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ABSTRACT

In Vietnam, Fluvisols are distributed mainly in the agro-economic zones of the
Red River and the Mekong River Deltas and consist of some soil units. Clay
mineralogy was studied for five pedons of Fluvisols collected in these agro-economic
zones: two from the Haiphong coastal plain, one from the Red River plain and one
from the Thaibinh River plain of the Red River Delta, and one from the Mekong
River plain of the Mekong River Delta.

Mica was a predominant mineral with contents ranging between 21 and 50% in
the <2 pm clay fraction. Mica, and chlorite and kaolinite with lesser amounts were
present in all the pedons examined. Minor amounts of smectite and vermiculite were
detected in one pedon of the Red River plain. Two kinds of mixed-layer minerals
were identified. The mica/vermiculite/smectite mixed-layer mineral was identified in
two pedons of the Haiphong coastal plain. The vermiculite/smectite mixed-layer
mineral was identified in two pedons of the Thaibinh River and the Mekong River
plains, and chlorite-vermiculite intergrade was present in the top layer of these
pedons.

The inherent potentiality of Fluvisols as paddy cultivation was evaluated based
on the particle-size distribution and the nature and amount of minerals in the clay
fraction. Among the five Fluvisols examined, it was high for Fluvisols of the Mekong
River plain, medium for those of the Haiphong coastal plain and the Thaibinh River
plain, and low for that of the Red River plain.
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INTRODUCTION

Vietnam is a country of the Indochina Peninsula and is located within 8•K to 23•K N

latitude and 102•K to 109•K E longitude. Its total land area is about 331 thousands km2. The

country of Vietnam belongs to tropical to subtropical monsoon with two distinct seasons:

the hot-wet season (from April to October) and the cool-dry season (from November to

March). Mean annual temperature and precipitation are 22-27•Ž and 1500-2000 mm,

respectively. Paddy soils cover about 53% of the total cropped area of Vietnam and are
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distributed over some soil units of Fluvisols.
The environmental differences in which soils have been placed or have been subjected

are reflected in soil mineralogy, particularly in clay mineralogy. Clay mineralogical
composition is the important and fundamental nature of soils. It influences the properties
relating to surface charge, ion exchange and surface area, and controls the inherent

potentiality or productivity of soils. Therefore, attention should be paid to the clay content
and mineralogical composition of soils to increase their fertility or productivity.

Until now, mineralogical study of soils is very few in Vietnam. Only some soil groups
were analyzed by Nguyen (1978) and Dao (1986). Recently, Ho et al. (1998) clarified the
clay mineralogical composition of the Red River alluvial soils but for few units and sub-
units of Fluvisols. In the current paper clay mineralogy of some soil units of Fluvisols in
Vietnam was studied.

MATERIALS AND METHODS

Soils

Fluvisols were sampled from five pedons in the Red River and the Mekong River

deltas. Sampling sites of the five pedons are shown on the map of agro-economic zones of

Vietnam in Fig. 1 and their general features are described in Table 1. Pedons 1 through 4

are located in the Red River Delta and pedon 5 is in the Mekong River Delta. Pedons 1

and 2 are Thionic Fluvisols and located in Haiphong province of the coastal plain, pedon

3 is Eutric Fluvisols and located in Hatay province of the Red River plain, and pedon 4 is

Dystric Fluvisols and located in Haiduong province of the Thaibinh River plain. Pedon 5

is Thionic Fluvisols and located in Longan province of the Mekong River plain.

Soils were sampled from different horizons until the depth of 120-150cm at each

pedon. Soil samples were air-dried, gently crushed, sieved through a 2-mm sieve, and

preserved in plastic bottles for subsequent analyses.

pH measurement
The pH of the soil was measured in the suspension having a soil/solution ratio of 1/2.5

using a pH meter. Water and 1 M KC1 were used as solutions.

