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Introduction
Dense mangrove habitats are widely distributed in the southern marginal part of Ca Mau Province, in the

Mekong Delta region, Viet Nam (Fig. 1). However, no systematic sedimentological studies have been -

"made in the area in spite of importance of understanding upon relationship between subaqueous

sedimentary processes and mangrove habitat dynamics has been pointed out (e. g. Allen, 1965). As a part
of the field research project "Organic Material and Sea-level Change in Mangrove Habitat", subaqueous

sediments around the Ca Mau mangrove habitats were collected and investigated to comprehend present
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Fig. 1: Location of the studied area in the southern marginal part of the Mekong Deita
region in Viet Nam (upper, left), and metworks of estuaries, rivers and tidal
channels, and distribution of the mangrovehabitats in the studied area.

[

i




10445°E 106°00E 105"1S'E

00N
B
| Gulfof
waEN Thailand -, ‘N.r
o “a\-"“
A
South China Sea
N i
Gulf of Thailawd
Cape Ca Man
cms.1
@35'N
South (.':’N'nn Seq
100°35°E

Fig. 2. Sites of subaqueous sediment samplings and measurements of chemical properties
of surface waters in Decenber, 1998, - _ |

subaqueous sedimentary processes. | Further, measurements of water-depihs around the habitats and

chemical properties of surface water were carried out in the area to grasp subaqueous topographies énd
salt-water/fresh-water mixing processes in thie area. ' |

Based on the results of both onboard observations and sedimentological analyses in the laboratory of the

collected sediment samples, and taking the results of measurements of water depths and chemical

~ properties of surface waters into account, this article describes mainly the spatial distribution _and

composition of the subaqueous sediments from the studied area, and illustrates preliminarily the

subaqueous sedimentary processes in the area.

Topography and Geology of the Studied Area
Figure 1 shows topographic features and distribution of mangrove habitats in and around the studied area
situated in the southern marginal part of the Mekong Delta regiop. The water areas can be dividgd into the
South China Sea, the Gulf of Thailand and the Bay Hap Bay, such main rivers as the Cua Lon, Bo De, Dam
Doi, Durong Keo and Bay Hap Rivers, and tidal channel and artificial canal networks.

The South China Sea and the Gulf of T'haﬂaﬁd are situated on the south and west of the studied area,




respectively. The Bo De River ﬂows into the South China Sea. The Bay Hap Bay situated on the west of |

the area where the Cua Lon and Bay Hap Rivers flow in opens west-southwest to the Gulf of Thailand. A
systematic directional transition of the main rivers can be recognized that the Bay Hap River and the Cau
Ngay Canal judged to be the upper course of the Cua Lon River flow south-southwestwards in the

northeast of the studied area, but they turn gradually the direction westwards and they have .

west-southwestward flow direction in the southwest of the area. Further, these main rivers flow almost

parallel, and they keep roughly fixed distance amohg them. The mangrove habiiats are widely distributed

in the southern part of the studied area mainly between the Cua Lon River and the southern coast on the

South China Sea. The habitats cut by numerous tidal channel and artificial canal networks.

Sampling Methods and Analytical Procedures

The subaqueous sediment samples used for the present study weré collected in December 1998 and August

1999. The samplings were carried out mainly around the village of Tam Giang III norhwest of the town of
Tam Giang where well known mangrove habitats are distributed in 1998 (Fig. 2) and uniformly in the
southern marginal part of the Mekong Delta region in 1999 (Fig. 3). Sampling devices were a Seki-type

grab surface sampler, about 500 ml in volume. Salinity for surface waters were measured using by e_i
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Fig. 3. Sites of subaqueous sediment samplings and measurements of chemical properties
of surface waters in Angust, 1999. |
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Table 1. Resuits of surface sediment samplings, and measurements of water depths and
chemical properties of surface waters in December, 1998,
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’i‘able 2. Results of surface sediment samplings, and measurements of water depths and
chemical properties of surface waters in August, 1999,
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Sekisui type SS-31A salt-tester and an Atago digital salt-meter type ES-421 in 1998 and 1999, respectively.
Further, hydrogen ion exponent value (pH), and temperature and dissolved oxygen amount (DO)
measurements for surface waters were conduced using by a Horiba compact pH meter type B-212 and a

