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Soil Geomorphic Evolution of Shitalakhya-Dhaleswari Interfluve
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Abstract

Soll studins of the Shital heswart Interfluve have holpod in identifying
ic units. Basod on pedogen dwdopmcmadavnllobﬂewdscldamm
lhvmlym lnfmdmdmuwnauw‘dw

membc ﬂ-demwdulon
QUSD1 W QGSDS are <500 .,os-zb,wh.ho-uhmbwhrapeahdy : youngest
drvdopd soils of Member QGSDY & QGSD2

m%'wumm ' developed soils (QGSN3)

3 & 33l and
HOSSAIN (1994), RAsHID ot al. (2009) and SAHA (2011) described thc s:mignphy
nootectonic and climatic fluctuation in the area during the late Pleistocenc. The
invostl arca includes a greater part of the Pleistocene Madhupur Tract and Holocene

fioodplain dqaosits
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A pedogenic approach has been adopted in the present study to evaluate the landform
evolution of Shitalakhya-Dhaleswarn interfluve. The history of landform evolution is closely
related with the history of soil development at 3 site and across rnpes of landfonns
(MCFADDEN & KNUEPFER 1990), Study of soils is important in deciphering the history of
landform evolution and climatic changes because the soils represent episodes of land surface
stability with little or no deposition and thus record Quaternary environments in arcas where
there is no depositional and erosional evidence of subaerial Quatemary history (CATT 1962),
Keeping these points in view the present study is aimed at the following objectives.

I Identifications and mapping of different soil-geomorphic units.
Il To prepare a soil-chronoassociation.
Il To decipher the roles of paleoclimate, sea level changes and neotectonics on the
evolution of soils (Pedogenesis) in the #vea and in turn the landforms of the study area.
General Features 3

The study areas namely Savar, Tong!, Gazipur Sadar, Rupganj, Ghou‘ul and Kaliganj
Thana fall into Terrace area which are the deposits of Pleistocene Madhupur Tract. On the
other hand, Narayanganj Sadar, Bandar, Keraniganj, Sirajdikhan and Demra fall into
floodplain area. On a smaller scale the area has a distinctive dendritic drainage pattern and
shows a complex landform pattern characterized mainly by terrace area in upper portion and
recent floodplain deposits in lower reaches. The area lies between latitudes 23° 30' N to 24° 15°
N and longitude from 90° 15' E to 90° 35' E. Strongly developed yellowish brown to reddish

brown, friable, solls occupy on Terrace areas and younger floodplain deposits comprises recent
sediments. The study area is bounded by two major rivers, namely Shitalakhya and Dhaleswari;
Buriganga, Turag, Balu, Bangshi and Tongi Khal are other important rivers in the area.

features like broadly dissected Terrace, level deeply weathered Terrace

Geomorphic
and level shallow weathered Terrace are the features found in the terrace arcas. Broad valleys
appear to be paleochannels as recognized from satellite imagery and field checks. Plains

. associated with Shitalakhya and Dhaleswari rivers are the site of active sedimentation,

The investigated area include four seasons i.e. Pre-monsoon (summer), monsopn
(rainy), post monsoon and dry (winter). Annual average temperature of the study area ranges
from maximum 36°C and minimum 12.7°C; annual rainfall 2376mm ( BANGLAPEDIA 2007).
Mn&ymmmumthjmbh&memmdm}ﬂ
annud rainfall in the area. The depth of groundwater in Terrace arca is approximately 50-

. 55m and in recent floodplain area is 25-30m.

Investigation procedure

Prior 1o field investigation, a soil-geomorphic map (Fig. 1) was constructed based on
Topographic map (Topo sheet no.: 79 12, 79 U5, 79 6, 79 19 & 79 1110), Satellite image of
the study area Landsat TM imege (false colour composite with bands 4, 3 and 2, path-8221,
row-7201, acquisition date: 10.3.2008), Sroi (Soil Resources Development Institute) soil
resource maps of corresponding Upazilla. During field investigation, the constructed soil-
geomorphic map was checked and found consistent with field data. As the soils on these
ic units were fairly uniform and their properties varied within 2 narrow range, these .

