
ASTEROID 
METEORITES 
interrelations, evolution and origins 

https://doi.org/10.1017/S0252921100069803 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100069803


COVER DESIGN: 

Normans wonder at Halley's Comet in 1066 A.D.; 
scene from the 11-th century Tapestry of 
Bayeux, France. The Tapestry also depicts the 
bad omen brought by the Comet to King Harold/ 
killed at the Battle of Hastings on October 14, 
1066. Halley's comet was widely seen for many 
weeks throughout Europe and Asia. Chinese 
astronomers plotted its course for 67 days, 
implying that it probably reached an absolute 
magnitude of +1 after perihelion. 

Comets, Asteroids, Meteorites - Interrelations, Evolution and Origins. 
Edited by A. H. Delsemme. Published in December 1977 by The University of 
Toledo. Sold by mail by The University of Toledo Bookstore, Toledo, 
Ohio 43606, U.S.A. Price $36.50, prepaid only. 

https://doi.org/10.1017/S0252921100069803 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100069803


COMETS 
ASTEROIDS 
METEORITES 
interrelations, evolution and origins 

Edited by 

A. H. Delsemme 

The University of Toledo 1977 

https://doi.org/10.1017/S0252921100069803 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100069803


to honor 

his l ifetime contr ibut ion 

to science, 

this book 

is dedicated 

to 

Fred L. Whipple 

https://doi.org/10.1017/S0252921100069803 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100069803


LIST OF CONTRIBUTORS 

Ahrens, L. A., Dept. Geochemistry, Univ. of Capetown, South Africa. . . 445 

Alfven, H., Dept. Applied Phys. and Information Science, Univ. of 
Calif. San Diego, La Jolla, California 92093 561 

Anders, E., Enrico Fermi Institute, Univ. of Chicago, Chicago, 
Illinois 60637 517 

Arnold, J. R., Dept. of Chemistry, Univ. of California San Diego, 
La Jolla, California 92093 519 

Arrhenius, G., Dept. Applied Phys. and Information Science, Univ. of 
Calif. San Diego, La Jolla, California, 92093 561 

Bild, R. w., Max-Planck-Institut fiir Kernphysik, 69-Heidelberg 1, 

W. Germany 397 

Biraud, F., Observatoire de Meudon, 92190-Meudon, France ' 65 

Bowell, E., Lowell Observatory, Flagstaff, Arizona 86001 185 

Brecher, A., Dept. of Earth and Planetary Sciences, M.I.T., Cambridge, 

Massachusetts 02139 415 

Brownlee, D. E., Dept. Astron., Univ. of Washington, Seattle, WA 98195. 137 

Burns, J. A., NASA-Ames Research Center, Moffett Field, California. . . 119 

Carusi, A., Laboratorio di Astrofisica Spaziale, CNR, Frascati, Italy. 327 

Ceplecha, z., Astron. Institute, Czechoslovak Acad, of Sciences, 251 65 

Ondfejov Obs., Czechoslovakia 143 

Chapman, C. R., Planetary Science Institute, Tucson, Arizona 85719 . . 265 

Clayton, D. D., Dept. Space Phys. Astron., Rice Univ., Houston, 
Texas 77001 351 

Clayton, R. N., Enrico Fermi Inst., Univ. of Chicago, Chicago, 
Illinois 60637 335 

Conklin, E. K., National Astron. and Ionosphere Center, Arecibo, Puerto 

Rico 00612 257 

Crovisier, J., Observatoire de Meudon, 92190-Meudon, France 65 

Delsemme, A. H., Dept. Phys. Astron., Univ. of Toledo, Toledo, Ohio 

43606 3, 453, 529, 575 

Dickel, J. R., Univ. of Illinois Observatory, Urbana, Illinois 61801. . 257 

Dobrovolsky, O. v.. Institute of Astrophysics, Dushambe 734670, USSR. . 37 

Dollfus, A., Observatoire de Paris, 92190-Meudon, France 243 
VII 

https://doi.org/10.1017/S0252921100069803 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100069803


