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A sed i ment bud get for the cen tral Viet nam shelf off Nha Trang over the last deglacial Ho lo cene highstand pe riod has been in -
ves ti gated on the ba sis of shal low seis mic and sed i ment core data and em pir i cal equa tions. The an nual sus pended sed i ment 
dis charge to the Nha Trang shelf ranges from: 4.3 to 5.4 Mt/year. Es ti mates based on pub lished em pir i cal equa tions sug gest
that the sed i ment dis charge by three main lo cal moun tain ous rivers (the Cai, Dinh and Van Phong rivers) that en ter the Nha
Trang shelf ranges be tween 1.7 and 4 Mt/year, which im plies that the lo cal rivers dis charge ap prox i mately 75% of the to tal
an nual sed i ment in put to the shelf. The an nual sed i ment sup ply of the Cai River is ap prox i mately 2 and 6 times higher than
that of the Dinh and Van Phong rivers, re spec tively. The highstand sed i ment depocentre of the Nha Trang shelf is mostly at -
tached to the lo cal river out flows, in di cat ing their im por tance as the prin ci pal sed i ment sup ply sources to the shelf. Ad di tional
sources of sed i ment sup ply to the Nha Trang shelf can prob a bly be re lated to along-shore trans port from the nearby shelves.
Cal cu la tions based on seis mic and sed i ment core data in di cate that the net sed i ment vol ume stor age on the Nha Trang shelf
is ap prox i mately 2.15 Mt/year. Ap prox i mately 50% of the to tal sed i ment yield sup plied to the shelf is prob a bly trans ported
along-shore to the south. The sed i ment bud get model for highstand de pos its on the Nha Trang shelf is typ i cal for a small
moun tain ous river ba sin, which is sig nif i cantly dif fer ent from that of the large river delta sys tems in Viet nam such as the Me -
kong and Red rivers where 90% of the river sed i ments are cap tured on the delta plain/sub aque ous part and only 10% of the
river sed i ments are trans ported to the nearby shelf. In con trast, most of the sed i ments sup plied by small moun tain ous rivers
off Nha Trang are trans ported to the mid-shelf, form ing a shore-par al lel mud depocentre.

Key words: sed i ment bud get, Nha Trang shelf, cen tral Viet nam, Ho lo cene highstand, se quence stra tig ra phy.

INTRODUCTION

On the global scale, small moun tain ous rivers with drain age
bas ins <104 km2 are con sid ered to ac count for half of mod ern

sed i ment dis charge to the ocean (Milliman and Syvitski, 1992).
Hence, the im por tance of study ing the flux and fate of sed i ment
dis charge to the oceans from such moun tain ous rivers with
small drain age bas ins has been em pha sized by many re -
search ers (e.g., Milliman and Syvitski, 1992; Milliman, 1995; Liu 
et al., 2004; Schimanski and Stattegger, 2005a). These stud ies
in di cated that these small river bas ins have high sed i ment
yields, low sed i ment stor age ca pac ity and they of ten dis charge
di rectly to the ad ja cent shelf. For ex am ple, small rivers drain ing
moun tain ous ar eas in Pa pua New Guinea and Tai wan dis -
charge an nu ally 1700 and 100 mil lion tons of sus pended sed i -
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ment per year (Mt/year), re spec tively. In Viet nam, the Red
River delta in the north dis charges 130 Mt/year, and the Me -
kong River delta in the south dis charges 160 Mt/year to the
South China Sea (Milliman and Syvitski, 1992). Pre vi ous stud -
ies have also sug gested that 144 Mt/year and 110 Mt/year are
trapped on the Me kong and Red River del tas, re spec tively (Ta
et al., 2001; Schimanski and Stattegger, 2005b). This im plies
that only some 10% of the to tal sed i ment sup plied from these
two large rivers is trans ported to the Viet nam shelf. The cen tral
shelf of Viet nam is drained by nu mer ous small moun tain ous
rivers that have an nu ally dis charged 40–100 Mt/year to the sea
dur ing the Ho lo cene Ep och (Schimanski and Stattegger,
2005b). Due to the short dis tances be tween sed i ment sources
and sinks, most of the sed i ments in this re gion are dis charged
di rectly to the shelf. Ap prox i mately 20–40 Mt/year is stored on
the cen tral Viet nam shelf, and the rest is trans ported off shore or 
along-shore (Schimanski and Stattegger, 2005b).