have been called soil geomorphic units. A total number of 20 pedons were studied in the
field and pedogenic characteristics of different horizons were recorded. Several other
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places were also d\ed:od 1o find out the cmﬁnu«y of tho units, Different soil horizons ae
marked along the the horizon depthithickness; diffcrent characless
(color, structure, luy, cutan, and were recorded k)MM STURF
(1966). Bulk samples were collected from | horizons for analyses of the grain size
distribution and pH of solls. The grain size distribution ard It were eviluated by i
standard method as described in AsTm 1974 (D422) and by Hanna HI 91 ON
ATC meter respectively. Clay fraction {<2pm) of soil samples were used for the
identification and estimation of clay minerals by X-ray diffracion analysis. Clay minerals
were identified following the procedure described by WALSON (1987) and thuir semi-
mwmmmumwm&lbwmﬂ\emuhoddkmrznsw

Major Landforms and Soil-Geomorphic Units
mmmumwdmmmumum

ic characieristics, The
a and the'climate of the
units. The Soil-

Printont
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mmmmmthwhnm .
part of Dhaka Metropolitan City which is mainly

~ This area includes northernmost
Pleistocone Madhupur and in places cavered by thin alluvium of
or mlolwllpmﬁhdmkmmna
(1973) these 40 ¢ comprise Tubg;:lldeq:wdw:n‘rl d::‘n,”
ail 3 ermace
hmp::tﬂodmeﬂ._ g :m'l’msoil.dcepwnjr&‘émﬂmdm

muq:mmdmmw«mwp
T@MMMNMdMMmNMOWW:h is entirely exposed

Wum 60 unit B soils fall in level, deeply, weathored
terrace arca is well draingd, very pale brown silty clay to clay top soils into
yellowish brown clay sub wlls dﬂlusdy mottled soils indicating ic
() | W 'r n 'y . L IR .ty w st el ,--‘,L (TR
of s ) u Te hkaﬁn&iﬂcvd
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Table 1: Soll-geomorphic units identified in the area, -

hnfur _ Soll-Geomarplic Units ' Sofl-Geumorphic Sub-Units
Unlt A Urbax afos (Norbern O
part of Dhaka Motropolitan city)
Unit B: Urbian area (Kest of the Dhaka
{tan Tracy)
Tomace $ub unitCl:Northem part of Rupgang, Tongi , Uttara &
Mirpur Arca: Arca betwoun Shitatakhys & Turay, River and
Adggcint to Tongi khal)
Unk C: Madhupur Tct . .__uu:cmuw)

Old Flood mo«v Qd-npuunl_

plain “mad
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Unit-D: Young Brahnaputra and Jamuna Flood plain and Unaposcd Madhupur Tract
... This unit comprises the active channel of the Brahmaputra and:damuna River and
adjoining aréas 91”:5" ""Ia_iqfucmedsmceabomwsomn fiver changed into its

present course. ( 996), Besides this, Wié unit also’ Comprises umhathered
Madhupur tract Seil. Unit. D has been .vwédmo three subunits.

£ ‘Subtiﬁh D1 sousfau in floodplain area showing a moderate to mongdoéreeofped
deyelops oil-geomorptiic subunt D2 and ‘D3 soils fall into compmﬁvelyndcvatcd
area from am ‘also showing mox ")_utos&dﬂgmg(ebbfpeddevclopmom
Uniit-E: Mixed floodplains of Brahmaputra, Jamuna and Meghna rivers

This unit comprises the floodplains of Brahmaputra, Jamuna; and- MlddleﬁMeghna

river. Besides this, the unit also comprises unexposed Madhupur tract. Unit E has been
divided into seven subunits. Soil-geomorphic subunit E1 and E2 soils fall in floodplain arca
shawing a weak to moderate degree of ped development, Soil-geomorphic subunit E3 soils
fall in floodplain & Madhupur Tract area showing a weak to moderate degree of ped
development. Soil-geomorphic subunit E4 soils fall in Middle Meghna River floodplain
showing structureless to very weak degree of ped development. Soil-geomorphic subunit ES
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falls in Old Meghna Estuarine floodplain showing 2 structureless to very weak degree of ped
‘ nt. Soil-geomorphic unit £6 falls in Oid Brahmaputra floodplain showing a very
weak 10 weak degree of ped development. Soil-geomorphic subunit £7 falls in Young
‘Brahmapitra and Jamuna floodplain showing a very weak 1o weak degree of ped
development.© =

-y ——e b o -y

‘
el )
Fig 1, Ssmpleloation, il Geomorphic uns & whruni f he sy .1,
W) i e 4 Jeasr. YR < 3R] R 11 S WO ) i A
mummmmymmdmmuommmﬁwcum

