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Abstract 
 

We present evidence of sea-level changes over the past 15,000 years from dating sandy beach sediments in Nakhon Si 

Thammarat province. First, we classified various types of coastal landforms from satellite images. The orientations of beach 

ridges and old lagoons are very important to understanding the evolution of sea-level rise and fall. In this area, there were two 

groups of old sandy beaches: (i) the inner beach, and (ii) the outer beach, which were separated by old lagoons. Then, nine 

quartz-rich samples were analyzed using Optically Stimulated Luminescence analysis to estimate the ages of deposition. The 

results supported the concept that the inner series of old sandy beach deposits indicated the onset of sea-level regression 

occurring approximately 15,000 years ago (YA). Sea level still stands, derived from the erosion of the beach ridge and deposition 

of old tidal flats, were estimated to be between 10,000 and 4,000 YA. The old lagoon showed a period of being covered from 

approximately 4,000 to 2,000 YA before outer beach ridge deposition some 2,000 to 400 YA during sea-level regression. 

Considering these measured ages, the sandy beach sediments yield the oldest range of depositional ages among all the Holocene 

beach deposits in southern Thailand. 
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1. Introduction  
 

 Coastal areas are dynamic and their evolution is 

related to climate change and sea level history, especially in 

the coastal plain along the Gulf of Thailand. To better 

understand the geological record of marine transgression and 

regression, a combination of ancient geomorphological 

landforms and radiometric dating (i.e., radiocarbon dating) 

have become crucial sources of information for determining 

the history of sea level changes (Choowong et al., 2004, 2011; 

Sinsakul, 1992; Williams et al., 2016). However, Optically 

Stimulated Luminescence (OSL) analysis is also a robust

 
dating tool to explore the evolution of Quaternary marine 

coastal facies and landforms (Lamothe, 2016). Precise 

altitudes of each beach ridge coupled with reliable results of 

dating can reveal the migration rate of beach-ridge 

progradation as well as proxies of sea-level change 

(Karpytchev, 1993) that are directly related to the deposition 

of sediment in the environment at that time. 

Conceptually, OSL dating is capable of dating 

quartz-rich sediments that have been exposed to daylight up to 

the date of their last deposition, for periods ranging from 

months to 150,000 years (Murray & Olley, 2002; Murray & 

Wintel, 2000). As a result, several studies of coastal sandy 

sediments using OSL dating have reported the effectiveness of 

this technique, i.e., the OSL dating of beach dune sequence in 

Australia (Banerjee et al., 2003), marine terrace sediments in 

Korea (Choi, Murray, Jain, Cheong, & Chang, 2003), beach 
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ridge plain in Denmark (Nielsen, Murray, Pejrup, & Elberling, 

2006), paleo shorelines in Tibet (Lee, Li, & Aitchison, 2009), 

coastal barrier spit in Germany (Reimann, Naumann, 

Tsukamoto, & Frechen, 2010), and the study of coastal dune 

and beach ridge deposits in Thailand (Miocic et al., 2022; 

Nimnate, Chutakositkanona, Choowong, Pailoplee, & 

Phantuwongraj, 2015; Surakiatchai et al., 2019). Moreover, 

the evidence of sand deposition between offshore bar and 

beach berm indicates the effect by aeolian process during the 

sea-level highstand in the last interglacial in Songkhla 

(Noppradit, 2019). To establish the evolution of the coast in 

southern Thailand, old sandy beach sediments along Nakhon 

Si Thammarat Province (NSTP) were investigated and 

analyzed chronologically for their depositional ages. The ages 

obtained will be useful in estimating the regional evolution of 

the sea-level change in the period of beach ridge development. 

