 

e) Highly dispersed particle suspension was formed. 

Criterion was the Yudo-Wash side-grading criterion. 

Index:  

The indices of the grain size acquired through the graphical method by Folk and 

Ward, included mean diameter, sorting coefficient, skewness, kurtosis, mode, et al. Mean 

diameter showed the central tendency of the grain size distribution of the sediments, 

reflecting the mean power capacity of the transporting and sediment medium; Sorting 

coefficient was marked by the standard deviation, reflecting the uniformity of the sediment 

particle and the higher the index, the worse the separation; Skewness and kurtosis 

reflected the grain size proportion, the concentration degree of the diameter distribution, 

and the power of the sediment; Mode showed the content figure of the grain which is highly 

distributed, and reflected the separation of the sediment, and the changes of skewness 

and the kurtosis. 

 

    Fig. 1  General situation of Wan Qing-sha and position of core W2 

The instrument to analyze the magnetic susceptibility was the high-low frequency 

susceptibility admeasuring apparatus MS2 produced by the British company Bartington. 

836 samples were tested by repeated measurements on the freshly-cut profile with the 
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inter-space of 2 cm. In order to make sure the accuracy of the result, the mean value was 

acquired by five times’ measurement.  

The samples of four seashells and carbon flakes were collected in the section of the 

sediment with significant changes of characters and appearances to identify the age 

through AMS 
14

C. The pre-treatment of the samples had been carried on in Guangzhou 

Institute of Geochemistry, Chinese Academy of Science, and the measurement in the 

heavy ion physical lab of Peking University with AMS. The indices related to the age of the 

samples were revised by the software Calib5.0 (Tab. 1). 

The measurement of the paleomagnetism was carried on with Superconducting Rock 

Magnetometer in the Institute of Geology and Geophysics of Chinese Academy of 

Sciences. The samples were collected by drilling (0 m to 15.37 m) with U-shape groove, 

the inter-space being 2 cm, an alternative current demagnetizer with several graces. The 

magnetic remanence was acquired through principle components analysis and the 

magnetic dip through Fisher’s statistical method. The figure was reliable because the value 

of MAD was between 0 and 3 with little error.  

 

3  Result and discussion  

 

3.1  Identification sediment age  

The lithological characters show that there is an obvious change in 15.37 m. The 

indices of the spore pollen indicate that the number of gramineae and pteridophytes 

increases dramatically from 15.37 m, and Sonneratia mangrove disappears, and 

Dacrydium pierrei deceases sharply. Those are consistent with the description of the 

researches of Sun Shao-xian, Li Ping-ri and Zheng Zhuo. The analysis of paleomagnetism 

shows that most of the samples have the forward magnetic dip showing they are all 

Brunhes normal polarity period of depositions. At the same time, the magnetic dip has 

repeatedly negative value from 16.65 to 15.60 m. Compared with Standard geomagnetic 

polarity time scale and 
14

C dating result, we confer that it is consistent with the Gothenburg 

polarity drift between 11 000 and 12 000 yrs BP. Other researchers have also found the 

record of this event in the lacustrine strata and loess of eastern coastal area in China. With 

all the founding above, the place 15.37 m is the dividing line between Holocene and 

Pleistocene.  

The data of age is reliable with the analysis of all the results. According to the 

interpolation and extrapolation, the data we have acquired form the frame of this research. 

Suppose the rate of sedimentation between the adjacent control points is mean, and the 
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age of the bottom section be 6010 cal yr BP, and the mean rate of sedimentation be 246 

cm/kyr. At the beginning of the Holocene, there is a deletion of deposition. With the 

character of the sediment, the age of the deletion is about 10 to 6 kyr BP.  

3.2  Variations of sediment granularity composition and magnetic susceptibility  

As shown from the research on the sediment granularity, the scope of the grain size 

is between 0 and 1 800 um. The size of the sand (>63 um) mainly is between 440 and 660 cm, 

and the scope of which is relatively large from 3.85% to 88.32%, average 24.55%; that of 

the silt(4 - 63 um), accounts for 5.15% to 58.82%, with average of 36.77%; that of the clay, 

accounts for 5.95% to 66.74%, with depth between 1 050 m and 1 537 cm. The sorting 

coefficient ranges from 0.38 to 3.21, and the mean value 1.87. The samples which have 

lower value have absolute advantage. The skewness value ranges from -0.33 to 0.64 with 

the large scope of 5 kurtosis grades from negative skewness to positive skewness. Most of 

the samples get close to symmetrical and positive skewness, and the mean value is 0.22. 