In this study, we will fo cus on the nar row con ti nen tal shelf off 
Nha Trang in south ern cen tral Viet nam where shal low seis mic
pro files and sed i ment cores are avail able (Fig. 1). The ob jec -
tives of this study are to:

– es ti mate the rate of sed i ment dis charge and stor age on
the Nha Trang shelf over the past 8000 years;

– quan tify the con tri bu tions of dif fer ent lo cal rivers as sed i -
ment sup pli ers to the shelf. 

REGIONAL SETTING

The Nha Trang shelf is lo cated on a pas sive con ti nen tal
mar gin that is bor dered by the Viet nam ese coast line to the west 
and the South China Sea (SCS) to the east (Fig. 1). The con ti -
nen tal shelf off Nha Trang is nar row and steep (~40 km wide)

(Fig. 1). There are two embayments in the study area: Van
Phong in the north ern part and Nha Trang in the cen tre. The
study area is dom i nated by a semi-di ur nal to di ur nal tide re gime
with tidal am pli tudes of 0.4 m at neap tide and 2.5 m at spring
tide (Ha noi Ma rine Hy dro Me te o ro log i cal Cen ter, 2004). The
av er age wave height in this area ranges from 0.5 to 2.0 m dur -
ing fair-weather times and can reach up to 7.5 m dur ing storm
con di tions (Tran et al., 2004). Long-term mon i tor ing data
(1985–1995) col lected at the Nha Trang sta tion re veal an av er -
age tem per a ture of 27°C (Emch et al., 2008). Rain fall in Nha
Trang shows a wide range of vari a tion be tween the dry and
rainy sea sons from 0.1 to 549.2 mm/month (Emch et al., 2008).
Most of the sed i ments sup plied are trans ported to the nearby
con ti nen tal shelf by small and short moun tain ous rivers that
orig i nate in the up to 1700 m high moun tains and drain a re gion
of high re lief (Fig. 2). There are three rivers en ter ing the Nha
Trang shelf: the Cai, Dinh and Van Phong rivers (Fig. 2). The
amount of sed i ment be ing dis charged to the shelf is strongly
sea son ally driven. Szczuciñski et al. (2005) found that the sed i -
men ta tion in the dry sea son (Jan u ary to Au gust) is in sig nif i cant
in Nha Trang bay. The ma jor por tion of the sed i ment is de liv -
ered to the shelf dur ing the wet sea son (Sep tem ber to De cem -
ber). The study by Nguyen (2004) sug gests that ap prox i mately
70% of the sed i ments are trans ported to the shelf dur ing short
pe ri ods of the rainy sea son and 30% in the dry sea son. It was
also shown that sig nif i cant sed i ment vol umes in this re gion are
trans ported gen er ally south wards by along-shore cur rents while 
only a small part is trans ported off shore (Trinh et al., 1979; Bui
and Le, 2000; Nguyen et al., 2000a, b; Nguyen and Tong,
2000). Sed i ment sup ply to the Nha Trang shelf is there fore con -
sid ered to be ei ther from the north ern shelf by south wards
along-shore trans port, or by lo cal moun tain ous rivers.
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Fig. 1. Map of Nha Trang shelf with mod ern bathymetry and avail able subsurface data (adapted from Bui et al., 2014)

El e va tion data of the land part is ex tracted from Shut tle Ra dar To pog ra phy Mis sion (SRTM) dig i tal el e va tion mod els
(http://srtm.usgs.gov/)



Sed i ment dis charge and stor age over the last deglacial highstand pe riod on the cen tral Viet nam shelf off Nha Trang 397

fl
e

h
s 

g
n

ar
T 

a
h

N 
e

ht 
ot

ni 
g

n i
ni

ar
d 

sr
e

vir 
g

n
o

h
P 

n
a

V 
d

n
a 

h
ni

D ,i
a

C 
e

ht f
o 

s
ht

u
o

m r
e

vir 
d

n
a 

d
n

a 
s

n i
s

a
b 

e
g

 a
ni

ar
D .