 

2. Materials and Methods 
 

2.1 Study area and sampling location 
 

In southern Thailand the locations of prior research 

related to sea-level changes in the past are shown as black 

dots in Figure 1a (Nimnate et al., 2015; Polwichai, 2017; 

Sainakum et al., 2021; Surakiatchai et al., 2018). Based on 

detailed remote sensing interpretation (Figure 1b, c) from 

digital elevation data, a geomorphic map of this area was 

created to plan the sampling locations (Figure 1d, e) for 

obtaining evidence of sea-level changes, possibly preserved as 

beach ridges (blue color in Figure 1c). From the derived 

geomorphic map, at least seven units of different 

geomorphologic landforms were classified, including 

mountain, beach (recent), old sandy beach (defined as a paleo 

sand spit in this study), old alluvium (white square in       

Figure 1b), tidal flat, old tidal flat, and old lagoon (Figure 1c). 

Among these interpreted landforms, the old sandy beach at 

NSTP is composed of two series, i.e., the inner and the outer 

beach ridge series (Figure 1c). The inner ridge in the northern 

and central parts of the study area forms a single ridge apart 

from some parts that were blanketed by colluvium deposit 

(see the white square in Figure 1b). In the northern part, inner 

and outer beach ridges were located about 4 and 6 km 

landwards from the present-day shoreline (Figure 1d). 

Meanwhile, in the southern part the beach ridges were located 

about 40 and 25 km inland, respectively (Figure 1d). The 

southern part of the inner beach ridge spat to nine ridges that 

are generally slightly lying in a northwest-southeast direction 

and concave towards the sea (Figure 1e). The outer beach 

ridge in the northern and southern parts of NSTP spat to a 

small beach ridge. The old lagoon separated the inner and 

outer ridges (pink color in Figure 1c). To clarify the ages of 

beach deposition, a total of four samples (NK1–4) were 

collected for the inner beach ridges and five samples (NK5–9) 

from the outer beach ridge (Figure 1c, d). 
 

 
 

Figure 1. Geographical location of Nakhon Si Thammarat province and adjacent area in southern Thailand. (a) Southern Thailand map and 
locations of related previous work (shown in black dots: 1. Surakiatchai et al., 2018; 2.  Nimnate et al., 2015; 3. Polwichai, 2017; and 

6. Sainakumet al., 2021 and this work (red dots). (b) Terrain map of the NSTP showing the locations of the inner and outer old sandy 

beaches. (c) Geomorphological map interpreted from the terrain map. (d) Location of the OSL sampling in the northern part: line A-
A’ (NK1–4) (e) Location of the OSL sampling in the southern part: line B-B’ (NK5–9) 
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2.2 Dating by OSL analysis 
  

Conceptually, the period between the last deposition 

of sediment (beaching to sunlight) and the present can be 

determined by OSL dating using Equation (1) (Aitken, 1985); 

  

 

OSL date = 
Equivalent dose (ED) 

,                  (1) 
Annual dose (AD) 

 

where the equivalent dose (ED; unit of Gy) was measured 

from the luminescence emitted during the OSL analysis of the 

sample. Meanwhile, the dose rate or annual dose (AD; unit of 

Gy/Ka) was evaluated from the concentration of three 

abundant natural radioisotopes [uranium (U), thorium (Th), 

and potassium (K)] and the water content, in the environment 

surrounding the sample. 

In the sample collection process, each sample 

(NK1–9 in Figure 1c, d) was divided into two portions and 

used for evaluating the (i) ED and (ii) AD including the water 

content. Regarding the ED sampling, the unit of topsoil was 

eliminated, and the pit was dug until the quartz-rich sediment, 

representing the beach ridge, was exposed (a depth of around 

30–50 cm). After preparing the subdue environment, the 

surface of the sediment profile was eliminated to avoid 

present-day exposure to the sunlight. Thereafter, the quartz-

rich sediment was collected to conform to the lamination and 

bedding. To avoid leakage of the ED signal, the samples were 

taken in plastic tubes, sealed immediately to retain moisture, 

and stored in lightproof plastic bags. Thereafter, some parts of 

sand were additionally collected at a 30-cm depth surrounding 

the ED sampling location and used for the AD evaluation. 

 

2.3 Evaluation of the ED 
 

In an individual ED sample of NK1–9, the sample 

was enriched for quartz by extraction following the reported 

procedure (Surakiatchai et al., 2018; Takashima & Honda, 

1989). First, a wet sieve (mesh no. 60–200) was employed to 

recover fine to very fine grain sands of 74–250 μm diameter. 