The kurtosis value is 0.81 to 2.55 with four grades, and most of which are medium 

sharpness and sharpness, and the mean value is 1.16. The result of the particle size 

analysis is shown in Fig. 2. 

Tab. 1  Age data of core W2 in Wan Qingsha, Pearl River Delta 

Samper numbe Depth/ cm Properties Test age / yr BP adjusted age / yr BP 

W2-C1 240 shell 1175 ± 33 1110 ± 60 

W2-C2 670 - 690 shell 1817 ± 29 1770 ± 40 

W2-C3 1 053 shell 2452 ± 40 2540 ± 120 

W2-C4 1 280 charcoal 3698 ± 28 4040 ± 100 

The frequency distribution curve shows not only the grain size, but also the content of 

the size fraction component, and other indices of the samples. So it is often used to display 

the particle distribution. The frequency changes are correlated with the properties of rock 

and the sedimentary surroundings with regular patterns. The samples of depth from 1 357 

to 1 050 cm have main singlet, and mode change less from 10 um to 14 um. As we can see, 

the figures of a few samples show there is a small secondary crest of sand-sized particle 

on the main crest of the silt-sized particle, and the bottom between two main crests is not 

clear. The samples of depths from 1 050 to 670 cm, with double peaks, clear secondary 

peak, and mode 9 um to 97 um, mainly 9 um to 13 um, have a tendency of moving to the 

coarse grain. The samples depth from 670 to 440 cm, with singlet and less double peaks, 
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have not so clear secondary peak, mode 121 to 201 um. The samples depth from 440 to 

107 cm, with mainly bimodal pattern, clear secondary crest, many multimodal patterns, few 

singlet, and mode 7 to 110 um, have largest change scope (Fig. 2) . 

The magnetic susceptibility mainly reflects the concentration rate of the magnetic 

mineral and the behavior character, and an indicator of the degree of the magnetization 

and variation of the sedimental surroundings through displaying the component changes. It 

has been widely used in the researches of the quaternary period environmental changes, 

since the changes of content are related to the source, environment, climate change and 

the power at that period. According to the test result of Holocene magnetic susceptibility in 

W2 core, the value fluctuates clearly between 11.0 - 52.9×10
-8

m
3
/kg, and the mean value is 

19.7×10
-8

m
3
/kg. The scope of fluctuation is relatively large from 120 to 210 cm at the top 

(Fig. 2). According to the magnetic susceptibility curve, there are a few fluctuations 

between 1 537 and 1 050 cm, the mean value of which is 16×10
-8

m
3
/kg. At the point of 943 

cm, there is a peak. The mean value between 1 050 and 440 cm is 24×10
-8

m
3
/kg. The 

value begins to increase from 440 cm, and sharply increase at the point of 210 cm.  

 

Fig. 2  Composite diagram of granularity, magnetic susceptibility for the Core W2 

3.3  Particle size, magnetic susceptibility and environment changes  

The figures of the sediment granularity have shown specific characters with the 

effects of the various elements in estuarial area. Since Holocene, the sources of the 

sediments in the Pearl River area have not chang much, the main of which being 

terrigenous clastic rocks. The grain size is mainly affected by the surroundings. Firstly, the 

changes of the particle diameter distribution are related to the distance to the estuary and 

the sea level with the effect of the running water. When the sea level lows, the estuary is 
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closer to the core, and the coarse particle fragments are easily to be moved here. Also, the 

grain size is closely related to the change of climate. When the rainfall increases, the 

hydrodynamic power increases, and the more particles have been moved in the river. 

According to the sea level change curve of Pearl River Estuary since 8000yr BP finished by 

Fang Guo-xiang, the change frequency and scope are relatively small (±5 m). Therefore, 

climate change, especially the rainfall, is the main element affecting the change of the grain 

size other than the change of sea level since 6 000 yr BP.  

