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GEOPHYSICAL ABSTRACTS 185, APRIL-JUNE 1961
By James W. Clarke, Dorothy B. Vitaliano, Virginia S, Neuschel, and others

INTRODUCTION
Extent of Coverage

Geophysical Abstracts includes abstracts of technical papers and books on
the physics of the solid earth, the application of physical methods and tech-
niques to geologic problems, and geophysical exploration. The table of con-
tents, which is alphabetically arranged, shows the material covered.

Abstracts are prepared only of material that is believed to be generally a-
vailable. Ordinarily abstracts are not published of material with limited cir-
culations (such as dissertations, open-file reports, or memorandums) or of
other papers presented orally at meetings. Abstracts of papers in Japanese
and Chinese are based on abstracts or summaries in a western language ac-
companying the paper.

List of Journals

Lists of journals published in Geophysical Abstracts 160 (January-March
1955, Bulletin 1033-A) and subsequent issues through 175 (October-December
1958, Bulletin 1086-D) have been compiled into a single list, which may be
obtained by writing the U.S. Geological Survey, Washington 25, D. C.

Supplements to this master list have been published in each issue since
Geophysical Abstracts 175. The following is an additional supplement that
lists references cited in Geophysical Abstracts 185 that have not been listed
previously.

Addis Ababa Univ. Coll., Geophys. Observatory Bull. -- Bulletin of the
Geophysical Observatory, Addis Ababa University College. Addis Ababa,
Ethiopia.

Akad. Nauk Uzbek. SSR Izv., Ser. Geol. -- Akademiya Nauk Uzbekskoy SSR,
Izvestiya, Seriya Geologicheskaya [Academy of Sciences of the Uzbek
S.S. R., Bulletin, Geological Series]. Tashkent, Uzbek S.S.R.

Annales Astrophysique -~ Annales d'Astrophysique. -- Revue Internationale
Bimestrielle. Publiée par le Centre National de la Recherché Scientifique
et Editée par Son Service d'Astrophysique [Annals of Astrophysics. In-
ternational Bimonthly Review. Published by the National Center of Scien-
tific Research and edited by its Astrophysics Servicel. Paris, France.

Bol. Tecn. Petrobras -- Boletim Técnico da Petrobris. Publicado pelo Cen-
tro de Aperfeicgamento e Pesquisas de Petrbleo com a Colaboragao dos
Orghos Técnicos de Empresa [Technical Bulletin of Petrobris. Published
by the Center of Petroleum Development and Investigation with the Coop-
eration of the Technical Organ of the Enterprise]. Rio de Janiero, Brazil.

Edmonton Geol. Soc. Quart. -- Edmonton Geological Society Quarterly. Ed-
monton, Albert/a, Canada.

[France] Comm. Energie Atomique Bull, Inf. Sci. Tech. --/Bulletin d'Infor-
mations Scientifiques et Techniques. Commissariat a 1'Energie Atomique
[Bulletin of Scientific and Technical Information. Atomic Energy Com-
mission). Paris, France.

171
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Geog. Rev. Japan -- Geographical Review of Japan [Chirigaku Hyoron]. The
Association of Japanese Geographers, Institute of Geography, Faculty of
Science, University of Tokyo. Tokyo, Japan.

Geologica Ultraiectina -- Geologica Ultraiectina. Mededelingen van het Min-
eralogisch-Geologisch Instituut der Rijksuniversiteit te Utrecht [Bulletin
of the Mineralogical-Geological Institute of Rijks University in Utrecht].
Utrecht, Netherlands.

Inst. Petroleum Rev. -- The Institute of Petroleum Review. London, England.

Mining Engineer -- Mining Engineer. The Institution of Mining Engineers.
London, England.

Northern Rhodesia Geol. Survey Recs. -- Records of the Geological Survey,
Northern Rhodesia Ministry of Labour and Mines. Lusaka, Northern Rho-
desia.

Oceanographia Sinica -- Oceanographia Sinica [Chinese Oceanography]. Pri-
vate Research Publication in Cooperation with the Overseas Branch of the
National Academy of Peiping and Académie et Biblothéque Sino-Interna-
tionales. Taiwan, China.

Offshore ~- Offshore. Industrial Trade Publications. Conroe, Texas.

Prog. Theoretical Physics -- Progress of Theoretical Physics, Research In-
stitute for Fundamental Physics, Physical Society of Japan. Kyoto, Japan.

Tokyo Univ. Fac. Sci. Jour. -- Journal of the Faculty of Science, Tokyo Uni-
versity. Tokyo, Japan.

Form of Citation

The abbreviations of journal titles used are those used inthe U.S. Geo-
logical Survey publications and in many geological journals. For papers in
most languages other than English, the title is given in the original language
as well as in translation. Slavic names and titles have been transliterated by
the system used by the United States Board of Geographic Names. This sys-
tem of transliteration for Russian is given in Geophysical Abstracts 148 (Jan-
uary-March 1952, Bulletin991-A) and in the new "List of Journals'' announced
above. Titles of papers inJapanese and Chinese are given in translation only.

Abstracters

Abstracts in this issue have been prepared by H. Faul, E. C. Robertson,
A. J. Shneiderov, and H. C. Spicer, as well as by the principal authors. Au-
thors' abstracts are used in many instances. Theinitials of an abstracter fol-
lowing the notation "Author's abstract" indicates a translation from the orig-
inal language.

AGE DETERMINATIONS

185-1. Kulp, J. Laurence, Geologic time scale: Science, v. 133, no. 3459,
p. 1105-1114, 1961.

Available pertinent isotopic age measurements are evaluated and the most
probable geologic time scale is constructed. Those samples that appear tobe
most definitive are listed in a table and described briefly in an appendix. In
the new time scale the Cenozoic and Cretaceous are much better defined than
any other parts. No data exist for the Silurian, and only a few quantitative
points are available for the Cambrian, Ordovician, and Triassic. The length
of the major periods averages about 60 million years, with surprising unifor-
mity. The division into Early, Middle, and Late clearly does not, on the basis
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of biostratigraphic considerations, represent equal or even similar time in-
tervals. The geologic time scale has developed to the place where it can be
used for correlation problems inpaleontology, orogeny, and mineralization. —
D.B.V.

185-2. Aldrich, L. Tlhomas], Wetherill, Gleorge] W., Bass, M[anuel] N.,
Tilton, Gleorge] R., and Davis, G. L. Mineral age measure-
ments and early history: Carnegie Inst. Washington Year Book
59, p. 208-221, 1960; reprinted in Carnegie Inst. Washington
Dept. Terresirial Magnetism Ann. Rept. of Director for 1959-60,
1960,

Age measurements made by the same method may give information about
two fundamental geological questions: (1) Is the mineral-forming process an
essentially continuous one, and (2) are there discrete epochs of tectonic acti-
vity between quiescent periods? The time distribution of Rb-Sr ages on a
world-wide basis, classified by continents, indicates significant epochs at
1,000 and 2,600 million years occurring in nearly all continents. Detailed
studies carried out in the past year on basement rocks from Michigan, Ohio,
West Virginia, Missouri, Iowa, Finland, and Saudi Arabia are discussed. (See
also Geophys. Abs., 185-10.) — V. S.N.

185-3. Vinogradov, A. P., and Tugarinov, A. I. Nekotoryye opornyye
opredeleniya absolyutnogo vozrasta (k mirovoy geokhronologi-
cheskoye shkale) [Some marker determinations of absolute age
(for a world geochronological scale)]: Akad. Nauk SSSR Doklady,
v. 134, no. 5, p. 1158-1161, 1960.

The following partial geochronological scale is established on the basis of
absolute age determinations of critical samples made in U.S.S.R. laboratories
by the lead isotope and K-Ar methods: 3,500:!:300)(106 yr, lower boundary of
Katarchean (Kolan); 2,700+£150X10% yr, Katarchean-Archean (Rhodesian);
1,900:!:100)(106 yr, Archean-Early Proterozoic (Belomorian); 1,150i50><106 yr,
Early Proterozoic~Late Proterozoic (Ulkan or Grenville); 650+50x106 yr, East
Aldan (Katangan); 430+20X106 yr, Late Caledonian; 350+20x106 yr, Early Her-
cynian; 250+10x106 yr, Late Hercynian. — D. B. V.

185-4, Kommissiya po Opredeleniya Absolyutnogo Vozrasta Geologicheskikh
Formatsiy. Geokhronologicheskaya shkala v absolyutnom letoi-
schislenii po dannym laboratoriy SSSR na 1960 g. [Geochronologi-
cal scale in absolute age calculations according to data of labora-
tories of the U.S.S.R. as of 1960]: Akad. Nauk SSSR Izv. Ser.
Geol., no. 10, p. 17-21, 1960.

An absolute geological time scale has been drawn up by the Commission on
the Determination of the Absolute Age of Formations of the Academy of Sci-
ences of the U, S.S.R., based on 58 selected K-Ar age determinations made
at different U.S. S. R. laboratories. The decay constants 7LK=5.57X10‘11yr'1
andA B=4.72><10"10yr"1 were used. Accordingtothis 1960time scale, the lower
boundaries of the geologic time units are as follows (in millions of years):
Pliocene 10, Miocene 25, Oligocene 40, Paleocene 70, Late Cretaceous 100,
Early Cretaceous 140, Jurassic 185, Triassic 225, Permian 270, Carboni-
ferous 320, Devonian 400, Silurian (Gotlandian) 420, Ordovician 480, Cam-
brian 570, Precambrian IV (Riphean, Sinian, Late Precambrian, Proterozoic
1I) 1,100-1,200, Precambrian III (Proterozoic I) 1,800-1,900, Precambrian II
(Archean) 2,600-2,700, and Precambrian I(Katarchean) 3,400-3,500.— D. B. V.
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185-5. Semenenko, M. [N.] P. Heokhronolohichna shkala SRSR [The geo-
chronological scale of the U.S.S.R. (with Russian summary)]:
Akad. Nauk Ukrayin. RSR Heol. Zhur., v. 20, no. 6, p. 17-23,
1960.

At the ninth session of the Commission for the Determination of the Absolute
Age of Geologic Formations of the U.S.S.R., an absolute geochronological
scale was worked out and accepted. Two values for the lower boundary of the
Paleozoic figured in the discussions; in the Urals, Caucasus, and Ukraine the
boundary is some 30-60X106 yr youngerthan in Kazakhstan and Czechoslovakia,
The accepted value is 540-600X106 yr.

The Precambrian is divided into 4 groups with the following lower time
boundaries (in millions of years): 1-—3,400-3,500; II—2,600-2,700; 111-1,800-
1,900; and IV—1,100-1,200. The entire scale is presented in afolded insert. —
D.B.V.

185-6. Starik, I. E. [Ye.]. Yadernaya Geokhronologiya [Nuclear geo-
chronologyl: Akad. Nauk SSSR, . Moscow-Leningrad, 630 p.,
1961,

An extensive and detailed summary of the nuclear methods of geologic age
determination including much information of historical interest is presented
in this book. The following topics are discussed: basic principles of radio-
activity; uranium, thorium and lead; emanation; common lead; volumetric,
isotope~dilution, and activation methods of argon analysis; determination of
potassium by chemical and photometric methods; argon retention in minerals;
rubidium and strontium; helium method; ionium method and ocean sediments;
carbon-14 and its determination with proportional and liquid scintillation
counters; summary of minor methods including discussions of osmium, rhe-
nium, pleochroic haloes, uranium oxidation, beryllium-10, xenon from fis-
sion, calcium from potassium decay, radium in manganese nodules, disequi-
librium in secondaryuranium minerals, age of fossil bones, and age of oolites;
the age of the earth and of meteorites; and a summary of geologic time scales
including a new list of tie points from the U.S.S.R. A bibliography of almost
1,200 titles and exhaustive indices are provided. — H. F.

185-17. Bederke, E. Kritische Betrachtung physikalischer Altersbestim-
mung [Critical consideration of physical age determination]: Geol.
Rundschau, v. 49, no. 1, p. 314-319, 1960,

Possible reasons for discrepancies between the absolute time scales of dif-
ferent authors, due to the limitations of various dating methods, are discuss-
ed.—D.B. V.

Fowler, William A., and Hoyle, F. Nuclear cosmochronology. See Geophys.
Abs, 185-90.

Gourinard, Yves. On the presence of cosmic spherules in sedimentary rocks.
See Geophys. Abs. 185-100.

185-8. Hedberg, Hollis D, The stratigraphic panorama (An inquiry into the
bases for age determination and age classification of the earth's
rock strata): Geol. Soc. America Bull., v. 72, no. 4, p. 499-
518, 1961.

The basic purpose of chronostratigraphy is to interpret the history of the
earth through the chronologic sequence of its strata. The principal means
used to work out chronostratigraphy are the physical interrelations of strata,
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the relation of strata to the sequence of organic evolution, and radiocactive age
determinations. Few of the supplementary lines of evidence can be proved to
have had effects that were distinctly recognizable, identical in character, and
synchronous over the whole world, Coordinated use of all possible lines of re-
lative and absolute age determination andtime correlation offers the best pro-
mise for continued progress in chronostratigraphy. The latter part of the pa-
per concerns the related problem of chronostratigraphic classification. —
D.B.V.

Ringwood, A. E. Changes in solar luminosity and some possible terrestrial
consequences. See Geophys. Abs. 185-260.

185-9. Stieff, L[orin] R., and Stern, T[homas] W. Graphic and algebraic
solutions of the discordant lead-uranium age problem: Geochim.
et Cosmochim. Acta, v. 22, no., 2-4, p. 176-199, 1961.

The calculation of possible concordant ages from discordant lead isotope
data has been greatly simplified by Wetherill's graphic method (see Geophys.
Abs. 166-11). The linear relations noted in his 2procedure have been extended
to plots of the mole ratios of total Pb206/UZ38(tNyqs/Nysgg) versus total
Pb207/U235(tNg(7/N235); this modification permits calculation of concordant
ages for unaltered samples using only the Pb 07/Pp206 ratio of the contaminat-
ing common lead.

If isotopic data are available for two samples of the same age, x and y,
from the same or related deposits or outcrops, graphs of the normalized dif-
ference ratios

(Napg/Npga)x—(Npgg/Npgy)y e RN207/N204)X"'(N207/N204)Y]
(Np38/Npgg)x—(Np3a/Nogg)y | [(Npg5/Npgq)x—(Npg5/Ngoq)y

can give concordant ages corrected for unknown amounts of a common lead
with an unknown Pb207/Pb206 ratio. Similar plots of the normalized differ-
ence ratios for three genetically related samples will give concordant ages
corrected, in addition, for either one unknown period of past alteration or in-
itial contamination by an older generation of radiogenic lead of unknown Pp207/
Pb206 ratio.

Algebraic equivalents of these new graphic methods give equations which
maybe programmed for computing machines. For geologically probable para-
meters the equations of higher order have two positive real roots that rapidly
converge on the exact concordant ages corrected for original radiogenic lead
and for loss or gain of Pb or U. Modifications expanded only to the second
degree have been derived for use with desk calculators. — D, B. V.