2 .
gi

F



METHODOLOGY AND DATA

Sed i ment flux to the coastal zone is con trolled by many fac -
tors in clud ing ba sin area, re lief, tem per a ture, run off, li thol ogy,
and hu man ac tiv i ties (Syvitski and Milliman, 2007). There are
sev eral mod els, which can be used to quan tify the in flu ences of
these fac tors to the long-term flux of sed i ment de liv ered by
rivers (Schimanski and Stattegger, 2005a; Syvitski and
Milliman, 2007). In this study, we cal cu late sed i ment fluxes from 
the lo cal rivers us ing pub lished mod els (Schimanski and
Stattegger, 2005a; Syvitski and Milliman, 2007). These  mod els 
can pre dict the long-term sed i ment flux de liv ered by rivers but
they do not pre dict the episodicity of this de liv ery (Syvitski and
Milliman, 2007). The river bas ins sur round ing the Nha Trang
shelf are di vided into three groups based on the river/stream
dis tri bu tion: the Cai, Dinh and the Van Phong River bas ins
(Fig. 2). To cal cu late the sed i ment loads of rivers drain ing the
Nha Trang shelf, we used Shut tle Ra dar To pog ra phy Mis sion
(SRTM) dig i tal el e va tion mod els (http://srtm.usgs.gov/) to de -
ter mine the area and max i mum el e va tion of the drain age ba sin
(Fig. 1). The sed i ment dis charges from the river bas ins are ex -
tracted from the pub lished lit er a ture (Barthel et al., 2009).
Equa tions rep re sent ing the re la tion ship be tween sed i ment flux
and lo cal geo graph ical/geo log i cal fac tors are shown in the fol -
low ing part.

In ad di tion, high-res o lu tion seis mic and sed i ment core data
have been used to iden tify sed i ment stor age on the shelf over
the last deglacial highstand pe riod (Figs. 1, 3 and 4). Seis mic
data were ac quired with two dif fer ent sound-sources: Boom er
and Parasound. Most of the seis mic pro files are lo cated at wa ter
depths be tween 20 and 200 m (Fig. 1). The Boom er sys tem
(EG&G Uniboom) is a sin gle chan nel sys tem that in cludes an
elec tri cal en ergy sup plier and an elec tro mag netic trans ducer that 
trans forms the dis charged en ergy to elec tro-dy namic acous tic
pulses. The Boom er source pro duces a wide band width work ing
fre quency with the main range of 0.3 to 11 kHz re sult ing in a typ i -
cal pen e tra tion of 20 to 100 m be low the sea bed. Band-pass fre -
quency fil ter ing of 0.5–7 kHz was ap plied to the Boom er data.
Parasound is a hull-mounted sys tem that com bines a nar row
beam echosounder with a sub-bot tom profiler. The sys tem is op -
er ated with a fixed pri mary fre quency of 18 kHz and a sec ond ary
pri mary fre quency vari able from 20.5–23.5 kHz. Both pri mary
fre quen cies are trans mit ted si mul ta neously in a nar row beam.
The con struc tive in ter fer ence of these fre quen cies al lows gen er -
a tion of a work ing fre quency within the beam of 2.5–5.5 kHz
(Grant and Schreiber, 1990). Parasound data was pro cessed
and pre sented by Sent soft ware.

Seis mic data was in ter preted on the ba sis of se quence
strati graphic con cepts (Catuneanu, 2002, 2009). The seis mic
units were iden ti fied and dis tin guished from one an other by
their re flec tion con ti nu ity, am pli tude, fre quency and con fig u ra -
tion (Bui et al., 2014). The seis mic sur faces in ter preted were
then cal i brated by sed i ment core data. Grav ity cores taken at
se lected sites were ana lysed by sedimento logical and geo -
chem i cal meth ods (Wiesner, 1999; Schimanski and Stattegger, 
2005a; Wiesner, 2006). The cores come from vary ing wa ter
depths be tween 23.8 to 134 m (Fig. 4). Ra dio car bon ages were
de ter mined by ac cel er a tor mass spec trom e try (AMS; Fig. 4).
The Late Pleis to ce ne–Ho lo cene se quence strati graphic model
of the shelf off the Nha Trang area is sub di vided into four sys -
tems tracts (Bui et al., 2014). This study only fo cuses on the
highstand sys tems tract of the Nha Trang shelf. Se quence

strati graphic in ter pre ta tion and an isopach map of the
highstand de pos its on the Nha Trang shelf are adapted from a
pre vi ous study (Bui et al., 2014).