LIST OF CONTRIBUTORS 

Dorm, B., Lab. Extraterrestrial Phys., NASA/GSFC, Greenbelt, 

Maryland 20771 15 

Everhart, E., Astron. Dept., Univ. of Denver, Denver, Colorado 80210. . 99 

Froeschle, C, Observatoire de Nice, 06007-Nice, France 293 

Gaffey, M. J., M.I.T., Cambridge, Massachusetts 02139 199 

Geake, J. E., UMIST, Manchester, United Kingdom 243 

Gehrels, T., Lunar and Planetary Lab., Univ. of Arizona, Tucson, 

Arizona 85721 253, 323 

Gerard, E., Observatoire de Meudon, 92190-Meudon, France 65 

Greenberg, J. M., Univ. of Leiden, Huyghens Lab., Leiden 2405, The 
Netherlands 491 

Grossman, L., Dept. Geophys. Sciences, Univ. of Chicago, Chicago, 

Illinois 60637 507 

Hartmann, W. K., Planetary Science Institute, Tucson, Arizona 85719 . . 277 

Hayatsu, R., Enrico Fermi Institute, Univ. of Chicago, Chicago, 
Illinois 60637 517 

Helin, E. F., Dept. Geological Planetary Sciences, Caltech, Pasadena, 
California 91103 297 

Herbert, F. L., Lunar and Planetary Lab., Univ. of Arizona,- Tucson, 
Arizona 85721 429 

Herndon, J. M., Dept. Chemistry, Univ. of California San Diego, 
La Jolla, California 92093 537 

Holweger, H., Inst, filr Theoretische Physik und Sternwarte, Univ. 
Kiel, 2300-Kiel, W. Germany 385 

Honda, M., Inst, for Solid State Phys., Univ. of Tokyo, Tokyo 106, 
Japan 301 

Huebner, w. F., Los Alamos Scientific Lab., Los Alamos, New 
Mexico 87545 57 

Ikramuddin, M., Dept. Chemistry, Purdue Univ., W. Lafayette, 
Indiana 47907 375 

ip, w. H., Dept. Applied Phys. Information Sciences, Univ. of 
California San Diego, La Jolla, California 92093 485 

Iriyama, J., Dept. Natural Sciences, Chubu Inst, of Technology, 

Kasugai, Aichi 487, Japan 301 

Johnson, T. v.. Jet Propulsion Lab., Pasadena, California 91103 . . . 229 

Kajmakov, E. A., Joffe Phys.-Techn. Institute Leningrad, USSR . . . . 37 

Kazes, I., Observatoire de Meudon, 92190-Meudon, France 65 

Kelly, w. R., Dept. Geology and Center for Meteorite Studies, Arizona 

State Univ., Tempe, Arizona 85281 405 

Kleine, T., Hamburg Observatory, 2050 Hamburg 80, W. Germany 69 

Kohoutek, L., Hamburg Observatory, 2050 Hamburg 80, W. Germany. . . . 69 

Kresak, L., Astron. Inst. Slovak Acad, of Sciences, 89930-Bratislava, 
Czechoslovakia 93, 313 

Lamy, P. L., Lab: Astron. Spatiale, CNRS, 13012-Marseille, France . . 119 

VIII 

https://doi.org/10.1017/S0252921100069803 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100069803


LIST OF CONTRIBUTORS 

Lang, B., Warsaw Univ., Lab. Radiochemistry, Zwirki i Wigury 101, 
02-089 Warsaw, Poland 153 

Larimer, J. W„, Dept. Geology and Center for Meteorite Studies, 
Arizona State Univ., Tempe, Arizona 85281 405 