Horiba handy DO meter type OM-12, respectively. The site survey was always carried out with a water
| depth measurement by using an about 45-metres-long nylon rope with an abﬁut two kilogrammes wéighﬂ
Latitude and longitude of each sampling site were confirmed by using a Sony type IPS-360 GPS receiver.

Thirty-eight and 44 subaqueous surface sediments were successfully obtained from the studied area in 1998

and 1999, respectively (Tables 1 and 2). _
. In the laboratory, smear slides were prepared first and exammed under a microscope for compositional
and textural description of muddy sediments. For sandy sediments, the entire sample was heated over 24

hours at about 50°C, and its dry weight was measured. Then, it Was washed over a screen with an opening

of 63 u m to remove muddy sediments, and dried and weigh again to obtain proportional mud contents.
The remained sandy sediments were sieved over screens with openings of 90, 125, 180, 250, 355, 500, 710,
1,000, 1,400, 2,000, 2,800 and 4,000 » m. Then, dry weights of remains on each screen were measured to

obtain proportional grain-size distribution in weight for sandy sediments.  Further, microscopic

‘observations for each remain were conduced to the textural and compositional description for sandy

sedlments

Results
Water Depths and Chemical Properties of Surface Waters

‘Table 3. Summarized results of measurements of water depths and chemlcal properties of
surface waters in December 1998,

Area lnner Parts of the Studlied Area

- Muong Dao Canal o Dam Ching River ’ Dam Doi River

Station (CMOB-) [ 40 | 30 1 o8 | 37 | 36 |35 | 34 133 142 137 130 129128 27 (26 (25 24 23|
Water Depth (m) 10.3 1 8.3 {11.2(13.2|10.556 104185 |88 |84 (83 64 |BO [108]27 (0.8 08 :20.7
Salinity (%a) 13.0 [13.0 [15.0 [16.0 [18.0 {19.0 118.0 [24.0 |19.0 |25.0 |28.0 127.0 |28.0 |28.0 [28.0 290'240 116.0
Temperature ("C)29.1 {29.1 [28.6 [28.2 {20.0 [28.6 [28.3 [27.4 [27.5 |27.8 |27.6 |27.5 |27.7 |27.1 |27.3 |27.2 |281 i27.1

Area Middle Parts of the Studied Area

Dam Doi River Bo De River
Station (CM28-) |22 {21 |20 119 |18 [17 116 [15 14 [13 11 (121101 9 | 8
Water Depth{m) | 8.4 (7.8 {85 [11.3[15.0(11.8| 1.8 150 {7.2 [30<]|30<[18.0123.0{23.012.4

Salinity (¥%o) 21.0 (22.0122.0 |24.0[21.0 28.0 |28.0|32.0]320]| - - [31.033.0]33.034.0
Temperature ('Cl|26.9 26.7 126.8 |26.7 [26.4 |26.4|26.6{27.2 1276 | - - |26.6(26.8 |27.0 |28.1
Ar é a Outer Parts of !he Area
South China Sea

Station (MO8 | 2 13 14 15 1617 11
Water Depth (m) | 2.8 |82 |36 [28 |22 |11 |08
Salinity (%o} 26.0 [29.0 |31.031.0 {300 31.0| -
Temperature (‘C)26.6 [26.4127.1|27.3 |27 6 |27.5| -




s

Table 4. Summarized results of measurements of water depths and chemical properties of

surface watersinAugust 1999.