Mechanical Analysis A

The,grain size distributions of different horizons of the soil profiles were determined

using the Standard Hydrometer method as described in AsTM1974 (D422). To describe the
soil texture, the percentages of different fractions (sand, silt and clay) were plotted in
triangular diagram and ascertained the texture of soils from clay, clay loam, loam, silt loam,
sandy loam to sandy clay loam was ascertained. )

e S ——— . —
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Clay Mineralogy

The degree of weathering of sails may be determined through variation of the clay
mineralogical composition of soils at various depths. Lighteen samplgs from B-horizons or
AB-horizans of different soil profiles of different soil-geomorphic unils were used 1o
determine the clay mineralogical compositions of soils of the studied area. The
identification of the peaks in the X-ray diffraction pattern for the clay mineral species was
done following the standard X-ray diffraction interpretation procedure as described by
WILSON (1987) and LINDHOLM (1991). lllite represents (001) and (002) basal reflections of X-
ray diffraction at 1040 A - 9.94 A; 534 A - 4.84 A Kaolinite is identified by basal (001)
reflections at 7.38 A -7.02 A. Basal reflections (002) at 3.62 A -3.50 A. Chlorite is
represented by the basal reflection (001) at 14.87 A - 13.81 A and (002) basal reflection at
7.38 A - 7.02 A, (003) basal refléction at 4.80 A - 4.33 A and (004) basal reflection at 3.62
A - 3.50 A. Smectite §re Hon of 17-14 A'and some mixed layer clays
illite-smectite, chlorite-$t ' 0 present in minute amount.

Estimation of Semi-quantitat - minerals

The semi-quantitative esi \was done following standard
method of ScHuLTz (1964). For $ @ simple geometric calculation

ostic reflections multiplied by

is made, l.e. peak height above b
correction factors such as chlorite by 0. by 1 20 lnheby‘x.’l'heclay mineral
ition of the soil samples’from the si soilgeomorf exhibit that illite
(36.39% to 59.59%), chlorite (9.66% 10 3¢ Binite (17.36% to 39.03%) are the
m:{:r corsgemk ts with small amount of smed mixéd layer clays and non-clay quantz
(Table 2). £ NP i o )
it “e; - /

A large number & faults, with north-south, east-west, northeast-southwest and
northwest-southeast trends, contral the flow diregtion of both major and minor streams of
the study area (URBAN GEOLOGY ‘OF DHAXA 1999). In most ca a small zone along fault is
. a low lying atea; probably because of subsidence or Jong the fault. According to
URSAN GEOLOGY OF DHAKA (1999), several longitudinall faults of the study arca are:
Dhaleshwari Fault, T &q‘lt, Balu Fault and Bangsh ‘faull. Transverse faults mentioned

are Pagla fault and rai Fault. Here, longitudinal and Winsverse notice the fault
alignment along the flow of the major rivers or acrass river flow direction,
Depression

All the ‘strearts (Shitalakhiys, Balu) converged in the south-eastern part of the study
area, suggesting a topographic depression. This depression may be tectonically induced.

I'This areais referred 1o ‘as Dhaka Depression. nM | n A it M
e Tineaments, in the sudly arca, havé been identified”on th ‘basis of major

discontinuities observed in the remotely ‘sensed iftages and eharactoristics of drainage
pattérns and are 20-50 km long. ‘According to"URBAN GEOLOGY OF DHAKA (1999), study arca
comprises Buriganga lineament, Shitalakhya lineament and Baunia lincament(Fig. 3).
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The presence of ox-bow lakes and flooded arcas s
Oxbow lakes are mostly confined to the southwestern parts of the investigated areaand
along the Sirajdikhan-Bandar Lincament zone. Oxbow lakes commonly occur on the
downthrown blocks of the Sirajdikhan lincament. Most of the lakes, if joined together, appear
like past courses of the modern drainages. Large tracts on the Dhaka-Tongi block on the
down-thrown sides of the Ruhitpur-Pagla lincament get waterlogged during rainy scason.

