
i 
 

CONTENTS 

Title         Page no. 

CHAPTER 1 INTRODUCTION       1 

PURPOSE AND SCOPE     2 

OBJECTIVES       3 

STUDY AREA      4 

Location      4 

Communication     4 

Physiography and drainage    5 

Climate      5 

Flora       6 

Fauna       6 

People and occupation    7 

APPROACH AND METHODOLOGY   7 

 

CHAPTER 2  REGIONAL GEOLOGY      9 

   STRUCTURE AND TECTONICS    10 

MESOZOIC STRATIGRAPHY    11 

Jhurio Formation      12 

Jumara Formation      13 

Jhuran Formation     14 

Bhuj Formation     14 

TERTIARY STRATIGRAPHY    15 

Matanomadh Formation     16 

Naredi Formation      16 

Harudi Formation      17 

Fulra Limestone      18 

Maniyara Fort Formation     18 

Khari Nadi formation      19  

Chhasra Formation      20 

Sandhan Formation      20 

GREAT RANN OF KACHCHH BASIN    21 

 

CHAPTER 3 MATERIALS AND METHODOLOGY    25 

PARTICLE SIZE ANALYSIS    26 

SEDIMENTOLOGY      27 

ENVIRONMENTAL MAGNETICS    27 

PALYNOLOGY      33 

RADIOCARBON DATING/ CHRONOLOGY  34 

 

CHAPTER 4 CHRONOLOGY AND AGE MODEL OF THE CORES 36 

THE DHORDO CORE AND THE BERADA CORE 36 

AMS RADIOCARBON DATING OF THE CORES 37 



ii 
 

 Organic carbon dating of the cores   38 

 Inorganic dating of the cores    42 

AGE MODEL OF THE DHORDO CORE   45 

 Greenlandian stage - Early and Late-Holocene 47  

Northgrippian stage -Middle Holocene  47 

 Meghalayan stage - Late Holocene   48 

AGE MODEL OF THE BERADA CORE   49 

 Greenlandian stage /Lower and Early Holocene  49 

 Northgrippian stage/ Mid- Holocene stage  50 

 Meghalayan stage/ Late Holocene stage  50 

 

CHAPTER 5 PHYSICAL STRATIGRAPHY AND SEDIMENTOLOGICAL 

CHARACTERISTICS      52 

RECOGNISING SEDIMENTARY STRUCTURE IN  

SOFT SEDIMENT CORES     53 

   SEDIMENTARY CHARACTERISTICS OF THE CORES 53 

   DHORDO CORE      54 

    Unit 1 Lower intertidal to subtidal flat deposits 56 

    Unit 2 Upper tidal flat deposit (Intertidal)  59 

    Unit 3 Supra tidal flat deposits   60 

BERADA CORE      61 

 Unit 1 Fluvial sediment deposits   62 

 Unit 2 Estuarine deposits (marshy deposition) 64 

 Unit 3 Subtidal flat deposits    66 

 Unit 4 Intertidal flat deposits  

(mix tidal to mud tidal zone)    67 

 Unit 5 Supratidal flat deposits   68 

   STRATIGRAPHY AND DEPOSITIONAL  

CONDITIONS IN GRK     69 

 

CHAPTER 6 GRAIN SIZE ANALYSIS AND TEXTURAL  

CLASSIFICATION          72 

GRAIN SIZE PARAMETERS    73 

 Mean Size (Mz)      73 

 Standard Deviation (σI)     73 

 Skewness (SkI)     74  

 Kurtosis (KG)      74  

GRAIN SIZE ANALYSIS IN GREAT RANN OF  

KACHCHH (GRK)                74 

DHORDO CORE      75 

 Grain size variations     75 

  Greenlandian Stage    75 

  Northgrippian Stage    77 

  Meghalayan Stage    80 



iii 
 

 Textural classification of Dhordo core  81   

BERADA CORE      84 

 Grain size variations     86 

  Greenlandian Stage    86 

  Northgrippian Stage    87 

  Meghalayan Stage    87 

 Textural classification of Berada core   90 

 

