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PREFACE

The Geossciences Bulletin, Series A, is a monthly publication*
consisting of zbstracts, annotations, translations, book reviews and
anhalytical surveys of Soviet and East European open-source scientific
literature dealing with or related to detection of underground nuclear
explosions. Sukiects covered include seismology (excluding engineering
seismology, seismic zoning and macroseismic effects of earthquakes),
crustal and upper mantle ir vestigations, static high pressure and shock wave
research, underground nuclear explosions and, occasionally, other related
subjects. Only cuirent scientific literature will be included in the
Geosciences Bulletin, Series A.

The abstracts in the Bulletin are divided into sections according
to subject. Within each section the abstracts are arranged alphabetically
by author's last name. A full or slightly abbreviated title of the paper or
monograph is listed first. The letters in bratkets next to the title indicate
the type of article: [C] - proceedings of a conference, meeting, or sym-
posium; [E] - an experimental article; [T] - a theoretical article; [R] - a
reviets article; [M] - a monograph; [AS] - an analysis and interpretation of
seismonrams from earthquakes and explosions and [S] - a survey or an
analytical review paper prepared by the editor. When an article is written
in a language other than Russian, that language is indicated in parenthesis
llowing the source,

Onc volume consisting of twelve numbers of the Bulletir is published
annually. Each issue contains an alphabetical listing of references used in
that issue. The references are grouped according to the tupe of publication,
i.e., periodicals, irregular publications, monographs, etc. The last issue
(no. 12) of each volume will contain a subject index of references used in
that volume.

* Montly coverage shall begin with the November 1971 issue of the Bulletin.
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CONFERENCES

A SUMMARY OF THE SECOND ALL UNION CONFERENCE ON EXPLOSION
SEISMOLOGY* [C]

Belvavevskiv. N.A,and I.S. Vol'vovskiy. IN: Sovetskaya geologiya, no. 2,
1971, 165-172

The Second All Union Conference on Explosion Seismology (Deep Seismic
Sounding - DSS) was held in Alma- Ata during 27 November - 2 December 1969.
Seminars on methods and results of joint interpretation of various gec.physical
data were held at the same time. The 234 specialists from 52 scientific and
industrial organizations participating in the conference presented 60 lectures
dealing with the results of investigations by means of explosion seismology
including seismic profiling using Zemlya systems, and the most important
theoretical and experinental problems of deep seismic sounding. Since the
last such meeting held in 1960, the volume of deep seismic sounding conducted
in the USSR and the adjoining seas increased more than three times. More than
200 seismic sections with a total length of more than 60,300 km have been
constructzd. The most detailed DSS investigations were performed in the
Ukraine, Soviet Central Asia, and Ceniral and Southern Kazakhstan. Aereal
crustal investigations by imeans of seismic systems equipped wi‘h magnetic
recorders were conducted in many regions (Ural mountains, Ukraine, Kola
Peninsula). Low-channel, portable systems such as "Zemlya," "Tayga,"
"ASS," and others are gaining wide acceptance.

The most important developments in methods of seismic investigations is
the wide use of reflected, converted, and, in a few cases, shear waves.
Quarry and other large explosions are being frequently utilized in solving
regional problems. Simplified field systems are being used in inaccessible
regions of Siberia and the Soviet Far East. In many regions the principle aim
of detailed investigations is the study of steeply sloping interfaces to a depth
of 15-20 km. More realistic models of the earth's crust are also used during
interpretation. Methods have been developed for the solution of direct
kinematic and dynamic problems for a wide class of models. Techniques
necessary for the solution of irverse problems are also being developed.

In opening the conference, V.V. Fedynskiy (Ministry of Geology of the
USSR) emphasized the fact that the deep seismic sounding made it possible
to determine the volume of the crust bound from below by the Mohorovicic
discontinuity, to investigate the principle crustal interfaces in many regions,
and to identify continental, oceanic, and transitional types of crust. Also,
it became possible to classify deep-seated faults dissecting the crust jinto
blocks, to reveal lateral differentiation of material in the unper mantle, to
outline the layered block structure of the crust, to determine certain impoitant

* Slightly abbreviated translation.
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connections between deep crustal structure and the upper mantle, and to
establish regularities in location of mineral resources.

In discussing future developmenis, Fedynskiy noted the desirability of
combining DSS with other geophysical methods in order to investigate the
deep structure of continents and oceans (including the structure along test
sites having the most typical structures), and also the physical parameters of
the crust which can not be determined by drilling, etc. He paid particular
attention to problems encountered in developing optimal field methods and
interpretation techniques, methods of investigating non-horizontal crustal
interfaces, utilization of all types of geophysical interpretation methods for
crustal studies, and the development of techniques of using secular variation
of the natural terrestial fields associated with geotectonic processes.

Subsequent lectures dealt with the results of DSS investigation of the
deep structure of the earth, joint interpretation of DSS with other geophysical
data, and field observation methods.

Investigations of the Crust and Upper Mantle

A review of the results of crustal and upper mantle investigations performad
during the last 20 years was presented by N.A. Belyayevskiyand I.S. Vol'vovskiy
(All Union Scientific Research Institute of Geophysical Prospecting Methods).

In the last few years DSS has been used to investigate in considerable detail
the crustal structure of geologically different regions (shields, platforms,
mountains, land and marginal seas, and the Pacific Ocean Basin). These
investigations have widened considerably our understanding of the composition
and structure of the earth's crust and upper mantle. Almost everywhere the
earth's crust and upper mantle have been differentiated in respect to seismic
velocity. Crustal blocks of different form and different dimensions have been
identified and the presence of a gradient structure in the crust with a gradual
increase of velocity with depth has been established. It was noted that
sufficiently sharp velocity discontinuities, up to 0.4-0.5 and even 1 km/sec
for a velocity ratio of more than 0.8-0.9, occur only at two interfaces - base-
ment surface ¢ ©d the Mohorovicic discontinuity. A gradual increase oi velocity
with depth al~ ) occurs in the upper part of the mantle, where the velocity is
iconsiderably .arger (8.9.5 km/sec) tharn it is in the crust below the basement
(6-7.5 km/sec) . Interfaces where the velocity changes more sharply (by as
much as 0.2 km/sec or more) are also observed bcth in the crust and the upper
mantle. The lecturers have shown the vertical distribution of interface velocities
and their lateral variation along the principle crustal and upper mantle interfaces
in the USSR and in large geostructural zones; variation of the layer and mean
velocities within individual layers and the earth's crust as a whole; and maps
of mean velocities of seismic waves in the earth's crust and interface velocities
along the Mohorovicic discontinuity in the USSR and adjoining countries,

Joint utilization of DSS and other geophysical and geological data and the
results of extrapolation made it possible to construct relief maps of the
Mohorovicic discontinuity for individual regions and for the USSR as a whole,
to construct maps and seismic sections showing the principle characteristics of
the deep structure, to outline the overall layering of the earth's crust, and to
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prepare crustal models for a number of Jarge geological structures.

Analysis of the above noted data made it possible to describe the deep
structure of the territory of the USSR, to discuss the nature of deep seismic
interfaces, and to establish certain regularities in the relationship between
the deep crustal structure and geological structures identified in its upper part.
In particular, it was noted that the average thickness of the crust in the USSR
is 39 + 2 km. This is in good agreement with the average crustal thickness in
North America, but exceeds considerably the average thickness of the con-
tinental crust (33 km) determined by Jeffreys,Bullen, and others which,
according to the lecturers are too low. The Alpine and Cenozoic folded regions
are characterized by a considerable variation of crustal thickness even over
short distances (a few dozen km). The thickness of the earth's crust within
ancient continental platforms also varies. In these regions a connection was
established between crustal thickness on one hand and the type and age of
geological structures on the other. Stratification is characteristic not only of
the earth's crust but also of the upper mantle down to a depth of at least 100-120
km on land and 30-35 km at sea. Although the Conrad discontinuity could not
be reliably identified throughout the whole territory of the USSR, the existence
of granitic and basaltic layers can hardly be questioned. At the present time,
data are beginning to accumulate on differences in the nature of the Mohorovicic
discontinuity, which in some regions is probably caused by phase transformations
and in others by sharp changes in the chemical composition of the earth's crust and
the upper mantle.

The motion of material deep within the earth was considered by Ye. V.
Artyushkov and M, Ye. Artem'yev (Institute of Physics of the Earth). The
lecturers criticized the concept of thermal convection being the principle cause
of this motion. The authors believe that the increase in the earth's core
occurs at the expense of material in the lower mantle as a result of gravitational
differentiation. The development of the lower mantle occurs at the same time
as the formation of the upper mantle. The uprise of the lower mantle material
into the upper parts of the earth is accompanied by release of large amounts of
energy, phase transformations, and partial melting. As a result of this, large
lateral inhomogeneities are formed in the mantle -~ different types of motion which
are the primary cause of formation of very large tectonic structures take place.

New data on the structure of the upper Dnieper-Donets aulacogene were
presented in a lecture delivered by I.A. Garkalenko (Ministry of Geology of the
Ukratne), M.V. Chirvinskaya (Ukrainian Geophysical Trust), and others. These
data verify that within this structure the thickness of the earth's crust (35-40 km)
iw 10-11 ko loss than within the Ukrainian shield. The decroase in thickness of
the crust occurs at the expense of the basaltic layer. However, in the Donbass
region, the thickness of the sedimentary deposits increase to 17-20 km and
crustal thickness increases to 42-48 km.

According to S.V. Potap'yev and I.K. Tuyezov (Sakhalin Complex Scientific
| Research Institute) use of aerial bombing instead of explosive charges made it
possible to investigate the structure of the earth's crust of Sikhote-Alin
(between lake Khanka and the coastal area of the Sea of Japan, in the region of
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of Tetyukhe) in a short period of time. It was established that the depth to the
Mohorovicic discontinuity in this region is between 36-38 km. Five crustal
interfaces with interface velocities of 4,5-4.8, 5.6-6.3, 6.4-6.6, 6.7-7,7,
ard 8 km/sec were identified. The same technique was used in Yakutia, along
the Zhatay-Arylakh sector. It was established that the crystalline basement

is found at a depth of 2-10 km; Conrad discontinuity, at a depth of 20-25 km;
and the Mohorovicic discontinuity at a depth of 35-40 km.

The data on the deep structure of Mugodzhar acquired by A.A. Abdulin,

A.N. Antonenko, and T.K. Dubrovin (Institute of Geological Sciences of

AN Kazakh SSR) indicate that the velocity distribution in this region is close

to that of the Urals. The crustal thickness in this area varies between 58 km
within the Tagil'-Magnitorgorsk synclinorium and 47 km in Tyumen-Kustanay

Easin.

DSS investigations along the Temir Tau~Xuybyshev profile (B.A. Khrychev and
others, Kazakh Geophysical Trust) have shown that the crustal blocks identified
in these investigations differ in respect to their velocity parameters. The width
of the transition zones between blocks is approximatel* 50 km.

The results of crustal investigations throughout Kazakhstan were described
in a review paper presented by M.D. Morozov, G.P. Bekzhanov, N. Ya. Kunin,
and others (Kazakh Geophysical Trust, Institute of Geological Sciences of the
Academy of Kazakh SSR). It was shown that in most cases the separation
between the granitic and the basaltic layer in Kazakhstan is not very clear.
Many of the larger tectonic structures are clearly reflected in the relief of the
Mohorovicic discontinuity. Typical of Kazakhstan is a small increase in the
interface velocity of seismic waves along the Mohorovicic discontinuity.

Investigaticns performed by A.N. Antonenko and A.A. Popov in Central
Kazakhstan (Kzyl Orda-Dzhezkazgan profile) (Institute of the Geological
Sciences of the Academy of Sciences of KazakhSSR) have shown the presence
of stable crustal and upper mantle interfaces which can be traced over a distance
of 100 or more kilometers. The most extensive interfaces are found at a depth
of 5-10 km and at the bottom of the crust. The thickness of the earth's crust
dissected by deep-seated faults varies between 43 and 48 km.

Seismic investigation of the crust within the Tadzhik Basin (L.N. Fikhiyeva,
Geology Branch of TadzhikSSR) has shown that the Palenzoic hasement lies at
a depth of 8-10 km and that the depth to the Mohorovicic discontinuity is 44-

45 km. The structure of the earth's crust in the basin is analogous to the
crust of intermontane basins in Central Asia.

According to data obtained by S.V. Krylov, B.P. Mishen'kin, and others
(Institute of Geology and Geophysics, Sakhalin Branch of ANUSSR), the thickness
of the earth's crust within the Baykal rift zone is 36-39 kin. The interface
velocit’ along the Mohorovicic discontinuity (7.76 km/sec) is considerably
lower than the same velocity in the neighboring regions of the Siberian plateau
(8.1 km/sec). The Baykal rift zone and the Siberian platform are separated
by a subcrustal fault.

Investigation of crustal seismic interfaces within Soviet Carpathia (V.B,
Sollogub, A.V. Chekunov, and others, Institute of Geophysics of the Academy
of Sciences UkrSSR) has shown that the Mohorovicic discontinuity is characterized
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by an asymmetric root, the deepest part of which (55-60 km) lies not under
Carpathian Mountains, but under the cis-Carpathian foredeep and the outer
parts of the folded structure. The largest faults in this area are found along
the southwestern boundary of the East European plateau and between
Carpathia and the cis-Carpathian foredeep. Considerable differences were
observed between the upper parts of different crustal seismic sections in this
region. However, these differences decrease with depth and disappear
almost completely.

M.M, Radzhabov (Azerbaydzhan Branch of the All Union Scientific Research
Insticute of Geophysical Prospecting Methods) and R.R. Riger (Amorneftegeofizika)
deicribed the results of analysis of seismic data which have shown that the
deep-lying interfaces within the southeastern submergence of the Grater Caucasus
and the adjoining part of the Kura basin are transition layers characterized by
a velocity gradient and most likely consist of a series of thin, wecging-out
layers. The Mohorovicic discontinuity is a several km thick transition zone.
The thickness of the earth's crust in this region varies between 30 km in the
region of the epi-Hercinian platform (at sea) and 52 km in the region of Cenosoic
folded structures (on land).

Deep seismic sounding performed in the Arctic Ocean (P.M. L2menitskaya
and U.G. Kiselev, Scientific Research Institute of Arctic Geology) have shown
differences in gological structure of the Gakkel and Lomonosov ridges. The
thickness of the crust under the Gakkel ridge varies between 3.5 and 15 km and
the interface velocity along the Mohorovicic discontinuity is equal to 8.1-8.2
km/sec. Under the Lomonosonv ridge, the crustal thickness is 18 km and the
interface velocities in the upper part of the crust are 1.8-2.3, 3.5-4.7, and
5.7-6.2 km/sec. The seismic layers are separated by angular unconformities.
Such layers were not observed under the Gakkel ridge. The unconsolidated
material with velocity between 1.6 and 2.0 km/sec overlies directly the basaltic
layer with velocity between 6.3 and 6.7 km/sec. According to the
authors, the Gakkel ridge is a typical midoceanic ridge, while the Lomonosov
ridge is an epiplatform orogen formed along an area of what was previously
part of the continental crust.

The results of first deep seismic sounding investigations of the earth's
crust In Antarctics were described by A.B. Kogan (Scientific Research Gealagy
Institute of the Arctic). It was established that the thickness of the earth's
crust in this area is 40 km and that its structure is typical of that found in
continental areas.

According to the data provided by S.M. Zverev (Institute of Physics of the
Earth) and Yu. P. Neprochnova (Institute of Oceanography of the Academy of
Sciences USSR) numerous DSS investigations performed at sea made it possible
to determine the structure of the earth's crust at more than 1200 stations,
along 30,000 km of profiles. DSS investigations carried out in the Pacific
Ocean have indicated differences in the wave fields, complex variation of
interface velocities in the crust and along the Mohorovicic discontinuity,
and block structure of the crust and upper mantle.

The most recent data on the structure of the earth's crust and the upper
mantle acquired in the transition zone between the continent and the north-
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western part of the Pacific Ocean (S.M. Zverev and Yu. V. Tulina, Institute
of Physics of the Earth) revealed the presence of block structure. The areas
between different structures are characterized by narrow transition zones,
where the thickness of the crust changes rapidly {(between 10 and 20 km).

A comparison of the crustal structure under the Caspian, Black, and
Mediterranean Seas (Ya. P. Malovitskiy, A.P. Milashin, and others, All
Union Scientific Research Institute of Marine Geology and Geophysics,
Institute of Oceanography of the Academy of Sciences USSR) shows that the |
crustal structure of the shelf areas is similar to the adjacent land areas. I
However, the narrow continentil slope areas have transi‘ion crust. The central,
usually the deep-water parts, are characterized by a specific type of crust with
a thickness of sediments between 10 and 15 km, and a very thin granitic layer
(V=15.8-6.5km/sec) which sometimes is completely absent. 7

I.K. Tuyezov, A.A. Porov, and others (Sakhalin Complex Scientific
Research Institute) noted that the thickness of the —arth's crust in Sikhote Alin
(34-36 km) decreases to a thickness of 10-15 km in the direction of the Sea of
Japan and that the thickness of the sedimentary layer decreases from 2.5 to
0.5-2 km. The granitic layer wedges out under the deep part of the Sea of l
Tapan.

Field Methods |

As was already noted by N.N. Puzyrev (Institute of Geology and Geophysics, ’
Sakhalin Branch of the Academy of Sciences USSR) and I.P. Kosminskaya
(Institute of Physics of .he Earth), further development of DSS requires an
increase in information cor tent that can be provided by this method, necessitating
an improvement in instrumentation, an increase in the frequency range used,
an increase in the signal-‘.0-noise ratio, development of computer interpretation
methods, standardization of computer programs for construction of seismic
sections and velocity distiibutions taking into account spatial variations of
crust and upper mantle parameters, etc. Part of the lecture also dealt with
the effectivenecs of field schemes used for solutions of different problems.

The authors are in favor of maintaining a rigid sequence of field operations in
new regions, with the less detailed investigations to be gradually followed by
more detailed observations, and in favor of combining different observational
schemes, so that the data acquired would provide a solution of a definite,
previously unsolved problem.

A considerable amount of work on aereal seismic ii..vestigations was performed
in the Central Ural region, using quarry blasts as sources of energy. Seismic
data were acquired on the spatial characteristics of deep seismic interfaces,
including those having considerable slopes (up to 30-50°).

Methods of conducting reconnaissance, aereal, and inline DSS investigations
by means of point seismic sounding were described in a lecture by N.N.

Puzryev, S.V. Krylov, and others (Institute of Geology and Geophysics of the
Sakhalin Branch of the Academy of Sciences USSR). They also analyzed the
results of investigations conducted in inaccessible regions of Western Siberia
using techniques developed by the authors.

-6-



Theory of Seismic Waves and Interpretation of DSS Data. G.I. Petrashen'
and P. Ya. Gel'chinskiy (Leningrad Branch of the Mathematics Institute) con-
sidered the future development of seismic wave theory as an instrument of
solving practical problems - description of fields for very complex (and dis-
continuous along a profile) deterministic models of media and relatively simpl<c
media using stochastic models and development of methods of solving inverse
problems in seismic prospecting.

A.S. Alekseyev (Computer Center of the Sakhalin Branch of AN USSR)
presented a review of new methods for the solution of inverse kinematic
(linearized) problems for a two-dimenstional medium based on the extraction
of a weak, anomalous, two-dimensional felocity field from the background of
the principle linear variation of velocity. The author has obtained a number of
new theoretical data pertaining to the solution of inverse dynamic prcblems
related to multi-dimensional media.

The lecture presented by I.S. Berzon (Institute of Physics of the Earth)
dealt primarily with the necessity of taking into account the structure of the
upper, thinly layered part of the seismic section during interpretation of DSS
data. Using examples of experimental investigations and theoretical computa-
tions, she has shown that the upper, thinly layered medium can considerably
change even the principal characteristics of deeply penetrating waves.

On the basis of analysis of different properties of observed seismic fields
and the given theoretical investigations pertaining to solutions of direct and
inverse seismic problems, I.P. Kosminskaya (Institute of Physics of the Earth)
and N.I. Pavlenkova (Institute of Geo~hysics of the Academy of Sciences
Ukrainian SSR) formulated the concept of generalized vel ocity models for
continents and oceans. These models include velocities in homogeneous
layers alternating with heterogeneous (including low velocity) layers. Using
statistical data on velocities, they determined the velocity range which
includes all possible velocity distributions for continental and oceanic crusts.

The velocity ranges are as follows: 1. continental crust below the basement -
6 + 0.5 km/sec (0<h<20 km), 7 + 0.5 km/sec (20<h<hM,WherehM is the depth
to the Mohorovicic discontinuity) and 8 + 0.3 km/sec (h>h }; 2 - oceenic
cn' st helow the basement (excluding the water layer and the sediments - 6.7+

.3 km/sec (0<h<hM) and 8.2 + 0.3 km/sec (h>hM). A theoretical analysis
of practical applications of DSS was described in a lecture presented by
h.V. Nikolayev (Institute of Physics of the Earth). The displacement field of
elastic waves is separated into a deterministic and a random (scattering by
random inhomogeneities) components. Analysis of the random component of the
displacement fields of body waves - refracted and reflected - makes it possible
to separate the effect of random factors disrupting spatial correlation of waves:
"turbidity" (random inhomogeneity) of the medium, surface conditions, conditions
of installation of instruments, and differences in recording channels.

T.I. Oblogina and V.B. Piyp, and others (Moscow State University) dis-
cussed the results of interpretations of DSS data acquired in the region of
the Karatau Ridge using the concept of a two-dimensional homogeneous model
of the medium. They have established the dependences V = V(x,h) at horizontal
levels at different depths below the earth's surface (hi =10, 20, 30, and 40 km)
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and also the dependence V = (r,di) et different points x = d1 of the profile.
According to the authors, the velocity gradient in different regions cf the
crustal section varies between 0.344-0.0514 sec-l.

An evaluation of a kinematic correspondence of models constructed with
the observed wave field along several DSS profiles was described in a lecture
presented by A.S., Alekseyev (Computer Center of the Sakhalin Branch of the
Academy of Sciences USSR). The observed deviations for multilayered models
of the earth's crust consisting of thick layers have a systematic character:
the onset time of seismic waves gradually increases with increasing distance
from the shot point, while the apparent velocities gradually become smaller
than theoretical values. Consequently, the multilayered models of the crust
are characterized by higher velocities than actually exist in the crust.

Theoretical analysis of reflected deep waves formed in the multilayered
crust by superposition of millions of simultaneously arriving multiple
reflections was given by Ye. K. Lossovskiy (Institute of Geophysics of the
Academy of Sciences UkrainianSSR). Computations have shown that, on the
average, the amplitudes of the multiply reflected waves are independent
of the amount of layering in the many km thick crust and do not exceed the
amplitudes of simultaneously arriving, singly reflected waves.

DSS data was used by M,.M. Radzhabov (Azerbaydzhan Branch Vnllgeofizika)
in deriving a formula for calculating ray velocities from effective velocities.
The ray velocities obtained were used in constructing velocity models for the
crystalline part of the earth's crust in the Caucasus. The authors also
demonstrated the possibility of determining the nature of first arrivals from
a plot of the variation of the first derivative of a difference travel-time curve
with distance. :

I.S. Berzon and P.S. Veytsman (Institute of Physics of the Earth) compared
wave fields formed by thin and thick layered models. The greatest differences
were observed in the case of subcritical reflections. It was established that
the velocity gradient in the crust has a considerable effect on the distance at
which waves reflected from the Mohorovicic discontinuity can be recorded and
on the dynamic ratios of reflected with refracted waves.

Analysis of experimental and theoretical data performed by N.I. Davydova
and G.G. Mikhota (Institute of Physics of the Earth) has shown that the
amplitudes and frequencies of waves reflected from the Mohorovicic discontinuity
are in qualitative agreement with theoretical values computed for a first order
discontinuity. Qualitative differences observed between certain theoretical
and experimental results make it necessary to consider other models of the
transition region between the crust and the mantle.

N.N. Matveyeva (Linengrad Branch of the Mathematical Institute of the
Academy of Sciences USSR), V.Z. Ryaboy, and M.I, Razinkova (VNIIgeofizika)
have shown the possibility of investigating the upper mantle down to a depth
of 80-100 km using 400-600 km long travel-time curves. In this depth range,
velocities of longitudinal seismic waves vary between 7.8-8.0 and 9.0-9.5
km/sec. Ten or more km thick, low-velocity layers may be present in certain
regions.



A series of lectures dealt with different aspects of computer analysis and
interpretaiion of DSS data. V.P. Valyus, I.N. Galkin, and A.L. Levshin
(Institute of Physics of the Earth) described one of the first attempts for a
computer solution of the inverse DSS problems. The velocity model for the
crust was determined from the experimental travel-time curves and amplitude-
distance curves of first arrivals. Of the 9C0 velocity models for regions

with continental crusts for the transition zone between Asia and the Pacific
Ocean considered, 30-50 models are characterized by seismic wave character-
istics which differ from the initial data by not more than the experimental
error. Compared to the usual kinematic interpretation, computer interpretation
of the experimental data made it possible to obtain a wider class of solutions
and to determine all parameters. The interpretation errors, which have to

be taken into account for geological interpretation of DSS data, were evaluated.
For example, a 0.2 sec error in constructing travel-time curves using DSS
data acquired at sea and 0.2 unit error in constructing amplitude-distance
curves from the same data lead to an error of 1-4 km in determining the depth
to the Mohorovicic discontinuity and an error of 0.2-0.4 km/sec in determin-
ing crustal velocities. It was concluded that observational techniques and
interpretation methods using first onsets make it impossible to either verify or
reject the existence of weak velocity inversions (with a gradient less than
0.015 km/sec).