Composite Profiles
Profile SNg-1 (Ghorashal, Narsingdi) in Sub unit E1 showing thick deposition of
Holocene sediment over Pleistocene Madhupur deposits where upper portion's solum
thickness is 137 cm and lower 198 em. Profile SGk-1 (Kaliganj, Gazipur) in sub unit E2
containing peat deposition at 235-250 cm and solum thickness 175 ¢m. This two respective
profile located in almost two' kilometer apart; eastern and western side of the Shitalakhya
river. It should be noticed that a prominent bending of river is observed here. And these

significant criteria revealing né signature, from existing work of URBAN GEOLOGY OF
IDHAKA (1999). This is the of T ;ﬁ%‘@y‘mnﬁnuc upto Ghorashal region and
may be mentioned as Tongi-G "_ shal lineament. © ~ ‘

v .. 14 > -

Fhe-SuLes et o ey / '
In profile SKr-1 (Ruhitpur, Orun ) in Sub unit-D1 where sedimentation is going on
upper profile over buried soll -. _ ‘f_v; 28 cm and lower 165 cm
resrectlvely. It should be noted of B ‘l‘,;&:. river and confluence of Balu and
Shitalakhya river falls into the agla fault according to URBAN GEOLOGY OF DHAKA
(1999). So this zope may be co upto Ruhitpur arca and may be referred to as
Ruhitpur-Pagla lineament, Profile “1{Kuchiamura, Sirajdikhan, Munshiganj) in Sub unit-
E7 contains two y aq (92-98)cm and (127-131) cm depths. Buried BC, C1 & C2 are
found. Profile SNF-1(Fatullah, Narayangan) In sub unit-E5 contains peat layer at 100 cm
depth and buried C horizon is ob: on downthrown black of Sirajdikhan-Bandar
lineament. Loadg;_‘of Composite profiles Is shown in Figure 2,

B‘h:ysed on above gherla five lineaments (Fig. 3) were identified from the investigated area and
31‘82 . .
Tongi-Chorashal Lineament : :
Dhamrai-Rupganj Lineament
Vakurta-Murapara Lincament
Ruhitpur-Pagla Lineament N
» Sirajdikhan-Bandar Lineament
OIS gy A

: ‘ ) Tectonic Blocks » K et
" Delincation of faults and soil-geomorphic units helped to decipher four major Tectonic
blocks, -e.g. ‘Madhupur block, ghahﬁonﬂ block, P;%pggflj- pll(‘;ahlgi;.nj ]libclti and
Narayanganj-Munshiganj block separated and ed by transverse and longitudinal faults.
| ; o o ld SIS
Madhupur Block _ T eediin
" Madhupur Tract as a whole is a structural high. According to Morcan & Mcmke (1959)
Madhupur area, a northeasterly tilted fault block is bounded on the west by a series of six en
echelon faults up-ﬂwqwn on the cast. The NW-SE Banar fault delineates the
boundary, on the south east of the Madhupur is bounded by a basement-controlled fault
zone, A mdwuhmﬁimwm ween Barind and Madhupur blocks proposéd by HirsT (1916)
and confirmed by MoRGAN & Manmre (1959) represents a recently reactivated graben
(KHANDOKER 1987). Madhupur Block separated from Dhaka-Tongi Block by Tongi-Ghorashal

YVVvVY
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lineament, Bangshi, Turag, Balu rivers in this block are also Lt controlled dvers marked by
UrBAN CroLoGy OF DHAXA (1999),

e
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Fig 2. Composite profiles position of the investigated area.
Dlnln-‘rong Block
Tongl Block is bounded on the north by Tongi-Ghorashal lineament and on
\ ukum-Muﬂpahllwummmﬂ &mnbwnduyhmukedhyMal
D&I:wwl Fault In Dhamtai ‘area, Dhaleswari fiver's
ll rlve:eﬂnvétae river and Sudden bending of Balu and
river prove the tectonic acuvk%d‘ ng Dhamrai-Rupganj lineament. Dhamrai-
,:Hnj Ineament divides Dhaka-Tongi Block into two sub-blocks i.e W and Dhaka

Ti wb-blockkboundedonmenorﬁ\by _halllnearmn_tand '
in the w;zn] lineament whenas ib-block starts from %ﬂ
Geihe mmm‘wm?’ A e
less dey W youlls ﬂood;;m.d Major

Madx!pu deposits are found at :
this g maim“v:uedogged long period. Around Toz;im:‘;nd Joydevpur area
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Madhupur clay is around 50 meter and in adjacent Kaliganj almost 80 mcter thick but in
Dhaka city, it rarely exceeds about 10 meters (Uasax GEowocy OF DHAXA. 1999),

