
 

 

 

 

 

 

 

A Sedimentological Analysis of the Tafagamanu Beach Sands of Savai’i 

 

By: Cassandra Guernsey and Dr. Todd Grote (Faculty Mentor) 

 

GEOL-G410 Undergraduate Research Proposal for Geosciences 

 

Spring 2019 

 

Indiana University Southeast 



1. Abstract 

2. Introduction 

3. Background 

4. Hypothesis 

5. The Proposal: Objectives and Goals 

6. Methods 

7. Results and Discussion 

8. Conclusions 

9. Timeline 

10. Appendices 

11. References 

 

Poster Background  



Abstract 

The results of sedimentological analyses of the Tafagamanu Beach Sands, on the island of 
Savai’i in Samoa are presented here. This poster explores the origins of these sands through the 
use of sedimentary petrologic and oceanographic analyses. The Tafagamanu Beach Sands are 
suspected to originate as lagoonal fill of mid-Holocene age which was subsequently remobilized. 
Preliminary analysis shows the sands are characterized as loose grains with an abundance of 
coral/shell fragments and coarse clastic materials. The relative abundance of coral fragments 
versus clastic inputs, and attempts to identify the source areas of the Tafagamanu Beach Sands 
will be discussed. 

  



Introduction (Geology Mulifanua and Puapua Volcanics) 

The Tafagamanu Beach Sands, located at 13° 30’ 00” S/172° 48’ 00” W and 13° 25’ 00” 
S/172° 21’ 00” W (Figure 1) are respectively situated within the villages of Falealupo and 
Fagamalo on the Samoan island of Savai’i (Kear, D. and Wood, B.L., 1959). These calcareous 
accumulations overlay two separate yet distinct rock formations of volcanic origin with outcrops 
of the Puapua rock unit occurring in Falealupo and outcrops of the Mulifanua rock unit occurring 
in Fagamalo. As illustrated by Figure 2 Samoa’s volcanic rock formations are named after the 
villages where they outcrop and from oldest to youngest are Fagaloa, Salani, Mulifanua, Lefaga, 
Puapua and Aopo (Jopling, Tuapou Warren, 2014). The most pertinent characteristic of the 
Mulifanua Volcanics is the presence of wide offshore barrier reefs and the most relevant feature 
of the Puapua Volcanics is the absence of reefs which were overlain by lava flows forming black 
basalt cliffs which plunge vertically into the ocean. The Puapua Volcanics of  Falealupo Village 
are composed of picrite basalts, olivine basalts, and vitrophyric basalts (Kear, D. and Wood, 
B.L., 1959). Due to the presence of olivine phenocrysts and plagioclase laths it can be reasonably 
concluded that the picrite basalt of Falealupo most likely originated from alkali olivine basalt 
magmas. 

According to Kear and Wood (1959) the olivine basalts of the Falealupo site contain 
large partially resorbed phenocrysts of olivine as well as labradorite, pyroxenes, ilmenite, and 
feldspar. The vitrophyric basalt of Falealupos is characterized by Kear and Wood (1959) as 
having a groundmass of  60 % basaltic glass in which is embedded phenocrysts of all of the 
minerals contained by the olivine basalts in this area with the exceptions of feldspar and ilmenite. 
Conversely, the composition of the Mulifanua Volcanics of Fagamalo Village is restricted to 
picrite basalts and olivine basalts (Kear, D. and Wood, B.L., 1959). Although devoid of 
plagioclase laths it is possible that the picrite basalt of Fagamalo could have also originated from 
alkali olivine basalt magmas due to the abundance of olivine phenocrysts and the copious 
amount of minute titan-augite crystals. Kear and Wood (1959) describe the picrite basalt of 
Fagamalo as having a groundmass composed of magnetite, ilmenite, apatite, intermittent olivine, 
and rare laths of labradorite. The groundmass of the olivine basalt of the Fagamalo site can be 
characterized by its abundance of titaniferous and diopside  augite which can also be associated 
with the iron oxides ilmenite and magnetite (Kear, D. and Wood, B.L., 1959, p. 40). As 
illustrated by Figure 1 situated between both villages and the ocean are flat stretches of coral 
sand locally referred to as Tafagamanu Beach Sand. 

 

 

 

 

  



 
Background (Tafagamanu Sand) 