Larson, H. P., Lunar and Planetary Lab., Univ. of Arizona, Tucson, 

Arizona 85721 219 

Lee, T., The Lunatic Asylum, Caltech, Pasadena, California 91125. . . 343 

Levin, B. G., Astronomical Council, Acad, of Sciences, Moscow 
1091017, USSR 307 

Lipschutz, M. E., Dept. Chemistry, Purdue Univ., W. Lafayette, 

Indiana 47907 375 

Mandeville, J. C, CERT/DERTS, Toulouse, France 243 

Marsden, B. G., Center for Astrophysics, Cambridge Massachusetts 02138 79 

Massaro, E., Istituto di Fisica, Univ. di Palermo, GIFCO-CNR, 

Palermo, Italy 327 

Matson, D. L., Jet Propulsion Lab., Pasadena, California 91103 . . . 229 

Mcintosh, B. A., Herzberg Inst, of Astrophysics, Ottawa, Ontario, 
K1A 0R6 Canada . . 171 

McCord, T. B., Institute for Astronomy, Univ. of Hawaii, Honolulu, 
Hawaii 199 

McSween, H. Y., Jr., Center for Astrophysics. Cambridge, 
Massachusetts 02138 365 

Mendis, D. A., Dept. Applied Phys. Information Science, Univ. of 

California San Diego, La Jolla, California 92093 561 

Milet, B., Observatoire de Nice, 06300-Nice, France 65 

Millman, P. M., Herzberg Inst, of Astrophysics, Ottawa, Ontario 

K1A 0R6 Canada 127 

Morrison, D., Code SL, NASA Headquarters, Washington, D.C. 20546. . . 177 

Papanastassiou, D. A., The Lunatic Asylum, Caltech, Pasadena, 
California 91125 343 

Pellas, P., Lab. de Mineralogie du Museum, 61 rue Buffon, 75005-Paris 
France 355 

Rajan, R. S., Carnegie Institution, Dept. Terrestrial Magnetism, 
Washington, D.C. 20015 137 

Rambaldi, E. R., Max-Planck-Institut fur Chemie, 6500-Mainz, 

W. Germany 405 

Rickman, H., Stockholms Observatorium, S-133 00 Saltsjobaden, Sweden . . 105 

Rud, D. A., Dept. Phys. and Astron., Univ. of Toledo, Toledo, 
Ohio 43606 529 

l' Safronov, V. S., 0. J. Schmidt Inst, of Phys. of the Earth, Acad, of 

i Sciences, Moscow, USSR 483 

Scholl, H., Astronomisches Rechen-Institut, 6900-Heidelberg, W. Germany 293 

' Scott, E.R.D., Dept. Mineralogy and Petrology, Univ. of Cambridge, 
Cambridge, CB2 3EW, England 439 

IX 

https://doi.org/10.1017/S0252921100069803 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100069803


LIST OF CONTRIBUTORS 

Sekanina, z., Center for Astrophysics, Cambridge, Massachusetts 02138. 51, 159 

Shimizu, M., Inst, of Space and Aeronautical Science, Univ. of Tokyo, 
Tokyo, Japan 525 

Shoemaker, E. M., Dept. Geological Planetary Sciences, Caltech, 
Pasadena, California 91103 297 

Simpson, A. B., Dept. Geochemistry, Univ. of Capetown, South Africa . . 445 

Singer, S. F., Univ. of Virginia, Charlottesville, Virginia 22903. . . 109 

Smoluchowski, R., School of Engineering, Princeton Univ., Princeton, 
New Jersey 08540 47 

Sonett, C. P., Dept. Planetary Sciences and Lunar and Planetary Lab., 

Univ. of Arizona, Tucson, Arizona 85721 429 

Soter, S., Lab. for Planet. Studies, Cornell Univ., Ithaca, New York. . 119 

Storzer, D., Lab. de Mineralogie du Museum, 61 rue Buffon, 75005-Paris, 

France 355 

Studier, M. H., Argonne National Lab., Argonne, Illinois 60439 . . . . 517 

Ther, D. T., Univ. of Illinois Observatory, Urbanna, Illinois 61801 . . 257 

Tomandl, D. A., Dept. Astron., Univ. of Washington, Seattle, 
Washington 98195 137 