The magnetic susceptibility depends on the abundance of the magnetic mineral 

particle which is related closely to the climate. Within the estuary area, the environment for 

the sources is relatively stable. When the rainfall increases, the erosion and weathering 

increases, and more fragments moved in, moreover the concentrate of the minerals 

increases, and the value of the magnetic susceptibility increases too. When it is dry, the 

hydrodynamic power decreases, and less fragments form outside are brought in, moreover 

the concentration decreases and the value decreases too. With the characters shown by 

the granularity composition and spore pollen, the research indicates that the high magnetic 

susceptibility represents the high hydrodynamic power in Holocene, and the climate wet 

then; the low of which means dry climate.  

We have divided the Holocene sediment in Wan Qing-sha W2 core into 3 sections 

according to magnetic susceptibility, combination of fineness, spore pollen and lithological 

characters.  

Section I (1 537 cm to 1 050 cm, about cal 6 000 to 2 500yr BP): The particles are 

composed mainly by dark grey or pure clay, with thin fine and silty sand at the top. The 

mean diameter is 6.7Φ, much larger than that of cutting section. It is the finest section. The 

scope of the skewness is from -0.25 to 0.14, mainly concentrate between -0.1 to 0.08, and 

it belongs to approach symmetric form. The value of the kurtosis is between 0.9 and 1.6, 

mainly concentrate between 1.2 and 1.3. The curves are mainly singlet with little change in 

mode. Little change is in sorting coefficient. The character of the transporting power is few 

and sedimental power is stable. Meanwhile the magnetic susceptibility is lower than the 

mean value and stable, which shows the rather dry weather then. Also according to the 

figures of the spore pollen, during that period, woody plant is flourish, especially subtropical 

evergreen forest. There are mangroves such as Bamboo trees, sedges and grasses in 

Cyrtandroideae. However, the content decreases from the bottom to the top, which shows 

that the climate has changed from warm to cool and wet during Holocene.  

Section II (1 050 to 440 cm, about cal 2 500 to 1 400yr BP): The bottom of this 

section is composed mainly by dark grey medium and fine sand with thin clay, partly by silty 
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fine sand. The top of this section is mainly composed by loose fine sand and thin silt. The 

changes of particles indices are dramatic. The composition of the coarse particle increases 

to the biggest number, and the sorting coefficient and skewness value fluctuate sharply. 

There are mostly bimodal state with clear secondary peak. From bottom to top, the mode 

and the main peak of the curve have a tendency of moving to the end of the coarse particle. 

The speed of deposition increases, which shows that the hydrodynamic power is 

increasing and the character of external agent which carries the mineral to new places 

changes largely with unstable deposition power. All shows that the sediment during this 

period is formed by different deposition with changeable environment, closely related to 

climate. We can see that the magnetic susceptibility reaches its peak at the point of 8.9m 

with an increase tendency. It shows that the climate is rather wet. Also, the figures of the 

spore pollen indicate that it is cool then with low content of trilete spore of Cyperaceae, 

Artemisia and Myriophyllum aquatic fern which usually grow in warm environment.  

 

Fig.3  Comparison of W2 hole size, magnetic susceptibility index at Pearl River estuary 

 since contrast with the other records 

         A. W2 magnetic susceptibility; B. W2 Sediment sand percentage; C. Shaanxi Jingbian loess deposits of 

sand percentage; D. Total organic carbon (TOC) content percent at Great Lakes 

Section III (from 440 cm to 120 cm, about 1 400 cal yr BP to today): The sediment is 
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mainly composed of the taupe silty clay with muddy fine sand in the middle. There is a 

stratification which is formed in the movement of tide. The granularity decreases at the 

point of 440 cm, then increases rapidly and decreases again, which shows that the climate 

changes from warm to cool and warm again. The frequency curve of this section displays 

there are most bimodal patterns with clear secondary peak, some multimodal patterns and 

few singlet. The mode is 7 um to 110 um with largest change scope. The speeding rate of 

deposition is the largest one, which shows that the sedimental surroundings are complex 

and the external force leading to carrying is relatively strong. This may be related to the 

increasing pushing-forward speed of the Pearl River Estuary. The magnetic susceptibility 

increases with large fluctuation. The figures of the spore pollen show that the herbs, such 

as Cyperaceae, Cyrtandroideae, Chenopodium, Artemisia aquatic Myriophyllum, and the 

ferns, such as three joints fern spores, Cyathea, Mount Kei have increased, compared with 

section II, showing the warm and humid environment. At the point of 2 m, the number of the 

magnetic susceptibility reaches its peak, and gramineae increases sharply. All those are 

related to the human activities. At the end of this period, the magnetic susceptibility and the 

mean diameter decrease obviously, indicating the relative dry climate at that time.  