CALCULATION OF SEDIMENT LOADS FROM THE LOCAL RIVER

FIRST APPROACH

In for ma tion about paleo-sed i ment flux on the cen tral Viet -
nam shelf is very poor. The first at tempt to es ti mate the dis -
charge of sed i ment on the cen tral Viet nam shelf was car ried out 
us ing de nu da tion rates (Schimanski and Stattegger, 2005a).
The es ti mated an nual sed i ment flux for the whole cen tral Viet -
nam shelf based on the fol low ing equa tion [1] sug gested
40–100 Mt/year:

Sed i ment flux [t/yr] = de nu da tion rate [m/106 yr] ´
rock den sity [t/m3] ´ area [104 m2]

[1]

Us ing the same pro ce dure for the Nha Trang area, we can
roughly es ti mate the an nual sed i ment sup ply for this area as
1.64–4.08 Mt/year (Ta ble 1).

SECOND APPROACH

In this ap proach, we cal cu late long-term av er age sus -
pended sed i ment dis charg ing to the shelf based on the BQART
equa tions [2] and [3] for T ³ 2°C (Syvitski and Milliman, 2007):
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where: Qs – the long-term av er age sed i ment load [Mt/y], A – the
drain age area [km2], R – the max i mum el e va tion in the drain age ba -
sin [km], T – the ba sin-av er aged tem per a ture [°C], Q – the long-term
av er age dis charge, Q0 = 1 [km3/y] is a ref er ence value in tro duced to
form a nondimensional ra tio of long-term av er age dis charge, and
the con stant w = 0.0006 Mt/y–1 0C–1 km–2. The un cer tainty in cal cu lat -
ing sed i ment dis charge from this equa tion is the vari able B, which
ex presses the hu man im pact fac tor. B de pends on lithological
erodibility (L), trap ping ef fi ciency of res er voirs and lakes (Te) and the 
hu man im pact soil ero sion fac tor (Eh). 

Each of these pa ram e ters shows a wide range of vari a tion
de pend ing on both time and space (Syvitski and Milliman,
2007). Thus, in stead of es ti mat ing a sin gle pa ram e ter, we use
the cal cu la tion from the first ap proach (Ta ble 1) as the stan dard
value and vary B un til the re sults from both cal cu la tions fit each
other. This pro ce dure has been ap plied ef fec tively for the Adri -
atic Sea (Brommer, 2009). As a re sult, we can de rive the B
value as rang ing from 0.6–1.4 (Ta ble 2). The av er age sed i ment
dis charges from the Cai and Dinh bas ins are ex tracted from the
pub lished lit er a ture (Barthel et al., 2009). Sed i ment dis charge
from Van Phong ba sin is in versely es ti mated by us ing the
above value of the B vari able and the cal cu lated sed i ment load
in Ta ble 1.

The re sults of cal cu lated sed i ment sup ply to the Nha Trang
shelf from the above two equa tions are es sen tially iden ti cal and
they in di cate that the dis charge of sed i ment by the three main lo cal 
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Fig. 4. Sed i men tary char ac ter is tics (X-ray logs and core de scrip tion) and AMS-
14

C ages of deglacial highstand de pos its 

from grav ity cores ac cord ing to mod ern wa ter depths on the Nha Trang shelf (Wiesner, 1999, 2006; 

Schimanski and Stattegger, 2005a)

Other explanations as in Figure 3



moun tain ous river bas ins (of the Cai, Dinh and Van Phong rivers)
ranges from 1.7 to 4 Mt/year. The pro por tions of sed i ment sup ply
to the shelf of the three lo cal rivers in this re gion are as fol lows: the
Cai 60%; the Dinh 30% and the Van Phong 10%.

