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Vainguinim Beach is a small and nar row pocket beach located on the rocky coast of Dona Paula Bay. at the estuarine
front of the Zuari River in Goa. India. The beach has been widely used for recreation and swimming by a large number
of tounsts. The beach sediments consist primarily shell fragments and quart z, with heavy minerals composed of
ilmenite, magnetit e and manganese. The black sta in of the fine-grained heavy minera ls deposited on the beach face
reduces the aesthetics of the beach. This paper summarises the various studies undert aken to identify the sediment
processes and the possible measures to improve the usability of the beach.

ADDITIONAL INDEX WORDS: Beach nourishment . heavy mineral s . black sand . tourist beach . Indian coas t. sed ime nt
tran spo rt.

INT RODUCTION

Th e coas t line a long Goa can broadly be classified based on
physiogr aphy as beache s, sea cliffs , promontories , estua ries,
spits , dunes, weathering rock s and wa ve cut platforms (Fig
ure 1). The prominent landform consists of laterite capped
mesas exte nding 25 to 30 km inl and (WAGLE, 1987). Laterite
bed s a re found off th e estua rine region of Mandavi a nd Zuari
Rivers a t a bout 30 m water depth. Th e Zuari River joins the
Arabia n Sea forming a large bay, and it encloses th e Mor
mugao Port, which handles la rgely th e load ing of iron and
man ganese ores. Th e mechanica l ore handling plant in the
port has th e ca pac ity of 8000 tons per hour with an open
stack ya rd of 80 ,000 m" for stocking one million tons of ore .
In addit ion, three transhipper vesse ls operate for mid st ream
loading of iron ore owne d by pri vate ex porters. Th e wind drift
a nd spillage of ores during loading ca rry fine fractions to th e
wa te r body, which a re th en partly tran sp orted to th e neigh
bouring coast. Th e Dona Paula Headl and and Odsh el Point
on th e northern segment of th e Mormuga o Bay encompass
Dona Paula Bay, whe rei n the Vaingu inim Beach has been
form ed as a sma ll pocket beach a midst the outcrops of la ter ite
rocks (Figure 2). Vainguinim Bea ch is a bout 300 m long and
;W m wide , a nd is being wide ly used for recreation a nd swim
min g. Th e beach is subjected to low wave clima te and weak
cur re nts . Th e location of the beach in th e es tuar ine environ
men t , slow degrad ati on of adjace nt laterite cliffs a nd th e ore
hand lin g a t the nearest port contribute sizable proportion of
heavy min era ls wash ed to the bea ch face. Th e beach sa nd
prima rily cons ists of she ll fragme nts and qu artz, with ilme n
ite , magn etite and manganese. Th e depo sition of fine black
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sand on the beach face causes blackish tint and transforms
th e intertidal zone turbid . It reduces the aestheti c a ppear
ance and incites psychological concern for tourists that use
the beach . Th e favourabl e conditions for th e form ation of
black sand concentration on beaches has been discussed in
det ail (ZENKOVICH, 1967 ; WOOSLEY et al ., 1975 ). Th e size ,
shape, s pecific grav ity, of th e heavy mineral grains and th e
nearsh ore wave/current forces acting on the gr ains determine
th e onshore/offshore movem ent of the black sa nd. Th is pap er
presents studies mad e on th e sed ime nt proc esses and th e as 
socia te d factors influencing the depo sition of the black sa nd
with referenc e to th e possib le methods to improve th e us
a bility of the beach .

