Contents

T INtroduction ..o
1.1 The Scientific Method...........ccoceoinirininincniiicicceeceeecee
1.2 Some Special Features of Earth as a Planet.........c.ccccccecvninincnnne.
1.3 Some Special Features of Venus as a Planet ..........ccccccecvcnincncnnne.
RETEIENCES ...ttt e

2 The Origin of the Sun and the Early Evolution of the Solar System ....
2.1 List of Some Important Facts to be Explained

by a Successful Model .......cc.cceieiiininiininiccce e
2.2 A Composite Working Model for Origin
and Evolution of the Solar System.........cccceevenieiiininniiniiinence
SUMIMATY ...ttt ettt ettt e enesaeean
RETEIENCES ....cviiicicicc ettt e
3 Models for the Origin and Evolution of the Earth-Moon System..........
3.1 List of Facts to be Explained by a Successful Model ........c..c.cccce.e.
3.2 Fission from the Earth Early in Earth History .........cccccovniniininene.
3.3 Co-formation of the Earth and Moon from
the Same Cloud of Dust and Gas ........ccccceeveieieiriniineicnencnceene
3.4 Intact Capture of the Moon by the Earth (1952—1986).........c.cccceee.e.
3.5 Other Recent Attempts at Intact Capture ..........cceceeeeeevencnencncnennes
3.6 Orbital Traceback Models Suggesting Intact Capture ............coeeeee.
3.7 More on the Singer (1968) Model of Prograde Capture....................
3.8 Disintegrative Capture Models .......c..ccevvevienieiiiiiiniininincicneneneen
3.9 A Multiple-Small-Moon Model..........cccccevveiiininininininineseneneees
3.10 A New (Post-Kona) View of the Intact Capture Process..........c..c.......
3.11 Formation of the Moon Resulting from a Giant Impact
Early in Earth HiStOry ......cccocooiivininininiiciccicecsec e
3.11.1 The Angular Momentum Problem
of the Earth-Moon System........c.ccocevvevieveiiiincnicnincncncnenn
3.11.2 The Oxygen Isotope Similarities Between
Earth and MOON .........cccoviiininininiiicccicccee e
3.11.3 The Mass and Density of the Moon..........ccccecevceririncncnncnne.

O N W N =

15

21
31
32

35
36
36

37
39
39
41
41
42
42
43

46

46

47
48

Xiii



Xiv Contents

3.12 A Report Card for Models of Lunar Origin...........ccceeeeeeneeeeennne. 48
RETEIENCES ..c.eneieieiiciicicce et 49

4 A Prograde Gravitational Capture Model for the Origin
and Evolution of the Earth-Moon System .................ccoccooiiiininiinnnn 53
4.1 Place of Origin for Luna and Sibling Planetoids
and a Model for Magnetization of the Crust

of Luna and Sibling Vulcanoid Planetoids...........cccocevinoeninnennnee. 55
4.2 Migration History of Luna
and Sibling Vulcanoid Planetoids ...........ccccoeoeiieiiiienineieeeee, 60
4.2.1 Stability of Vulcanoid Planetoid Orbits.........ccccoeoerveeencnnee. 65
4.2.2 Transfer of Vulcanoid Planetoids from Orbits of
Origin to Venus-Earth Space ..........coccooieiiniiiiiiiies 66
4.2.3 Summary for the Transfer Scheme............ccocovvrveniinenenn. 66

4.3 Prograde Gravitational Capture of Luna and the
Subsequent Orbit Circularization: A Two-Body Analysis
and a Discussion of the Paradoxes Associated with the

CaPUIE PrOCESS .. .ivieiieiieie et 69
4.4 Numerical Simulations of Gravitational Capture

of a Lunar-Like Body by an Earth-Like Planet................cccccocenrne. 78
4.4.1 Computer Code Information...........ceceeeeveeieneerieneeieneneen 79
4.4.2 Development of the Computer Code..........ccevvrieneeeennennn. 79
4.43 A Sequence of Typical Orbital Encounter Scenarios

Leading to a Stable Capture Scenario.........ccceeveeevereeeennenee. 82
4.4.4 Geometry of Stable Capture Zones for Planetoids