 The origins of the Tafagamanu Beach Sands of Falealupo and Fagamalo are according to 
geologist Tuapou Warren Jopling inextricably linked to rising sea levels. He describes the origins 
of Tafagamanu Beach Sand as being precipitated by the drowning of old coral growth by the 
rapidly rising sea about 15,000 to 7,000 years ago (Jopling, Tuapou Warren, 2014, 2016).  The 
weight of this 120 m rise in sea level Jopling (2014, 2016) explains depressed the thin Pacific 
Plate (composed of oceanic basalt) encompassing the islands into the Earth’s mantle. Then 
plastic mantle material or magma collected beneath the islands resulting in uplift or as Jopling 
(2014, 2016) refers to it “hydroisostatic rebound” which is also referred to as isostatic rebound.  
The result of this rebounding process was a 2-3-meter uplift for Savai’i which could as stated by 
Jopling (2014) be attributed to the island’s location above a shallow magma pool. The uplift of 
the Savai’i raised strips of coral sand along the shorelines of the island (Jopling, Tuapou Warren, 
2016). Jopling (2016) also states that because this Tafagamanu Beach Sand is less than 6,000 
years old it supports his assertion that uplift continued after the rapid sea level rise of 15000 to 
7000 years ago. Currently the coral sand beaches of Savai’i have as per Joplin (2014, 2016) been 
constructed by the storm erosion of the Tafagamanu Sand, the addition of new sand by wave 
abrasion of the coral reef, and parrot fish grinding up coral in order to obtain algae and protein.  

 

  



Hypothesis 

 Since the island of Savai’i has previously been supposed to have “risen with rising sea 
levels” the Tafagamanu Beach Sands have long been assumed to be lagoonal fill of mid-
Holocene age which underwent isostatic rebound, this report will investigate the possibility that 
the Tafagamanu Beach Sands could be a product of remobilization. 

The Proposal: Objectives and Goals 

Because the Tafagamanu Beach Sands are unique to the island Savai’i, it is important to 
explore their origins. Currently, the sand is linked to the Mulifanua and Puapua Volcanic 
Formations, but because of some differences between the characteristics of these formations and 
those of the Tafagamanu Sands, an exploration of the origin of the sands is necessary. 

As stated in the hypothesis, the research conducted in this report will attempt to identify 
the origins of the Tafagamanu Beach Sands, concentrating on a possible remobilization of 
lagoonal fill of mid-Holocene age. 

The following questions will need to be asked before this can be determined: 

1) Do the sand grains found at both sites support a remobilization hypothesis? 
2) What is the mineralogical composition of the sands, and is it this different or the same as 

that of the volcanic rock formations and marine materials from which they may have 
come? 

3) Does the mineral composition itself support a remobilization hypothesis? 
4) Are there any other remnants which may support a remobilization hypothesis? 

In order to answer these questions, the following steps were taken to analyze evidence found at 
both the Falealupo Village and Fagamalo Village Tafagamanu Beach Sand sites.  

Methods 

Step One: Site and Grain Analysis: The first step in the study was to analyze the sand grains. 
This was done with the Leica Zoom 2000 Stereomicroscope and sieve analysis, to determine 
composition, roundness, and sorting of the sand grains. In addition, a magnet was then used to 
differentiate between the weakly magnetic mineral Ilmenite and the strongly magnetic mineral 
Magnetite. 

Step Two: The second step was to distinguish the identity of some of the calcareous components 
mixed within the sands. These were found loose. Their identification may support the 
remobilization hypothesis. 

Step Three: Another important step was to use a solution of dilute 10 % hydrochloric acid on the 
remainder of the sample to find any noncarbonate constituents within the samples.  

It is important to note however, that findings in each step may or may not support the standing 
hypothesis. These methods will be the foundation upon which new questions may form. 



Results & Discussion 

 

Falealupo 

The Stereomicroscope and sieve analysis revealed that the Tafagamanu Sand from Falealupo was 
subangular to angular in terms of grain shape and poorly to moderately sorted. 

The overall composition of the Falealupo sample was 63.6 % Calcium Carbonate (CaCO3), 26.4 
% Basalt, and 10% Iron Oxides (Fe3O4 and FeTiO3). 

 

Fagamalo 

The Stereomicroscope and sieve analysis revealed that the Tafagamanu Sand from Fagamalo was 
sub-rounded to subangular in terms of grain shape and very poorly to poorly sorted. 

Coquina was only present in the Tafagamanu Sand from Fagamalo. 

Coarse Silt was only present in the Tafagamnu Sand from Fagamalo. 

Olivine was only present in the Tafagamanu Sand from Fagamalo. 

The overall composition of the Fagamalo sample was 59.2 % Calcium Carbonate (CaCO3), 
16.8% Iron Oxides (Fe3O4 and FeTiO3), 16.7 % Coarse Silt, 6.5 % Basalt, and 0.84 % Olivine 
(Mg2SiO4 and Fe2SiO4).  



Conclusions 

Discovering the true origins of the Tafagamanu Beach Sands will require further study, but with 
current evidence as presented with this report, it seems plausible that the Tafagamanu Beach 
Sands of Falealupo and Fagamalo are products of isostatic rebound.  



Timeline for the Project 

 

Summer 2014 Obtained sand samples from Falealupo 
and Fagamalo on the island of Savai’i in 
Samoa  

Fall Semester 2018 Conduct research regarding Geology of 
Falealupo and Fagamalo, Tafagamanu Sand, 
and Minerals/Organisms commonly found in 
beach sand 

January-April 2019 Perform Sieve Analysis of Collected Sand 
and Record onto Chart, Stereomicroscope 
work, analysis of sand grains and sieve 
analysis, Begin work on research paper, 
Prepare Abstract for Deadline 

April 2019 Finish work on Research paper, Finish poster 
for conference 
IUS Student Conference April 19th 

  



Appendix A 

 

Figure 1. Geological Map of Savai’i Island (Kear, D. and Wood, B.L., 1959) 

 

Figure 2. Legend of Geological Map of Savai’i Island (Kear, D. and Wood, B.L., 1959) 

Idea is to use two close-up pictures below with lines to illustrate study area. 

