INTERNATIONAL GEOPHYSICS SERIES - VGLU?&E 1




Physics of the
Earth’s Interior

Beno Gutenberg

Seismological Laboratory
California Institute of Technology
Pasadena, California

Academic Press « New York and London « 1959

DK 550.3
INSTITUT F. MET. U. KLIMAT.
TECHN. HOCHSCHULE HANNOVER

L I40




Contents

Preface
List of Frequently Used Symbols .

1. Fundamental Problems and Fundamental Data

1.1 Methods of Investigating the Earth’s Interior, and the Accuracy
of the Results.

1.2 The Figure of the Edrth and Related Conbtants

1.3 Gravity at Sea Level.

1.4 Astronomical Data

References .

2. The Structure of the Earth

2.1 Historical Review . .

2.2 The Boundaries of the Ma]or Umts of the Earth
2.3 Causes for Discontinuities in the Earth.
References .

i 3. The Earth’s Crust

3.1 Definitions . .
3.2 Methods of Determuung Velocmeb in Layers amd Thelr ThlckneSb
3.3 Velocities in Crustal Layers and Depths of Discontinuities Based
on Observation of Elastic Waves
3.4 Effects of the Crust on Amplitudes of Reﬁected W&VGB PP
3.5 Conclusions from Channel Waves and Microseisms
3.6 Conclusions from Dispersion and Extinction of Surface WLL\ es.
3.7 Gravity Anomalies and the Structure of the Farth’s Crust .
3.8 Results Based on Several Methods.
3.8.1 The “Roots of Mountains”
3.8.2 The “Boundary” of the Pacific Ba,sm the “Andealte Lme
3.8.3 The Earthquake Belts. .
3.8.4 Transition from Oceanic to Contmental Crust . 2
3.8.5 Disturbance of Isostasy by Removal or Addition of Loads at
the Surface. . . . .
3.9 Causes for Discontinuities in the (/rust
References . . .

vii

xi

—
=R =R

13
17
18
19

21
22

28
36
38
41
46
55
55
59
60
63
64

65
66




viil CONTENTS

4. The Mantle of the Earth

4.1 Subdivisions of the Mantle . . . . 75
4.2 Region B from the Mohoroviéié lecontlnmty to dbout 200 km
Depth. The “20°-Discontinuity”™. . . A L . T
4.3 Region C between about 200 and 950 km Depth 2 @ 89
4.4 The Mantle between a Depth of about 950 km and the C(ne
Boundary (Region D) . R e LW 0
References . . . . . . s & % om o moE s romwmoE s e omome s omowm 97
5. The Core
5.1 General Discussion of Travel Times through the Core, and of the
Resulting Wave Velocities . . . . . . . . . . . . . . . . .101
5.2 The Outer Core (Region E). . . . . . b e 5 owmow s 5 om ow 109
5.3 The Transition Zone in the Core (Region I<) S P 1 4]
5.4 The Inner Core (Region G). . . . . . . . . . . . . . .. .113
5.5 State and Composition of the Core. . . . . . . . . . . . . . 115
5.6 The Farth’s Magnetic Field and the Core. . . . . . . . . . . 117

References . . . . . . . . . . . . . . . . . . . . . ... ..118

6. Temperature and Thermal Processes in the Earth

6.1 Temperature and Temperature Gradients at the Earth’s Surface. 121

6.1.1 Temperatures at the Surface. . . . 121
6.1.2 Periodic Variations of the Tempcmtme in the Uppermost
Portion of the Crust . . . . © o s o o PR LR |
6.1.3 Thermal Gradients in Contmentb S e s s m o E s o 23
6.1.4 Thermal Gradients in Ocean Bottoms. . . . . . . . . . 124
6.2 Thermal Conductivity in the Farth . . . . . . . . . . . . . 124
6.2.1 Thermal Conduectivity in the Crust . . . . . . . . . . . 124
6.2.2 “Thermal Conductivity” in the Mantle . . . . . . . . . 125
6.2.3 Thermal Conductivity in the Core . . . . . . . . . . . 129
6.3 Heat Flow through the Farth’s Surface. . . . 129
6.4 Heat Fmitted by Volcanoes and Heat Genemted by L(nthquake
Waves . . . . N T = 1|
6.5 Generation of Hedt in the Earth R VO - |
6.6 The Melting Points of Materials in the E arth P 136
6.7 Calculated Temperature Changes in the Earth during its Hlstory 139
6.8 Estimated Temperatures in the Earth . . . . 142
6.9 Possibility of Molten Portions in the Upper Mantle Roots of
Volecanoes. . . . . . . . . . . . . . . . . . . .. ....145

