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Abstract: Plrysical, chemical anil rnineralogical prop.erties of y:.,::,,mark soils of Goa

are reported- The soils are acidie aryd DpH is 
-negalive' 

KCI e'ctractable acidity is low but

total acidity of BaClr-Teo ir rr*a,t'u'U'U nisn na,itinslrydroxy'ilterlayering in clay minerals'

CEC is *iaill^-i"i"; ;; urrr'ri,,irri1" is >3'%f,aid th" ctassified as Affisots'

Kaorin is the dominant minerar both in sirt and cray fractions.alongwith gibbsite' mica'

vermianrite and chrorite. The kaorins are interstratified with r.4 nm'minerals' The l'4 nm

minerars are.rrydrory-intertayered. Gibbsite rsformei in an earrier arkarine pedo-environment

and htence its presbnce shourd no, t, considired as dn index of weathering. The persistence

of good amount of organic-*r-ri, i, inese soils *i du' to tileir linkage with weatherable

clay minerot, ini otlrb potyuo-t:ent eatioyts which iapt tu imprwe the soils properties' The

detaired information of minerri, iia ieir weatnrri"g stages 
^hetps 

in understanding the

potentiar of inr ro-raried highiy-wetatheredferrug,inoui'soiii of this part of trapical India'

It is well recognized that femrginous

soils are formed under humid tropical

climate due to leaching of bases and

release of iron and its coating on soil

surfaces. Although ferruginous soils of

India are formed under humid tropical

conditions for millions of years' they vary

in their PhYsical, chemical and

mineralogicat characteristics' They are

classified as Ultisols, Alfisols and even

Inceptisols. Femrginous soils of southem

and western part of the country are fairly

well characte rized, but the detailed

information on soils of Goa are very few

"*..p, 
on their physical and chemical

characteristics (Raghu Mohan et al'' 1971;

Govindaraian et it., Olq, Singh et al''

1988). the fenuginous soils in general'

have low fertility status, but they support

g""A vegetation' This prompted the
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authors to study the soils of Goa in detail
to understand the process of soil
formation and it is hoped that it will
enhance our knowledge on genesis of
ferruginous soils of tropical India in
general and that of Goa in particular.

Materials and Methods

The state of Goa is located in the
south-western part of India. The National
Bureau of Soil Survey and Land Use
Planning (ICAR) during its soil survey
programme of the country, surveyed the
state of Goa on 1:50,000 scale and the
soils are mapped at the level of soil series
association (Harindranath et al., lggg).

Two representative benchmark
pedons widely occurring in the State have
been selected for the present study. The
soils are developed from Goa group of
Archeans consisting of schists and
ferruginous quartzite. The climate of the
state is warm tropical with an annual
rainfall of 2600 mm and average
temperature of 260C. The moisture regime
is ustic. The difference between mean
summer and winter temperature is <60C
and thus qualifies for iso-hyperthermic
temperature regime

Morphological properties of the two
soils were studied and described as per
Soil Survey Manual (Soil Survey Division
Staff, 1995) and the soils are Alfisols.
(Soil Survey Staff, lggg).

[Vol.

Physical and chemical properties of
soils were determined as per standard
procedures (Jackson, I g1[):Sand (2000-
50 mm), silt (50-2. mm), clay (<2 mm)
and fine clay (<0.2 mm) fractions were
separated as per size segregation
procedure of Jackson (1979) after removal
of CaCO3, organic carbon and free iron
oxides. Oriented silt and clay fractions
were subjected to X-ray diffraction
(XRD) analysis in a Philips diffractometer-
with Ni-filtered, Cu-Ko radiation at a
scanning speed of 2020lmin. Samples
were saturated with (1) Ca and solvated
with ethylene glycol and (2) K-sarurated
and heatedto 25,110, 300 and 5500C and
X-rayed. Identification of clay minerals in
different fractions was done following the
criteria laid down by Jackson (1979).