The lecture delivered by I.K. Pushkarev, V.I, Shatsilov, and others
(Kasakh Geophysical Trust) was devoted to all stages of computer processing
of DSS data using as an example DSS data acquired alcng the Kaskelenskiy
profile in Kazakhstan. A few lectures dealt with utilization cf computers in
seismic prospecting.

Joint Utilization of Methods of Explosion and Earthquak~ Seismology.
Several special lectures dealt with coordination of methods oi explosion
and earthquake seismology. A.N. Antonenko (Institute of Geological Sciences
of the Kazakh Academy of Sciences USSR), N.K. Bulin (VSEGEI), B. Ye.
Shcherbakova (VNIlgeofizika), and others reviewed and analyzed the state of
the art and the possibilities of future developments of earthquake generated
converted waves. Although this method has bezn used in the USSR since 1956,
it reached its widest development in 1964 in connection with the deployment
of magnetic tape recording "Zemlya" systems. At the end of 1969, the total
langth of seismic profiles in the URSK determinid by means of conwvirta!
waves was about 10,000 km (the data were acquired at approximately 1200
observation sites). Converted waves from near and distant earthquakes and,
in certain regions, converted waves from quarry blasts are used to construct
seismic sections. The authors aiso considered certain aspects of the physical
foundations of the method of converted waves, its applicability, identification
of converted waves, stability of their recording, and correlation.

1.V. Pomerantseva and A.N. Mozztenko {(VNIIgeolizika) shalysed the
results of investigations of the earth's crust by means of the "Zemlya" systems
performed during an almost 10-year period which elapsed since their deployment.
They considered the field method for recording waves. The criteria of separat-
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ing PS converted waves into reflected and multiply reflected waves and
extraction of lateral PS waves 'vere also discussed.

In a lecture by S.N, Al'ter, A,P, Ivanov, and others (Kazakh Geophysical
Trust) it was shown that only the upper, seismicly sharpest interface,
basement surface, cen be reliably traced using cerniverted PS and sometimes
SP waves. Deeper crustal interfaces, including the Mohorovicic discontinuity
can not be traced reliably using converted waves. The following optimal
techniques for joint utilization of DSS and seismic investigations by means
of the "Zemlya" systems were suggested: aereal observations using "Zemlya"
systems in an area previously covered by DSS. This would make it possible
to correlate interfaces identified from converted waves with the usual seismic
interfaces and to investigate the velocity distribution.

Experience gained in using "Zemlya" systems in Uzbekistan was
described by V.A, Pak (Institute of Geology and Geophysics, Academy of
Sciences of Uzbek SSR),A,R. Mitrofanova (Uzbek Geophysical 1 ust), and
others.

A resolution adopted at the conference outlines the following principal
aims of future seismic investigations of the earth's crust and the upper
mantle; crustal and upper mantle investigations along prescribed reference
profiles for solution of basic geological problems; seismic aereal reconnais-
sance investigations; detailed investigation of the most important geological
zones and regions in the arzas of proposed superdeep drilling. It was pointed
out that it is necessary to increase the depth of investigations (in order to
determine the structire of the upper mantle) and emphasize the applied aspects
of deep seismic i1nvestigations. This should be achieved first of all by
thorough analysis of interconnection between elements of deep crustal
structures determined by explosion seismology and structure determined by
geological methods. For this purpose, it is especially important to conduct
deep seismic investigations jointly with other geophysical methods and to
use joint geological-geophysical interpretation of the acquired data.
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SECOND MEETING ON THE CRUSTAL AND UPPER MANTLE STRUCTURE IN THE
EUROPEAN SOCIALIST COUNTRIES DETERMINED FROM SEISMIC SURFACE
WAVE DISPERSION* ]

Pavlova, L.N. IN: AN SSSR. Vestnik, no. 10, 1970, 117-119

A conference dealing with the structure of the earth's crust and upper
mantle in Eastern Europe determined from Love and Rayleigh wave dispersion
was held in Moscow during 1-5 June, 1970. The meeting, organized by the
Committee for Planetary Geophysical Research of the Academies of Sciences
of Socialist Countries (KAPG symposium), was attended by Soviet, Hungarian,
East German, Polish, and Rumanian geophysicists. In addition to the principal
subject under consideration, lectures were presented on instruments, instrumental
observations (especially those dealing with long-period seismic waves), and
methods and techniques of processing and interpreting observational data on
seismic surface waves.

In his opening lecture, the corresponding member of the Soviet Academy
of Sciences, Ye. F. Savarenskly, dealt with future investigations of surface
seismic waves in thz member countriass of the Committee.

H. Neuhofer and D. Guth described the results of observations of surface
waves conducted at seismographic stations of the German Democratic Republic
(GDR). A great deal of attention was devoted to accuracy in determining the
onset time of surface phases at the station. Owing to the short distances
between stations, this problem is of considerable importance in determining
phase and group velocities. The authors of the lecture have determined phase
velocity dispersion curves for the territory of GDR. The next step in these
investigations will be the determination of the crustal structure.

In another lecture, H. Neuhofer and G. Henschel discussed application
of digital filtering to analysis of wave trains of surface waves. Their
investigation dealt with the effectiveness and accuracy of filtering as it applies
to dispersive phases. The filters investigated were applied to real seismograms.
The filtered seismograms were used to determine polarization constants for
short-period surface waves.

E. Bisztricsany (Hungary) discussed investigations of magnitudes of
earthquakes from duration of surface waves on the seismogram.

The lectures presented by Soviet specialists can be divided into three
groups. The first group of papers dealt with methods. A considerable interest
was aroused by a lecture by V.B. Glasko, Ye. F. Savarenskiy, and A.B. Peshkova
dealing with effectiveness of the method of reqularization in investigations of
the crustal structure based on dispersion of seismic surface waves, In

* Abbreviated translation.
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determining surface wave dispersion directly from a seismogram, the principal
source of error is distortion due to interference caused by simultaneous
recording of the principal and higher modes and of microseisms. A lecture by
A.L. Levshin and V.F. Pisarenko demonstrated the effectiveness of two-
dimensional time spectral representation o? the oscillatory process in separating
and obtaining greater details of characteristics of phases being investigated.
They described a computer method of time-spectral analysis and provided
examples of applications of this technique to synthetic and real seismograms.
The kinematic aspects of generation of Rayleigh waves were considered in a
lecture by Ye. F. Savarenskiy, S.A. Fedorova, and O, Ye. Starovoyt.

The authors deccribed the results of modeling of surface waves and analysis
of real seismograms.

The second group of lectures dealt with processing cf observational data on
surface waves, i.e., a construction of experimental dispersion curves and
crustal studies in the Lesser Caucasus, Carpathia, Southeastern Eurasia, and
Arabian Peninsula using d:- version curves. Included in the second group of
papers were lectures given by D.I. Sikharulidve, A. Xh. Bagramyan, B.I.
Volosetskiy, S.A. Kapitanova, V.M. Arkhangel'skaya, B.N. Shechkov, and
A. Gergaui (UAR). The paper read by B.N. Shechkov dealt with application of
different modifications of the surface wave method using data on the fundamental
and higher modes to study tectonics of Eurasia. A few preliminary results
were described dealing with the crustal structure in different regions. Of
considerable interest were the results of crustal determination under the Moscow
seismographic stations obtained by G.L. Kosarev. This investigation was
performed using spectra of long-period compressional waves. A lecture by
P.M. Karmaleyeva was devoted tc dispersion of long-period surface waves
acquired by means of quartz extensometerz. Especially interesting were the
results of determinations of parameters of strong earthquakes originating
in the Aleutian Islands (4 February 1965) and near Hokkaido (16 May 1968)
determined from the amplitude spectra of long-period Love waves.

The third group of lectures dealt with instruments. One of the important
problems in this area is the investigation of noise during recording of seismic
waves by long-period pendulum seismographs. V.D. Feofilaktov proposed a
classification of long-period noise based on its excitation sources, investigated
the effect of different factors on the seismograph, and provided practical
recommendations for reducing noise. Analysis of operation of a two-component
quartz strain meter installed at the Obninsk Central Seismographic Observatory
was described in a report by O. Ye. Starovoyt, V.D. Feofilaktov, L.L. Shul'pin,
and M.I. Yaroshevich. '

Reports by the representatives of the member countries of the conference
dealing with instrumen.2! recording and research in the area of seismic
surface waves performed during 1968-1970 and the plans for 1971-1975 were
presented at a special session.
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DETECTION OF UNDERGROUND NUCLEAR EXPLOSIONS

A REVIEW OF THE EFFECTIVENESS OF SEISMIC DISCRIMINANTS FOR UNDERGROUND
NUCLEAR EXPLOSIONS C. Shishkevish 5]

A briet review is presented of the eifectiveness of
seismic methods of identifying undergicund nuclear
explosions. The survey is based on papers published during
1968 - July 1971 and does not include earlier references
or proceedings of the Woods-Hole Conference held in 1970.

According to U.S. and British seismologists, the number of shallow-focus
earthquakes with focal depths h s 60-80 km and with body wave magnitude
egivaleni to underground nuclear explosions with a yieldY 2 2+ 1 kt
originating each year throughout the world is between 5000 and 10,000 (2500~
5000) earthquakes according to Soviet data) 1 ]. Thus, excluding the possibility of on-
site inspection, vigorously opposed by the Soviet Union, underground nuclear
explosions must be identified from seismic records of a very large
number of events acquired at teleseismic distances (A = 3000-10,000 km).

Evernden [2] lists seven different criteria for discrimination between
shallow-focus earthquakes and underground nuclear explosions. According to
his analysis, the criteria presented are valid to at least as low as m = 4 3/4.

A concensus of opinion among seismoiogists indicates that one of the
fundamental ways of distinguishing the seimsic signatures of shallow-focus
earthquakes and explosions is to compare relative generation of long and short-
period seismic waves [3]. Presently this difference is usually measured by
means of the (m:M) body wave-surface wave magnitude discriminant and by the
Rayleight wave spectral ratio.

The m:M Discriminant

The SIPRI report {4] summarizing the opinions of a large group of seismologists
from 10 countries concludes that the m:M criterion can be used to identify under-
groun explosions with m 2 4 3/4.

Analysis of long-period waves generated by underground nuclear explosions
and by earthquakes in five different geographical and tectonic regions of the
world performed by Lieberman and Pomeroy [5) indicates that the m:M criterion
can be used for events withm > 5,

Using data on 28 ecarthquakes and 26 underground nuclear explosions in
southwestern North America, recorded by the Canadian network of seismographic
stations, Basham [6] has established that the threshold for discriminating
between earthquakes and underground nuclear explosions by means of the m:M
discriminant is m =~ 4.,5.

Basham [7] has also determined the magnitude threshold for discrimination
by means of the m:M criterion using data on 36 underground nuclear explosions
and 33 shallow-focus earthquakes in Asia recorded by 20 Canadian Stations. He
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determined that the magnitude threshold for discrimination is m > 5.9, however,
when the seismic noise is sufficiently low, the m:M criterion can be used to
discriminate between events with m =2 5.0. Basham has shown that owing to
propagation path effects on the surface wave amplitudes, the m:M detection
threshold for intercontinental distances decreases by unit magnitude m.

Using data on 45 underground nuclear explosions recorded at A = 2000-
10,000 km, Pasechnik, et al [B](see also [4]) concludes that the m:M criterion
is effective down to magnitudes as low as m =4.19 . However, analysis of his
data indicates that the magnitude threshold is actually m 2 4.5.

P-Wave Spectral Discriminant

The SIPRI report [4] indicates that the P-wave spectra are a diagnostic aid
and a possible discriminant for events with m > 5.25.

Analysis of P-wave spectra of underground nuclear explosions and four
shallow-focus earthquakes with m = 5.9-6.6 recorded at A ~ 50° was performed
by Wyss, et al B] . It was determined that there were two potentially useful
diagnostic features of P-wave spectra for earthquakes and explosions of
comparable m from the same geographic and tectonic region: 1) peak frequency of
explosions is almost an order of magnitude greater than the peak frequency of
earthquakes; 2) a pronounced decay of the explosion spectra for frequencies less
than the peak frequency, as compared to the earthquake spectra which remain
flat at frequencies below the peak frequency.

Bakun and Johnson [10] have evaluated the P-wave spectral discriminant
at short epicentral distances (A = 2-4°) in order to encourage the application
of this criterion for discrimination between earthquakes and explosions at
large epicentral distances. An analysis of 69 events with M = 2,.8-4.,5 located
within 100 km of the Nevada Test Site and recorded by a high-gain, short-period
vertical Benioff seismograph shows that the bg spectral ratio (0.6-1.25 Hz)/
(1.35-2.0 Hz) of ground displacement satisfactorily discriminates Nevada Test
Site explosions from "natural" earthquakes fcr a threshold magnitude at least
as low as M = 3.2. This study verifies the potential usefulness of the P-wave
spectral discriminant, however, the results of the analysis are limited to events
recorded at short epicentral distances.

Thz Rayleigh Wave Spectral Ratio Discriminant

A new, high-gain, wide-band seismograph installed in Ogdensburg,
New Jersey is described by Pomeroy, et al [11]. The magnification of the
seismograph in the period range 20-50 sec is nearly two orders of magnitude
higher than that of long-period vertical instruments of WWSSN. The peak
magnification in the response curve is shifted from 25 sec, as for the WWSSN
and LASA instruments, to 30-50 sec. Since microseismic noise drops off
sharply at periods exceeding 20 sec, higher magnification and an increase in
signal-to-noise ratio achieved at periods exceeding 20 sec, make it possible
to record events as low as M = 2.7 [12]. The noise-free output at high
magnification was attributed to rigid environmental control achieved by operating
the system in an air-tight chamber in a deep mine, rather than a novel design
of the instrument [11] .
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Monar, et al, [12] have analyzed the spectral ratios of A} g9_22/A40-60 of
Rayleigh waves, i.e., thc amplitude measured on the vertical seismogram of
a 19to 22 sec period of Rayleigh wave compared to its amplitude at a 40-60 sec
period, of 51 Western United States earthquakes and underground nuclear
explosions with m = 3.9-6.3 recorded by the high-gain seismograph at Ogdensburg.
They have found a complete separation of explosions and shallow earthquakes
for events of comparable m, i.e., for events studied Ajg-22/A40-g0 of Rayleigh
waves was always less than 5.6 for earthquakes and always greater than 7.4
for explosions. Owing to the scarcity of data for events with m < 5, their
conclusions are striccly valid only for events with m > 5. However, Molnar,
et al, point out that for the events investigated the spectral ratio AIQ-ZZ/A40_5(\
of Rayleigh waves appears to be independent of magnitude, indicating that
the differences in the seismic spectra of earthquakes and explosions may persist
even for events of m < 5.

The paper by Von Seggern and Lambert [13] differed from that of Molnar, et al,
[12] on the importance of long-period Rayleigh waves from earthquakes and
explosions as a useful criterion for identification of underground nuclear
explosions. They tested two ratios involving the integral of energy averaged
over many stations, A)5-22/Ay5_4g and Ajg_22/A29_4g. Using events from
July 196z to September 1968 recorded at LRSM and VELA stations in North
America, they found that A; 5-22/A22—48 and A QA’/ZZ/AZZ—“ very nearly
separated the two popinlations, but only for the Western United States and only
if the ratios were normalized to a constant distance by an empirical relationship.
When earthquakes and explosions from other regions were included, this
separation was lost.

Analysis of limted data from a long-period, Press-Ewing, vertical seismo-
graph and the prototype of a new mercury tiltmeter at the Agassiz station in
Harvard performed by Derr [14] shows that the Rayleigh wave spectral ratio
of short- to long-period energy provides a useful discriminant for underground
explosions in the Western United States at A = 28-38° in the magnitude range
5.0 <m <6.3 (3.5 <M < 5.6). Itis pointed out that discrimination is
better for Ogdensburg long-period, high-gain, vertical instruments than it is
for an average of lower gain stations, perhaps because of the nearly constant
path to one station and lack of instrumental and site corrections. However, in
agreement with the results of Von Seggern and Lambert, the Rayleigh spectral
ratio does not discriminate the large Milrow event in the Aleutians from earth-
quakes in the same region due to significant long-period Rayleigh energy in the
Milrow event which Derr attributes to release of tectonic stress. If this is the
case, large explosions in tectonically active regiorns may be difficult to dis-
criminate from earthquakes by Rayleigh wave spectral ratio [14].

Tsai and Aki {15] have deiormined that earthquakes at depths near 40 km
exhibit surface wave spectra v ith pronounced minima due to destructive
interference in the period ranye studied by Molnar, et al. Tsai and Aki 6]
have also established that earthquake-generated Rayleigh waves have a
siynificantly different spectral shape in comparison with that of an explosion,
except when the earthquake occurs very close to the earth's surface. These two
factors make it impossible to apply the Rayleigh wave spectral ratio discriminant
to very shallow events (less than a few ixm deey) and to events occurring at
depths close to 40 km. It thus appears t-at Rayleigh spectral ratio complements
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the m:M discriminant by providing a clear separation of earthquakes and
explosions at certain depths in some geographical regions where earthquakes
are of low stress drop and are of stiike slip mechanism [14,15,16].

The paper by Bakun and Johnson [10] includes the following paragraph:

"Using data from Berkeley broadband system at a
distance of 500 km from Nevada Test Site, McEvilly and
Peppin (1970 personal communication) have found a
separation of the Nevada Test Site explosion and Nevada
earthquake pop..ations down to a threshold magnitude at
least as low as m = 3.7. Surface waves for smaller events
are lost in the background noise".

Although these results are highly significant, their validity can not presently
be evaluated due to a lack of details.

Magnitude Versus Yield of Underground Nuclear Explosions

A considerable disagreement concerning the body wave magnitude versus
yield relationship for underground nuclear explosions exists between Soviet
and Western (especially USA) scientists. According to Pasechnik [4], a1l kt
explosion in hari rock is equivalent to m = 4.6-4.8. Thirlaway [4] stated
that a 1 kt explosion in granite is equivalent to m = 4.0. The latest determina-
tion of the body wave magnitude versus yield relationship for underground
explosions fired in the USA was performed by Evernden 17,18]. According to his
analysis (Figure 1 in [17]or Figure 3 in [18]), the body wave magnitude of a
2 kt explosion in hard rock is = 3.7 (m =3.4 for a 1 kt explosion). Thus, a
difference in body wave magnitude Am = 1.3 exists between the Soviet and
the American results concerning the body wave magnitudes of low-yield under-
ground nuclear explosions fired in hard rock. A recent Soviet article [19]
attributes the systematic difference between the USCGS and Russian
determinations of body wave magnitudes of earthquakes (0.7-1.2 magnitude
units on the average) to differences in the frequency response of instruments,
selection of different sections of seismograms for measuring A/T, and most of
all, to conditions prevailing at seismic stations (i.e., improper station
corrections). 1t is claimed that BMO, UBO, TFO, and WMO stations
consistently report lower magnitudes than most other stations. Evernden (18]
attributes the regional dependence of body wave magnitudes of underground
explosions to differences in attenuation of body waves beneath different
source and station sites.

Under optimal conditions the new, high-gain, 'nng-period seismometers
[12] are claimed to be capable of recording events with M as low as 2.7
‘~ m = 3.7 for explosions) at epicentral distances of 30° or more (pl139 in 10]).
Thus, a possibility can not be excluded that the best currently available
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seismographs operating under optimal conditions may eventually lower the
body wave magnitude threshold for discrimination between earthquakes and
underground nuclear explosions in hard rock to m = 3.7. According to Evernden's
analysis [17,18), an event withm = 3.7 corresponds to an underground nuclear
explosion with Y = 2 kt. However, according to Russian data [7], an event
with m = 3.7 corresponds to an underground nuclear explosion with Y = 0.1 kt*,
Such considerable differences between yields of underground nuclear explosions
determined from m indicate the necessity of standardizing the USA and USSR
techniques of determining body wave magnitudes.

It was recently established [18] that the yield of an underground nuclear
explosion is more easily and accurately determined from M rather than m.
Thus, one way to avoid the m versus Y controversy is to determine the yield
of underground explosions from surface wave magnitudes.

Conclusions

A review of scientific literature on seismic methods of identifying under-
ground nuclear explosions published during 1968 - June 1971 leads to the
following conclusions concerning the effectiveness of such methods:

1. The m:M and the Rayleigh wave spectral ratio discriminants can be
used to discriminate between earthquakes and underground nuclear explosions
of body wave magnitudes m 2 4,5.

2. The m:M and especially the Rayleigh wave spectral ratio discriminants
appear to be very promising in lowering the threshold of discrimination to most
events with surface wave magnitude M > 2.7 (equivalent body wave magnitude
for explosions m = 3.7-3.9), i.e., to the lower limit of event detection set by
the noise level and detection capability of available high-gain, long-period
seismographs.

3. More research is needed to verify the effectiveness of both the m:M
and the Rayleigh wave spectral ratio discriminants. In particular, further
investigations are needed in the following areas:

a. Determination of the mechanism responsible for the fact that
excitation of Love and Rayleigh waves at long periods is considerably lower
for most events with the same body wave magnitude and a further study of
limitations of this criterion for larger events by such factors as the release of
tectonic strain.

b. Better knowledge of variation of long-period spectra of Rayleigh
waves with focal depth (especially for near surface events and events at
depths h = 40 km) and of the propagation effects on the surface wave spectra,
such as attenuation, scattering, and interference due to lateral inhomogeneities.

c. Improving or standardizing techniques of determining body wave
magnitudes of small earthquakes and underground nuclear explosions.

* Extrapolated using the formula m - m' = n log i, , and settingn=1,

({41 p82-83). According to Pasechnik (41, p83), the value of n may even be

less than 1.
-17-



d. Further application of the various seismic discriminants to very

low magnitude events from different geographically significant areas, particularly
for such events recorded by new, high-gain, wide-band, vertical instruments
installed at sites other than Ogdensburg, New Jersey.

10.

11.
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EARTHQUAKE PARAMETERS

DETERMINATION OF COORDINATES OF SOVIET CENTRAL ASIAN EARTHQUAKES [AS]

Kondorskaya, N.V. and A.I. Zakharova. IN: AN SSSR. Izvestiya. Fizika zemli,
no. 9, 1970, 76-83

The principal characteristics of travel times of P phases generated by
earthquakes occurring in Soviet Central Asia are investigated in order to
formalize computer calculation of epicenter coordinates. The problem under
investigation requires the determination of general regularities in variation
of travel times with epicentral distance for individual regions of Soviet Central
Asia and the determination of station residuals characteristic of similar focal
zones. A statistical analysis of travel times of P from different focal zones
recorded by Soviet Central Asian seismographic stations is performed. The
weighting function which characterizes the reliability of a given station network
is determined. It is shown that the distribution curve for residuals for the
system of Soviet Central Asian seismographic stations varies for different
regions in Central Asia, however, they can be unified into three groups
corresponding to the northern,central, and southern parts of Soviet Central Asia.
Thus, the determination of epicenters of earthquakes originating in Soviet
Central Asia requires the use of at least three different travel time curves
corresponding to the three Central Asian zones identified above.

A RELATIVE ANALYSIS OF THE RECURRENCE OF EARTHQUAKES AND ROCKBURSTS (T]

Neunhofer, H. IN: Deutsche Akademie der Wissenschaften, Berlin. Institute fur
Gecdynamik Jena. Veroffentlichungen. [Beries] A, no. 13, 1969, 58-65
(In German)

It is pointed out that both earthquakes and rockbursts obey a lognormal
distribution in respect to energy, i.e.,

N (log E; - log EO)Z
n,=—— 1 e[ > ]
<‘Il§11(21'r)2 20

which includes the following three parameters: Ej, M, and o. These parameters
are then determined for both earthquakes and rockbursts. The regression lines
are computed for each pair of parameters and the correlation coefficients between
each pair are determined. The coefficients of regression were determined to be
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different for earthquakes and for rockbursts. The possible causes of the
differences are discussed.
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INSTRUMENTATION =*

QUARTZ-STABILIZED DRIVE FOR RECORDING EQUIPMENT E)

Aronov, L. Ye. and M.K, Dubrovina. IN: AS USSR. Institute of Physics of
the Earth. Seismic instruments (AN SSSR. Institut fiziki zemli. Seysmicheskiye
pribory) , Moskva, 1zd-vo "Nauka,"” no. 5, 1969, 99-104

The GK-50 quartz oscillator and its companion power amplifier are des-
cribed. Frequency stabilization is achieved with a K-38 quartz resonator
with a natural frequency of 20 kHz. The frequency division factor is 400, in
four stages (to 5 kHz, 1 kHz, 200 iiz, and 50 Hz). The GK-50 drive has the
following parameters: output frequency — 50 Hz; pulse shape — square; out-
put pulse amplitude — 2.5 v; output resistance — 560 ohms; feed voltage —
12 v; power consumption — 1.5 W; size — 250 x 145 x 200 mm; and weight —
3.9 kg. This thermostatted unit can also be used in work requiring a time
service. The power amplifier was designed to work with the quartz-stabilized
drive, and is used in conjunction with a set of three recorders. For large-scale
observations, an additional (or back-up) amplifier is used, which is switched
on automatically should the current jump or the primary amplifier fail. The
parameters of the power amplifier are as follows: maximum voltage-gain factor —
20; rated power output — 20 W; noted voltage output — 12 v; feed voltage —
12 v; power consumption — 24 W; efficiency — 80%. Circuit diagrams are
1 given for the two units and their operation is described in detail.