3.4  Discussion 

So far, the early and the middle period of the Holocene have been regarded as the 

most comfortable one with warm and humid climate. However, the figures of the granularity 

composition, the magnetic susceptibility, spore pollen and AMS
14

C date identification of 

the W2 core show that in the Pearl River Estuary, during the Holocene, the climate was 

warm generally, but relatively dry. That is different from the humid environment record of 

stalagmite in Dong Ge in Gui Zhou and stalagmite δ
18

O in Shen Long-jia in HuBei; while it 

is consistent with the record of the tropical and sub-tropical area in Africa and Asia, which 

shows that the climate was becoming wet in mid-Holocene. Meanwhile, the record of the 

organic carbon of the mire in the lake of Nan Lin nearby shows that the climate turned to be 

cool and humid in 3 800 cal yr BP (Fig. 3). Though there is some difference in the year 

identification, it is certain that in the south of China, the climate is warm and dry in the 

mid-Holocene, and it turned to be cool and humid in the late Holocene. It has been shown 

that since the late-Holocene, the radiation of the sun reduces, the temperature down, and 

the Asian monsoon reduce, causing the rainfall in the south increases and reaching its 

peak since Holocene in the south of China. Besides, a lot of researches show, during the 

late-Holocene, the power and the frequency of the El Nino phenomenon increased. The 

record of Maer Lake and Hu Guang Maar Lake in HaiNan shows that the climate pattern in 

2 700 cal yr BP was related to ENSO, which means that the climate change in the 

southeast is closely related to the El Nino and ENSO since Holocene.  



No. 2     CAO Ling-long et al.: Changes in magnetic susceptibility and grain size of Holocene sediments …      79 

 

4  Conclusions  

 

The conclusions is followed: 

(1) As the substitute indicators, the granularity composition and the magnetic 

susceptibility are correlated. The magnetic susceptibility is positively related to the sand 

component percentage, and negatively related to the clay percentage. Besides, according 

to the spore pollen and the former researches, the relatively high magnetic susceptibility 

and sand represent the higher hydrodynamic force and more humid environment.  

(2) The climate changes in the Pearl River Estuary since the Holocene are divided 

into 3 period, whose process is warmth and dryness-coolness and humidity-warmth and 

humidity. 

(3) The change of the volume of the rainfall in the south of China is not consistent 

with the change of the Asian monsoon. When the Asian monsoon is strong in the 

mid-Holocene, the climate of the area is relatively dry; while, when the sun radiation 

reduces, the temperature decreases and the monsoon weakens, and the rainfall increases 

and the climate turn humid. Those are consistent with the finding of An Zhi-sheng, and the 

weakening of the Asian monsoon is consistent with the moving of the rainfall area to the 

south. Also, it is closely connected with the El Nino phenomenon since the late-Holocene.  
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珠江口全新世沉积物粒度与磁化率的变化特征及其所

反映的气候环境变化 
 

曹玲珑 1,2，王 平 1*，王建华 2，王晓静 3，阳 杰 4 
（1. 国家海洋局 南海海洋工程勘察与环境研究院，广东 广州 510300；2. 中山大学地球科学系，广东 广州 510275； 
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摘 要：通过对来自珠江口万顷沙W2孔的沉积物进行AMS 
14

C测年，结合古地磁测试以及孢粉分析结果，并

与其他相关记录综合对比，建立了该地区全新世以来的年代框架。使用粒度组合特征以及磁化率为环境代用

指标，获取了该地区约6 000 cal yr BP以来的气候环境变化信息。经过分析与对比，认为该区自中全新世以

来，经历了暖干-凉湿-温湿三个气候环境变化阶段。在晚全新世中国南方地区气候（尤其是降雨量）发生了

重要的变化，这与北半球太阳辐射减弱，气温降低，亚洲季风减弱，降雨带南移有着一致的对应关系，同时

还很可能与这一时期厄尔尼诺—南方涛动活动加强有着紧密的联系。 
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