TABLE 1. General features of studied soils
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FIG. 1. Soil sampling sites on the map of agro-economic zones of Vietnam. Soil pedons:

1 and 2, Haiphong; 3, Hatay; 4, Haiduong; 5, Longan. Agro-economic zones: I,

North Midland and Mountainous region; II, Red River Delta region; III, North

Central Coast region; IV, South Central Coast region; V, Central Highland region

VI, North East Mekong Delta region; VII, Mekong River Delta region.
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Particle-size analysis

Ten g of air-dried soil was weighed into a 500-mL tall beaker and 100 mL of 7% H202

was added. The beaker was covered with a watch-glass and stood for about 10 min till

frothing ceased. It was then placed on a hot-plate and heated at 90•Ž for about 2 h to

decompose organic matter. After cooling, the contents of the beaker were transferred to a

250-mL centrifuge tube followed by centrifugation and decantation and washed with water

3 times to remove excess H202. In each washing 5 mL of 3 M NaC1 was added to prevent

deflocculation of clay particles. Prior to the H202 treatment, soil samples of pedon 3

were treated with 1 M NaCH3 COO (pH 5.0) to remove calcium carbonate. For this

treatment the soil was placed in a 250-mL centrifuge tube and reacted with 100 mL of

1 M NaCH3 COO (pH 5.0) at 80•Ž for 1 h. The supernatant was decanted away after

centrifugation.

After washing with water, the soil was transferred to the tall beaker. Water was added

to a volume of 400 mL. The soil suspension was adjusted to pH 10 by addition of small

amounts of 1 M NaOH and dispersed by ultrasonic vibration (tank-type; 38 kHz, 250 W)

for 15 min. The suspension was transferred to a 1-L sedimentation cylinder and made to

volume with water. The cylinder was covered with a rubber stopper and shaken by hand

for 1 min. It was placed on a firm table and the time and the temperature of the

suspension were recorded. After standing for an appropriate time for the sedimentation

of silt and sand particles, the <2 ,um clay fraction was siphoned out into a 2-L plastic

beaker. About 30 mL of 3 M NaCl was added to flocculate clay particles. By repetition of

the treatment of sonification-sedimentation-siphoning with intermittent pH adjustments the

whole <2 ,um clay fraction was separated.

The whole 2-20, um silt fraction was separated by repeated sedimentation and

siphoning. The 20-200 and 200-2,000 ,um sand fractions were separated by wet-sieving.

After oven-drying at 105•Ž, each fraction was weighed to calculate the particle-size

distribution.

Clay mineralogical analysis

The mineralogical composition of the <2 ,um clay fraction which had been separated in

the particle-size analysis was analyzed by the X-ray diffraction (XRD) method. Duplicate

sols of the clay fraction containing 50 mg clay which was kept as a flocculated sol were

taken in 10-mL glass tubes. They were washed twice with 8 mL of an equal mixture of

1 M NaC1 and 1 M NaCH3 COO (pH 5.0) by centrifugation to decrease the pH of the

preserved clay sol. Of the duplicate sets, one was saturated with K and the other with Mg

by washing 3 times with 8 mL of 1 M KC1 and 0.5 M MgC12, respectively. The excess salt

was removed by washing once with 8 mL of water and then the clay was suspended well

with 1mL of water. An aliquot of 0.4mL of the clay sol was dropped onto a glass slide

(28 x 48 mm) covering two-thirds of its area, air-dried and X-rayed (parallel powder

mount). A Rigaku diffractometer was used for XRD with Ni-filtered CuKa radiation at

40 kV and 20 mA and at a scanning speed of 2•K20/min with a scanning step of 0.02•K and

a continuous scanning mode over a range of 3 to 30•K2ƒÆ. In addition to the air-dried

specimen, the Mg-saturated specimen was X-rayed after solvation with glycerol and the

K-saturated specimen was after heating at 300•Ž and 550•Ž for 2 h.
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RESULTS AND DISCUSSION

Soil pH
The pH of Fluvisols is given in Table 2. Soils of the two pedons (pedons 1 and 2) in

the Haiphong coastal plain of the Red River Delta showed the very strong acidity. They
are so-called acid sulfate soils, and the pH(H2O) was below 4 throughout the profile. It
decreased with depth and as low as 2.5 to 2.9 in the C horizon. The pH was not much
different between pH(H2O) and pH(KC1). In contrast, the soil of pedon 3 in the Red River

plain was in a slightly alkaline condition. The pH(H20) ranged from 8.2 to 8.5 and the
pH(KC1) from 7.5 to 7.8 in the profile, suggesting the origination from calcareous
sediments. The soil of pedon 4 in the Thaibinh River plain showed the strong acidity. The

pH was in a range between 4.1 and 5.1 in water and 3.2 and 4.2 in 1 M KC1 in the profile.
The soil is acid alluvium, originating from the sediments of the Thaibinh River plain
derived from granite colluvium. The soil of pedon 5 in the Mekong River plain is acid