MATERIALS AND METHODS

The ocean ographic conditions in thi s region are distin
guis he d by three seasons : a fair weather peri od (Febru a ry to
May), th e southwest mon soon (,June to September ), and the
northeast monsoon (Octo ber to J anuary ) (CHANDRAMOHAN et
al., 1989 ). Field observations were made in March , Augu st
a nd December of 1994 to represent th e three seasons . Th e
various measurem ents a nd th eir locations a re sh own in Fig
ure 3. Con t inuous measurements oftidal cur ren ts were mad e
for 24 hours duration a t 3 m wa te r depth using an Inter
Ocean 84 cur re nt meter. Curre nt spee d and direction wer e
record ed at 10 minutes in terval and ea ch record ing rep re
se nte d th e average currents of 1 minute du ration . Longsh ore
currents a long th e beach were measured using fluor escent
t racers in th e surf zone in March , August and December.
Wave refraction study covering th e open coas t and th e she l
tered region of the Vaingu inim Beach was ca rr ied out usin g
th e numerical procedure ex pla ine d in SKOVGAAHD et al.
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Figure 2. Va inguinim Beach loca ted in between the headl a nds on th e north ern side of Mor mu gao Bay.

(1975 ). Th e measured wa ve data corresponding to the open
sea condit ion near Goa Coast has been extracted from NA
GAHAJ (1990 ). Sediment samples on the beach were collected
using 0.4 m long core at three loca t ions along th e inter tida l
zone of the beach. Seabed sediments were collected a t nine
loca tions using a van Veen grab. The heavy mineral s were
separa ted by a magnetic separator. Sedi ment trap s were in 
sta lled in th e surf zone at 1.6 m water depth , one close to th e
surface and another near the bottom, to assess the pattern
of sedime nt movement in the surf zone . Sediment lad en wa
ter samples were collected at the surface and bot tom using a
van Dorn water sa mpler to estimate th e suspen ded sedim ent
load . Beach profiles were measured using a wave sled out to
a depth of 4 m.

RESULTS

Coastal Morphology

Goa Coast can broadly be classified into a coastal tract con
s ist ing of beac hes, sea cliffs , promon tories , pocke t beac hes,
estuaries, dunes, hard rock wave cut platforms elc. (Figu re
1). Along the 125 km long Goa coas tli ne , there are more tha n
17 beautiful beaches having sign ificant importance to tour
ism . The sea bed consist s of silty clay out to the 50 m water
depth and sa ndy silt between 50- 100 m water dep th (Nx rn

and l-! ASHMI, 1989). Th e beac hes sit uated along the open
coas t cons ist ma inly of quartz along with feld spars an d other
heavy miner al s. They are represented by medium to fine
sand, well to moderately sorte d (WAGLE, 1987). Man y inves
tiga tions have been carried out along the Goa Coas t on the
beac h processes and the littora l sediment t ra ns port (MURTHY
et al., 1975; ANTONY, 1976; VEERAVYA et al., 1981; MURTHY
an d VEERAYYA, 1985). Th e Vainguinim Beach is a small and
narrow pocket beach sit uated in the estua rine bay protected
by headl ands (Figure 2). Th e coast su rrounding Vaingui nim
Beach cons ists of a platea u marked by th e pr esence of du ri
crust later ite at th e top. Th e geotech nica l investigations car
rie d out in the vicinity indica te th at the duricru st layer is up
to 7.5 m thickness , below which laterite silty an d clay ey soils
are enco untere d. Weathered phyll ites are present 15 m below
the seabed (TILAK, 1995). Th e la teri tes along the sea front
undergo disintegration du e to weathe ri ng and the constant
wave action. The weathered fragments are the n carried by
coastal currents, and are supplied as black sand to the littoral
sys tem.