References . . . . . . . . . . . . . . . . . . . ... ....146



CONTENTS ix

7. Density, Pressure, Gravity, and Flaitening in the Earth

7.1 The Mean Density of the Earth. . . . 149

7.2 Equations Used in the Determination of the Densfcy in the Earth
as a Function of Depth. . . . . . . . . . afe 5 2 8 5 b s 150
7.3 Assumed Continuous Density—Depth Curves . . . . . . . . . 151

7.4 Density—Depth Curves Assuming Straight Lines Separated by
Discontinuities . . . . . . . . . . . . . . . . . ... 152

7.5 Density—Depth Curves on the Assumptlon ‘cha,t the Earth Con81s‘rs
of Homogeneous Shells. . . . . . . . . . . . . . . . . .. 153

7.6 General Results Related to the Ploblexns of the DenSlty in the
] T R A U 156
7.6.1 The Change in Dens1ty at the Core Boundaer .. . . . 156
7.6.2 Density of Materials under High Pressure . . . . . . . . 156
7.7 Estimated Densities in the Earth . . . . . . . . . . . . . . 158
7.8 Gravity in the Earth. . . . . . . . . . . . . . . . . .. . 158
7.9 The Pressure in the Earth . . . . . . . . . . . . . . . .. 160

7.10 Flattening of Near-Equlpotentlal Elhpsmdlc Surfaces in the
Earth, . . . . . . N g e L RG]
References . . . . . . S RS Y P R P [

8. Elastic Constants, and Elastic Processes in the Earth

8.1 Elastic Constants and Love’s Numbers. . . . . . . . . . . . 165
8.2 The Earth’s Free Nutation. Latitude Variations. . . . . . . . 167
8.3 Tides of the Solid Karth . . . . . . . . . . . . . . . . .170
8.4 Free Vibrations of the Barth . . . . . . . . . . . . . . . 171
8.5 Numerical Values of Love’s Numbers . . . . . . . . . . . . 172
8.6 The Rigidity in the Earth . . . . . . . . . . . . . . . .. 176
8.7 The Bulk Modulus in the Earth. . . . . . . . . . . . . . . 179
8.8 Poisson’s Ratio in the Earth . . . . ... . 180
8.9 Young’s Modulus and Lamé’s Constant )\ in ’che Earth ... . 181
References . . . . . . . . . . ... ... ... . 182

9. Nonelastic Processes in the Earth

9.1 Theoretical Treatment of Nonelastic Processes in the Earth. . . 185
9.2 Attenuation of Elastic Waves in the Earth . . . . . . . . . . 189
9.3 The Strength Resisting Flow Processes (Yield Point). . . . . . 192
9.4 “Viscosity” of the Karth’s Outer Layers. Postglacial Uplift . . . 193
9.5 Flow in the Deep Portions of the Earth . . . . . . 200

9.6 Strain-Rebound Characteristics of Earthquake Series and Atter-
BHOCKESMIN k- | = s " ol i TR S T o 5 Y . 202

9.7 Convection Currents in the Earth . . . . . .. 206

9.8 Movements of Large Crustal Blocks Relative to Each Other .. 207



X CONTENTS

9.9 Secular Movements of the Poles. . . . A e el 22
9.9.1 Movements of the Poles of Rotatlon L o ae o203
9.9.2 Movements of the Magnetic Poles Relative to the Contlnents 215

References . . . . . . . . . . . . . . . . ... .. ... ..22

Author Index: . . . & « ¢ . « © &« s w s b om e s s e oo . 227

Subject Index. . . . . . . . . . . . .. .. ... 232




