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Composition, spatial distribution and dynamics of suspended
particulate matter (SPM) in the Beibu Gulf, South China Sea.

M. Endler, Th. Leipe
Leibniz Baltic Sea Research Institute Warnemünde, Germany

Scanning electron microscopy (SEM) and x-ray micro analysis (EDX) was used for
investigation of suspended particulate matter (SPM) samples from Beibu-Gulf region
(Fendu-5 expedition, September 2009). This method allows analysis of about 500-
3000 single particles for each sample and identification of 24 different minerals and
particle groups. Major components are biogenic phases (opal, calcite and chitin)
terrigenous minerals as quartz, different feldspars, clay minerals and some rare
authigenous components. The results are used to describe and discuss two
important aspects of the particle dynamics: The vertical patterns (sinking behavior)
and the spatial distribution for identification of path ways and regional provinces. The
results are discussed in comparison to the available hydrographic models, satellite
images and total SPM distribution of the investigation area.
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Study area:

http://www.ngdc.noaa.gov/mgg/global/global.html

Study area:

area: 126.250km²

tropic – subtropic climate   

2 C - 37 C

summer and winter monsoon

1600-2000mm precipitation

ca. 120 rivers

rich in gas- and oil resources

rich in fish resources

tides (2.5m – 7m tidal range)

typhoons ca. 5/a 

Beibu Gulf based on the ETOPO1
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Beibu Gulf based on the ETOPO1

Methodology:

R/V FENDOU 5 criuse 

(Sept 2009)

24 sampling stations

-SPM from surface water

-SPM from bottom near water

-Sediment surface samples from 

the  MUCs/box corer

-current model

(René Friedland, IOW)

-CTD data

-satellite images 

(Herbert Siegel, IOW)

Data basis:

SES medium 2000 (parametric echosounder):
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Methodology:

Sampling material => filter => SEM / EDX => particle analysis 
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Methodology:

Particle analysis using:

SEM / EDX

500 - 3000 particles per sample detected and

analysed

24 different minerals/particle groups distinguished

(e.g. quartz, feldspars, clay minerals, 

organics and authigeneous minerals)

Example for result table from EDX

Element Wt%

OK 28.62

AlK 12.43

SiK 40.29

KK 18.67

371600- 60m 371840- 60m 371610- 50m 371620- 13m 371660- 50m 371690- 55m

Opal 483 336 680 753 447 475

Quartz 78 43 71 89 109 206

Calcit 6 6 4 5 2 128

Fe-Ox. 4 1 1 1 5 7

Mn-Ox. 1 1 1

Chlorite 70 74 114 154 193 195

Kaolinite 111 126 359 242 379 447

Illite 362 322 501 387 636 705

Illite-ML 114 166 147 118 239 172

Smectite 7 13 87 50 8 11

Organics 5 3 2 3 57 10

Pot. Feldspar 48 64 69 73 59 121

Ti-Min. 48 32 97 113 46 61

Baryte 2

Pyrite 2

Dolomite 14 2 3 4 6

Albite 82 40 52 64 47 92

Plagioclase 179 124 127 55 4 126

CaPO4 3 1 2 1 3 4

Mn-Fe-PO4 2 2 1 6 5

Bauxite 1 3 1 13 6

Mg-Claymin. 3 1 2 18 1

K-Claymin 4 2 24 20

Fe-Claymin 96 44 59 16 126 61

S 1719 1402 2384 2129 2425 2860
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371600- 60m 371840- 60m 371610- 50m 371620- 13m 371660- 50m 371690- 55m

Opal 28.1 24.0 28.5 35.4 18.4 16.6

Quartz 4.5 3.1 3.0 4.2 4.5 7.2

Calcit 0.3 0.4 0.2 0.2 0.1 4.5

Fe-Ox. 0.2 0.1 0.0 0.0 0.2 0.2

Mn-Ox. 0.1 0.0 0.0 0.0 0.0 0.0

Chlorite 4.1 5.3 4.8 7.2 8.0 6.8

Kaolinite 6.5 9.0 15.1 11.4 15.6 15.6

Illite 21.1 23.0 21.0 18.2 26.2 24.7

Illite-ML 6.6 11.8 6.2 5.5 9.9 6.0

Smectite 0.4 0.9 3.6 2.3 0.3 0.4

Organics 0.3 0.2 0.1 0.1 2.4 0.3

Pot. Feldspar 2.8 4.6 2.9 3.4 2.4 4.2

Ti-Min. 2.8 2.3 4.1 5.3 1.9 2.1

Baryte 0.1 0.0 0.0 0.0 0.0 0.0

Pyrite 0.0 0.0 0.0 0.1 0.0 0.0

Dolomite 0.8 0.1 0.1 0.0 0.2 0.2

Albite 4.8 2.9 2.2 3.0 1.9 3.2

Plagioclase 10.4 8.8 5.3 2.6 0.2 4.4

CaPO4 0.2 0.1 0.1 0.0 0.1 0.1

Mn-Fe-PO4 0.1 0.0 0.1 0.0 0.2 0.2

Bauxite 0.1 0.0 0.1 0.0 0.5 0.2

Mg-Claymin. 0.2 0.1 0.1 0.0 0.7 0.0

K-Claymin 0.0 0.3 0.1 0.0 1.0 0.7

Fe-Claymin 5.6 3.1 2.5 0.8 5.2 2.1

S [%] 100 100 100 100 100 100

…from result table to an interpolated image

Influencing factors on particle composition:

-origin of minerals 

-physical properties (transport, vertical sinking velocity, density etc.)

-currents / monsoon circulation / tides => high dynamic area

-mineral alteration / dissolution / precipitation

-biological activities
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Opal [%]
Surface water

Calcite [%]
Surface water

Organic matter [%]
Surface water

diatoms coccolitophorides

Results: Biogenic material:

Opal ( Calcite Organic matter

dinoflagellates 

Biogenic opal: vertical pattern
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Results: Terrigenous minerals:

Feldspars Quartz Clay minerals
(Illite-Kaolinite-Chlorite)(Potassium feldspar-Albite-Anorthite)

potassium feldspar kaolinitequartz

Potassic feldspar [%]
Surface water

Quartz [%]
Surface sediment

Illite [%]
Surface sediment

Exopolymere substances secreted 

by bacteria lead to aggregation and 

faster sinking of clay minerals.

Illite covered with biofilm

Particles aggregate

Clay minerals vertical pattern:

5 th Workshop “Seabed Acoustics”, Rostock, November 17/18, 2011

110



Acidic (K, Na) versus basic rock (Fe, Ti) origin

and/or density effect

Geological basement map(Liansheng & Bangyan 1987)

Northern Beibu Gulf influenced by nutrient rich

input from the rivers. 

(Opal       diatoms)

SPM dominated by clay minerals.

(Sum of all clay minerals 60%; thereof illite 24%) 

Terrigeneous input by rivers.

(Granite on Hainan, basalts/andesites in the north) 

Beibu Gulf is a highly dynamic/complex area. 

(Monsoonal winds, tides, typhoons, etc.)

Southern Beibu Gulf strongly marine influenced. 

(Coccolitophorides, dinoflagellates, etc.)

Interpretation and finding pathways is complex due to the superpositioning of spatial and 

temporal influencing factors. 

(Quartz-/titanium mineral ratio =>mineral origin vs. transport behavior)

SEM / EDX particularly is an appropriate tool for mineral identification even on small amounts

of sample material. 

(SPM - filter)

Conclusion:
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Thank you for your attention !
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