TABLE 2. Particle-size distribution and pH of Fluvisols

* Abbreviations: CL
, clay loam; HC, heavy clay; LiC, light clay; SiC, silty clay; SL, sandy loam.
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sulfate soil, similar to the soils of pedons 1 and 2, and showed the very strong acidity.
The pH(H2O) was 4.3 in the Apl horizon, decreased with depth and was 2.2 in the Bh2
horizon. The pH(KC1) was lower by 0.2 to 0.5 than the pH(H2O) and showed the same
variation with depth as the pH(H2O).

Particle-size distribution
The particle-size distribution of Fluvisols is shown in Table 2. As indicated in Table 2,

the particle-size distribution had a close relationship with agro-economic zone and

physiography of the pedons. Among the four pedons in the Red River Delta (pedons 1
through 4), the soils of pedons 1 and 2 in the Haiphong coastal plain showed the light clay
or heavy clay texture in the Ap 1 and Ap2 horizons. The clay content was 45 to 49% in the
Ap 1 horizon and decreased toward the Crg2 horizon rather smoothly (pedon 1) or with a
maximum in the Bjg horizon (pedon 2). The silt content was in the range between 38 and
50% with a maximum in the Bj horizon in pedon 1 and in the range between 35 and 40%
with little variation in the profile in pedon 2. The sand content was below 10 to 20% in the
Ap 1 through Crg 1 horizons and around 30% in the Crg2 horizon.

In contrast, the soil of pedon 3 in the Red River plain showed the coarser texture. The
clay content was 33% in the Ap1 horizon, decreased with depth and reached a minimum
with a value of 15% in the BC1 horizon, and then increased. The silt content was higher
than the clay content but its variation with depth showed the same tendency as that of the
clay content. The sand content is relatively high in pedon 3 and was 52% in the B horizon
and 67% in the BC 1 horizon. Due to the location in the meander part of the river, coarser
sediments have been deposited in the Red River plain, while finer sediments were carried
away to the tidal region.

The particle-size distribution of the soil of pedon 4 in the Thaibinh River plain was
similar to that of the soil of pedon 2 of the Haiphong coastal plain, with the heavy clay
texture. The clay content was 48% in the Ap 1 horizon and at maximum in the Bw horizon
with a value of 55% but did not show the decreasing tendency with depth. The silt content
was in a narrow range of 35 to 42% throughout the profile and the sand content was
below 15% except for the Cg 1 horizon.

The soil of pedon 5 in the Mekong River plain was characterized by the high clay and
low sand contents compared to the soils in the Red River Delta (pedons 1 though 4).
The clay content was more than 60% and the particle-size distribution hardly changed
throughout the profile. The difference in the particle-size distribution between the soils
of the Mekong River and the Red River Deltas is concerned with the difference in
topography, level of flooding and deposition. The Mekong River plain is lower in
topography and is usually flooded in the rainy season. A thick deposit of mud remains on
the fields after flooded water went down, leaving the soil heavier in texture.

Mineral identification
The XRD patterns of the <2 ,um clay fraction from the Ap 1 horizon of the respective

pedons are shown in Fig. 2 and those of the Mg-saturated and glycerol-solvated specimen
of all horizons of the five pedons are in Fig. 3. As shown in Figs. 2 and 3, the 10.0 A peak
was clearly detected along with the peaks at 5.00-4.99 and 3.33-3.34 A. These reflections
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Pedon 1-Ap1

Pedon 2-Ap1

Pedon 3-Ap1

Pedon 4-Ap1

Pedon 5-Ap1

FIG. 2. The XRD patterns of the <2ƒÊm clay fraction from the Apl horizon of the five pedons.

