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ABSTRACT:

In Ca Mau peninsula region, groundwater
resource is the main source of water supply for
agriculture, industry, domestic uses. In this paper,
the authors study groundwater origin in middle -
upper pleistocene (gp2-3) aquifer in Ca Mau
peninsula and give some opinions about the
groundwater origin formation for planning and
managing reasonable, safe, and sustainable.
There are many studies about groundwater origin
in the Mekong delta plains and these studies
showed different results. Up till now, there is not a
consensus on an exact origin of groundwater in
Mekong delta plains, especially in Ca Mau
peninsula. Therefore, the authors use the Xulin
approach to determine groundwater origin based
on the concentration of ions Na+, Cl-, SO42-,
Mg2+. Then we use Piper diagram, Gibbs plot,
Mercado plot, and hydro-geochemical section plot

to explain the origin of groundwater in Ca Mau
peninsula region. The results show that there are
4 types of groundwater origin in the studied region:
magnesium — chloride, marine origin; calcium —
chloride, deep metamorphic environment; sodium
— sulfate, the continental leaching origin;
bicacbonnat-sodium, continental environment.
The groundwater origins relate to the marine
transgression and regression process, or
weathering, leaching, and freshwash processes.
The groundwater origin formation do not have
participation of rainfall water and river water, which
are two important components contribute to the
groundwater recharge formation. Therefore,
researching groundwater recharge of th e gp2-3
aquifer in the Ca Mau peninsula is according to
other aspects.
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1. INTRODUCTION

Ca Mau Peninsula (CMP) is one of five large
regions of the Mekong River Delta (MRD), which
includes Can Tho, Hau Giang, Soc Trang, Bac Lieu, Ca
Mau, and a part of Kien Giang provinces. CMP plays an
important role in economic and social development in
Mekong delta region and Viet Nam. Most of this area

terrain rise from 0.2 to 1.0 m and the main slope is
northeast - southwest. The alluvial settlement from Hau
river has formed natural level a high terrain along Hau
river, and low terrain toward Cai Be, Cai Lon rivers, and
west Sea. Groundwater is one of the main water
resources supplying for people's lives and economic
activities (agriculture, industry, aquaculture, ...) in the
studied area. In recent years, economic development
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and population explosion in the region make water
resource for human demands increasingly scarce.
Therefore, studying the quality and quantity of
groundwater resources in CMP serving the planning and
management of groundwater resources to ensure
sustainable development is an urgent issue today.
Several previous studies have evaluated the quality and
quantity of the aquifers in the Mekong Delta (Bui Tran
Vuong et al,, 2013), and the planning schemes of
utilization and protection of groundwater resources has
been carried out in provinces of Soc Trang, Can Tho,
Hau Giang, Bac Lieu by the experts in the Division for
Water Resources Planning and Investigation for the
South of Viet Nam. These researches have identified
potential reserves of groundwater resources in the
region and have built up a map of fresh - salt distribution
of the aquifers in Mekong Delta. However, the Mekong

delta has complex geological conditions (Bui Tran
Vuong et al.,, 2013). Therefore, there is a need to
determine the origin of the groundwater formation to
ensure planning and sustainable exploitation of the area.
In previous studies, scientists came up some of different
perspectives: the groundwater resources of Mekong
delta are originated from Cambodia, and Southeast of
Viet Nam; the groundwater is originated fossil - water;
and the groundwater is originated from rainfall and
surface water (especially from Tien and Hau rivers). In
this study, the authors analyze origins of groundwater
formation in middle — upper pleistocence aquifer (this
aquifer now was exploited exceeding in the region), and
present some opinions about those processes to help
plan, manage and use groundwater resource in Ca Mau
peninsula.

TR
CHIMINE

Figure 1. Administrative map of Ca Mau Peninsula

2.HYDROGEOLOGYCAL CHARACTERISTICS

Results of hydrogeological studies show that in Ca
Mau peninsula region there are 8 main aquifers: the
holocene (gh), the uper pleistocene (gp®), the middle -
uper pleistocene (qp??), the lower pleistocene (gp? ), the
middle pliocene (n2%), the lower pliocene (n2Y), the
upper miocene (n:°) and the middle — upper miocene
(n1%%). However, middle — upper miocene layer (n:123)
locates very deep and have not been researched yet.
Therefore, the CMP has 7 main aquifers. The middle —
upper pleistocene aquifer (qp?3) is widely distributed
throughout the studied region and has area 16.940 km?,