Ulich, B. L., National Radio Astronomy Observatory, Tucson, 
Arizona 85705 257 

Vaghi, S., Osservatorio Astronomico di Torino, 1-10025 Pino Torinese, 

Italy 105 

Van Flandern, T. C, U. S. Naval Observatory, Washington, D.C. 20390. . 475 

Vanysek, v., Charles Univ., Dept. Astron. Astrophys., 150 00-Praha, 

Czechoslovakia 499 

Veeder, G. J., Jet Propulsion Lab., Pasadena, California 91103 . . . . 229 

Vsekhsvyatsky, S. K., Astronomical Observatory, Kiev Univ., Kiev 53, 
USSR 469 

Wasserburg, G. J., The Lunatic Asylum, Caltech, Pasadena, 
California 91125 343 

Wasson, J. T., Inst. Geophys. Planetary Phys., Univ. of Calif., Los 
Angeles, California 90024 551 

Weidenschilling, S. J., Dept. Terrestrial Magnetism, Carnegie Inst, of 
Washington, Washington, D.C. 20015 541 

Weissman, P. R., Dept. Earth Space Sciences, Univ. of California, 
Los Angeles, California 90024 87 

Wetherill, G. W., Dept. Terrestrial Magnetism, Carnegie Institution of 
Washington, Washington, D.C. 20015 283 

Whipple, F. L., Center for Astrophysics, Cambridge, Massachusetts 02138 25 

Wilkening, L. L., Dept. Planetary Sciences and Lunar and Planetary 

Lab., Univ. of Arizona, Tucson, Arizona 85721 389 

Williams, I. p., Queen Mary College, London El 4NS, England 569 

wood, J. A . , Center for Astrophysics, Cambridge, Massachusetts 02138. . 365 

x 

https://doi.org/10.1017/S0252921100069803 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100069803


LIST OF CONTRIBUTORS 

Yavnel' A. A., Committee on Meteorites, Academy of Sciences, Moscow USSR 133 

Yeomans, D. K., Tracking Systems and Appl. Div., JPL, Pasadena, 
California 91103 61 

Zellner, B., Lunar and Planetary Lab., Univ. of Arizona, Tucson, 
Arizona 85721 185,243 

XI 

https://doi.org/10.1017/S0252921100069803 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100069803


TABLE OF CONTENTS 

LIST OF CONTRIBUTORS VII 

PREFACE XIX 

PART I PHYSICAL NATURE OF COMETS 

1. The Pristine Nature of Comets - A. H. Delsemme 3 

2. A Comparison of the Composition of New and Evolved Comets -
B. Donn 15 

3. The Constitution of Cometary Nuclei - F. L. Whipple 25 

4. Surface Phenomena in Simulated Cometary Nuclei -

O. V. Dobrovolsky, and E. A. Kajmakov 37 
5. Ice Grains in Space - R. Smoluchowski 47 

6. Differential Nongravitational Forces in the Motions of the Split 
Comets - Z. Sekanina 51 

7. Chemistry of the Inner Coma: A Progress Report -

W. F. Huebner 57 

8. Comet Halley and Nongravitational Forces - D. K. Yeomans . . . 61 

9. Radio Observations of the OH Radical in Comets Kobayashi-Berger-
Milon (1975h) and West (1975n) - E. Gerard, F. Biraud, 
J. Crovisier, I. Kazes, and B. Milet 65 

10. Photometric Parameters of Comet Kohoutek 1973 XII - T. Kleine, 
and L. Kohoutek 69 

PART II THE ORBITAL EVOLUTION OF COMETS 

1. Orbital Data on the Existence of Oort's Cloud of Comets -
B. G. Marsden 79 

2. Initial Energy and Perihelion Distributions of Oort-Cloud 
Comets - P. R. Weissman 87 

3. An Alternate Interpretation of the Oort Cloud of Comets? -
L. Kresak 93 

4. The Evolution of Comet Orbits as Perturbed by Uranus and 
Neptune - E. Everhart 99 

XIII 

https://doi.org/10.1017/S0252921100069803 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100069803


TABLE OF CONTENTS 

5. Jovian Perturbations per Orbital Revolution for Short-Period 
Comets: Statistical Properties - H. Rickman, and 
S. Vaghi 105 