' Area Inner Parts of the Studied Area _
: Bay Hap River CaiNhap C. | Muong Dao C.
Station [CM99) 139 |38 |37 |36 |8 (32 [ 371 |40 1 142
Water Depth (m) 50|20 (153515340 ‘4.9 M1.0{120116.0[10.0 11401120
Salinity {%o) 0606 (09|08 08[19:70! 101[13?'21.8 42182 137
Temperature {°C) 27.3127.3|27.4 (27.0126.0 |26.9127.2 269|268 26.1 ]27.5 i27.527.4
pH 75|76 (761777678179 |77 81|75 761!78
DO (pprm) 3.4013.74 13.77 (3.76 |3.96 j3.30 |4.89 [4.70 5.37 6.43 |3.35 |3.64 [3.87

Area ’  Middlle Parts of the Studlied Area

: Dam Doi River ) Cua Lon River .
Station (CMS89-) T[10][9 8|7 161514131217 138718 16 [ 17 |18
Water Depth (m) 7.0 160 (40 (60 [256]23.0{18.2(270]180{18.0(8.7 | 3.0 110.0 |11.0 11.0[80
Salinity {%o) C[17.1]16.8 (20,9 (22.9 123,11 |22.5 (21,7 [20.8 [20.8 [20.9 [20.7 |21.5 {24 4 [24.4 (25.7 |26.5
Temperature ("C) ~ |26.5|25.8 [26.1 |26.3 |25.9 126.0 (25.7 [25.8 |25.8 |125.5 |125.6 |25.4 {25.2 |25.7 |25.7 126.0
pH 78|76 |76 77 (7877|7876 |77 !7676|78[79|80|80:80
DO (ppm) 2.91 12.88[3.0913.82 [3.27 12 .62 2.82|2.81 |2.73 [2.72 |2.62 |6.30 |5.64 |6.45 |6.49 |6.87

Area Outer Parts of the Studied Area

Bo GuiC. 80 De River ' BayHap Bay

Statian (CMS9-) 12 (13 [20 |23 [ 24 125 |28 137 128 144 143 T15 750 127 §§_q
Water Depth (m) ~ [13.0[14.0 [10.0|30.0{38.0 [28.0 [45<[22.0 |80 |50 |45 /45 .15 |08 i3'8
Salinity (%) 21.4(26.3 |28.2 121.1 |24.3 |26.7 |22.7 |28.8 |29.9 (27.1 [28.0 128.5 {28.0 27.5|28.7
Temperature (°C) 26.2 |25.6 (26.7 (269 (25.8{25.8 [26.0 [25.7 {2509 - 26.026.3 {26.1 |26.2 |26.3
pH 78179 |82 |808180(80(81:(|82(81(82|80:i81 /80 |8.0
DO (ppm) ) 3.51]4.057.84 16.01[6.42{5.8316.3517.32 |6.03| - |7.62|6.71(7.40 7.38 |6.69

Tables 3 and 4 show the summanzed results of measurements of water depths and such chemical properties
of surface waters as salinity, temperamre ‘hydrogen ion exponent (pH) and dissolved oxygen amount (DO

in the stud;ed area in 1998 and 1999, respectively. The results of them in each water area with the
exception of them for water temperatures are as followings. For spatial distribution of surface water
temperatures, they in the inner parts, 27 - 29°C in 1998 and 26 - 28 “C in 1999, are generally higher than
them in the outer parts, 26 - 28 °C in 1998 and around 26 °C in 1999

‘Bay Hap River: The upper course of the river belonging to the innermost part of the studied area is

shallow less than five metres deep in whole. Southward gradual increases of salinity from 0.6 to 7.0 %o, pH
from 7.6 to 7.9 and DO from 3.40 to 4.89 ppm are recognizable.

Muong Dao Canal: The water depths'of the canal extending northward from the middle course of the -
Dam Doi River are 6 - 13 m. Southward increase of salinity from 4.2 to 13.7 %o, pH from 7.5t0 7.8 and
DO from 336 to 3.87 ppm are distinguished. o |
Dam Chim River: The water depths of the river are 6.4 - 8.8 m. Salinity decreases northward from 28.0 |
to 19.0 %o, but it increase to 24.0 % at the northernmost station.