CALCULATION OF SEDIMENT STORAGE AND DISCHARGE 
TO THE SHELF DURING THE DEGLACIAL HIGHSTAND PERIOD

SEISMIC FACIES AND SEDIMENTARY CHARACTERISTICS OF THE HIGHSTAND
SYSTEM TRACT (HST)

The HST on the Nha Trang shelf is iden ti fied as the first
seis mic unit be low the sea bed (Fig. 3). It is bounded at the top
by the mod ern sea bed and the max i mum flood ing sur face
(MFS) at the base (Bui et al., 2014). The MFS on the Nha Trang 
shelf is char ac ter ized by a mod er ately con tin u ous re flec tion on
seis mic pro files (Fig. 3). On the mid-shelf, it ap pears on seis mic 
pro files as a clear bound ary of the lower backstepping onlap
and up per sea ward downlapping re flec tors (Fig. 3). Six sed i -
ment grav ity cores taken on the Nha Trang shelf re veal the sed -
i men tary char ac ter is tics of highstand de pos its (Fig. 4). Only
sed i ment core 01 pen e trates to the lower transgressive de pos -
its (Fig. 4). Most of the cores have a muddy com po si tion and
low sand con tent (Fig. 4). Two ra dio car bon dates of sed i ment
core 58-2 taken in the in ner shelf off the Hon Gom Pen in sula
pro vide ages of 0.42 and 0.84 ka BP (Figs. 3 and 4). Ra dio car -
bon dat ing of the sed i ment core (core 01) at a wa ter depth of
134 m cov ers the age in ter val of 2.29 to 10.78 ka BP (Figs. 3
and 4). An other core sta tion (core 97) shows ages of highstand
de pos its rang ing from 3.87 to 5.04 ky BP (Figs. 3 and 4). How -
ever, the age of the MFS on the Nha Trang shelf re mains un -

clear since it has not been dated. Pre vi ous stud ies on the Nha
Trang and Sunda shelves have in di cated a deglacial trans gres -
sion from the last gla cial max i mum (LGM) sea-level lowstand
ter mi na tion at 19.6 ka BP to ap prox i mately 8.0 ka BP
(Hanebuth et al., 2000, 2002; Bui et al., 2014). On the Red
River and Me kong River del tas, ages of the MFS have been
iden ti fied ap prox i mately at 8.0 ka BP (Hori et al., 2004; Tamura
et al., 2009; Tjallingii et al., 2010).  There fore, the on set of HST
de pos its on the Nha Trang shelf can be cor re lated to the ini ti a -
tion of the for ma tion of these two del tas. In our cal cu la tion, we
as sume that the last highstand pe riod on the Nha Tran shelf be -
gan ap prox i mately 8 ky BP.

VOLUME OF SEDIMENT STORAGE ON THE SHELF

The vol ume of sed i ment stor age on the Nha Trang shelf
over the last 8 ky BP is cal cu lated based on seis mic in ter pre ta -
tion re sults (Fig. 3). The highstand thick ness was ob tained by
sub tract ing the mod ern sea bed from the MFS sur face (Fig. 3).
The sed i ment thick ness, which is de ter mined in two-way travel
time, is con se quently con verted into metres based on an av er -
age sound ve loc ity of 1550 m/s (Bui et al., 2014). The HST de -
pos its on the Nha Trang shelf form a north-south elon gated
mud-belt depocentre de vel op ing along the mid-shelf that tends
to pinch out to wards the in ner and outer shelf (Fig. 5). As we can 
ob serve on the fre quency dis tri bu tion his to gram, there are
some neg a tive val ues in the sed i ment thick ness map that re sult
from the ir reg u lar ity of the in ter po lated data (Fig. 5). These data
are of course not real and there fore they are ne glected in the
sed i ment thick ness map. As shown on the fre quency dis tri bu -
tion, the av er age HST thick ness is ap prox i mately 3 m (Fig. 5).
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T a  b l e  1

In put pa ram e ters and sed i ment load of three main bas ins from de nu da tion rate data

Ex pla na tions as in equa tions [2] and [3]

T a  b l e  2

In put pa ram e ters and sed i ment load of three main bas ins from the BQART equa tion

Ex pla na tions as in equa tions [2] and [3]



As sum ing a dry bulk den sity of 1.15 t/m3 (Schimanski and
Stattegger, 2005a), we can roughly es ti mate the vol ume of
mod ern HST sed i ments stored on the Nha Trang shelf as fol -
lows:

HST (8–0 ky BP):  5000 km2 ´ (3 m/8000 y) ´ 1.15 t/m3 =
2.15 Mt/year

TOTAL SEDIMENT DISCHARGE TO THE SHELF

A pre vi ous study sug gested that ap prox i mately 40–50% of
the sed i ment sup plied was stored on the cen tral Viet nam shelf
dur ing the pe riod of 7.6 ky BP to the pres ent (Schimanski and
Stattegger, 2005a). With in verse cal cu la tion based on the
above per cent age of sed i ment pre served on the shelf, we can
es ti mate the an nual sed i ment dis charge to the Nha Trang shelf
dur ing the HST pe riod (8 ky BP to pres ent) as fol lows:

(2.15 ´ 100)/(50 to 40) = 4.3 to 5.4 Mt/year.

