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Structural configuration of the Mahi river basin was delineated to understand
the channel behaviour, pattern of Quaternary sedimentation and the processes
leading to terrain evolution. It was found that the river course is trellised and
the Quaternary sedimentation followed the block-faulting that has taken place
paraliel to the main Cambay Margin Fault. Two major erosional episodes
could be recognised. Former extensive ravine erosion resulted from neotec-
tonic activity and later, due to base level adjustment consequent to regression
of sea. Three major depositional environments identified were: marine, fluvial
and aeolian. The Quaternary succession showed intercalation of buried soils
of various types. The entire succession appears to date back to Middle Pleis-
tocene.
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Introduction

In Gujarat, the river Mahi rises from a comparatively stable marginal craton
formed by the Precambrians and Deccan Traps and crosses through the vast
stretch of alluvial tract before draining into the Gulf of Cambay (Fig. 1). The
Mahi basin is delimited by the Main Craton Margin and the Cambay Graben
Margin Fault. Geology and archaeology of this region were first described by
Foote!. This work was carried forward by Zeuner?? who for the first time tried
to put the prehistoric findings of Sankalia® in their proper stratigraphical con-
text. Zeuner?? also interpreted buried soils in climatic terms. The stratigraphy
provided by him is still being followed by various workers without modifica-
tion>S.

The Mahi basin is also known for its ravine erosion. The ravine belt in
arid and semi-arid Gujarat covers 500,000 ha’® and it is one of the four major
areas known for ravine erosion in India. Various causes have been attributed
to ravine erosion such as climatic change, deforestation, overgrazing and
wrong agricultural practices (see Haigh for a review)’. Ahmed,>® however,
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suggested peripheral uplift of Peninsular Shield against Himalayas as the major
cause for ravine erosion. Therefore, understanding of subsurface structural
configuration is essential to appreciate the sedimentation pattern and the pro-
cesses leading to terrain evolution particularly in a marginal situation as that of
the Mahi.

Geologically, the Mahi river after emerging from the rocky highland, flows
through the eastern part of the Cambay Basin —a Cenozoic tectonic feature of
considerable significance.’"** The Cambay Basin is an intracratonic rift graben.
The block structure of the basin is controlled by basement faults cutting across
the Deccan Traps and extending into Tertiary sediments. It developed at the
close of the Mesozoic and was related to Deccan Trap volcanicity. Evolution
of the basin has been attributed to deep-seated faults with a north-south Dhar-
warian trend cutting across the major east—west Satpura and the northeast-
southwest Aravalli structural trends. Closs et al'® have noted linear faults with
prominent north-south or northwest-southeast trends across both the Gulf of
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Fig 1 Distribution of measured Quaternary sediment profiles along R. Mahi. T'he prqﬁ]e§ are
well exposed on the left bank than on the right. Locations marked w1th triangle indicate-
Lower Palaeolithic artifact-bearing sites. Lithological symbols same as in Fig 3.
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Cambay and coastal tract. These authors have also reported a westerly shift of
depocentre during Cenozoic. Tertiary and Quaternary sediments thicken
4-5km progressively southwestwards from the Cambay coast. Hence, one
should expect the sedimentation pattern in the Mabhi river basin as a corollary
to this. The various tectonic features, especially the fracture lineaments related
to the Cambay Basin framework, have influenced the evolution of the Mahi
river. This aspect has not been adequately appreciated. However, Bedi'’ con-
sidered the landscape of the Mahi river basin of multicyclic polygenetic type
and assigned the intensive gullying of the old levees to neotectonic activity. He
has not demonstrated the intrinsic relationship between the structural frame-
work of the basin and sedimentation pattern. Therefore, the paper lacks true
assessment of sedimentation pattern and evidence for ravine erosion. In the
lines to follow we have tried to study the geomorphology, drainage pattern,
soil types of the region and Quaternary sedimentation pattern with a structural
bias and attempts have been made to explain the processes of terrain evolution
leading to present day topography.

Geomorphological Setting

Fig. 2 illustrates following three major geomorphic zones between 22°N-73°E
and 23°N-73°30'E — the stretch of river Mahi from Vanakbori to its estuary:

(i) Upland, (ii) Pediplainand (iii) Alluvial,
Three additional topographic features not mentioned in the figure are:—
(iv) Terraces, (v} Dunes and (vi) Ravines.