A LONG-PERIOD ELECTROMECHANICAL OSCILLATOR (E]

Aronov, L. Ye. and M. A. Lekhtman. IN: AS USSR. Institute of Physics of
the Earth. Seismic instruments (AN SSSR. Institut fiziki zemli. Seysmicheskiye
pribory) , Moskva, Izd-vo "Nauka," no. S5, 1969, 105-109

A long-period oscillator has been developed by the Institute of the Physics
of the Earth for laboratory measurements of the frequency response of almost
all presently used (Soviet) seismometer systems. The unit generates sinusoidal
oscillations in the 0.2 to 200 sec period range. The unit is described in some
detail and a circuit diagram is given. Some of the basic specifications of this
oscillator are; period range — 0.2 to 200 sec; instrument error — 5%; output
voltage — to 8 v; power consumption — to 15 W; size — 402 x 201 x 300 mm;
weight — 15 kg.

* All but four abstracts in this section were written by L. Boylan of
Informatics Tisco.
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THE OSB-I Mp PORTABLE SEISMIC OSCILLOGRAPH E]

Borisevich, Ye. S., S.A. Kastorskiy, and M.S. Mosyagina. IN: AS USSR.
Institute of Physics of the Earth. Seismic instruments (AN SSSR. Institut
fiziki zemli. Seysmicheskiye pribory), Moskva, Izd-vo "Nauka," no. 5, 1969,
90-98

Some advantages and disadvantages of the OSM-V1-M and OSB-I
portable seismic recorder are briefly summarized. Modifications made in the
OSB-I in developing the improved OSB-IMp include: the addition of a spring
drive for use in areas where electricity is not readily available; the addition
of a conventional strip-chart recording capability to augment the photographic
recording (to be used for recording explosions); and many changes in the optics
of the unit to enhance recording precision. Some of the specifications of the
OSB-IMp oscillograph are: weight — 16 kg; length of light-sensitive paper —
450 mm; length of strip chart — 12 m; and recording time — up to about 16 hours
of continuous recording. Using light-sensi*ive paper at recording speeds of 60
and 120 mm/min, oscillation frequencies of up to 5 and 10 Hz, respectively,
can be recorded. Low-lot production of the OSB-IMp was to have begun in 1968.

A DEVICE FOR MEASURING AND RECORDING VELOCITY AND ACCELERATION  [E]

Borisevich, Ye. S., D.P. Kirnos, and V.M. Fremd. Otkrytiya, izobreteniya,
promyshlennyye obraztsy, tovarnyye znaki, no. 7, 1971, 142 (Author's
Certificate 295099).

As announced by the Institute of Physics of the Earth, an Author's
Certificate has been issued for a device for measuring and recording earth-
quake or explosion generated velocity and acceleration of vibrating objects
(ground or structures). The unit contains a moving (wire) coil placed in a
magnetic field, elastic supports, and a small mirror for optical recording of
coil rotation. This device differs from similar such devices in that its
sensitivity is increased and its size is reduced by equipping it with a balance
in the form of a wire with a fuzed globule on one end and the other end of the
wire attached at the axis of rotation of the colil.
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THE UTILIZATION OF VISUAL HOT-PEN RECORDERS FOR REGISTRATION OF
AFTERSHOCKS OF THE TASHKENT EARTHQUAKE E]

Borisevich, Ye. S., V. I. Ulomov, and V.M. Fremd. IN: AS USSR. Institute
of Physics of the Earth. Seismic instruments (AN SSSR. Institut fiziki zemli.
Seysmicheskiye pribory), Moskva, Izd-vo "Nauka," no. 5, 1969, 142-146

On 20 April 1966, a three-component visual recording seismograph was
installed at the Central Tashkent Seismological Observatory. This system
consists of three SKM-3 seismometers (one vertical and two horizontal), a
three-channel UPN-3 transistorized low-frequency amplifier, and anN-002
hot-pen recorder. Beginning with the main shock which occurred on 26 April,
almost all aftershocks were recorded at a magnification of 3000, analyzed on
the spot (without stopping the recorders), and were used to warn the population.
Although not intended for permanent installation at Tashkent and despite
several mechanical problems and minor equipment failures, the equipment
showed its suitability for practical use, in particular, for use in recording
aftershocks in the epicentral zone. Based on the experience gained, a
number of minor equipment modifications are recommeded. It is noted that,
equipped with an adequate triggering system, the equipment could be used as
a means of obtaining rapid information on aftershocks, despite the fact that
first arrivals would be missed. This is preconditioned by the presence cof
other continuously recording systems at the observa' .y.

A DEVICE FOR INCREASING THE NATURAL PERIOD AND STABILITY OF
PENDULUM SYSTEMS CF SEISMOMETLRS E]

Fedoseyenko, N, Ye., A.S. Deniskov, and L.F. Baranov. IN: AN SSSR
Izvestiya, Fizika zemli, no. 6, 1970, 84-87

A method of astatizing the pendulum system by addition of a permanent
magnet acting un the suspension system of the pendulum is described. The
ring-shaped astatizing magnet is attached to the seismometer frame in such
a manner that the nonlinear dependence of the interaction force of the magnet
with the pendulum on the angle of rotation of the pendulum eliminates the
dependence of the natural period on the displacement of the equilibrium position.
The direction of the attraction force of the magnet which coincides with the
direction of the supporting spiral spring makes it possible to achieve longer
pendulum period. As an example, a dcvice for increasing the pendulum period
of the SDK seismometer is described. A record of the seismometer adjusted
to operate at a period of 7 sec and extended by means of ring magnets to
a period of 22 sec is provided.
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A PIEZOELECTRIC SEISMIC ACCELEROMETER WITH A FIELD-EFFECT
TRANSISTOR E]

Fremd, V.M. IN: AS USSR. Institute of Physics of the Earth. Seismic
instruments. (AN SSSR. Institut fiziki zemli. Seysmicheskiye pribory),
Moskva, Izd-vo "Nauka," no. 5, 1969, 43-47

The article examines modifications to the AP~-2 seismic accelerometer,
involving the addition of a field-effect transistor (FET) to the preamp circuit.
The advantages of the FET in this application are outlined in general terms
and a schematic of the FET preamp is given. For a supply voltage of 10 v,
the amplifier current is only 0.7 ma. Three series-connected batteries
provide 700-900 hours of continuous operation; this time can be increased
four times, using a 2.8 amp-hr mercury battery. The frequency response of
the amplifier 's flat to very high frequencies. For a voltage transfer factor
of 0.6, the acuelerometer sensitivity is about 1 v/g. A three-component
system consisting of three AP-2M accelerometers was tested during the
Medeo explosion of 21 October 1966. For this test, the accelerometers
were connected to an ISO-II recorder. Recording channel amplitude-frequency
response was tested and proved to be flat between 0.1 and 20 Hz. It is
concluded that the piezoelectric FET accelerometer and the frequency response
of the system are suitable for recording high-intensity earthquakes; however,
care must be exercised in balancing the recorder galvanometers.

A THREE-COMPONENT PIEZOELECTRIC SEISMIC ACCELEROMETER WITH A
COMMON INERTIAL MASS E]

Fremd, V.M. IN: AS USSR. Institute of Physics of the Earth. Seismic
instruments (AN SSSR. Institut fiziki zemli. Seysmicheskiye pribory),
Moskva, Izd-vo "Nauka," no. 5, 1969, 48-50

The Department of Seismological and Recording Equipment of the Institute
of Physics of the Earth has built and tested a prototype model of a three-
component piezoelectric accelerometer with a common inertial mass (see Figure 1)
The inertial mass consists of a brass cube 7.5 cm on a side, weighing about
1.5 kg with 0.2 cm thick and 2.5 cm in diameter zirconate-lead titanate plates
attached to the cente- of each side of the cube. The capacitance of each plate
was about 3000 pf. The anvows in Figure 1 indicate the direction in which the
piezoceramic plates are polarized. Each of the two opposing pressure plates
are electrically interconnected, and the leads from each pair of plates
represent the individual component outputs (X and Z in Figure 1). Another
reference output terminal common to all the components is the inerticrl mass
(COM in Figure 1). The pressure plates are electrically insulated from the
housing which is alsu a cube 15 cm on a side, and, in addition to the sensing
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element contains a three-channel

insulated-gate-field-effect transistor
(IGFET) preamplifi r. The equipment
and conditions used in testing the
prototype are briefly described. The
results obtained in protype tests were
as follows:

1. the operating sensitivity of each
component is about 1 v/g ;

2. the trancverse sensitivity of each
component is not greater than 3% of
tlie sensi*ivity in the direction of

z Common X
Figure 1. Three-component operation;
accelerometer with common inertial 3. the natural frequencies for all three
mass components are about 2 kHz, and the

frequencies can be easily determined
by adjusting individual pressure plates;
4, the frequency response for all three
components of the accelerometer is
identical and constant in the frequency range 1-50 Hz;

5. on the test stand, rotation of the transducer about its vertical axis
caused a change in the ampiitude relatlonship of the horizontal compcnents
from unity to a very high value which depends primarily on the transverse
sensitivity of the piezoelements; the phase shift between the horizontal
components changed from 0 to 180°;

6. with an IGFET preamplifier the dynamic range of the acceleromweter
was not less than 80 db when using the FET preamp, and the upper limit in the
range of measureable accelerations was 2 g.

In conclusion, it is stated that the laboratory tests show that this
instrument can be used to measure earthquakes with intensities between II - III
and XII, using a suitable recording unit. Some of the basic areas of application
are pointed out.

1 - Inertial mass; 2 - piezoelectric
plate; 3 - casing; 4 - pressure plates.

DIGITAL COMPUTERS FOR MASS DATA PROCLSSING E]

Goncharov, V.L. IW: AS USSR. Institute of Physics of the Earth. Seismic
instruments (AN SSSR. Institut fiziki zemli. Seysmicheskiye pribory), Moskva,
Izd-vo "Nauka," no. 5, 1969, 114-118

A high-speed digital computer system has been developed which provides
frequency filtering of an input process having a frequency of 0 - 30 Hz, at
10 points per period. Five principal features taken into account in the overall
system design are outlired along with five specific features in the memory
design. It is pointed out thit if the design recommendations given in the
article are followed, greater efficiency (reaching a maximum under certain
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conditions’ can be achieved. The system described can be used to develop
a special-purpose computer for mass data processing in a number of discipiines
where continuous statistical processing of random variables is required.

THE VBP-5 SEISMIC DETECTOR FOR SEPARATE RECORDING OF TRANSLATIONAL
AND ROTATIONAL MOTION E,T]

Kharin, D.A. and L.I. Simonov. IN: AS USSR. Institute of Physics of the
Earth. Seismic instruments. (AN SSSR. Institut fiziki zemli. Seysmicheskiye
pribory) , Moskva, 1zd-vo "Nauka," no. 5, 1969, 51-66

The theory is developed and the operating principles, design, and
laboratory tests are described of a magnetoelectric seismic detector intended
for separate galvanometer recording of linear and angular motions. The
seismometer consists of two similar pendulums aligned on a common axis of
rotation, with the pendulum masses suspended on opposite sides of the axis of
rotation. Laboratory tests involving changes of pendulum arrangement are
described. In the final design of the detector, its parameters were as follows:
pendulum mass — 130 g; moment of inertia relative to the axis of rotation —
3150 g x cmz; natural period — 2.0 sec; reduced pendulum length — 100 cm;
damping constant — 0.5; induction coil resistance — 16 ohms; and sensitivity —
3.7 mv x sec/cm. Magnification curves resulting from shake table tests
differed by not more than 7-10% from the computed values.

GENERAL PURPOSE BROAD-BAND SEISMOGRAPHS AND A UNIFIED METHOD OF
DETERMINING INSTRUMENTAL CONSTANTS R,E]

Kirnos, D.P., V.T. Arkhangel'skiy, Z.1. Aranovich, and V.D. Feofilaktov.

IN: AS USSR. Institute of Physics of the Earth. Seismic instruments. (AN SSSR.
Institut fiziki zemli. Seysmicheskiye pribory), Moskva, 1zd-vo "Nauka," no. 5,
1969, 3-34

The authors review the efforts undertaken at the Institute of Physics of
the Earth of the USSR Academy of Sciences to improve the general purpose
SVKD vertical and SGKD horizontal seismographs and to develop standardized
procedures for determining and adjusting instrumental constants. The
improvements involved efforts to extend the flat portion of the response curve
to ground motion with periods of up to 20 sec at a magnification of 1000.
Instrumental modifications and the results of laboratory and field tests of the
modified SVK-3 vertical and SGK-3 horizontal seismographs are described.
Expressions are given for determining various instrumental constants and
procedures for adjusting the instruinent components are outlined. The final
tests were performed at the Central Geophysical Observatory of the Institute
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of Physics of the Earth in 1965-1966. At ground motion of 1 - 100pu, both
seismographs exhibited satisfactory linear response and kept their pendulum-
equilibrium zero point accurate to about 1%, although the SVK-3 pendulum is
highly temperature dependent and requires additional heat insulation. In order
to record earthquakes with M > 7.5, it is recommended that an additional
delay-type, low-gain recorder unit be coupled to the basic seismograph
system in order to avoid the recorder pen leaving the paper during recording of
the maximum phase. The necessity for futher study of the effects of long-
period noise on recordings with these instruments is pointed out. Due to the
simplicity and accuracy of the proposed method, the authors recommend that
it be adopted for use by the seismological stations of the USSR.

EXPERIENCE IN THE USE OF THE SD-1 LONG-PERIOD SEISMOGRAPH E]

Kimos, D.P, and O.Ye. Starovoyt. IN: AS USSR. Institute of Physics of the
Earth. Seismic Instruments (AN SSSR. Institut fiziki zemli. Seysmicheskiye
pribory), Moskva, Izd-vo "Nauka," no. 5, 1969, 151-156

Using an SKD seismometer (with modified transducer coil parameters) and
a slightly modified East German SPG long-period (80 sec) galvanometer, the SD-1
long-period instrument was developed which has a magnification approaching
that of a standard, general-purpose seismograph. The SD-1 seismometer has
the following instrumental constants: Tg = 25 sec, Tg =90 sec, Ds =1, Dg = 0.5,
o2 =0.2-0.25. Vertical and horizontal models were installad at Moscow
State University and at Obninsk, respectively, and comparison tests with a
Press-Ewing seismographs were made. Sample recordings acquired by the
various systems are compared. Seven months of recording with the horizontal SD-1
(SGD-1) seismograph have shown that it provides excellent recording of long-
period surface waves from events with M < 7.5 and body waves for events with
M <8 at epicentral distances exceeding 50-60°.

TIME OF EXPLOSION REFERENCING IN MARINE SEISMIC WORK [E]

Maksimov, O.A., V.I. Myachkin, A.M. Palenov, and V,B. Preobrazhenskiy.
IN: AS USSR. Institute of Physics of the Earth. Seismic instruments (AN SSSR.
Institut fiziki zemli. Seysmicheskiye pribory), Moskva, Izd-vo "Nauka,"

no. 5, 1969, 139-141

A relatively simple transistorized arrangement for marking (referencing) the
time of explosion, using a waterproofed battery, wires, and a galvanometer in
a loop circuit, is described. The battery portion of the loop is connected to the
charge, and the circuit breaks with the explosion. The device provides for
the radio transmission of the true time of explosion an/’ coordinated time marks
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from the shot ship to the receiving points. A circuit diagram for the transmitter
and sample recordings made by the shot and receiving ships are given.

THE MAIN CONTROL CONSOLE OF THE OBNINSK CENTRAL GEOPHYSICAL
OBSERVATORY OF THE INSTITUTE OF PHYSICS OF THE EARTH OF THE SOVIET
ACADEMY OF SCIENCES E]

Mishatkin, V.N., A.P, Nefed'yev, V.D. Feofilaktov, and V.A, Burimov.

IN: AS USSR. Institute of Physics of the Earth. Seismic instruments (AN SSSR.
Institute fiziki zemli. Seysmicheskiye pribory), Moskva, Izd-vo "Nauka,"
no. 5, 1969, 119-132

The functional components and operation of the main control console of
the Central Geophysical Observatory at Obninsk is outlined. The console
provides centralized automatic control of monitoring equipment, including
various seismographs, tiltmeters, gravimeters, and strain seismographs. The
telemetering sensor units for the above systems are in an underground
installation 30 m below ground level. The main (recording and display) console
is located at some distance from the sensors. The principal recording method
used by the Observatory is photographic galvanometer recording; however,
allowance has been made for the future use of different recording systems.

The functional components of the console are as follows:

1. the control system and recorder-failure warning system;

2. time service system and time-signal shaping system;

3. earthquake warning system;

4. sensor/recorder channel calibration pulse system; and

5. auxiliaiy systems (remote switching, start/stop code shaping systems,

etc.

A block diagram of the console is given and the operation of the above
components are outlined in some detail. The earthquake warning system
utilizes sound and light systems based on motion levels from three types of
instruments. The overall design used in the main control console can be used
as a prototype for similar units.

THE ARS-M SELF-CONTAINED,RADIO-CONTROLLED SEISMOGRAPH WITH
MAGNETIC RECORDING [E]

Nikolayenko, Yu. B., N.I. Kalashanikov, and V.N. Goncharskiy. IN: Otbor i
peredacha informatsii, no. 19, 1969, 29-32

A detailed description of the ARS-1 M radio-controlled seismograph is
given. The unit is battery powered and is designed for use in remote locations
where it can be activated by radio command. Figure 1 shows a functional block
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diagram of the seismograph. The input
4 v 2 seismic signal is amplified and tape

i vk /\z\ i %&t‘@ g recorded with synchronizing time marks
N A AN Yy 235 on standard 6.25 mm width tape. The
\‘Q \\\\\\\\\\Q\ T °% % amplifier bandpass is 20-100 Hz. On
Do \i\\\\\ﬂ s » |NXY & receiving a 100 Hz command signal,
" i——3 \§‘ 2 power is switched to all circuits and the
/// &QQ S Q\\\‘\ recorder operates for the duration of the
7 \\&\\ \\\\:\ command (up to 5 seconds); when not
s ?\\\:\ \\\\\\ recgrdiril?h, th;a ux}mlit rer;iains ini a stdand-by
NN ‘\\\"‘:fl\'\\}.\%\_\g\yi;\\\\._\}\\\\_,_ mode w only the radio receiver draw-
\\N&Q%\\\\\\\\\\\\i\\\g\ ing power. Other specifications incluie:
D seismic signal sensitivity, 3 mv; input
Figure 1. ARS-M seismograph block noise level, 2 mv or less; tape speed,
diagram 10 mm/sec (constant within 0.25% in

any recording interval); total recording
sessions, at least ten; rf carrier
frequency, 36.025 MHz; operating life
on one set of batteries, 15 hours.

1 - Photosensitive AGC; 2 - LC filter;

3 - seismic signal tape head;

4 - bias oscillator; 5 - signal amplifier;
6 - time mark head; 7 - tape drive;

8 - rf operated power relay; 9 - seismic
signal receiver; 10 - voltage regulator;
11 - batteries: 12 - command receiver

CERTAIN ASPECTS OF HOT-PEN RECORDING OF SEISMIC PROCESSES (E]
Polskiy, E.M. IN: AN SSSR. Izvestiya. Fizika zemli, no. 6, 1970, 88-91

Two inherent problems in the use of hot-pen recorders in seismographs are
analyzed: fading or loss of signal trace because of heat loss to the paper and
drum and skipping of the pen on the paper at high transport speeds. At high
paper speeds, as much as half the heating power in the pen wire may be dis-
sipated by the paper and drum if current compensation is not provided. This can
be done by inserting an insulating layer between paper and drum, and also by
including a heat compensation circuit which automatically optimizes pen current
as a function of signal amplitude, frequency, and paper speed. Roughness of
the paper surface is the limiting factor causing skips at high speeds; the normal
pen weight overcomes this up to some critical relative velocity between pen and
paper. If this rate is exceeded weight must be added to the pen head to insure
contact for a continuous trace. A formula is derived for determining the contact
force to be exerted by the hot pen on the paper as a function of frequency and
amplitude of the signal and the roughness of the paper.
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HOT-PEN RECORDERS (E]

Pol'skiy,Ye. M. IN: AS USSR. Institute of Physics of the Earth. Seismic
instruments (AN SSSR. Institut fiziki zemli. Seysmicheskiye pribory), Moskva,
Izd-vo "Nauka," no. 5, 1969, 133-138

Various types of Soviet and non-Soviet recording units are described and
a table of specifications for 16 non-Soviet recording units is given. A description
of two Soviet hot-pen recorders (N-002 and PP-6) is provided, however, both
have been previously described in a 1964 collection of articles entitled, " AS
USSR. Institute of Physics of the Earth. New instruments for recording seismic
phenomena (AN SSSR. Institut fiziki zemli. Novyey pribory dlya registratsiy {
seysmicheskikh yavleniy), " Moskva, Izd-vo "Nauka," no. 35 (20), 1964, 30-35
and 54-60.

TESTING SEISMIC INSTRUMENTS OPERATING IN A STAND-BY MODE

)
wa

Preokrazhenskiy, V.B., V.V, Stepanov, V.V. Shteynberg. IN: AS USSR.
Institute of Physics of the Earth. Seismic instruments (AN SSSR. Institut fiziki
zemli. Seysmicheskiye pribory), Moskva, Izd-vo "Nauka," no. 5, 1969,
147-150

The following seismographic systems for recording local earthquakes, set up
on Kamchatka in 1966, are briefly described: () an SZZ-II unit (with a VEG1K
seismometer and POB-12M recorder); (2) an N-700 recorder and FEPU trigger
(using a VEGI1K or S5S seismometer and GB-series galvanometers); (3) an ISO-II
engineering seismology recorder with electronic trigger (using VEG1K or S5S
seismometer and SB-IV galvanometer); and (4) a UAR strong motion system (using
velocimeters). The frequency response of the SZZ-II unit is flat in the 1-10 Hz
frequency range (after some preamp and demodulator modifications). The unit
has automatic shut-down after 35-45 sec of recording. The N-700/FEPU
combination has 45-60 sec of recording time per earthquake but fails to record
during the first 0.5-1 sec. This combination has a very flat response from 0.75
to 9 sec (magnification —200) and from 0.8 to 10 sec (magnification—25) and
its main advantage is its simplicity and reliability. The ISO-II oscillograph
uses VEGI1K seismometers (magnification— 100), S5S seismometers (magnification —
15), or VBP-3 seismometers (magnification — 5). It fails to record during the first
0.2 sec. Mechanical problems were encountered in this equipment and changes
are recommended. Little is mentioned of the TTAR strong motion system.
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ELECTRONIC TRIGGERING UNIT FOR AN ISO-RECORDING UNIT ]

Rozenberg, I.M, and V.V, Stepanov. IN: AS USSR. Institute of Physics of the
Earth. Seismic instruments (AN SSSR. Institut fiziki zemli. Seysmicheskiye
pribory), Moskva, Izd-vo "Nauka," no. 5, 1969, 110-113

An electronic triggering unit designed for use with seismic recorders
operating in a stand-by mode is described. Using a modified VEGIK seismometer
(coil resistance — 2000 ohms), as triggering source, the triggering unit ensured
reliable recording of shocks with intensity greater or equal to II. A unit set up in
1966 in Kamchatka showed that the recorder was triggered by a 20usignal at 5 Hz,
using a coil with a resistance of 1000 ohms. A circuit diagram is given, as is a
graph showing the triggering characteristics as a function of ground motion and
input signal.

RECORDING THE AFTERSHOCKS OF THE TASHKENT EARTHQUAKE USING
ENGINEERING-SEISMOLOGY RECORDING UNITS [E]

Rustanovich, D.N., V.V. Stepanov, and V.M. Fremd. IN: AS USSR. Institute of
Physics of the Earth. Seismic instruments (AN SSSR. Institut fiziki zemli.
Seysmicheskiye pribory), Moskva, Izd-vo "Nauka," no. 5, 1969, 157-160

The use of four ISO-II stand-by recording units in recording aftershocks
from the Tashkent earthquake is described. An experimental triggering unit
was tested with one of the VEGIK-equipped seismographs. Following some
modifications, this system responded to aftershocks wi‘n intensity II and higher.
The experience in Tashkent demonstrated the usefullnf:ss, economy, simplicity,
and reliability of the ISO-IT recordina unit in this application. Thiee improve-
ments are recommended which should make the ISO-11 adaptable to regional
seismological studies as well as engineering work.