Being Captured by Planets ..........cccoocevieviniiiiiieceeees 86
4.4.5 The Post-Capture Orbit Circularization Calculation ............. 91
4.4.6 A Qualitative Model for Generation of a Mare-Age

Lunar Magnetic Field ........ccccoooiiiiiiiiiieeeeeeee, 93

4.4.7 Subsequent Orbit Expansion due to Angular
Momentum Exchange between the Rotating Earth

and the Lunar Orbit ........cccocevviriniinininiieneceeeeeeeeeees 98
4.5 Summary and Statement of the Fourth Paradox .............ccccooceiinien. 100
4.6  Summary and Conclusions for the Chapter ............cccccovovererienennnnns 101
APPCIAIX 1.ttt eneen 101
RETEIENCES ... vt 113

5 Some Critical Interpretations and Misinterpretations

of Lunar Features.............c..ccooeiiiiiiiiiiiiininencecccecceeee e 117
5.1 Discussion of Some Speculations of Harold Urey

and Zdenek Kopal ........cccooioiiiiiiiieeeeeeee e 117
5.2 Vignette A. Critique of the “Commandments”

for Interpretation of Lunar Surface Features..........cccoecvvveniiienenee. 118

5.2.1 PUIPOSE ettt 119

5.2.2  Dedication of this Section of the Chapter............ccccceeeeenrenee. 119



Contents

53

5.2.3 The Scientific Method and its Application
to this Particular Problem ...........ccccoeneviiineniiiiiiiinen
5.2.3.1 Step A: Some Facts to be Explained by a
Successful Hypothesis for the Origin of
Certain Lunar Features.........cccccoevvecvevieeninicnenncns
5.2.3.2  Step B: The Hypothesis to be Tested:
Tidal Disruption on the 18th Perigee
Passage of a Stable Capture Scenario ....................
5.2.3.3 STEP C: Critique of the “Commandments”
as a Prelude to Testing of the Hypothesis................
5.2.3.4 STEP D: Some Testable Predictions
for the Model........cocooevininiiiiiiciiciccceccs
5.2.4 Summary and Conclusions ..........cccceeeerierienieneeieneeeeseeene.
Vignette B. Directional Properties of “Circular” Lunar
Maria and Related Structures: Interpretation in the Context
of a Testable Gravitational Capture Model for Lunar Origin............
5.3.1  PUIPOSE ettt
5.3.2 A Cursory Survey of Circular Maria and Some
Mare-filled Craters.........ccceoveiriririnenenenicnenieeceeeeeeeee
5.3.3  Summary of ObServations ...........cccceeruereereeieneeieneeeeseeene
5.3.4 Examination of Models that can be Tested
for an Explanation of the Directional Properties
of the Circular Maria ........cccoceeeveninenineneneicrceeeeeeees
5.3.4.1 The Random Impact Model (Wilhelms 1987) .......
5.3.4.2 Tidal Disruption of a Passing Body Model
(Hartmann 1977a) .....ccoceevvevieeiieieeeieeee e
5.3.4.3 Impact of a Swarm of Bodies Due to a
Tidally Disruptive Encounter with Either
Venus or Earth (Wetherill 1981) .......ccccvvvvrennnee.
5.3.4.4 Impact of a Swarm of Bodies from the
Asteroid Zone (Nash 1963)......c.cccceevevveviievieeinnnne.
5.3.4.5 Impact of Lunar Satellites Model
(Runcorn 1983; Conway 1986).......ccccceveeveurancnne.
5.3.4.6 Tidal Disruption of the Lunar Body and
Subsequent Fallback Model During a
Close Encounter with Earth
(Malcuit et al. 1975) .cccuviiiieiieieieeeeee e
5.3.5 Some Testable Features of a Tidal Disruption
Scenario That can be Analyzed on Future Mission
£0 the MOON. c..eeiiiiiiiiiiiiiicc e
5.3.6 Major Predictions from the Tidal Disruption Model
for the Formation of Some Lunar Features ..........c.ccceceeenen.
5.3.7 Discussion of the Predictions ..........cocceeverevevieneneniiniencnnns
5.3.8 An Epilogue to This Section on “Directional
Properties of Lunar Maria”.........cccocevirienieienieeeeee e,