Tides, Waves and Wave Refraction

Th e tides in this region are semi-diurnal with the ave rage
spring tida l ran ge of 2 m and neap tid al ran ge of 0.25 m. The

.Iourna l of Coast a l Research , Vol. 14, No. 3, 1998
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Figure 3. Locati on showing va rious field mea surement s .

measured wave data using a Datawell Dir ectional wave ride r
buoy at 15 m water depth in th e open sea near Goa were
presen ted in NAGARAJ (1990). Based on th ese me asuremen ts ,
the monthly average sign ificant wave height, zero cross ing
wave peri od and th e predominan t wave direct ion are pre
sente d in Tabl e 1. Th e significant wave heights were high er
th an 1.5 m during June to August, and low showing less th an
0.7 m during October to Apr il. Th ese waves undergo signi fi-

ca nt re fraction in th e Mormugao Bay an d attain la rge atten
uation before reaching th e Vai ngui nim Beac h. The ty pical
wave refr action diagr am for t he waves appro aching from 250 0

with respect to North is shown in Figure 4. Th e wave refrac
tio n study shows that waves having direct ions between 2150

and 2370 direct ly approac h the Vaingu in im Beac h. Th e waves

Figu re 4. Wave refraction diagr am for the wa ves of 8 s peri od com ing
from 250 w.r. t . Nor th .

Table 1. Averag e monthly wave characteris tics off Goa .

Wave Directio n
Significant Zero Crossing with Respect to

Wave Height Wave Period North
Month (rn) (sec) (deg)

January 0.49 5.0 280-290
February 0.65 5.1 290-300
Ma rch 0.69 4.8 210-220
April 0.63 5.1 210-230
May 1.02 5.3 210-240
J u ne 1.84 6.6 215-220
J uly 2.09 7.0 240-250
Augu st 1.69 6.7 240 - 250
Septemb er 0.84 5.6 210-240
October 0.60 5.6 20 0-210
Novemb er 0.45 5.7 207-210
December 0.37 4.9 200-220
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Figure f>. Varia tion of curre nt s pee d a nd direction us ing 84 cur re nt met er at 3 m water dept h.

less tha n 2150 a re totall y obstructed by the Mormugao Head 
land , whil e waves gr eater than 237 0 undergo cons iderable re
fra ct ion before reach ing the Vai ngu ini m Beach . Th e refrac
tion an a lys is fu rther indicates th at th e relatively high waves
a pproach th e Va ingu inim Bea ch only during April to August,
and the wave ac t ivity is very low during the rest of th e yea r.
Th e wav e heigh ts visua lly obse rve d at Vainguinim Beach ,
showed 0.25 m in Ma rch, 0.5-0.8 m in Augu st, and 0.1- 0.3
m in December. Th e wave peri od varied between 8 and 10 s,
and the wave s wer e breaking al most parall el to th e shore line
thro ughout th e year . Thus it is observed tha t th e wa ve energy
acting on the Vainguinim Beach is low compa red to the wave
energy act ing on th e bea ches expose d to open sea a long the
Goa Coas t.

Currents and Littoral Se diment Transport

Th e mea n t ida l current a t 3 m wa ter dep th du ring March
was D.OG ms I , a nd its di rect ion was a bout 90° during flood
and 2700 during ebb tid es. In December , th e current sp eed
was about 0.09 ms I , with a margin al shift in current d irec
tion with t ide (Figure Ii). Th e resul ts show tha t th e t ida l cur
re nts close to Va ingu inim Beach are very wea k. Th e dist r i
hu t.ion of longsh ore currents a long the Vainguinim Beach is
shown in Figu re 6. The cu rrents were weak in March and
December with less t han D.08 ms I during flood a nd ebb tid al
condit.ions . It was 0.08-0.2 ms J in August. Th e longsh ore
curre nt direct ion was predomin antl y westward during flood
t ide, ty pica lly a reverse of th e expecte d curre nt pattern , in
d ira tin g t he beh aviour of an eddy circulat ion. During ebb
t ide. th e current was westward over th e eastern pa rt of the
beach . a nd eastward on the western par t of the beach indi
cat.i ng eddv region over th e western part of th e beach .

