|
|

854 W. v. ENGELHARDT, J. ARNDT, W. F. MULLER, and D. STOFFLER

KeiL K., Prinz M., and BuncH T. E. (1971) Mineralogical and petrological aspects of Apollo 12
rocks. Second Lunar Science Conference (unpublished proceedings).

Kierrer S. W. (1970) Shock effects in rocks: A case study of shock metamorphism in the Coconino
sandstone from Meteor Crater, Arizona. Paper presented at a meeting on ‘““Meteorite Impact and
Volcanism,” Lunar Science Institute, Oct. 19-23, 1970, Houston. To be published in J. Geophys.
Res.

LevinsoN A. A. (Editor) (1970) Proceedings of the Apollo 11 Lunar Science Conference. Volume 1:
Mineralogy and Petrology; Volume 2: Chemical and Isotope Analyses. Pergamon.

LSPET (LUNAR SAMPLE PRELIMINARY EXAMINATION TEAM) (1970) Preliminary examination of lunar
samples from Apollo 12. Science 167, 1325-1339.

McKAy D., GReenwooD W. R., and Morrison D. A. (1970) Origin of small lunar particles and
breccia from the Apollo 11 site. Proc. Apollo 11 Lunar Sci. Conf., Geochim. Cosmochim. Acta
Suppl. 1, Vol. 1, pp. 673-694. Pergamon.

MEYER C., AiTkEN F. K., BRETT R., McKAY D. S., and MorrisoN D. A. (1971) Rock fragments and
glasses rich in K, REE, and P in Apollo 12 soils: Their mineralogy and origin. Second Lunar
Science Conference (unpublished proceedings).

NEeukuM G., MEHL A., FECHTIG H., and ZAHRINGER J. (1970) Impact phenomena of micrometeorites
on lunar surface materials. Earth Planet. Sci. Lett. 8, 31-35.

QuAIDE W., OBERBECK V., and BuncH T. E. (1971) Investigations of the natural history of the regolith
at the Apollo 12 site. Second Lunar Science Conference (unpublished proceedings).

Rose H. J., CurtitTA F., ANNELL C. S., CARRON M. K., CHRISTIAN R. P., DworNIK E. J., HELZ
A. W., and LicoNn D. T. (1971) Semimicroanalysis of Apollo 12 samples. Second Lunar Science
Conference (unpublished proceedings).

ScLAr C. B. (1970) Shock metamorphism of lunar rocks and fines from Tranquillity Base. Proc.
Apollo 11 Lunar Sci. Conf., Geochim. Cosmochim. Acta Suppl. 1, Vol. 1, pp. 849-864. Pergamon.

SHORT N. M. (1968) Experimental microdeformation of rock materials by shock pressures from
laboratory-scale impacts and explosions. In Shock Metamorphism of Natural Materials (editors
B. M. French and N. M. Short), pp. 219-241. Mono.

SHORT N. M. (1969) Shock metamorphism of basalt. Mod. Geol. 1, 81-95.

SMALES A. A. (1971) Elemental composition of lunar surface material, Part 2. Second Lunar Science
Conference (unpublished proceedings).

STOFFLER D. (1966) Zones of impact metamorphism in the crystalline rocks of the Nordlinger Ries
crater. Contrib. Mineral. Petrol. 12, 15-24.

STOFFLER D. (1967) Deformation und Umwandlung von Plagioklas durch StoBwellen in den Gesteinen
des Nordlinger Ries. Contrib. Mineral. Petrol. 16, 51-83.

STOFFLER D. (1971) Progressive metamorphism and classification of shocked and brecciated crystal-
line rocks at impact craters. J. Geophys. Res. (in press).

Surton R. L. and ScHABER G. G. (1971) Lunar locations and orientations of rock samples from
Apollo missions 11 and 12. Second Lunar Science Conference (unpublished proceedings).

WakITA H. and Scumitt R. A. (1970) Elemental abundances in seven fragments from lunar rock
12013. Earth Planet. Sci. Lett. 9, 169-176.

WakiTA H., REy P., and ScamiTT R. A. (1971) Abundances of the 14 rare earth elements plus 22
major, minor, and trace elements in ten Apollo 12 rock and soil samples. Second Lunar Science
Conference (unpublished proceedings).

WAaTERS A. C., FisHER R. V., GARRISON R. E., and Wax D. (1971) Matrix characteristics and origin
of lunar breccia samples No. 12034 and 12073, Apollo 12. Second Lunar Science Conference
(unpublished proceedings).

Woob J. A. (1970) Petrology of the lunar soil and geophysical implications. J. Geophys. Res. 75,
6497-6513.

Woob J. A., MARVIN U., Reb J. B., TAyLor G. J., Bowrr J. F., PoweLL B. N., and Dickey J. S.
(1971) Relative proportions of rock types, and nature of the light-colored lithic fragments in
Apollo 12 soil samples. Second Lunar Science Conference (unpublished proceedings).