XV



Xvi

54

55

5.6

5.7

Contents

Vignette C. On the Origin of Lunar Maria and Mascons:
The Case for a One-body, Isostatic Equilibrium

Model REVISIEd .....ccverviiiiiieieiiicieereseeeceeeeee e 174
541 PUIPOSE ettt 174
5.4.2 Some Special Features of Large Circular Maria

and Associated MasCONS.........coevererverierienenieieieieeeeeeeaens 175
5.4.3 Some Previously Proposed Models for Mascons.................. 175
5.4.4 A Soft-Body Impact Model for Mascons.............cceeeeeeneeee. 177
5.4.5 Some Predictions from the Soft-Body Model

for the Formation of Circular Maria and Mascons................ 178
5.4.6  SUMMATIY ..ottt 179
Vignette D. The Late Heavy Bombardment of Earth,
Moon, and Other Bodies: Fact or Fiction?...........cccovvviiiiiieneeennns 179
5.5.1 PUIPOSE ettt 180
5.5.2  Some Facts to be Explained and Questions

to be Answered by a Successful Model...........ccceviniennnenn. 180

5.5.3 A Series of Quotes, Mainly in Chronological Order,
Concerning Unusual Events on the Moon (and

Earth) Between 4.0 and 3.5 Billion Years Ago.........cceee.e.. 180
5.5.4 Some Quotes on the Concept of the “LATE

HEAVY BOMBARDMENT” from 1974 up to 2007............ 182
5.5.5 View of the Late Heavy Bombardment in 2006.................... 185
5.5.6 Review of the Situation of the Late Heavy

Bombardment in 2007 ........cccocevirineneneneieieeceeeceee 185
5.5.7  SUMMALY ...ooiiiiiiiieiieit e 186

Vignette E. A Cool Early Earth, Recycled Enriched Crust
at ~3.95 Ga, and the Subduction Mechanisms Associated
with a Tidal Capture Model for the Origin of the Earth-

MOON SYSEEIM ...ttt ettt 187
5.6.1  PUIPOSE ettt 187
5.6.2 Evidence for a Cool Early Earth...........ccocoooiiiiniiniinn. 188
5.6.3 The Bedard (2006) Model for Processing

a Basaltic Crust on a Stagnant-Lid Planet..................c......... 188
5.6.4 A Unidirectional Earth-Tide Recycling Mechanism

Commencing with the Capture Encounter at ~3.95 Ga ........ 189

5.6.5 A Proposed Mechanism for Recycling an Enriched
Primitive Crust in the Broadly Defined Equatorial

Zone of the Planet Beginning ~3.95 Ga.......cccoceevvvvvenencnnee. 190
5.6.0  SUMMAIY....cuiitiiiieiieiieie ettt 200
5.6.7  DISCUSSION. c..titieuiieuieiieiiereeete st ettt ettt et ese et seeeneeseeenees 202
Vignette F. On the Origin of Earth’s Oceans of Water...................... 206

5.7.1 Some Facts to be Explained by a Successful Model

for the Origin of Water on Earth and Neighboring Planets... 207
5.7.2  The Asteroidal Source of Water as Proposed

by Albarede (2009) .......ccoveirieiiiiiiieeeeee s 208



Contents

5.8
59

5.7.3 A Proposed Delivery Mechanism for the Water-

Bearing Asteroids.........ooceieeriiiienieieeee e
5.7.4 Summary and Conclusions ...........ccceeeeeieneeieneeieneeeeeenee.
5.7.5  DISCUSSION.c..titieuiietieiteiierte ettt ettt ettt e e enees
Discussion of the Speculations by Harold Urey and Zdenek Kopal...
SuMMary Statement ..........ccoeveeiiirieiieieie e

g N 0] 0753114 b SRS
The “Cool Early Earth” Vignette (Sect. 5.6.)..ccccooeiireniiiinieieeeeeee
RETEIENCES ... vttt
Lunar Geologic Maps Cited.........ccooieiiieieiieieiieiereee e
Lunar Charts Cited .......ccoocevieiriiiiinenenecceeeceeeeee e

6 Origin and Evolution of the Venus-Adonis System:
A Retrograde Gravitational Capture Model .....................cccoocniinnne.