Us ing the data on breaker heigh ts . longsh ore currents a nd
surf zone- width collecte d dail y for a period of one year at open
beach nca r Cala ngute (Figure l I, ANANIl 1'( al. I HJ91 1, ha ve
reported that t he longsh ore sedime nt t ransp ort ra te a long the
open coast. is relatively low. Th e sedime nt t ran sp ort was
northe rly duri ng September to December, and sout her ly dur -

ing th e rest of th e year. Th e transport ra te was about 0.39 X

10" m'' per month in July and August , and was less than 0.04
X 10" rn" per month in J anuary, Ma rch , June, October, No
vember a nd December. Th e annual net transport was 0.89 X

10" m' per year towards south and gross transport wa s 1.2
X 10" m" per yea r. The littoral transport is mostl y confined
to loca l region s as the littoral zone is obstructed by various
head lands pr otrud ing into th e sea .

Beach Se diments

The classification of sedi ments collecte d a t three locations
in th e in te r t ida l zone shows th at the sa nd fraction was 89
91 per cent in March, 92-99 per cen t in August and 87-94
per cent in December. The rest of th e fract ion cons isted of
silt. Th e mean diameter (Owl was arou nd 0.11 mm in March,
0.17 mm in August, and 0.09 mm in December. Most of th e
finer fract ions cons isti ng of black sa nd have been moved to
offshore du e to more wave energy acting on th e beach during
th e southwest mon soon . Subseque nt to th e mon soon period,
whe n the wave ene rgy reduces , th e heavy min eral s are
bro ught back to t he shore .

Th e black sa nd particles were sepa ra ted from th e beach
sedime nts , a nd t he va lues a re presen ted in Tabl e 2. An av
erage of Ii per cent of th e beach consists of black sand. In
general, the black sand propor t ion was relatively high er in
March followed by December a nd Aug ust. Concent ra tion was
h igh on the surface layer and no s ignifica nt va riation in th e
concent ra t ion was noticed acro ss the subs urface upto 0.4 m
layer of the beach . Analysis of sediment sa mples collecte d a t
eight neighb ouri ng beaches (Figure 2 ) shows t he presen ce of
significa nt proportions of black sedime nts in th ese regions.
Na usea , Kak a ra a nd Dias Beaches show re lati vely higher
proporti ons of black sa nd (> 8 per cent) th an Vainguinim
Beac h . S ridao , Bambolim a nd Hawaii Beaches conta in about
4 per cent , a nd Odsh el and Dona Paula Bea ches about 2 per
cent of black sa nd. Th e phen omen on of black sa nd deposit ion
is common at a ll of th ese est ua rine pocket beaches.

.Journ a l of" Coas ta l I{esea rch . Vol. 14. No. :l. 199H
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Figure 6. Distribution of longshore currents during 3 different seasons along the Vainguinim Beach.

Seabed Sediments

The size distribution was done for the sediment samples
collected on the nearshore seabed at nine locations as indi
cated in Figure 3. In March, the sand fraction was 92 per
cent on the beach berm (st. 4), 72 per cent in the intertidal
zone (st. 5), 89 per cent at station 8, and 60-70 per cent at
other locations. The rest of the fractions consisted of silt. The
seabed near station 12 is exposed as laterite without any sed
iment cover. In December, the sand fraction was around 88
per cent at stations 4 to 7 and 70 per cent at stations 8 to 11.
The distribution indicates significant proportions of silt in the
nearshore upto 4 m water depth (st. 11). The silt fractions
deposited on the seabed are higher (20-30 per cent) than on
the beach. The percentage of silt was more in March than in
December. The presence of rock close to surfzone at station
12 gives an indication that the movement of littoral sediment
is restricted considerably in this region.

sediments collected in the traps were mostly of silt fraction,
consisting more than 80 per cent. The sediment flux was
higher close to the bed than at the surface. The sediment
moving towards the east parallel to shore was highest, fol
lowed by movement towards the west parallel to shore, while
the sediment movement in offshore-onshore direction was
small. The movement of sediment in the offshore direction
was found to be relatively higher than the movement in the
onshore direction. The sediment trap results indicate that
there is a supply of sediment to the Vainguinim Beach de
rived from the coast parallel currents, and a small amount of
exchange of onshore-offshore sediments takes place even dur
ing the calm wave condition. Mostly silt fraction sediments
are subjected to movement in March, whereas in December
the sand fractions were observed to be in higher proportions.
The sediments moving onshore were found to be high in De
cember, indicating the depositional phase of the beach.