185-10. Davis, G. L., Tilton, G[eorge] R., Aldrich, L. T[homas], Wetherill,
Gleorge] W., and Bass, M[anuel] N. The ages of rocks and min-
erals: Carnegie Inst. Washington Year Book 59, p. 147-158, 1960;
reprinted in Carnegie Inst. Washington Geophys. Lab. Ann, Rept.
of Director for 1959-60, 1960.

The various nuclear age-dating methods have established the role of long-
term diffusion as a process leading toward discordant ages in rocks. The
differential losses of Pb207 and Pb206 can be calculated for diffusion pro-
cesses, and the predicted pattern of age discordances compared with those
actually observed. Analyses of discordant age data from metamorphic zones
in northern Michigan, from the Karelian basement complex in Finland, from
the basement complex of the Appalachian orogenic belt in the Eastern United
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States and Canada, and from the Canadian Shield are discussed, and it is con-
cluded that long-term diffusion played an important role in causing discordant
uranium-lead agesbut is of less importance in determining the other age val-
ues. (See also Geophys. Abs. 185-2.)— V.S.N.

185-11. Picciotto, Edgard E. Géochemie des &léments radioactifs dans
1'océan et chronologie des sédiments oc€aniques [Geochemistry of
the radioactive elements in the ocean and chronology of the ocean
sediments]: Ciel et Terre, v. 76, no. 3-4, p. 65-86, 1960.

The radioactive nuclides that occur naturally in the ocean are tritium, C14,
Bel0, K40, U238, Th230 (jonium), Rb87, Ra226, U235, pa231, Th227 (radio-
actinium), Th232, Th228 (radiothorium), and Ra228 (mesothorium). Their
concentrations are extremely low compared to those in the crust, and the
Th/Uratio is particularly low (0.01 in the ocean compared to about 3 in rocks).
All three radioactive families are out of equilibrium. Ra226 and Ra are in
excess with respect to their parents, Th230 and Th232, This situation offers
interesting possibilities for tracer studies of ocean circulation.

The radioactive nuclides in pelagic sediments should show equilibrium de-
ficiencies to complement the excesses in the water. The U and Th contents
in pelagic clays have been found to be fairly constant and similar to those of
granitic rocks. In young surface layers Th230 and Pa23! are definitely in ex~-
cess with respect to uranium. Migration of Th230-produced radium has been
demonstrated. Th230 concentration decreases with depth in the sediment in a
general way. Bel0 has been reported in Pacific clays.

The dating methods based on these nuclides are reviewed briefly. cl4 gates
materialup to the order t025,000 yr old. Bel0 is the sole hope at the moment
of dating events that occurred 0.5-10x108 yr ago. Th230 and Pa methods meas-
ure to 300,000 and 150,000 yr ago, respectively. Calculations can be made
on the basis of the decrease of either element, in which case it is assumed
that the uranium concentration in the ocean has remained constant with time;
on the basis of the Th230/ Th232 ratio, with the assumption that the U/Th ratio
hasbeen constant; on the basis of the Pa231/Th230 ratio, which is independent
of variations in uranium content of the ocean; and on the basis of the Th230/
U238 and Pa231/U285 ratios, where uranium has been separated from its de-
scendents as in aragonite of coral reefs or oolites. The K-Ar and U-He meth-
ods can be applied to authigenic minerals or fossils in oceanic sediments, —
D.B.V.

185-12. Starik, I. Ye., Starik, F. Ye., Petryayev, Ye. P., Lazarev, K.
F., and Yelizarova, A. N. Znacheniye migratsii radioelementov
iz mineralov dlya opredeleniya ikh vozrasta svinstovym metodom
[Significance of migration of radioactive elements from minerals
forthe determination of their age by the lead method (with English
summary)]: Internat. Geol. Cong. 21st, Copenhagen 1960, Dok-
lady Sovet. Geologov, Problema 3, p. 15-31, 1960.

Discrepancies between ages determined from different lead isotope ratios
are caused mainly by poor preservation of the sample; as a result of alteration
various radioactive elements have migrated differently. Therefore, in order
to evaluate these age determinations properly, it is necessary to study the
migration behavior of all the radioelements as a function of such factors as
acidity or the presence of other ions. The limiting value of leaching, which
characterizesthe portion of radioelements extracted from a mineral, together
with the coefficient of emanation can serve as criteria for the suitability of a
sample for dating purposes,
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The limiting value of leaching of U, Ra, Rn, Pb206, and Pb207 ig found to
be greater than that for Th, Ra224, and Pb208 in monazite; therefore, the
Pb208/Th232 age is most probable in the case of monazite. The study of

- leaching from uraninite, on the other hand, suggests that the Pb206 17238
Pb207/Pb206, and Pb207/y235 ages are more reliable than the P’bzoslTh23é
age.— D.B. V. ‘

185-13. Narbutt, K. I., Laputina, I. P., Shuba, I. D., Kardakov, K. A.,
and Samoylov, G. P. Isotopnyy sostav rudnogo svintsa i vozrast
mineralov, soderzhashchikh U, Th i Pb, po mass-spektrometrich-
eskim i rentgeno-spectrat'nym dannym [Isotopic composition of
ore lead and the age of minerals containing U, Th, and Pb accord-
ing to mass-spectrometer and X-ray data]: Akad. Nauk SSSR Inst.
Geol. Rudnykh Mestorozhdeniy, Petrographii, Mineralogii i Geo-
khemii, Trudy, no. 28, p. 122-137, 1959.

Mass spectrometer isotopic analyses were made on the lead from 19 galena
specimens and 8 radioactive minerals. The uranium, thorium, and lead con-
tents of the radioactive minerals were determined by an X-ray-spectral meth-
od using the fluorescence spectrum. The accuracy of this method is +5 per-
cent for concentrations of 1-80 percent of the element concerned, and is *10
percent for concentrations less than 1 percent.

The ages of the radioactive minerals were calculated on the basis of these
analyses. The X-ray-spectral method is fully adequate for such minerals as
monazite and uraninite but must be supplemented by mass spectrometer anal-
ysis of the lead for such minerals as pitchblende, brannerite, and samarsk-
ite. —J. W.C.

185-14. Houtermans, F. G. Die Blei-Methoden der geologischen Alters-
bestimmung [The lead methods of geologic age determination]:
Geol. Rundschau, v. 49, no. 1, p. 168-196, 1960.

The principles of radioactive age determination in general and of the U-Pb,
Th-Pb, Pb-Pb, RaD and ThB (Pb210 and Pb212), lead-alpha, and "common"
lead methods in particular are reviewed. The chief results are discussed in
the light of their bearing on the age of the earth and stoney meteorites and on
geologic time scales. — D, B. V.,

Russell, Rlichard] D., and Farquhar, R. M. Lead isotopes in geology. See
Geophys. Abs. 185-393.

185-15. Hintenberger, H, Die Rubidium-Strontium-Methode [The rubidium-
strontium method]: Geol. Rundschau, v. 49, no. 1, p. 197-224,
1960.

The principles and techniques of the Rb~Sr dating method are reviewed, and
the results obtained on some suitable minerals from various parts of the world
are presented. It is concluded that this method has attained at least the same
degree of accuracy as the U-Pb and K-Ar methods. The results are enhanced
whentwo or more independent radioactive methods are used on the same rocks.
The reliability of the data is particularly high when U-Pb or Th-Pb determina-
tions supplement Rb-Sr and K-Ar data; interesting conclusions concerning the
historyof a rock can be drawnfrom any discrepanciesbetween the results. —
D.B.V.

185-16. Erickson, G. P., and Kulp, J. L[aurence]. Potassium-argonmeas-
urements on the Palisades sill, New Jersey: Geol. Soc. America
Bull., v. 72, no. 4, p. 649-652, 1961.
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The Ar40/K40 ratios were determined for whole rock samples from differ-
ent parts of the Palisades sill, for biotite separated from a concentration near
the top of the sill, and for a sample from the first Watchung basalt flow. Com-
parison with the biotite, which is assumed to have retained all of its argon,
shows that the fine and chilled phases of the sill retain all their argon, where-
as the medium and coarse phases retain about 85 percent. These retentivi-
ties may be a function of mineral composition rather than mere texture. An
argon retentivity of 40 percent is indicated for the Watchung basalt.

The results indicatethat in some casesthe argon retentivity of certain types
of basaltic rocks may be as high as that of biotite. A study of the separate
minerals in such rocks may support the application of the method to basalis
in general. — D. B. V.

185-17. Fechtig, H., Gentner, W., and Zahringer, J. Argonbestimmung
an Kaliummineralien—VII. Diffusionsverluste von Argon in Min-
eralien und ihre Auswirkung auf die Kalium-Argon-Altersbestim-
mung [Argon determination on potassium minerals, pt. 7. Dif-
fusion loss of argon in minerals and its effect on the potassium-
argon age determination (with English abstract)]: Geochim. et
Cosmochim. Acta, v. 19, no. 1, p. 70-79, 1960.

Argon-37 was produced in calcium-containing minerals by means of a (n, @)
reaction, and its diffusion measured as a function of temperature (T). Owing
to the high sensitivity of the method it was possible to measure the diffusion
constants (D) down to room temperature. For fluorite, anorthite, augite, and
margarite the constants at room temperature are 10-21-10725 cm per sec.
These results agree with those of K-Ar age determinations. The shape of the
D (1/T) curves shows two "knees' that account for discrepancies in values
found by extrapolation. —— D. B. V.

185-18. Zahringer, J. Altersbestimmung nach der K-Ar-Methode [Age de-
termination by the K-Ar method]: Geol. Rundschau, v. 49, no. 1,
p. 224-237, 1960.

The present state of the K-Ar dating method is reviewed. Decay constants,
measuring techniques, and measurement error are discussed briefly, and the
problem of argon diffusion and discrepancies between mica and feldspar ages
are treated. It is concluded that the argon method is not the most accurate,
but that it is practical and widely applicable and when used on micas can pro-
vide extremely useful geologic information. Results from some determina-
tions onrocks and minerals from the Schwarzwald, Scandinavia, and the United
States, and on iron meteorites are compiled. — D. B. V.

185-19. Afanas'yev, G. D., Kozhina, T. K., and Starik, I. Ye. Rezul'taty
opredeleniya argonovym metodom vozrasta etalonnykh prob musko-
vita, biotita i mikroklina [Results of age determinations of stand-
ard samples of muscovite, biotite and microcline by the argon
method (with English summary)]: Internat. Geol. Cong. 2lst,
Copenhagen 1960, Doklady Sovet. Geologov, Problema 3, p. 9-14,
1960.

This paper is published in English in the Internat. Geol. Cong., 21st, Co-
penhagen 1960, Proc., pt. 3, p. 28-32, 1960 (see Geophys. Abs. 183-14). —
D.B.V.
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185-20. Polevaya, N. I., Murina, G. A., Sprintsson, V. D., and Kazakov,
G. A. Opredeleniya absolyutnogo vozrasta osadochnykh i vulkano-
gennykh formatsii [Determination of the absolute age of sedimen-
tary and volcanogenic formations (with English summary)]: Inter-
nat. Geol. Cong. 21st, Copenhagen 1960, Doklady Sovet. Geologov,
Problema 3, p. 32-54, 1960.

The K-Ar ages of some intrusive and extrusive rocks and of glauconite from
sediments representing a wide geographic and stratigraphic range in the
U.S.S.R. and China are tabulated. It is shown that little argon is lost from
glauconite, or from lava as it cools. The conclusion is drawn that volcanic
rocks and glauconitic sediments can be dated reliably by the argon method.
Whenthese can also be datedin relation to formations of well established bio-
stratigraphic age, their contribution to the establishment of an absolute geo-
logic time scale will be considerable. — D, B. V. '

185-21. Amirkhanov, Kh. 1., Brandt, S. B., and Bartnitskiy, Ye. N. O
metodike E. K. Gerlinga opredeleniya energii aktivatsii radio-
gennykh gazov v mineralakh [On E. K. Gerling's method of de-
termining the activation energy of radiogenic gases in minerals]:
Geokhimiya, no. 7, p. 646-649, 1960.

Gerling, E. K. Po povodu stat'i Kh. I. Amirkhanova, S. B. Brand-~
ta, i Ye. N. Bartnitskogo 'O metodike E. K. Gerlinga opredelen-
iya energii aktivatsii radiogennykh gazov v mineralakh' [Apropos
of the paper by Kh. I. Amirkhanov, S. B. Brandt, and Ye. N.
Bartnitskiy 'On E. K. Gerling's method of determining the activa-
tion energy of radiogenic gases in minerals']: ibid, p. 649, 1960.

It is claimed that Gerling's work on the loss of radiogenic helium and argon
from various minerals (see Geophys. Abs. 171-43, 183-13) is not compatible
with modern theories of solids. Diffusion from a layer is examined mathe-
matically, and it is shown that the activation energies are not characterized
by the slopes of the logarithmic curves of the rate of liberation of radiogenic
gases from minerals. Therefore, Gerling's values of activation energies, and
the inferred differences inposition of radiogenic atoms in the lattice, are com-
pletely arbitrary.

Gerling replies that the point of view of Amirkhanov and his colleagues is
obsolete and not in accord with modern physical concepts on diffusion along a
disturbed crystal lattice. Their use of a curve concerning argon liberation
from different positions inthe mineral, including an activation energy of zero,
is mathematically absurd, as in that case argon could not be retained in the
mineral. — D. B. V.

Krylov, A. Ya., Lisitsyn, A. P., and Silin, Yu. I. Significance of the argon-
potassium ratio in ocean sediments. See Geophys. Abs. 185-590.

185-22. Miinnich, K. O. Die C14-Methode [The Cl4 method]: Geol. Rund-
schau, v. 49, no. 1, p. 237-244, 1960.

The principles, techniques, and sources of error of the radiocarbon dating
method are reviewed briefly. The results and possibilities of the method are
illustrated by a few typical examples. — D. B. V.

185-23. Olsson, Ingrid. The cl4 dating stations using the COg proportional
counting method: Arkiv Fysik, v. 13, no. 3, p. 37-60, 1958.



180 GEOPHYSICAL ABSTRACTS 185, APRIL-JUNE 1961

After a discussion of the principles of radiocarbon dating and the occurrence
of C14 in nature, the apparatus and procedure used at the Uppsala (Sweden)
dating laboratory are described in full detail. — D. B. V.

National Bureau Standards. Redetermination of the half life of carbon-14, See
Geophys. Abs. 185-488.

185-24. Daniels, Farrington. Kinetics and thermoluminescence in geo-
chemistry: Geochim. et Cosmochim. Acta, v. 22, no. 2-4, p.
65-74, 1961.

This is the text of the presidential address delivered in 1958 before the Geo-
chemical Society at St. Louis, Mo. After a brief survey of some branches of
geochemistry, in which the helpful aspects of physical chemistry are men-
tioned, two special research fields are discussed in more detail: chemical
kinetics, with application to the calcite~aragonite problem; and the thermo-
luminescence of crystals and its application to age determination. — D.B. V.