Second, the sample was etched with hydrochloric acid to 

eliminate the carbonate portion. Third, the sample was treated 

with hydrofluoric acid to remove any feldspar contamination 

in sample. Thereafter, the sample was washed with distilled 

water and then dried at 100 oC. Finally, the ferro minerals 

were eliminated using an iso-dynamic magnetic separator. 

The ED measurements were performed using a Risø 

TL/OSL reader at the Department of Geology, Faculty of 

Science, Chulalongkorn University, Thailand. Each 

measurement was equipped with a calibrated 90Sr/90Y beta 

radiation source and a blue (400–525 nm) light source 

(BØtter-Jensen, 1997; BØtter-Jensen, 2000). For this OSL 

measurement, a detection filter of 7.5 mm (Hoya U340) was 

used and the sample was preheated to 220 oC at 5 oC/s. 

Prepared quartz grains were attached to a 9.8 mm diameter 

stainless-steel disc using silicone oil. A single aliquot 

regenerative technique was employed to assess all ED 

(Murray & Wintle, 2000; Readhead, 1987). A fixed test dose 

of 10% of the natural dose was applied to correct any 

sensitivity changes. The obtained OSL decay curve of the 

NK4 sample is demonstrated in Figure 2a, and based on this 

known artificial irradiation, the OSL growth curve of each 

aliquot was derived (Figure central age model Aliquot 

Regenerative (SAR) procedures. This provides more precise 

ages as they make it possible to obtain by interpolation a 

similar number of equivalent dose measurements to aliquot 

measurements. The main procedure revolutionized optical 

dating. It was recently developed for quartz grains and applied 

also to feldspars. The SAR procedure is now a standard 

protocol used in luminescence dating (Cordier, 2010). To 

constrain the ED, 24 discs of aliquots per sample were 

measured with the test dose range results ranging from 0.9–

1.1 (10% sensitivity test). Conceptually, four different age 

models could be applied in the analysis of ED datasets, 

namely: (i) central or average age model, (ii) common age 

model, (iii) minimum age model, and (iv) finite mixture 

model (Takashima & Honda, 1989). The ED distribution and 

statistic parameters from nine samples are shown in Figure 3. 

The overdispersion (OD) in each case was determined and 

used to select the appropriate model (Liang, 2019; Duller 

,2008). The OD value of the minimum age and average age 

models were > 25 and < 25, respectively. The obtained OSL 

ages used in this work are shown in bold font in Table 1 in the 

Age min and Avg age (year) columns (depending on the OD 

value (Figure3 ED distribution) the result of age determination 

in each location in the model (Figure 4).  

 

 1 

(a) (b) 

 

 1 

(a) (b) 

 
 

Figure 2. Representative OSL (a) decay curves and (b) growth curve 

of old sandy beach sample NK4, where N represents the 
natural (Natural = 6.78 Gy) (black dot) and single (blue 

dot), double (red dot), and triple regenerative doses (green 

dot), respectively. 

 
2.4 Evaluation of the AD 

 

In the context of Equation (1), a 300-g portion of the 

obtained grains (diameter < 90 mm) was dried and then 

packed in a plastic vessel ready for the AD evaluation.  
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  Sample NK1 Sample NK2 Sample NK3 

   
Sample NK4 Sample NK5 Sample NK6 

   
Sample NK7 Sample NK8 Sample NK9 

   

Fig 3 ED distribution of 9 samples  
 

OD = 24.17 OD = 26.65 OD = 17.53 

OD = 33.42 OD = 21.32 OD = 11.12 

OD = 14.76 

OD = 10.47 

OD = 67.01 

 
 

Figure 3. Graph showing the ED distributions (white circles) of the nine old sandy beach samples, Blue dashed lines define the minimum age of 

the samples. 
 