PEN-WRITING SEISMOGRAPHS R)

Rykov, A.V, IN: AS USSR. Institute of Physics of the Earth. Seismic instruments
(AN SSSR. Institute fiziki zemli. Seismicheskiye pribory), Moskva, Izd-vo
"Nauka," no. 5, 1969, 35-38

This brief review of pen-writing seismographs deals primarily with instruments
with inductance transducers developed in the Soviet Union. The advantages of
such instruments over long-period seismographs with capacitance transducers
are emphasized. The very brief, general discussion contains no new data on
capacitance transducer seismographs.
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FM CAPACITANCE ACCELEROMETER E]

Shnirman, G.L., A.A, Razorenov, and B.Z. Gorbenko. IN: AS USSR. Institute
of Physics of the Earth. Seismic instruments (AN SSSR. Institut fiziki zemli.
Seysmicheskiye pribory), Moskva, 1zd-vo "Nauka," no. 5, 1969, 39-42

In an effort to record explosion generated acceleration the Institute of Physics
of the Earth of the USSR Academy of Sciences has developed an FM capacitance
accelerometer (see Figure 1). The transducer consists of a flat Duralumin
diaphragm, which serves as a moving electrode of a differential capacitor and
reacts through flexure to accelerations perpendicular to it. The acceleration
increases the capacitance in one section of the capacitor and reduces it in the
other. Both capacitor sections feature a high-frequency oscillator in their
circuits. Diaphragm flexure causes a corresponding increase and decrease in
the oscillator frequencies which pass to a mixer featuring a low-frequency filter
at the output for discriminating the difference frequency.

FAY »
J : ' ‘:\' 7 7
l ) ’
- z 'Z\;\'
N
‘A B2 44,
Nt
. Figure 1. Differential capacitor design

1 - Body; 2 - diaphragm; 3 - body;

4,5 - bolts; 6 - metal collar; 7 - insulating
washer; 8 - insulating bushing; 9 - electrode;
(Dimensions in mm)

The above design was used to build accelerometers rated at 60, 120, 600, 1200,
and 6000 m/secz. The accelerometer circuitry was transistorized and together
with the differential capacitor and dry-cell batteries (nine volts) was housed in
a casing. The circuit is turned so that the initial difference frequency is about
8 kHz. In a stand-by mode, the sensor output voltage is one volt and the
voltage at the output end of the 2-km~long cable is 0.8 volts. Accelerometer
sensitivity is adjusted by changing the thickness of the diaphragm, the gap
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dimensions, and the initial oscillator frequencies. Calibration and integrity
tests for a sample group of accelerometers are described briefly, and the
difference between the results of the dynamic and static calibration tests fall
within the limits of measurement error. A three-channel, tube-type signal
converter , used in the field for signal recording, is also described.

HIGH-GAIN VISIBLY RECORDING SEISMOGRAPHS E]

Sidorov, I.B. and V.M. Fremd. IN: AS USSR. Institute of Physics of the Earth.
Seismic instruments (AN SSSR. Institut fiziki zemli. Seysmicheskiye pribory),
Moskva, Izd-vo "Nauka," no. 5, 1969, 161-169

An attempt is made to evaluate the maximum possibiiities offered by the
visibly-recording, high-gain, three-component seismograph system consisting
of an SKM-3 electromagnetic seis’mometer, the UPN-3 amplifier, and the N-002
three-channel hot-pen recorder. Formulas are derived for computing the
frequency response characteristics of such a system based on certain optimum
parameters. Recommendations for sclecting optimum instrumental constants
and circuitry parameters are given.

SM-2M SEISMOMETER E]

Tokmakov, V.A., IN: AS USSR. Institute of Physics of the Earth. Seismic
instruments (AN SSSR. Institut fiziki zemli. Seysmicheskiye pribory),
Moskva, Izd-vo "Nauka," no. 5, 1969, 67-71

The institute of Physics of the Earth has designed a new pendulum
seismometer (the SM-2M) with an electromagnetic transducer. The present
design proceeds from an attempt to improve on the shortcomings of the older,
widely used VEGIK seismometer. The unit is versatile to the extend that it
can be removed easily and reinstalled at a 90° angle to its previous position,
i.e., it can be easily used as a horizontal or a vertical seismometer. The unit
has a single induction coil. A low-impedance coil is used when operating
with the GB-III, GB-1V, or GB-VII galvanometers preferred by the Institute of
Physics of the Earth. A high-impedance coil is used for recording channels
having a high-impedance input element (e.g., amplifier) between the seis-
mometer and the galvanometer. The basic specifications of the SM-2M seis-
mometer are as follows:

Reduced length 8.7 cm 2
Moment of inertia 0.85 x 105gr X cm
Natural period 1.5 sec
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Period adjustment limits for operation
as a vertical motion seismometer 0.7-2.2 sec

Period adjustment limits for operation
as a horizontal motion seismometer

Amplitude limit 3.

0 mm

I+ ©

For the low-resistance coil

Coil resistance 140 ohm

Shunt resistance 150 ohm
Equivalent resistance 72 ohm
Sensitivity with the shunt connected 200 mv/(cm/sec)
Damping constant 92 ohm/sec

For the high-resistance coil

Coil resistance 3000 ohm

Shunt resistance 6000 ohm
Equivalent resistance 2000 ohm
Sensitivity with the shunt connected 1650 mv/Ccm/sec)
Damping constant 4500 ohm/sec

IDENTIFICATION OF PHASE CHARACTERISTICS OF SEISMOGRAPHS FORMING
PART OF THE SEISMOGRAPHIC NETWORK (r]

Teupser, Ch. IN: Deutsche Akademie der Wissenschaften, Berlin. Institut fur
Geodynamik Jena. Veroffentlichungen. [Series]A, no. 13, 1969, 10-18
(In German)

The effect of galvanometer and seismometer parameters cn the phase
frequency characteristic of an electrodynamic seismograph are analyzed. It is
shown that differences in natural periods of galvanometers do not exert an
excessively strong effect on the similarity of phase characteristics of the
station network, however, in order to maintain this similarity it is required that
the damping constants of galvanometers be adjusted accordingly. It was
determined that the error in determining the periods and damping of seismometer
and galvanometer should not exceed 3% . The period of the instrument during jits
operation should also be stable to within 3%. The effect of the coupling
coefficient was also analyzed. It is shown, that the coupling coefficient can
be neglected only when it is smaller than 0.1.
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EQUILIBRIUM STABILITY OF AN ELECTRODYNAMIC SEISMOGRAPH ol

Ullmann, W. IN: Deutsche Akademie der Wissenschaften, Berlin. Institut fur
Geodynamik Jena. Veroffentlichunjen. [Beries] A, no. 13, 1969, 19-38(In German)

The stability of the equilibrium position of an electrodynamic seismograph
considered to be a system having n degrees of freedom an: consisting of an
electrically coupled seismometer and galvanometer is analyzed. The
equilibrium position of the seismograph is represented in the form of a solution
of a system of independent, nonlinear, differential equations. The stability of
these solutions is determined using Lyapunov's theorem. The stability
criteria are derived from the characteristic equation of the system. The ranges
of variation of the principal mechanical and electrical parameters of seismographs
are given. The connecting circuit elements are considered to be differential
terms of arbitrary order which can also be nonlinear. In particular, for a
seismograph with 3 degrees of freedom, the order of the differential term: coes not
exceed two. Examples of electrodynamic seismographs with and without
resorniant circuits are discussed.

INSTRUMENTS AND METHODS OF MEASURING SEISMIC SIGNALS [E]
Vukomanovic, U. IN: Izgradnja, v. 23, no. 4, 1969, 37-45 (In Serbocroatian)

The instruments and methods of measuring particle velocity, displacement,
and acceleration of ground used to investigate the seismic effect of underground
quarry blastis are described. The magnetoelectric method of measuring particle
velocities was used. The principle parts of the sensor are a coil, rigidly
connected to the frame, and the inertial magnetic mass inside the frame, and
attached to it by springs with natural frequency between 2 and 5 Hz. Ground
motion at these frequencies set the frame in motion. If the frequency of ground
motion is higher than the natural frequency of the magnetic mass, the emf
induced in the coil is proportional to the mass velocity of the ground. The
ground displacement and motion were determined by integrating and differentiat-
ing the output signal generated by the sensor. Multichannel oscillographic
records were used to register the signals from the sensors. As a rule, signals
with amplitudes 0.1-1.5 cm/sec and a frequency of 5-50 Hz were measured
with an error not exceeding 10%. The results of measurements of the three
components' particle velocity generated by seismic waves from underground
explosions with charges up to several tons fired individually or as a series of
charges at depths down to 30 m are given. The possibility of firing charges
in populated regions is discussed and different methods of decreasing the
seismic effect of such explosions is considered. It is suggested that seismic
methods be used in determining the optimal delay times and the best distribution
of boreholes in order to diminish the seismic effect of large, short-delay
explosions.
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ULTRA-LONG-PERIOD GALVANOMETERS E]
Yaroshevich, M.I. IN: AN SSSR. [zvestiya. Fizika zemli, no. 8, 1970, 88-89

The principal parameters of the ultra-long-period DG-300 and DG-500
galvanometers with T. = 360 and 510 sec, respectively, are given. A con-
siderable difference between these galvanometer. and the Lehner galvanometer
is the possibility of using DG-300 and DG-500 galvanometers with large
damping, i.e., in integrating mode. This is achieved by using large critical
resistance in comparison with the internal resistance of the galvanometer. The
internal resistance and the electromagnetic damping constant of the DG-300
galvanometer are 70-80 lhm and 3400-3700 ohm, respectively. In the case of
the DG-500, the internal resistance and damping constants are 90-100 and
6700-7000 ohm, respectively. The free damping of the galvanometers being
described is about 0.4-0.5. The design characteristics and the results of
laboratory testing of DG-300 and DG-590 galvanometers is briefly described.

LONG-PERIOD SEISMOGRAPHS E,T]

Zhigal'tsev, A,A. and M.P. Zarayskiy. IN: AS USSR. Institute of Physics of
the Earth. Seismic instruments (AN SSSR. Institut fiziki zemli. Seysmicheskiye
pribory) , Moskva, Izd-vo "Nauka," no. 5, 1969, 72-89

A number of long-period seismographs using short-period seismometers
and predominantly double-integrating photogalvanometer amplifiers are described.
The FI-1 single integrating photoamplifier is described, and its modification
into a double-integrating or "two-stage" amplifier (FI-2) is outlined. By
suppressing the feedback between the two stages, it was possible to retain
some of the advantages of the FI-1 and yet provide double integration and high
voltage gain. Low input noise, high gain, mechanical stability, and design
simplicity make these integrating photoamplifiers adaptable to a wide range of
long-period seismographs. Another device described is a strong-motion recorder
which uses an S5S (or other stable) short-period seismometer to register ground
motion from 15 x 10-5 to 15 mm. The problem of providing mechanical stability
was salved by placing the FI-1 single-integrating photoamplifier and the
oscillograph in a special shock-absorbing casing. The system is desicned
so that the photoamplifier integrating band corresponds to the seismometer
damping time; thus, a signal proportional to ground velocity is formed at the
amplifier output. The N-007 recorder operating in a stand-by mode records both
velocity and ground motion. Velocity recording is done with a GB series short-
period galvanometer with normal damping. The motion-recording channel, performs
another integration by means of an overdamped, short-period recording galvan-
ometer the damping time of which is equivalent to the damping time of the
photoamplifier galvanometer and the seismometer. An FI-2 equipped wide-band,
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long-period velocigraph is described in wtich the effects of feedback between
the galvanometers in the photoamplifier stages and between the photoamplifier
and the seismometer were checked experimentally. The results showed no effect
on the recording quality. Using an SKD-O seismometer, it proved pcssible to
develop a long-period velocigraph with a response characteristic of 12-260 sec.
Maximum sensitivity is 3.5 v sec/yu, the maximum signal at the output is § v,
and the peak magnification is 5 x 104 sec. Dynamic range at maximum
sensithvity is inversely proportional to the recorded period and is equal to
2 x10°/T, where T is the wave period.

Arother FI-2 equipped device described is a wide--band, long-period
seismograph which operates on the long-period slope of the response curve
of a short-period seismometer. In this setup, a third integration is performed
by either a recording galvanometer or a third-stage FI-1. The latter is particularly
advantageous when a large output signal is required. Any mirror galvanometer or
visual-display recorder may be used with this arrangement. Using an SKD-O
seismometer, a long—-period seismograph with a response characteristic of 12-230
sec is developed. Maximum sensitivity is 2 x 10-2 v/uand the peak magnification
is 2 x 103, with a dynamic range (at maximum sensitivity) of 40 dt.

To reduce the problem of increased noise effects in the long-period sector
of the curve of a long-period seismograph, a long-period discrete-band seismic
recording unit was developed. In this unit, the operating frequency range is
broken up into sufficiently wide discrete bands, with the megnification in each
band related to the noise spectrum curve for the band. This unit uses an FI-2
double integrator and an SKD-O seismometer. In the discrete-band filter set,
each filter has one output for velocity and one for motion (displacement), and
consists of 10 L-filters. Within each discrete channel, four filters shape the short-
period slope, two shape the long-period slope, and four shape the flat portion

of the response curve. Instrumental noise {reduced to the input) and the dynamic range

are the same as for the long-period velocigraph.

Using SVK-3M seismometers, three of the above-described systems (the
velocigraph, the wide-band, long-period seismometer, and the discrete-band
seismic recording unit) were assembled and tested at the Sochi observatory.
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SELF RECORDING SEISMIC BUOY SYSTEM

]

Zverev, S.M., V.S. Novikov, C.N. Akimov, Yu. M. Afanas'yev, S.A.
Kastorskiy, and V.M. Shablitskiy. IN: Izvestiya, Fizika zemli, no. 5, 1971,

102-113

Following a brief discussion of the state-of-the-art and shortcomings of
Soviet and non-Soviet buoy systems and ocean bottom seismographs used in
marine deep seismic sounding (MDSS), the authors describe the ABSS* self-
recording seismic buoy system. This system has been under development by

the Institute of the Physics of the Earth since 1965.
aspect was placed on (1) the development of a highly
gnartz clock capable of operating over a 15 day period
+ 0.01 sec for that period and (2) the development of.a.
suspension system to improve noise decoupling.. The
a lead titanate or lead zirconatz-lead titanate transd

hasis in the design
urate thermostatted

th drift not exceeding

e effective hydrophone
rophone uses either
and a tube-type

preamplifier. Hydrophone response is flat from 2-3 Hz, and its sensitivity

(with the preamp) is 40-50 p,v/dyne/cmz. Dynamic range is 120 db. The design
calls for three parallel amplifiers with gain of 1000, 30, and 1 and flat

response in the 2-1000 Hz range. Amplifier outputs are connected to three
magnetic-tape recording heads which are biaszed at 1500 1z. The low-speed

(1 mm/sec) tape recorder has four channels, with the fourth used for precision
time raferencing. Tape capacity is 360 m and the system is capable of 3-4

days of continuous operation. Some of the system's specifications are as

follows:

Recording range
Minimum recordable signal

Dynamic range at 3 magnification 'evels

Maximum time correlation error
Power consumption:
Recorder
Clock (at 30°C)
Clock (at 0°C)
Casing diameter
Casing length
Weight
Maximum operating depth (casing)
Normal operating depth

2-40 Hz

0.5 dyne/cm
80-100 db

+ 0.01 sec

lw
1.5w
2.5w
180 mm
1500 mm
60 kg
to 200 m
6C m

* Developed by the Special Design Bureau of the Institute of Physics of

the Earth and also called the AS-4S buoy system.
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A PRB-66 search/recovery radio buoy with a radio-detection range of
50 mm and visual (light-signal) detection range of 4nm is used with the ABSS
system. Under radio control by the ship, the operating endurance is up to
15 days. In continuous operation, its life is 2 days.

The precision time scaling system in the ABSS consists of a quartz
oscillator in an active thermostat, a frequency divider, and a coding unit.
Signals (100 Hz) from the oscillator leave the frequency divider as second
and minute ticks which are fed to the coding unit consisting of a 15-digit,
flip-flop counter and a circuit for controlling the polarity of the 15-second
ticks following each minute tick. The clock is compared with a precision time
reference just before and after its use with the buoy system. The results
of laboratory and field tests of a prototype clock showed that the interpolation
error in computing clock drift over a 15day period and, subsequently, the
error in referencing the clock to absolute time, does not exceed + 0.0l sec,
for ambient temperature variation from 0 to 30° C.

Major emphasis in the article is on the development and testing of a
noise-suppressing suspension system for the hydrophone (see Figure 1). The
basic suspension system was designed by S.M. Zverev and V.S. Novikov and
it was patented by them in 1967. The original patent abstract* describes
the system as being comprised of multiple components differing in their degree

of elasticity. A nonstretchable, flexible line
(not shown in Figure 1) is attached parallel to
x X each component in the system. The length
of this line is approximately equal to the
total stretch limit of the suspension system.
Tests were made with two basic suspension-
system configurations : (a) usiug the above-
described suspension between the surface float
and the instrumentation casing, with a conven-
Figure 1. Noise suppressing tional, neutrally buoyant link between the
suspension system for the hydrophone and the instrumentation casing
hydrophone (a ia Figure 1) and (b' using the above-
described suspension troughout (b in Figure 1).
The following tests under various full-system configurations were made:

(1) When the ABSS was tethered to a drifting ship (2 knots), the amplitudes
of various frequency components of background noise were 80-150 dynes/cmz.
With cable slacking and for the best case, noise was reduced 15 times to
about 5-12 dynes/cm2 or 2-4 times above expected regional background noise.
High noise values at 15-20 Hz were encountered and are attributed to ship
noise.

(2) The ABSS was attached to a mcored buoy in a 1-1.5 knot current. On
one seismogram, the background noise varied by a factor of 3, and from tape
to tape, by as much as 5-8. In the range of deep seismic wave frequencies, the
background did not go below 5-7 dynes/cm?2 and it was generally equal to

*Author Certificate No. 200792, published in Izobreteniya, promyshlennyye
obraztsy, tovarnyye znaki, no. 17, 1967, 85.
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15-20 dynes/cmz. With this system configuration, the noise component
values in the 15-20 Hz range were several times less than those observed with
the ship and cable and were close .0 the regional noise values, thus showing
the moored system as being suitable for observations in that range of frequencies.

(3) The ABSS was arranged as shown in Figure 1b, with the hydrophone
placed in a fairing consisting of a casing identical in size to the instrumentation
casing. The surface float was a small freely drifting buoy. In this test, the
sea state reached 4-5 Beaufort. The variaticn in background noise among
several recordings did not exceed a factor of 2 and, in the seismic frequencies,
the noise remained at 2-4 dynes/cmz. A comparison of these results with the
best-case ship test indicates that the suspension system provides the same
background noise values in the 4-8 Hz range and even better results in the
15-20 Hz range. A similar test with an unfaired hydrophone produced a 5-10-
fold increase in background noise. This was due in part to a 0.5 knot
difference in relative hydrophone motions.

(4) Further tests indicated that low background noise is encountered when
the diameters of the instrumentation casing and hydrophone fairing are large,
and the surface float is small. In this case, the background level is almost
independent of weather conditions. In a moored system, these dimensions are
of no consequence, since the noise level is related primarily to the water
flow velocity around the hydrophone.

In evaluating the effecti seness of the ABSS system, the two major noise
sources -- sea surface waves and horizontal flow around the hydrophone --
are considered. To suppress surface-related noise, the use of the elastic
suspension system is recommended, with the hydrophone and associated
recr - :quipment placed at the .ecordiny depth (60-70 m). Flow noise
decoupiing is a more difficult porblem; however, it can be improved by using
large casings for the instrumentation and the hydrophone. In this way, the
casings act as "drogues" in the horizontal currents and better coupling
between the equipment and the water is effected. Added to this is the use of
a small surface flnat less subject to wind drift.

The ABSS self-recerding seismic buoy was used in 1967 in the Indian and
Pacific Oceans. The configuration shown in Figure 1a was used with a moored
buoy to record seismic waves from explosions (MDSS) and local earthquakes in
the central part of the Indian Ocean. Four hundred and eighty-seven local
earthquakes were recorded during 4 days of continuous recording. It was
determined that, for the first onsets (P waves), the amplitude at 18 Hz exceeds
the lower frequency amplitudes. For S waves (propagating as compressional waves
in water), the amplitude correlation depends on the difference between S and P
waves . For tg=p = 6.0 and 7.6 sec, the correlation between S and P waves is
inverse, i.e., as the distance increases, lower frequencies predominate in
the S waves and the P waves retain their high-frequency characteristic.

Deep waves from explosions were recorded coincident to earthquakes and
under the same conditions. It is known that seismic-wave amplitudes differ
very little at distances 20-25 km. In this case. the background noise vras
less stable than the seismic wave amplitudes. A high degree of background
noise limited the recording range of seismic waves to 30-40 km (for 25-kg

charges).
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In the fall of 1967, the system illustrated in Figure 1b was used with a
drifting buoy. Using 130-kg charges, a 130-km-long profile was run off the
coast of Kamchatka. Seismograms from the Pacific Ocean tests are given,
in which the arrivals of acoustic waves and seismic waves from explosions
are clearly visible. Iateresting recordings were made of high-frequency waves
arriving at 5.4-6.0 - 8.2-9.5 and 10-8 minute intervals after the arrival of
the acoustic waves. Preliminary evaluation attributes these to waves reflected
from the steep slopes of the Kurile-Kamchatka and Aleutian deep-sea trenches.
In effect, these waves, propagating through the water, are noise. When
explosions are repeated every 5 minutes, these waves superpose on the
seismic waves from subsequent explosions and make discrimination difficult.

-43-



MICROSEISMS

SPECTRAL COMPOSITION OF MOTION DURING A MICROSEISMIC STORM [AS]

Genschel, G. IN: Deutsche Akademie der Wis: enschaften, Berlin. Institute
fur Geodynamic Jena. Veroffentlichungen. [Series] A, no. 13, 1969, 39-43
(In German)

The spectral composition of microseismic motion during a microseismic
storm which occurred on 15 November 1966 and was recorded by identical
instruments at three GDR seismographic stations is investigated. The
variation of the spectral composition of motion makes it possible to
investigate the development of the microseismic storm. It was
established that the spectra computed for different components during tue
same periods of time coincide. The correlation coefficients computed for
spectra of the three stations are between 0.97 and 0.39. The predominant
spectral periods vary between 8.2 + 0.4 and 5.8 + 0.4 sec.

PROPAGATION OF MICROSEISMIC MOTION IN AN ISENTROPIC MED'UM [As]

Tabulevich, V.N, IN: AN SSSR. Izvestiya, Fizika zemli, no. 9, 1970, 72-75

The microseisms propagating along and perpendicular to the principal
geological structures with the Baykal rift zone and the Caspian Sea are
investigated. The location of sources of storm-yenerated microseisms in the
Caspian Sea, corresponding to tne regions of standing waves, is determined
by analyzinc weather maps of the Caspian Sea and ...e sea swell determined
from Shuleykin formulas. These data were determined to be in good agreement
with the results of analysis of amplitudes of microseisms recorded by a number
of seismographic stations. It is shown that a decrease of ampiitudes of
microseisms is proportional to the distance from the source raised to a power
of n, where n= 2,2 and 0.7 for directions of propuagation along and perpendicular
to the trend of the Greater Caucasian Ridge. The similarities in propagation
of microseisms and shallow earthquake generated surface waves is pointed out.
Analogous results were also obtained for sources of microseisms in the Baykal

rift zone.
PRECEDING PAGE BLANK
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SEISMIC EFFECT OF TROPICAL CYCLONES* [T,AS]

Vinnik, L.P. IN: ANSSSR. Doklady, v. 194, no. 4, 1970, 815-817

It was recently shown [1,27] that a considerable part of energy of micro-
seisms within quiet intercontinental regions is carried by compressional
waves with a very hiyh apparent velocity. Eventhough the earlier data made
it possible to assume that sea waves are the principal source of microseismic Q
compressional waves [1], as yet nothing definite is known concerning the :
origin of these waves. In this paper, we shall describe ce 'tain results of
investigations of sources of microseismic compressional waves, using cdata
obtained by analyzing the structure of microseisms previously published by
the author (3] . The method of analyzing the structure of microseisms is
basically a wave number expansion of random field. If peaks occur in
statistical spectra of wave numbers w1 and Wg, they are connected with
relatively intense plane waves existing in the wave field. In the case of a
wave with an angular frequency v, one measures the apparent velocity v and
propagation azimuth o:

1
2

u= v/(wf + w%)

S @= arctan (wz/wl)

The epicentral distance can be estimated from the apparent velocity of the
compressional wave. The azimuth and epicentral distance are determined by
the position of the source.

We have determined source coordinates of compressional waves using 5
seismograms of 4-6 sec microseisms recorded during different days in October
1961 by seismic stations in the region of Ust'-Kamenogorsk . The 70%
confidence interval in evaluating epicenter coordinates at a distance of about
104 km was determined approximately to be a circle with a radius of 1500 kin.
It should be noted that a few quite obvious improvements could increase the
accuracy of determining the epicenter by this method to 300-500 km.

A comparison of epicenters of microseismic compressional waves with
weather conditions has established that one of the primary sources of these
waves is the tropical cyclone (typhoone) in the Pacific Ocean. As an example,
we will consider a very simple case. Figure 1 shows a world weather map
for 240000 GT, 5 October 1961. A single compressional wave with its
epicenter in the equatorial region of the Pacific Ocean (epicentral distance of
about 9000 km) can be clearly identified from the records of microseisms
acquired during that day. The weather pattern on that particular day was very
simple. The only disturbance, tropical cyclone Violet (the center of which was
at 18°N, 143°E), was observed in the large ocean area surrounding the
eplc:‘e‘ntfal- zone. The small difference between the position of the typhoon and
the epicentral zone can probably be attributed to an error in evaluation of the
epicentral distance.