Shock metamorphism and origin of regolith and breccias 853

Acknowledgments—We thank Mrs. E. Claviez and Mrs. I. Arndt for typing the manuscript and
Miss E. Baier, H. Jeziorkowski, K.-J. Mesick, and R. Stengelin for their assistance. We are indebted
to J. Millich for the skillful preparation of the polished thin sections, and to D. Mangliers for
assistance in the microprobe measurements and data reduction. We are very grateful to AEG-
Telefunken, especially to Dr. A. F. Bogenschiitz at Ulm, Germany, for sawing of the thin sections both
from Apollo 11 and Apollo 12 materials. We also thank the staff of the Zentrum fiir Datenverar-
beitung, University of Tiibingen, especially to Dr. P. Schmuck, for the carrying out of computer work.
Financial support from the Bundesministerium fiir Bildung und Wissenschaft, Federal Republic of
Germany, is gratefully acknowledged. We thank the National Aeronautics and Space Administration
for the generous supply of lunar samples.

REFERENCES

AGRELL S. O., LoNG J. V. P., and Reep S. J. B. (1971) Glasses from Apollo 11 and 12 soils and
microbreccias. Second Lunar Science Conference (unpublished proceedings).

AHRrens T. J. and GrReGsoN V. G. (1964) Shock compression of crustal rocks: Data for quartz,
calcite, and plagioclase rocks. J. Geophys. Res. 69, 4839-4874.

ANNELL C. S., CARrRON M. K., CHRrisTIAN R. P., CurttiTTA F., DWORNIK E. J., HELZ A. W., L1GON
D. T., and Rose H. J. (1971) Chemical and spectrographic analyses of lunar samples from the
Apollo 12 mission. Second Lunar Science Conference (unpublished proceedings).

BrowN G. M., EMeLEUS C. H., HOLLAND J. G., PECKET A., and PHiLLIPS R. (1971) Mineral chemistry
of contrasted Apollo 12 basalt-types and comparisons with Apollo 11. Second Lunar Science
Conference (unpublished proceedings).

BRUNFELT A. O., HEEr K. S., and STeiNNES E. (1971) Determination of 40 elements in Apollo 12
materials by neutron activation analysis. Second Lunar Science Conference (unpublished pro-
ceedings).

CHAOE. C. T., JaMmEs O. B., MINKIN J. A., BOREMAN J. A., JAcksoN E. D., and RALEIGH C. B. (1970a)
Petrology of unshocked crystalline rocks and evidence of impact metamorphism in Apollo 11
returned lunar sample. Proc. Apollo 11 Lunar Sci. Conf., Geochim. Cosmochim. Acta Suppl. 1,
Vol. 1, pp. 287-314. Pergamon.

CHao E. C. T., BoREMAN J. A., MINKIN J. A., JAMES O. B., and DESBOROUGH G. A. (1970b) Lunar
glasses of impact origin: Physical and chemical characteristics and geologic implications. J.
Geophys. Res. 75, 7445-7479.

CompstoN W., CHAPPELL B. W., ARRIENS P. A., and VERNON M. J. (1970) The chemistry and age of
Apollo 11 lunar material. Proc. Apollo 11 Lunar Sci. Conf., Geochim. Cosmochim. Acta Suppl. 1,
Vol. 2, pp. 1007-1027. Pergamon.

ENGELHARDT W. VON (1967) Chemical composition of Ries glass bombs. Geochim. Cosmochim. Acta
31, 1677-1689.

ENGELHARDT W. VON, ARNDT J., MULLER W. F., and STOFFLER D. (1970) Shock metamorphism of
lunar rocks and origin of the regolith at the Apollo 11 landing site. Proc. Apollo 11 Lunar Sci.
Conf., Geochim. Cosmochim. Acta Suppl. 1, Vol. 1, pp. 363-384. Pergamon.

ENGELHARDT W. vON and STOFFLER D. (1968) Stages of shock metamorphism in crystalline rocks of
the Ries basin, Germany. In Shock Metamorphism of Natural Materials (editors B. M. French
and N. M. Short), pp. 159-168. Mono.

Gaurt D. E. (1970) Glass produced in the lunar regolith by meteoritic impact. Abstract,
Meteoritics 5, 199.

HORz F., HARTUNG J. B, and GauLt D. E. (1970) Micrometeorite craters and related features on
lunar rock surfaces. Earth Planet. Sci. Lett. 10, 381-386.

HorNEMANN U. and MULLEr W. F. (1971) Shock-induced deformation twins in clinopyroxene.
N. Jahrb. Mineral, Abh. (in press).

HuBBARD N. J., MEYER C., Gast P. W., and WiesMANN H. (1971) The composition and derivation
of Apollo 12 soils. Earth Planet. Sci. Lett. 10, 341-350.

James O. B. (1969) Shock and thermal metamorphism of basalt by nuclear explosion, Nevada test
site. Science 166, 1615-1620.