185-25. Ramdohr, P. Neue Beobachtungen an radioaktiven Héfen in ver-
schiedenen Mineralien mit kritischen Bemerkungen zur Auswer-
tung der Hofe zur Altersbestimmung [New observations on radio-
active haloes in different minerals with critical remarks on the
evaluation of haloes for age determination]: Geol. Rundschau,v.
49, no. 1, p. 253-263, 1960.

The method of age determination by means of pleochroic haloes is often ap-
plied to objects that are unsuitable for the purpose; this istrue both of the ra-
diating as well as of the discolored mineral. The sources of error lie in non-
uniform size of the radioactive inclusions, in variations of activity within the
granules (due to zonal structure), in the relative ages of the inclusions and
host material, and in the exposure time and susceptibility to coloration of the
host material. Age determinations by the pleochroic halo method therefore
should be regarded with great caution. — D, B. V.

185-26. Ehmann, William D., and Huizenga, John R. A search for long-
lived Ca50 and Cr56; Kentucky Acad. Sci. Trans., v. 21, no. 1-2,
p. 1-5, 1960.

The existence of extinct natural radioactivity would have considerable signif-
icance inthe fields of geochemistry and cosmology. An extinct natural radio-
nuclide is one whose lifetime istoo short for detectable amounts to be present
from the time of nucleogenesis but is long enough to produce, through radio-
active decay, effects that may be identified at present. Its half life falls in
the range from 3x107 yr to 3x108 yr. Pb205, Pu44, and Cm appear to
have half lives in this range. Of these only Pb205 with a stable decay product,
T1205, would be important for isotopic dating.

The search made for the nuclides Ca50 and Cr36 by use ofthe active daugh-
ter extraction technique is described here. Results indicate a lower limit to
the half life of Ca%0 of approximately 1X103 yr and for Crd6 of approximately
1.1x104 yr if they are not both very short lived. The possibility that Ca%0 and
Cr36 might have halflives in the range for extinctnatural radionuclides is not
excluded by these results. Much longer irradiation times and larger, highly
enriched samples must be used toextend the exclusionlimits through this half
life range. — V.S. N.
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185-27. Toulmin, Priestly, 3d. Geological significance of lead-alpha and
isotopic age determinations of '"alkalic' rocks of New England:
Geol. Soc. America Bull., v. 72, no. 5, p. 775-780, 1961.

Recent age determinations indicate that at least two groups of 'alkalic"
igneous rocks exist in New England, with ages of about 185 and 270 million
years. Because of their lithologic and geologic similarities, all these rocks
had previously been grouped with the White Mountains plutonic-volcanic se-
ries of New Hampshire. Until reliable petrographic or geologic criteria be-
come available for distinguishing these age groups, caution should be exer-
cised in assigning any undated body of '"alkalic' rock to one or the other
group. — Author's abstract

185-28.  Giletti, Bruno J., and Damon, Paul E. Rubidium-strontium ages of
some basement rocks from Arizona and northwestern Mexico: Geol.
Soc. AnYerica Bull., v. 72, no. 4, p. 639-643, 1961,

Results of 11 Rb-Sr age determinations on basement rocks from Arizona
and northern Mexico are tabulated. The Precambrian age range is 1,200~
1,500X108 yr. The "1,350 million year orogeny'is extended into northwestern
Arizona (Chloride granite) and southern Arizona (Oracle granite) near Tucson.
Cretaceous-Tertiary ages were obtained for basement rocks in southern Ari-
zona and northern Sonora, Mexico. — D.B. V.,

185-29. Fairbairn, H[arold] W., Hurley, P[atrick} M., and Pinson, W[illiam]
H. [Jr.]. Mineral and rock ages at Sudbury-Blind River, Ontario:
Geol. Assoc. Canada Proc., v. 12, p. 41-66, 1960.

The Sudbury-Blind River complex is a part ofthe area alongthe north shore
of Lake Huron that is bounded by two more stable regions of contrasting age:
on the north and northwest by granitic rocks and metasediments mostly 2.5-
2,7x109 yr old, and on the southeast by Grenville gneisses and granites 900-
1,000X106 yr old. The reconnaissance study reported here is part of a larger
study to determine the degree to which each of the more stable shield areas
has affected the isotopic ages within the north shore belt.

Eighty-three isotopic age analyses on biotite, potassium feldspar, and whole-
rock samples from 45 localities were made by both K-Ar and Rb-Sr methods
on igneous rocks and on a few metasediments. The dates obtained form an
age spectrum from 1.0 to 2.2 billion years, and both K-Ar and Rb-Sr results
give evidence of orogenic events at approximately 1.0, 1.2, and 1.6 billion
years. Whole-rock analyses of igneous material, which show higher ages than
do coexisting minerals, are believed to yield close approximations to the true
age.

Data are summarized in tables and histograms, and a map shows the loca-
tionof samples and the generalized geology of the Sudbury-Blind River area. —
V.S.N. ‘

185-30. Gross, Glordon] A. Iron-formations and the Labrador geosyncline:
Canada Geol. Survey, Dept. of Mines and Tech. Surveys, Paper
60-30, 7 p., 1961.

The geology and structure of the Precambrian formations and associated
iron-bearing members of the Labrador geosyncline are described briefly. Po-
tassium-argon determinations on micas from 2 older Precambrian metamor-
phic units give ages of 2,365x106 yr, and 1,635-1,935X106 yr. Ages range
from 440 to 1,580X106 yr for younger Precambrian units within the geosyn-
cline. — V., S. N.
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185-31. Moorbath, S., Webster, R. K., and Morgan, J. W. Absolute age
determination in south-west Greenland. The Julianchaab granite,
the ITmaussaq batholith and the Kilingnét syenite complex: [Den-
mark] Medd. om Grgnland, v. 162, no. 9, p. 5-13, 1960.

Rubidium-strontium age measurements for the Julianehaab granite and for
the Ilfmaussaq batholith give values of 1,590:!:70)(106 yr and 1,08(:'o:t19><106 yr,
respectively (using a value of 5.0X1010 yr for the half life of rubidium). These
represent the maximum and minimum values for the age of the Gardar forma-
tion, which is thus Precambrian. The results furthermore show that the Ke-
tilidian basement rocks (pre-Julianehaab granite) of southwest Greenland are
themselves Precambrian. A Rb-Sr determination from the Kilingnit syenite
complex also gives a Precambrian age (1,2401150X106) indicating possible
contemporaneity with the Ilfmaussaq batholith. Two K-Ar age measurements
are reported and are found to be in broad agreement with the Rb-Sr data. —
Authors' abstract

185-32. Baadsgaard, H[alfdan], Folinsbee, R. E., and Lipson, J[osephl].
Potassium-argon dates of biotites from Cordilleran granites: Geol.
Soc. America Bull., v. 72, no. 5, p. 689-701, 1961,

Biotites from 20 plutons of the North American Cordillera, mostly from
British Columbia, have been dated by the K-Ar method. Most dates confirm
geologic age interpretations. The Cordillera underwent 5 periods of granitic
intrusion (in millions of years): Devonian (Acadian), 350-360; Early Mesozoic,
186 and 163; Middle Cretaceous (the major Cordilleran intrusion), 95-100;
Late Cretaceous, 80; and Eocene (Rocky Mountain orogeny), 50-60. Small
bodies intruded in the Cascade Range 18X106 yr ago (Miocene) are believed
to be the youngest exposed batholiths in North America. — D. B. V.

185-33. Rouse, Glenn E., and Mathews, W. H. Radioactive dating of Ter-
tiary plant-bearing deposits: Science, v. 133, no. 3458, p. 1079-
1080, 1961,

Four K-Ar determinations from Tertiary rocks inthe interior of British Co-
lumbia have yielded dates ranging from 45 to 49 million years. This suggests
contemporaneity of three separate localities within the Middle Eocene epoch.
Abundant plant micro- and macro-fossils support this conclusion and indicate
a flora quite different from floras of comparable age in western United
States. — Authors' abstract

185-34. Pittioni, Richard. Der Beitrag der Radiokarbon-Methode zur ab-
soluten Datierung urzeitlicher Quellen. 2. Bericht [Contribution
of the radiocarbon methodto the absolute dating of primitive sites.
2d report]: Forschungen u. Fortschritte, v. 33, no. 7, p. 200-206,
1959.

This second compilation of radiocarbon data for Europe and North America
lists results published since the first report (see Geophys. Abs. 172-3).
Geologic and archeologic dates are given in separate tables, together with a
bibliography of sources and an alphabetical list of sites. — D. B. V.

185-35. Shepard, Francis P. Rise of sea level along northwest Gulf of Mex-
ico, in Recent sediments, northwest Gulf of Mexico: Tulsa, Okla.,
Am. Assoc. Petroleum Geologists, p. 338-344, 1960.
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Carbon-14 determinations on nearshore and shallow-bay macro-organisms
from the relatively stable Texas coast date the post-glacial rise of sea level
from 300 feet below the present at 17,000 yr B. P. to about 40 feet at 8,000
B.P. The rise apparently has continued very slowly during most of the re-
maining time although unidentified fluctuations are possible. Fluctuations
during the 17,000-8,000 B. P. interval, indicated by eastward-sloping drowned
barriers, appear to correspond with some of the readvances of the continental
ice sheets.

The history of rise alongthe Texas coast agrees with that along other stable
coasts. Records from the Mississippi Delta area, however, indicate an in-
dependent subsidence of that area on the order of about 1 ft per century. A
rapid downwarping in a portion of the Gulf Coast geosyncline is indicated rath-
er than subsidence due solely to compaction of the delta sediments or to iso-
static sinking under load. — V. S. N.

185-36. Rosholt, J[ohn] N., Emiliani, C[esare], Geiss, J[ohannes], Koczy,
Flritz] F., and Wangersky, P. J. Absolute dating of deep-sea
cores by the Pa231/Th230 method: Jour. Geology, v. 69, no. 2,
p. 162-185, 1961.

Dating by the P2a231/Th230 method of two deep-sea cores from the Caribbean
separated by about 60 km has given a set of dates that are internally consist-
ent, identical within the limits of error in stratigraphically equivalent levels
of the two cores, and coincident with C1 chronology. These dates provide an
absolute time scale from the present to about 175,000 yr ago. Pa 31/Th230
and C14 measurements on deep-sea cores, C'% measurements on continental
material, paleotemperature analysis of deep-sea cores, and correlation of the
temperature record of the cores with continental events provide the following
Pleistocene time scale: Postglacial, 0-10,000 yr; Late and Main Wiirm, 10,000~
30,000 yr; Main Wirm-Early Wiirm interval, 30,000-50,000 yr; Early Wiirm,
50,000-65,000 yr; Riss/Wirm interglacial, 65,000-100,000 yr; Riss, 100,000~
130,000 yr; and Mindel/Riss interglacial, 130,000-175, 000 yr.

Pa231/Th230 dating of a deep-sea core from the North Atlantic gave ages
consistently greater by 30,000 yr than dates from the Caribbean cores and the
cl4 chronology. This is believed to result from contamination by reworked
clay. Sedimentation studies indicate that rates of sedimentation during the
last 11,000 yr were lower than during previous time intervals. A generalized
temperature curve, calibrated in terms of the Cl‘l-Pa231/Th230 chronology,
is presented. — V. S. N,

185-37. Koldewijn, B. W. Sediments of the Paria-Trinidad shelf [with
Dutch summaryl: Amsterdam Univ. Fys. -Geog. Lab. Pubs., no.
1, 109 p., 1958.

Carbon-14 ages are reported for 13 samples taken from 9 sediment cores
along the Paria-Trinidad shelf, The oldest plant remains dated were 17,820+
600 yr old. Estimates of the rate of deposition are made for various sites
based on the carbon-14 dates and also on the thickness of the clay deposit. It
is concluded that clay sedimentation started about 12,000 yr ago.

The relief and slope ofthe Paria-Trinidad shelf are factors of some influence
in the deposition of the sediments. The most striking fact about this shelf is
the extreme irregularity of the surface eventhough the steepest slopes hardly
exceed one degree. The presence of three diverging orogenic belts in the vi-
cinity, one of which is still active, supports the idea that the morphology of
the shelf north of the Paria Peninsula and around Trinidad is strongly influenced
by tectonics. — V. S. N.
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185-38. Schreiner, G. D. L. Comparison of the 87TRp-87sr ages of the red
granite of the Bushveld complex from measurements on the total
rock and separated mineral fractions: Royal Soc. [London] Proc.,
ser. A, v. 245, no. 1240, p. 112-117, 1958,

Rubidium-strontium age determinations were made on a portion of total
crushed rock and on the feldspar fraction of each of four widely separated
samples of the red granite of the Bushveld complex, and on biotite separated
from one sample. These nine determinations yielded a mean age of 2.41X109
yr for a half life value of 6.3X109 yr, or 1.92X109 yr using a half life value of
5.0X109 yr. There are no variations between individual determinations that
are significant at the 99 percent confidence level. For the unweighted mean
age the 99 percent confidence limits are +0.13X10° yr. Despite the low en-
richment of Sr87 the total rock method shows 99 percent confidence limits of
40.22X109 yr for the mean of four determinations. — D. B. V.

185-39. Allsopp, H. L. Rb-Sr age measurements on total rock and sepa-
rated-mineral fractions from the Old Granite of the Central Trans-
vaal: Jour. Geophys. Research, v. 66, no. 5, p. 1499-1508, 1961,

The ages of 5 total rock samples and 13 separated mineral fractions from
granites and pegmatites of the Old Granite exposed between Johannesburg and
Pretoria in the Transvaal were determined by the Rb-Sr method. The techni-
ques employed are described briefly. The total-rock samples yield concordant
results; the age of emplacement of the granite is found to be 3,200:t65X106 yr
and the primary abundance of Sr87 to be 0.07006+0.00030. The apparent ages
deduced from the separated minerals differ widely, and are both higher and
lowerthan the total-rock age. The discordance is considered to be due to dif-
fusion of radiogenic strontium from mineral to mineral probably about 2,000X
108 yr ago. — D.B. V,

185-40. Bésairie, H[enri]. Le socle cristallin de Madagascar [The crys-
talline basement of Madagascar], in Asociacion de Servicios
Geologicos Africanos: Internat. Geol. Cong., 20th, Mexico City,
1956, p. 47-62, 1959.

The constitution of the metamorphic series and the different systems of the
crystalline basement of Madagascar are described. The chronology is as fol~
lows: Androyan Graphite System, 2,600x106 yr; Vohibory System, 2,140%106
yr; magmatic epochs at 1,800, 1,660, 1,520 and 1,140 (:!:350))(106 gr; Cipolin
Series and magmatism, 1,125x106 yr; magmatic epoch at 700X10° yr; many
pegmatites, 485x106 yr; Quartzite Series (Devono-Carboniferous); and pre-
Karroo orogenesis. (See also Geophys. Abs. 183-22.)— D.B. V.