CHAPTER 7 ENVIRONMENTAL MAGNETIC STUDIES   94 

   ENVIRONMENTAL MAGNETIC PARAMETERS 94 

Concentration parameters    96 

Grain size parameters      96 

Mineralogy of magnetic minerals   96 

DHORDO CORE      97 

Concentration parameters    97 

Grain size parameters      98 

Mineralogy of magnetic minerals   100 

PALAEOENVIRONMENTAL IMPLICATIONS IN  

DHORDO CORE      101 

 Greenlandian Stage     101 

 Northgrippian Stage     102 

 Meghalayan Stage     103 

BERADA CORE      104 

Concentration parameters    104 

Grain size parameters      105 

Mineralogy of magnetic minerals   107 

PALAEOENVIRONMENTAL IMPLICATIONS IN  

BERADA CORE      109 

 Greenlandian Stage     109 

 Northgrippian Stage     110 

 Meghalayan Stage     110  

 

CHAPTER 8  PALYNOLOGICAL STUDIES     111 

   PALYNOLOGICAL STUDIES IN GRK   112 

DHORDO CORE      112 

    Palynological studies on Dhordo core  113 

  Greenlandian to Northgrippian Stage  113 

  Northgrippian Stage    116 

  Meghalayan Stage    117 

    Palaeoenvironmental conditions of Dhordo core 118 

   BERADA CORE      123 

Palynological studies on Berada core   123 

Greenlandian to Northgrippian Stage  124 

  Northgrippian Stage    127 



iv 
 

  Meghalayan Stage    128 

    Palaeoenvironmental conditions in Berada core 130 

 

CHAPTER 9 DISCUSSION AND SYNTHESIS     134

 THE GREAT RANN OF KACHCHH   134 

SEDIMENTATION PATTERN IN GRK   135 

 Greenlandian Stage     135 

 Northgrippian Stage     136 

 Meghalayan Stage     136 

   HOLOCENE SEDIMENT ACCUMULATION CURVE 137 

 Greenlandian Stage     138 

 Northgrippian Stage     141 

   Meghalayan Stage     142 

PALAEOENVIRONMENTAL CONDITIONS IN GRK 142 

 Greenlandian Stage     143 

 Northgrippian Stage     146 

   Meghalayan Stage     147  

CHAPTER 10 CONCLUSIONS       149 

REFERENCES         152 

LIST OF PUBLICATIONS        172 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



v 
 

LIST OF FIGURES 

 

Figure no. Description Page 

no. 

Figure 1.1 Location map of Great Rann of Kachchh basin showing 

geomorphic zone based on modern inundation pattern and present 

and paleo river channels (modified after Khonde, 2014). Red 

square (solid) a and b represents the Dhordo core and Berada core 

location. Pachham Island (Pa), Khadir Island (Kh), Bela Island 

(Be), Chorar Hill (ch) 

2 

Figure 2.1 Geological map of the Kachchh basin (after Biswas, 1993). Map 

redrawn by Patidar (2010). 

10 

Figure 3.1 Schematic view of the multi-proxy studies carried out during the 

study 

26 

Figure 3.2 X-Ray radiographs of all core pipes from Dhordo Core site. Note 

the excellent core recovery and fine scale laminations in the core 

pipes. 

29 

Figure 3.3 X-Ray radiographs of all core pipes from Berada core site. Note 

the core excellent recovery and fine scale laminations in the core 

pipes. 

30 

Figure 3.4   Bartington MS2WFP Susceptibility Meter (noise level ~3x10x-

9m3 kg-1 for a 10 g sample). The instrument is used to calculate 

concentration of magnetic mineral 

32 

Figure 3.5 AGICO JR-6 Spinner Magnetometer (JR-6 Dual Speed Spinner 

Magnetometer) Measurement over 11 magnitudes (106 - 104 A/m). 

32 

Figure 3.6 ASC Scientific D2000 Alternating Field Demagnetizer 33 

Figure 3.7 Demonstration of complete working model of Accelerator mass 

spectroscopy used for radiocarbon dating.   

35 

Figure 4.1 Graphical representation of the all the organic carbon ages from 

Dhordo core processed at IUAC (Inter University Accelerator 

Centre, New Delhi). Note the reversal and overestimation of the 

ages obtained. 

40 

Figure 4.2 Graphical representation of the all the organic carbon ages from 

Berada core processed at IUAC (Inter University Accelerator 

Centre, New Delhi). Note the reversal and overestimation of the 

ages obtained.  

41 



vi 
 

Figure 4.3 Age model of the Dhordo core reconstruction using the Bayesian 

age-depth model. Note the high rates of sedimentation throughout 

the core, especially during the Greenlandian stage. 

46 

Figure 4.4 Berada age depth model calculated using Bayesian age-depth 

model. The graphical representation of the inorganic samples 

dated at various facilities. 