 
 

Figure 4. Cross-sections with irregular topography of the outer beach ridge, inner beach ridge, and present shoreline. The OSL dating of the 

paleo sandy beach sediments gave a maximum age of deposition 12,900 and 2,310 YA in the inner and outer beach ridge, 

respectively. 
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Table 1. The OSL-derived ages of the beach ridge plain at the NST. Bold fonts in ages are the ages derived from the minimum age model (Age 

min) and the average age model (Age avg) from the OD value (Figure 3). 
 

Samples 
Latitude 

(°N) 

Longtitude 

(°E) 

Dists 

(km) 

Depth 

(cm) 
U (ppm) 

Th 

(ppm) 
K (%) 

Moist. 

(%) 

Dose rate 

(Gy/Ka) 

De min 

(Gy/) 

De avg 

(Gy) 

Age min 

(year) 

Age min 

(year) 

              

NK1 8.55 99.93 10 30 2.59±0.01 9.93±0.08 1.56±0.01 6.90 4.23±0.22 6.12±0.03 9.34 1,440±70 2,200±110 

NK2 8.55 99.95 8 40 1.18±0.01 2.28±0.04 1.68±0.01 4.90 2.75±0.14 1.13±0.01 1.96 410±20 710±30 

NK3 8.55 99.96 7 50 1.16±0.01 2.74±0.04 2.02±0.01 4.40 3.06±0.16 6.78±0.03 9.67 2,210±110 3,160±160 

NK4 8.55 99.97 6 40 1.08±0.01 3.22±0.05 3.02±0.01 14.10 3.63±0.20 1.719±0.00 2.85 470±20 780±40 

NK5 8.09 99.95 38 40 1.03±0.01 1.89±0.05 0.05±0.00 5.00 1.00±0.06 12.22±0.06 15.32 12,200±700 15,300±880 

NK6 8.09 99.96 37 40 2.79±0.01 10.76±0.01 0.41±0.00 9.20 3.30±0.19 32.33±0.22 38.29 9,800±560 11,600±660 

NK7 8.09 99.97 37 40 2.20±0.01 8.63±0.09 0.87±0.00 4.00 3.34±0.18 13.18±0.07 1.60 3,940±200 4,380±230 
NK8 8.14 100.06 25 40 1.88±0.01 6.13±0.07 1.06±0.01 13.70 2.70±0.14 3.38±0.00 11.83 140±00 430±30 

NK9 8.14 100.06 25 40 1.14±0.01 4.6±0.06 3.09±0.01 20.60 4.41±0.23 9.59±0.05 15.95 2,170±110 3,610±180 
              

 

Dists: distance to the shore. De: total absorbed radiation dose. 

 

The water content, as the absorbing part of the radiation, was 

ascertained during this process. In the measurement, the 

concentrations of U (ppm), Th (ppm), and K (%) were 

determined by high-resolution gamma spectrometry (Table 1). 

Based on the obtained concentration of these three 

radionuclides and the water content, the AD for each sample 

was evaluated according to the standard table, including the 

calculated cosmic ray dose rate (Bell, 1979; Prescott & 

Hutton, 1994). Thereafter, the obtained AD was reduced by 

attenuation factors based on both the grain size distribution 

and water content (Aitken, 1985). The AD of each sample and 

the error estimate were calculated as previously reported 

(Singh, Pattanaik, Gagan, & Jaiswal, 2017) and are 

summarized in Table 1. 

Based on the obtained ED and AD of each sample, 

the OSL dates representing the last deposition of the sandy 

beach (NK1–9 in Figure 1d, e) were clarified and are shown in 

Table 1. 