The upland zone is roughly east of the line joining Raniya and Thasra
(Fig. 2) and consists of rocks of Aravalli Group, sandstones of Cretaceous
period and Deccan trap. It is a planation surface gently sloping towards west.
Bordering the upland zone towards the SW is the gently sloping pediplain
zone which is mostly composed of soil sediments derived from the upland
zone. The pediplain zone interfingers with the alluvial zone down Raniya,
along the tributaries of the river Mahi and also upstream of Thasra (Fig. 2).
The alluvial zone spreads wide down the pediplain and exhibits intensive gully-
ing and ravine formation along the Mahi and its tributaries. Excepting for a
few rills, ravine gullying is almost absent in the younger topographic features
such as terraces and dunes. Apparently, the gradient of gullies and ravines are
presently stable as no distinctive ongoing erosional features are observed. The
phase of intensive erosion appears to predate the terrace formation as will be
discussed later. The terrace mentioned here is the one lower to the surface of
the alluvial zone or upper terrace. The lower terrace was observed between
Singrot and Dabaka (Fig. 1h) which is nearly 3m asl. The composition and
structure of the terrace typically resembles that of tidal mudflats. The vertical
section shows crude laminations of mud with minor sand intercalation and is
bioturbated at places. The top of the lower terrace is covered with a thin sheet
of sand. Another important feature which is laterally correlatable with the low-
er terrace and appears all along the longitudinal profile of the river from Rani-
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ya to Vasad and down, is a degradational bench. On the other hand, formation
of the bench appears to be related to the receding knick points and deep chan-
nel entrenchment in basalt along the longitudinal profile of the Mabhi in the pe-
diplain and upland zones. The terrace, the bench and the receding knick points
are therefore consequent to the base level adjustment in the past.

The other topographical features are the low hummocky dunes having no
specific morphology (Fig 1a). Recurrence of such dunes is more on the left
than on the right bank of the river. The southernmost and more or less isolat-
ed occurrence of an obstacle dune has been reported from the base of the
Pavagarh hill near Vadodara®. However, incidence of sand dunes increase
north of the river Mahi.

The topographical elements described above have a catena of soil which
shows a well defined facies variation (as discussed below).

Surface Soils

Table I shows three major soil types which evidently follow the geomorphic
features discussed above (cf. Fig. 2).

Identification of soils is based on field observations which will need fur-
ther confirmation by soil micromorphology. However, the most common soil
in south Gujarat is vertisol —a clay rich dark coloured soil commonly known
as black cotton soil (Fig. 1e). The soil developed on loess-like material of allu-
vial zone is typical Brown Soil which appears to be ancient. It is likely that the
soil formation might have been initiated with the onset of Holocene and is still
taking place. It may as well represent a polygenic pedocomplex. Conditions
conducive for the development of such a soil are hot humid climate, thick
vegetal cover and a considerable length of time to develop a deeply weathered
profile. Possibly the climate in the past was more humid than that of today.
The soil on dunes is typical of the region north of Vadodara. These are mostly
grassland soils and can even be traced upto Kutch and Rajasthan.

Table 1
Geomorphic units Soil types Horizons Profile thickness
(m)

1. Upland Vertisol Ah-BCck 0.8-1.0
2. Pediplain ? ” ~1.0
3. Zone of transition between Soil of vertic

pediplain and alluvium sub group Ah-Bw ~1.0
4. Loess-like deposits of

alluvial zone Brown soil Ah-Bt-Cca ~15

5. Dunes Aridisol Ah-Cca 0.5-0.6
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Drainage Pattern

The river Mahi descends down the upland in a step-like fashion. At places the
steps are sharp and straight (Fig. 2). The course is straight between Vanakbori
and Sevalia, Thasra and Raniya, Raniya and Savli and Singrot and Dabaka.
Between Raniya and Singrot the river has carved out three smooth steps.
There are no true meander loops all along the stretch of the river as men-
tioned by Gadekar et al'® All the tributaries to river Mahi-Mesri, Goma,
Kharod and Meni Nadi (Fig. 2) show a characteristic pattern in relation to the
main channel; they take abrupt U-turns before joining the river Mahi. The
channel behaviour of river Mahi and its tributaries clearly indicate that they
are structurally controlled. This aspect is clearly visible on LANDSAT thema-
tic false colour composites which have a spatial resolution of 30m. Fig. 2
shows various minor and major lineaments as observed on the imagery along
the Mahi course. The bold broken lines represent major lineaments whereas
minor ones have been shown by thin broken lines (Fig. 2). It may be pointed
out here that the Cambay Basin Margin Fault passes through Singrot (Fig. 2).
These observations were checked and confirmed in the field. The lineament
pattern in reltion to the channel behaviour confirms that the drainage pattern
of river Mahi is ‘trellised’. Interestingly, the only meander near Dabaka is also
fault induced (Fig. 2). Structural control becomes very evident above Savli,
along the tributaries and by the disposition of Quaternary sediments in relation
to the basement configuration. It will be seen in Fig. 2 that all the tributaries
change their courses along the lineaments. Similar trend or structural bias was
observed in the disposition of sediments. The basal part of the Quaternary se-
diment succession is a highly fractured bluish grey clay (Fig. 3, Unit I between
0-5m). This clay abuts against the basalt escarpment at many places in Raniya-
Shihora area (Flg 1d) and does not appear upstream. Gravel I (Fig. 3) rests
directly on the top of basalt. The Gravel 1 has an erosional contact down-
stream with unit I. Lithological variation on the two sides of the river upstream
of Raniya is very pronounced. Quaternary sediments can be seen on the right
bank whereas the left bank has exposed the basalts or a vertisol which caps the
basalts (cf. Figs. 1e and f). A well developed vertisol profile is seen on the left
bank of the river near Timba (Fig 1e). However, the vertisol is stripped off by
the river near the Timba bridge and the basalt basement is exposed. On the
opposite bank 10m thick Quaternary sediments rest on the downfaulted basait
basement (Fig 1f). It can be concluded that not only the course of the Mahi
and its tributaries but also sedimentation pattern in the basin is controlled by
the structural configuration of the basin.