Results

Brief morphological properties of the
soils are given in table 1. It indicates that
the soils are moderately deep to very-
deep, brown to red in colour (7.5yR to
2.5YR hue) and are excessively drained.
Clay content is substantially high in
subsoil of Pedon 1 but the soils of pedon
2 (Darbhandora soils) have high clay
content (>35%) throughout its depth
(Table 2).

tsoth the soils are acidic (pH 5.1-5.5),
noncalcareous and KCI pH is less than
water pH. The high negative ApH (-0.g to
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Table 1. Morphologicol properties of soils

Lab.
No

Depth
(m)

Colour
(moist)

Texture Structure Consistence

Pedon-I

2904
2905
2906
2907

Pedon-2

2908
29A9
2910
2911

ss ps

ss ps

sp

sp

fr
fr
fr
fr

moist

fr
vfr
fr
fr

Ap
Bwl
Btl
Bt2

Modgoon series

0-0.18 5yR3/4 sl
0.18-0.46 5YR4t4 sl
0.46-0.73 2.5yR4.5/6 si cl
0.73-1.07 5yR5/6 sic

Dorbhandora seris

flsbk
' flsbk

mlsbk
mlsbk

Wet

ss p0
ssp0

sp

sp

A
A2
Btl
Bt2
Cr

0-0.08
0.08-0.19
0.19-0.51
0.5 I -0.89
0.89+

7.5 YR3/3 sic
5YR3/4 sic
5YR3/4 sic
2.5YR3/4 sic

weathered

mlsbk
mlsbk
rn2sbk
m2sbk

laterized material

Note: The abbreviations are as per USDA Soil Survey Manual ( soil Survey Staff, l95l)

Table 2. Physical and chemicar characteristics of ,soils

Lab. No Sand Clay FCSilt pH . Org. C
(g kg')

HrO KCI ApH
Pedon-l

2904
2905
2906
2907

Pedon-2

2908
2909
29t0
2911

78.2
77.0
41.0

14.4

20.7
9.1

7.0
8.8

l0.s
I I.5
31.3
42.0

33. I

28.7
35.7
26.0

tt.6
I1.5
27.7
43.6

46.2

62.2
57.2
65.2

7.8
7.0

I0;7
10.5

l8.l
33.7
29.s
35.5

5.1

5.5
5.5
5.4

5.4
5.3

5.2
5.2

4.1

4.3
4.5
4.5

4.6
4.4
4.4
4.4

:1.0
-0.8
- 1.0

-0.9

-0.8
-0.9
-0.8
-0.8

18.7

8.4

7.9
2.5

50.4
25.2

20.1

14.7

Horizon

I

I

:
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these soils can be attributed to the Al+3 in
the Al-hydroxy components that are held
tenaciously on the exchange complex
(DeAlwis and pluth, 1976). Elemental
composition of soils (Table 4) indicates
silica as a dominant component followed
by AlrO, and Feror. Molar ratio of silica:
sesquioxide is more than 2.5 indicating
siliceous nature of these soils u.rd
incomplete desilication process. The
tropical femrginous soils of India, thor r
they are considered as laterites Jre
reported to have high SiO2/Al2O, and

lig?/Rro, ratio (Varghes. una gyjr,
1993). Though it is presumed that ihe
process of laterization is active in humid
tropical area with high rainfall and high
temperature, the ideal pH condition for
the primary process of silica solubilisation
is possible at a pH of -9 (Millot, lg70)
which is not prevalent in most of the
tropical femrginous soils. Therefore the
process of laterization began at the end of
Cretaceous (Kumhy 19g6; Tardy et , ,
1991) and ceased to operate further when
the pH of the system became neutral and
then acidic.

Minerology of Soits

Mineralog,t of sand: XRD of sand fraction
(Fig. 1) indicate the presence of gibbsite
(0.48 nm peak), kaolin (0.72 nm) and
quartz, along with some feldspar. The
presence of gibbsite in all size fractions
questions the probability of its formation

-1.0) indicates that these soils contain
appreciable amount of clay minerals with
relatively constant surface charge
(Blecker and Sageman, 1990).
Darbandora soils have higher organic
carbon than Madgaon soils (Table 2).
CEC and ECEC of the soils of Madgaon
series are lower compared to the
Darbandora soils due to their low organic
carbon and clay content lfable Z;.
Though the extractable acidity by I ff
KCI is low, the same obtained by BaClr-
TEA is remarkabty high (Table 3j.
Bhattacharyya et al. (1994) also observed
low to nil KCI extractable Al+3 in
ferruginous soils of Manipur and
Meghalaya when the pH of the soils
exceeded 5. Though the soils are acidic,
the base saturation is more than 35%.
Calcium dominates the exchange complex
of the soils followed by Mg. CEC of the
soils is low to medium (6- l9 cmol(p+)
kg-t) as commonly observed in
femrginous soils of India (Chandran et al.,
200A; Bhattach arrya et al., 2000).

