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vari-1ble degrees of reworking after deposition. wang and I-lorwirz
(2007) reported the different erosional and depositional characteris-
tics of washover sediments induced by hurricanes from several
barrier-island sub-environments, including dune field, interior wet-
land and back-barrier bay. They proposed that the different erosional
and depositional characteristics are caused by the different overall
barrier-island morphologies, vegetation types and densities, and sed-
iment properties.

Within the literature, the sedimentary characteristics and bedform
surfaces of storm deposits that have been characterized have included
normal grading (Andrews, 1970; Sedgwick and Davis. 2003: Nlorton
et al., 2007; Wang and l"lorrtritz, 2007; Phanturvortgraj et al.. 2003;
Spiske and Jaffe. 2009), reverse grading (l.eathern'ran and \,Villians,
.l 983; Sedgr,r,ick ancl llavis.2003; Morton et a1.,2007; Wang:nd
llor:,^ritz, 20t17: Phantuwonglaj et ai., 2008; Spiske and Jaff e, 2009), tam-
inae/laminaset (Lerrherman aud Williams. 1977; Sedgivicl< and Davis.
2003; N4orton et al., 2007; Wang and Hr.,)wifz, 2007), sub-horizontal
bedding (Deery ar-rd Hor,vard, I977; Schwartz, 1982: Ithanluwongraj
et al., 20{18), foreset bedding/laminae (Schwartz, 1975; Deery and
Horvard, 1977; Schwartz, 1982; tl.rvis et al., 1989; Nanayama et al.,

2000; \.lorton et .r1., 2007; Wang and llonvitz, 2007), antidune
(Sr:hw,artz, 1982), rhomboid bedform (Morton, 1978 and Schurartz,
1983) and current ripples (Deery and i"lowarcl, l!)77; Schwartz, 1982;
N4orton el. al., 2A0l'. l(orratsubara et al., 2008). However, most
of these sedimentary features are also found in tsunami deposits
(e.g., Ce)fenb.runr and laffe, 2003; Choorvong et al., 2007; i\'lorton et
al.. 2007: Choorvong et a1-, 200ga,b; ]arrkaerv er al., 200ti; Shanmugam,
2012). Thus, it is sometimes challenging to distinguish whether sand
sheets in the geological records were originally formed as the result of
a tsunami or a storm. This challenge has led many geologists and sedi
mentologists to develop the key criteria for distinguishing tsunami
from storm deposits (Nanay.rn-r.r et al., 2000: Coll et al..2004; 'llrttle

el .11-, 2f104; l(or-tekaas and L)awson. 2007; N'lorton et a1., 2OA7:

I(olratsubala et al., 2003; Swilzer and _lones, 2008a; irhantLrwongraj
.rrci Choolvorrg, 2012). However, the identifiable features, such as the
sedimentary characteristics, washover geometry and biological evi-
dence, that are used in the differentiation of these two types of high en-
ergy flows are still equivocal because their deposition often depends on
the topographical control, local source ofsediments and the intensity of
the event, and these factors usually differ lrom place-to-place.

The coast of Thailand has also been attacked by storm surges
which cause damage to coastal communities. Although, Thailand has

experienced storm surges at least three times recently from tropical
storms ("Harriet" in 1962, lyphoon "Gay" in 1989 and typhoon
"Linda" in 1997), only a few reports on the storm deposits have
been published (e.g. Roy, 1990). Phantuwongr.aj et ai. (3008), subse-
quently, reported the possible storm deposits found along the coast at
Surat Thani and Nakhon Si Thammarat on the CulfofThailand (GOT).
The discovery in tracing the storm deposits was extended northwards
along this coastline to Chumphon where Ph.utuwongi'aj et al. (2010)
found multiple layers of paleo-storm sand sheets in a swale located
.l km inland and far away lrom the present shoreline. However,
more detailed studies of the sedimentary characteristics, topographi-
cal and flow conditions of the washover deposits induced by storms
are still required, pafticularly for Thailand where so little is known.

Here, in this paper, the sedimentary characteristics of storm
washover deposits from different geomorphic conditions associated
with the storm events during the period 2007-201 1 in Thailand are
described systematically. We start from the identification of the dis-
tinctive sedimentary leatures of washover deposits from the three
different geomorphic settings preserved along the COT coast. Com-
parison of the topographical and flow conditions from the individual
and geological settings related to washover sediment features is also
rnade. This study presents the nrst detail of recent storm deposits
from the Southeast Asia region which also can be used as a modern
analog for storm deposits lrom other areas. The similarity and

differences in the sedimentary features found in storm deposits
from different geological settings may help geoscientists to under-
stand further what (and how) storms leave behind as their evidence
in the geological record.

2. Setting and method

The climate of Thailand is under the influence of two main monsoon
winds that are seasonal in character, being the southwest (SW) mon-
soon and NE monsoon. The SW monsoon in May-October brings a

stream of warm moist air lrom the Indian Ocean towards the Thai Pen-

insula, resulting in an abundance ofrain over the country. Subsequently,
the NE monsoon in October-February, originally forming as cold and
dry air, is driven from mainland China towards Thailand. This gradually

causes the cold condition in the winter season, especially in the north-
ern and NE highlands, whereas in the southern part of Thailand this
NE monsoon normally causes a mild weather and heavy rain along
the eastern (COT) co.rst of the Thai Peninsula. During the NE monsoon

season, sea level in the GOT is normally raised higher than mean sea

Ievel (MSL) (trig. 1) due to seawater from South China Sea moving
downward and then flowing into the COT corresponding to the prevail-

