STUDY OF DEEP EARTH STRUCTURE USING CORE PHASES AND THEIR
SCATTERED ENERGY RECORDED AT SEISMIC ARRAYS

Zuihong Zou, M.S.

An Abstract Presented to the Faculty of the Graduate
School of Saint Louis University in Partial
Fulfillment of the Requirements for the
Degree of Doctor of Philosophy

2008



Table of Contents

Listof Tables . . . . . . . . . . . e e e e e vi

Listof Figures . . . . . . . . . . . e e e e e vii

CHAPTER 1: Introduction . . . . . . . . . . v v i vt i i e e e e e e e 1
CHAPTER 2: The Structure of the Base of the Outer Core Inferred from Seismic

Waves Diffracted Around the InnerCore . . . . . . ... ... .. .. 6

2.1 Introduction . . . . . . . v v i i i e e e 6

2.2 Assembly of PK Pgg;¢y Waveform Database . . . . ... .. .. 11

2.3 Analysis of Differential Travel Times (PK Pegp4-PK Ppr) . . . 13

2.3.1 DataProcessing . . . . . . . . . . . 13

232 DataModeling . . ... ..... .. ... . ..., 18

2.4 Analysis of Amplitude Ratios (PK Pggp¢/PKPpp) . . . . . . . 20

24.1 DataProcessing . . . . . . . . . v v v v it e 20

242 DataModeling . .. ... ... ... .. ... . ... 22

2.5 DiSCUSSION . . v v v v e e e e e e e 26

2.5.1 Hypothesis #1: ARoughICB . ... ........... 28

2.5.2 Hypothesis #2: A Slurry Zone at the Base of the Outer Core 29

2.6 Conclusions . . . . . . v v i e e 30

CHAPTER 3: Partial Melt in the Lowermost Mantle Near the Base of a Plume . .. 34

3.1 Imtroduction ... ... .. e e e e e e e e 35

32 Data . ... e e e 37

3.3 Ray Parameterof PKPggyy Coda . . . . ... ... ... . ... 40

3.4 The Originofthe PKPggyy Coda . . . . .. ........... 43

3.5 Conclusions and Discussion . . . . . . .. .. ... ... .... 51

CHAPTER 4: Using PK P Precursors Recorded at IMS Arrays to Determine the Small-

scale Heterogeneity inthe Mantle . . . . . . ... ... ... .. ... 53
4.1 Imtroduction . . . . ... ... ... . 54
42 DataProcessing . . . . . . . . i 58
4.3 Modeling Global Average PK P Precursor Envelopes . . . . . . 63
4.4 Regional Variations of PK P Precursor Amplitude . . . . . ... 74
4.5 Conclusions and Discussion . . . . . . . .. ... ... .. 76
Appendix: Copyright Permission . . . . . ... ... ... ... ... ...... <79
References . . . . . . .. .. . o o T 81

Vita AUCLOTIS . . v o o o e e e e e e e e e e e e e e e e e e 90



List of Tables

Table 2.1: Events and seismic arrays used in this study . . . . . . ..

Table 4.1: IMS seismic arrays used and the number of events selected

-

vi

------

------