The BaCI2-TEA extractable acidity is
several times more than KCI acidity. High
amount of BaClr-TEA extractable acidity
indicates that large amount of Al+3
released during humid tropical weathering
are trapped in the interlayer of clay
minerals and are not easily extractable by

fcl This suggests that most of the fairly
high BaClr-TEA exrraciable acidity of

i
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Fig. l. Representative X-ray diffractogram of sand fraction. G : gibbsite, K: kaolin, , Q : quartz,

F : feldspars

60

'2Theta

from the layer silicates alone. Similar
conclusions were made earlier bY

Bhattacharyya et al.(2000) for soils of
NE, India and Chandran et al. (2003,

2004) for the Ultisols of southern India'

Mineralog of silt: XRD Pattern of
both the samples (Fig. 2) ate similar. Ca-

saturated and EG treated samples show

characteristic peaks at 1.4 nm, 1.02 nm,

O32 nm,0.48 nm along with small peaks

for quartz and feldspars. The K-saturation

and subsequent heating resulted in the

partial shifting of the 1.4 nm peak towards

1.0 nm but reappeared at K5500C. This

indicates that a Part of the 1.4 nm

minerals are hydroxy-interlayered and
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eounts/s

Fig. 2. Representative XRD diagrams of silt fractions : Ca
and glycolated, K25/1101300/550/ : K saturated and heated: hydroxy-interlayered vermiculite, M = mica, G : gibbsite,

part is fully chloritized. The presence of
gibbsite in the sample was confirmed by
a peak at 0.48 nm on Ca-saturation and
its disappearance on I( treatment and

"2Theta
:Ca-saturated, Ca-Eg : Ca saturated
to 250C, ll00c, 3000c, 5500c, Hiv

K: kaolin, Q: qsartz, F: feldspars

kaolin has a broad base indicating
probable interstratification with 1.4 nrn
minerals. Therefore, the co-existence of
both gibbsite and2:1 minerals appears to
be a common phenomenon in tropical
ferruginous soils (Wada and Kakuto,
1983; de Brito Galvao and Schulze,1996;

\,

Y

heating at 3000C. The sharpness of the
peak suggests its high degree of
crystallization. The 0.72 nm peak of
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Bhattacharrya et a1.,2000; Chandran er

ol., 2004) and podzols (Wilke and
Schwertmann, 1977) thus questioning
antigibbsite hypothesis (Jackson, 1963;
Le64).

Minerology of clay : The XRD pattern of
clay fraction (Fig. 3) exhibits well defined
XRD maxima indicating the presence of
hydroxy-interlayered vermiculite, mica,
kaolin and gibbsite and small peaks for
quartz and feldspars. The 1.4 nm mineral
did not change its position or intensity on
glycol treatment indicating that it is of
non-expanding type. On heating the K+
saturated samples from 110 to 3000C, the
1.4 nm peak partially collapsed
reinforcing the 1.0 nm peak. However,
when this sample was heated to 5500C,
the partially hydroxy-interlayered
vermiculite collapsed to 1.0 nm and at the
same time the 1.4 nm peak of fully
hydroxy-interlayered portion (chlorite)
reinforced. This indicated that a portion of
1.4 nm peak is due to the presence of
chlorite. The 0.7 nm peak of kaolin was
confirmed by its characteristics high
intensity peak and its disappearance on
heating with K at 5500C. However, the
0.7 nm peak has a broad base tailing
towards the low angle side indicating that
these are not true kaolinites but
interstratified with 2:1 minerals. This is
more common in tropical soils of India
than reported earlier (Bhattacharyya et al.,

PROPERTIES OF SOILS OF GOA 59

2000; Chandran et a1.,2001).

Mineraloqy of "fine clay: The fine clay
fraction of Ca-saturated and glycolated
samples (Fig. 4) shows dominant peaks at

0.72 nm. and 0.48 nm indicating the
presence of kaolin and gibbsite The
characteristics 0.72 nm peak of kaolin has

a broad base tailing towards the low angle
region. On heating the K-saturated
samples at 5500C the 0.72 nm peak
disappeared reinforcing the 1.0 nm
regions indicating the interstratifications
of 2:l mineral with the 1 :1 mineral,
probably a KI-HIV mineral. A sharp peak

at 0.48 nm and its disappearance on K
treatment and heating at 3000C confirmed
the presence of gibbsite. The decrease in
intensity of 0.48 nm peak with the
decrease in size fraction indicated that
gibbsite might not have formed from the

secondary minerals, as otherwise it might
have accumulated in the finer fractions.