F%.).PMMWNMkaMapdDh&mWCWOFDm1099)

Rupganj-Keraniganj Block

Rupganj-Keraniganj Block is bounded on the north by Vakurta-Murapara lineament
and boundary is Ruhitpur-Pagla lineament. Balu fault and Dhamrai fault are the
casiR ARt bqndariex spspectivel s 1
Narayanganj-Munshiganj Block 03 ; e

Narayanganj-Munshiganj Block, which is bounded on the north by Rubitpur-Pa
lineament Maglag?atjxlo and on the south by Slra]dikhan-Bandta’r,y s airtr’;:r_:t; a%
* eastern boundary of the block is marked by Shitalakhya lineament and wesla'hnﬁb_ﬁhdaryby
Dhaleswari fault Sl 0 eodeor. R :
" "An integrated approach of utilizing field observations and laboratory analysissuch as soil
morphology, horizon thickness and development of solum“(particularly B ‘horizon), clay
‘ m& and degree of pedality, thickness and nattire of clay cutan has been used to
rmine the degree of soil profile development in'the study area. Based on the relative degree
of devel 5, the soils of the area were divided ito five groups from Group 1Yo Grodp'V,
Group | having the léast developed soils. These gm\g:ﬂ called the members of & soil-
chronoassociation (MOHINDRA et al. 1992) and have been given the flames QG501 10 QGSDS
respectively (Table 4). | 4o Rl i
QGSD1 cosnungmes soil -geomorphic sub unit D1 (profile: Ske-1) and sub unit E4 (profile:
SRp-1), QGSD2: sub unit ES (profile: SNF-1) and sub unit E6 (profile; SNBk-1), QGS0D3: sub unit
C4 (profile: SRg-1) and sub unit D3 (profile: SDd-1), QGSD4: sub unit C1 (profile; R3); sub unit
E1(profile: SNg-1) & sub unit D2 (profile: Skt-1) and QGSDS5: sub unit C2 (profile: RS5), sub unit
C3 (profile: $Ge-1), sub unit E3 (profile: SRb-1 & SRm-1).
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Fig-A. Sd\umticmbddshowingwﬂmmdlhe studymea,

Variation in pedogenic characteristics among different Members of Soil-chronoassociatidn
The mm changes observed in the pedogenic ‘characters ' of different <oil.
dunﬂmsoz::m par

_ are as follows: A 6
a")«go“-vn Sy 3

logical charactéristics such as structufe, s6lumm thickness shd development of 8
hodfon, texture,l collour a,n;l fFe-MgmmpttlYes ralng‘ concretions, have bzen studied in detsil
(Table 4). Typical soil profiles from differef ‘501l chronodssociation are shown in the Figure 6.
Structureless 0. 1 : lievelopedhonmnaﬁonkot:wvedlmm

m%’y’mfﬂbﬂw : : bserved in QG 2 to QGSDS n T
Thickness of Solum, B,horizon thiy %S Increase in general from QGSD1 1o QGS| 5 sails.
The l'::hmgfs horizc m&i';ﬁ’m s o‘lf;nm QGSD2 (25. l:;'s n 936%5 5(110-178
cm) soils. Patchy to broken, very thin clay cutan observed in QGSD1 1o 2 member;
Patchy to broken and thin clay cutan also observed in QGSD3 to QGSDS soil member bus
there is’ a ‘general ‘increase in ‘thickness from QGSD3 to QGSDS. Ferro-mangancse
conicretions and mottles are common in the lower parts of the soil profile of member QGSD4
& 'QGSDS. The ‘concretions are fine to medium size and constitute up 10 2-5% of matrix.
According 16 Usba Soil Taxonomy Hassification (soi SURVEY STAFF, 1975), mast soils of the
I3(2501 and QGSD2 are Fluvaquentic Haplaquept and QGSD3’ and QGSD4 are Aeric

uvaq
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Table 2: The percentage of different clay minerals in different horizons samples from differont soil-geomorphic units,
Semi qpsantitative albarer of Gillerent clay