49 

Figure 5.1a Photographs of 11 core pipes out of 24 pipes are shown, each pipe 

is shown in the combination of the split pipe photograph acquired 

manually (right) along with their respective x ray photographs 

(left). Scale is attached along with photograph of each core pipe. 

55 

Figure 5.1b Photographs of 13 core pipes out of 24 pipes are shown, each pipe 

is shown in the combination of the split pipe photograph acquired 

manually (right) along with their respective x ray photographs 

(left). Scale is attached along with photograph of each core pipe. 

55 

Figure 5.2 Complete shells of Bivalves and Gastropods recovered from the 

Dhordo core. 

58 

Figure 5.3 Broken shell present in the muddy sediment recovered from the 

Dhordo core. 

58 

Figure 5.4a Selected photograph of sedimentary structure  a) 0.3 – 1 m, recent 

soil sediments deposits b) 1.5 – 2 m gradual contact or erosional 

contact separating undisturbed sediments from well preserved 

sediment b’) 2.1 – 2.2 m, flaser structure (bit core) c) 2.4 – 3.1 m,  

greyish yellow and greyish dark very fine sand to silt, containing 

sand–mud couplets, thin rhythmic laminations d) 3.6 – 3.9 m,  

organic matter dissolution mark e) 4.9 – 6.2 m, colour alteration 

of grey and yellowish grey sand-clay f) 7 – 7.9 m, laminated sand 

mud caplets g) 10.4 – 12.3 m highly compacted lenticular bedding 

h) 13.5 – 13.8 m, cross bedding i-j) 14.2 – 15.1 m; 16.7 - 17.2 m, 

parallel lamination. 

59 

Figure 5.4b Selected photograph of sedimentary structure k) 18.3 – 18.7 m, 

clayey silt with very fine sand couplets, cross laminations and bi-

directional current structures l) 19.1 – 19.7 m, transition from bi- 

directional cross bedding to high energy cross laminations m) 19.7 

– 20.2 m, thickly interlaminated to thinly interbedded sand and 

mud couplets are common n) 20.2 – 20.4 m, massive brownish 

lump deposit with broken shells & (Figure. 5.3) o) 25 – 25.3 m, 

presence of gravel within deformed structure p) 25.5 – 25.9 m, 

massive deposit with alternate grey and brown colour sediment, 

presence of complete gastropod shell q-r) 29.7 – 30.1 m; 31.1 – 

33.2 m, broken shell layer, scattered organic matter throughout 

60 



vii 
 

core pipe s) 35.8 – 37.5 m, structure less greenish to brown clay 

deposit t-u-v) 39.1 - 40 m; 41.6 – 43.2 m; 47.9 – 48.9 m, burrow 

activity along with track and trail present w) 57.4 – 58.1 m highly 

compact silt layers and laminations. 

Figure 5.5a Photographs of 8 core pipes out of 15 pipes are shown, each pipe 

is shown in the combination of the split pipe photograph acquired 

manually (right) along with their respective x ray photographs 

(left). Scale is attached along with photograph of each core pipe. 

62 

Figure 5.5b Photographs of 8 core pipes out of 15 pipes are shown, each pipe 

is shown in the combination of the split pipe photograph acquired 

manually (right) along with their respective x ray photographs 

(left). Scale is attached along with photograph of each core pipe. 

63 

Figure 5.6 Selected photographs and X-ray radiographs of the slab samples 

obtained from Berada cores. a) 1.35 – 0.3 m, uniform deposit of 

sand b) 1.75–2.30 m, sand clay brownish colour sediments with 

poorly laminated sediments c) 4.75–6.50 m, colour alternation of 

greenish grey to brown clayey sand, dotted line is drawn to 

represent the lithological colour variation. d) 17.6 – 15.8 m, high 

mud content, dotted line representing the highly bio turbidite 

sediment unit overlying homogenous deposition, high mud 

content. e) 24-22.1 presence of gravel within deformed structure 

f) 27.25–25.60 m, represents rootlets, note the upward increasing 

sand mud couplets: lenticular to wavy structure with increase in 

sand content. g) 35.8 –35.6 m, increasing upwards mud and sand 

intercalation. h) 39.1–38.1 m, extensive burrowing activity with 

scattered organic matter i) 39.6 –39.1 m, peat layer within clayey 

sediments having gradual contact with the underling homogenous 

undisturbed sediment deposit. j) 44.3 – 43.2 m, hard compact 

brownish oxidised clay with laminations. 

64 

Figure 5.7 Complete shells of Gastropods and Bivalves recovered from the 

Berada core.   