DISCUSSION 

The cal cu la tions of sed i ment dis charge by the three lo cal
rivers en ter ing the Nha Trang shelf in the pre vi ous sec tion are
ba si cally per formed on the pres ent-day pa ram e ters (Ta bles 1
and 2). How ever, pre vi ous re search on the nearby area of the
SCS sug gests that af ter 8 ky BP, the paleo-coast line nearly
reached its mod ern po si tion and the tem per a ture was more or
less sta ble (Steinke et al., 2003; Shintani et al., 2008). There -
fore, our cal cu la tion based on the mod ern drain age ba sin pa -
ram e ters and tem per a ture rep re sents the av er age value over
the HST pe riod. The un cer tainty of cal cu la tion us ing the BSQT
equa tion (Ta ble 2) lies in the vari abil ity of dis charge and hu man
im pacts, which can sig nif i cantly mod ify the re sults. How ever, at
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Fig. 5. Sed i ment thick ness map and fre quency dis tri bu tion his to gram of highstand de pos its 

on the Nha Trang shelf (adapted from Bui et al., 2014)



this stage of the re search, hu man im pact fac tors such as de for -
es ta tion or dam con struc tion are not in cluded in the cal cu la tion.

The net sed i ment that ac cu mu lated on the Nha Trang shelf
cal cu lated from seis mic data is prob a bly lower than the pub -
lished re sults of the Ho lo cene sed i men ta tion rate on the cen tral
Viet nam shelf (Schimanski and Stattegger, 2005a, b;
Szczuciñski et al., 2009). Schimanski and Stattegger (2005a, b) 
in di cated that the Ho lo cene sed i men ta tion rate on the cen tral
Viet nam shelf is in the range of 5–10 and 25–40 cm/ky by us ing
the AMS 14C dat ing method. An other study of Szczuciñski et al.
(2009) us ing the 210Pb ra dio ac tive iso topes method sug gested
that the rates of re cent sed i men ta tion (less than 100 years) on
the cen tral Viet nam shelf range from 220 to 470 cm/ky. Nev er -
the less, the re sults of the above stud ies were cal cu lated on
sed i ment core data taken on the mid-shelf sed i ment
depocentre or in ar eas where sed i ments are prob a ble. In con -
trast, our cal cu la tion is based on seis mic data that in clude the
ex posed bed rock and ar eas with out sed i ment de po si tion, which 
there fore re sults in the lower es ti mate.

Com par i son of the dis charge of sed i ment sup ply by the
three lo cal river bas ins (1.7 to 4.0 Mt/year) to the amount of sed -
i ment dis charge to the Nha Trang shelf (4.3 to 5.4 Mt/year) sug -
gests that the lo cal rivers can only ac count for ap prox i mately
40–75% of the to tal sed i ment sup ply to the shelf. The HST sed i -
ment thick ness dis tri bu tion (Fig. 5) re veals an elon gated sed i -
ment depocentre lo cated in front of the lo cal river mouths. The
po si tion of the sed i ment depocentre sug gests the im por tance of 
those rivers act ing as the pri mary sed i ment sup ply sources to
the shelf whereas the elon gated shape in di cates a gen er ally
south wards di rected sed i ment trans port by along-shore coastal 