6.1

6.2
6.3

6.4
6.5

6.6

6.7

Origin of the Concept of Retrograde Capture
of a Lunar-Like Body by Planet Venus ..........ccccoecevieiinieniiieenee.
Some Facts to be Explained by a Successful Model.........................
Place of Origin of Adonis and Sibling Planetoids
and the Original Rotation Rate of Planet Venus...........cc.ccocceeeeennee.
Migration History of Adonis and Sibling Planetoids........................
Gravitational Capture of Adonis and the Subsequent Orbit
Circularization—A Two-Body Analysis ........cccceeeevieninieniiieeee.
6.5.1 Retrograde Capture of a 0.5 Moon-Mass Planetoid

from a Co-Planar, Venus-Like Orbit...........ccccooeviiieiineenn...
6.5.2 Post-Capture Orbit Circularization Era .........c.ccocevirennne.
6.5.3  Circular Orbit EVOIution.........ccccceveveviiiienieniiiiiiicicncncnns
Numerical Simulations of Retrograde Planetoid Capture
for Venus and a 0.5 Moon-Mass Planetoid ..........c.ccccecevcevccnincncnnns
6.6.1 Coordinate System for Plotting the Results.............cc.cece.e.
6.6.2 A Sequence of Orbital Encounter Scenarios Leading

to Stable Retrograde Capture..........coecevuvereeeieneeieneeeneenen
6.6.3 Post-Capture Orbit Circularization Era ...........ccoccovirenrnn.
6.6.4 Sequence of Diagrams Showing the Possible

Surface and Interior Effects on Planet Venus for

Retrograde Capture of Adonis and Subsequent

Orbit Circularization.............ceceeeeerenenienienenieieieeeeeeseeeens
6.6.5 Diagrams Showing Possible Surface Effects During

the Circular Orbit Era........ocooevininiiiniiiciiiiiccncceee,
6.6.6 Summary and Commentary on Conditions during

this 3.0 Billion Year Era .......cccoccvinivienineniiiciciiincncee,

6.6.7 A Model for the Final Demise of Adonis from the

Roche Limit for a Solid Body to Breakup in Orbit

and Eventual Coalescense with Planet Venus........................
Summary for the Chapter...........ccoooveiiiieiiiieeeee e

RETEIENCES ..ot e e

XVii



Xviii Contents

7 ARetrograde Gravitational Capture Model

for the Earth-Moon System..............ccccooviiiiiiniiiinienteeeeeee e
Tl PUIPOSE ..ottt ettt sttt sttt
7.2 Overview of a Retrograde Capture Scenario

for Earth: A Two-Body ANalysis .........cccccevieeieriienienieieeiesie e

7.3 Numerical Simulations of Retrograde Planetoid Capture
for Earth and a Moon-Mass Planetoid and the Subsequent

Circularization of the Post-Capture OrDit...........ccceevrerreerirenieeriennne.
7.4  Circular Orbit Era..........coooviiiiiiiiiiieeceeeee e
7.5 Late Phase of the Circular Orbit Evolution Era.........cccc.ccccvveennenn.

7.6 Summary for the Retrograde Capture and Subsequent
Orbital Evolution of an Earth-Like Planet

and a Lunar-Mass Satellite SyStem ........cccceecverievienierieieneeeenenen.
7.7 Discussion and Implications for the Search

for Habitable EXOPIanets..........ccocvvverierienieienieeieeieie e
RETETENCES ... oviiieiicitcitcc e

8 Planet Orbit—Lunar Orbit Resonances and

the History of the Earth-Moon System ...............ccoccoeviiniinniieniieeneennnen.
Bl PUIPOSE ..ttt ettt st st n
8.2 The Perigean Cycle for the Earth-Moon System ...........ccccccceevuennene.
8.3 A Jupiter Orbit—Lunar Orbit Resonance..........c.ccoeevevvrcvenrecrennnnen.
8.3.1 Geometry of a Jupiter Orbit—Lunar Orbit Resonance .........
8.3.2 Orbital Geometry and Tidal Regime for a Forced
Eccentricity SCeNario.........cceceevesieeieniieiereeieseesieseesiesenens
8.3.3 Some Testable Predictions from this Forced
Eccentricity SCeNario........cccevveeverieeieniieieneeieseesieseeiesenens
8.3.4 Summary and DiSCUSSION ......c.eecvervieieriieieriesieseeieseeie s