* Translation.
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4 - shadow zone

tations;

Arbitrary designations: 1 - Pressure in mbar; 2 - epicentral region;

3 - seismogiavhic

Figure 1.
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The source parameters can be evaluated from the amplitude of the compres-
sional wave. For this purpose, we will utilize an expression for average
intensity of a compressional wave radiated by vertical force P ei"t, acting at
the circumference of a small disc located on the surface of a solid hemisphere

“41;

bW = nfzm4P(2) (3 (e) ]zcos 3 de/pa3, (1)

where 8§W is the average intensity radiatec into a ray tube with a small solid
angle de where e is the angle wlth the horizontal axis, equal to n/2 for an
axis directed downward; |3 (e) | is the indicatrix, which in the case under
consideration is approximately equal to 0.05, p is the density, a is the
velocity of the compressional wave, f = v/21r, and m is the velocity ratio of
shear with compressional waves. Although in the case under consideration the
pressure is applied to the surface of the water layer, sufficient justification
exists for the assumption that the formula being used will provide a good
approximation. On the other hand,using the formula developed in [5], we

can write:

TR B RS B\ i

6W = Znstin Asinepa V2 exp (vIdt/Q) idal, (2)

where R is the radius of the earth, A is the epicentral distance, V2 is the
mean square of displacement velocity in the incident compressional wave at
the point of observation, t is the travel time along the ray, and Q is the
Q-factor. In addition to this, we know that

N

sin e ,dA _R(tan e - sin e) , (3)
cos e a [d2T/d a2

where dzT/d AZ is the second derivative of travel time of the compressional
wave with epicentral d:.stance. Using formulas (1), (2), and (3), we get

) 1
PZ _ ZRsp 2a3\/ 2 sin Aepr.fat/Q) (tan“e - sinze)2
0°- (& (e)1%£2m? |d2T/0 4 2]

Substituting the values of ¢, a, m for the average crustal parameters, the
_%lues of sin A tan e, sin e, |d2T/dA !, J'dt/Q for o= 80°, £=0.2 Hz,

=10-11 cm /sec -2 determined from the results of our observations into
the above formula we find that P ~6.5 x 1016 dynes.

We will use the well-known Longuet-Higgins theory. The area of a storm
can be divided into a large number of small, independent radiators. The
total force depends on the total area of the storm, the average height of
waves within opposed grcups h, and aica Q occuppied by each group within
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a wave number plane. Then,

1
P~ 4m g h? Vo (s/n 2, (4)

where P = 1 gr/cm3 is the density of water, vy = Zn/TO, and T0 is the

mean period of sea waves. Within the central part of the cyclone the energy
of waves can be divided approximately equally between all directions.
Assuming that the range of wave periods varies between 8 and 12 sec,

0= 0.5 x 10~5cm=2 and vo ® 0. 63 sec~l, Substituting P0 =6.5x 1016 dynes

into formula (4) , we find that hZS2 ~5.8 x 1012 3. In particular, assuming
that h = 3 x 102 cm! S~4x 1015cm2 =4 x 105km2. These computations arm»
in good agreement with actual dimensions,

It is known that when a vertical force is applied to the surface of a
solid hemisphere, 68% of the seismic energy will be expended in generating
Rayleigh waves and only 7% in generating compressional waves [4] The
presence of the water layer increases the amount of energv spent in generating
a surface wave by approximately an order of magnitude. Geometrical spreading
of the wave front and the associated decrease of amplitude with distance for
surface waves is considcrably smaller than it is for compressional waves.
Nevertheless, when the source is far out in the ocean, long travel time, low Q,
and variation of curstal structure result in total attenuation of the seismic
surface wave. This explains the failure of numerous attempts for an early
detection of cyclones over the ocean using surface waves. In eddition to
this, in most cases observations were conducted near coastal areas where
the high level of coastal noise prevented extraction of weaker phases from
distant sources.
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PROCEEDINGS OF CONFERENCES*

Seismic Sources and Focal Mechanism Determinations

TECTONOPHYSICAL EVALUATION OF STRESSES IN THE EARTH'S CRUST (As]

Gzovskiy, N.V. IN: Lectures presented at the All Union Conference on Rock
Mechanics, (Doklady Vsesoyuznoy konferentsii po mekhanike gornykh porod),
Apatity, 1970, ¢-26

The problems connected with the distribution and evaluation of the
maximum shear stresses within the hypocenter of a crustal earthquake are
discussed in connection with evolution of tectonic processes. It is pointed
out that the maximum shear stresses can be eviluated from energy of elastic
waves radiated by foci of strong earthquakes. In seismicallg and tectonically
active regions the energy of earthquakes reaches 1015 - 101875, Therefore,
an expression for the maximum stresses can be derived on the assumption that
they are distributed equally inside the focus in the form Tpax =(2 GUS/v)'i,
where G is the arbitrarily instantaneous elastic, shear mcdulus; Ug is the
energy of the earthquake; and v is the assumed volume of the hypocenter.
Seismological methods do not teke into account the fraction of energy expended
in plastic deformation of the crust and rupturing inside the focus, thus leading
io a smaller value of computed stresses. Tectonophysical methods of evaluating
stresses are based on investigations of regularities in the state of stress around
the rupture of the earth's crust. In doing so, one rejects the hypothesis of
simultaneous stress release inside the focus, a fact completely substantiated
in laboratory investigations by the polarization optical method. Laboratcry
experimentS on models made from optically active materials have established
that stresses around a rupture (model of a focus) are not distributed equally.
The greatest amount of stress release occurs near the central part of the rupture,
while a considerable increase in stresses occurs near its ends. The maximum
shear stresses characterize approximately the deviatoric part of the stress
tensor. In order to evaluate the state of stress of rocks in geophysics and in
mining, in the first approximation orie assumes that the spherical tcnsor (3
dimensional pressure) coincides with the hydrostatic pressure. The author
shows that as a result of con+iderable shear stresses existing in the earth's
crust, this assumption is not fulfilled. Homogeneous and heterogeneous
tectonic stress fields within the USSR are analyzed and the upper limit of
maximum shear stresses in the earth's crust within the USSR and the direction of
principal stresses at earthquake hypocenters are plotted.

* The conference papers abstracted in this section are unavailable to the Editor.
The abstracts of these papers were taken from "Referativniy Zhurnal, Geofizika"
and "Referativniy Zhurnal, Mekhanika" and occasionally from other sources.
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Seismic Wave Parameters

THE SPECTRA OF P AND PS PHASES GENERATED BY EARTHQUAKES AND
EXPLOSIONS. SPECTRAL CONTENT OF THE BACKGROUND IN THE CARPATHIAN
REGION DETERMINED FROM RECORDS OF "ZEMLYA" SEISMIC SYSTEMS AS]

Kutas, V.V, IN: Lectures presented at II and III Scientific Technical
Conference of Young Ukrainian Geophysicists), (Materialy 1I i TIT nauchno-
tekhnicheskoy konferentsiy molodykh geofizikov Ukrainy), 1966-1968. Kiev,
Izd-vo "Naukova dumka," 1968, 122-124

Seismograms of earthquakes with energy E = 1013 and 10° ] recorded at
epicentral distances A = 0.5, 9, 9.5, 11.5, 21, 75, 77, and 134° were used
in computing the spectra of refracted P and converted PS phases. It was
determined that the shape of the spectra of refracted P phases from near and
distant earthquakes is analogous. A clearly defined principal peak on the
spectral function appears at frequencies of 1 - 1.5 Hz and a single or several
secondary peaks also appear at frequencies of 2-5 Hz. The amplitude spectrum
[S(f)] of the secondary peaks is between 0.5 and 0.2 of that for the principal
maximum. In comparing the spectra from the same focus a connection was
noted between the energy and frequency of the maximum of the amplitude spectra,i.e.,
higher frequencies appear in spectra of weaker earthquakes. The principal
shock displays a sharper peak, the intensity of [S(f)]Jyax for the spectral peak
of the principal shock is three times larger than that for aftershocks, and the
frequency of the spectral maximum is 0.2-0.3 Hz lower than for aftershocks.
1n comparing the amplitude spectra of earthquakes with different epicentral
distances it was established that the frequency of the peak in spectra of strong
distant earthquakes (E 210169 occurs at 0.5 and 0.75 Hz (A =~ 80°); for
distant weak chocks (E = 10! ), at 1.0 and 1.6 Hz, for near strong earthquakes,
at 0.9 and 1.1 Hz (A= 10-15); for near weak earthquakes, at 2.1, 3.2, and 3.5 Hz;
and for local earthquakes, at ~4 Hz (A~ 0.5°). In respect to its shape, the
spectra of converted PS waves with A S-p = 1,1.3, 1.8, and 5-6 sec is
analogous to the spectra of refracted waves. The ratio of intensities of [S(f) ] ax
of converted with refracted waves varies between 0.56 and 1.66. The frequency
of the peak of the spectral function for PS phase is equal to or is greater than for
the P phase and their ratio varies between 1 and 0.7. The principal peak of the
spectral function of onsets of P generated by explosions fired during deep
seismic sounding at epicentral distances of 12, 20, 25, 50, 80, and 90 km has a
smoother shape in comparison with spectra of earthquake generated P phases.
and is characterized by an absence of secondary peaks. The frequency of the
peak of the spectra of converted waves is almost identical to that for P. Some of
the converted phases are more intense and others less intense than P waves.
The spectral background of noise which includes external noise and instrumental
noise gonnected with maghnetic recording, transcription, and amplification of
signals was also investigated. The intensity of the background noise was found
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to be 0.3-0.005 of the intensity of earthquake generated P or PS. The frequency
of the peak of the spectral function of background (3.5-4.8 Hz) is 2-3 Hz higher
than for earthquake generated P and PS phases and coincides with secondary,
very low intensity spectral peaks. Thus, the principal peak of spectra for near
and distant earthquakes remains undistorted. It was established that the back-
ground exerts considerable influence on records of weak shocks and weak near
and local earthquakes. This was attributed to the fact that the frequency range
of the background and of weak explosions and of weak near and local earth-

quakes coincide, making it difficuit to extract the seismic signals from the
background noise.

i e —— i
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Jhock Waves

STRUCTURAL CHANGES ASSOCIATED WITH THE EFFECT OF SHOCK WAVES
TRANSMITTED THROUGH A SINGLE CRYSTAL E]

Adadurov, G.A. and V. Sh. Shekhtman. IN: The Second All Union Symposium
on Combustion and Explosion (Vtoroy vsesoyuzniy simposium po goreniyu i
vzryvu, Author's abstract of the paper), Chernogolovka, 1969, 275-277

The results of shock experiments on single crystals of copper and
molybdenum are briefly described. The shock waves are generated by impact-
ing one mm thick aluminum flyers on 3-5 mm thick specimens. In these
experiments, the pressure reached in copper and molybdenum was 517 and
455 kbar, respectively. It is noted that to some degree the monocrystalline
material was changed to polycrystalline material. This effect decreased with
the depth from the surface at which the shock wave impacted the specimens.

THE IMPORTANCE OF [SHEAR]STRENGTH DURING UNLOADING OF SHOCK
COMPRESSED MEDIUM E]

Novikov, 5.A. and L.M. Sinitsyna. IN: The Second All Union Symposium on
Combustion and Explosion (Vtoroy vsesoyuzniy simposium po gorenyu i
vazryvu, Author's abstract of the paper). Chernogolovka, 1969, 283-286

It is pointed out that in considering attenuation of strong shock waves it
is necessary to take into account the shear strength of inaterials. It is noted
that the critical shear strength g, behind the shock wave increases with
pressure. The results of experiments on aluminum (g, = 12.5 - 22 kbar) and
copper (29 ~ 41 kbar) are described. The fact that oc for lead is equal to zero
is attributed to melting. It is also noted that the critical shear decreases
with temperature, which is quite high behind the shock wave.

-54-




Surface Wave Dispersion

DISPERSION OF SEISMIC SURFACE WAVES AND THE CRUSTAL STRUCTURE OF
SOVIET CARPATHIA As]

Volosetskiy, B.I. IN: Lectures presented at II and III Scientific Technical
Conference of Young Ukrainian Geophysicists (Materialy II i III nauchno-
tekhnicheskoy konferentsiy molodykh geofizikov Ukrainy), 1966-1968. Kiev,
Izd-vo "Naukova dumka,"”" 1968, 133-134

The dispersion of seismic Love and Rayleigh waves was investigated using
the records of the network of seismographic stations in the Carpathian region.
The phase velocities were determined along the lines between Lvov-Uzhgorod,
Lvov-Chernovtsy, Uzhgorod-Kosov, Uzhgorod-Chernovtsy, and Rakhov~Kosov.
The phase velocity dispersion was compared with theoretically computed
dispersion for a three-layered crustal model. The data acquired indicate
that the crustal thickness increases from 40 km in the southwestern part of
the Russian plateau to 50-55 km under the folded Carpathian Mountains. The
data on short-period seismic surface waves indicate that the thickness of
the sedimentary layer within the southwestern part of the Russian pl=tform
is about 5-7 km and that it increases to 12-15 km under the Carpathian Ridge.
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Theoretical Seismology

INVESTIGATION OF RAYLEIGH WAVES FROM A MDVING SOURCE IN A NON-IDEAL
ELASTIC MEDIUM {r]

Molotkov, L.A. IN: The IV All Union Symposium on Propagation of Elastic and
Elastic-Plastic Waves. Abstracts of papers TV Vsesoyuzniy simposium po
rasprostraneniyu uprugikh i uprugo plasticl;=skikh voln. Tezisy dokladov).
Kishinev, 1968, 62

Rayleigh waves generated by a moving source and propagated in a homogene-
ous elastic half space are anal-'zed. The source is attached to the circumference
of a circle expending in accordance with an arbitrary law. An exact solution
oY the problem is obtained using integral transformations. Analysis of the field
obtained shows the existence of primary waves formed initially and secondary
waves formed at later times. Asymptotic expressions are obtained for primary
and secondary Rayleigh waves in both ideally and non-ideally elastic media.

The asymptotic formulas are used to derive equations for the wave fronts of
Rayleigh waves and the time between the onset of primary and secondary waves.
Numerical computation anc. qualitative analysis revealed the shape of the
synthetic Rayleigh wave seismograms. The variation of the amplitude and the
period with distance, depth, and attenuation factor was also determined. The
conditions required for superposition of primary with secondary waves are
established.

CERTAIN PROBLEMS OF PLANE WAVE PROPAGATION IN ANISOTROPIC MEDIA [T]

Mukhammadiyev, K. and I. G. Filippov. IN: The IV Al! Union Symposium on
Propagation of Elastic and Elastic-Plastic Waves. Abstracts of papers (IV
Vsesoyuzniy simposium po rasprostraneniyu uprugikh i uprugo plasticheskikh
voln. Tezisy dokladov). Kishinev, 1968, 64

Wave propagation in an anisotropic elastic layer of scil overlying a rigid
base (rock), when a predetermined vertical or horizontal displacement of
particles of the medium takes place along the boundary between the soil layer
and the rock at a constant speed, is analyzed. It is pointed out that problems
of this kind can be used to investigate the effect of underground disturbances
(the effect of earthquake hypocenters) on the displacement of particles of the
medium at the free surface of a layer.
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NONSTATIONARY SH WAVES IN AN ELASTIC SPHERE WITH A WAVEGUIDE (r] '

Mukhina, I.V. IN: The IV All Unior. Symposium on Propagation of Elastic

and Elastic-Plastic Waves. Abstracts of papers (IV Vsesoyuzniy simposium
po rasprostraneniyu uprugikh i uorugo plasticheskikh voln. Tezisy dokladov).
Kishinev, 1968, 65-66

An ana.ysis is presented of wave propagation in waveguides. The author
considers an elastic sphere r = R with elastic constants A, u, and density p
assumed to be functions of r only. Axial symmetry is also assumed. The
time variation of the point source is given by Dirac's delta function §6(t).
Several models are considered: the velocity of shear waves b(r) = [u(n/p (D]
is continuous and has a smooth peak at r = Ry < R; the velocity b(r) is dis-
continuous at the peak at r= R} <R in such a manner that b(R, + 0) >b(Ry - 0);
the source is located at the surface of the sphere, or inside the waveguide at
r=Rg < Rj. The displacement field V(r, 8, t) obtained by solving Lame's
equation for SH phases is investigated. Except at the source point, the surface
of the sphere is stress free. The analysis is based on asymptotic expansions
in terms of the distance to the wave front vy =t - I'(r, ®), where I'(r, ©) is the
eikonal. In the case when b(r) is a continuous function, the problem is
solved in the ray approximation and the validity of the formulas obtained :s
evaluated. It was established that when b(r) is discontinuous,a shadow zone
is formed and the ray approximation can not be used to investigate grazing
waves propagated in the shadow zone. Formulas for these waves were obtained
form standard problems using the localization principle. It was established
that in the shadow zone and outside of it where the ray tube expands considerably,
the field intensity is weak. However, the wave fields difter greatly in respect
to their properties. The ray solution and formulas for grazing waves provide
an evaluation on both sides for solution of the case when b(p is weakly dis-
continuous.

(M

ON THE PROBLEM OF REFLECTION OF ELASTIC WAVES FROM A PLANE BOUNDARY .
IN THE CASE OF GRAZING INCIDENCE Ir]

Ogurtsov, K.I. and Kh. M. Imenitova. IN: The IV All Union Symposium on
Propagation of Elastic and Elastic-Plastic Waves. Abstracts of papers (IV
Vsesoyuzniy simposium po rasprostraneniyu uprugikh i uprugo plasticheskikh
voln., Tezisy dokladov). Kishinev, 1968, 70 i

Srd

A grazing plane wave along a plane, stress free boundary can most simply “%
be generated by means of an equally distributed interaction at one of the two ;
planes of a bench, Certain interactions of this type can generate wave fields ‘

i

in the corner area, which prior to the arrival of reflections from other boundaries
are equivalent to corresponding theoretical solutions for quarter space, subject
to certain mixed boundary conditions. Such solutions can be obtained from
solutions for a half space by superposing a series of nonstationary waves
excited by moving sources on the incident grazing wave. As a result, the effect
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of "stationary reflection" of the grazing plane wave is manifested after a long
period of time in the form of solutions corresponding to sources moving with
the velocity of shear or compressional waves.

WAVE MOTIOW IN AN ANISOTROPIC HALF-SPACE CAUSED BY A ROTATIONAL
PULSE APPLIED AT ITS SURFACE |

Sabodash, Yu. F. and I.G. Filippov. IN: The IV All Union Symposium on
Propagation of Elastic and Elastic-Plastic Waves. Abstracts of papers (IV
Vsesoyuzniy simposium po rasprostraneniyu uprugikh i uprugo plasticheskikh
voln. Tezisy dokladov). Kishinev, 1968, 86-87

Wave propagation in an anisotropic half-space is considered. The waves
are generated by a rotational pulse applied instantaneously to the surface of a
half-space. Assuming that the anisotropic half-space has a symmeiry axis
in respect to mechanical properties, the problem can be reduced to the
determination of the only component of the displacement vector ug differing
fem zero (cylindrical coordinates are used with z being the axis of symmetry
and the siurface of the half-space beiny given by z = 0). An exact solution is
obtained in the case when the stress t 8z = @{t) . In the more general case,

solution is obtained by series expansion of thre boundary function. It was
determined that a plane elastic wave followed by a wave of the type of a
semiellipsoid of rotation (a type of diffracted wave) is propagated in the
anisotropic half-space. Computations were performed to determine the stresses
Tread Tzg in the disturbed area.

ELASTIC WAVE PROPAGATION IN A SPHERICAL LAYER TAKING INTO ACCOUNT
THE PHYSICAL NONLINEARITY OF MATERIAL (T]

Sabodash, P.F., 1.G. Filippov, and 1.A. Tsurpal. IN: The IV All Union
Symposium on Propagation of Elacstic and Elastic-Plastic Waves. Abstracts
of papers (IV Vsesoyuzniy simposium po rasprostraneniyu uprugikh i uprugo
plasticheskikh voln. Tezisy dokladov). Kishinev, 1968, 87

Propagation of spherically symmetric waves in a spherical elastic layer is
analyzed. The waves are generated by a uniform nonstationary pressure applied
to points at the sphere's boundaries. It is assumed that stress and strains are
small and that Hooke's law is replaced by a nonlinear elastic law. Solution
of the linear problem is obtained by sequential superposition of the problem
of propagation of a spherically elastic wave in an unbound medium, generated
by pressure at the wall of a cavity having a finite radius with the problem of
propagation of an elastic wave inside a sphere generated by pressure applied
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to the sphere’'s surface. The problem is solved interms of diverging and
Converging wave functions, taking into account three reflections. The basic
assumptions and equations for propagation of spherical waves in a nonlinear
elastic medium are used to find a solution of the same problem with the
physical nonlinearity cf material taken into account.
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Miscellaneous

CERTAIN RESULTS OF SEISMOLOGICAL INVESTIGATIONS ON THE BOTTOM OF
THE BLACK SZA AND THE INDIAN OCEAN As]

Sedov, V.V. IN: The Fourth Scientific Reporting Conference of the Geclogy
Department of the Moscow University. Abstracts of papers. (IV Nauchnaya
otchetnaya konferentsiya geologicheskogo fakul'teta Moskovskogo universiteta.
Tezisy dokladov). Moskva, 1969, 53-54

Seismological investigations conducted in order to establish the optimal
conditions for registering seismic events on the ocean bottom and the possibility
of utilizing ocean bottom seismographs for solution of a wide class of
seismological problems are described. The DS-1-F seismograph with a large-
capacity memory was used in the experiments. The level and the frequency
content of ocean bottom noise in the range of 1-20 Hz were determined at
various depths and under different surface conditions. It was determined that a
considerable increase in effective sensitivity can be achieved in many sea and
ocean regions by using ocean bottom seismic instruments. The high effective
sencitivity of the ocean bottom seismograph made it possible to obtain data on
seismicity of different regions in the Indian Ocean during the second cruise of R/V
"Akademik Kurchatov." It is pointed out that the use of ocean bottom
seismographs to investigate the crust and upper mantle structure by means of
refraction surveys (deep s2ismic sounding) at sea expands considerably the
application of this method. Its use eliminates the interfering effect of direct
water waves in investigations of upper sedimentary layers, increases the
number of phases that can be interpreted, makes it easier to utilize dynamic
characteristics of seismic signals, increase work efficiency, etc. Deep
seismic sounding in which DS-1-F ocean bottom seismographs were used was
conducted in the Black Sea and the Indian Ocean rift zone.
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SEISMIC SOURCES AND FOC..L MECHANISM INVESTIGATIONS

POSSIBILITY OF EVALUATING THE (SPATIAL) EXTENT OF A FOCUS OF AN
EARTHQUAKE FROM KINEMATIC DATA* [AS]

Gorbunova, 1.V, and N.V. Kondorskaya. IN: AN SSSR. Doklady, v. 192,
no. 5, 1970, 1033-1036

An earthquake is a complicated process of rupturing of the earth's crust or
the mantle which has a considerable duration and spatial extent. Depending
on the strength of the earthquake and the character of rupturing, focal regions
may be quite large, reaching several hundred kilometers. Nevertheless, at
the present, the earthquake focus is represented as a point hypocenter and
the origin time is understood to refer to the beginning of an earthquake. These
idealizations limit considerably the concepts of seismicity and seismic regime
and the possibility of solving a number of problems associated with earthquake
prediction.

Improvements in seismic observations and in the determination of travel-
time curves of seismic waves made it possible to determine the epicenters of
earthquakes with a considerable degree of accuracy, which in many cases, is
believed to be + 5-10 km., However, systematic errors existed between
epicenter coordinates of strong earthquakes determined from seismograms
acquired by near and teleseismic stations. On one hand this was caused by
insufficiently complete observational systems (especiaily near the focal region)
and, on the other, by inherent inconsistency of data. For example, earlier
arrivals (by 8-10 sec) observed on the seismograms could not be correlated
with data from other seismographic stations and were automatically excluded
from final processing. Analysis of the causes responsible for the systematic
residuals indicates the presence of several disturbance points inside one focal
region.

The different disturbance points are formed during rupturing of the earth's
crust as a result of an earthquake. The determination of these disturbance
points requires separation of data from the general observation system into
several intrinsically consistent data groups.

In this paper a method is proposed for separation of observation systems
using ratios of fj, residuals of onsets of seismic waves from different hypo-
centers

fl = tp -tp* 0 (1)

(t_ is the observed travel time of seismic waves and tp* is the Jeffreys-Bullen
time), with a residual corresponding to any hypocenter in the focal zone. For
this reason, we computed station residuals for all possible hypocenters and
compared the results obtained among each other. Additional computations of
station residuals were also performed for different focal depths and different
ratios &4

o =|f'/f" |, (2

* Translation. An expanded, but otherwise identical, English version of this
article was published in the Geophysical Journal of the Royal Astronomical
Society, v. 20, no. 5, 1970, 457-471. (Note added in proof).
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where f;' and fl" are residuals for two different hypocenters.

The ratio §; determines the behavior of station residuals for the whole system
and makes it possible to reveal the best location of hypocenters from the point
of view of minimizing the residuals.