65 

Figure 5.8 Broken shells recovered from the Berada core. 65 

 

Figure 5.9 Stratigraphic cross-sections with isochrons of the Great Rann of 

Kachchh basin (X – X’), including detailed information about the 

lithology, dating, sedimentary facies and depositional conditions. 

Isochrons are drawn based on radiocarbon ages.  Note the 

termination of fluvial and estuarine depositional condition before 

Dhordo core. 

 

71 



viii 
 

Figure 6.1 Grain size variation of sand silt clay along with lithological 

variation of the Dhordo core from GRK basin. 

76 

 

Figure 6.2 a) Diagram of mean grain size versus sorting of sediments from 

Dhordo core showing different energy and depositional 

environmental conditions (modified after Tanner (1991). b)  

Bivariate plot of grain-size distribution parameters of sorting and 

skewness showing energy of depositional environment. (after 

Bjørlykke, 2010). c) Line graphical presentation of mean, sorting 

and skewness along with the depths. 

 

77 

Figure 6.3 a) Lithology of the Dhordo core from GRK basin along with 

chronological age of the core. b) Triangular plot of grain size 

distribution in Dhordo core and its textural classification 

following Blott and Pye, (2011). c) Enlarge view of the textural 

attributes of GRK sediments in Dhordo core.  Blue square box 

with cross showing sediments deposited during Meghalayan 

Stage, Yellow triangle reflects Northgrippian Stage and red cross 

showing Greenlandian Stage.    

 

82 

Figure 6.4 Grain size variation of sand silt clay along with lithological 

variation of the Berada core from GRK basin. 

 

85 

Figure 6.5. Diagram of mean grain size versus sorting of sediments from 

Berada core showing different energy and depositional 

environmental conditions (modified after Tanner (1991). b)  

Bivariate plot of grain-size distribution parameters of sorting and 

skewness showing energy of depositional environment. (after 

Bjørlykke, 2010). c) Line graphical presentation of mean, sorting 

and skewness along with the depths. 

88 

Figure 6.6 a) Lithology of the Berada core from GRK basin along with 

chronological age of the core. b) Triangular plot of grain size 

distribution in Berada core and its textural classification following 

Blott and Pye, (2011). c) Enlarge view of the textural attributes of 

GRK sediments in Berada core.  Blue square box with cross 

showing sediments deposited during Greenlandian Stage, red 

square showing Northgrippian Stage and Yellow square reflects 

Meghalayan Stage. 

 

91 

Figure 7.1 Temporal scale variability in concentration environmental 

magnetic parameters in Dhordo core, western India. 

98 



ix 
 

Figure 7.2 Temporal scale variability in grain size environmental magnetic 

parameters in Dhordo core, western India. 

99 

Figure 7.3 Temporal scale variability in mineralogical environmental 

magnetic parameters in Dhordo core, western India. 

100 

Figure 7.4 Scatter plots between a) χARM vs χlf, b) χlf vs S-ratio and c) 

χARM /SIRM vs χlf showing a distinction based on Dhordo 

chronological division. 

101 

Figure 7.5 Temporal scale variability in concentration environmental 

magnetic parameters in Berada core, western India. 

105 

Figure 7.6 Temporal scale variability in grain size environmental magnetic 

parameters in Berada core, western India 

106 

Figure 7.7 Temporal scale variability in mineralogical environmental 

magnetic parameters in Berada core, western India. 

108 

Figure 7.8   Scatter plots between a) χARM vs χlf, b) χlf vs S-ratio and c) 

χARM /SIRM vs χlf showing a distinction based on Berada 

chronological division.  

108 

Figure 8.1 The microphotographs show morphology of pollens collected 

from the Dhordo core. 1&2. Rhizophora spp., 3. Sonneratia sp., 4. 

Typha., 5. Avecennia., 6. Casuarina., 7. Acacia., 8. Utricularia., 9 

Emblica., 10. Terminalia., 11. Crotolaria., 12. Holoptelea., 13. 

Acantheceae., 14. Tinospora cordifolia., 15. Poaceae., 16. 

Cerealia., 17. Amaranthaceae., 18.  Brassicaceae., 19. Artemisia., 

20. Ranunculaceae., 21&40. Alternanthera., 22. Cannabis sativa., 

23. Malvaceae., 24. Asteroidae/Tubuliflorae., 25. 

Cichorioideae/Liguliflorae., 26. Cyperceae., 27. Zygnema., 28. 