Discussion

Chemical and mineralogical data of
the soils of Goa indicate that these soils
are siliceous and contain considerable
amount of weatherable minerals. This is
a common feature in femrginous soils of
India (Satyanarayana and Thomas, 1962;
Varghese and Byju, 1993; Chandran etr

al., 2003; 2005). High amount of total
extractable acidity indicate that Al+3
released during humid tropical weathering
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Fig. 3. Representative XRD diagrams of total
saturated and glycolated, K250ll 100/3000/5500 :
5500C, HIV hydroxy-interlayered vermiculite, M
F = feldspars

'2Theta

clay fractions : Ca : Ca-saturated, Ca-E g : Ca
K saturated and heated to 250C, ll00C 3000C,: mica, K : kaolifl, G : gibbsite, Q : quaftz,
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Fig. 4. Representative XRD diagrams of fine clay fraction : Ca : Ca-saturated, Ca-Eg : Ca saturated

and glycolated,K25ll10/300/550: K saturated and heated to 250C,1100C 3000C,5500C, HIV:
hydroxy-interlayered vermiculite, M: mica, K: kaolin, Q: qvafiz, F: feldspars
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are trapped in the interlayers of 2:l
minerals to form hydroxy-interlayered
mineral. The vermiculite acts as a sink for
aluminium and thus protects the biota
from aluminium toxicity. These Al+3 ions
are not easily extractable by I l,/ KCI.
Thus the vermiculites are formed from
mica during the present humid tropical
weathering conditions and are therefore
considered as the products of
contemporary pedogenesis.

The CEC and base saturation of these
soils are high when compared with the
soils of the humid tropical soils of Kerala
(Chandran et al., 2004) and humid
subtropical Meghalaya state of the NE
Region of India (Bhattacharyya et al.,
2000). Therefore they are grouped under
Alfisols order of Soil Taxonomy (Soil
Survey Staff, 1996). This high CEC may
be due to the presence of large amount of
weatherable minerals and high organic
matter. Kaolin in these soils is still in an
intermediate weathering stage of KI-HIV
and it also helps in retention of organic
matter.

The presence of HIV and KI-HIV and
feldspars in this ferruginous soil indicate
that in spite of tropical weathering
conditions for millions of years, the soils
of Goa are still Alfisols with > 35yo base
saturation. Thus they are less weathered
than the soils of Kerala (Chandran and
Bhattach aryya, 2003). With the

[Vol. 23

continuation of the tropical climate, the
soils of Goa may become Ultisols due to
leaching of bases and may become more
acidic. But the acidic condition already
prevailing in these soils may prevent
further desilication to transform these
soils into Oxisols.

The presence of M, HIV, KI_HIV and
feldspar in both silt and clay fractions
confirm the existence of good amount of
weatherable minerals in the soils. -
Persistence of high organic matter in these
soils is an indication of organic matter
linkage with these minerals and other
polyvalent cations. The organic matter
retention in these femrginous soils helps
in improving soil properties which in tum
support good crop growth. Thus the
detailed information of minerals and their
weathering stages helps in understanding
the potentiai of the so called highly
weathered soils of tropical areas.

References

Bhattacharyyd,T., Pal, D.K. and Srivastava, p.
2000. Formation of gibbsite in the presence
of 2:l minerals: an example from Ultisols of
northeast India. Clay Miner. 35:927_g40.

Bhattacharyya, T., Sen, T.K., Singh, R.S., Nayak,
D.C. and Sehgal, J.L. 1994. Morphological
classification of Ultisols with kandic horizon
in north eastern region. J. Indian Soc. Soil
Sci. 42:301-306.

Bleaker and Sageman 1990. Surface charge
characteristic and clay mineralogy of some



20041 CHEMICAL AND MINERALOGICAL

variable charge soils of Papua New Guinea.

Aug J. Soil Res. 28:901-917.

Chandran, P. and Bhattacharyya. T. (2003)
Taxonomy Rationale: Gibbsitic and Allitic
mineralogy class in highly weathered
ferruginous soils of Kerala. Paper presented

during National Seminar on "Developments
in Soil Science" held at Kanpur 4-8th Nov.
2003. Abstracted pp 5.