6. The Satellites of the Major Planets: Were They All Captured? -
S. F. Singer 109 

PART 111 METEORS AND METEROIDS 

1. Radiation Pressure and Poynting-Robertson Drag for Small 
Spherical Particles - S. Soter, J. A, Burns, and 
P. L. Lamy 121 

2. The Chemical Composition of Cometary Meteoroids -
P. M. Millman 127 

3. Chemical Composition of Meteoric and Meteoritic Matter -
A. A. Yavnel' 133 

4. A Chemical and Textural Comparison Between Carbonaceous 
Chondrites and Interplanetary Dust - D. E. Brownlee, 
R. S. Raj an, and D. A. Tomandl 137 

5. Meteoroid Populations and Orbits - Z. Ceplecha 143 

6. Thermomechanical Fracturing of Meteorites during Atmospheric 

Passage - B. Lang 153 

7. Meteor Streams in the Making - Z. Sekanina 159 

8. Quadrantid Meteor Shower: Eleven Years of Radar Observations 
- B. A. Mcintosh 171 

PART IV PHYSICAL NATURE OF ASTEROIDS 

1. Sizes and Albedos of the Larger Asteroids - D. Morrison . . . 177 

2. Asteroid Compositional Types and Their Distributions -
B, Zellner, and E. Bowell. . . , 185 

3. Asteroid Surface Materials from Reflectance Spectroscopy: A 
Review - M. J. Gaffey, and T. B. McCord 199 

4. Asteroid Surface Compositions from Infrared Spectroscopic Ob­
servations: Results and Prospects - H. P. Larson. . . . 219 

5. Asteroid Infrared Reflectances and Compositional Implications -
D.- L. Matson, T. V. Johnson, and G. J. Veeder 229 

6. The Nature of Asteroid Surfaces, from Optical Polarimetry -
A, Dollfus, J. E. Geake, J. C. Mandeville, and 
B. Zellner 243 

7. The Physical Basis of the Polarimetric Method for Deriving 
Asteroid Albedos - T. Gehrels 253 

8. Microwave Brightnesses of 1 Ceres and 4 Vesta - E . K. Conklin, 
B. L. Ulich, J, R. Dickel, and D. T. Ther 257 

PART V ORBITAL EVOLUTION AND FRAGMENTATION OF ASTEROIDS 

1. The Evolution of Asteroids as Meteorite Parent-Bodies -
C. R. Chapman 265 

https://doi.org/10.1017/S0252921100069803 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100069803


TABLE OF CONTENTS 

2. Large Planetesimals in the Early Solar System -
W. K. Hartmann 277 

3. Fragmentation of Asteroids and Delivery of Fragments to Earth 
- G. W. Wetherill 283 

4. The Kirkwood Gaps as an Asteroidal Source of Meteorites -
//. Scholl and C. Froeschle 293 

5. Populations of Planet-Crossing Asteroids and the Relation of 
Apollo Objects to Main-Belt Asteroids and Comets -
E. M. Shoemaker and E. F. Helin 297 

6. Mixing Process of the Lunar Surface Materials and Their Cosmic-
Ray Exposure Age - J. Iriyama and M. Honda 301 

7. Relationship Between Meteorites, Asteroids, and Comets -
B. J. Levin 307 

8. Asteroid Versus Comet Discrimination from Orbital Data -
L. Kresak 323 

9. Some Interrelations of Asteroids, Trojans and Satellites -
T. Gehrels 323 

10. A Statistical Investigation of Asteroid Families: 
Preliminary Results - A. Carusi and E. Massaro 327 

PART VI PRIMITIVE METEORITES 

1. Interstellar Material in Meteorites: Implications for the 
Origin and Evolution of the Solar Nebula -
R. Clayton 335 

2. Evidence for ̂ "Al in the Solar System - D. A . Papanastassiou, 
T. Lee, and G. J. Wasserburg 343 

3. Limits to Energetic-Proton Irradiation of the Primeval 
Nebula as the Origin of Isotopic Anomalies -
D. D. Clayton 35I 

