NEW APPLICATIONS OF THERMOLUMINESCENCE

5t

4 LAEORATORY
ARG, SRR IIE-350003,

MAVRANGPURA, AHMEDABAD-380009,

W INDIA

Debabrata Banerjee

Ph. D. Thesis
September 1996

|
|
|
|

| |

T

' B15776
Physical Research Laboratory
Ahmedabad 380 009
India

i
i




NEW APPLICATIONS OF THERMOLUMINESCENCE

A Thesis Submitted to Gujarat University
for

THE DEGREE OF DOCTOR OF PHILOSOPHY
IN
PHYSICS

by

Debabrata Banerjee

PHYSICAL RESEARCH LABORATORY
AIIMEDABAD 380 009
INDIA

SEPTEMBER 1996



Contents

Acknowledgements
List of Figures
List of Tables

1 Introduction

1.1 Luminescence . . . . . . . . L
1.2 Thermoluminescence Dating . . . . . . .. .. ... ..
1.3 Paleodose Determination for heated objects . . .. ... ... ... ...
1.4 Paleodose Determination for sediments . . . . . . . .. .. .. .. ....
1.5 Annual Dose Determination . . .. .. .. .. ... ... ... ......

1.5.1  Measurement Techniques . . . . .. .. ... ... ... ......
1.6 Infra-red Stimulated Luminescence Dating . . . . . .. .. .. ... ...
1.7 Error estimation . . . .. ...
1.8 Scope of the present thesis . . . . . . . ... ... ...

2 Dating of Paleoseismic/Neotectonic Events : A review
2.1 Introduction to Paleoseismology . . . . .. . . ... ... . ... .....

2.2 Review of earlier work on dating of paleoseismic and faulting events . . .

Vil

x1

[C T o

(e BN s T > B It



3 Dating of Paleoseismic/Neotectonic Events : Thermoluminescence

dating of fault gouges 22
3.1 Introduction . . . . . . . .. 22
3.2 The thermoluminescence method . . . . . .. ... ... ... .. .... 23
3.3 Description of fault gouge sites . . . . . . ... Lo o 23
3.4 Previous studies on Zeroing of the ESR/TL signals in fault gouges . . . . 25
3.5 Zeroing : Present Studies. . . . ... ... . o o o, 27
3.5.1 Grain Size Dependence of TL ages (Fault gouges) . . . .. .. .. 27
3.5.2  Fault Gouge Paleodoses . . . . ... ... ... ... ....... 31
3.5.3  Mechanoluminescence Studies . . . .. ... ... o L., 31
3.5.4 Mineralogical studies . . . . ... oo oL Lo 33

3.5.5  Summary of results concerning zeroing of the luminescence signal
during faulting . . . . . .. . Lo 36

3.6 Stability of the TL signal : Determination of trap parameters and mean
life estimation . . . . ... 37
3.7 Anomalous Fading Studies . . . .. . ... . o o 40
3.8 Results of TL Dating of fault gouges . . . .. ... .. e 40

4 Chronology of Paleoseismic/Neotectonic Events : Luminescence dating
of seismites, river terraces and soils developed on colluvium 44

4.1 Luminescence Dating of Seismites : Zeroing of the Luminescence signal . 45

4.2 Geological Setting of seismites . . . . . .. .. ... .. ... ... .. 46
4.3 Sedimentological Characteristics . . . . . . ... ... ... ... . .... 47
4.4 Climatic Attributes . . . . . .. ..., 48
4.5 Experimental Details . . . . .. .. .. 48
4.6 Results and Discussion . . . .. . . ... ... 50

4.7 Luminescence dating ol river terraces and soils developed on colluvium . 52

4.8 Experimental Techniques . . . . . . . ... .. ... ... C e e 53
4.9 Results and Discussion . . . . . .. . ... .. ... 53



Thermoluminescence and Infra-red Stimulated Luminescence dating of
Pedogenic Carbonates

5.1 Introduction .

5.9 Dating of Pedogenic Carbonates: Earlier work

5.3 The Luminescence dating method . . .

5.4 Methodological Aspects of the luminescence dating method .
5.4.1 Dosimetric changes due to loss of ?**U and/or ***Th .

5.4.2 The interpretation of luminescence ages for multiple carbonate
precipitation events in a single profile .

5.4.3 Estimation of errors

5.5 Samples and procedures
5.5.1 Luminescence Measurements .
5.5.2  X-ray Diffraction Studies .

Results and Discussion

o)
D

Thermoluminescence and Infra-Red Stimulated Luminescence dating
of alluvial sediments

6.1 Introduction .
6.1.1  Alluvial sediments in Paleoclimatology

6.1.2 Earlier studies on zeroing of the luminescence signals of water-
borne sediments . .

6.1.3  Present Studies
6.2 Experimental Techniques .

6.3 Results and Discussion

Conclusions
7.1  Summary of Results
7.1.1 Dating of Neotectonic/Paleoseismic Events

7.1.2  Dating of Climate related sequences .

Hi

=44
[58

ot
(&34

71
71
71

72
76
76
78

81
81
82
84



7.2.1 Dating of Neotectonic/Paleoseismic Events . . . . . . . . . . 86
7.2.2  Dating of Climate related SEqUENCESs . . . . . .. L. 88
Bibliography ’ ' 90
Appendices | 104

v