   



Appendix A (cont.) 

 

 

Figure 3. Western Samoan Rock Formations (Kear, D. and Wood, B.L., 1959, p. 18). 

 

   

Figures 4 and 5. Falealupo and Fagamalo Collection Sites (Photos taken by author Summer 
2014).  



Appendix B 

Sieve Analysis of Tafagamanu Beach Sand from Falealupo Village, Savai’i 
Mesh # # 16 # 30 # 60 # 120 # 200 Bottom 

Sieve Size 1.19 mm 0.59 mm 0.25 mm 0.125 mm 0.074 mm < 0.074 mm 
Mass of 

Sediment 
1.36 g 14.69 g 23.52 g 0.41 g 0.02 g 0 g 

Cumulative 
Mass 

1.36 g 16.05 g 39.57 g 39.98 g 40 g 40 g 

Percentage 
of Size 

Fraction 

1.36 % 14.69 % 23.52% 0.41 % 0.02 % 0 % 

Cumulative 
Percentage 

of Mass 

1.36 % 16.05 % 39.57 % 39.98 % 40 % 40 % 

 

Figure 6. Data Table of Dry Sieve Analysis Results for Falealupo Village (Created by author 
Spring 2019). 

 

Sieve Analysis of Tafagamanu Beach Sand from Fagamalo Village, Savai’i 
Mesh # # 16 # 30 # 60 # 120 # 200 Bottom 

Sieve Size 1.19 mm 0.59 mm 0.25 mm 0.125 mm 0.074 mm < 0.074 mm 
Mass of 

Sediment 
0.37 g 4.33 g 27.57 g 7.62 g 0.06 g 0.89 g 

Cumulative 
Mass 

0.37 g 4.7 g 32.27 g 39.89 g 39.95 g 40 g 

Percentage 
of Size 

Fraction 

0.37 % 4.33 % 27.57 % 7.62 % 0.06 % 0.05 % 

Cumulative 
Percentage 

of Mass 

0.37 % 4.7 % 32.27 % 39.89 % 39.95 % 40 % 

 

Figure 7. Data Table of Dry Sieve Analysis Results for Fagamalo Village (Created by author 
Spring 2019). 

  



Appendix C 

 

Figure 8. The Wentworth Grain-size Scale (Boggs, S.J., 2012, p. 46). 

 

 

Figure 9. Grain roundness and angularity for grains of low and high sphericity (Raymond, Loren 
A., 2007, p. 271). 



Appendix C (cont.) 

 

Figure 10. Degrees of Sorting (Raymond, Loren A., 2007, p. 271). 

   

Figures 11 and 12. Falealupo and Fagamalo Degrees of Sorting and Grain Shape. (Photos taken 
by author Spring 2019)  



Appendix D 

Stereomicroscope Analysis Falealupo Village  

 

 

Overall Composition: 

Calcium Carbonate 63.6 % 

Basalt 26.4 % 

Iron Oxide 10 % 

Total: 100 % 

 



Appendix D (cont.) 

Stereomicroscope Analysis Fagamalo Village 

 

 

Overall Composition:  

Calcium Carbonate 59.2 % 

Iron Oxide 16.8 % 

Other/Unknown 16.7 % 

Basalt 6.5 % 

Olivine 0.84 % 

Total: 100.04 %  



Appendix E 

Falealupo Stereomicroscope Pictures 

 

Figure 13. Falealupo 1.19 mm Shell Fragments (Photo taken by author Spring 2019). 

 

Figure 14. Falealupo 0.59 mm Magnetite (Photo taken by author Spring 2019). 



Appendix E (cont.) 

 

Figure 15. Falealupo 0.59 mm Basalt (Photo taken by author Spring 2019).  

 

 

Figure 16. Falealupo 0.074 mm Unknown Metallic Mineral (Photo taken by author Spring 2019). 

 



Appendix E (cont.) 

Fagamalo Stereomicroscope Pictures 

 

Figure 17. Fagamalo 1.19 mm Coquina (Photo taken by author Spring 2019). 

 

Figure 18. Fagamalo 1.19 mm Ilmenite (Photo taken by author Spring 2019). 



Appendix E (cont.) 

 

Figure 19. Fagamalo 0.59 mm Ooids (Photo taken by author Spring 2019). 

 

Figure 20. Fagamalo 0.59 mm Foraminifera (Photo taken by author Spring 2019). 



Appendix E (cont.) 

 

Figure 21. Fagamalo 0.25 mm Olivine (Photo taken by author Spring 2019).  
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