4. On the Early Thermal History of Chondritic Asteroids Derived 
by 244-Plutonium Fission Track Thermometry - P. Pellas, 
and D. Storzer 355 

5. Chondrules as Condensation Products - J. A . Wood and 
H. Y. McSween, Jr 365 

6. Condensation and/or Metamorphism: Genesis of E- and L-Group 
Chondrites from Studies on Artificially Heated Primitive 
Congeners - M, E, Lipschutz, and M. Ikramuddin 375 

7. A Comparison of Solar and Meteoritic Abundances -
H. Holweger 385 

8. Meteorites in Meteorites: Evidence for Mixing Among the 
Asteroids - L. L. Wilkening 389 

9. Unusual Primitive Meteorites: Chondritic Inclusions from 
Group IAB Iron Meteorites - R, W. Bild 397 

PART VII DIFFERENTIATED METEORITES 

1. The Origin of Iron Meteorites - W. R. Kelly, E. R. Rambaldi, 
and J. W. Larimer 405 

https://doi.org/10.1017/S0252921100069803 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100069803


TABLE OF CONTENTS 

2. Meteoritic Magnetism: Implications for Parent Bodies of 
Origin - A, Brecher 415 

3. Pre-Main Sequence Heating of Planetoids - C. P. Sonett, and 
F. L. Herbert 429 

4. Parent Bodies of Iron Meteorites - E.R.D. Scott 439 

5. The Chemical Relationship Between Howardites and the Silicate 
Fraction of Mesosiderites - A. B. Simpson, and 
L. H. Ahrens 445 

PART VIII THE ORIGIN OF COMETS 

1. The Origin of Comets - A. H. Delsemme 453 

2. Comets and Cosmogony of the Solar System -
S. K. Vsekhsvyatsky 469 

3. A Former Major Planet of the Solar System -
T. C. Van Flandern 475 

4. Oort's Cometary Cloud in the Light of Modern Cosmogony -
V. S. Safronov 483 

5. On the Early Scattering Processes of the Outer Planets -
». -H. Ip 485 

6. From Dust to Comets - J. M. Greenberg 491 

7. Carbon Isotope Ratios in Comets and in Interstellar 
Matter - V. Vanysek 499 

PART IX THE PRIMITIVE SOLAR NEBULA 

1. High-Temperature Condensates in Carbonaceous Chondrites -
L. Grossman 507 

2. Catalytic Reactions in the Solar Nebula - E. Anders, 

R. Hayatsu, and M. H. Studier 517 

3. Condensation and Agglomeration of Grains - J. R. Arnold . . . 519 

4. The Gaseous Composition of the Solar Nebula Inferred from 
Data of Comets and Interstellar Molecules - M. Shimizu . 525 

5. Low Temperature Condensates in Comets - A. H. Delsemme, and 
D. A. Rud 529 

6. CI Chondrites: Comparison and Contrast to Other Meteorite 
Types - J. M. Herndon 537 

7. The Solar Nebula Pressure Gradient and its Effect on 
Planetesimal Motions - S. J. Weidenschilling 541 

8. Genetic Relations Among Meteorites and Planets -
R. N. Clayton 545 

9. Relationship Between the Composition of Solid Solar-System 
Matter and Distance from the Sun - J. T, Wasson 551 

10. The Role of Plasma in the Primeval Nebula - H. Alfven, 
G. Arrhenius, and D. A. Mendis 561 

11. The Role of Protoplanets in the Formation of the Solar 
System - J. P. Williams 559 

XV! 

https://doi.org/10.1017/S0252921100069803 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100069803


TABLE OF CONTENTS 

PART X CONCLUSIONS 

Comets, Asteroids and Meteorites: Unsolved Problems About Their 
Relationships, Evolution and Origin - A. H. Delsemme . . 575 

DISCUSSION INDEX 581 

SUBJECT INDEX 583 

XVII 

https://doi.org/10.1017/S0252921100069803 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100069803