The ratio 64 for individual stations of the system under consideration is
evaluated for different focal depths. If all siations in the system recorded
first onsets from the same point in the focal zone, all station values of §;
for one ol the hypocenters would be less than or equal to 1.

However, if the stations recorded onsets radiated from different points within
the focal zone, the station values of 8 would be inconsistent, namely, it would
be impossible to determine a single hypocenter for which all §; < 1. For
different hypocenters, §; < 1 for all stations. For the same hypocenter, 8 {
would be less than or equal to 1 for some stations and greater than 1 for other
stations. Therefore, depending on the ratio §;, it is possible to identify
systems of stations giving consistent data on onset times of seismic waves.
This method can be applied to any observational system, including both near
and teleseismic stations distributed sufficiently well in respect to azimuth.

Unigue instrumental data for the December 10, 1967 earthquake in India
in the city of Koyna acquired in the epicentral range between 0.1° and 100°
made it possible to use this method to determine two intrinsically consistent
observation systems: a system of near (A<20° ) and a system of distant
(A >20°) stations (see Figure 1).

Figure 1 shows individual values of §; computed for two possible hypo-
centers. It can be seen from Figure 1a that observation of waves at distences
4 < 20° result in minimal values of &, and in miniraal values of residuals for
depths less than 10 km. From Figure 1b it can be seen that the least values
of 8 for a large number of teleselsmic stations corresponds to depths of 60-
80 km. The points on the surface of the earth corresponding to these hypo-
center points were found to be displaced relatively to each other (Figure 2).

The accuracy evaluated in accordance with [1] and represented in Figure 2
in the form of confidence ellipses indicates that the descrepancy is not caused
by errors in determining epicenter coordinates. The difference in epicenter
coordinates can be attributed to the horizontal extent of the focal zone (20-

25 km) extending from SW to NE. The disagreement in location of hypocenters
indicates the considerable vertical extent of the fault plane from a depth of
0-10 km to a depth of 60-70 km) . Figure 3 is a schematic diagram of the Koyna
earthquake hypocenter. ’

The motion at the hypocenter occurred along an almost vertical fault plane
extending from the surface tc a depth of about 60-70 km. The apparent rupture
velocity determined from differences in location and the origin time of initial
and final disturbances is equal to about 3 km/sec, which is in good agreement
with data given in (2-4]. '

The considerable focal depth of this earthquake is verified by the following
dynamic factors:

1. The ratio of maximum motion of body with surface waves determined
from My and Mpy in accordance with [B] has shown that the depth of the
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Figure 1. A plot of inudividual measurements of 6; as a fuiaction of focal depth

a - Epicenter no. 1; b - epicenter no. 2; f;"

(h = 0)
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Figure 2. Location of epicenters
no. 1 and no. 2

a - Epicenters, b - seismo-
graphic stations; confidence
ellipse; 1 - Arabian Sea;

2 - Mahabaleshwar; 3 - Satara;
4 - Koyna

Figure 3. Schematic
diagram of the Koyna
earthquake hypocenter

Figure 4. A piot of difterences between observed snd mean surface wave
magnitudes (M i = Mj-M ave - Positive values of deviations are denoted
by arrows toward the stations, negative, away from the stations

1 - Gorls; 2 - Bakuriani; 3 - Baku; 4 - Kyzyl-Arvat; 5§ - Frunze; 6 - Sochi;

7 - Simferopols 8 - Lvov; 9 - Tbilisi; 10 - Makhach-Kala; 11 - Ierevan;

12 - Pulkovo; 13 - Sverdlovsk; 14 - Semipalatinsk; 15 - Tiksi; 16 - Magadan;
17 - Yakutsk; 18 - Przheval'sk; 19 - Vladivostok; 20 - Alma-Ata; 21 - Yuzhno-
Sakhalinsk; 22 - Tashkent
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hypocenter no. 2 is equal to 60 + 5 km,
2. Analysis of seismograms from 16 Soviet stations located at
epicentral distances of 25-60° in different regions of the USSR (Soviet
Centrai Asia, Caucasia, Turkmenia, platform regions) revealed the presence
of a converted sP wave, reflected near the epicenter at a focal depth h = 65 km.
3. The ratio between different frequencies in the spectra of P
determined from seismograms of the Obninsk seismographic station, equipped
with SKD instruments, determined by computing o - the slope of the envelope
of the spectral function in accordance with the technique described i1 [6])
shows that the focal depth h = 60-70 km.

The directionality of radiation of surface waves also indicates consi{derable
extent of the focal zone. Figure 4 shows locations of seismographic stations
plotted in polar coordinates, the data from which was sufficient to determine
the surface wave magnitude. The mean magnitude determined from the data of
23 stations was 6.4 + 0.4. We have also calculated the differences between
the magnitude determined from data of individual stations and the mean value
{see Figure 4).

The surface waves were more intense in the N-NE direction and weaker
in the: W direction. ‘

The results obtained provide a confirmation, based on the instrumental
data, or the explanation proposed in [5]for the observed macroseismic effects
of this earthquake, which did not correspond to the effects expected from a
surface or a deep shock. The isoseismals are irregular, i.e., the main
macroseismic effect was caused by the region of initial disturbance, located
near the surface.

A system of near stations (no. 1) made it possible to determine the hypo-
center of the initial distrubance. The corresponding hypocente: point on the
surface of the earth coincides with the region of maximum destruction. In
view of its depth (60-70 km), the termination of the process in the focal zone
(hypocenter no. 2) accompanied by a large release of energy did not cause too
much destruction of the surface of the earth (its intensity was less than VI.)
However, its presence has disturbed considerably the usual pattern observed
on the surface of the earth during a shallow focus earthquake [7].
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SEISMIC WAVES

Converted Waves

QUALITATIVE INTERPRETATION OF TRAVEL-TIME CURVES OF CONVLRTED WAVES
GENERATED BY EARTHQUAKES AND DISTANT EXPLOSIONS fr]

Dikgof, Yu. A. IN: Instruments, methods, and inierpretation of geophysical
data (Apparatura, metodika i interpretatsiya geofizicheskuch nablyudeniy),
Kazan', no. 4, 1970, 62-81

Formulas are derived for determining the thickness of layers from the
differences in onset times between converted PS and logitudinal P waves for
both horizontal and sloping interfaces. In the case of sloping interfaces,
the determination of depth requires the knowledge of their slopes. It is
suggested that the time field method, which can only be used in cases when
the azimuth of the arriving ray and the azimuth of the slope of the interface are
the same, be utilized in the absence of such data. The technique of con-
structing such an interface is described. When the two azimuths are not the
same, it is suggested that the data from earthquakes for which the differences
in azimuths in arrival of P and SP waves do not exceed 10-20° and the
azimuth of the observation line is equal to the mean arithmetic azimuth of
arrival of P and PS, be used. In such a case the errors arising in using the
time field method are quite small.

THE IMPORTANCE OF MULTIPLES ON SEISMOGRAMS OF DISTANT EARTHQUAKES [AS]

Trigubova, K.V. IN: Geologiya i geofizika, no. 10, 1969, 99-103

The results of analysis of phases generated by distant earthquakes
occurring in western Ciscaucasia and recorded by horizontal detectors of the
"Zemlya" seismic systems are given. It is noted that the converted P,S; phase
recorded first on the seismograms of "Zemlya" seismic systems and formed at
the basement surface or at an interface inside the sedimentary complex is
followed by a large number of phases usually interpreted as being transmitted
converted waves from deep crustal and upper mantle interfaces. The intensity
of some of these waves is equal to or exceeds the intensity of the first
converted phase. However, in the presence of low-speed sedimentary layers
in the upper part of the crust, intense multiples can be generated at the
basement surface and other upper crustal interfaces. Computations have shown
that the convenad PaP1P)S; wave formed between the day surface and the first
conversion interface should have the highest intensity in comparison with
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other converted multiples and that its intensity should be close to that of PZSI .
Judging by their travel times, and depending on the depth of occurrence of an
interface responsible for the multiples, the PoP{P15; can be erroneously
identified as transmitted, converted PS waves from the Conrad and Mohorovicic
discontinuities. In such a case, the true, singly-reflected, converted waves
from these interfaces can not be extracted from the record. It is suggested
that the intensity and travel times of principal multiples for specific crustal
sections be calculated and that the corresponding sectors of the seismograms

excluded from the interpretation of seismic data acquired by the "Zemlya"
systems.
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Sesimic Wave Attenuation

NUCLEAR EXPLOSION GENERATED PP AND ATTENUATION OF COMPRESSIONAL
WAVES IN THE UPPER MANTLE * fr,as]

Vinnik, L.P, and G.G. Dashkov. IN: AN SSSR. Doklady, v. 190, no. 6, 1970,
1340-1343

Th= amr!itudes of PP are analyzed using the method described in 1] which
is based on the iact that the problems associated with the effects of source
and the instrument can be avoided by measuring the amplitude ratios of different
body phases on the same seismogram rather than their absolute amplitudes. A
specific characteristic of body waves is a large amplitude scatter caused by a
number of factors. There are reasons to believe that the amplitude of a seismic
wave being a random quantity obeys a lognormal distribution. In such a case,
the only data that can be extracted !s the average p and variance o2 of the
logarithm of the amplitude ratio (averaged over source and station coordinates).
Owing to the amplitude ‘scatter, a later arriving phase can be extracted from
only a part of a seismogram. In such a case y and o2 can be found using the
method described in [1] .

In those N cases when both phases can be extracted, we measure B -
their amplitude ratio. In M cases, when one of the phases is obscurred by the
background noise, we measure o;, amplitude ratio of the background with the

amplitude of the extracted phase. ]
The p and ¢ parameters can be determined from the maximum of the likeli- i
hood function: |
N M ' 3
‘ Y] log dj‘l.l- ;
L(“’c)____z(logﬂi B) _Nlogo+2109 [1+¢(———l——)]+C, (1)
2<:r2 (20)2
i=1 , j=1
X
2 -t
where (%) = —1— I e = dt, and C is the normalizing constant.
. (ﬂ) 2 0

The average ratio of energy flux densities )2 can be found from the following
formuia:

)‘2 = exp (u+ 02 -2 o%,) '

where opz is the variance of a logarith of the amplitude of a wave appearing
in the numerator of the ratio. For underground generated compressional waves
with a frequency of about 1 Hz opz is estimated to be 0.3-0.4.

We will use the results of analysis of seismograms of underground nuclear
explosions fired at different test sites and recorded by short-period instruments
installed at USSR seismographic stations. All data are indpendent in the
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sense of 1]. The piedominant frequency of compressional waves is always
about 1 Hz.

Figure 1 shows the results of measurements of App/Ap. A plot of the
function given by formula (1) for A = 28-37° is shown in Figure 2. It was
determined that in this case u, o, and \ are 1.35, 1.1, and 0.4S5, respectively.
In the rarge of epicentral distances between 85 and 101°, it was determined
that p =-1.5, 0=1.0, and A=1.27. In other epicentral distance ranges
‘'where the number of values of B is small, evaluation of u, and especially
of o, is unreliable. In the range of A between 85 and 101° the ratios of App/Ap
vary with the epicentral distance, therefore, evaluations of u and ¢ in this
case are strictly formal, and the values of ¢ are too high. Analogous
computations of PcP phase reflected from the core have shown that ¢ ~1.3 [1],
and the values of Ozpcp was determined to be three times greater than that
of o'pz . This result seems to indicate the presence of a lateral inhomogenious
zone at the bottom of the mantle. The scatter of amplitudes can be considered
as an indicator of the degree of lateral inhomogeneity, where the latter term is
used in a broad sense of both inhomogeneity and irregularity of the reflector
(in those cases when we are discussing reflections). A comparison of data on
the scatter of amplitudes of PP and PcP waves makes it possible to assume
that in respect to the degree of lateral inhomogeneity, the gone at the bottom
of the mantle is comparable with that of the crust and the upper maatle.

Analysis of the amplitudes of PP phases rmakes it possible to approach
the problem of absorption of compressional waves in the upper mantle. The
difficulties associated with this problem are first of all connected with the
fact that variation of the amplitude of the refracted wave with distance
depends not only on absorption but also on the geometrical spreading factor.
Taking into acccunt the geometrical spreading factor requires a reliable
knowledce of the second derivative of the travel time with depth or the first
derivative of velocity with depth. However, both quantities are measured
with low accuracy. The evaluation cf the geometrical spreading factor can be
avoided by comparing the spectra of phases at different epicentral distances
or the spectra of different phases. This currently popular method made it
possible to evaluate relative variations of attenuation constants for different
rays, but was found to be less effective in obtaining absolute values. Below,
we will consider another approach to this problem.

Let's assume that the amplitude-distance curve Ap(a) for a definite
frequency f is known for two epicentral distances: A; and A5 = 24, and that
the value of the ratio App(Az)/Ap(Az) is also known. Disregarding absorption,
the energy of a disturbance from a symmetric surface source per unit area of
a wave front having an angie of emergence i is equal to [2]

di
da

where ¢ is a constant. Taking into account absorption and reflection and
assuming sinusoidal motion we obtain

2 _ rZAZP(Al) sin 8} exp[-anT(Al)/ao,(Al)] ()
App(ag) = 2 sin
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where r is the coefiicient of reflection, T(Al) is the travel time of the
compressional wave along a ray emerging at an epicentral distance Ay;
Qq (81) is the effective Q-factor of the medium for this ray. In reality,
Ap and App display scattering discussed above. Taking scattering into
account, formula (2) can be represented in the following manner:

r2 {A2(81)} sin a) exp F-2nfT(29)/Q, (1) ]
2 sin Az '

(A%pp(a,)}= , (3)

where parentheses indicate averaging over source and station coordinates.
where { ]} indicate averaging over source and station coordinates. 1n the case
of lognormal distribution of amplitudes the following relationship holds true:

(A2} = exp2(p+ o2), | (4)

where u = {log A} and 02 = {(A- {log A} )2}
Using formulas (3) and (4) we can write

H(a,) = nfT(81)/Q,(8)) = log r + up(8)) +
o (a)) - uplay) - o2 (8g) - wpp (1)) - (
s 5)

2

O'ZPP(Az) + ”‘P(AZ) + o%(l\.z) + log (sin Al) -

1
log (2sin A,)*

It is natural to assume that oPZ(A ) = oPZ(AZ) . In addition, we shall
assume that o% (8p) = oZP(Az) . ]If_tlle second assumption is in error and
in reality O‘%p > op?, the value of Qy will be too low. The final
expression for H(4;) is:

H(A) = nfT (8;) / Qq(8)) =logr+
{log Ap(a,) 1- {log Ap(aj)}-

{log (App(a,) / Ap(8,) 1) +

(6)

1 1
log (sin /:.1)2 - log (2sin AZ)2 .

We shall use empirical data on amplitudes of P phases generated by
nuclear explosions and recorded by WWSSN seismographic station networks
and by Canadian stations [3]. These data as well as ours pertain to the
frequency of 1 Hz. The measuring technique used in [3] also does not
differ from ours. The analysis is performed for A, = 42.5-50° and
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Ay = 85-100° . According to B3] {log Ap} in the range 42.5-50°1s 10.2 + 0.12.
The amplitude distance curve in the range 85-100° can be approximated by the
sloping line shcwn in Figure 3a. In the same range, the values of {log App(4,)/

(Az) } can be approximated by a line the slope of which has the same
magnitude, but the opposite direction (see Figure 3b). The technique used in
this approximation is based on the method of maximum likelihood. As a result,
the quantity {log Ap (85)} + {log A‘PP(AZ)/AP(AZ) } is determined to be 7.2+ 0.3 for
A= 93°). The value of r (all reflections occurred under the ocean) is assumed
to be equal to 0.9. If this value is too high, Qa will be too low. As a result
of this, the value of H(46.5°) determined using formula (6) is equal to 2.4 + 0.3.
Assuming that the allowed values of H(46.5°) fall within the range of 2.4 + 0.6.,
then the predominant frequency of P and PP phases are 1 Hz and 0.8 Hz,
respectively. Let's assume that f = 0.9 Hz. Then, 480 <Q, (46.5°) <800.
The corresponding ray penetrates to a depth of about 1100 km.

Let's compare the results obtained with other computations of Q for the

upper mantle. We shall represent Q, in the form nQB ., Where QB is the
Q-distribution for long-period (f » 0.2-0.003 H2) shear waves
according to Anderson, et al, [4]. We determined that 1.5 < 1< 2.5. The values
obtained in other references are summarized in Table 1.

Table 1
f,Hz 1 Reference
~1 ~1 5]
~1 ~1-1.30 [6]
~0.03 ~1 VA
~0.03  ~1 B
~0.16 210 ]

Thus, the resu’ s of our e¢valuation are higher than those obtained by
others. It is known that if the mechanism responsible for absorption of seismic
energy is such that the losses due to pure compression are absent, 1 = 2-2.5 [4].
Our results do not contradict this assumption, provided it is also assumed that
Q is practically frequency independent in the range between 1 and 0.003 Hz. In
conclusion, we will emphasize the necessity of checking out the above results
using more numerous data. :
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Seismic Wave Parameters

ANALYSIS OF CODAS OF SHALLOW-FOCUS EARTHQUAKES (as]

Bisztricsany, E. IN: Geofizikal kozlemenyek, v. 19, no. 3-4, 1970, 21-49
(In English)

The recurrence curve for periods was constructed using the data on 1000
codas acquired at epicentral distances between 5 and 50°. Three recurrence
peaks at 5.6-6.5, 7.6-8.5, and 9.6-10.5 sec appear on the recurrence curve.
At the surface of the earth, the codas generate vertical displacements on the
order of a few microns. In investigating the amplitudes of the earth as a
function of periods, the least squares analysis provides the following
equation:

T=2.82-0.47 2%+ 1.83, (1)

where T is the period of the coda and Z is its amplitude. Equation (1) was used
to determine the T and Z series for maxima of recurrence curves. Two pair

of close values (T, T' and Z, Z')were selected from these series and were
substituted into the equation for Rayleigh waves

_ _TxT log2/Z
0~ (T'-T)0.772 2

where z0 is the thickness of the layer. The following values of A T and z

(in km) ~ were obtained: 5.6-6.6, 7.5-8.7, 9.4-10.7, and 13.2, 18.4, 29.6,
respectively. Each of the quantitites yiven above can be correlated with one
of the principal crustal layers in the Carpathian basin determined from deep
seismic sounding data. The first quantity can not be interpreted uniquely; the
second quantity corresponds to the thickness of the crust down to the Conrad
discontinuity; and the third, to the thickness of the crust down to the
Mohorovicic discontinuity. The investigations performed verify that codas
can be considered as almost free oscillations of weakly coupled layers.
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CERTAIN CHARACTERISTICS OF SEISMIC BODY WAVES AND THEIR USE IN
OBTAINING A MORE PRECISE LOCATION OF EARTHQUAKE HYPOCENTERS (AS]

Bormann, P. IN: Deutsche Akademie der Wissenschaften, Berlin. Institut
fur Geodynamik Jena. Veroffentlichungen. [Series] A, no. 14, 1969, 21-32
(In German)

The relative frequency of appearance of onsets of seismic body waves on
records of Moxa seismographic stations is investigated. It was established
that the frequency of appearance of the same phases depends on the epicentral
distance. Three groups of regions were distinguished on the basis of this
criterion. The distribution of the frequencies of appearance within each group
was found to obey normal distribution. It is noted that the most difficult to
interpret is a recording of a sequence of shocks rapidly following each other
from different hypocenters located within the same tectonic zone. The dynamic
characteristics of such phases do not differ from a sequence of P, pP, and sP
phases generated by deep earthquakes and direct waves from a near-surface
shock. The P, pP, and SP phases generated by deep earthquakes can be
extracted if they are recorded by several stations located on different sides
from the epicenter. The amplitude ratio for such phases has a distinct
azimuthal dependence.

INVESTIGATION OF TRAVEL TIME DIFFERENCES BETWEEN OBSERVED AND TRUE
ARRIVAL TIMES OF P PHASES RECORDED AT THE MOXA STATION As,T]

Bormann, P. IN Deutsche Akademie der Wissenschaften, Berlin. Institut fur
Geodynamik Jena. Veroffentlichungen. [Series] A, no. 13, 1969, 44-57
(In German)

The method and the results of statistical analysis of differences between
the observed and true arrival times of P phases are described. The analysis is
based on the data published by the Moscow Center. It is noted that frequency
distribution of residuals is characterized by distinct differences in respect to
focal regions. The reascns for such an effect are discussed. It is pointed
out that it is possible to evaluate the quality of work or a seismographic
station and the computer center and also to determine the errors in computing
travel times, the causes of which are connected with the anomalous crustal or
upper mantle structure.
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INVESTIGATION OF THE RELATIVE FREQUENCY DISTRIBUTION OF TRAVEL
TIME DIFFERENCES DETERMINED FROM P-WAVE DATA ACQUIRED AT THE
MOXA SEISMOGRAPHIC STATION E]

Bormann, l; IN: Deutsche Akademie der Wissenschaften, Berlin. Institut
fur Geodynamik Jena. Veroffentlichungen. [(Series], no. 13, 1969, 277-284
(In English)

This paper is a continuation of an earlier investigation of travel time differences
between observed and true arrival times of P phase residuals for the Moxa
seismographic station. This study is based on data published by the Washington
Center for the Qerlod January 1966-June 1967. A systematic difference is noted
between the new results obtained using Washington data from the results of
cOmputations performed using Moscow data.

A STUDY OF RELATIVE FREQUENCY DISTRIBUTION OF TRAVEL TIME RESIDUALS
FROM:P-WAVE OBSERVATIONS AT THE STATION MOXA As]

Bormann, P. IN: Deutsche Akademie der Wissenschaften, Berlin. Institut
fur Geodynamik Jena. Veroffentlichungen. (Series]B, no. 14, 1969, 33-39
(In German)

The mean difference between observed and true arrival times of P waves
recorded by the Moxa seismographic station is zero. In the case of PP and SS
phases this difference varies for different regions. A comparison of the above
noted differences between PP and SS phases and P made it possible to reach
certain conclusions concerning differences in the velocity distribution and the
structure of the earth's crust. It was established that PP reflected under oceans
and under continents arrive 3.8 sec and 1.0 sec ahead of P. In the case of SS,
no differences in arrival times are observed between these phases traveling
along ocearic and continental paths.

A REPORT SUMMARIZING THE VELOCITY OF EARTHQUAKE WAVES AND THE
STRUCTURE OF THE EARTH'S CRUST IN THE BALTIC SHIELD [As]

Penttila, E. IN: Geophysica, no. 10, 1968, 11-23 (In English)

The data on velocities of seismic waves and on crustal thickness in
the Baltic shield territory are summarized using the data available from seismic
prospecting and from studies of earthquakes. It was determined that the most
likely velocities of seismic waves for the regions are as follows: Vp =6.10
J
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km/sec, V. =6.60 km/sec, V_ =8.20 km/sec, V. = 3.55km/sec, V. = 3.80

pb pn Sg sb
km/sec, and VS = 4,65 km/sec. The thickness of the granitic layer varies

n

between 18 km (Gulf of Bothnia) and 22-23 km (Finland). The thickness of the
basaltic layer varies between 44 km in the Gulf of Bothnia and 124-16 km in the
eastern part of Finland. The total crustal thickness in the crustal region of the
Gulf of Bothnia is about 40 km, but decreases east and west, to a thickness
of 10-12 km in the area of the Sea of Norway.

RECORDING OF DISTANT QUARRY BLASTS BY MASS PRODUCED DSS AND
CMRW SEISMIC SYSTEMS [AS]

Ryaboy, V.Z. and I.N. Galkin. IN: Razvedochnaya geofizika, no. 39, 1970,
46-53

The possibility of recording mantle waves by means of mass produced
CMRW and DSS seismic systems at distances up to 1000 km is discussed.
Statistical processing of published travel times of first arrivals of seisic
waves from earthquakes and large quarry blasts made it possible to determine
the following expression for the mean crustal and mean mantle travel time
curves: t =x/5.96 + 2.12 and t = x/7.9 + 8.3, respectively (the correlation
coefficient was equal to 0.97 and 0.99 for crustal and mantle travel time
curves, respectively). The corresponding mean square time deviations
characterizing the inhomogeniety of the upper part of the earth and the mantle
were determined to be 1.67 and 2.62 sec, respectively. A method of adjusting
the gain of the seismic systems prior to their use is discussed. The specifications
of instruments for registration of distant explosions are given (frequency band
between 1-2 and 15-20 Hz, minimum signal, 10-8 cm; maximum gain, 107;
instantaneous dynamic range, 70 db; total dynamic range, 100 db.
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Surface Waves

INVESTIGATION OF CRUSTAL STRUCTURE OF THE EURASIAN CONTINENT BY
MEANS OF GROUP VELOCITY DISPERSION OF RAYLEIGH AND LOVE WAVES (AS]

Guth, D. IN: Deutsche Akademie der Wissenschaften, Berlin. Institute fur
Geodynamik Jena. Veroffentlichungen. [Series] A, no. 13, 1969, 66-81
(In German)

Crustal investigations by means of seismic surface wave dispersion are
discussed. The dispersion curves for one of the crustal models are compared
with dispersion curves of group velocities of Love and Rayleigh waves
generated by earthquakes originating in the Sinkiang Province of China, Tibet,
and Formosa. It was determined that crustal thickness is not less than 40 km.
It is pointed out that the results of analysis depend on the azimuths of wave

paths.