Cai Nhap Canal: The water depths of the canal connecting the Bay ﬁap River with the Cua Lon River are
11 - 16 m. Marked southward increases of salinity from 10.1 to 21.8 %o, pH from 7.7 to 8.1 and DO from




4.70 to 6.43 ppm are recognized within this comparatively short canal.

Dam Doi River: The river situating in the east of the studied area connects with the Cua Lon and Bo De
Rivers on the west, and the Dan Ching River and the Bo Gui Canal in the east. Water depth of the river is

extremely variable ranging less than one to over 20 m. Westward increases of salinity from 17.1 to 22.9 %o
and DO from 2.91 to 3.82 ppm are recognizable, but pH is constant round 7.6.

Cua Lon River: The iongest river, about 50 km long, in the studied area starts from the triple junction
withthe Bo De and Dam Doi Rivers in the east and flows into the Bay Hap Bay in the west. There is a
westward decrease of the water depths from 25.6 to 8.0 m in the river with the shallow exceptions of the
stations CM99-1 and 14 where the river tumns southward in its direction. The lowest values of saliﬁity
(20.7 %e), pH (7.6) and DO (2.62 ppm) are observed in the central part of the river, and they increase both
westwards (26.6 %o, 8.0, 6.87 ppm) and eastwards (22.5 %o, 7.8, 3.27 ppm). | o

Bo De River: The short -river, about 7 km long, stafts from the triple junction with the Dam Doi and Cua

Lon Rivers and flows into the South China Sea in the east of the studied area.: The centre of the river is '

generally very deep more than 25 m, but it becomes shallower less than 10 m southwards. Marked

~ southward increases of salinity from 21.1 to 28.0 %o are recognized. DO and pH are generally high 5.8 -

7.6 ppm and round 8.1, respectively.

Bo Gui Canal: The water depths of the short canal connecting the Dam Doi River with the South China
Sea in the east of the studied area are 10 - 13 m. Seaward increases of salinity from 21.4 to 28.2 %o, pH
from 7.8 to 8.2 and DO from 3.51 to 7.84 ppm are clearly observed.

Bay Hap Bay: The bay situated in the wést of the studied area Opens to the Gulf of Thailand. All survey

stations in 1999 are located in the bay mouth area. The bay mouth area is shallow less than five metres -

deep. Salinity, pH and DO of the surface waters are constant round 28.0 %o, 8.0 and 6.7 - 7.6 ppm,

respectwely

Gulf of Thailand: Only one station CM98-1 is located in the gulf area about one kilometre west off the
Cap Ca Mau in the southwestern margin of the studied area. . The water depth of the area is very shallow

less than one metre.

South China Sea: All survey stations in the sea are located within a few kilometres south off the river

mouth of the Bo De Rivers in 1998. The area are shallow less than a few metres deep in general. Salinity
is comparatively high round 27 %o. )

Subaqueous Sediments |

Onboard descriptions for subaqueous'sediments obtained in 1998 and 1999 are summarized in Tables 1and
2, respectively. Figures 4 and 5 indicate proportional grain-size distributions in weight for the selected
subaqueous sediments obtained in 1998 and 1999, respectivcly Further, Table 3 shows mud contents and

sediment gram compositions of sandy sediments from seiected sediments in both 1998 and 1999. .

Microscopic photographs of the sandy sediments from selected samples are shown in the Plate ﬁgures
Muddy sediments mostly cover the bottom surface of the water area in the studled area (Figs 4 and 5).
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Fig. 4. Propotional graln-size distributions in weight of the selected subaqueous sediments
obtained in December, 1998, .