 

3. Results and Discussion 
 

3.1 Radioactive elements 
 

All of the AD measurements of beach ridge samples 

and the radionuclide concentrations, in the units of % K, were 

divided into two groups. The AD varied from 2.70 ± 0.14 

Gy/Ka (NK9) to 1.00 ± 0.06 Gy/Ka (NK5), while the K 

ranged from 0.05 (NK5) to 3.09 ± 0.01 (NK9). Comparing the 

AD and %K in all samples, the %K in the samples collected in 

the southern part of the inner ridge series (NK5-7) was less 

than in all of the other samples due to the older deposition 

age. The lowest concentrations of U (0.05 ± 0.00 ppm) were 

found in NK5, which was related to this site having the oldest 

aged beach ridges in this area. The older sandy sediment 

deposit should have a low concentration of K due to leaching 

during weathering. K-bearing mineral is usually weathered by 

hydrolysis, especially in SE Asia that has had strong 

weathering during the last interglacial period (Verstappen, 

1980; Wilford, 2012). However, the northern part of the inner 

beach ridge series showed a higher radionuclide concentration 

in K than the southern part, because these sediments were 

disturbed by young alluvial sediments. The outer beach ridge 

series also gave high K values for all the samples, and 

especially for samples NK4 and NK9 (3.02 ± 0.01 and 3.09 ± 

0.01 ppm, respectively) due to the higher clay mineral content 

from the paleo tidal flat depositional environment that was 

deposited between the beach ridge sediment samples (Table 

1). 

 

3.2 The ages of the sandy beach deposits 
 

Based on the OSL dates (Table 1), three inner series 

of beach ridges (samples NK5–7) indicated that 

predominantly sandy sediments were deposited at 15,300 ± 

880 (for sample NK5) to 4,380 ± 230 (NK7) years ago (YA) 

(Figure 4b). The maximum age of the southern part of this 

inner series of beach ridges was 16,100 years at 10 m above 

the present mean sea level (AMSL) from the location where 

the sample NK5 was collected inland, 38 km perpendicular to 

the present shoreline. After deposition during regression 

period the sediment on the upper surface may be eroded, so 

the younger sediment gets transported away and the age result 

may represent the older sediment at the deeper layer from 

previous surface (Evans, 2013). The innermost inner beach 

ridge also indicated the sea-level highstand during the 

transgression period (shown by the black arrow in Figure 1c) 

and could indicate that the paleo-longshore current moved to a 

southward direction. The northern part of the inner beach 

ridge at the northern transect is younger than the southern 

part, since the deposition of alluvial sediments on top of the 

beach ridges started from around 2,200 ± 110 YA (Figure 4a), 

as revealed from the analysis of the NK1 sample (Table 1). 

Subsequently, the old lagoon or tidal sediment deposits 

occurred between the inner and outer series at that time, where 

the sea level still stands were at a constant level for 2,000 

years, as indicated by the light brown color in Figure 3 and 

pink color in Figure 1c. This age conforms to the 14C dating 

results of the fossils from the former tidal flat in the Sam Roi 

Yot area (no.1 in Figure 1 a) at 4,000–2,500 YA (Surakiatchai 

et al., 2006, 2018). 

The onset of sea level regression was evidenced by 

the presence of outer series of beach ridges with ages ranging 

from 3,610 ± 160 YA (NK3) to 470 ± 20 years (NK2), as 

shown in Table 1 and Figure 4a. The maximum age of the 

outer ridge was 3,610 ± 160 YA (8 m AMSL) for sample NK3 

located at 7 km perpendicular distance to the present 

shoreline. The estimated age of NK3 is older than NK2 and 

NK9 is older than NK8. These may be caused by incomplete 

bleaching during transportation of high energy in the 

conditions with strong wave action, when the sediments 
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deposit and get buried suddenly. The OSL signal then led to 

an overestimate of the equivalent dose, and consequently of 

the age (Duller, 2008; Cordier, 2010). The younger age (NK2, 

NK4 and NK8) may represent redeposits by aeolian process 

(Noppradit, 2019). This result conforms to the OSL age (110–

2,000 YA) (Polwichai, 2017) from Leam Pho in Chaiya 

district, Surat Thani province (located as black dot no. 3 in 

Figure 1a). At the end point of the outer beach ridge, where 

sample NK4 was collected, this sand ridge was separated into 

two smaller ridges engulfed by old tidal flat sediments and the 

present sandy beach sediments to the east. 