Spacings are in A. Treatments: a, Mg-saturation and glycerol-solvation; b, Mg-saturation and

air-drying; c, K-saturation and air-drying; d, K-saturation and heating at 300•Ž; e, K-saturation

and heating at 550•Ž.

are indicative of the presence of mica. Similarly, the presence of kaolinite was ascertained

by the peaks at 7.15 and 3.57 A which disappeared by heating at 550•Ž of the K-saturated

specimen.The presence of chlorite was noticed by the peaks at 14.2-14.1, 7.15, 4.72, and

3.54-3.53 A and by remaining of the 14 A peak after heating at 550•Ž of the K-saturated

specimen.

Smectite was identified by the 18 A peak in the Mg-saturated and glycerol-solvated

specimen. Vermiculite was noticed by the decrease in the intensity of the 14 A peak with

the corresponding increase in the intensity of the 10 A peak in the K-saturated and air-

dried specimen. The vermiculite/smectite mixed-layer mineral was shown by broadening of

the peak around 14 A and swelling to give a broad 17-18 A peak after glycerol-solvation

of the Mg-saturated specimen (Craw, 1984). The mica/vermiculite/smectite mixed-layer

mineral was noticed by the poorly defined diffraction effect between 10 and 20 A in the
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Pedon 1

Pedon 2

Pedon 3

Pedon 4

Pedon 5

FIG. 3. The XRD patterns of the <2ƒÊm clay fraction from all horizons of the five pedons after Mg-

saturation and glycerol-solvation. Spacings are in A.

Mg-saturated and glycerol-solvated specimen and the increase in the intensity of the 10 A

peak after K-saturation and air-drying (Egashira, 1988). Chlorite-vermiculite intergrade

does not collapse readily when K-saturation but its 14 A reflection becomes diffuse and

shifts towards 10 A after heating at 300 and 550•Ž (Rich, 1968; Barnhisel and Bertsch,

1989).

Quartz was detected by the peaks at 4.25 and 3.34-3.33 A, feldspars were by the peaks

around 3.2 A, and goethite was by the 4.18 A peak. Concerning the occurrence of Thionic

Fluvisols (acid sulfate soils), jarosite was noticed by the peak at 3.08 A, and the presence of

aluminum hydroxide fluoride hydrate and aluminum fluoride hydroxide was suggested by

the peaks at 5.70 and 5.56 A, respectively.

Mica, kaolinite, chlorite, quartz, and feldspars were present in the clay fraction of all

horizons of the five pedons. Smectite and vermiculite were observed only in the soil of

pedon 3. Instead, the presence of mixed-layer minerals of mica/vermiculite/smectite and
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vermiculite/smectite were suggested in pedons 1 and 2 and pedons 4 and 5, respectively,

although this identification is rather obscure. Chlorite-vermiculite intergrade was found in

the Ap 1 horizon of pedons 4 and 5. Geothite was present in the surface horizons except for

pedon 5. Jarosite and aluminum fluoride hydroxide were noticed in the subsoil horizons of

Epi-Thionic Fluvisols (pedon 2), and aluminum hydroxide fluoride hydrate was present in

the subsoil horizons of the acidic four pedons.

The difference in the mineralogical composition of the clay fraction between the

horizons of each pedon was generally small. It indicates that alluvial deposits from which

soil has been developed consist of fairly homogeneous materials in the Red River and

Mekong River Deltas.

Semi-quantitative estimates of mineralogical composition

Relative mineral contents in the clay fraction were semi-quantitatively estimated on the

basis of the XRD peak intensities. In the present estimation, the peak height was used as

the peak intensity by assuming the relative proportions of the minerals of a sample

normalized to 100% and the same proportionality between the peak intensity and the

content of each mineral. Reflections of the Mg-saturated and glycerol-solvated specimen

were usually used to calculate peak intensities of minerals.

The contents of mica and smectite were calculated from the intensities of 10 and 18 A

peaks, respectively. To calculate the relative contents of chlorite and kaolinite the 7.15 A

peak intensity of the Mg-saturated and glycerol-solvated specimen was allocated between

chlorite and kaolinite according to the intensity ratio of 3.54-3.53 (chlorite) and 3.57 A

(kaolinite) peaks. The intensity of vermiculite was obtained by subtracting the normalized

intensity of the 14 A peak of the K-saturated and air-dried specimen from that of the Mg-

saturated and glycerol-solvated specimen. The intensity of chlorite-vermiculite intergrade

was calculated from the 14 A peak intensity of the K-saturated and air-dried specimen after

subtracting the contribution due to chlorite.