However, reliable differences on the textural and compositional features of the subaqueous sediments,
particularly on the biogenic sediments, are recognized in each water area. Brief description of the
“sediments in each area as follows: _ . .
Bay Hap River: Plant debris rich light Brown soft or .soupy mud covers the bottom surface of the river
with the exception of the station CM99-33 where bluish grey semi-consolidated burrowed mud crops out.
Proportional mud contents of them are more than 90 %. Muddy sediments are composed mainly of clay
minerals and very ﬁﬁe plant debris. Diatoms arid pollens are frequently recognized in the muddy
sediments. Sandy sediments consist mainty of such terrigenious sediments as quartz, feldspar, biotite and
muscovite. Authigenic pyrites are frequently, and such .b‘iogenic sediments as molluscan shell fragménté,
benthic foraminifers and sponge spicules are rarely dlstmgmshed in the sediments. . ‘ '
Muong Dao Canal: Bluish grey or light grey semi-consolidated burrowed mud crops out in the most part |
of the bottom surface of the canal. The mud is covered by plant debris rich greyish brown soft mud in part.
Proportional mud contents of the semi-consolidated mud are high more than 95 %. Muddy sediments are
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Fig. 5. Propotlonal grain-size distributions in welght of the selected subaqueous sedjments
obtained in December, 1999, _

composed mainly of clay minerals. Coccolith is frequently recognized in the muddy sediments. Sandy ;
terrigenous sediments are composed mainly of quartz, feldspar, lithic fragments and biotites. Molluscan - i

shells, shell fragments and benthic foraminifers are commonly, and planktonic foraminifers, radiolarians

and sponge spicules are occasionally recogmzed in the sediments. Autlugemc pyntes are distinguished i in i
the sandy sedlments

Dam Clnm River: Plant debris bearmg hght bmwn compact burrowed mud and plant debris rich dark
brown soft mud are distributed in the bottom of the river. Proportional mud contents of both are more than
90 %. Muddy sediments of both are composed mainly of clay minerals and very fine plant debris, but
coccolith is commonly recognized in the former, Sandy sédiments of the compact mud consist mainly of
quartz and biotite with a small amount of authigenic pyrite, benthxc and planktonic formmmfers,

ostracodes, sponge spicules and molluscan shell fragments. -

- Cai Nhap Canal: Molluscan shell fragments and plant debris bearing bluish grey semi-consolidated