Suspended Sediments Beach Changes
The suspended sediment concentration measured at five

locations (Figure 3) showed 8-11 mgl 1 in March and Decem
ber. Two sediment traps, one near surface and another close
to seabed were placed in four different configurations to trap
(i) offshore movement of sediment, (ii ) onshore movement of
sediment, (iii) the sediments moving parallel to shore to
wards the west and (iv) sediments moving parallel to shore
towards the east. The experiment showed that in March, the

The variation in the beach profiles is shown in Figure 7.
The profile beyond the surf zone could not be measured in
August due to unforeseen problem with wave sled. In general
the beach is flat to 2 ill water depth, falls relatively steeper
to 4 m water depth and thereafter remains very flat. Decem
bel' profile shows scouring of 0.5-1 m in the surf zone due to
monsoon waves.

Journal of Coastal Research, Vol. 14, No, :3, 199H
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Tu blc z. Concentrat ion of blue]: sediments .

SI . No.

S I

S2

S:l

March Au gust December

Moun Black Part icles Mean Black Purt iclos Mean Black Particles
Depth Diameter Conce ntrat ion Dium ct or Conce ntrat ion Diameter Concentratio n

rm r t rn m i ( I!, 1 ( m ill) ll h I tm rru j(/, )

0 .0 0 .108 6 .2 0 .2 10 4.1:1 0 .094 :3 ..16
0 .1 0 .160 2 .~ 0..160 Ui7 0 .112 6 .87
0.2 0 .240 4.6 1.000 1.26 0 .092 7.:37
0.:1 0 .26;; 2 .1 1.0 7;; 1.46 0 .11 0 4.:3:J
0..1 0 .2~0 2.0 1.02;; 1.:12 0 .14 4 ;;.2;;

0 .0 0 .110 H.li 0.16;; 6.07 0.086 4.27
0.1 0 .172 4.1 0 .:140 4.90 0 .160 2.92
0 .2 0.2 11 2 .~ 0 .:14;; (i.:ll 0 .190 a.ss
o.a 0.2:10 :1.1 0.:160 4.;;4 O. IH;; 4 .08
0 .4 0 .:10:, 2.fj 0 .:170 4.:1;; 0 .1H7 :1.%

0.0 0.110 H.4 0 .120 7.iiH 0 .2:10 4 .0:3
0 .1 0.17ii :Ui o.sso 1.:1;; 0 .:100 1.92
0.2 0 .24ii 2..1 0 ..100 i .ss 0 .1;;2 ;;..11
0. :1 0 .270 2.1 OAHO :Ui(i 0.670 0 .9:1
0 .4 0 .:110 1. ~ O . ~ ;;O O . ~O 0 .670 1.:19

DISCUSSION AND CONCLUSIONS

Th e Va inguinim Beac h is subjected to very low wave en
e rgy compa red to th e othe r beaches expose d to open sea along
th e Coa Coas t. Noti ceabl e wave energy prevail s on th e Vain
gu ini m Beach only during t he southwes t monsoon (J une to
Sep tember I. Nea rs ho re currents a re wea k, aro u nd O.Ofi ms I ,

a nd a re influe nced by tid es . Th e longshore current is a lso
very weak. flowin g towards th e west du ring flood tide a nd
towards th e east during ebb ti de . indi cating th e presence of
a n eddy region . particularly over th e weste rn part of the
beach . TI1l' beach prim arily cons ists of si lty sa nd. a nd a con
s idcru hlc pa rt of th e s ilt trnct ions a re carried offshore during

southwes t monsoon and are deposited back ons hore du rin g
th e ens uing fair weather period.