ing wind from the NE direction. In contrast, in SW monsoon season, the
prevailing wind blows to the opposite side which leads to seawater
moving out of the GOT, thus sea Ievel in the GOT is lower than the aver
age MSL The average change of sea level in the COT caused by the
change in monsoonal wind is 0.4 m. Additionally, during November-
December, the eastern side of southern Thai Peninsula is usually affect-
ed by depressions or tropical storms and sometimes typhoons from the
eastern side of COT, which can generate storm surges and cause

overwash flow in the low-lying coastal area. However, Thailand has ex-
perienced storm surges induced by tropical storm or typhoon only three
times since the 1960s. Apart from the storm events, the temporary in
crease in monsoonal wind velocity above its usual speed for a few suc-

cessive days during NE monsoon season also causes a storm surge up to
1.25-2.5 m high in the low-lying coastal area along the Southern Thai-
land coast (fig. i ). According to the frequency of their occurrence, at
least once a year, washover deposits resulting lrom temporary strong
NE winds are found to be more in number than the washover deposits
induced by tropical storms or typhoons. This phenomenon of storm
surge being induced by temporary strong NE winds usually occurs dur-
ing November to January as it is the period of highest sea level during
the year. A storm surge induced by strong winds during the NE mon
soon season is also found in Singapore (l'kalich et a1.,2012).

We focused on three sites (liig. 2a), (1) Ban Takrop (BT) in Surat
Thani (Fig. 2c), (2) Laem Talumphuk (LT) in Nakhon Si Thammarat
(Fig. 2d), and (3) Khao Mai Ruak (MR) in Prachuap Khiri l(han
(Fig.2b), that were effected by storm surges during the period
2007-2A11. Five storm surge events during this time were induced
by (i) seasonal sea-level rise accompanied with temporary strong
NE winds over 2007 to 2010 and (ii) a low-pressure system in 201 1.

The maximum wind speed measured from three weather stations
closest to each study site was 20-22 knots. The potential heights of
storm tide were at 2.30-2.96 m above MSL. as calculated from tide
gauge data and significant wave height data at each study site
(Fig.3). Storm surges caused erosion to the beach and also expanded
the inlet/outlet channels. The damage also extended to a road and
house along the shoreline.

At the study sites, we investigated the damage and particularly
aimed to record how the beach morphology had changed. The evidence
oferosion and deposition features along rhe coastal area resulting front
storm surges were measured and photographed. Trenching, coring, and
pitting were made for examination of the washover sediment charac-
teristics. The washover sediments were sampling systematically layer
by layer from top to bottom- A detailed coastal topographical profile,
using a digital survey camera, was performed. Grain size analysis was
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washover layers in the upper unit was thicker, at about 4-7 cm, and the
inclination of layers was also much steeper than the lower unit. The

foreset bedding was inclined 22" and 35" in the upper unit, and was

also observed at the washover margin (F-igs. 5b and 6c).

Sediment samples were collected layer by layer from top to bottom.
Nineteen samples were collected from washover sediment (layers l0 to
1 ) and sub-surface sediment (Fig.6). According to the grain size analy-

sis, the grain size distribution in the coarse to very coarse sand layer and

the medium sand laminae shows unimodal and bimodal distribution
whereas the sub-surface sediment shows only a unimodal distribution
(Fig. 6a). In the medium sand laminae, there are three samples that
show bimodal distribution ( numbers 2, 5, and 12) which are clearly rec-

ognized as rwo peaks ofmedium sand and coarse sand. These two peak
of sediment size in the medium sand laminae may result from the con-

tamination ofthe layer beneath during the sampling as coarse sand at
the top of Iayer 9 is mixed during sampling of the base of layer 10.

From the grain size disrribution graph, the medium sand laminae

shows an asymmetricai distribution with a negative skewness value,

whereas the coarse to very coare sand layer shows both symmetrical
(1, 13, and 14) and asymmetrical distributions (3, 4, 6, 9, 11, 16, and

I 7) with positive skewness. However, sample 7 shows a negative skew-
ness similar to sample 8 that is from a medium sand laminae. The aver-
age grain size of samples 7 and 8 are also close at 0.5 and 0.62 phi,

respectively. Based on the lithology, the upper part of layer 6, indicated
as a boundary layer between unit 1 and unit 2, as exhibited in the
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unusual grain size distribution and grain size value of sample 7, may
have resulted from the aeolian process after the storm evenl This

reworked surface is similar to washover sediments found in Australia
that are characterized by fvvo storm layers separated by a thin veneer
of sand that has been reworked by aeolian processes (Slvitzer and

.Jones, 2008b).
According to the poor compaction ol washover sancl, the fresh

condition of garbage in the washover sediment, and a burial of a

Nipa pahn that is still alive, the lower unit of this washover deposit
should be the result of a recent storm surge event that occurred with-
in one year. From the tide gauge data from a station near the BT area,

on the 29th November 2007, the potential storm tide with a height of
2.56 m generated overwash flow across beach and flooded into swale.
Therefore, the .lst unit should be the result of the storm surge event
on 29th November 2007 that is the only storm surge over the period
October 2007 to April 2008. The reworked surface (i.e. sample 7) may
then result from aeolian processes induced by high velocity NE winds
during December to February.

The sedimentary structures in the washover deposits included
lamination, foreset bedding, wavy bedding and reverse grading
(Fig.5b, d). At the proximal part, horizontat bedding is the dominant
structure, whereas foreset bedding was principally found in the distal
part of the washover deposits. The grain composition includes quartz,
shell fragments, feldspar and rock fragrnents. Washover sand grains

are moderately well to moderately sorted.
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