. burrowed mud crops out in the bottom of the canal. Prdpoitioﬁai mud contents are almost 100 %. Surface
of the mud is stained in reddish brown in colour. Muddy sediments consist mainly of clay minerals,
Coccolith and diatoms are commonly recognized in the muddy sediments. Sandy sediments are.oomposed
mainly of such terrigenous sediments as quartz, biotite, muscovite and feldspar with a smal! amount of
lithic fragments. Biogcnic sediments such as molluscan shell fragments, benthic and planktonic
foraminifers, ostracodes and echinoide fragments are occasionally distinguished in the sandly sediments.
Authigenic pyrite’é are commen in the sandy sediments. :
Dam Doi River: Plant debris rich browﬁish grey homogeneous mud is distributed in the bottomn surface of
the river. Proportional mud contents are high more than 94 %. Muddy sediments are composed mainly of
clay minerals -and fine plant debris. Sandy sediments consist chiefly of quarti feldspar, biotite, lithic
fragments and a little amount of muscovite and authigenic pynte Molluscan shell fragments and benthic
foraminifers are commonly dxstmgmshed in the sandy sediments. -
Cua Lon River: Plant debris rich brownish grey homogeneous mud isAdistributed in the bottom surface of
the river. Proportional mud contents are generally high more than 90 %, but 62 % at the étation of
CMO99-5. A littie amount of sands were recovered at the site CM99-4 where the content is 0 %. Muddy
sediments are composed'rnaihly of clay minerals and fine plan{ debris. Sandy sediments consist chiefly of
quartz, feldspar, biotite, lithic fragments and a little amount of muscovite and authigenic pyrite. Molluscan
shell fragments and benthic foraminifers are rarely distinguished in the sandy sediments. _
Bo De River: A wide variety of sediments were recovered from thé bottom surface of the river.
Molluscan shell fragment and plant debris bearing medium- to coarse-grained sandy mud are distributed in
~ the southernmost part of the river. Proportional mud contents are high more than 90 %. Muddy sediments
are composed of clay minerals. Coccolith is commonly recognized in the muddy sediments. Sandy
sediments consist chiefly of quartz with a small amount of lithic fragments, biotite and authigénic pyrite.
Benthic foraminifers, ostracodes and sponges are frequently recognized_'in the sandy sediments. In contrast
to this, plant debris bearing bluish grey mmpéct mud crops out in the central part of the river. Proportional
mud contents are high round 99 %. Muddy sediments are composed chiefly of clay minerals. Coceolith is
commonly recognized in the muddy sediments. Sandy terrigenous ssdiments_consist mainly of quartz,
feldspar, biotite and lithic fragments. Benthic foram_inifers and molluscan shell fragments are rarely ‘
detected in the sandy sediments. Authigenic pyrites are commonly observed in the sediments. A little
amount of pale grey semi-consolidated muds were recovered from the bottom surface of the northern part
of the river. Proportiohal mud contents are round 60 %. Muddy sediments are composed mainly of clay
minerals. Sandy sediments consists chiefly of quartz, feldspar and lithic fragments with a small amount of
benthlc foraminifers and molluscan shel! fragmerits. Plant debns rich brownish grey homogenous soft mud
is distributed in the coastal shallow areas of the river. Proportional mud contents of them are more than 90
%. Muddy sediments are oomposed mainly of clay minerals and fine plént debris. Sandy sediments
consist chiefly of quartz, feldspar, biotite, lithic fragments and a little amount of muscovite and authigenic
pyrite. Molluscan shell fragments and benthic foraminifers are rarely distinguiéhed in the sandy sediments.




- 'Table 8, Propoertional mud contents and cumpositidns of sandy sediments of the selected
samples (+++: dominant, ++: common, +: present, *: hornblende and zircon, **:

.
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Bo Gui Canal: Molluscan shell and shell fragment bearing bluish grey semi-consolidated burrowed mud
are distribute_d in the bottom of the canal. Proportional mud contents are high more than 95 %. Muddy
sediments consist mainly of clay minerals. Coccolith and diatoms are generally recognized in the muddy -

sediments. Sandy sediments are composed mainly of such tefrigenous sediments as quartz, biotite,

muscovite and feldspaf with a small amouﬁt of lithic fragments. Biogenic sediments such as molluscan

shell fragments benthic and planktonic foraminifers, ostracodes and echinoide fragments are occas:onally

dlstmgulshed in the sandy sediments. Authigenic pyrites are commeon in the sandy sediments.

Bay Hap Bay: Plant debris rich and molluscan shell fragment bearing dark greyish brown homogeneous
soft or soupy mud covers the bottom surface of the bﬁy. Pgobortional mud contents of the sediments are 88
- 95 %. VMuddy sediments are composed mainly of clﬁy minerals. Coccolith and diatoms are distinguished
in the muddy sediments. Sandy terrigenous sediments consist chiefly of quartz, lithic fragments, feidSpar,
biotite, muscovite. Such biogenic sedimént_s as benthic foraminifers and echinoide fragments are
commonly observed in the sandy : sedlments | |

Gulf of Thailand: Plant debris nch and molluscan shell fragment bearing browmsh grey homogeneous
mud is distributed in the bottom surface of the gulf off the Cape Ca Mau at a water depth of 0.8 m. The
proportional mud content is 99 %. Muddy sediments are composed of clay minerals. A little amount of
quartz, biotite and lithic fragments are distinguished as sandy terrigenous sediments.
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South China Sea: Plant debris rich and molluscan shell ﬂ'agment beanng brownish grey homogeneous
mud is distributed in the bottom surface of the South China Sea south off the Bo De River. Proporuonal

mud contents are high more than 97 %. Muddy sediments consist chiefly of clay minerals. Sandy

terrigenous sediments are composed mamly of bxotlte, lithic fragments and quartz with a smail amount of
muscovite and feldspar. Benthic and planktonic’ foram:mfers ostracodes and sponge splcules are

commonly reoogmzed in the sandy sedlments as biogenic sediments. Authigenic pyrite is detected in the
sandy sediments.