McI NTYI{E ( 19fi9) es ta blished by experiments th at dep end
ing upon th e specific gravity and sha pe, mineral particles be
have differently in th e surf zone, and may be displ aced up or
down th e profile, 0 1' a long th e coas t. and heavy min er al s over
tak e 0 1' lag behind light min erals. STAPOI{ 097:3 ) has eva lu
a te d the pattern of heavy min er al conce nt ra tio n a t open
beach facing Gulf of Mexico, shelte red beaches facing Rounds
a nd bays a nd coastal dunes near Gulf of Mexico. His data
st rongly sugges te d th at th e black sa nds at both open and
shelte red beaches, were not conce ntrated on the beach . bu t
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were delivered to the beach face as a slug of heavy mineral
rich sand from the concentration occurred offshore. He fur
ther stated that the heavy minerals of the sheltered beach
possibly resulted from a dynamic process which tended to re
move the finer particles from the parent quartz population.
The extensive study in wave tanks by MAY (1973) showed
that the formation of heavy mineral layers on the beach occur
on moderate energy condition due to shoaling waves in the
shallow water. Based on the dynamic forces acting on the
sediment grains, he has classified three classes of particle
motion viz., (1) no motion - particle is too large to be moved
(2) uni-directional motion-particle can be moved shoreward
under the wave crest but not seaward under the trough and
(3) bi-directional motion-the particle can be moved both
shoreward and seaward over the passage of wave crest and
trough. MAY (1973) has identified that the heavy minerals
fall into class (2) category and the light minerals into class
(3). Due to shoaling in very shallow waters, when the wave
energy becomes moderate and the energy level is relatively
higher below the crest than the trough, the heavy minerals
are carried only shoreward, without much energy to move
them back under the trough. On the contrary, under the same
energy condition the light minerals could be carried back
with the energy available under the trough. Wave shoaling
increases the shoreward movement of black sand and pref
erential deposition on the beach face. The same phenomenon
is experienced at Vainguinim Beach immediately after mon
soon, as the high wave activity passes through a transitional
stage before becoming calm. Hence at Vainguinim Beach,
concentrations of the black sand particles were found to be
higher in December than in August.

The main sources for the black sand are found to be the
disintegration of the laterite rock outcrops and the fine par
ticles derived from the ore handling site at nearby Port. The
deposition of fine particles is found to be common at nearby
estuarine beaches. The silt fractions are relatively higher be
yond the breaker zone, than found on the beach. The supply
of sediments to the Vainguinim Beach is from the coast par
allel currents, and onshore movement was noticed immedi
ately after the monsoon. Mostly the silt fractions are sub
jected to motion in March, and sand fractions are seen pre
dominantly moving onshore in December.

Controlling or total prevention of the deposition of fine frac
tions is difficult, as the adjacent beaches and nearshore sea
bed have considerable black sand concentrations. Construc
tion of any structures to improve the beach condition might
seriously affect the stability of Vainguinim Beach and also
the neighbouring beaches, as eddy currents were observed on
the western side of the Vainguinim Beach and longshore drift
supplies sand to the beach. Hence, in order to improve the
beach without any adverse impact on the coastal environ
ment, artificially replacing the sand is more appropriate. The
mean diameter of the sediment on the top layer of the beach
mostly remained 0.1-0.5 mm. A layer of 0.3 m on the entire
beach may be removed to 0.5 m water depth with respect to
lowest low tide level, and a sand fill of 0.6 m thickness with
a mean diameter of 0.5 mm may be placed on the scarped

beach. The sand used for artificial filling may consist of pure
quartz without any black sand. In doing so, part of the sand
filling may be lost by offshore transport during the southwest
monsoon, and hence, partial replenishment may be needed
every year after the monsoon. Close monitoring of the arti
ficially filled beach is essential in order to evaluate its per
formance.
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