The aquifer created by middle — upper pleistocene
sediments has river origin (aQ:?%) and river - marine
origin (amQ1%2): The main lithological medium sand
with gravel (aQ:?®) alternating clamp the thin layer of
clayey silt with sandy (amQ1%?). The gp>2aquifer is not
exposed on surface which is directly covered up by
impermeably geological formations middle — upper
pleistocene marine origin  (MQ:%>®) which is not
continuous due to some of location is eroded by rivers
(Q1%). As the result, there is water exchange between the
gp*® and qp® aquifers. According to the results of
analysis collected from 268 boreholes, the top depth of
aquifer ranges from 9.7m to 132.5m, 56.0m on average;
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the bottom of aquifer ranges from 24.5m to 179.0m,
63.6m on average; The minimum thickness is 2.00m,
the maximum thickness is 100.3m, 41.5m on average
(Dao Hong Hai, 2014). Hydrogeological cross —
sections (Figure 2) shows that the bottom of gp%®
aquifer tend to sink deep at the Soc Trang Province and
southeast study area, and rise up at northeast and
southwest study area. Similarly, cross sections in figure
2, show that the bottom of aquifer lower from northwest
to southeast and expand in some areas such as Can Tho
City, and Bac Lieu city.

gh
gp?
qp-3
gp!
ny?

Nyt

Figure 2. The 3D hydrogeology cross sections of the
aquifers in Ca Mau Peninsula

3. USED DATA AND MENTHODS

The study is based on 90 analysis samples in the
gp®® aquifers, which were taken from national
monitoring stations, the hydro-geological boreholes, the
groundwater extraction projects, the whole of them
belongs to the project “Assessment the impact of
climate change on Mekong delta groundwater
resources, proposed solutions” (Bui Tran Vuong et al.,
2013). In this study the authors focus on analyzing main
cation concentrations . (Na*, K*, Ca?, Mg*), and
anions (HCOs", CI, SO+%), and the total dissolved solids
(TDS) in groundwater samples. All groundwater
samples were taken and experimented under
Vietnamese standards, set by the Division for Water
Resources Planning and Investigation for the South of
Viet Nam.

Research literature Ca Mau peninsula is a new area
of researches on groundwater resources supplied for
human activities so is limited. Therefore, in this study
the authors inherit results of distribution fresh - salt
boundary from the project " assessment the impact of
climate change on Mekong delta groundwater
resources, proposed solutions " (Vuong Bui Tran et al.,
2013). using statistical analysis methods to determine

the background values of major anions and cations in
groundwater and TDS, and determine anomalous values

of the major ions in groundwater (by 3O errors
eliminate method) to confirm the salinity distribution
maps. Based on the chemically reactive of ions, we
establish the ratio of rNa*/rCl-, (rCI- - rNa*)/rSO+%; (rCl-
- rNa*)/rMg?* and use the Xulin classification method
to determine originated formation of groundwater in the
gp*2 aquifer, then use the hydro-geochemical values in
the area describes on the Piper diagram, Gibbs, and
Mercado plot. to determine causes of the formation of
these originated types.

4. RESULTS AND DISCUSSION

We have identified background values of major
ions in groundwater based on statistical analysis of 90
groundwater samples and error elimination (Table 1).
According to above parameters, except pH and anion
HCOs is normal, other ions are anomalous:

Cation Na* has 6 anomalous samples) and values
range from 520 mg/l to 7,423mg/l. the focus points are
in the center of the study area (3 points) and in the
Eastern - northern of Soc Trang province (3 points).
Cation Ca?* has 6 anomalous samples and values range
from 220mg/l to 1,300mg/I similarly ion Na* has 3
points distributed in Hau Giang province, and 3 points
in Soc Trang province. lon Mg® has 8 anomalous
samples and values range from 280mg/l to 1,060mg/l,
mainly focused in Can Tho province and 1 point in Bac
Lieu province. Anion CI has 22 anomalous samples
and values range from 216mg/l to 7,872mg/l centered
in Soc Trang and Hau Giang city stretching up and
along from Hau Giang province to Rach Gia city. Anion
S04 has 10 anomalous samples and values range from
507mg/l to 3,190mg/l. These points spread along the
east NW - SE consists of Soc Trang, Hau Giang, and
Kien Giang provinces. Using Xulin method, we setup a
ratio of the ions percentage (meg/l) of rNa* /rCl- .
Results show that 50 out of 90 groundwater samples
have rNa*/rCl->1. Na* excess proves that these samples
is originated from the continent, 26 samples have (rNa*
- rCI)/rSO4% ratio >1, this mean these samples are of
sodium  bicarbonates  continental  environment
distributed throughout the provinces in the region
(Figure 3).
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24 groundwater samples have (rNa* - rCl))/rSOs*
<1 so the groundwater samples are of sodium Sulfate-
continental leaching origin concentrated in Southern Ca
Mau peninsula, and entire Soc Trang province, and
some distributed in the southern boundary of Hau
Giang, Can Tho, Bac Lieu provinces (Figure 4).