Chandran, P., Ray, S.K., Bhattacharyya, T.,
Krishnan, P. and Pal, D.K. 2000. Clay
minerals in two ferruginous soils of southern

India. Clav Res. 19:17'85.

Chandran, P., Ray, S. K. and. Dubey P.N (2002)

Chemical and mineralogical characteristics

of femrginous soils of Goa, ,Paper presented

during National Seminar on o'Developments

in Soil Science" held on llth-lsth Nov.
20A2 at Jabalpur Abstracted pp 228'229.

de Brito Galvao, T.C. and Schulze, D.G. 1996.

Mineralogical properties of collapsible
laterite soils from Minas Gerais, Brazil. Soil
Scr. Soc. Am. J, 60:241-248.

Govindarajan, S.V., Murthy, R.S., .lain, S.P.,

R.aghu Mohan, N.G., and Venkataraman, M.
(1974) A survey of natural resources of Goa

with particular reference to soils and land

classification for agricultural development'
ICAR Tech. Bull. No: 49, Indian Council of
Agricultural Research, New Delhi.

F{arindranath, C.S., Venugopal, K.R.,
Raghumohan, N.G., Sehgal, J. and

Velayuthaffi, M. 1999. Soils of Goa for
optimizing land use, NBSS Publ. 74b (Soils

of trndia Series) National Bureau of Soil
survey and Land Use Planning, Nagpur,
India, 131pp+2 sheets of soil maP on

tr:50,000 scale.

PROPERTIES OF SOILS OF GOA 63

Jackson, M.L. 1963. Aluminium bondi4g in soils.

A uniffing principle in Soil Science. Proc.

Soil Sci. Soc. Am. 27zl'10.

Jackson, M.L. 1964. Chemical composition of
soils. In : Chemistry of the Soil. Bear, F.E.

(Ed.), Van Norshtand-Reehold, New York,
pp.7l-141.

Jackson, M.L. 1973. Soil Chemical Analysis,
Prentice Hatt India Limited, New Delhi.

Jackson, M.L. lg7g. Soil Chemical Analysis -

Advanced Course. 2nd Edition, Published by

the author, University of Wisconsin,
Madison, WI, U.S.A.

Kumar, A. 1986. Palaeo-altitudes and the age of
Indian Laterites. P al aeogeogr a., P al aeocl im.

and P alaeco. 53:231'237 .

Millot, G. 1970. Geology of Clays.'springer-
Verlag, New York.

Satyanarayana, K.V.S. and Thomas, P.K. 1962,.

Studies on laterites and associated soils II.
Chemical composition of laterite profiles. J.

Indian'Soa. Soil Sci. 10:21 3-222.

Singh, S.K., Shyampura, R.L., Singh, R.S.,

Hadrindranath, C.S. and Venugopal, K.R-

1998. Genesis of some soils of Goa. J- Indion
Soc. Soil Sci. 46:651-656.

Soil Survey Staff 1951. Soil Survey Manual,
USDA Agriculture Ftrandbook No. 18, (New

revised edition), Scientific Publishers,
Jodhpur, India.

Soil Survey Division Staff 1995. Soil Survey

Manual, USDA Agriculture Handbook No.

18, (New revised edition), Scientific
Publishers, JodhPur, India.



64 CLAY RESEARCH [Vol. 23

during the last 150 million years and
implication of India and Australia. J. Africa
Earth Sci. 12:283-295.

Varghese, T. and Byju, G. 1993. Laterite Soils.
Tech. Monograph l. State Committee on
Science, Technology and Environment,
Government of Kerala, India. pp.ll6,.

Wada, K. and Kakuto, y. 19g3. Intergradient
vermiculite-kaolin minerals in Korean
Ultisols. Clays Clay Miner. 3l:lg3-190.

Soil Survey Staff 1999.-Soil Taxonomy : A basic
systern of soil classification for making and
interpreting soil survey, USDA, NRCS,
Agriculture Handbook No. 436, US Govt.
Printing Office, Washington, DC g69pp.

Tardy, Y., Kablsek, B. and paquet, H. 1991.
Mineralogical composition and geographical
distribution of Africana and Brazilian
Periatlantic laterties. The influence of
continental drift and tropical paleoclimates