The content of the mica/vermiculite/smectite mixed-layer mineral was estimated from

the difference between the normalized 10 A peak intensity of the K-saturated and 550•Ž-

heated specimen and the 10 A peak intensity of the Mg-saturated and glycerol-solvated

specimen. The normalization of the 10 A peak intensity of the K-saturated and 550•Ž-

heated specimen was carried out by multiplying by the intensity ratio of the 4.25 A peaks

of the Mg-saturated and glycerol-solvated specimen and of the K-saturated and 550•Ž-

heated specimen. The content of the vermiculite/smectite mixed-layer mineral was esti-

mated from the normalized the 10 A-peak intensity of the K-saturated and 550•Ž-heated

specimen after subtracting the intensities due to mica and chlorite-vermiculite intergrade.

The contents of goethite, feldspars, jarosite, aluminum fluoride hydroxide, and alu-

minum hydroxide fluoride hydrate were calculated from the intensities of the peaks at 4.18,

3.2, 3.08, 5.56, and 5.70 A, respectively, and the content of quartz was calculated from the

4.25 A-peak intensity after multiplying by the coefficient of 3.

The relative mineral contents thus calculated are shown in Table 3. According to the

results, mica was the most abundant layer silicate mineral (21-50%) in the clay fraction

and showed the general tendency that the content increased with depth, especially in the

soils of the Red River Delta. The soils in the Haiphong coastal plain (pedons 1 and 2) and
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TABLE 3. Approximate mineral contents (%) in the clay fraction of Fluvisols

* Abbreviations: Mc, mica; Ch, chlorite; Vt, vermiculite; St, smectite; Mc/Vt/St, mica/vermiculite/
smectite mixed-layer mineral; Vt/St, vermiculite/smectite mixed-layer mineral; Ch-Vt, chlorite-ver-
miculite intergrade; Kt, kaolinite; Qr, quartz; Gt, goethite; Fd, feldspars; Ja, jarosite; At, aluminum
hydroxide fluoride hydrate; Ad, aluminum fluoride hydroxide.
+: detected but not calculated due to insignificant amounts.

in the Red River plain (pedon 3), derived from the Red River alluvium, had the high
contents of mica (33 to 50%) compared to the soils in the Thaibinh River plain (pedon 4: 21
to 34%) and in the Mekong River plain (pedon 5: 25 to 33%,). The higher content of mica
in the soils derived from the Red River alluvium was reported by Dao (1986) and Ho et al.

(1998).
Kaolinite and chlorite were present in all soils but in lesser amounts. The kaolinite

contents in the soils of the four pedons in the Red River Delta were in the range between
11 and 22% and hardly changed throughout the profile, while the higher kaolinite content
of 23 to 38% with the increasing tendency with depth was observed in the soil of pedon 5
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in the Mekong River Delta. The contents of chlorite ranged from 7 to 18% throughout the

profile in the soils of the Red River Delta. In the soil of the Mekong River Delta, chlorite
was 14 to 13% in the surface Ap 1 and Ap 2 horizons but in insignificant amounts in the
lower horizons. The presence of chlorite in paddy soils of Thailand and Malaysia was
reported by Hattori et al.(1965), Kawaguchi and Kyuma (1969a, b), and Wada et al.

(1981).
Vermiculite and smectite were only detected in the soil of the Red River plain (pedon 3)

which had the slightly alkaline reaction (Table 2). Vermiculite was in considerable amounts

(8 to 14%), whereas the content of smectite was insignificant with only 2% in the top Ap 1
horizon. The presence of vermiculite and smectite in the surface of the Red River alluvial
soils was reported by Ho et al.(1998).