185-41. Roubault, Marcel, and Durand, Georges L. f\ges absolue de divers
minéraux uraniféresfrangais déterminés par la méthode au plomb
[Absolute ages of different French uranium minerals determined
by the lead method]: Acad. Sci. [Paris] Comptes Rendus, v. 252,
no. 3, p. 367-370, 1961,

The ages of 4 pitchblendes, 1 gummite, and 1 pitchblende-gummite mixture
from different parts of France and of 1 uranothorianite and 1 samirésite from
Madagascar were determined bythe lead method. Discordance of Pp207/pp206
ages with respect to those calculated from the Pb206/U238 ang pp207/y235
ratios for the French pitchblendes and gummites shows that these minerals
were formed 260£5X108 yr ago (Permian, terminal phase of the Hercynian
orogeny) and were reworked 70+5x106 yr ago (beginning of the Alpine orog-
eny). —D.B. V.
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185-42. Verger, Fernand, and Florschiitz, Frans. Sur l'existence & Fro-
mentine (Vendée) d'une couche de tourbe du début de 1'atlantique
[On the existence of a peat bed from the beginning of the Atlantic
at Fromentine (Vendée)]: Acad. Sci. [Paris] Comptes Rendus, v.
251, no. 6, p. 891-893, 1960.

Radiocarbondating of apeat found 9.50 mdeep in twoborings at Fromentine,
France, as 5,230£100 yr B.C. confirms paleobotanic evidencethat it was form-
ed at the beginning of the Atlantic stage. — D. B. V.

185-43. Ferrara, G., Stauffer, Hleinz], and Tongiorgi, E[zio]l. Analisi
isotopica del piombo in sedimenti uraniferi delle Alpi Orientali
[Isotopic analysis of lead in uraniferous sediments of the East
Alps]: Accad. Naz. Lincei Atti Cl. Sci. Fis., Mat. e Nat. Mem.,
Sess. 2, no. 2, p. 67-81, 1960.

The lead in samples from the continental ''Val Gardena Sandstones'' collect-
ed in the Val Rendena in the East Alps was analyzed isotopically. Results are
tabulated and discussed.

Onlytwo samples (silicified wood containing about 1 percent U) were suitable
for age determinations by the RaD (Pb210) method; these indicate an age of
220X108 yr for the originalrock. Ages obtainedon other samples suggest that
secondary enrichment (U>10 percent) occurred 70-95x108 yr ago. Corapari-
son with results obtained in the West Alps suggests that the mobilization of
heavy elements in the East Alps occurred at about the same time as in the Val
d'Aosta, and that the uraniferous sediments of the East and West Alps could
have been deposited contemporaneously, — D. B, V.

185-44. Brinkmann, R., Minnich, K. O., and Vogel, J. C. Anwendung der
Cl4-Methode auf Bodenbildung und Grundwasserkreislauf [Ap-
plication of the C14 methodto soil formation and ground water cir-
culation]: Geol. Rundschau, v. 49, no. 1, p. 244-253, 1960.

The circulation of water in the ground can be followed closely by means of
the carbon isotopes. Carbon-14in particular makes it possible to understand
better the formation of carbonate precipitations, and to determine the abso-
lute age of calcareous crusts and of groundwater. Apparently, numerous cal-
careous crusts formed in the Mediterranean region during the Quaternary.
Groundwaters yield ages up to 10,000 yr depending on their depth level. The
significance of the method in the problem of cycles of juvenile-vadose water,
deep groundwater, and fossil groundwater is indicated. — Authors' summary,
D.B.V.

185-45. Watznauer, A. Bemerkungen zur physikalischen Altersbestiranmung
an sédchsischen Graniten und Gneisen [Remarks on the physical
age determination on granites and gneisses of Saxonyl: Geol.
Rundschau, v. 49, no. 1, p. 278-288, 1960,

For several years physical age determinations have been made in order to
date more accurately the magmatic processes in the Saxon-Thuringian zone of
the Variscan mountains. They concern the Lausitz granite complex, the Dohna
granite, that of Karlsbad-Eibenstock and its mineral deposits, a number of
Bohemian granites, and gneisses and schists from Saxony. The values given
in tables and discussed in the text suggest that present physical methods of
age determination are not yet unambiguous enough in the case of magmatic
rocks to allow definite conclusions. The investigations are being continued. —
Author's summary, D.B.V,
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185-46. Neumann, Henrich. Apparent ages of Norwegian minerals and rocks:
Norsk Geol. Tidsskr., v. 40, no. 3-4, p. 173-191, 1960.

Apparent ages determined on Norwegian rocks and minerals by different
laboratories are compiled from various sources, including unpublished per-
sonal communications. Many recalculations are necessary in order to make
the results mutually comparable and thus permit a more thoroughand detailed
analysis. However, these preliminary results clearly 1ndlcate that there were
two important Precambrian epochs, one about 900~ -950%108 yr ago and the oth-
er about 1,100X108 yr ago. Surprisingly, there is as yet no evidence of the
1,400- and 1,800-million-year-old events that are so prominent elsewhere in
the world. It is also noteworthy that the three Precambrian 'formations' of
southern Norway appear to have beenformed by a number of penecontempora-
neous and generally similar geologic events; differences in the resulting pro-
ducts depend mostly on variations in temperature and pressure and chemical
environment. — D. B. V.

185-47. Magnusson, Nils H. Age determinations of Swedish Precambrian
rocks: Geol. Féren. Stockholm Forh., v. 82, no. 4, p. 407-432,
1960.

The Precambrian history of Sweden is discussed in some detail in the light
of the compiled results of available age determinations. Some 60 rocks have
been dated by the K-Ar method, and 2 of these by the Rb-Sr method in addition.
Seven samples were dated by two different potassium-argon laboratories in
the U.S.S.R. The age data are tabulated.

The essential problems in the Swedish Precambrian are the regeneration
processes and their effect on apparent ages. Many complementary determi-
nations are necessary to elucidate details in different areas. — D. B. V.

185-48. Lundqvist, G[osta]. Cl4-Daterade tallstubbar frén fjillen [C14
dated pine stumps from the mountains (with English summary)]:
Sveriges Geol. Unders&kning, Arsb. 53, no. 3, (ser. C, no. 565),
21 p., 1959,

The results of radiocarbon dating of pine stumps from the mountains of
western Sweden show that the pine immigrated soon after ice retreat, proba-
bly from the west. The oldest dated stumps are more than 4,000 yr old. The
"fossil" timberline occurs at the intersection of the land uplift curve and the
climatic curve; the effect of land uplift on the altitude of the timberline was
greatest in the early stages and has decreased up to the present time.—D.B.V.

185-49. Krummenacher, Daniel, and Evernden, Jack Floord]). Détermina-
tions d'dge isotopique faites sur quelques roches des Alpes par la
méthode Potassium-Argon [Isotopic age determinations made on
some Alpine rocks by the potassium-argon method]: Schweitzer.
Mineralog. Petrog. Mitt., v. 40, no. 2, p. 267-277, 1960.

Nine rocks from various parts of the Alps were dated by the K-Ar method
on micas, and the results agree well with geologic data. The rocks of the
Aiguilles-Rouges and Mount Blanc massifs yield ages that appear to be too
young; this indicates loss of argon. The loss may be due to an accelerated
rate of diffusion during hydrothermal and metamorphic activity of the Alpine
orogeny. The size of the minerals used for dating appears to have an influ-
ence on the ages obtained; the diffusion of gas in the mineral is an inverse
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function of grain size. The age found for the Grand-Paradis massif is some-
what older than that assigned to the Alpine orogeny. This is due either to the
retention of radiogenic argon produced before the orogeny or to the Alpine o-
rogeny being actually older than has been supposed. —J. W. C.

185-50. Gross, Hugo. Zur Frage der Gliederung und Chronologie der Letz-
ten Eiszeit (Wiirm oder Weichsel) in Metteleuropa [On the prob-
lem of the subdivision and chronology of the Last Glaciation
(Wirm or Weichsel) in central Europe]: Forschungen u. Fortsch-
ritte, v. 33, no. 11, p. 332-336, 1959.

The geologic and c14 data show that the short Wiirm chronology supported
by Narr is false, and that the longer chronology, subdivided into three main
intervals (Early Wiirm, Gottweig Interstadial, and Main Wiirm), is correct. —
D.B.V.

185-51. Narr, Karl J. Nochmals: cl4.Daten und die Gliederung des Jung-
pleistozédns [Once more: C14—dates and the subdivision of the late
Pleistocene]: Forschungen u. Fortschritte, v. 34, no. 3, p. 90-
91, 1960.

Gross' objections to Narr's subdivision of the late Pleistocene (see Geo-
phys. Abs. 178-10, 185-50) are shown to be not well founded. — D. B. V.

185-52. Polkanov, A. A., and Gerling, E. K. Geokhronologiya dokembriya
baltiyskogo shchita [Geochronology of the Precambrian of the Bal-
tic shield (with English summary)]: Internat. Geol. Cong., 2lst,
Copenhagen 1960, Doklady Sovet. Geologov, Problema 3, p. 57-
82, 1960.

This paper has been published in English in the Internat. Geol. Cong., 21st,
Copenhagen 1960, Proc., pt. 9, p. 183-191, 1960 (see Geophys. Abs. 183-
31). —D.B. V.

185-53. Vinogradov, A. P., Komlev, L. V., Danilevich, S. 1., Savonenkov,
V. G., Tugarinov, A. I., and Filippov, M. S. Absolyutnaya geo-
khronologiya Ukrainskogo dokembriya [Absolute geochronology of
the Ukrainian Precambrian (with English summary)]: Internat.
Geol. Cong., 21st., Copenhagen 1960, Doklady Sovet. Geologov,
Problema 3, p. 83-111, 1960.

This paper has been published in English in the Internat. Geol. Cong., 21st,
Copenhagen 1960, Proc., pt. 9, p. 116-132, 1960 (see Geophys. Abs. 183-
35). — D.B. V.

185-54. Semenenko, N. P., Burkser, Ye. S., and Ivantishin, M. N. Voz-
rastnyye gruppy mineralizatsii porod Ukrainy v absolyutnom leto-
schislenii [Age groups of mineralization of rocks of the Ukraine
in absolute age calculations (with English summary)]: Inter nat.
Geol. Cong., 21st, Copenhagen 1960, Doklady Sovet. Geologov,
Problema 3, p. 112-131, 1960.

The evidence for each of the igneous and metamorphic cyclesthat have been
established for the Ukrainian Precambrian on the basis of absolute age deter-
minations (see Geophys. Abs. 183-34, and 184-44) is discussed. The lower
boundary of the Cambrian is set at 570 million years. — D.B. V.
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185-55. Vinogradov, A. P., Tugarinov, A. 1., Knoore, K. G., Bibikova,
Ye. V., and Lebedev, V. I. O vozraste kristallicheskogo osno-
vaniya Russkoy platformy [Onthe age of the crystalline basement
of the Russian platform (with English summary)]: Internat. Geol.
Cong., 21st, Copenhagen 1960, Doklady Sovet. Geologov, Pro-
blema 3, p. 132-148, 1960.

The results of absolute age determinations on cores from the crystalline
basement underlying the thick Paleozoic-Mesozoic cover of the Russian plat-
form show that the Voronezh massif in the region of the Kursk magnetic a-
nomaly is about 1,800X108 yr old, the same as the ancient formations of the
Baltic and Ukrainian shields. The next magmatic cycle, 1,600-1,700)(106 yr
old, is contemporaneous with the rapakivi intrusions of the southern Baltic
shield and the intrusions in the Lower Proterozoic syncline between the Baltic
and Ukrainian shields and the Voronezh massif. Intensive activity occurred
in the area of the Pachelm depression and the Stalingrad slope of the Caspian
depression about 1, 400X106 yr ago, and the last Proterozoic cycle, about 900~
1,100)(106 yr ago, produced intrusions alongthe margins of the Baltic depres-
sions and in the Volga region. The tectonic and magmatic activity of the Do-
nets Basin, originating in the Early Proterozoic, was subsequently regener-
ated even as late as in Hercynian time. Recent tectonic movements in the
Russian platform have occurred along ancient mobile zones that have been
periodically reactivated throughout geologic history. — D. B. V.

185-56. Afanas'yev, G. D., Abdullayev, R. N., Bagdasaryan, G. P.,
Knorre, K. G., Rubinshteyn, M. M., and Studenikova, Z. V.
Itogi geokhronologicheskikh issledovaniya magmaticheskikh gor-
nykh porod Kavkaza [Results of geochronological investigations
of magmatic rocks of the Caucasus (with English summary)]l: In-
ternat. Geol. Cong., 21st, Copenhagen 1960, Doklady Sovet. Ge-
ologov, Problema 3, p. 161-194, 1960.

The resulis of argon age determinations made on igneous and a few meta-
morphic rocks from different structural units of the Caucasus are compiled
and the geologic history of the region inferred from the results. The signif-
icance of discrepancies between the ages of micas and alkali feldspars from
the same specimens is discussed. — D, B. V.

185-57, Ovchinnikov, L. N., and Garris [Harris], M. A. Absolyutnyy voz-
rast geologicheskikh obrazovaniy Urala i Priural'ya [Absolute age
of geologic formations of the Urals and Pri-Urals (with English
summary)]: Internat. Geol. Cong., 21st, Copenhagen 1960, Dok-
lady Sovet. Geologov, Problema 3, p. 195-207, 1960,

The English version of this paper has been published in the Internat. Geol.
Cong., 21st, Copenhagen 1960, Proc., pt. 3, p. 33-45, 1960 (see Geophys.
Abs. 183-39). — D.B. V.

185-58. Komlev, L. V. Absolyutnyy vozrast granitnykh intruziy tsentral’'-
nogo i severnogo Kazakhstana i shkala geologicheskogo vremeni
[The absolute age of the granitic intrusions of central and northern
Kazakhstan and the geologic time scale (with English summary)]:
Internat. Geol. Cong., 21st, Copenhagen 1960, Doklady Sovet.
Geologov, Problema 3, p. 208-221, 1960.

On the basis of absolute age determinations by different methods on granitic
rocks from northern and central Kazakh S.S.R., the following time scale is
established (in millions of years): end of the Paleozoic, 260; Permian-Car-
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boniferous boundary, 300; end of the Viséan (Middle Carboniferous), 360;
Early Devonian, 420; end of Middle Ordovician, 500; early Caledonian cycle,
500-7?; late Caledonian cycle, 420-480; early Hercynian cycle, 340~380; and
late Hercynian cycle, 260-320. — D. B. V.

185-59. Semenov, A. I., and Shuvalov, Yu. M. O vozraste Kryk-Kudukstoy
intruzii v severnom Kazakhstane [On the age of the Kryk-Kuduk
intrusion in northern Kazakhstan]: Akad. Nauk SSSR Doklady, v.
137, no, 2, p. 397-399, 1961.