Sub Units with Horiroow/depth —— mineraly
Units ‘ Profile Name hlorite (%) Mite (%) u;:;m
Unit8: Subunit:C 83 15.77
. i e 54.32 29.97
SubunitC2. '3‘ - 9.66 5191 29,03
UnitC: 55% - ®m 54,7 24
Madhupur Tract 1)+ | 087m 1 .17em) a7 e o
o - § !- . 17.36 51,08 31.56
a&i : e
D1 g B2 27.61 37.35 35.04
R 1
: Y B 26.10 41.08 32.62
|y e
Unit D: - 23.56 44.52 31.42
: Young 'i'd:! y i%____&”_""‘-‘“’"
Brahmaputra ] 2 =
Jamuna Flood (Skt-1) (0.20m-0.42m) o Ao s
plain, Madhupur Subunit:D3 AB ===
Tract v (5Dd-1) (0.22m-0.62m) 28.33 36.39 38.29

‘ ﬁli‘ ©.2 &::gﬂg:{ o) 3134 50.23 18.43
=y -
10.15m-0. 3469 47.95 17.36

1
| # 82
Unit & Ri-1) OI7MA17m) 26.92 48.37 2471
AB

?MMW e om0 22.53 59.59 " 1780
m'::" —%)E _::_m,s:: 3285 40.84 16,31
" GRp-) LM’A':«M - 31.68 . 4921 19.11

&mis mm::. 35m) 3067 48,01 17,39

e 'm-u:am” o ossaz | ezs |

: wg ms;.om U omas | esse “_zi.m

b) Textural variations A _ G2
Grain size analysis of soils of diffcrent chronoassociation members indicate that most

of the soils are medium to fine textured and lie in the clay, clay loam, loam, silt loam,
sandy loam to sandy clay loam textural classes, Medium to coarse textured (toém soils in
QGSD1 do not show any significant variation in sand, silt and clay ghm with depth.
'lchyhue ‘:dre bwe::'l'dz enmseguhymnts Soils \:i‘th other vmambel m*‘ wainly clay |Oall"|; to
igher content) with greater soi slopment, especially in

the B horizon. Increase of clay content in the B horizon ovaAor.Clhql.z,Q&\:as.takcn here
as pedogenic clay which is attributed to the translocation of clays from the upper to the
lower horizons. Increase in pedoyenic clay content in B horizon is a yseful indicator of the
relative age of soils (BIRKLAND, 1984). In QGSD1, there is no pedogenic clay, where as
there is an appreciable increase in pedogenlc clay content from QGSD2 to QGSDS
member soils. The clay accumulation indices (LEvINE & CiOLx0sz, 1983) in different
members are: QGSD2: 70-80; QGSD3: 348-360; QGSD4:480-756 and QGSDS5:1260-

2235.
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«) Clay Mineralogy

The major clay minerals observed in the soils of study arca are illlw,holinlte and
cNome.llllulsd\emdomln??t clay mineral in all the samples and next inabundance is
kaolinite followed by ¢hlori nblezj.wnapcm\ﬁgadsmmandmbwdhyu
clays are also observed,

In the near wrbce environments, 1:1 clay minerals (kaolinite) is the stablest clay
mineral show higher wuﬂm and the 231 day minerals (illite, smectite) and
2:1:1 clay minerals (chlocites) are less lnd show | wealhenng. The clay 1 |
sbundance in different %{h% whkh slmil:; linite

in D3 & members
ﬁomQGSDSmﬁaQGSDSmmberhpwﬂyamwh mﬂ'&n"i.m"m
catena. In terms | the members of the soil-chronoassociation

iumapwp]lwonm &n theirmue Mwewea&cﬂngof the QGSDS5
ped development, strong clay , it scoms that the QGSDS soils arc at
tlnmlyghmdlsmglmﬂmmge. ‘ 168

mmmmmwmwmwmmwmdmchsos
ﬂ_kp@b@lyh@ddnmmﬁalmmmm&muday
mineral wmmdnmsdtswmecsusa is controlled pastially by mineral
uusfwmﬂoﬂ,vﬂm mineral composition of the Member QGSD3 & QGSD4 are
partially inherited and al!yneofounedbtﬂnirmlmufmﬁmlﬂesﬂunmad
QGSD5. Mddieclaynﬂnenlcanposuion of QGSDT & QGSD2 is dominantly inherited.,
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Fig. 7. Variation of total clay and pedogenic clay in the soils of different Soil-geomorphic units.
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Relative ages of Soil- Chronoassociation Members

Relative ages of soil-chronoassociation members are assigned tentatively based on the
degree of pedogenic development and available records (Table 3) of dates of different
authors from the study area. The inferred relative ages of different members of the soil-

chronoassociation are tabulated in Table 4.