CRUSTAL THICKNESS IN THE KURIL-OKHOTSK REGION DETERMINED FROM

LOVE AND RALEIGH WAVE DISPERSION
@As]

Ivanshchenko, A.I. and S.L. Solov'yev. IN: Geologiya i geofizika, no. 9,
1969, 94-102

The seismograms of 68 earthquakes originating in the Kuril-Kamchatka
region and recorded by Soviet Far-Eastern seismographic stations are
analyzed in order to determine group velocities of seismic Love and Rayleigh
waves in different sectors of the Kuril-Okhotsk region. Individual areas
characterized by similar dispersion are identified. For sach such sector the
observed dispersion of Love and Rayleigh waves is compared with theoretical
dispersion for simple crustal models. The results obtained are generally in
agreement with the results of deep seismic sounding investigations conducted
in the Kuril-Kamchatka region. A correlation is established between the group
velocity at a fixed period (T = 20 sec) and the average crustal thickness
determined from deep seismic sounding conducted along profiles. This
variation is used to approximately determine the crustal thickness in those
sectors of the Kuril-Okhotsk region, where deep seismic sounding has not
yet been performed.
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A PROCEDURE FOR DETERMINATION OF THE SURFACE WAVE GROUP VELOCITY ([T,E]

Porkka, M.T. IN: Geophysica, no. 10, 1968, 1-9 (In English)

A simplified mathod of determining group velocities of surface waves
based on the use of only the arrival times of extremum points on photographic
records is described. The periods and the travel times were determined with
the aid of parabolic approximation using the method of least squares. In those
cases, when smoothing of experimenta: points, achieved during this operation,
was insufficient, additional filtering of initial points and computation of their
poriod and traval Uimes was used, An experimental check of the method was
performed using records of surface waves generated by earthquakes occurring
in the Kurile Islands and in Japan and recorded by Nurmiyarvi seismograpbic
station. The dispersion curves obtained by this method are in good agrcement
with dispersion curves determined by other methods.
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SEISMICITY
EARTHQUAKES IN FINLAND, 1965-1968 SEISMOLOGICAL NOTES [As]

Kataja, A., H. Korhonen, and E. Penttila. IN: Geophysica, no. 10, 1968,
125-127 (In English)

Eleven earthquakes with intensity III-V originated in Finland during the
last fcur years. All of these earthquakes occurred in the northern part of
the country, in an area between 65.0 - 67.4° N and 27 - 27.4°E. This article
summarizes the basic data on these events.

SEISMICITY AND CRUSTAL STRUCTURE OF [ANTARCTICA ] @As]

Kogan, S.D., I.P. Pasechnik, and D.D. Sultanov. IN: Atlas of the Antarctic
(Atlas Antarktiki), Leningrad, Izd-vo "Gidrometeoizdat," v. 2, 1969, 195-205

The seismic data acquired during the IGY and IGC by 15 Antarctic stations
(USA, USSR, Chile, Argentina, Australia, New Zealand, and France), equipped
with high-gain instruments were used in compiling a seismic map for
Antarctica and a catalog containing data on 765 earthquakes. The earthquakes
are classified according to their focal depths and energy. Analysis of seismic
data shows that a characteristic feature of Antarctic earthquakes is the large
period of body waves. It was established that while Antarctica is aseismic, the
water areas surrounding this continent are characterized by high seismic activity.
A local earthquake recorded by the Scott station (New Zealand) was a volcanic
shock. The fact that the Antarctic's seismic belt coincides with alping folding
(Southern Antilles Ridge, African-Antarctic Ridge, Australian-Antarctic Ridge,
and Southern South Pacific Rise) verifies the occurrence of recent, sharply-
defferentiated, tectonic movements. The dispersion of Love and Rayleigh waves
was used to determine the crustal thickness of Antarctica. It was established
that the thickness of the earth's crust in Eastern Antarctica (between 30 and 40 km)
is typical of continental platform areas. On the basis of variable crustal thick-
ness (on the average between 25-30 km), Western Antarctica can be classified
as an archipelago. The area between Antarctica and underwater alpine folding
is characterized by oceanic crust, with crustal thickness varying between 5 and
10 km.
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MORPHOLOGICAL STRUCTURE, PRESENT DAY MOTION, AND SEISMICITY OF
THE TERRITORY OF THE CITY OF TASHKENT [AS]

Lange, K.O. IN: AN SSSR, Doklady, v. 194, no. 4, 1970, 987-900

Geomorphological investigations condu~ted in Tashkent have revealed
close connection between earthquake hypocenters and the present day vertical
motion of the earth's crust and morphological structures. The most important
features in forming morphological structure of the territory of the city are the
slightly sloping faults within the sedimentary overburden. Several
morphological characteristics make it pos sible to outline certain linear,
"tectonically-weakened" zones, the development of which was caused by
stresses generated in the sedimentary complex during its formation. The uplift
of the earth's crust due to earthquakes is a local phenomena confined within
boundaries of stable Pleistocene-Holocene uplift revealed geomorphologically .
The epicenters of the main shock and most of the aftershocks are located near
the top of an anticline located within a slightly sloping tectonic saddle
separating two local Pleistoce.iz-Holocene aplifts. The tectonic aetivity of
the saddles and their connection with the development of the Paleozoic base-
ment indicates that they are structural entities whcre seismic stresses can be
generated and can thus be considered to be selsmiely dangercus zones.

EARTHQUAKES ORIGINATING IN CRIMEA AND THE ADJACENT PARTS OF THE
BLACK SEA S]

Popov, I.I. IN: Geology of the USSR (Geologiya) SSR, Moscow,Izd-vo "Nedra,"
v. 8, Part 1, 1969, 447-479

Both historical and instrumental data are used in describing seismicity of
Crimea and the adjacent Black Sea Basin. Historical data for the period
between IV B.C. and 1925 were used in compiling a catalog of earthquakes of
sufficient intensity to be felt by the population. The catalog of more recent
earthquakes (between 1927 and 1963) is based on the instrumental data. It
was established that the hyporinters of earthquakes with magnitudes between
34 and 61 originate in the crust (h = 10-40 km). The strongest earthquake
recorded during the last 160 years' originated in 1927 southeast of Yalta
(44.4° N, 34.5°E, M = 63). The intensity of the shock near the epicenter
reached VIII. The aftershocks of this earthquake were recorded until 1963.
The magnitude of the largesi cf the aftershocks varied between M = 31 - 43,
Analysis of seismic data indicates the presence of three seismicly active
zones in Crimea (Yalta-Alushta, Sevastopol', and Feodosiya-Kerch). The most
active of the three areas is the Yalta-Aluchta zone, extending almost parallel
to the southern coast of Crimea. However, earthquakes also occur in the deep
part of the Black Sea Basin and near the coast of Tamanskiy Peninsula. Accord-
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ing to Benioff's theory, the most intense strain release in the area occurred
during 1928-1929 and 1947-1949.

THE HORIZONTAL SPREAD OF CRATONIC EARTHQUAKES AND THE CORRESPOND-
ING BLOCK MOVEMENTS [as]

Teisseyre, R., E. Penttila, H.V. Tuominen, and E. Vesanen. IN: Geophysica,
no. 10, 1968, 55-68 (In English)

The spatial-temporal distribution of earthquakes originating since 1930 in
the Fenno-Scandinavian shield was investigated. The motions characterizing
the present day tectonics of this shield are considered from the point of view
of block dynamics. The dislocations resulting from horizontal and vertical
displacements are represented graphically. The horizontal displacements lead
to formation of stress barriers which are overcome at the expense of an
instantaneous release of huge amounts of energy. Vertical motions are
responsible for only relatively weak earthquakes. The intensity of all earth-
quakes recorded in the area varied between III and VI. Several locations of
faults are identified, the positions of which are in good agreement with
geological data. The foci of earthquakes considered are located in the earth's
crust.

CERTAIN RESULTS OF SEISMIC INVESTIGATIONS CONDUCTED IN MIRNOYE
IN 1966 [AS]

Tripol'nikov, V.P. Transactions of the Soviet Antarctic Expedition (Trudy
Sovetskoy antarkticheskoy yekspeditsiy), Leningrad, I1zd-vo "Gidrometeoizdat,"
v. 53, 1970, 176-184

It is pointed out that in 1966 the Mirnoye seismographic station recorded
1500 earthquakes and shock associated with movement of snow and ice.
The intensity of local earthquakes recorded by SVKM seismographs during 1966
is tabulated. The possibility of determining the direction toward the source
of microseismic storms from the orientation of polarization axis of microseismic
motion was investigated. An attempt was made to separate microseismic
motion in respect to different sources and to determine the physical nature of
selsmic waves from their polar!zation.
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INTRODUCTION TO THE STUDY OF SEISMICITY, PART I C R] -

Ullmann, W, and R. Maaz. IN: Deutsche Akademie der Wissenschaften, Berlin.
Institut fur Geodynamik Jena. Veroffentlichungen. [Series] A, no. 13, 1969, _
104-118 (In German) .

A general definition ot seismicity is given and a brief review of this concept
as invisioned by various researchers is presented. Formulas are derived for
evaluating local seismicity S at a point Z during a time period V; for evaluating
seismicity of a three-dimensional space I'" during a time period V: and for
evaluating seismicity of the same space at a time t. It is shown that these
evaluations can be performed knowing the seismicity at a point Z at-a time t,
i.e., S[Z,t], which is the result of superposition of the effect of several
earthquakes. It is also shown that in determining S[I,V] it is insufficient
to take into account only those phenomena which occurred in a region I' during
time V. In conclusion, the problem of determining the seismic energy flux
on the basis of previous investigations of various processes occurring at the
epicenter is presented.
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SEISMQGRAPHIC SERVICE \

THE NETWORK OF STANDARD SEISMOGRAPHIC STATIONS IN THE DGR E]

Genschel, G. and Ch. Teupser. IN: Deutsche Akademie der Wissenschaften,
Berlin. Institut fur Geodynamik Jena. Veroffentlichungen. [Series] A, no. 13,
1969, 7-9 (In German)

A network of seismographic stations equipped with standard SSJ-I seismo-
graphs has been set up in the GDR in the last few years. In addition to the
previously operating central seismographic station at Moxa, it includes the
following stations: Kolm, Berggieshubel, Halle, Potsdam, Oderberg, Pritzwalk,
and Arkona. The seismographic stations are arranged in the shape of a triangle
having two 100 km-long sides extending from north to south, across the whole
of the territory of the GDR. The instrumental constants of the standard 4
seismographs are as follows: Tg = 20 sec, Dg =10.5, Tg = 1.2 sec, Dg :=Ts/2Tg.
It is noted that the background noise at the northern stations is approximately
3 times higher than at the southern stations. Correspondingly, the magnification
of instruments in the northern part of the country is about 300, while in the :
southern part of the country it is close to 1000. The network of seismographic f
stations was set up primarily in order to investigate the internal structure of .
the earth. :

SEISMIC DATA ACQUIRED BY JENA AND MOXA SEISMOGRAPHIC STATIONS
DURING 1964 (AS]

Gerecke, F. IN: Deutsche Akademie der Wissenschaften, Berlin. Institute fur
Geodynamik Jena. Veroffentlichungen, no. 10, 1970, 361p (In German)

The Jena seismographic station is located in the building hotxslng the
Geodynamics Institute in Jena (GDR). The Moxa central seismographic
station is also part of the same institute. Both stations are equipped with a
large number of seismic instruments some of which were manufactured in the
Soviet Union. Newly developed seismographic instruments are tested at the
Moxa station. The instrumental constants and frequency response of seismo-
graphs installed at the two stations are described. Catalogs of earthquakes
recorded at the Jena and Moxa seismographic stations during 1964 are given.
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THE POSSIBILITY OF AND CONDITIONS FOR STANDARDIZING THE NETWORK OF
SEISMOGRAPHIC STATIONS IN BULGARIA AND INVESTIGATION OF THE
MICROSEISMIC NOISE LEVEL R,E]

Khristoskov, L. IN: Deutsche Akademie der Wissenschaften, Berlin. Institut

fur Geodynamik Jena. Veroffentlichungen. [Series] A, no. 14, 1969, 59-72
(In German)

A general description of the seismographic stations in Bulgaria is given.
The condition under which recording of seismic waves at these stations is

performed and the effect of microseismic noise on recording at these stations
is discussed.
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SHOCK WAVES

HUGONIOT CURVES OF POROUS METALS * (T,E]

Alekseyev, Yu. L., V.P. Ratnikov, and A.P. Rybakov. IN: Zhurnal prikladnoy
mekhaniki i tekhnicheskoy fiziki, no. 2, 1971, 101-105

This paper deals with shock compression and unloading of metals taking
into account air contained in pores between grains of solid metal. The pressure
and temperature ranges of air during shock compression considered in this
paper are such that the contribution of thermal radiation of air to pressure and
energy is insignificant. It is determined that within the limits of experimental
errors, the Hugoniot data on Ni, Cu, and W in the pressure range 40-850 kbar
are in agreement with theoretical data. The results of experiments on unload-
ing of porous copper at a pressure of 485 kbar are also given.

The porous metal consists of metal grains and air pores. Shock-loaded,
porous metals can be characterized by average values of shock and wave
velocities and an average pressure, which is between air pressure and
pressure of grains of solid metal. The material inside the grains is compressed
and heated to density and temperature corresponding to solid metal at the
same pressure. In multiple shock compression of air, only the first two waves
are considered to be strong, and the pressure in each of these waves is
considered to be close to the limiting pressure. Compression of air by later,
weak waves is not taken into account. The specific volume of powder is taken
to be equal to the sum of the specific volumes of air and solid metal multiplied
by their fraction by weight.

The experimental data on unloading of porous copper indicate that the
unloading process is determined by isentropic expansion of compressed grains
of solid metal. In the pressure range between 485 and ~ 100 kbar,the volume
of air remains constant and equal to its volume in the state at which unloading
begins. This can apparently be explained by the fact that owing to the effect
of cooling (and also compression)of air caused by heat transfer, the expansion
of air under these conditions is not an isentropic process.

The authors of [1] have suggested that approximate Hugoniot curves of
porous materials can be obtained by taking into account the finite compression
of air filling the pores between grains of solid material. According to (1],
the pressure between grains and the air tends to an equilibrium, however,
thermal equilibrium is not established during the brief period required for
transmission of the shock wave (about 1 psec).

It is assumed that if the Fourier number F = At /R << 1 (A is the thermal
conductivity of the grain material, R is the characteristic dimension, and r
is the characteristic time, i.e., shock wave duration), the equalization of
temperature has not yet begun.

For example, in the case of copper with a characteristic grain dimension
of several dozen microns F >~ 1/10; i.e., in this case it apparently can be
assumed that equalization of temperatures has not yet begun and the specific
volume of powder is equal to the sum of specific volumes of air and solid

* Slightly abbreviated translation.
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material multiplied by their fractional weight. Let's consider the states of
air when it is possible to neglect the contribution of thermal radiation to
the energy and pressure, which becomes substantial only at temperatures
exceeding 1 million degrees (2].

The authors of [1] had taken into account compression of air by a single
shock wave. A better correspondence with the experimental data can be
obtained ori the assumption that during multi-shock compression of air
bubbles (which actually does occur), only the first two shock waves are
strong, with the pressure in each shock wave close to the limiting pressure,
and that compression by later, weak waves can be neglected.

Analogously to [1], we can derive the following expressions:

* = - .Y..-._l 2
VE=Va+(k-1) (v+ D Vo (1)
1 1 _ y-12
o 2.4y _ 3

where V is the specific volume, k is the porosity, ¢ is compression in
respect to the initial specific volume of solid material Vg, U, is the particle
velocity, p is the pressure, y is the ratio of specific heats R)r air, and

the asterisk * refers to the powder. Formulas (1), (2), and (3) and the

known Hugoniot curve for solid material make it possible to construct p vs Up,
and p vs ¢ Hugoniot curves of material with porosity k, throughout the range
where vy for air remains constant. In [2] it was shown that at P < 0.56
kbar, y; = 1.2 and that at p, > 150 kbar, v, = 5/3. Let's assume that as
the pressure within the transition sector increases from P; topz, A, the
fraction of air with y; = 1.2, decreases, i.e., let

A=1-p/py . (4)

Let's also assume that py << p,, then A =1 whenp=p and \= 0 when
P =py. We can now derive the following formulas:

-1, Y, -1

2
Ve =V+ (k -1)V, [A( )T+ (1 -2 ( ) 1.,
0 y1+1 y2+1
11 Mo Y~ *
o*-o+(k-1)[A(Yl+1) +(1-M(Y2+1) 1.
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An analogous expression can be derived for the particle velocity in the \
transition range.

The unloading process of shock compressed porous material can apparently
be represented in the following manner. The grain material of a solid in

state p*oo*o expands along the isentrope. Two processes apparently compete
in air bubbles: 1. cooling caused by heat transfer accompanied by compres-
sion and 2. isentropic expansion of air. In cooling, the decrease in volume
can be set proportional to the decrease in temperature and to the ratio of

pressures

vV, * T, * p

In isentropic expansion, the increase in volume is proportional to the
temperature and the ratio of pressures, i.e.,

\'

2 p*0 1/v
7 = (2=
*

vy

We shall now summarize some of the experimental results on porous
Ni, Cu, and W in the pressure range in which no experimental data are
presently available and compare these data with theoretical results.

The densities and porosities of specimens were as follows: Ni (3.75,
2.75), Cu (2.97, 3.01), and W (9.00, 2.15).

The Hugoniot curves of specimens were determined by means of
impedance matching [2] , using four different explosive systems. In order
to avoid the shock tilt due to lateral unloading, the ratio of the diameter of
the specimen to its height was made sufficiently large, varying between 10
and 20. Eight measurements of shock velocities were performed in each
experiment on the same sample. Between two and four experiments for each
of the powders were performed using each explosive system.

The deviation of the initial density of specimens from nominal density
did not exceed 1.5%. Nevertheless, the results of experiments were
corrected for the small density deviations. The maximum corrections did
not exceed 1% and in most cases was only a few tenths of a percent.

The experimental Hugoniot data are summarized in Table 1 which shows
particle velocity in the standard (Up(g¢,)) » shock velocity in the specimen
(Us) and Up, p, and 0. The numbers in parenthesis in columns 3-6 are the

mean square errors computed using the following formulas derived from an %

expression for variance of a function of two variables connected by a 4

linear relationship [3]: .
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x. =_"Us , x =k +x_ |, x =(ko-Dhk -x_ 1|,
Us Tm p U, "Ug'To U, T Tug
m=1+Post.) Sst. ¥ 28st.(Up(st.) ~ Up) s (5)
* *

pO Ug
where x is the relative value of the mean square error [4], p, is the initial
density, c and B8 are coefficients appearing in the Up Vs Us relationship,
and subscript St. indicates standard material.

We have also determined release curves for porous copper (k = 3.01)
initially loaded to p*0 = 485 kbar. This was achieved by placing less rigid
materials (water and foam polystyrene with three different densities) behind
the specimen of porous copper. The Ug- U, curves for foam polystyrene
were obtained by interpolating the experimental data given in [5]. An
experimental check verified the validity of this interpolation.

Table 2 shows the experimental data on unloading of porous (k = 3.01)
copper from the state p*0 = 485 kbar, o*0 =1,058, and Up*0 = 3.35 km/sec
(in the case of air, we give the free surface velocity). Figure 1 shows the
the experimentally determined p vs Up curves for Ni, Cu, and W (circles)
and the results of computations (continuous lines) obtained using formula (3).
Figure 2 shows the p vs g curves for the same materials. It can be seen from
Figure 1 that the theoretical p vs Up curves for porous rhetals computed
taking into account air between grains are in good agreement with experimental
data. It can be seen from Figure 2 that theoretical p vs ¢ curves are in
somewhat poorer agreement with the experimental data. This can be
attributed to a large error in computing o [5]. The available experimental
data on shock compaction of porous metals [6-9] in the pressure range up
to 1 Mbar also verify the validity of the scheme proposed above. However,
most of the results obtained in [6-8] refer to pressures exceeding 1 Mbar.

At such high pressures it is necessary to take into account thermal radiation
of air. Owing to evaporation of part of the metal from the grain surface, the
effect of thermal radiation will apparently result in the average pressure of
powder being less than that determmined from formula (2). A comparison of
the results achieved at high pressures [6-8]is in qualitative agreement with
this assumption.

Similarly to (8], the experimental results on unloading of shock-compacted,
porous copper can be summarized by the following formula:

p = a(W-Up) + b(W-Up)2 ' (6)

where a = Poo’ b= pOB; Po’ o and gare the initial density and the
coeffients in the Ug vs Up relationship for a solid metal; and W is the particle

velocity at p= 0. In the p vs ¢ coordinates the unloading curve can be
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Table 1
4,
oy P
€,o'?
00(/0
- /
U (sto)’ Us, Up, P’ g 0[€
Jsec | lm/sec km/sec kbar
Al (1.98) | 2.92 (0.02) 1.69 (0.003) 185 (1.6) 1.000 (6.007)
Ni | Al (2.42) | 4.10 (0.0%) 2.46 (0.009) 378 (5.0) 1.030 (0.009)
Al (2.75) | 4.95 (0.03) 3.08 (0.007) 572 (4.7) 1.110 (0.007)
Cu (0.49) | 1.33 (0.01) 0.855 (0.061) 35 (5) 0.993 (0.012)
A @8 | 2.7 0.0 | 174 0.000 143 (1.3) 0.900 (0.008)
Cu | Al 2.42) | 3.92(0.20) 2.64 (0.013) 304 (24.4) 0,995 (0.082)
Al (2.75) | 4.90 (0.09) 3.32 (0.019) 483 (11.7) 1.031 (0.027)
Cu (0.49) | 1.46 (0.02 0.73 (0.024) 96 (4.5) 0.930 (0.048)
Al (1.28) | 2.42 (0.05) 1.24 (0.012) 264 (8) 0.930 (0.010)
w | al @iy | 338004 | 1.8 (0.011) 560 (10) 1.020 (0.007)
Al (2.75) | 4.13 (0.01) 228 (0.003) 848 (3.3) 1.039 (0.001) 3
Al (2.55) | 3.72 (0.02) 2,20 (0.006) 736 (5.9) 1,439 (0.005) :
Table 2
p0’3 Up}St .), Up’ P’
gr/cm km/sec |km/sec |kbar
Water 1.0 7.41 3.74 277
7.36 3.70 272
Polystyrene 0.80 6.22 3.66 181
6.2 3.60 {174
Polystyrene 0.54 5.75 4.055 118
. 5.72 §.03 {16
Polystyrene 0.196 5.32 4.38 48
, 5.31 4.29 44
Alxr 1.,293.10°° 5.52 0.100
5.62 0.400
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Figure 1. p vs U_ curves for porous
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Figure 3. p vs Up release curve

for porous copper

The circles are the experimental
points observed during unloading
from state p*0 = 485 kbar, o*0 =
1.058, U,*0 = 3.35 km/sec;

1 - Hugoniot curve for porous
copper; 2 - mirror image of the
Hugoniot curve for solid copper
drawn through the point (p*O,Up*O)
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represented by the following formula: \

0

2 *
1 P + 4 -1
o=t + —Li1og| 2140

o* 4b a + 4bp

' (7)

where p*"0 and o’*o are coordinates of the point where unloading begins.
The validity of formulas (6) and (7) was checked for solid copper by
calculating the unloading curve from the state p = 485 kbar, 0 =1.224,
and Up=1.0 km/sec using formulas (6) and (7) and by comparing the
results obtained with the release curve passing through the same point,
computed from the well-known equation of state with a constant Gruneisen
ratio. Complete agreement was achieved between the curve computed from
formula (7) and the release curve computed from the equation of state.

The experimental data on unloading of porous copper from the state
p*0 = 485 kbar, ¢*0 =1,058, U_*0 = 3,35 km/sec are shown in Figure 3
which also shows the Hugoniot curve for norous copper (curve 1) and the
mirror image of the Hugoniot curve for solid copper through point (p*o,

U,*0) (curve 2). Equation (7) was used to determine the unloading curve
in the form of p vs ¢ variation (line 1 on Figure 4). Line 2 on the same
figure is the release curve computed from the equation of state with a
constant Gruneisen ratio.

Analysis of the results indicates that unloading of shock compacted,
porous copper is determined by isentropic expansion of grains of solid
metal. An identical result was also obtained in [B].

In particular, a comparison of the unloading curve for porous copper
(l1ine 1 in Figure 4 and the experimental data) with the unloading curve for
solid copper indicates that the volume of air in the pressure range between
485 and 100 kbar remains practically constant and is equal to its volume
in state p*0, o*0, which is the initial state at which unloading begins.
Apparently, the two competing processes (isentropic expansion and compres-
sion due to heat transfer in air bubbles) compensate each other. |
However, the expansion of air should eventually predominate. This would %
cause deviation of the unloading curve for porous metal toward higher !
particle velocities (and decreasing densities). The lower points on the
release curve for copper and foam polystyrene with density Po = 0.19 gr/cm
indicate that such a deviation actually takes place.
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INVESTIGATION OF CLAYS AND CLAYEY SHALE AT STRONG DYNAMIC LOADS* [E]

Al'tshuler, ...V, and M.N. Pavlovskiy. IN: Zhurnal prikladnoy mekhaniki i
tekhnicheskoy fiziki, no. 1, 1971, 171-176

The results of investigations of shock compression of several types of
sedimentary rocks are described. Hugoniot curves at pressures to 500 kbar
were obtained and initial sectors of release adiabats were determined for 4
different types of clays and shales. Certain characteristics of Hugoniot
curves associated with phase transitions and the limits of applicability of
methods of constructing Hugoniot curves for the complex systems being
investigated from the Hugoniots of their components were established.