The age of the Kryk-Kuduk intrusive massif in northern Kazakh$S.S .R. has
been established on the basis of field relations, degree of metamorphism, and
K-Ar dating (500X108 yr) as middle Llandeilan or older. — D. B. V.

185-60. Semenenko, M. P. [N, P.], and Tsarovskiy, I. D. Zistavlennya
heolohostrukturnykh danykh z rezul'tatamy vyznachennya absolyut -
noho viku luzhnykh porid Pryazov'ya [Comparison of geologic-
structural data with the results of absolute age determinations on
the alkaline rocks of the Azov region (with Russian Summary)]:
Akad. Nauk Ukrayin. R.S.R. Heol. Zhur., v. 19, no. 6, p. 3-11,
1959.

The alkaline rocks of the Azov region of the Ukrainian S. S, R. occur struc-
turally as centers with radial systems of metasomatically alkalized silicic
rocks and as linear bodies related to fracture systems. Potassium-argon
determinations show that these structures are not contemporaneous, the for-
mer giving ages of 800-1,260X106 yr and the latter of 250-280%108 yr.—D.B.V.

185-61. Khamrabayev, I. Kh. Ob absolyutnom vozraste granitoidnykh in-
truzivov i postmagmaticheskikh obrazovaniy Zapadnogo Uzbeki-
stana [Absolute age of granitic intrusives and postmagmatic de-
posits of western Uzbekistan]: Akad. Nauk Uzbek. SSR, Izv., Ser.
Geol., no. 1, p. 77-87, 1957.

The granitic intrusions and postmagmatic ore deposits of western Uzbek
S. 8. R. are geologically older than the Middle Carboniferous and younger than
the Upper Carboniferous-Permian continental deposits. The most reliable
absolute age for both the granites and ore deposits is 180-200 million years,
which corresponds to the end of the Carboniferous and the beginning of the
Permian. Contemporaneity of igneous activity and mineralization is thus dem-
onstrated. None of the age methods was successful in distinguishing indi-
vidual phases of intrusion. This is explained by the interval between phases
being less than 1 million years, which lies below the threshold of accuracy of
the methods. The discrepancy between the geologic age and the absolute age
maybe caused by imperfections in the argon method ard by inaccurate geologic
dating. — J. W, C.

185-62. Krylov, A. Ya. Absolyutnyy vozrast porod tsentral'nogo Tyan'-
Shanya i primeneniye argonovogo metoda k metamorficheskim i
osadochnym porodam [Absolute age of rocks of the central Tien
Shan and application of the argon method to metamorphic and sedi-
mentary rocks (with English summary)]: Internat. Geol. Cong.,
21st, Copenhagen 1960, Doklady Sovet. Geologov, Problema 3, p.
222-244, 1960.

Total rock age determinations were made on a wide range of rocks from the
central Tien Shan by the argon method. Three cycles are distinguished on the
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basis of 62 samples of granitic rocks (in millions of years): Proterozoic, 540;
Caledonian (the most important), 370; and Hercynian, 280. The volcanic rocks
represent three cycles: Caledonian, Hercynian, and a Tertiary cycle 55 mil-
lion years ago. The last metamorphism was Caledonian.

During decomposition of granitic rocks, the Ar/K ratio changes in two stages.
Argon is lost before potassium, but the difference disappears in the final weath-
ered products. Study of the retention of argon in granitic gravel, sands,
sandstones, clays, and silts showed that the proportion of radiogenic argon is
generally the same as in the original feldspar. Therefore, the argon method
may be used to estimate the age of the source material of clastic sediments
and thus to solve several paleogeographic problems, such as the dispersal
of glacial material from Fennoscandia and the source of terrigenous deposits
carried to the Black Sea(see Geophys. Abs. 176-14, 181-50, 182-12).— D.B.V.

185-63. Krylov, A, Ya., and Silin, Yu. I. Vremya metamorfizma drevnykh
otlozheniy severnoy zony Tyan'-Shanya [Time of metamorphism
of the old sediments of the northern zone of the Tien Shan]: Akad.
Nauk SSSR Doklady, v. 122, no. 5, p. 889-891, 1958,

Results of argon age determinations on 36 metasedimentary rocks from the
Proterozoic and Lower Paleozoic of the northern zone of the Tien Shan and on
2 from the Lower Paleozoic of the southern zone are tabulated. The metamor-
phism apparently is Caledonian (330-360)(106 yr) in the northern Tien Shan;
there are no perceptible Hercynian and Alpine metamorphic effects. The sam-
ples from the southern Tien Shan, on the other hand, were metamorphosed
280-295%108 yr ago, in the Hercynian. — D. B. V.

185-64. Krylov, A. Ya., Silin, Yu. I., and Lovtsyus, A, V. Vozrast gra-
nitoidov severnoy zony Tyan'-Shanya [Age of granites of the north
zone of Tien Shan]: Akad. Nauk SSSR, Kom. Opredeleniyu Abso~-
lyut. Vozrasta Geol. Formatsiy Trudy, 7th sess., p. 197-204,
1958 (1960).

Sixty absolute ages of granites of the northern and central Tien Shan are re-
ported. The principalcycles of intrusion were Proterozoic at 465-560x106
yr, Caledonian at 310-385X108 yr, and Hercynian at 240-280x108 yr. —A.J.S.

185-65. Bykovskaya, Ye. V., and Polevaya, N. I. Absolyutnyy vozrast vul-
kanogennykh obrazovaniy Badzhal'skogo i Bureinskogo khrebtov
[Absolute age of volcanogenic formations of the Badzhal' and Burein
ranges]: Akad. Nauk SSSR Izv. Ser. Geol., no. 10, p. 86-91, 1960.

The results of K-Ar age determinations on 12 samples of igneous rocks from
the Upper Burein region(Badzhal' and Burein ranges) in Siberia are tabulated.
The ages range from 75 million years (Late Cretaceous) to 193 million years
(Triassic) and are consistent with the stratigraphic evidence. The consistency
of results in the case of a granite 86 million years old which intrudes aliparite-
dacite 93 millionyears old and is in turn overlainby a vitroliparite 75 million
years old is significant; evidently argon loss has been negligible in both the in-
trusive and extrusive rocks. AlthoughK-Ardata cannot yet be used as a basis
for stratigraphic subdivision, igneous masses can definitely be correlated by
this method. — D. B. V.

185-66. Krasnyy, L. I., and Polevaya, N. 1. Absolyutniy vozrast nekotorykh
magmaticheskikh porod Dal'nego Vostoka [Absolute age of some
magmatic rocks of the Far East (with English summary)]: Internat.
Geol. Cong., 21st, Copenhagen 1960, Doklady Sovet. Geologov,
Problema 3, p. 245-251, 1960.
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Resulis of argon age determinations on igneous rocks from the Far Eastern
Region of the U. S. S. R. (Amur, Khabarovsk) show that the Stanovoy-Dzhugdzur
Proterozoic folded region on the southeast edge of the Aldan shield has been
intruded by large granite bodies up to late Mesozoic time. In the Mongol-
Okhotsk folded region, where a geosyncline was present mainly in Paleozoic
and Mesozoic time, the intrusions are early and late Paleozoic and Mesozoic
in age. In the Sikhote Alin young folded region, a geosyncline was present
from late Paleozoic to Paleogene time. A preliminary regional time scale
for the area is given in a chart. — D. B. V.

185-67. Mahadevan, C., Sastry, A. V. R., and Aswathanarayana, U. Some
aspects of nuclear geology in India: Pan Indian Ocean Sci. Cong.,
3d, Tananarive, Proc., Sec. C, p. 33-37, 1957 (1960).

Available age data indicate orogenic cycles in India at 2,300+£100, 1,625+75,
1,300+150, 955440, and 73545 million years. The distribution of radioactivity
has alsobeen studied for various rock types and for modern marine sediments
off the east coast. — J. W. C.

185-68. Katsui, Yoshio, and Murase, Tsutomu. Some considerations on the
activity of the Shikotsu Volcano [in Japanese with English abstract]:
Geol. Soc. Japan Jour., v. 66, no. 781, p. 631-638, 1960.

Carbon-14 dating of carbonized trunks of Picea jezoensis found buried in
pumice deposits places the formation of Shikotsu caldera, southwest Hokkaido,
Japan, at 20,000 yr ago. Field study of the caldera and associated pumice
deposits indicates that the eruption forming the caldera resembled the 1883
eruption of Krakatao, although on a larger scale. — V.S.N.

185-69. Hurley, P[atrick] M., Fisher, N. H., Pinson, W[illiam] H., Jr.,
and Fairbairn, H[arold] W. Geochronology of Proterozoic granites
in Northern Territory, Australia. Pt. 1: K-Ar and Rb-Sr age
determinations: Geol. Soc. America Bull., v. 72, no. 5, p. 653-
662, 1961.

K-Ar and Rb-Sr age measurements on granitic rocks intrusive into two sub-
divisions of the Lower Proterozoic 1n Northern Territory, Australia, show
well grouped ages averaging 1 ,440x108 yr and 1,630X106 yr. The geologic evi-
dence as well as the concordance between the Rb-Sr and K-Ar measurements
suggest that these are close to the true values, marking the end of two dis-
turbances which produced intracratonic basins of sedimentation. — D. B, V.

185-70. Walpole, B. P., and Smith, K. G. Geochronology of Proterozoic
granites in Northern Territory, Australia. Pt. 2: Stratigraphy
and structure: Geol. Soc. America Bull., v. 72, no. 5, p. 663~
668, 1961.

The stratigraphy and structure of the Precambrian rocks of Northern Ter-
ritory, Australia, are summarized in the light of the age determinations re-
ported in the first part of this report (see Geophys. Abs. 185-69). The older
group of granites marks the top of the lower subdivision of the Lower Prot-
erozoic and the younger group marks the top of the Lower Proterozoic. —
D.B.V.

185-71. Russell, Rlichard] D., Ulrych, T. J., and Kollar, F. Anomalous
leads from Broken Hill, Australia: Jour. Geophys. Research, v.
66, no. 5, p. 1495-1498, 1961.
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Seven Thackaringa-type leads from veins at Broken Hill, Australia, have
been analyzed isoto;zaically. The points representing these leads lie along a
straight line on a Pb207/Pb204 versus Pb206/Pp204 plot, proving beyond seri-
ous doubt that these are anomalous leads. The isotopic analyses indicate that
these leads were deposited not earlier than 1,190:?:50)(106 yr ago and that the
source material for the anomalous radiogenic lead component came into exist-
ence not before 1,970+50%106 yr ago but not later than 1,190+35X106 yr ago.
Approximate values for the Th/U ratios of the anomalous lead sources are in-
cluded. — D. B. V.

185-72, Wilson, Allan F., Compston, W., Jeffery, P. M., and Riley, G. H.
Radioactive ages from the Precambrian rocks in Australia: Geol.
Soc. Australia Jour., v. 6, pt. 2, p. 179-195, 1960.

The oldest rocks of the Australian Precambrianbasement occur in Western
Australia where huge tracts of granitic rocks have been dated at about 2,700
million years by the Rb-Sr and K-Ar methods. They also show metamorphism
at 2,400 million years. This shield area is flanked and cut by younger Pre-
cambrian rocks—on the southeastern side by pegmatized basic charnockites,
1,300 million years; on the southern side by rocks pegmatized at 1,400 million
years; and on the west by rocks showing regional magmatic activity at 900-
1,100 million years and vigorous recrystallization at about 650 million years.
A long east-west 1,000 million year belt in central Australia may continue
westward to divide the central nucleus of the shield. Granites in northern
Australia are at least 1,650 million years old with uranium mineralization at
500 million years, and in South Australia periods of uranium mineralization
at 500 and 1,500 million years are recognized. Major age divisions in Canada
and Australia appear to be closely comparable., — V, 8. N,

185-73. Gage, Maxwell. New Zealand glaciations and the duration of the
Pleistocene: Jour. Glaciology, v. 3, no. 29, p. 940-943, 1961.

Recent work in New Zealand has resulted in recognition of an additional gla-
ciation preceding the Waimaunga glaciation in the late Pleistocene, This new
period followed the mid-Pleistocene climax of the earth movements respon-
sible for most of the present mountainous relief of New Zealand and an inter-
val of time long enough for the construction and subsequent deep dissection of
the Banks Peninsula shieldvolcano. This suggests an interval of several hun-
dred thousand years between the earliest late Pleistocene glaciation and the
early Pleistocene Ross glaciation and a lengthof at least one million years for
the entire Pleistocene period. This estimate forthe Pleistocene does not fit
well with the datings of major climatic conditions based on carbon-14, radium/
ionium, and oceanic sedimentation rates. — V. S, N.

185-74. Nicolaysen, L. O., Burger, A. J., Tatsumi, T., and Ahrens,
Lfouis] H. Age measurements on pegmatites and a basic char-
nockite lens occurring near Liitzow-Holm Bay, Antarctica: Geo-
chim, et Cosmochim. Acta, v.22, no. 2-4, p. 94-98, 1961.

Rb87-Sr87 age measurements were carried out on large biotite crystals
from 3 granitic pegmatites and a basic charnockite lens occurring near Liitzow-
Holm Bay, Queen Maud Land. The mean age obtained (~515 million years)
probably refers to the last major metamorphic episode in this region. The
age data are also significant for the interpretation of paleomagnetic results
reported from this area. — Authors' abstract
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185-75. Starik, I. Ye., Krylov, A. Ya., Ravich, M. G., and Silin, Yu. I.
Vozrast gornykh porod vostochnoy Antarktidy [The age of rocks
from eastern Antarctica (with English summary)]: Internat. Geol.
Cong., 21st, Copenhagen 1960, Doklady Sovet. Geologov, Pro-
blema 3, p. 149-157, 1960.

Absolute ages determined by the argon method for 80 samples of granitic
and metamorphic rocks collected in eastern Antarctica in 1956-58 are tabu-
lated. The decay constants used were ).K=5.57X10'1]yr'1, ).B=4.72X10"1°yr‘1.
The rocksfall into eight age groups (in millions of years): Tertiary, 20; Meso-
zoic, 185; middle Paleozoic, 335; early Paleozoic, 460; late Proterozoic,
585; middle Proterozoic, 735; early Proterozoic, 1,090; and late Archean,
1,440. The last regional metamorphism was in the early Paleozoic. The
oldest rocks yet found are the granites of the Langenesset oasis, 1,525 million
years old. This is the first attempt to subdivide East Antarctic rocks chrono-
logically. (See also Geophys. Abs. 177-20, 183-46.)-—D.B. V.

Stauffer, Heinz. Cosmogenic argon and neon in stone meteorites. See Geo-
phys. Abs, 185-94.

Goles, Gordon G., and Anders, Edward. The record in the meteorites. 6.
On the chronology of the early solar system. See Geophys. Abs. 185-91.

Wénke, H. Exposure ages for iron meteorites. See Geophys. Abs., 185-93.

Marshall, Royal R., and Hess, David C. Lead from some stone meteorites.
See Geophys. Abs. 185-86.