The rest 40 samples have rNa* / rCl- ratio < 1 CI
excess proves that groundwater samples are originated
from seawater, 29 samples have (rCl- - rNa*)/ rMg?*
ratio <1, which concentrate in east and north-east along
Hau river and Tran De estuary, some samples scatter in
Hau Giang and Can Tho provinces. These groundwater
samples are of magnesium — chloride, marine origin
(Figure 5).

11 samples have (rCl- - rNa*)/rMg?* ratio>1 which
spread linearly from east to west studied areas (Tran De
estuary to Cai San canal) and belong to chloride-
Calcium deep metamorphic environment (Figure 6).

In addition, to determine the distribution of fresh-
salt boundary of groundwater of the gp?2 aquifer in
CMP the authors based on geophysical cuments and
chemical analysis results of 90 oundwater samples,
which are described in Figure 7. In Figure 7 shows the
distribution of the total dissolved solid (TDS), with:

- TDS <1 g/l is the fresh groundwater (blue); and
- TDS >1 g/l is salt groundwater (red).

Clasification results of the Xulin method about
groundwater is shown in Figure 8. Overlaping 2 map
(fresh-salt  boundary map and  groundwater
classification map of Xulin method) show that the
groundwater samples which have origin bicacbonnat-
sodium, continental environment are distributed on the
saltwater background even themselves has TDS >1 g/l
and also groundwater samples which have origin Mg-Cl

marine origin, Cl-Ca deep metamorphic origin are
distributed in areas with TDS <1 g/I. The authors have
used Mercado plot, Gibbs plot, Piper diagram, and
hydro-geochemical plot to explain the formation of
these groundwater origins.

Results of Mercado analysis (Figure 9) show that the
upper branches of plot which have groundwater samples
tend to shift toward the upper left corner proving in the
groundwater formation had occurred freshwash
process, and the centre of plot there are many
groundwater samples show that in the groundwater
formation had occurred the mixture of groundwater
types which there are different origins.

The results of the analysis according to Gibbs plot
(Figure 10), showing the composition of the
groundwater samples Na (Na + Ca), Cl (Cl + HCOs)
moved to the upper left of the plot have groved
evaporation, weathered process in the aquifer, and the
plot also shows that there is no involvement of rainwater
and river water in recharge process, the upper right
corner appears few groundwater samples proved sea
water also intrusive, but very little. The results of
analysis by Piper diagram (Figure 11), salinization
process has occurred in the past and nowaday is positive
influence, and the process of fresh-wash forming and
developing in the region. According to the hydro-
geological cycle in CMP in Figure 12 shown that there
are 2 types of hydro-geochemical sections in the
provinces of Ca Mau and Soc Trang, where there are
anomalous about chemical composition of groundwater
in the gp2-3, first type is a reversible cycle, the second
type is a mixture cycle, and during to forming the
pleistocene sediments are transition process from
marine transgression process to marine regression
process. therefore, the groundwater has many origin
types, and is most evident in Soc Trang Province.

Table 1. Background Values of main ions of the qpz-saquifer in CMP

Parameters Maximum Minimum Average Standard deviation Background values
pH 8.89 6.26 7.71 0.53 6.26 — 8.89
TDS (mg/l) 24.75 0.30 0.86 0.44 0.30- 251
Na* (mg/l) 7,423.00 9.21 79.86 60.40 9.21-259.11
K* (mg/l) 119.98 2.86 11.88 6.78 2.86-32.20
Ca?* (mg/l) 1.300,01 8.02 70.29 45.58 8.02 - 200.00
Mg?* (mg/l) 1,059.96 7.90 76.38 56.37 7.90 - 219.99
HCO®* (mg/1) 731.91 36.60 315.61 130.04 36.60 - 731.91
CI-(mg/l) 14,537.90 0.70 65.75 42.40 0.70-187.04
S04 (mg/l) 3.191,09 2,40 129,99 111,26 2.402,00 - 394.10
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Kien Giang

Bac Lieu

Figure 4. The distribution of origin groundwater sodium
— sulfate, the continental leaching origin in the qp,.3
aquifer of Ca Mau peninsula

ah

Hau Giang

Kien Giang

Figure 3. The distribution of groundwater origin
bicacbonat-sodium, continental environment in the qp,-3
aquifer of Ca Mau peninsula

Figure 6. The distribution of groundwater origin
calcium — chloride, deep metamorphic environment of
the gp,-3 aquifer in Ca Mau peninsula

Figure 5. The distribution of origin groundwater
magnesium — chloride marine origin in the gp,-; aquifer of
Ca Mau peninsula

[rresh water (TDS<19/1)
I s 1t wster (TDS>19/1)
E=g Aquifer boundary

Figure 7. The distribution of fresh-salt boundary of the
gp2-3 aquifer in Ca Mau peninsula

A HCO3_Na continental envirenment (1)
Y S04 _Na continantal leaching origin (11}
© CI_Mgmarinz origin (111)