cur rents (Trinh et al., 1979; Bui and Le, 2000; Nguyen et al.,
2000a, b; Nguyen and Tong, 2000). Tak ing the above dis cus -
sion into con sid er ation, we spec u late that the up per es ti mated
value seems to be more rea son able and that the lo cal rivers can 
con trib ute up to 75% of to tal sed i ment dis charge to the Nha
Trang shelf (Fig. 6). Nev er the less, sed i ment sup ply from the
ad ja cent north ern shelf re gion by along-shore trans port can
also be very sig nif i cant (ap prox i mately 25 % or more of to tal
sed i ment sup ply), since the thick est sed i ments are found in
front of the Van Phong River mouth (Figs. 5 and 6). The HST
de pos its are mostly de pos ited on the mid-shelf and they tend to
thin out to ward the outer shelf (Fig. 3). This sug gests that the
vol ume of highstand de pos its trans ported to the con ti nen tal
slope is in sig nif i cant. In ad di tion, pre vi ous stud ies in di cate that
the ma jor por tion of sed i ment sup ply to the Nha Trang shelf oc -
curs dur ing the rainy sea son (Sep tem ber to De cem ber). The
sed i ments are then trans ported along-shore south wards by the
dom i nant north-east mon soon ef fects (Nguyen, 2004; Barthel
et al., 2009). We there fore spec u late that ap prox i mately 50% of
to tal sed i ment sup ply to the Nha Trang shelf is prob a bly trans -
ported along-shore to the south (Fig. 6).

COMPARISON BETWEEN HIGHSTAND DEPOSITS 
OF THE NHA TRANG SHELF AND SURROUNDING AREAS

The sed i ment bud get model of highstand de pos its on the
Nha Trang shelf is an ex am ple of small moun tain ous river bas -
ins, and it is sig nif i cantly dif fer ent from that of the large river
delta sys tems in Viet nam such as the Me kong and Red rivers
(Figs. 1 and 7). On the wide and low gra di ent shelves off the SE
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Fig. 6. A sed i ment bud get for the Nha Trang shelf over the last highstand pe riod



(Me kong River delta) and north ern Viet nam (Red River delta), a 
thick highstand (HST) wedge is con fined to the in ner shelf leav -
ing the mid and outer shelf in a starved con di tion (Bui et al.,
2013; Nguyen et al., 2018). Nev er the less, the HST depocentre
on the nar row cen tral Viet nam shelf is lo cated on the mid-shelf
form ing a clinoform and it thins to ward the in ner and outer shelf
(Bui et al., 2014). Such clinoforms are of ten found in the
down-drift di rec tion of river mouths and may ex tend over sev -
eral hun dred kilo metres (Liu et al., 2004; Pratson et al., 2009).
The highstand sed i ment bud get mod els of these two types of
con ti nen tal shelf (Fig. 7) show dis tinc tive fea tures which re sult
from the dif fer ences in sed i ment sup ply re gime, shelf mor phol -
ogy and hy dro dy namic con di tions be tween the two ar eas (Bui
et al., 2013, 2014).

CONCLUSION

A sed i ment bud get over the last deglacial highstand pe riod
for the Nha Trang shelf is pre sented and dis cussed. There are
still un cer tain ties in our cal cu la tion that sug gest fur ther study
should be con tin ued to im prove the re sults. How ever, the re -
sults of this study have some im pli ca tions for the flux and fate of
sed i ments leav ing small moun tain ous rivers in cen tral Viet nam.
The re sults and dis cus sion above sug gest some con clu sions
for the re search:

– the an nual sus pended sed i ment dis charge to the Nha
Trang shelf dur ing the highstand pe riod from 8 ky BP to
pres ent ranges from: 4.3 to 5.4 Mt/year;

– the dis charge of sed i ment to the Nha Trang shelf by the
three lo cal rivers: the Cai, Dinh and Van Phong range
be tween 1.7–4 Mt/year, in which the pro por tions of
those rivers are as fol lows: the Cai 60%, the Dinh 30%
and the Van Phong 10%. Other sources of sed i ment
sup ply to the Nha Trang shelf are prob a bly trans ported
along-shore from the nearby shelves;

– the net sed i ment vol ume stor age on the Nha Trang shelf 
is ap prox i mately 2.15 Mt/year.  Ap prox i mately half of to -
tal sup plied sed i ment to the shelf is trans ported
along-shore to the south ern Viet nam shelf;

– the flux and fate of sed i ments es cap ing small moun tain -
ous rivers off Nha Trang is sig nif i cantly dif fer ent from
that of the huge river delta sys tems in Viet nam such as
the Me kong and Red Rivers.
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Fig. 7. Com par i son be tween the Ho lo cene se quence strati graphic model of 

the nar row shelf off Nha Trang and the wide-low gra di ent shelf off the SE

and north ern Viet nam (Bui et al., 2013; Bui et al., 2014; Nguyen et al., 2018)
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