Quaternary Sediments

Fig. 1 shows the distribution of measured proﬂle& in the basin whereas Fig, 3
is the composite of the total sediment succession. The lateral extenslon of unit
[ is nearly 30km. These clays are not seen downstream of Vasad and terminate
against a basalt escarpment upstream in Raniya-Shihora area (Fig. 1d). At the
latter place these beds rest on a basalt basement; here the river has entrenched
deep into the hard rock exposing various basaltic flows including brecciated
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basalts. The brecciated zones and SE-NW alignment of hot springs at Tuva
and Lasundra along the fault lines obviously indicate deep seated faults in the
region.

According to Murthy'® (Plate III) the clay deposit at Vasad continues upto
25m depth below the zero datum, which apparently refers to msl, without
touching the basement. It is likely that the clays are resting on yet another
downfaulted basement block. Similar cross-sections have been compiled by
Bhandari er al*, where not only the basalt shows step-faulting in a SW direc-
tion but clays also have been depicted to have downfaulted. This observation
is in conformity with the palaeocurrent directions of cross-stratifications pre-
served in Gravels I and II. Also, entire sedimentation pattern on the right bank
of Mahi changes and follows the step-faulting being on the downthrow side of
the basin. It is therefore not unlikely that these faults were active during the
Quaternary times.

The Gravel-l is implementiferous and has yielded Lower Palaeolithic tools
consisting of “Abbevileo-Acheulean industry, mixed with a few pebble chop-
pers and flakes™. The gravel is not traceable downstream of Vasad.

In the succession of buried soils, the red soil (rubified, Unit V) is the most
conspicuous by its colour and spatial spread and hence is a marker horizon for
stratigraphical correlations in the entire Gujarat region. Such red soils have
been reported from various parts of the world and their palaeoclimatic signi-
ficance has been realized?'-23. It may suffice to say here that preconditions for
the origin of red beds are the source of iron, oxidising environment favoured
by conducive climatic conditions. Presence of this soil itself is a good indicator
of Late Pleistocene extreme climatic fluctuation. Further information on the
pedogenesis will be provided when studies on soil micromorphology, geochem-
istry and isotopic dating are completed. However, intensity of soil weathering
and its relative stratigraphical location strongly suggests climatic episode equat-
able with deep sea oxygen isotope State 5¢2*.

Unit VI fulfils the definition of loess in the sense that it is structureless,
homogeneous, porous, calcareous and having vertical bluffs. This silt, however,
is coarse grained and contains considerable amount of fine sand. Strangely,
these deposits are not located north of the Mahi where sands dominate.

Low dunes (Fig. 3, Unit VII; Fig. 1a) form the top of present day topogra-
phy. All these dunes are stabilised as is evident from the soil formation over
them. However, their reactivation is a recent phenomenon due to increasing
agricultural activity. Dunes do show signs of erosion but these are confined to
the formation of rills and minor gullies. The major ravine erosion in the basin
is seen to be independent of the dunal erosion on one hand and the formation
of the lower terrace and its counterpart, the degradational bench upstream, on
the other.