Discussion: Depositional Settings of the Water Areas around the Mangrove Habitats -

For understanding the subaqueous sedimentary processes in the studied area, the first thing to be
considered is the depositional settings in the water areas around the Ca Mau mangrove habitats. The
depositional setting of the main water areas such as Dam Doi, Bo De and Cua Lon Rivers around the

habitats should be deﬁned as estuarine environments rather than tidal channel or fluvial environmento, in

spite of they are called as “sbng (= rivers)" by local people. As IS well-known, water and sediment

dynamics in estuaries are closely dependent upon the relative magnitude of tidal, river and wave processes
(Prentice et al., 1968; Prichard and Carter, 1971; Allen et al., 1976; Leeder, 1982; Elliott, 1986). Prichard
and Carter (1971) divided the water and sediment dynamics in estuaries into four such end members as;
Type A: river-dominated estuaries where tidal and wave mixing prooesscs are at a mipimum, Type B:
'parﬁolly mixed’ because of the effects of tidal turbulence which destroy the upper salt wedge interface and
produce a more gradua) salinity gradient from bed to surface water by both.advectional and diffusional
mechanisms, Iype C: vortically bomogeneous because strong tidal currents completely destroy the
salt-water/fresh-water interfaoo over the entire estuarine ‘cross section, and Type D: theoretical end
members of the estuarine continuum and they show both lateral and vertical homogeneity of saiinity.

The Ca Mau mangrove habitats are located in the southern marginal part of the Mekong Deltz where

very flat and low land areas are widely developed. The river mouths of the Mekong and Bassac Rivers that

seem to be the major terrigenous sediment sources are situated far off about 400 km northeast of the area.
Accordingly, it is inferred that freshwater supp]y into the water areas in the studied area is rather small due
to undeveloped real fluvial system around the areas. On the other hand, since the southern margin of the_
studied area opens to the South China Sea and the Gulf of Thailand on the south and west, respectively
where marked wave processes take place due to seasonal generation of typhoons in the South China Sea,
" sedimentary processes in the coastal areas are under the influence of such strong wave activity. However,
the wave activity is not effective to the depositional processes in such main water areas as estuarme and

_ tidal channel systems where most of the Ca Mau mangrove habltats are located, because each river or

estuarine mouth is very narrow less than one kilometre wide as well as shallow less than 10 m deep. Thus,-

it can be stated that river and wave processes are inferior in the main water areas around the mangrove

habitats. It is known that tidal ranges of the southern coastal part of the Mekong Delta are wide three to

- four metres in maximum. - Strong tidal currents at the maximum stages in both flooding and ebbing tides




were observed during the sediment samplings in the present study even in the inner patts of the area. Thus,

it is concluded that tidal process gives the dominant effect to the water and sediment dynamics in water

areas around the Ca Mau mangrove habitats, : _

As already described in the present article, such chemical propetties of w&am waters as salinity,
hydrogen ion exponent and dissolved oxygen amount shotv clear decreases from the outer parts to the inner
parts though the middle parts. Excepting the distribution of bluish greyrsemi-consolidated mud that seems
to be basement strata (Pleistocene ?) in the area, plant debris bearing muddy sediments mostly cover the
bottom surface of the water areas. Such marine benthic micrﬁ-organisms as ostracodes and calcareous
benthic foraminifers which are principal biogenic sediments in the offshore area are common or abundant
in the samples obtained closely to the.open sea. Their appearance in the se_diments is traceable into the
inner parts through the middle parts, and they are frequently recognized in the sedunents even the sample
obtained m the innermost parts of the aréa such as the upper course of the_ Bay Hap River. Since saliﬁity of
the surface water is below 2 %o in the innermost parts, it is inferred that these biogenic sediments are
transported from the outer parts by strong flooding tidal currents. Takmg all these factors into
consideration, it is concluded that the sedxmentary environments around the mangrove habitats in the
studied area defined as 'Type C‘ estuary of Prichard and Carter (1971) that is tidal current dominated
estuaries where acnve sed:mentary processes take place by strong flooding and ebbing tidal currents.