8.4 A Venus Orbit—Lunar Orbit Resonance Associated with
a Perigean Cycle of 15 Earth Years (24 Venus Years)
(A 15:1 VO-LO RESONANCE)....cc.eruiriiriiniiniiniinieieieieieteeeieeieeie e
8.4.1 Geometry of a Venus Orbit—Lunar Orbit
Resonance when the Perigean Cycle is at

15 Earth Years (24 Venus Years)........cccecerveevverreeseeneenvennnenns
8.4.2 Tidal Regime of this Venus Orbit—Lunar

Orbit RESONANCE .......eoverviriiriiiinieniiieieieeeeecceeee e
8.4.3 Some Testable Predictions from this Forced

Eccentricity SCeNario........ccueeveeverieeieniieieneeieseesieseeiesenens
8.4.4 Summary and DiSCUSSION ......c.eeverviereriieienienieseeieseeie s

8.5 A Venus Orbit—Lunar Orbit Resonance Associated with a
Perigean Cycle of 10 Earth Years (16 Venus Years)
(A 10:1 VO-LO RESONANCE).....cvirerenreeeieieriierenienienvenieesenseensesseenns
8.5.1 A Note on the Proposed Time Scale for Planet
Orbit—Lunar Orbit Resonances...........c.ccceveveieirencnennenn



Contents Xix

8.5.2 Geometry of a Venus Orbit—Lunar Orbit
Resonance when the Perigean Cycle is at 10 Earth

Years (16 Venus Years) (a 10:1 VO-LO resonance)............... 324
8.5.3 Snapshots of Four Orbit States and the Associated
Tidal REZIMES....cc.eeiiiieiieiieie et 326
8.5.4 Some Testable Predictions from this Model...............c.......... 326
8.5.5 Summary and DiSCUSSION .....cc.eeveruieriiriieiiiiene e 326
8.6 A Venus Orbit—Lunar Orbit Resonance Associated with a
Perigean Cycle of 5 Earth Years (8 Venus Years)........ccccecerverurnnnee 333

8.6.1 Geometry and Tidal Regime of a Venus
Orbit—Lunar Orbit Resonance when the
Perigean Cycle is at 5 Earth Years (8 Venus Years)

(A'5:1 VO-LO 1es0Nance) ........cceeeveerveecreesveesreeseeesreesnesnnens 333

8.6.2 Summary and Discussion for this Section...........cccceceerene. 333

8.7 Summary and Conclusions for this Chapter...........c.ccoocvevervenenenen. 341
8.8 A Soliloquy on this Chapter ..........cccoeeeiirieiieieieee e 342
W o] 0753114 b SRS SRRSRRR 344
RETEIENCES ... ouieiiiieiieiieiecec ettt 352

9 Discussion of the Probability of Finding Habitable Planets

for Humans Orbiting Sun-Like Stars ..............cccoccoovniiiiniinie, 355
9.1 How Simple or How Complicated is the System
of Biology on Earth? .........coooiiiiiiii e, 356

9.2 My Suggested List of Additional Factors (Models) That
Should be Considered in the Development

of Higher Forms of Life on Earth ...........cccooooiiiiiiiniiee, 357
9.3 The Long Chain of Complications For Explaining Our
Existence on the Third Planet From the Sun........c.cccccceceevinincnnene. 360

9.4 What are the Chances of this Very Long Chain
of Complications Happening Elsewhere in a

Large Region of SPace? .......ccceeviiieieiieeieeee e 362

L R TN 11111 0T o 2RSSR 363
RETEIENCES .....ouiiiieiiciieiiec et 363

10 Summary and Conclusions...............ccooceiiiiiiiiiinieeeee e 365
REfEIENCES .....cueiiiiiieiieiieee ettt 367
GLOSSATY ..ottt et aeeaeas 369
Author INdex ... 393

SUDJECt INA@X ..o 397



2 Springer
http://www.springer.com/978-3-319-11387-6

The Twin Sister Planets Venus and Earth

Why are they so different?

Malcuit, R,

2015, XX, 401 p. 225 illus., 68 illus. in color., Hardcowver
ISBN: 978-3-319-11387-6



	Contents