Ravine Erosion

The two episodes —the ravine erosion and the formation of terrace plus the
degradational bench —represent two different erosional phases separated in
time. The major ravine erosion may have been initiated sometimes after the
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major aeolian activity represented by units V and VI (Fig. 3). The degradation-
al bench in the upstream of Mahi is not affected by this erosion and down-
stream the lower terrace abuts against the intensely gullied faces of the upper
terrace. There is no evidence to show that the ravine erosion is coeval with the
formation of the lower terrace. These are two different erosional phases. The
formation of the lower terrace and the degradation bench could be related to
the last regression of sea. Consequently, base level adjustment resulted into
deep river entrenchment upstream as well. The causes of extensive ravine ero-
sion are apparently not related to the regression of sea as in the case of the
formation of the lower terrace. As already indicated the terrace muds are of
marine origin, indicating that during Holocene the sea must have transgressed
at least 40km inland and left a 3m thick terrace when it regressed to the pre-
sent position. Nowhere ravines have cut across the remnants of lower terrace.
Instead the terrace material flushes against the eroded faces of the cliffs. Alter-
natively, neotectonics might have contributed most to extensive ravine erosion
giving rise to badland topography. This is all the more plausible considering
the tectonic set up of the basin, preferential location of tributaries on the left
bank and the density of ravines in the same region. It may be pointed out that
there are no major tributaries to the river Mahi which join it on the right bank
(Figs 1 and 2). Also the ravines are not so well developed on the right bank as
they are on the left. On the left bank ravines stretch for many kilometers even
upto Vadodara. It has already been pointed out that the right bank of the river
is marked by a series of step-faults running parallel to the main Cambay Gra-
ben Margin Fault (Fig. 2). Therefore, there is a general tendency of the basin
floor to sink towards right. It is likely that a slight uplift of the horst block (or
for that matter of the entire basin) would be enough to trigger off extensive
erosion resulting into present day topography on the left bank and to a lesser
extent on the right.

It is difficult to pin point the exact time for this event. However, on stra-
tigraphical ground it can be placed during the Late Pleistocene, probably after
the formation of Unit VI. This assumption is based on two facts; firstly, that
loess-like deposits have not been observed capping the lower terrace, secondly,
dunal sands which cover the modern surface do not show erosional features
comparable with ravine gullying. On the other hand these sands have been
found covering the lower terrace at places. It is therefore suggested that major
erosional phase pre-dates the lower terrace formation.

Chronology

It will be premature at this stage to draw conclusions on the chronology of
Quaternary events in the Mahi river basin in the absence of isotopic dating.
However, some age estimates can be made on the basis of available data. Low-
er Palaeolithic artifacts are good time indicators particularly when this industry
has now been dated by U-series in the Hiran Valley, Saurashtra?*. Lower Pal-
aeolithic artifacts have been recovered from the Gravel I in the Mahi basin as
indicated earlier. Typologically these artifacts are the same as those from the
Hiran Valley and as such these two industries could be contemporary. The ar-
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tifact-bearing horizons in the Hiran Valley underly thick miliolite deposits
which fall in a time-bracket of 69-196kyr. bp. Thus, it could be inferred that
the Lower Palaeolithic culture in the Hiran Valley flourished before 200kyr.
bp. This age estimate can be extrapolated to the Mahi basin as well. Therefore,
Gravel I and the underlying mud deposit may be older than 200kyr. It is likely
that the basal part of the sediment succession is ~ 350 kyr old. If this time es-
timate is correct, then the rubified soil (Unit V) may represent Stage Se of
deep sea oxygen isotope record datable to 125 kyrs. as suggested earlier.

Radiocarbon dating for the upper part of the Narmada Valley succession
has been carried out by Hegde and Switsur®®. Their dates on pedogenic carbo-
nates range between 17,400 £400 to 24,500 £ 700yr. bp. These numbers re-
present minimum age and do not represent the actual time span of soil forma-
tion which has to be a prolonged process spread over thousands of years.
Nonetheless these dates are important to evaluate the antiquity of sediment
succession in the region. It will be reasonable to think that the exposed sedi-
ment succession in the Mahi basin dates back to Middle Pleistocene times con-
sidering the circumstantial evidences stated above.

Conclusion

Following conclusions can be drawn on the basis of the present study:—
(a) The Mahi basin is structurally controlled by N—S and NE —SW trending
fractures. A series of N—S§ trending step-fauits have developed parallel to the
Cambay Margin Fault and as such the right bank of the river has a tendency
for subsidence. (b) The Mahi channel follows the fractured margins of the
blocks and accordingly the pattern has been termed as ‘trellised’. (¢) The pat-
tern of sedimentation in the basin has been determined by the structural confi-
guration of the basin. Sediment outcrops on the right bank are not well ex-
posed, being located on the downthrow side. The basal sediments rest on the
downfaulted blocks. Palaeocurrent directions have a SW vector which is in
conformity with the direction of step-faulting. (d) Two distinct phases of ero-
sion have been delineated. The major phase of ravine erosion has resulted
from neotectonic activity with the slight uplift of horst block and the later ero-
sional phase was consequent to regression of sea and base level adjustment. (e)
Three depositional environments discerned are — marine, fluvial and aeolian. (f)
The sediment succession in the basin is intercalated with soils of various types.
A red (rubified) soil appearing midway in the succession may be equivalent to
the Stage Se of deep sea palaeoclimatic record. (g) The exposed sediment suc-
cession in the basin may date back to Middle Pleistocene times.
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