COSMOGONY

185-76. Krinov, E, L. Principles of meteoritics: London, Pergamon Press
Inc., 535 p., 1960.

Thisbook is atranslationof the original Russian edition published in 1955(?)
that has been checked and brought up to date by Professor Krinov. The aim of
the volume is topresent the principles underlying meteoritics and to point out
the most important problems confronting the science. The text includes eight
chapters as follows: meteoritics as a branch of science, motion and fall of
meteorites, morphology of meteorites, chemistry of meteorites, mineralogy
and petrography of meteorites, physical properties of meteorites, tektites and
silica-glass, and the origin of meteorites. A catalogue of meteorites of the
U.S.S. R, as of January 1, 1959, a list of meteorites of rare type, and a clas~
sification of surface structure of fusion crusts of meteorites are given in three
appendices., A reference list of 207 citations is included. — V. S.N.

185-77. Krinov, E., L. The nature of micrometeorites: Am. Jour. Sci.,
v. 259, no. 5, p. 391-395, 1961.

Meteorite showers are duetothe fragmentation of one large meteorite during
its movement through our atmosphere at cosmic velocity and not to the inva-
sion of our atmosphere by swarms of meteoritic bodies as formerly believed.
Included in the material resulting from such a break-up are entire clouds of
microscopic dustlike fragmentsthat fall on the earth as individual samples of
meteorite showers. These minute fragments have the fusion crust and mor-
phological properties of meteorites in general. They differ from cosmic dust
in that the cosmic dust particles are practically unaltered by impact with our
atmosphere, — V, S, N.
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185-78, Brown, Harrison, Addendum: The density and mass distribution of
meteoritic bodies in the neighborhood of the earth's orbit: Jour.
Geophys. Research, v. 66, no. 4, p. 1316-1317, 1961.

The total rate of fall upon the earth appears to be about 560 meteorites per
year. All of the computed impact frequencies of meteorites upon the earth and
moon, given in an earlier paper (see Geophys. Abs. 182-61) should be multi-
plied by a factor of 3.4. — D.B. V.

185-79. Fisher, David E. Space erosion of the Grant meteorite: Jour. Ge-
ophys. Research, v. 66, no. 5, p. 1509-1511, 1961.

An upper limit to the erosion of iron meteorites in space is calculated, based
onthe cosmic exposure afe of the Grant meteorite and the measured depth var-
iation of cosmogenic Ne4!l in this meteorite. A value for Ey,ax of ~1,1X10-8
cm per yr is found. A previous estimate based on the Sikhote-Alin meteorite
is discussed. — Author's abstract

185-80. Urey, Harold C. Criticism of Dr. B. Mason's paper on "'The ori-
gin of meteorites'": Jour. Geophys. Research, v. 66, no. 6, p.
1988-1991, 1961.

The simple outline of events proposed by Mason (see Geophys. Abs. 181-
53) to explain the origin of chondrites cannot be correct; much more compli~
cated histories are required. Simple heating of carbonaceous chondrites will
not produce the metal structures of the chondritic meteorites. Mason also
suggested that chondrites were always small bodies. It seems probable, how-
ever, that only objects at least as large as asteroids could be heated to high
temperatures withthe escape of appreciable amounts of volatiles and still re-
main as celestial bodies; nor has any physically possible source of the heat
needed for heating small objects yet been suggested.

Misunderstandings of this problem are due to the fact that geologists and
geochemists deal essentially with an open system in the case of terrestrial
rocks. The variability in composition of all the classes of meteorites makes
it difficult to conclude definitely whether they are adequate samples of aclosed
system. Urey assumes that the planets are not a closed system because of
their variable densities, and that the chondritic meteorites are only an ap-
proximate sample of primordial matter, = D. B, V.

185-81. Stacey, F. D., Lovering, J. F., and Parry, L. G. Thermomag-
netic properties, natural magnetic moments, and magnetic aniso-
tropies of some chondritic meteorites: Jour. Geophys. Research,
v. 66, no. 5, p. 1523-1534, 1961.

Thermomagnetic analyses, thermal demagnetization of natural and labora-
tory-induced remanent magnetic moments, and measurements of magnetic
anisotropy have been carried out on a number of chondritic stone meteorites.
Alpha-phase iron-nickel (kamacite) containing 5-6 percent Ni was found to be
responsible for 80-90 percent of the saturation magnetic moments and for most
of the observed remanence and magnetic anisotropy. The natural magnetic
moments of the Mount Browne, Homestead, and Farmington chondrites had
two components of quite different origins; in each case the important compo-
nent appears to have been induced thermallyin an extraterrestrial field. The
Mokoia carbonaceous chondrite had only a small moment, consistent with iso-
thermal induction in the earth's field. The magnetic anisotropies of eight
chondrites were related to the degree of metamorphism indicated by their
porosities.
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The magnetic evidence is consistent with the suppositionthat the chondrites
once formed parts of the mantle of a body with a fluid metal core which pro-
duced a magnetic field of terrestrial type. — D. B, V.

185-82. Honda, Ml[asatake], Shedlovsky, J. P., and Arnold, J[ames] R.
Radioactive species produced by cosmic rays in iron meteorites:
Geochim. et Cosmochim. Acta, v. 22,no. 2-4, p. 133-154, 1961.

The radioactive isotopes Bem, A126, 136, K40, and Mn33 have been meas-
ured in the Grant, Williamstown, Odessa, and Canyon Diablo iron meteorites.
Each sample was recycled to constant activity, using a different chemistry
for each recycle wherever possible. The samples were counted with a low-
level B-counter, except for Mn%3 for which X-rays were measured. These
samples are probably the first sources of Mn53 that have been counted. Re-
sults are tabulated.

Except for Mn93 where a depth effect is apparent, the isotope ratios were
approximately constant for each meteorite. The cosmic-ray age, depth ef-
fect, and time variation of cosmic-ray intensity will be discussed in a subse-
quent paper. — D. B, V,

185-83. Sheline, R. K., and Hooper, J. E. Probable existence of radio-
active manganese-53 in iron meteorites: Nature, v. 179, no. 4550,
p. 85-87, 1957,

Sheline and Hooper believe that the half life of Mn%3is much longer than
previously thought, and that the amount of Mn53 activity produced in iron me-
teorites exposed to cosmic ray fluxes in solar space for a million years or
more within the past few million years should be easilydetectable. The search
for Mn53 in meteorites at the very least would give additional information on
cosmic-ray intensity in solar space. If activity is found, the determination
of its intensity in concentric shells as a function of depth should yield infor-
mation on the intensity of low-energy cosmic radiation within the solar sys-
tem. If certain problems can be overcome it should be possible to date the
fall of meteorites by their Mn5 3content; such dating could presumably go back
several million years.

The relative amounts of H3 and Mn53 in recently fallen meteorites should
tell something about the constancy of cosmic-ray intensity over periods of a-
bout one million years. Finally, if appreciable amounts of Mn53 could be
found on the earth's surface (the possibility of its accumulation in the polar
regions has been suggested), it might constitute an important tool with which
to date the time of burial of terrains back to a few million years. — D.B. V.

185-84. Feller-Kniepmeier, M., and Uhlig, H. H. Nickel analyses of me-
tallic meteorites bythe electron-probe microanalyzer: Geochim.
et Cosmochim. Acta, v. 21, no. 3/4, p. 257-265, 1961.

Nickel analyses of separate phases in 9 metallic and 1 stone meteorite were
obtained by means of the electron-probe microanalyzer. The composition was
uniform throughout the kamacite phase; however, the nickel content was ap-
preciably lower near a schreibersite inclusion., Taenite showed a marked
composition gradient which increased at the taenite-kamacite interface. The
nickel content of fine plessite was intermediate; it also showed a concentration
gradient that was continuous with that of adjacent taenite.

These results are in agreement with slow cooling of the original body or
bodies to a temperature of 300°C or lower during a long period of time; how-
ever, the time was short of that required to produce a uniform composition
for taenite or for kamacite near schreibersite inclusions. — D. B. V.
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185-85. Reed, Gleorge] W., Kigoshi, K., and Turkevich, A[nthony]. De-
terminations of the concentrations of heavy elements in meteorites
by activation analysis: Geochim. et Cosmochim. Acta, v. 20, no.
2, p. 122-140, 1960.

Barium, mercury, thallium, lead, bismuth, and uranium contents and iso-
topic compositions of some stone meteorites and of the troilite phase of iron
meteorites have been determined by neutron activation analysis. Two groups
of chondrites were observed. The group including the enstatite and carbona-
ceous chondrites has orders of magnitude more of the chalcophilic elements
studied than do the other chondrites. Barium and uranium do not show this
variation. The lead in this group is primordial in its Pb 08/ Pb204 isotopic
composition, as might be expected from the Pb/U ratio. Some of the nuclear
and geochemical implications of these results are suggested.

The Nuevo Laredo meteorite is interestingbecause it is the onlyone in which
the absolute amounts of lead, thorium, and uranium are consistent with an ob-
served isotopic composition of the lead (see Geophys. Abs. 157-131). The
age of 4.5X109 yr that has been deduced for it is probably trustworthy; in other
meteorities for which lead-lead ages have been quoted there is a question
whether there is enough uranium and thoriumto be compatible with the amount
of the radiogenic lead, and the ages must be considered suspect. The Bi 09
content of Nuevo Laredo also gives a lower limit of 1.6X10! yr for the time
that must have elapsedsince the formation of the elements and their segrega-
tion intothe matter that formsthe meteorite. This lowerlimit is shorter than
the >4x108 yr deduced from the Xel29 content (see Geophys. Abs. 163-150,
171-8) but may be more reliable as it does not depend on the retentionof a
noble gas. —D.B. V.

185-86. Marshall, Royal R., and Hess, David C. Lead from some stone
meteorites: Jour. Chem. Physics, v. 28, no. 6, p. 1258-1259,
1958,

The isotopic composition of lead (extracted by avolatilization process) from
two stone meteorites was determined. For the Richardton chondrite, Pb /
Pb204=27,57, Pb207/Pp204=22,13, and Pb208/Pp204=48.51; for the Holbrook
chondrite the corresponding ratios are 17.52, 15.52, and 38.93, respectively.
The Richardton lead is considerably more radiogenic than terrestrial lead.
In Holbrook the U/Pb ratio is lower than that of crustal lead, and thorium is
relatively higher. The lead-lead ages deduced from these isotopic composi-
tions are both 4,7x109 yr, agreeing within the limits of error with other in-
vestigations.

Although the amount of lead present is not more than a few tenths of a ppm,
it is 1.5-3 times as much as it should be according to the measured uranium
concentrations; this relative excess of lead may be characteristic of stone
meteorites. — D.B. V.

185-87. Hess, D[avid] C., and Marshall, R[oyal] R. The isotopic composi-
tions and concentrations of lead in some chondritic stone meteor-
ites: Geochim. et Cosmochim. Acta, v. 20, no. 3/4, p. 284-
299, 1960,

The isotopic compositions of lead from the Richardton, Holbrook, Beards-
ley, and Plainview chondrites have been analyzed. The technique used is de-
scribed. The isotopic compositions were found to range from highly radio-
genic (in Richardton) to substantially less radiogenic than average lead in the
earth's crust (in the other three). From recent concentration determinations
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by the isotopic dilution method, it seems that the amount of lead in Beardsley
is about 0.13 ppm and in Richardton about 0.06 ppm. The leads in these me-
teorites are consistent within a factor of about 2 with the lead-lead ages and
the independently measured uranium and thorium concentrations. The lead-
lead age for Richardton is the same as that found by Patterson for Nuevo La-
redo (see Geophys. Abs. 167-5), 4.6x109 yr. The lead concentration in For-
est City is 0.09 ppm, while that in Holbrook is 0.28 ppm. Holbrook is quite
anomalous in containing 2.5 times more radiogenic lead thancanbe explained
by the accumulation of decay products in place. The total amount of lead on
the surface of a meteorite appears to be comparable to the total amount in-
side. The isotopic composition of this surface lead indicates that it is prin-
cipally terrestrial lead. — D. B. V.

185-88. Marshall, Rloyal]l R., and Hess, D[avid] C. Lead from troilite of
the Toluca iron meteorite: Geochim. et Cosmochim, Acta, v. 21,
no. 3/4, p. 161-164, 1961.

The isotopic composition of silver from troilite of the Toluca (Xiquipilco)
iron meteorite was found in 1957 (see Geophys. Abs. 185-89) to be similar
to that of terrestrial silver; lead from the same sample was found to be dif-
ferent from the primeval lead observed by Patterson and others (see Geophys.
Abs. 160-144 and 162-171) in the Canyon Diablo and Henbury iron meteorites.
The simplest explanation of the fact that the Toluca troilite lead is nearly as
radiogenic as average modern lead at the earth's surface is that this troilite
may contain uranium and thorium. Assuming that the original lead isotopic
composition was the same as that of Patterson's primeval lead, the lead-lead
age of the meteorite would be about 4,7X109 yr, about the same as that of the
stone meteorites.

Should analyses reveal only very small concentrations of uranium and tho-
rium in the Toluca troilite, however, the latter would be similar to the Hol-
brook chondrite in having a peculiar excess of radiogenic lead (see Geophys.
Abs. 185-86 , -87), In that event another possible explanation would be the
addition of lead more recently than 4,7X109 yr ago. A model age of 0.77X109
yr is calculated on this assumption. If the iron meteorite formed only about
109 yr ago, variation in the isotopic composition of silver would be quite un-
likely.

Although the concentration and isotopic composition of the lead reported
here need not be characteristic of all or even most of Toluca, it may be an
important clue to the history of the meteorite. — D. B. V.

185-89. Hess, David C., Marshall, Royal R., and Urey, Harold C. Sur-
face ionization of silver; silver in meteorites: Science, v. 126,
no. 3286, p. 1291-1292, 1957,

The isotopic composition of silver in meteorites may reveal partof the early
history of the solar system. Troilite from the Toluca (Xiquipilco) iron me-
teorite was found to contain no more than 1.6 ppm of silver, and a fragment
of the Canyon Diablo iron meteorite (free of visually obvious troilite) no more
than 1 ppm of silver. The Agl07/Agl09 ratios of meteoritic silver and ter-
restrial silver were found to agree within the limits of experimental error. —
D.B. V.

185-90. Fowler, William A., and Hoyle, F. Nuclear cosmochronology:
Annals Physics, v. 10, no. 2, p. 280-302, 1960.

The radioactive decays of uranium and thorium are applied in cosmochro-
nology, in much the same manner as in geochronology, to two models repre-
senting different views as to the immediate source of the material that now
constitutes the solar system.
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In Model 1 (the autonomous galaxy) consideration of the decay of Th232
U235, and U238 leads to the conclusion that the age of the galaxy is 15fgx10
yr. Similar considerations according to Model 2 (steady state cosmology and
galactic~-intergalactic exchange of matter) lead to the conclusion that the ex-
pansion time scale of the universe is 11+6X109 yr. The error can be reduced
to +2X109 yr if the present Th/U ratio is chosen to give a Pb208 ) pp206 age
for the solar systemthat is concordant with that given by Pb207/Pp 06, namely
4.5X109 yr. Application of radicactive decays to the chronology of the galaxy
can nolonger be made in a simple manner; however, the age found in the Mod-
el 1 calculations would seem to be a lower limit. — D. B. V.

