
Optimising Sample Preparation for the Investigation of  Bottom Current 
Strengths of  the Scotia Sea during the Pliocene

Anissa Findley, Suzanne O’Connell*
Department of  Earth and Environmental Sciences, Wesleyan University, Middletown CT 06459

• The Pliocene is a period in the Earth’s history that 
ranged from 5.3 to 2.6 million years ago. Even though the 
temperatures of that time were warmer than current 
temperatures, it was a period of global cooling. In the late 
stages of the Pliocene the earth experienced ice 
accumulation at the poles and the beginning of the ice 
ages.1

• Sortable silt refers to the sediment fraction between 10 
– 63 μm which can be used to relate information about 
ocean current speed. Silt between 2 – 10 μm is referred to 
as “cohesive silt” because they aggregate similar to clay <2 
μm. The speed of the ocean bottom current is 
proportional to the size of the particles.2

• The Beckman Coulter LS 13 320 XR Particle Size 
Analyser uses laser diffraction for the particle sizing. The 
principle behind this method is that when the laser light is 
scattered upon incidence with the particles, the angle of 
the scattered light is inversely proportional to the particle 
size. Smaller particles give larger angles.3

• Seafloor sediment commonly contains fossils of 
microscopic organisms, especially diatoms and 
radiolarians, which are usually between 20-200 μm in 
length. Radiolarians contain a skeletal system made of 
silica4, and diatoms have a siliceous cell wall5. For accurate 
grain size analysis, these micro-organisms must be 
removed from the samples by dissolving in sodium 
hydroxide. 

3g of sediment is measured and wet-sieved at 63 μm then 
separated into 3 groups: 
1. Dry then crushed – samples are allowed to completely 

dry and are then crushed before beginning the next 
step of the procedure

2. Wet always – samples are not allowed to become 
completely dry.  

3. Dry then re-wetting to mix – samples are completely 
dried before adding a small amount of water to mix 
before continuing the procedure. 

Removal of siliceous material

• Add 10 mL 30% hydrogen peroxide and stir with gentle 
heating to remove organic matter
• Remove the hydrogen peroxide by centrifuging
• Add 35 mL 1.5M sodium hydroxide, stir for 20 minutes 
then leave in incubator at 60°C overnight 
• Place in 85°C water bath for 2 hours, then remove 
sodium hydroxide by centrifuging
• Add 35 mL 1.5M sodium hydroxide, place in 85°C water 
bath for 2 hours then leave in incubator at 60°C overnight 
• Remove sodium hydroxide by centrifuging and wash the 
sediment.
• Make a smear slide to view if the siliceous material is 
absent.

17 samples were run on the particle analyser, 5 from the 
dry and the dry and re-wet samples, and 7 from the 
always wet samples. 
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Figure 1: Graph showing the average sortable silt mean size for each method and 
the standard error for each mean. All the sortable silt mean sizes are around 23 
with the dry and re-wet method having the smallest standard error while the dry 
and crushed method has the largest standard error. 

Figure 3: Graph showing the average sortable silt mean size for five samples analysed 
three times and the standard error in these measurements. These samples are from 
the always wet and dry and re-wet methods. 

Figure 5: Graph showing the relationship between the Sortable Silt Mean Size and 
the Total sortable silt percent. Sortable silt mean size and the Total sortable silt 
percent have a proportional relationship. 

Figure 2: The image shows the microfossils in the 
samples viewed at x630 magnification before the 
removal procedure is performed. Examples of the 
siliceous matter are shown in the red boxes. 

Figure 4: The image shows the absence of the 
microfossils in the samples viewed at x630 
magnification after the removal procedure is 
performed. 

Figure 6: The image shows a sample under 
polarised light at x630 magnification after the 
removal procedure was performed. The 
colours observed are those of clay minerals in 
the sample. 

Main Findings
More samples need to be analysed before we are satisfied 
with the conclusions listed below:

• The sortable silt mean size for these samples from the 
Scotia Sea is approximately 23. This corresponds to a 
strong ocean bottom current.
• The dry and re-wet preparation method produces the 
most consistent sortable silt mean size results.
• There is variability in the analysis of the same sample 
multiple times as evident in Figure 3. 

There is no significant difference between the averages 
observed for the three different methods and the 
variability within the groups. 

References
1. Jonathan Adams. “A quick background to the Pliocene.” 

Accessed July 2021. 
https://www.esd.ornl.gov/projects/qen/pliocene.html 

2. I.N. McCave, D.J.R Thornalley and I.R. Hall. 2017.  “Relation of 
sortable silt grain-size to deep-sea current speeds: Calibraton of 
the ‘Mud Current Meter’”. Deep Sea research Part I 127: 1-12. 

3. AtaScientific instruments. 2019. “Basic Principles of Particle Size 
Analysis”.

4. Danuta Kaczorek, Luc Vrydaghs, Yannick Devos, Ákos Petó and 
William R. Effland. 2018. “Chapter 7 - Biogenic Siliceous 
Features” in Interpretation of Micromorphological Features of 
Soils and Regoliths (Second Edition) edited by Georges Stoops, 
Vera Marcelino, Florias Mees, 157-176. 

5. Diatoms of North America. “What are diatoms?” Accessed July 
2021. https://diatoms.org/what-are-diatoms

Acknowledgements
Many thanks to Professor O’Connell who agreed to have 
me help her with this project and to everyone in the 
O’Connell lab.
I would also like to extend gratitude to everyone in the 
E&ES department especially Professor Ku and Joel for all 
their assistance.
Thanks to Frances Grisworld at UMASS for assisting me 
with using the Particle Size Analyser, Mr. Kabacoff in the 
QAC, and the WesMass program. 

20.0
20.5
21.0
21.5
22.0
22.5
23.0
23.5
24.0
24.5
25.0

Dry and crush Always wet Dry and re-wet
So

rt
ab

le
 S

ilt
 M

ea
n 

Si
ze

Error in Sortable Silt Mean Size for the Three 
Different Sample Preparation Methods

±0.32

±0.22
±0.17


