SAH

/S G
ISOTOPIC STUDIES OF THE EARLY SOLAR SYSTEM
OBJECTS IN METEORITES BY AN ION MICROPROBE

A THESIS SUBMITTED

T
GUJARAT UNIVERSITY
FOR
THE DEGREE OF DOCTOR OF PHILOSOPHY
IN PHYSICS e e Limmary
itae O¥ SaTTIrest
Sl T ~EORATORY
(UTT, HEHIT1i=-380004.
i;PURA, AHMEDABAD-3L0N
ATTA/INDIA
b
y 043

Sandeep Sahijpal

NI

B15910

PHYSICAL RESEARCH LABORATORY,
NAVRANGPURA,
AHMEDABAD - 380 009, INDIA

February, 1997




Contents

Acknowledgements . iv
List of Figures vi
List of Tables X
1 Introduction 3
L1 Isotopic Anomalies and Early Solar System Phases . . . . ... ... . . 2

1.2 Short-lived Nuclides in the Early Solar System . . ... ... . . | 5

1.3 "'Caand *Al as Chronometers of Early Solar System Processes . . .. 7

1.4 Source(s) of Short-lived Nuclides Present in the Early Solar System . . 10
1.4.1  Nucleosynthetic origin of short-lived nuclides . . . . . . . . 13

142 Cosmogenicorigin. .. .... .. ... . . . . 17

L5 *"Alas a Heat Source of Planetesimals in the Early Solar System . . . . 19

1.6 The Aim of the Present Study . ... 23

2 Experimental Techniques _ 26
21 ItoducOR. & vv v n b it v v s e 26

2.2 Secondary Ton Mass Spectrometer (SIMS) . . . .. ... . . 27
221 Primaryioncolumn .. ... . ... . . .. 28

2.22  Production of secondaryions . . ... .. ... . . 31

2.2.3  Secondary ion optics and mass spectrometer . . . . . . 32

224 Detectionsystem.......... .. .. . 35




2.3 Isotopic Analysis and Mass Fractionation . . .. ... ... ... . .. . 36
2.4 Sample Preparation and Isotopic Measurements by Ion Microprobe . . 39
24.1 Magnesium isotopic measurement . . . . . ... ... .. . 40
24.2 DPotassium isotopic measurements . . . ... ... . ... .. . 43
Sample Description 55
3.1 Refractory phases and inclusions . . . . ... ... ... .. . 56
311 AllendeCAIs. .. ............ ... ... .. ... __ 56
3.1.2 Murchison (CM) Hibonites . . . . ... ... ... .. . . 60
313 EfremovkaCAls . ... ... ... ... . .. . ... . . 64
3.2 Igneous Objects from Chondrites . . . . . .. .. ... ... .. . 67
Results 74
4.1 Potassium Isotopic Composition . . . .. ........ ... . . 74
4.1.1 Refractory~phases in Efremovka (CV3) meteorite . . . . . . . . . 74
4.1.2 CAIs from the Allende (CV3) meteorite . . . ... ... .. .. . 83
4.2 Potassium and Magnesium Isotopic
Composition in Hibonites . . .. .. ... .. .. . . . 86
42.1 Efremovka hibonites (E50) . .. ....... . ... 86
422 Murchison (CM) Hibonites . . . ... .... . ... .. _ 88
4.23  Allende (CV3) hibonite (USNM 3529-42) . .. ... ... ... . 91
4.3 Magnesium Isotopic data for Igneous Objects from Chondrites . . . . . 94

Source(s) of Short-lived Nuclides in the Early Solar System and Time Scales 98

5.1
5.2

9.3

Distribution of *!Ca and %Al in the Early Solar System . . ... . . 100

Source(s) of the Short-lived Nuclides, *°Al and *'Ca in the Early Solar
- T 103

5.2.1  “Fossil" origin of the short-lived nuclides in the early solar system105

5.2.2  Production of *'Ca and %Al by energetic particle
rradiation . ......... ... . . . . ... ... 107

Extinct Radionuclides and Time Scales of Early Solar System Processes 120

ii



6 Heat Source for Early Thermal Processing of Meteorite Parent Bodies: The

case for 26A] 127
6.1 Heating of Meteorite Parent Bodies by Al

Numerical Estimates . . .. ..... ... . . . . . 128

6.2 %Al as a Heat Source: Meteoritic Evidence . . .. ... . . = 133

7 Summary and Conclusions 138

71 Scopeoffuturework.......... . ... . . . . . 141

References 145

1ii