Two kinds of mixed-layer minerals were estimated. Mica/vermiculite/smectite was

present in the soils of pedons 1 and 2 from the Haiphong coastal plain, with the content
ranging from 2 to 29%. It tended to decrease with depth with the corresponding increase in
the content of mica, suggesting that the mica/vermiculite/smectite is a alteration product
of mica. Vermiculite/smectite occurred in the soils of pedons 4 and 5 from the Thaibinh
River and the Mekong River plains, respectively. The content of vermiculite/smectite was
highest in the middle horizons and decreased toward the surface and the bottom. This
variation with depth was not related to that of mica but of chlorite. Except for the lowest
Cg 1 and Bh 2 horizons, the vermiculite/smectite content was smaller in the upper two
horizons and larger in the lower two horizons, whereas the chlorite content was larger in
the upper two horizons and smaller in the lower two horizons. This may indicate that the
vermiculite/smectite mixed-layer mineral is a alteration product of chlorite rather than
mica. As shown in Fig. 3, the vermiculite/smectite changed from the smectite-rich phase in
the subsurface horizons to the vermiculite-rich phase in the surface horizons.

Chlorite-vermiculite intergrade was present in the Ap 1 horizon of pedons 4 and 5 in
minor amounts. Its content was 1% for the former and 7% for the latter. Coexistence of
the vermiculite/smectite mixed-layer mineral with vermiculite-chlorite intergrademay in-
dicate that the chlorite-vermiculite intergrade is the degradation product of chlorite rather
than due to chloritization of vermicultite.

Quartz, feldspars, goethite, jarosite, aluminum fluoride hydroxide and aluminum hy-
droxide fluoride hydrate were identified as minerals other than layer silicates. Among them

quartz and feldspars were present in all soils. The content of quartz ranged from 6 to 14%
and that of feldspars was 2 to 5%. Jarosite, aluminum fluoride hydroxide and aluminum
hydroxide fluoride hydrate were found in considerable amounts in the soil of pedon 2 on
the Haiphong coastal plain.

Inherent potentiality of soil
Inherent potentiality of the Fluvisoils was evaluated from the viewpoint of paddy

cultivation based on the nature and amount of clay minerals in the surface Ap horizons.
Oxidation of pyrite is prevented in the paddy cultivation. The mineralogical composition in
the <2um clay fraction was generally similar with one another among the five Fluvisols
examined. Mica was the predominant mineral followed by kaolinite and chlorite. In
addition, considerable amounts of vermiculite and smectite were found as discrete phases
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or components of mixed-layer minerals. Therefore, the overall inherent potentiality of the
Fluvisols can be evaluated as intermediate.

The relative inherent potentiality among the Fluvisols was classified according to the
clay content. The clay content was highest for the soil of pedon 5 (over 60%), followed by
the soils of pedons 1, 2, and 4 (40 to 50%), and lowest for the soil of pedon 3 (around
30%). Therefore, the decreasing inherent potentiality can be classified in this sequence. The
inherent potentiality is effective under the favorable weather condition of the growing
period. Under the unfavorable weather condition, however, the high clay content of the
soil of pedon 5 makes a possibility to have an adverse efect on the rice production.

CONCLUSIONS

Fluvisols of the Red River and the Mekong River Deltas in Vietnam are characterized
by the variation of texture and mineralogical composition related to the agro-economic
zone and physiography, leading to the difference in the inherent potentiality.

Proto-and Epi-Thionic Fluvisols of the Haiphong coastal plain are heavy in texture
and rich in mica and the mica/vermiculite/smectite mixed-layer mineral along with sig-
nificant amounts of chlorite and kaolinite. Silti-Eutric Fluvisols of the Red River plain is
characterized by the high soil pH. It is medium-textured and contains the highest amounts
of mica and chlorite. Vermiculite and smectite are found as discrete phases. Gleyi-Dystric
Fluvisols of the Thaibinh River plain is heavy-textured and rich in the vermiculite/smectite
mixed-layer mineral along with considerable amounts of mica, kaolinite, and chlorite.
Orthi-Thionic Fluvisols of the Mekong River plain is very heavy in texture and rich in
mica and kaolinte along with considerable amounts of the vermiculite/smectite mixed-layer
mineral, chlorite, and chlorite-vermiculite intergrade.

The presence of non-clay minerals such as jarosite, aluminum fluoride hydroxide and
aluminum hydroxide fluoride hydrate implies the strong alteration of layer silicate
minerals. They are concerned with very strong acidity in the subsurface horizons of pedons
1, 2, 4, and 5.
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