@ Cl_Ca deep metamorphie environment (IV)

Figure 8. The groundwater clasification map of
Xulin of the gp,-3 aquifer in Ca Mau peninsula
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Figure 10. The Gibbs plot of groundwater in the qp?2
aquifer of Ca Mau peninsula
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Figure 9. Mercado plot of groundwater in the qp-3
aquifer of Ca Mau peninsula

5. CONCLUSION

Based on classification results of Xulin showed 4
groundwater types in gp®2aquifer of Ca Mau peninsula,
to combine analysis results follow Xulin with results of
the Gibbs plot, Mercado plot, hydro-geochemical
section, and Piper diagram could explain the types of
groundwater origin formation in the area as follows:
The marine transgression process creates groundwater
origin is magnesium - chloride marine origin (29
samples), then go through the sedimentation process
and tectonic movements have created groundwater
origin is Calcium chloride deep metamorphic
environment (11 samples), then undergo marine
regression process, the freshwash process, the
driftwood washing and solution process which have
transported groundwater from elsewhere to form fossil

water, that made groundwater has origin is sodium —
sulfate, the continental leaching origin (24 samples),
and followed by development of evaporation and
weathering processes create groundwater has origin
sodium — bicarbonate continental environment (26
samples). To determine the exact time of these
processes, we need to carry out research projects to
analyze the absolute age of the groundwater (method of
isotope hydrogeology) that will demonstrate more
clearly the role of the processes and the time of
groundwater formation in the gp2-3 aquifer of Ca Mau
peninsula.
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M6t s6 nhan dinh vé sw hinh thanh ngudn
goc nwde dwdi dat trong tang Pleistocene

gitra trén khu vwc ban dao Ca Mau

e Dao Héng Hai
e Nguyén Viét Ky
Trwdng Pai hoc Bach Khoa, BPHQG - HCM

e BUi Tran Vwong

Lién doan Quy hoach va diéu tra tai nguyén nwéc mién Nam

e Nguyén Dinh T
Pai hoc Quéc Gia thanh phd HS Chi Minh

TOM TAT:

Khu vuec ban dao Ca Mau tai nguyén nuwoéc
duwéi dét 1a ngudn chinh cung cép nuéc trong ndng
nghiép, cong nghiép, sinh hoat va &n uéng cia
nguoi dan. Trong bai bao nay, nhém tac gig tién
hanh nghién cu ngudn géc nuwdc dudi dét trong
tdng chira nuéc Pleistocene gitka trén (qp2-3)
viing bén ddo Ca Mau va dwa ra mét sé nhan dinh
vé s hinh thanh ngudn géc nuéc duéi dét phuc
vu cho cdng tac quy hoach va quan ly mét cach
hop Iy, an toan, va bén ving. Trong nhing ndm
gén day da cé nhiéu nha khoa hoc dé cap vé
ngudn géc nudc dudi dét khu vue déng bang song
Cdu Long, tuy nhién dén thoi diém nay van chua
c6 nghién ctru nao khéng dinh mét cach chinh xac
vé ngudn géc clia nwéc dudi dat khu vuc déng
béng séng Ciru Long néi chung va ban ddo Ca
Mau noi riéng. Vi vady, nhom tac gia da nhin nhan
trén mét khia canh khac, xac dinh sw hinh thanh
ngudn gdc nuéc dudi dét theo Xulin, dua vao néng

dé cda cac ion Na+, Cl-, SO42-, Mg2+. dé xéc dinh
ngudn gdc clia nude. déng thoi st dung cac biéu
db Gibbs, Piper, Mercado, mét cat thdy dia héa dé
gidi thich st hinh thanh cac ngudn géc dé. Két qua
d4 chira trong khu vire nghién ciu 6 tén tai 4 loai
ngudn gdc : Clorua-magnhe ngudn géc bién;
Clorua-caxi méi triromg bién chét sau; Sunfat-natri
ngudn gdc rda lda luc dia; Bicacbonnat-Natri moi
trrong dai luc. Cac phuong phap phan tich cing
da chira cac qua trinh hinh thanh céc kiéu ngudn
gdéc nudc dudi dat gébm qué trinh bién tién bién
thodi, qua trinh rdra tréi phong hda, nhat héa va
man hoéa. Va két qua phan tich chira ngudn hinh
thanh thanh phan héa hoc nuéc dudi dat khdng céd
sy tham gia cta nwéc mua va nwéc séng, day la
2 thanh phén bé cép quan trong gép hinh thanh
tri¢ lrong clia nuée dudi dat, vi vay dé nghién ciu
tri# long khai thac an toan cda tdng chira nuéc
qp2-3 cén tim hiéu theo cac khia canh khac.

Tir khéa: Bén ddo Ca Mau, Dac diém thiy dia héa nudc dudi dét, ngudn gbc nude dudi dét
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