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Figure-1.1. Study area (A) Isohytes (mm) showing decreasing trend towards 3
northwest. (B) Location of Thar Desert with respect to the study 
area. (C) Broad Climatic zones of Gujarat.

Figure-1.2. Geomorphology of the southern margin of Thar Desert. Major 5
rivers originate from Aravalli upland region and drain through 
the vast alluvial plain before meeting the Rann and the Gulf of 
Cambay. Three broad geomorphological features are the Upland 
areas, the middle alluvial plain and the estuarine zone (after Merh 
and Chamyal, 1997).

Figure- 1.3. Drainage map of the study area 6

Figure-1.4. Map showing palaeo courses of Sabarmati, Mahi and Orsang rivers 7 
(dotted and shaded area) suggesting SW flow (in accordance with 
regional slope). Present course is towards SE suggesting anticlockwise 
swing marked by thick arrows (after Agrawal et al. 1996 and Merh and 

Chamyal, 1997).

Figure-1.5. (A) Drainage pattern in the Cambay graben (B) Basement topography 9 
of Quaternary sediments (after Maurya et al. 1995 and Merh and 

Chamyal, 1997).

Figure 1.6. Generalized Quaternary stratigraphy in the Mahi basin along with the 13
older Si and younger S2 surfaces. Similar surfaces occur in the Sabarmati 
and Orsang basins as well.

Figure-1.7. A relationship between rainfall, sediment supply and dune mobility 17 
is shown (plus and minus symbols are for high and low). The figure 
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(after Lancaster, 1990).

Figure-1.8. Map showing the distribution of rainfall (mm) in the western India. 18 
Former extent of desert is shown with dotted line (after Chawla 
et al., 1992).
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exposing the lacustrine sediments. 1
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Figure-2.1. Schematic presentation of luminescence process. (A) Ionizing 29
radiation from a, (3, y and cosmic ray bulids up luminescence 
signal in the sediment (B) During transport, sediment exposed 
to day light that causes the bleaching of the luminescence 
signal to a residual value. (C) Once sediment is buried (concealed 
from sun light) luminescence build up takes place. In the lab we 
measure this event.

Figure-2.2. In MAAD procedure, identical discs with their natural luminescence 35 
are given incremental beta dose and Luminescence vs. applied dose 
growth curve is plotted. Extrapolation of the curve to zero 
or residual luminescence (in the case of sediments) provides the 
paleodose (P).

Figure-2.3. Single aliquot regeneration growth curve. A sequence of regenerative 37
doses (Ri, R2, R3-------) are given after the natural (N) and
palaeodose (P) is interpolated on the regenerated growth curve.

Figure-2.4. Figure showing the SAAD growth curve reconstructed giving 39
incremental irradtiation, preheat and and illumination. Similar 
to MAAD, the palaeo dose is extrapolated on the X-axis.
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Figure-3.1. Stratigraphy and luminescence chronology of upper fluvial and 49
aeolian sequence at Mahudi.

Figure-3.2. Scroll plain development at Mahudi in Sabarmati basin. (A) Scroll 51
plain in the vicinity of Mahudi (B) section across the scroll plain 
and (C) vertical section of scroll plains with luminescence ages.
(after Srivastava et al., 2001).

Figure-3.3. Stratigraphy and luminescence chronology of fluvial and 58
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Figure-3.4. Plot of Feldspar (IRSL) ages with that of the Quartz (BGSL) ages 66
obtained on the same samples in Mahi and Orsang basins.

Figure-3.5. Stratigraphy and luminescence chronology of fluvial and aeolian 73
sequences at Bahadurpur and Aritha in Orsang basin.

Figure-3.6. Chronology of aeolian sequences in the Sabarmati basin. 75

Figure-3.7. Stratigraphy and chronology of aeolian sequences in the Mahi basin. 79
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Figure-3.8 BGSL ages plotted against depth, shown with open circles along 83
with error bars. Arrow at left indicates from surface towards the 
bottom. Weighted mean of ages along with error bars is shown with 
thick black lines and filled circles. The bottom most box shows the 
probability distribution of ages clustering around 24 - 18 ka and 9 - 6 ka.
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Figure-4.1. Geomorphological map of Garbayang basin. Dark-shaded area 86
along Kali river show the extent of proglacial lake deposits 
(modified after Heim and Gansser, 1939).

Figure-4 2, Lithology and structure in the study area. 88

Figure-4.3. Stratigraphy of the upper lacustrine succession, inset 90
is the composite stratigraphy. Representative field 

photographs are shown alongside the log.

Figure 4.4. (A) Typical varve laminae (scale 4cm). (B) Drop stone 92
embedded in varve. © Thin section of individual varve 
lamina showing dark winter layer and light summer layer 
(12 micron).

Figure 4.5. A- Thermally stratified lake (summer). B- Well mixed lake 94
(winter) (based on Geyh et al. 1998)

Stepwise thermal demagnetization of the normalized IRM 95
values. Sample GB-854 indicate dominance of Hematite 
(curie temperature ~675 - 700 °C) and sample GB-906 
contain Titanium bearing magnetite (curie temperature 200,
400 and 580 °C).