185-91. Goles, Gordon, G., and Anders, Edward. The record in the me-
teorites. 6. On the chronology of the early solar system: Jour.
Geophys. Research, v. 66, no. 3, p. 889-898, 1961.

An attempt is made to account for the differences betweenthe isotopic com-
position of terrestrial and meteoritic xenon reported by Reynolds (see Geo-
phys. Abs. 183-66, -67). The two chief mechanisms (other than the decay of
1129 40 Xe129) are the production of Xel31-136 by spontaneocus fission of now
extinct nuclides in the earth, and the production of Xel24-128 by nuclear spal-
lation reactions in the early history of the solar nebula. About 9.6 percent of
the Xel36 in the earth's atmosphere appears to have been derived from the
spontaneous fission of Pu244, The Pu244-Xel36 decay interval of the earth
is290X106 yr, and its 1129-Xe129 decay interval maybe estimated as >210x108
yr. Thus, the earth appears to be 100-200X106 yr younger thanthe meteorites.
Possible errors in these determinations are discussed. Adating methodbased
on the two decay systems 1129-Xel29 and Pu244-Xel36 is proposed, and the
appropriate equations are given. The initial solar-system ratios of 1129/1127
and Pu244/ U238, which can be determined by this method, would provide a
crucial test of models of nucleosynthesis. — D. B. V.

185-92. Reynolds, John H. The age of the elements in the solar system:
Sci. American, v. 203, no. 5, p. 171-174, 176, 178, 180, 1960.

Measurements of the U/He and K/Ar ratios inthenoble gasestrapped inthe
crystal lattices of meteoritic stone andiron showthat the cold planetarybodies
of the solar system all crystallized at about the same time - some 4.5 or 4,6
billion years ago. - Moreover, measurement of the cosmic-ray produced He",
rather than just the He#4 which terminates the decay of uranium, makes it pos-
sible to determine the age and biography of the meteorite as a fragment of
some larger parent body. The exposure or break-up ages of common stone
meteorites are a few tens of millions of years, but those of iron meteorites
are about 600 million years. A "contour map' of the distribution of He3, in
a cross-section of a meteorite makes it possible to determine the original
shape of the fragment.

An upper limit is placed on the age of the elements in the solar system by
the existence now of U235 with its half life of 700 million years as compared
to the half life of U238 of 4.5 billion years. If the original ratio of these iso-
topes was unity, then they were formed not more than approximately 6.6 bil-
lion years ago, The use of the I/Xe ratios to provide ultimately a reliable
time scale for events at about the time the solar system was formed is dis-
cussed. Results to date with this method confirm the U235 gyidence that
the time interval between nucleogenesis and the formation of the minerals in
the meteorites is relatively short. (See also Geophys. Abs. 183-66, -67,
-68.)— V.S.N.
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185-93. Winke, H., Exposure ages for iron meteorites: Nature, v. 188,
no. 4756, p. 1101-1102, 1960.
Schaeffer, Oliver A. Exposure ages for iron meteorites: ibid, p.
1102, 1960.

Wanke points out that the exposure ages calculated by Schaeffer and Fisher
(see Geophys. Abs. 182-73) cannot be correct, as they are based on two as-
sumptions that cannot withstand examination: that the mean energy of particles
producing spallations decreases with depth from the surface, and that the
He3/Ar38 ratio is a measure of the mean energy of the particles.

Schaeffer replies that the exposure ages were not based on assumptions,
but on experimental observations which indicate a relation between the He?/
Ar38 He3/He4, and He?/Ar38 ratios and the production rate of the radioactive
nuclides C136 and Ar39 by cosmic rays. — D. B. V.

185-94. Stauffer, Heinz, Cosmogenic argon and neon in stone meteorites:
Jour. Geophys. Research, v. 66, no. 5, p. 1513-1521, 1961.

The abundance and isotopic composition of argon and neon in six chondrites
and an achondrite have been measured. The results of previous investigations
are confirmed, namely Ar/K ages from 1.3 to 4.6 billion years and exposure
ages from 4 to 24 million years. It is shown that the differences of the ratios
Ar36/Ar38 are due mainly to small amounts of trapped primordial or atmos-
pheric argon. Using the corrected Ar38 abundances, a value of 9.0 with a total
spread of +20 percent is found for the corrected Ne21/Ar38 ratios. The pos-
sibility of diffusive losses of cosmogenic rare gases is discussed. — Author's
abstract

185-95. Goles, Gordon G.i and Anders, Edward. Iodine content of meteo-
rites and their 1129-Xe129 ages: Jour. Geophys. Research, v. 65,
no. 12, p. 4181-4184, 1960,

Iodine and tellurium &abundances in chondritic meteorites were determined
by neutron activation analysis. For 6 bronzite and hypersthene chondrites,
iodine abundances range from 37 to 104 ppb, and for 9 enstatite and carbona-
ceous chondrites the range is from 127 to 560 ppb; the tellurium abundances
range from 0.42 to 0.73 ppm and 1.23 to 3.4 ppm reszpectivelgr.

Using the continuous nucleosynthesis model, the 1129_xe12 decay intervals,
measured from the cessation of nucleosynthesis, were calculated to be 1191’2)(
108 yr for Richardton, 97F17x106 yr for Indarch, 10678X106 for Murray, and
>190X106yr for Beardsley. The iodine content of Richardton is about a factor
of 20 less than that assumed by Reynolds (see Geophys. Abs. 183-68), so that
the decay interval is considerably shorter than his original estimate. The ap-
parent difference in values for Richardton and Indarch is not statistically sig-
nificant. — D. B. V.

185-96. Read, William F. The Saxeville meteorite;: Wisconsin Acad. Sci.,
Arts, and Letters Trans., v. 49, p. 191-198, 1960.

The Saxeville metecorite was found many years ago about 5 miles southwest
of Saxeville, Waushara County, Wis. The original mass is saidtohave weighed
3.6kg but only 687 g canbe accounted for now in major collections. This study
is based on 236 g in the collection at Lawrence College. The metallic portion
of the meteorite is mainly granular-octahedral Ni-Fe with scattered biebs of
schreibersite and troilite; the stoney portions are a crystalline mosaic of 46
percent pyroxene, 32 percent olivine, 0.5 percent plagioclase, and 21.5 per-
cent Ni-Fe and troilite. The metal is in veins intruded along fractures in the
stoney material and replacing it to a limited extent. — V. S. N.
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185-97. Krinov, E, L, The Kaalijarv meteorite craters on Saarema Island,
Estonian S.S.R.: Am. Jour. Sci., v. 259, no. 6, p. 430-440, 1961.

An investigation of one large'and six small meteorite craters in Estonia is
reported. It is concluded that the large crater is the result of an explosion
caused when a large meteorite traveling at remaining cosmic velocity collided
with the earth. The smaller craters, formed by the same meteorite shower,
are impact craters formed by smaller fragments which had been slowed by
the atmosphere until all cosmic velocity was lost and thus could not produce
an explosion at the point of impact. No fragments of meteorites are associ-
ated with the small craters in contrast to the many associated with the large
crater.

Comparison is made with similar crater groups in Sikhote-Alin, U.S.S.R.;
Henbury, Australia; and Brenham, Kan. — V.S.N.

185-98, Thiel, Edward, and Schmidt, Richard A. Spherules from the Ant-
arctic ice cap: Jour. Geophys. Research, v. 66, no. 1, p. 307~
310, 1961.

A study of spherules contained in Antarctic ice coresleads to improved val-
ues for the size distribution and annual mass deposit of these distinctive ex-
traterrestrial particles. Previous estimates of the annual deposit based on
collections from air and from ocean sediments have varied from 8 metric
tons to 2,000,000 metric tons per year. The figure derived from the present
study is 184,000 metric tons per year, — Authors' abstract

185-99. Pettersson, Hans, Cosmic spherules and meteoritic dust: Sci.
American, v. 202, no. 2, p. 123-126, 128, 130-132, 1960.

The amount of extraterrestrial material that is contributed to the earth by
meteor-falls is estimated from a study of cosmic spherules in deep ocean
sediments and of meteoritic dust in the atmosphere to be about five million
tons per year. Deep sea cores from the Pacific, containing sediments 7.5 to
15 million years old in the lowest parts, show a cosmic spherule count that
varys from point to point on the ocean floor and from one period to another
down the length of the core; in general, however, the count is higher in the
upper, more recent sediments and lower in the more ancient sediments. Cores
from other oceans show this same tendency. To estimate the amount of me-
teoritic material falling on the earth today, a collection of meteoritic dust is
being made. Collections are made from high mountains in areas relatively
uncontaminated with terrestrial dust; cosmic dust is distinguished fromterres-
trial dust bythe presence of nickel, If five million tons of meteoritic dust fall
tothe eartheach year of which 2.5 percent is nickel, the amount of nickel added
to ocean sediments would be .017 percent of the total red clay deposited in a
year. This is well within the 0.44 percent nickel content of deep-sea sediments
and makes the five-million-ton per year figure seem conservative; the figure
of 14 million tons actually arrived at from dust collections may be more ac-
curate. (See also Geophys. Abs, 172-145, 173-234, 184-83.)—V.S.N.

185-100. Gourinard, Yves. Sur la presence de sphérules cosmiques dans
des roches sédimentaires [On the presence of cosmic spherules
in sedimentary rocks]: Acad. Sci. [Paris] Comptes Rendus, v.
251, no. 22, p. 2558-2560, 1960.

Cosmic spherules have been recovered from Pliocene clays near Algiers
that are about the same age as the oldest Pacific sediments examined by Pet-
tersson (see Geophys. Abs, 185-99), Their average size is smaller than
that of the Pacific spherules (most are 10-20 #), but they are more abundant
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{(100-400 spherules per kg). An Upper Bajocian calcareous marl from Tag-
remaret (Oran) also furnished spherules, but in less abundance with respect
to total mass of rock (some tens per kg at most).

If it can be shown on the basis of absolute age data that the abundance and
size distribution of cosmic spherules has varied in the course of geologic
time, they would constitute exceptionally good stratigraphic horizon markers,
which are strictly contemporaneous and of worldwide distribution. — D. B. V.

185-101. Taylor, S. R., Sachs, Maureen, and Cherry, R. D, Studies of tek-
tite composition-I. Inverse relationship between SiOy and the
other major constituents: Geochim. et Cosmochim. Acta, v. 22,
no. 2-4, p. 155-163, 1961.

The relation of SiOg to the other major constituents in tektites has been
studied (see also Geophys. Abs. 183-78). It is concluded that a significant
inverse relationship exists between SiOp and the other constituents, and that
A1203, FeO, MgO, CaO, Nay0O, and K5O display positive correlations among
themselves. — D.B. V.

185-102. Cherry, R. D., and Taylor, S. R. Studies of tektite composition-
II. Derivation from a quartz-shale mixture: Geochim. et Cos-
mochim. Acta, v. 22, no. 2-4, p. 164-168, 1961.

The inverse relation between SiOg and the other major constituents of tek-
tites (see Geophys. Abs, 185-101), together with the presence of lechatelierite,
is explained on the basis of a physical mixing process. A close match to the
average composition of tektites is produced by a mixture of 25 percent quartz
and 75 percent nonvolatile (at 1,700°C) constituents of shale. (See also Geo-
phys. Abs. 183-78). — D.B. V.

185-103. Salisbury, John W. An introduction to the moon: U.S. Air Force
Research Division, Geophysics Research Directorate, TN 60-
456, 30 p., 1960.

Present knowledge and theories concerning the origin of the moon and the
lunar surface structures are summarized primarily for the use of laymen,
schools, and teachers. The following chapters are included: introduction,
origin of the moon, lunar interior, lunar surface, and lunar experiments. In
conclusion, a brief list of references is given. — V. S. N.

185-104. LeRoy, L. W. Lunar features and lunar problems: Geal. Soc. A-
merica Bull., v. 72, no. 4, p. 591-604, 1961.

The major features of the moon (mares, highlands, craters, fractures)are
briefly reviewed to encourage geologists to participate in the solution of lunar
problems—problems involving the interpretation of varied land forms, the rock
types and their distribution, potential ore deposits, and lunar tectonics. Spe-
cial attention is given to fracture systems, the origin of the lava filling many
closed craters, and the origin of the central peak complexes. — Author's ab-
stract

185-105. Bolt, Bruce A. Spheroidal oscillations of the moon: Nature, v.
188, no. 4757, p. 1176-1177, 1960.

Periods of natural vibration of three spherical gravitating models of the
moon have been calculated on an IBM 7090 electronic computer. The values
provide basic information for lunar space research concerned with the design
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of experiments to investigate the structure of the moon. Each model is com-
pletely solid and has a radius of 1,738 km and mean density of 3.33 g per cm3.
Model I is a homogeneous sphere with P- and S-wave velocities of 8.2 and 4.7
kmps, respectively; Model II has a density distribution close to that calculated
by Jeffreys (1937) for the self-compression of a moon composed of ultrabasic
rock with a surface density of nearly 3.28 g per cm3; and Model III has a
rather extreme density distribution, with a surface value of 2.60 g per em3,
near that of granite.

The results, which are tabulated, indicate that the deviation of the moon
from homogeneity can be measured using observations of the long-period spec-
trum of free vibrations. An ultra-long period seismometer or tidal gravim-
eter placed on the moon, designed to record periods up to 16 min, should pro-
vide more detailed information on the deep interior thanthe short-period seis-
mometer suggested by Press and others (see Geophys. Abs. 183-88). — D.B.V,

185-106. Watson, Kenneth, Murray, Bruce, and Brown, Harrison. On the
possible presence of ice on the moon: Jour. Geophys. Research,
v. 66, no. 5, p. 1598-1600, 1961.

It is argued that water is far more stable on the lunar surface than SOy or
noble gases because of its extremelylow vapor pressure at lowtemperatures,
and that it may well be present in appreciable quantities in shaded areas in
the form of ice. The fraction of lunar surface that is in permanent shade is
estimated tobe 1.2X10‘4; if so, the area of exposed ice would be 4.5x1013 ¢cm?
and the escape rate would be 1.9x10-18 g per cm?2 per sec. Over the life span
of the moon this would correspond to a loss of 0.28 g per em2, If the moon
evolved as the earth did, 3.0x10% g per cm? of water would have been liber-
ated on the surface; in addition, 8.3x10-21 g per cm?2 per sec is added by spo-
radic meteorite impact, and some is liberated from lunar crustal material as
the result of impact. When suitable instruments can be placed in the dark a-
reas to determinethe presence or absence of ice, the result mayreveal much
concerning early lunar history. — D. B. V.