Development of Landforms and soils
In the studied area, soils from differemt soil-chronoassociation members show
different ic characteristics. Integration of field and laboratory data suggests that the

soils of the study area can be broadly divided into five groups: (a) Structureless or very
weakly developed Member QGSD1 soils; (b) Weakly ped Member QGSD2 soils; (c)
Weak to moderately developed Member QGSD3 soils; (d) moderately developed Member
QGSD4 soils and (e) strongly developed Member QGSDS5 soils, Important pedogenic
processes responsible for the development df these soils are described below:

a) Structureless or very weakly developed Member QGSD1 soils

These are the least developed soils in the area showi A/C horizonation or only
minor development of B-horizons. Active sedimentation s ng on this unit. Biotite and
muscovite minerals are almost fresh. These structureless to very weakly developed

floodplain soils are marked by hydromorphism and slight clay illuviation,

b) Weakly developed Member QGSD2 soils ;
Member QGSD2 soils have a bette development in terms of solum and B-horizon
thickness as compared to those of QGSD1 solls. Weak to very weak alteration of

minerals is observed in the soils of Member QGSD2 soils.

¢) Weak to Moderately developed Member QGSD3 soils

' Weak to very weak alteration of minerals is observed in the soils of Member QGSD3
soils. Solum thickness, B-horizon thickness and ped development Is better than QGSD2
soils. Clay mineralogy of Members QGSD3 solls is similar to :aat of Member QGSD4 &
QGSDS soils. But, as solls are weak to moderately developed and mineral alteration is less
than QGSD4 & QGSDS5 er, the clay mineral composition is dominantly inherited
- from the parent material derived from erosion of Member QGSDS soils exposed in the
Terrace. The QGSD3 soils are at the phase of fersiallitisation stage of weathering,

) 11 4 3 »

d) Moderately developed Member QGSD4 soils '

i QGSD4 sails have a better d?lopmm_ t in terms of solum and B-horizon
thickness as compared to those of Member QGCSD3 soils. Pedomiec clay content is hi
in QGSD4 soil. Clay mineral composition is similar to those of QGSD3 & QGSDs5,
with a himmum of kaolinite. But the insignificant weathering and mineral alteration
and their position at the local catena suggests that the soils may be at the phase of
fersiallitisation stage of weathering. ' :

e) Strongly developed Member QGSDS5 soils '

Member QGSDS5 soils have the best development in terms of solum and B-horizon
thickness and pedality. The clay mineral ¢ ition is similar to those of QGSD3 &
QGSD4. But there is a low abundance of Kaolinite in comparison to QGSD3 & QGSD4
soils which indicates that the QGSDS soils are also at fersiallitisation stage. Considering the
intense surface weathering, strong F%edality, strong clay illuviation anﬁa their ferruginous
coloration and presence of a few Fe-Mn oxide concretions and diffuse Fe-oxide motties
suggest their recent formation and genéral ‘relict’ nature of these soils; it scems that the
QGSDS soils are at the initial phase of ferrugination stage.
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Table 3: *raxy records of dates from the study arca
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_ The paleoclimatic and sea level changes seem to have played a significant role in the
of landforms and solls of the study area. The sea-level curve during the
Quaternary for the region is yet to be established, However, results of CHAPPELL (1994) and
SHACKLETON (1987) regarding Eustatic sea-level changes and geomorphological evolution of
the region Is correlated. A 120-m fall of eustatic sea level during the LGM (22-18 ka)
observed from the Bay of Bengal (WIEDICKE et al. 1999) is comparable to global eustatic fall
(CHAPPELL 1994; SHACKLETON 1987). Sea level has fluctuated several times with some
stillstands during the Late Pleistocene and Holocene periods, During the sca level low
stands, the rivers in the Bengal lowland were entrenched. According to CULLEN (1981),
there is an onset of humid monsoon climate during 10-12 ka which supports the deposition
of parent material on the QGSDA4 (old flood plain). Transgression event of 7000 cal B.P.
dscﬂbedbyUmw(1993)&Gooom&W(200Wausedﬁwdmlopmdput
or wet land during 5000 yr B.P.
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© . Table 4 Typical features of the mermbers of the Sofl Chronoassoclation
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Paleoclimate fluctuated from subhumid to semiarid from about 25 ka o about 16.5 ka,
Since 16.5 ka, the climate has varied between hot humid and subhumid, with shart peciods
of more aridity (SIROCXO ef al. 1993; SIROCKO, 1996), It seems that the thin cutan present in
Member QGSDS5 soffs, characteristic of sublumid (o semiarid climates; the preseice ol o
few Fe-Mn oxide concretions and diffused Fe-oxide mottles indicates (heir probable
formation during the later hot humid to subhumid phase.