Stratigraphy of the upper lacustrine succession, along with 101
IRSL ages (black circle) and stratigraphically inconsistent 
radiocarbon ages (black cube) obtained on the bulk organic 
carbon.

Magnetic susceptibility, S-ratio and elemental data plotted 103
against depth. IRSL ages are shown along with the susceptibility 
curve. IRSL age of 12 ka (22 m height) and 11 ka (25 m height) 
are interpolated based on the outwash gravel age as discussed 
in the text, (raw data is given in Appendix-1 and 2).

Figure-4.9. Map showing major lithology and geomorphic features 107
between Malari and Goting. At Khal Khuras Dhauliganga 
flows parallel to the THF and cut across at Ghamsali and 
Malari. At Malari a spectacular gorge has been carved 
(after Sinha, 1989; Valdiya, 2001).

Figure-4.6.

Figure-4.7.

Figure-4.8.
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Fig 4.10 A Goting basin, sky line is Indo-Tibetan water divide. Incised outwash 108 
gravel seen left, Dhauli Ganga flows as braid meandering river 
B Goting basin towards south west, Khal Kurans ridge seen as tableland.
Relict lake deposits appear as pinnacles in the foreground. Dhauli Ganga 
flows through a deep gorge after incising the outwash gravel, lake deposits 
and the terminal moraines in descending order seen towards the right.

Figure-4.11 .Stratigraphy of the lacustrine succession at Goting, 112
representative field photographs are shown along side.

Figure-4.12. Stratigraphy of the lacustrine succession at Goting. IRSL (black circle) 114 
and radiocarbon ages (grey cubes) are shown along side the log.

Figure-4.13. Plot of magnetic susceptibility and elemental data along 117
with the IRSL ages. Two climatic domains are clearly seen.
A high sucseptibility and elemental concentration below 
18 ka and a low susceptibility and elemental concentration 
above 18 ka. These variations correspond to Unit-I and II 
respectively (raw data is given in Appendix-3).

Figure-4.14. Field photograph showing the geomorphic manifestations 119
of THF in Goting basin such as perched glacial valley, 
fault scree, incision of outwash gravel and lacustrine deposits.

Figure-4.15. Longitudinal river profiles in the vicinity of THF show over 121
steepening of river courses. Such changes in river profile 
are spread over a distance; hence we call them knick zone (K).
In Goting basin two such zones have been identified that 
is because Dhauli Ganga after emerging from Khal Kurans, 
flows parallel to the splays of THF and cut it across at Ghamsali 
and Malari. At these locations the river has carved deep gorges.
Suspected zone of THF is shown with wavy notation.

Figure 4.16. A Seismites at Goting. B Flame structure (mixed layer) at 124
Garbayang. C Horst and graben structure at Garbayang.

Figure-4.17. IRSL chronology of seismically induced deformations 126
in the lacustrine succession at Goting and Garbayang. IRSL 
age of 11± ka at Garbayang is extrapolated from Goting.

Figure-4.18. False colour composite of IRS ID, LISS-fl, October 1997 128
data showing area north of THF between Goting and 
Badrinath basins, (a) Two north-south trending rifts can be 
seen cutting across the Himalayan arch, (b) Line drawing of 
the two major rifts identified. Dotted line represent 
watershed boundary between the Himalaya and southern 
Tibetan plateau.
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129Figure-4.19. Field photograph of Shalang glacier (photo facing south).
A preferential shift in Shalang glacier towards west 
(Nanda Kot) suggests relative movement along the basin 
with western flank being moved upwards compared to the 
eastern flank.

Figure-4.20. Four unpaired terrace developed on outwash gravel are 131
located towards the southern end of the north trending 
rift valley at Goting. Each terrace separate from the 
succeeding one by distinct vertical off set suggesting 
episodic seismic activity.

CHAPTER-5

Figure-5.1. Sequential evolution of North-Central Gujarat during the 140
Late Quaternary (Juyal et al., 2003). Relative sea level 
lowering is schematic based on Hashmi et al. (1995).

Figure-5.2. Variations in the organic carbon content of stabilised dunes 144
in the Sabarmati and Mahi River basins (raw data is given 
in Appendix-4).

CHAPTER-6

Figure-6.1. Palaeomonsoon reconstruction based on the BGSL 154
chronology obtained on fluvial and aeolian sequences 
in Sabarmati, Mahi and Orsang basins during last 130 ka.
A broad concordance is seen with the North Atlantic Sea 
surface temperature (Bradely, 1985). Similar pattern though 
less amplified is seen in the equatorial Indian ocean (Beaufort,
1996) and Gulia ice core (Shi et al., 2001).

Figure-6.2 (A) Meandering river, cohesive river banks with wide flood 155
plain and vegetated catchment, dominantly suspended load rivers.
(B) Braided fluvial regime, sparsely vegetated catchment, 
dominantly bed load rivers. (C) Transitional meandering- 
braided river system with well defined thalweg and flood plains.
Fluvial system reverts back to condition (B) around 70-60 ka 
and rejuvenated during 50-30 ka (similar to situation (C)}.
(D) With the onset of arid climate, regional dune building activity 
began, this was also the period of the beginning of incision of 
the Quaternary alluvium. (Sea level is suggestive)

vii