185-107. MacDonald, Glordon] J. F. Interior of the moon: Science, v. 133,
no. 3458, p. 1045-1050, 1961.

Present knowledge and theories concerningthe physical and thermal state of
the moon and of its stress history and dynamic history are reviewed. Despite
the abundance of observations, the origin of many of the surface features re-
mains in doubt. Very few data relate to the nature of the moon's interior.
Direct observations, either from orbiting lunar satellites or from instruments
on its surface (seismic stations, tidal gravimeters, heat flow measuring ap-
paratus), would do much to reduce the present uncertainty.—~ D, B. V.,

185-108. Biillow, Kurd von. Fundamentaltektonische Parallelen zwischen
Mondund Erde [Fundamental tectonic parallels between moon and
earth]: Forschungen u. Fortschritte, v. 33, no. 1, p. 1-4, 1959,

Comparison of the known features of earth and moon shows that the two
bodies are alike in their fundamental structural style, suggesting parallels in
their structural history. — D, B. V.

185-109. Bulow, Kurd von. Zur Deutungder Lunik-Aufnahmenvon der Riick-
seite des Mondes [On the interpretation of the Lunik photographs
of the back of the moon]: Forschungen u. Fortschritte, v. 34,
no. 3, p. 65-66, 1960.
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This is a brief description, with sketch, of the features visible in the Rus-
sian photographs of the back of the moon. — D, B. V.

Schrader, C. D., and Stinner, R. J. Remote analysis of surfaces by neutron-
gamma-ray inelastic scattering technique. See Geophys. Abs. 185-511.

EARTH CURRENTS

185-110. Roberts, P. H., and Lowes, F. J. Earth currents of deep internal
origin: Jour. Geophys. Research, v. 66, no., 4, p. 1243-1254,
1961,

The current system flowing in the earth's core that is responsible for the
dipole geomagnetic field is toroidal and does not appreciably extend into the
mantle, However, the mechanism supporting these currents almost certainly
generates in addition apoloidal current system that does extend into the man-~
tle and that could, in principle, be measured at the earth's surface, In this
paper the current distribution inthe mantle is examined for several assumed
distributions of conductivity in the mantle. The effect of the oceans is also
briefly considered. It is found that the potential gradient at the surface of the
earth associated with these deep earth currents may be of the order of a mv
per km if thermoelectric emf's at the core boundary contribute appreciably
to the magnetic field, but will be smaller if the primary emf's are inside the
core, — Authors' abstract

185-111. Garland, G, D. Earth currents, in Methods and techniques in geo-
physics, v. 1: New York, Interscience Publishers, Inc., p. 277-
307, 1960.

Electric currents that are on a sufficient scale to be useful in study of the
earth as awhole are consideredin this paper. The emphasis is on the gener-
al instrumental requirements for specific applications rather than on techni-
cal details, because much of the instrumentation required for measurement
of earth currents is well understood. The following are discussed: meas-
urement of earth currents, general nature of earth-current records, electro-
magnetic induction in the earth, and particular applications of earth-current
measurements. It is suggested that apart from the study of crustal struc-
tures, earth current observations should lead to abetter understanding of dif-
ference in properties from place to place in the upper mantle. In conjunction
with magnetic observations they should assist in determining the nature of the
sources of disturbance for effects of various periods. Finally, there is the
possibility of locating components of the measured currents that are not the
result of induction by an external varying magnetic field; this could be highly
important if the currents could be shown to be related to a toroidal magnetic
field in the core or to mantle-core currents, — V.S, N.

185-112, Fournier, Hugo. Sur une polarisation sélective remarquable des
courants telluriques enregistrés 3 Garchy [On a remarkable se-
lective polarization of telluric currents recorded at Garchy]: A-
cad. Sci. {Paris]Comptes Rendus, v. 252, no. 4, p. 562-564, 1961,

Earth currents of 'intermediate' period recorded at the Nivernais Geo-
physical Station at Garchy, France, are distinctly channeled in an approxi-
mately north-south direction. The polarization becomes perceptible for peri-
ods of 5 sec, is most distinct in those of about 5 min, and ceases to be per-
ceptible for periods ot the order of 3 hr. Channeling of earth currents is
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known elsewhere; what is remarkable here is its selective character. It evi-
dently occurs in the intermediate layers of the crust, in which the intermedi-
ate-frequency currents flow. — D. B. V.

185-113. Téarczy-Hornoch, Alntal]. Bericht des observatoriums bei Nagy-
cenk (Ungarn) iiber die Ergebnisse der Erdstromregistrierungen
in den beiden Halbjahren 1958 [Report of the observatory near
Nagycenk (Hungary) on the results of earth current recordings in
both halves of 1958]: Acad. Sci. Hungaricae Acta Tech., v. 30,
no. 3-4, p. 337-422, 1960.

Earth current data obtained at the Nagycenk observatory in Hungary in 1958
are presented in extensive tables and graphs. — D. B. V.

Porstendorfer, Glottfried]. Experiments with the use of stray currents in
geophysical prospecting. See Geophys. Abs. 185-182.

EARTHQUAKES AND EARTHQUAKE WAVES

185-114, Lotze, Franz. Aktuo-geologische Charakteristik des Jahres 1958
[Actuo-geologic characteristics of the year 1958]: Neues Jahrb.
Geologie und Palidontologie Monatsh., no. 12, p. 529-545, 1959,

In 1958 in central Europe 816 definite earthquakes were registered. Their
monthly distribution is tabulated. Epicenters were determined for 59 percent
of them; of these, 65 were in Europe and the Mediterranean area, 3 in Africa,
23 in the Atlantic and Arctic Oceans, 28 in India and Indonesia, 259 in the
western and northwestern half of the Pacific Ocean, and 56 in its southeastern
half. There were 82 shocks of magnitude 6 or more, 7 with M?7, and 1 with
M=8; their regional distribution is given. There were more than twice as
many shocks with focal depths greater than 50 km than in 1957; they were
distributed as follows: 14 at 50-90 km, 24 at 100-190 km, 10 at 200-350 km,
and 16 at 400-650 km. Their geographic distribution is given.

Volcanic activity in 1958 included the further development of Ilha Nova (Cape-
linhos) in the Azores, and eruptions of Goma and another volcano in the Bel-
gian Congo, Etna and Stromboli in Europe, Aso and Asama in Japan, and Ma-
nam in New Guinea. — D, B. V.

185-115. Due Rojo, Antonio., Notas sismicas de 1958 [Seismic notes, 1958]:
Rev. Geofisica, v. 18, no. 70, p. 207-215, 1959.

Progress in seismology in 1958 is reviewed briefly; and mention is made of
the numerous International Geophysical Year activities all overthe world, de-
velopment of very long-period seismographs, calculations of the shape of the
earth's core, studies of the relation between microseisms and seismicity of
the areas where they were registered, and studies of waves generated by nu-
clear explosions., The world distribution of epicenters of 1958 earthquakesis
shown ona map, and macroseismic data concerning the most noteworthy shocks
are reviewed by region (Europe, Asia, North and South America, and Oce-
ania), — D.B. V.

185-116. Due Rojo, Antonio. Notas sismicas de 1959 [Seismic notes for
1959]: Rev. Geofisica, v. 19, no. 74, p. 183-188, 1960.

Earthquake activityin various parts of the world during 1959 (Europe, Asia,
Africa, America, and Oceania) is reviewed briefly. A table shows the dis-
tribution of magnitudes and focal depths, and a map gives the geographic po-
sition of the 1,192 epicenters determined for 1959, — D.B. V.
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185-117. Berg, Joseph W., Jr. Earthquakes near Nephi, Utah, on Novem-
ber 28, 1958, and December 1, 1958: Utah Acad. Sci. Proc., v.
37, p. 77-79, 1960,

One earthquake occurred November 28, 1958 and three on December 1, 1958,
near Nephi, Utah. The shocks ranged between 4 and 5 in maximum intensity
on the Modified Mercalli Scale. Instrumental determinations for the epicen-
ters were not possible, and all epicenters were assumed to be at one location,
lat 39°42.7' N., long 111°50.0' W, Body shear waves traveled the 115.6 km
to Salt Lake City at an average velocity of 3.5+£0.1 kmps. — V. S. N.

185-118. Schulz, R[udolf]. Breve descripcidn de los terremotos de Chile de
Mayo de 1960 [Brief description of the earthquakes in Chile in
May 1960]: El Salvador Servicio Geol. Nac. Bol. Sismol., v. 6,
p. 23, 1960.

The time of occurrence and magnitude of the Chilean earthquakes of May
21-22, 1960 and the damage and topographic changes wrought are described
very briefly. The occurrence of three strong shocks (M=7 3/4, 7 3/4, and
8 1/2) within a few minutes of each other—particularly the last two, which
were only a half minute apart—provoked very slow oscillations of the whole
surface of the globe of more than 1 cm amplitude, which were recorded by
long-period seismographs. — D. B. V.

185-119, Pfluke, John H. Agadir earthquake of February 29, 1960— seismic-
ity and geology of the area: Earthquake Notes, v. 31, no. 4, p.
46-50, 1960.

The Agadir earthquake of February 29, 1960 occurred in a well-defined belt
of earthquakes that extends the length of Morocco and branches off the large
Alpide belt which forms a loop about the Western Mediterranean. Seismic
activity in Morocco seems to follow mountain ranges; beginning where the Al~-
pide belt divides the Moroccan branch,continues down the Middle and High At-
las ranges with a sub-branch following the Rif mountain range. A striking a-
linement of epicenters occurs along the Atlas ranges. Epicenters are located
along two lines—one directed N. 25° E. and paralleling the trend of Hercynian
folding, and the other directed N. 55° E. and paralleling the trend of the Al-
pine tectonic axis. The epicenter of the Agadir earthquake was located on the
latter alinement. A fault plane solution by the P-wave first motion method is
attempted for the Agadir earthquake. The fault strike of the first solution
closely parallels the strike of surface faults in the area. To eliminate the
ambiguity, the two P-wave solutions are compared with the polarization of S-
waves observed at a number of seismic stations. From this it seems probable
that the fault break may have occurred on a downward extension of either the
Casbah or Tildi fault, — V. S.N.

185-120. Sahlstrdém, K. E., and B&th, M[arkus]. Jordskalv i Sverige 1951~
1957 [Earthquakes in Sweden, 1951-57 (with German summary)]:
Sveriges Geol. Undersdkning, Arsb. 52, no. 5,(Ser. C, no. 562)
19 p., 1958,

Twenty-two earthquakes were observed macroseismically in Sweden inthe
period 1951-57. The strongest, with an intensity of 4-5 (Rossi-Forels scale),
occurred on Augzust 26, 1956 in northern Hilsingland and was felt over ana-
rea of 4,500 km“., Two others, of intensity 4, were felt over wider areas:
March 5, 1953 over 14,000 km?2 in western Wéiarmland, Dalsland, andnorthern
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Bohuslin; and January 21, 1956 over 6,000 km?2 around Arjeplog in Lappland.
Seven shocks were felt in 1956, 5 in 1955, 3 each in 1953 and 1957, 2 in1951,
and 1 each in 1952 and 1954, Epicenters are shbwn on a map. Each shock is
described briefly. — D, B. V.

Yevseyev, S. V. The earthquake of February 20, 1951 and the structure of
the earth's crust in the Transcarpathian region. See Geophys. Abs. 185-

356.

185-121. Kukhtikova, T. I., and Yeferina, G. P. O polozhenii epitsentra
Stalinabadskogo zemletryaseniya 1952 g. [On the location of the
epicenter of the Stalinabad earthquake of 1952]: Akad. Nauk Tad-
zhik SSR, Inst. Seysmostoykogo Stroitel'stva i Seysmologii Trudy,
v. 6, p. 151-170, 1960.

On the basis of study of instrumental data on the Stalinabad earthquake of
1952, the epicenter was found to be located within the Bassar valley close to
the zone of maximum seismicity. — A. J. S.

185-122. Petrushevskiy, B. A. K geologicheskoy obstanovke Gan'suyskogo
zemletryaseniya 1920 g [On the geologic conditions of the Kansu
earthquake of 1920]: Akad. Nauk SSSR Doklady, v. 129, no. 2, p.
412-415, 1959.

The earthquake of December 19, 1920 in Kansu province in northwestern
Chinawas one of the strongest registered anywhere during the period 1904-56.
Its magnitude (m) was 7 3/4 and its intensity 11-12 points. Although the epi-
center wasfar from any large cities, there were 100,000-250,000 casualties.

The epicentral zone of this earthquake was visited by Petrushevskiy in De-
cember 1958, At first glance it is impossible to detect any of the geolagic
features usually associated with high seismicity. There seem to be no major
faults at or near the surface. There has beennorecent structural reorgani-
zation nor is there any abrupt change in structural plan. Recent tectonic
movements have no distinct surface expression; were it not for the numerous
earthquakes, some of them strong, such movements would be consideredto be
negligible. The area is an epi-Hercynian platform, the general geologic con-
ditions of which are reminiscent of the Kazakh folded region where basement
rocks of an epi-Hercynian platform crop out; the latter is practically aseis-
mic, however. An investigation of the seismicity of Kansu province, planned
for the near future by Chinese seismologists, should be of great seismo-geo-
logic interest. — D. B. V.

185-123, Hseih, Yii-show. The Kuo-Hsien earthquake of October 8, 1952 (in
Chinese with English abstract): Acta Geophys. Sinica, v. 7, no.
2, p. 83-90, 1958,

A destructive earthquake occurred on October 8, 1952 in the Hu-tuo River
valley near Kuo-Hsien, Shansi Province, China. The hypocenter was at lat
38°53' N., long 112°51' E. The magnitude was only 5.3 but the epicentral in-
tensity attained a value of 8; the §-P interval of several aftershocks was only
2 sec; and the Nanking and Zi-Ka-Wei seismograms showed relatively small
amplitudes of body waves. From these facts it was concluded that the focal
depth was shallower than usual. The rising earthquake intensity at places a-
long the river is illustrated; it shows clearly the effect of ground condition
and water table on earthquake destructiveness. The destructiveness of the
earthquake was large because of the unconsolidated nature of the river valley
sediments. -~ V. S. N,
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185-124. Aver'yanova, V. N., Fedotov, S. A., and Ferchev, M. D. Pred-
varitel'nyye dannyye o zemletryasenii i tsunami 6 noyabrya 1958
g. [Preliminary data on the earthquake and tsunami of November
6, 1958]: Akad. Nauk SSSR Sovet po Seysmologii Byull., no. 9,
p. 88-99, 1961,

The earthquake of November 6, 1958 at g2hsgm (G.m.t.) occurred on the
west slope of the Kurile deep sea basin off Iturup (Etorofu) island and caused
a tsunami., The magnitude, according to Moscow, Pulkovo, Irkutsk, and oth-
er stations, was M=8.0; focal depth was 80 km accordingto SP-P differences.
The SP phase was clearly recorded at Klyuchi, Vladivostok, Moscow, Pulkovo,
and other U.S.8.R. stations and correlated w