Role of Tectonics

| Basin lies in one of the most seismically active zones -of the world.
Shitalakhya-Dhaleswari interfluve falls into Zone Il of seismic zoning Map of Bangladesh
(HOSSAIN 1988). Tectonics seems to have affected the development of soils and landforms
significantly as discussed below: 0

* The northern boundary of the §) Madhupur Tract (QGSDS) ii) Old flood plains
(QGSD4 ‘& QGSD3) and iii) Young flood plains (QGSD2 & QGSD1). are marked by
Ghorashal-Tongi, Dhamrai-Rupganj and Sirajdikhan-Bandar lincament respectively. All

these m bordered by east Shitalakhya lincament and west by Dhaleswari Fault
(Figure 4), o
These proposed lineaments along with the earlier discovered faults (UrBAN GeOLOGY

OF DHAKA 1999) concrete the geomorphology of the area and in turn the local catena in the
study area. In the region, QGSDS5 is at the top of the local catena having the best soil
development in the area. QGSD4 & QGSD3 are at the middle portion of the local catena
having occupied the old floodplains with moderate devélopment dnd QGSD2& QGSD1 are
the bottom of the local catena where QGSD2 membet occupy very weakly developed solls
and in member QGSD1 active sedimentation is still goingon. T i

Five soil-geomorphic units with fourteen sub units have been recognized from the
study area. Ripening, ferrolysis, acidification, clay eluviation and illuviation are the major
soil forming processes in the study area which were useful to divide the area into soil-
geomorphic units. ‘ :

Based on pedality, pedogenic clay content, clay accumulation index (C.A.1), solum
thickness, thickness of B Horizon and clay mineral composition, soils from different soil-
geomorphic unit may be ordered according to their maturity as Unit B & Unit C> Unit D >
Unit E. It should be mentioned that Unit A could not be investigated due to excessive

Based on pedogenic characteristics and proxy records of dates from the study arca,
soils from the' different soil geomorphic units are grouped into five soil-chronoassociation
members (QGSD1 to QGSDS, with QGSDS being the oldest). The relative ages of different
soil-chronoassociation members are assigned tentatively QGSD1: <500 yr; QGSD2: 0.5 ka-
2ka; QGSD3: 4-7 ka; QGSD4: 10-12ka and QGSD5:>18ka. )

From the Clay mineralogical data it can be evident that, all the soil-chronoassociation
members showing fersiallitisation stage Mq’nﬁ but solls formed during the Late
Pleistocene (QGSDS5 member soils) are fly in the early stage of ferrugination. Which
is reflected by their intense surface weathering, moderate to strong pedality, higher clay

e
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accumulation index, relatively thick cutan and overall ferrugination color,

Five transverse lineaments such as Tongi-Ghorashal, Dhamrai-Rupganj, Vakurta-
Murapara, Ruhitpur-Pagla and Sirajdikhan-Bandar were identified based on allavial
morphology, composite soil profile and difference in pedogenic characieristics of soil
chronoasSociation members. These five transverse lineaments along with earlier identified
longitudinal faults bound four tectonic blocks in the study area are: Madhupur Block,
Dhaka-Tongi Block, Rupganj-Keraniganj Block and Narayanganj-Munshiganj Block. The
neotectonic activity controls the sedimentation and pedogenesis in the area.

During 22-18 ka (LGM) sea level low stands and subhumid-semiarid climate, the
rivers of Bengal low land were entrenched and it marks the final phase of terrace formation
on the Madhupur Tract with QGSD5 soil chronoassociation member. Period between 12 10
10 ka, with humid monsoon climate supports the deposition of parent material of qlder
floodplain (QGSD4); later transgressive effect of sea at 7 ka initiates the depositional regime
of QGSD3 solls. Final phase of soll formation started at 1.5 ka in young floodplain
(QGSD2). Since 500 yrs B.P. active sedimentation is going on the young floodplain with

QGSD1 soils. ;
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