 

3.3 Sea-level evolution in southern Thailand 
 

The inner and outer paleo beach ridges at the NSTP 

depicted a series of discontinuous slightly-curved ridges in the 

southern part separated by an old lagoon from the late 

Pleistocene to the late Holocene. On the other hand, the west 

coast of the gulf mostly preserved the record of the middle 

Holocene high stand at Chumphon estuary (black dot no.2 in 

Figure 1a) and Thai-Malay peninsula, where the age of the 

high stand was reported previously to be about 6,500 YA with 

a high stand of about 4 m AMSL (Horton et al., 2005; 

Nimnate et al., 2015). Only the maximum age of the beach 

ridge at NSTP provided the time of marine transgression of 

this research at around 16,000 YA at about 8 m AMSL, which 

suggested the age of the high stand. The deposition 

comparatively corresponded with the age of the late 

Pleistocene to Early Holocene marine transgression 

(Choowong, 2011). 

These inner beach ridges formed during 15,300 ± 

880 to 11,600 ± 660 YA at about 9–10 m AMSL (NK5 and 

NK6) and were related to the meltwater pulse (MWP)-1B that 

led to an average sea-level rise of 15 m between 11,500 and 

11,200 years YA (Fairbanks, 1989). After that, during the 

MWP-1C with a 6.5 m sea-level rise during 9,500–9,200 YA 

(Blanchon & Shaw, 1995; Liu & Milliman, 2004; Törnqvist, 

2004), the inner beach ridges had a very low depositional rate 

or the inner ridge sediments got eroded due to being flooded 

by the transgression at 8,500 years BP, based on the 

radiocarbon analysis from Thale Noi at Patthalung province 

(black dot no. 6 in Figure 1a) (Chabangborn et al., 2020; 

Chaimanee, 1986). The rapid sea-level rise at 8,500 YA has 

also been recognized from the geochemical records from 

Singapore (Bird et al., 2010). The results from the n-alkanes 

analysis are also in accord with a sea-level rise around 7,500-

7,300 YA in Patthalung province (black dot no.6 in Figure 1a) 

(Sainakum, Jittangprasert, Sompongchaiyakul, & 

Jirapinyakul, 2021). The outermost inner sandy ridge deposit 

has a maximum age of 4,600 YA (NK7). 

In the study area, the old lagoon sediment was 

deposited from 4,000 to 2,000 YA, which indicates a sea level 

stand still at that time. The outer beach ridge gave a maximum 

age of 3,610 years at about 8 m AMSL, which suggested the 

age of the transgression. Similarly, the outer beach ridge at 

Chumphon province (black dot no.2 in Figure 1a) provided an 

age of 3,800–1,600 YA (Nimnate et al., 2015). The absence of 

beach ridges is because during that time the open sea 

environment provided inappropriate accommodation space for 

preserving rapid beach ridge transgression (Surakiatchai et al., 

2019). Moreover, the tidal flat deposited before changing the 

depositional environment to the recent sandy beach. 

4. Conclusions 
 

This study presents the first OSL dating application 

of young Holocene sediments from the coastal environment in 

NSTP. Nine samples were taken in Tha Sala to Cha-Uat 

Districts (red dots no. 4 and 5 in Figure 1a) from beach ridges 

to reconstruct the development of the beach ridge sand and 

spit system. The SAR protocol was applied to coarse grained 

quartz for OSL dating. Overall, the results from the OSL age 

of two series of inner beach ridges suggest that sea-level 

transgression first started around 15,000 YA and the 

beginning of regression with deposition of the inner beach 

ridge series to the east direction coincided with the alignment 

of the beach ridge. After that, the sea level remained at the 

same level forming the lagoon environment, where the beach 

sand was changed to a marsh and lagoon environment that 

was deposited during the sea-level stand still, i.e., seawater 

flooded this area. The deposition at this time, during 4,300–

2,300 YA in the southern and northern area, depended on the 

sediment type and properties. The deposited outer beach ridge 

sediments were formed at 3,700 to 440 YA and revealed an 

obvious occurrence of the outer beach ridge deposition, and 

then the environment changed to a tidal flat from 400 YA due 

to sea-level regression to the present location and forming the 

recent beach. 
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