Spirogyra., 29. Pseudoschizaea., 30. Potamogeton., 31. Monlete 

fern spore I., 32. Monlete fern spore II., 33. Trilete fern Spore I., 

34. Trilete fern Spore II., 35. Pinns., 36. Picea., 37. Dinoflegellate 

cysts. 38. Foraminiferal linings. 39. Nigrospora., 41. Globose 

misofossil with long protuberances., 42. Croton 

121 

Figure 8.2 Pollen diagram represented in-depth showing percentages of main 

pollen taxa of Dhordo core. Pollen zones are based on pollen 

abundance. 

122 

Figure 8.3 The microphotographs show morphology of pollens collected 

from the Berada core. 1. Rhizophora spp., 2&3. Sonneratia sp., 4. 

Bruguiera sp., 5 Nypa., 6. Holoptelea., 7. Casuarina., 8. 

Syzygium., 9. Acanthaceae., 10. Poaceae., 11. Cerealia., 12. 

Amaranthaceae., 13.  Brassicaceae., 14. Alternanthera., 15. 

Cannabis sativa., 16. Malvaceae., 17.   Asteroidae/Tubuliflorae., 

129 



x 
 

18. Xanthium., 19. Cyperceae., 20. Polygonum., 21. Zygnema., 

22. Spirogyra., 23. Pseudoschizaea., 24. Potamogeton.,  25. 

Monlete fern spore., 26. Trilete fern Spore., 27. Pinns., 28. 

Cedrus., 29. Ephedra., 30. Dinoflegellate cysts 31. Nigrospora., 

32. Foraminiferal linings. 

Figure 8.4 Pollen diagram represented in-depth showing percentages of main 

pollen taxa of Berada core. Pollen zones are based on pollen 

abundance. 

 

133 

Figure 9.1 Accumulation curves for the Dhordo and Berada cores and the 

respected depositional units of both cores. The sea-level curves 

for the last 11 kyr are illustrated based on Fairbanks et al., 1989; 

Hashimi et al., 1995; Camoine et al., 1997; Makawana et al., 

2018). 

 

140 

Figure 9.2a Graphical representation of environmental magnetic parameters 

and grain size variation in Dhordo core during Holocene period. 

145 

Figure 9.2b Graphical representation of environmental magnetic parameters 

and grain size variation in Berada core during Holocene period. 

145 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xi 
 

LIST OF TABLES 

 
Table no. Description Page 

no. 

Table 2.1 Litho-Stratigraphy of Mesozoic rock of Kachchh Basin, (after 

Biswas, 1977) 

12 

Table 2.2 Stratigraphy of Tertiary sediments of Kachchh basin (after 

Biswas, 1992) 

15 

Table 4.1 AMS Radiocarbon ages (organic carbon) from both the cores 

(Dhordo and Berada) processed at the IUAC (Inter University 

Accelerator Centre, New Delhi). 

39 

Table 4.2 Previously available AMS radiocarbon ages from both the cores 

(Dhordo and Berada) published by Khonde et al. (2017a, b). The 

samples were processed at The University of Arizona, USA. 

40 

Table 4.3 Radiocarbon ages from both the cores (Dhordo and Berada) 

processed at The University of Arizona, USA (after Khonde et 

al., 2017a, b). Sample material used were shell of macrofossils 

acquired from both the cores. 

44 

Table 4.4 Radiocarbon ages from both the cores (Dhordo and Berada) 

obtained in the present study and processed at WHOI (Woods 

Hole Oceanography Institute, USA) and PRL (Physical 

Research Laboratory, Ahmedabad). Samples used were 

foraminifera and broken shells collected at the various depths 

from the cores. 

44 

Table 4.5 AMS radiocarbon ages of Dhordo core used for reconstructing 

the age model. [#-present study; *-after Khonde et al., (2017a 

b)]. 

45 

Table 4.6 Radiocarbon age of Berada core used for the age model in this 

study. Note that the ages marked with * are previously 

published dates by Khonde et al., (2017a b). Ages with # marks 

are generated during the present study. 

48 

Table 6.1 The grain size distribution of the Dhordo core. 78 

Table 6.2 Textural distribution of the sediments based on Blot and Pye, 

(2012). 

82 

Table 6.3 The grain size distribution of the Berada core. 88 



xii 
 

Table 6.4 Textural distribution of the sediments based on Blot and Pye, 

(2012). 

91 

Table 8.1 Showing percentage of pollen grain abundance in the samples 

analysed for Dhordo core. 

 

114 

Table 8.2 Showing percentage of pollen grain abundance in the samples 

analysed for Berada core. 

 

   

125 

 