Conclusion
The principal findings of this study can be summarized as follows.
1. Water depths and chemical proberties of surface waters. _
a. Water depths in the such water system as the Cua Lon and Dam Doi Rivers are generally 5-20m, but
o they are more than 40 m in the centre of the Bo De River. Thej in the areas of the South China S_ea‘
and the Bay Hap Bay are shallow less than 5 m in general. .

b. Gradual decreases of such chemical properties of surface waters as salihity, hydrogen ion exponent
and dissolved oxygen amount are recognized clearly from the outer parts to the inner parts in the
water areas. o

2 Subaqueous sediments around the mangrove habitats _

a. Plant debns dominated brownish grey mud mostly covers the bottom surface of water areas around the
Ca Mau mangrove habitats. Muddy sediments are composed mainly of clay minerals and very fine
piant debris. Sandy terrigenous setliments consist chiefly of quartz, feldspar, biotite, muscovite and

" lithic fragments. Such.bi‘ogeni.c se(_iiments as benthic foraminifers, marine ostracodes, sponge spicules
and molluscan shell fragments are frequently recognized in most of sediments. Marked tendency of
compositional and spatial distributions of these sediments is undxstmgmshed

b. Bluish grey semi-consolidated mud are distributed in the bottom surface of the Muong Dao Canal and
the Cai Nhap River, Lithology and compositions of biogenic materials suggest that the mud is

pre-Holocene basement strata in presumable.



3. The sedimentary -environments around the Thangrove habitats in the studied area defined as "Type C

estuary of Prichard and Carter (1971) that is tidal current dominated estuaries where active sedlmentary
processes take place by strong flooding and ebbmg tidal currents.
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- Explanation of Plate

Microscopic photographs of sandy sediments of the suhaqueous éediinents
around the Ca Mau mangrove habitats in the southern margmal part of the
Mekong Delta regmn, Viet Nam.

Fig.
Fig.

 Fig.

Fig.

1: Plant debris with a small amount of fine-grained quartz and calcareous
fragments from the site CM98-17 in the lower course of the Dam Doi River.

2: Plant debris with a small amount of fine-grained qxiarti and calcarecus
fragments from the site CM99-2 in the middle course of the Cua Lon River.

3: Plant debris with a small amount of fine-grained quartz and calcareous
fragments from the site CM99-8 in the lower courseof the Dam Doi River

near the triple junction with the Cua Lon and Bo De Rivers

| Fig. 4: Plant debris and fine-grained quartz and feldspars with a small amount

of calcareous materials from the site CM99-21 in the bay mouth area of the
Bay Hap Bay.

5: Plant debris and ﬁne-grained quartz and feldspm with a small amount
of calcareous materials from the site CM99-29 in the river mouth area of

~ thie Bo Gui Canal near the South China Sea.

Fig.
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6: Calcareous materials and plant debris bearing ﬁne-_-gmined quartz and

feldspars contained in the semi-consolidated mud cropping out at the site

CM99-31 in the central part of the Cai Nhap Canal.

7: Plant debris with a small amount of very fine-grained quartz from the
site CM99-36 from the upper course of the Bay I-Iap River. Calcareous
materials are very rare. ‘

8: Large plant debris with a small amount of very fine-grained quartz from

the site CM99-41 from the middle course of the Muong Dao Canal.
Calcareous materials are rare.
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