1. Shock Compression

The investigations were performed on two types of almost white
surface clays (A) having different water content, two types of green clays (B)
originally found at considerable depth and having the same water content as
(d), and also clayey shales (C). It was determined that the principal
component of specimens is silica (silica and kaolinite type minerals in the
case of green clay and shale). In the remainder of this article subscripts
4 and 20 to capital letters A and B will indicate water content in percent.

The shock compression measurements were performed by the method
of impedance matching [1,2]. The shock velocity was measured by electrical
contactors [1] . The thickness of specimens used in the experiments was
4-6 mm. The Hugoniot curves of aluminum and iron given in {3] were
utilized in constructing pressure vs particle velocity curves. .ne specimens
were mounted on the back of the standards. The release adiabats of standards
were assumed to be identical to mirror images of their Hugoniot curves [2] .

The results of experiments are summarized in Table 1. The following
designations are used in this table and in the text: S ~ initial density,
Up(St.) - particle velocity of the standard which usually was aluminum (in
those cases when the standard was made of copper, the values of particle
velocity were marked by a dash), Us - shock velocity, Up - particle velocity

in the specimen, P - pressure, p - density, and V - specific volume of shock
compressed material.

The data summarized in Table 1 are plotted in Figure 1 in the form
of Ug vs U_ curves. It was established that the experimental data for clays
can be adequately described by the following relationships:

=3.05+1.23 U ;U =2,78+1.21 U ; (1.1)
p S p

U
S(Azo) (A4)

U =2,20+1.50U : U =1,60+1.47U . (1.2)
p’ s o

s (B2 0) (B 4)

* Translation. -95-
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Table 1
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The variation of velocity of a relatively weak, diverging shock wave
in white clay with 20% water content, where the shock wave is generated by
a small spherical charge of TNT and hexogen, with distance R to the center
of the charge was also measured (see Figure 2).

1 T - . 5 . - '
U ,l'cm/sec o~ Ug, km/sec I
8 % \ | |

\ |

) J N li :

| I i
! O
! T~
2 / ! —
, Up.km, sec , B
! y $ / J 5

Figure 1. Shock velocity vs particle Figure 2, US vs R/RHE curve for

velocity curves (US and Up are in white clay A

20
km/sec) , US is shock velocity in km/sec;
1 - Clay AZO: 2 = clay A4; JisElay RHE is the radius of the spherical
B,.; 4 - clay B,; 5 - shale : :
20' 4’ charge equal to 25 mm and R is the

distance from the center of the
NOT REPRODUCIBLE charge

The trajectory of motion of shock waves and shock velocities were
measured by contactors imbedded in clays at different distances from the
charge. These measurements made it possible to determine that the sound
velocity in wet clay almost coincides with the sound velocity in water.

The data plotted in Figure 2 made it possible to construct
approximately the initial sector of the Ug vs Uy, curve for clay Azg. By
analogy, the same configuration was assigned to the initial sector of clay
Byg. The difference between shock compression of clay and shale can be
clearly observed on the Ug vs U, curve shown in Figure 1. The Ugvs U
curve for shale consists of several sectors, with the initial sector forming
a straight, almost horizontal line resembling the initial graphite-diamond
sector of the Uy vs Uy curve for graphite. A horizontal sector indicating
the occurrence of a second order phase transition follows a small sector of
a rapid increase in shock velocity at P = 280 kbar. The upper branch of the
Hugoniot curve of shale is that for a high pressure phase. The P vs V
Hugoniot curves for four types of clays and shale constructed from their Ug
vs Up curves are shown in Figure 3. In this figure the experimental
Hugoniot curves are represented by continuous lines (lines 1 and 2). The
Hugoniot curve for shale consists of two branches, one for low and one for

high pressure phases. The Hugoniot curves for clays consist of monotonically

increasing curves which at pressures above 100 kbar are almost parallel to
each other.
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2. The Structure of Rarefaction Waves

The clays and shales are complex multicomponent minerological
systems which may undergo many phase transitions. At finite transition
times, comparable with recording times, the Hugoniot curves are the loci of
nonequilibrium states of variable phase composition. What's more, the
experimental Hugoniot curves can remain monotonic, and their shape can
differ very little from that of Hugoniot curves for stable homogeneous media
(see Figure 4a). The data on the actual state of the medium under compression
can be determined by observing rarefaction waves. As is known, the slope
of the release adiabat and the maximum velocity of the rarefaction wave are
related by the following formula:

vier/ong=c? . . (2.1)

In the absense of phase transitions (curve 01234 in Figure 4a is the
Hugoniot for a homogeneous medium, the absolute value of the slope of the
release adiabat (line 2-5) will be smaller than that of the Hugoniot. If in
addition to the initial phase,the medium contains a considzrable amount of
higher-density phase, unloading will occur along line 2-5'. Additional proof
of phase transitions would be the appearance of rarefaction shock waves
[5-7], the shock front of which would be characterized by a jump-like return of
material (line 6-0") to its initial state

In interpreting experimental data .¢ is necessary to take into account
the possible effect of shear strength [1,8]. In media with a considerable
dynamic yield point, an elastic stress state corresponds to the beginning of
the release stage. The velocity of elastic rarefaction waves Ce > C. Inthe
general case it is very difficult to differentiate between elastic-plastic release
curves and release curves for heterogeneous media. An electromagnetic (EM)
method of measuring particle velocities [1,7,9] was used to record shock and
rarefaction waves in clays and shales. A diagram of the experimental assembly
is shown in Figure 4b and typical oscillograms in Figure 5.

The initial rise of the trace on the oscillogram indicates the arrival
of the shock wave at the EM gauge. A centered rarefaction wave (see Figure 6)
begins to propagate into the specimen after the shock wave reaches the free
surface (kmn in Figure 6 shows free surface motion). The second rise on the
oscillogram corresponds to the arrival of the rarefaction wave at the EM
gauge at a time t; (abcde in Figure 6 shows EM gauge's motion). Time ty
characterizes dispersion of the rarefaction wave. Using the values of t; and
Up measured during the experiments and the known values of L and Ug, it
is easy to calculate the maximum sound velocity hehind the shock wave. From
Figure 6 it follows that: '

- L-Uy
C—Ul"'m . (2.2)
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The maximum rarefaction wave velocities for shale (C), dry (B 4) and wet
(B2 0) green clay, and dry (A 4) white clay computed from formula (2.2) are
given in Table 2.

Table 2

No. Specimen Po P U, Up o/ p 0 p v [§

1 B 2.15 99 3.51 1.31 1.594 3.43 0.292 7.17
2 4 * 178 4,38 1.89 1.760 3.79 0.264 6.79
3 B 2.03 107 4.16 1.27 1.440 2.92 0.343 5.61
4 20 * 188.5 5.02 1.85 1.583 3.21 0.311 7.60
5 A 2.25 146.6 4.52 1.44 1.470 3.30 0.303 4.90
6 b * 227 5.14 1.96 1.616 3.64 0.275 4.87
7 C 2.77 276 6.00 1.64 1,378 3.82 0.262 6.3

The arrows on oscillograms in Figure 5 denote the times at which
rarefaction waves were generated when the shock waves reached the free
surface of the specimen. The time interval between the initial rise of the
trace on the oscillogram and the arrow is equal to L/Ug.

The arrows (4 in Figure 3) denote the most likely location of the
initial sectors of release adiabats. In the case of white clay (Figure 3a)
the slopes of the release adiabat are close to the slopes of the Hugoniot
curves. This indicates an absence of nonequilibrium heterogeneous states at
least in the pressure range of the Hugoniot curves investigated (between
100 and 230 kbar) and also a negligibly small effect of shear strength related
phenomena.

A different picture is observed for wet and dry samples of green clay
(Figure 3b). The slopes of the release adiabats are much steeper than those
of Hugoniots. The position of these curves indicates the presence of higher
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density, less compressible components.

Figure 5 and other oscillograms obtained under similar conditions
show that rarefaction waves in shales are quite complex, with reflected
shock waves appearing at the end of the process. Figure 3c shows quali-
tatively the release adiabat plotted together with the Hugoniot curve. The
release adiabat contains a steeply sloping sector (dash-dot curve 2)
characterizing compression of dense phases and shock transition (dot-dash
curve 3). A hysterisis loop formed by the Hugoniot-release adiabat can be
clearly seen in Figure 3,

3. Discussion of Results

Each of the clays investigated consisted of liquid and solid phases.
Neglecting inhomogeneity of the solid phase, we shall consider clays to be
two component systems consisting of water and a dry component. According
to [10] , the volume of the shock compressed mixture consists of a sum of
component volumes where each component is compressed separately. The
volume of the mixture is given by the following expression:

V(P) = aVo(P) + (1 - @) V4(P) , (3.1)

where « is the fraction of water by weight, V°(P) is the specific volume of
water exposed to shock pressure P, and Vq is the specific volume of the dry
component.

The Hugoniot curve of water was determined in [11,12]. Its
specific volume for a number of pressures is given in the second column in
Table 3. Column 4 in that table gives the specific volume of the dry fraction
determined trom the Hugoniot curve of wet (20%) white clay and water using
equation (3.1). The same relationship was then used to construct the
Hugoniot curve of dry (4%) clay, dot-dash curve (curve 3) in Figure 3a. It can
be seen from that figure that at pressures exceeding 120 kbar good agreement
exists between the experimental and the computed Hugoniot curves. However,
considerable disagreement occurs at low pressures. In the opinion of the
authors, this disagreement can be attributed to porosity of dry clay samples.
Considerable pressure is required for total closing of voids, i.e., even at
100 kbar their volume is approximately equal to 2.5% of the total volume of
the compressed sample.

Similar results are obtained by analogous construction for green clays
(see Figure 3b) for which the pressure required for total closing of voids is
approximately 60 kbar. The most important result observed in the case of
shale is the clear manifestation of phase transitions at pressures corresponding
to those along the initial sector of the Hugoniot curve.

Interesting conclusions can be reached by comparing Hugoniot curves
of dry clays with those of shale (see Figure 7). At P=200 kbar compression
of green clay (2 in Figure 7) ,due to phase transitions, exceeds considerably
compression of white clay (1). At higher pressures Hugoniot curves approach
each other. The Hugoniot curve for shale (3) ,whicl is characterized by higher
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200

P, kbar density in the initial state, approaches

I \\ the Hugoniot curve of white clay at P =
W

L 140 kbar. The phase transition at approxi-

“ mately 280 kbar results in the Hugoniot
curve of shale being almost identical to

\ the Hugoniot curve of green clay. At

Hugoniot curves are almost identical,

\ : pressures exceeding 500 kbar, all three
N
AN N reflecting a general characteristic in

N\
\§ compression of silicates and aluminosilicates.
L N

Compression of this common group of

3
as 030 gV,
V., cm”/gr minerals to high pressures results in

Figure 7. Hugoniot curves for formation of close-packed structure formed

white clay (1), green clay (2), by oxygen ions, characterized by similar

and shale (3) compression and specific volumes.
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MAGNETOELECTRIC METHOD OF DETERMINING DENSITY BEHIND COLLIDING
SHOCK WAVES* (e]

Al'tshuler, L.V, and M.N. Pavlovskiy. IN: Zhurnal prikladnoy mekhaniki i
tekhnicheskoy fiziki, no. 2, 1971, 110-114

The data acquired by means of shock waves are most accurate when the
material under investigation undergoes single-shock compression and when
it does not undergo phase transitions into other crystalline modifications. A
sequence of several shock waves instead of a single discontinuity is formed
in elastic-plastic media and in materials undergoing phase transitions. The
determination of Hugoniot data for such specimens is less accurate than for
materials undergoing single-shock compression. Considerable difficulties also
arise in investigations of media characterized by relaxation in which shock
waves propagate with a variable velocity. Direct methods of recording density
of material at high pressure during a prolonged time interval is a highly
desirable goal for investigations of such complex phenomena. In particular,
it is of interest to investigate states produced by head-on collision of shock
waves having flat-topped profiles. A pressure which is constant throughout
the whole specimen and which is several times greater than the pressure in the
incident shock waves is achieved by this method. During collision of shock
waves, the medium undergoes two-stage (two-shock) loading, with a smaller
increase in entropy than that which occurs during single-shock compression.

In (1] the density of material behind the shock front of colliding waves
was investigated by means of pulsed x-ray diffraction of compressed sections of
the medium. In this manner, double-shock compression states were recorded
in the pressure range between 500 and 9C0 kbar in paraffin, water, plexiglass,
magnesium, and aluminum. In this paper, we summarize the results of
density determination of shock compressed, nonconducting specimens. The
results of measurements of double-shock compression of paraffin, clay, and
crystalline KC4 and NaC4 are also given. The method used in the investigation
is a modification of the well-known magnetoelectric method of recording
particle velocities developed by Ye. K. Zavoyskiy [2].

1. Experimental Arrangement. In order to determine the degree of
compression, the specimen being investigated is placed in a constant magnetic
field. A conductor in the shape of an almost closed loop is imbedded in the
specimen with the plane of the conductor perpendicular to the magnetic lines of
force. An electromotive force is induced in the conductor during compression

=-H%ts- 10-8cm2/sec, H === <=, (1.1

where & is the magnetic flux.

* Slightly abbreviated translation.
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It follows from equation (1.1) that at an arbitrary time t after beginning
of compression the area of the conductor is

1 t
S(t)=SO-§'J(; IE| dt. (1.2)

The average density of the conductor material is

S (B [
2= 0o (15wl - 1<t)-£ (EXit , a.3)

where S, and S are the initial area of the conductor and the area at a time t,
respectively; E is the voltage in volts; H is the magnetic field strength in
Oersteds, p, is the initial density of the medium, and pg is the density of
the medium behind the shock front.

In order to compute py, it is necessary to determine J(t), which is equal
to the area under the curve recorded by the oscillograph, at the end of
compression, when the reflected shock waves leave the conductor. The
shape of the conductor is immaterial and can be arbitrary. However, the
initial area of the conductor must be known. In addition to density, one must
determine the pressure during collision of shock waves. The best method of
measuring pressure would be by means of manganin gauges imbedded in the
plane of the conductor. This would make it possible tc acquire the necessary
data without reversal to kinematic parameters of shock waves, i.e., by a
new and completely independent technique. However, in thcse experiments
the pressure was determined from the amplitude of the incident shock waves.

Figure 1 shows the arrangement used in double-shock compression
experiments. The measurements were performed by means of electromagnetic
gauges in the shape of rectangular frames, the long sides of which were
arranged parallel to the incident shock waves. Figure 2 is an x vs t plot of
motion of the frame during simultaneous and nonsimultaneous arrival of shock
waves at the gauge. In the first case, the average particle velocity of the
sides of the gauge affected by the incident shock wave is proportional to
one-half of the rise shown in that figure; in the second case it is given by
formula (1.4)

U =0y + 4Ty @O (1.9

The function Jo corresponds to the motion of both sides of the gauge and
the functions J; and J3 correspond to individual motion of its left or its right
side at the beginning or at the end of collision. If the shock wave strength
behind the wave front of the incident shock waves decreases, the velocities
with which the opposite sides of the frame approach each other also de-rease.
Under these conditions, the material behind the wave fronts of reflected waves
acquires a small negative rarefaction velocity and the record of emf for waves
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Figure 1. Experimental arrangement used in double-
shock compression experiments

1 - HE charge; 2 - paraffin standard; 3 - specimen
~of paraffin, clay, or salt; 4 - frame of the magneto-
electric gauge

Figure 2. A plot of x versus t for motion
of the frame of the electromagnetic gauge

a - Opposed shock waves arriving at the
gauge at the same time, b - opposed
shock waves arriving at the gauge at
different times;

abcd and a'b'c'd' - trajectories of motion
of the gauges; mbn and m'b'n' - trajectories of incident shock waves;

1 - standard; 2 - specimen, S and S - initial and final thickness of the
specimens

a Figure 3. Oscillograph records of emf

— a - Generated by opposed shock waves arriving at the i

gauge at the same time; b - generated by opposed
b shock waves arriving at the gauge at different times; :
¢ - generated by opposed shock waves when the %ﬁ

‘ velocities at which opposite sides of the frame of the
c | gauge approach each other decrease and, consequentially
| the material behind the wave fronts of reflected waves
— e == acquires a small, negative rarefaction velocity
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deviates from the flat-topped shape (see Figure 3c). The results of experiments
for this type of record are interpreted in the same manner as for other records;
the area under the curve on the oscillogram determines the actual displacement
of the sides of the conductor, and the average amount of rise determines the
effective amplitude of the first shock wave. The pressure in the reflected
shock wave was determined from the equation for conservation of momentum

Pp=Pp+nUga* Uy - (1.5)

where 19} is pressure in the incident wave, Py is the material density in the

incident shock wave, Upl is the average effective particle velocity in the
first shock wave, Ug] 2 is the velocity of the reflected shock wave in respect
to material ahead of the shock front given by the following expression:

_ 0,/ p - p
Ug=VUp 2L = _"2 y

1 . 1.6

It is assumed that the Hugoniot of single-shock compression was
previously determined in the pressure range which includes the pressure of
the incident shock wave.

In this c=se, the value of Upl makes it possible to compute the pressure
and density

-1

Pp = 0gUpiUsy v 07 = PgUs1 Wy - Up) — - (1.7)

The double-shock compression of specimens was achieved by means of plane
shock waves generated by simultaneously firing HE charges having a diameter
of 90 mm and a height of 40 mm, located opposite each other. The specimens,
in contact with 10 mm thick paraffin standards consisted of three layers.
Depending on the experiment, the thickness of the center layer varied between
12 and 18 mm and that of the outer layers, between 3 and 4 mm. As is shown
in Figure 1, a magnetoelectric gauge fabricated from 0.1 mm thick aluminum
foil was imbedded between layers. The strength of the constant magnetic
field at the frame, measured before each experiment with an error not exceed-
ing about 1%, was about 450 Oe.

Figure 4 shows oscillograms acquired in experiments on paraffin specimens,
(a,b) and potassium chloride specimens (c). The first rise of the trace
corresponds to the arrival of shock waves at the gauge frame. As was mentioned
above, the small plateaus at the center of the first rise of the trace are caused
by the fact that the shock waves traveling toward each other arrive at the
gauge at different times.

The flat-topped part of the oscillogram corresponds to the time during
which the two sides of the gauge frame are in motion, up to the arrival of
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reflected waves, after which the motion of the frame stops, the induced emf
and the trace on the oscillogram drop down to zero. The plateau at the center
of the rear front of the pulse corresponds to the difference in the arrival

time of reflected shock waves at the frame of the gauge. The difference in
their arrival time is considerably smaller than the difference in the arrival
time of first shock waves. This is caused by compression of the frame of

the sauge and a considerably larger velocity of reflected shock waves.
Experiments performed under identical conditions have shown that eventhough
some individual differences in the behavior of oscillographic curves do occur,
the integral characteristics of the process (total displacement, average
velocity) remain very stable.

2, Two-Shock Compression of Clay, Paraffin, Potassium' Chloride, and
Sodium Chloride. The pressure and density behind colliding shock waves
were measured in specimens of paraffin, clay, and single crystals of potassium

chloride and sodium chloride. The Hugoniot data of materials under investigation

were determined from particle velocities generated by first shock waves using
the available data on compression of these substances givenin [1,3,4]. The
computations were performed using the following formulas taken from those
references: Us =3.,30+1.31 Up for paraffin, U_; =2.78+ 1,21 Up for "white"

clay with water content of about 4% (A), Ug = 3.40 + 135 Up for NaC¢ and

Us =2,05+1.62 Up for the second phase of KC 4. The shock Hugoniot data
for KC 4309, NaC#4jgg. "white" clay with water content of about 4% (A) and
paraffin (B) are summarized in Table 1 and in Figure 5 (in the form of P vs o
Hugoniot curves. Figure 5c compares the data given in Table 1 with single-
shock compression Hugoniot data given in {5,6] . It can be seen from Figure 5
that the results of the measurements of double-shock compression of paraffin,
clay,and KC4 are in good agreement with single-shock compression
Hugoniot curves, i.e., in accordance with theory, the experimental points
obtained in double-shock compression experiments are displaced to the right
of single-shock compression Hugoniot points, i.e., toward higher densities.

The positions of experimental points for NaC ¢ compressed along the (100)
axis clearly indicate the presence of polymorphic transition in NaC¢ at a
pressure of about 270 kbar, apparently to a CsC #-type structure. The results
obtained verify the data given in [6], where a phase transition in NaC¢ was
observed at approximately the same pressure.

The fact that polymorphic transition of NaC ¢ was observed during double-
shock compression experiments can be attributed to an increase in shear
stresses, i.e., only the initial stages of transformations were observed during
single-shock compressicn of NaC£[2,7]. A cusp in the Hugoniot curve for
NaCy at about 1.5 Mbar noted in @]can apparently be attributed to melting.
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Figure 4, Oscillograph records of
emf for paraffin and KC¢ (c)

Yo
’
R
Epﬁoo ey

420 s

Figure 5. P - ¢ curves for paraffin (a),

200

clay (b), KC2 (c), and NaC#(d)

a (paraffin): 1 - single-shock compression

00—

Hugoniot curve, 2 - probable position of
double-s* ~ck compression Hugoniot curve;

b (clay): 1 - single-shock compression

Hugoniot curve [3], 2 - probeble position of
double-shock compression Hugoniot curve;

c (KC#:1 - single-shock compression Hugoniot
curve [4], 2 - 20°C isotherm (5], 3 - 0°K
isotherm (4], 4 - probable position of double-

shock compression Hugoniot curve;

d (NaC4): 1 - single-shozk compression

Hugoniot curve [4,8], 2 - shock compression
data by Marsh, McQueen, et al, 3 - 20°C
isotherm (5], 4 - static compression data (6],

5 - double-shock compression Hugoniot curve
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Table 1* Repp,
0(/0

Materia
falj pg | Ug | Up 1P | Py |Ysip] Py |9
KC4 1.99 4,36 1.44 125 2.97 7.70 454 3.0
4,11 0.96 97.5 2.1 6.36 263 3.20
NaCy 2.16 4,71 1.00 103.2 2.76 5.45 252 3.35
5.26 1.37 155.7 2.92 5.97 395.7 | 3.8%
A 2.43 | 4.49 1.42 137.5 | 3.12 5.68 | 387 4.10
B 0.9 5.96 2.03 109 1.37 8.43 344 1.84

* A - "white" clay with ~4% water content, B - paraffin, Pp - initial
_ density (gr/cm3d)

1" shock velocity (km/sec), Upl -

particle velocity (km/sec), p1 - pressure (kbar), Py - density behind

Single shock-compression: US

first shock wave (gr/cm3)

Double shock compression {compression by reflected shock waves):
Ug] 2 - shock velocity of reflected waves relative to material in motion
(km/sec), p., - pressure due to double-shock compression (kbar) ,

By = final density (gr/cm3)
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PRESERVATION AND INVESTIGATION OF SHOCK COMPRESSED SINGLE CRYSTALS
OF FLUORITE ]

Batsanov, S.S., Ye. M. Malyshev, L.I. Kobets, and V.P. Ivanov. IN: Fizika
goreniya i vzryva, v. 5, no. &, 1969, 444-446

Specimens of single crystals of fluorite prepared by cleaving along the 111
plane and embedded in fluorite powder compressed to 90% of its density in
crystal form were tube shocked to pressures of 50, 63, 69, and 74 kbar. The
shock waves were generated by detonating 25, 50, 75. and 100 gr hexogen
charges in contact with one side of a rectangular steel tube containing the
specimen. Examination of explosively impacted specimens shows that fluorite
samples were covered with cracks along the cleavage plares, decreasing their
transparency. The degree of perfection of fluorite specimens prior to and after
shock loading was investigated by means of x-ray diffraction. It was determined
that single crystal structure of fluorite was preserved after exposure to shock
waves, however, the specimens exhibited radial asterism indicating considerable
misorientation of large regions of specimens and the presence of strong stresses.
The dislocation structure of specimens was investigated by means of etching.

It was determined that the density of dislocations in the shock loaded specimens
increased from 4 x 10° to 4.8 x 107 - 5.6 x 107 cm - cm~3. The increase in
density of dislocations with increasing pressure was accompanied by an increase
in microhardness attributed to misorientation of large regions of specimens.
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DYNAMIC COMPACTION OF POROUS NaC 4 AT LOW PRESSURES* [E]

Belinskiy, I.V. and B,D, Khristoforov, IN: Zhurnal prikladnoy mekhaniki
i tekhnicheskoy fiziki, no. 2, 1970, 134-139

The experimental data on shock compaction of porous NaC £ with initial
density ph,n =1.87-1.9 gr/cm3 were acquired in the pressure range between
1 and 200 kbar. Th< Hugoniot data were determined from the results of
measurements of explosion and impact generated shock and particle velocities
recorded by means of electromagnetic and capacitor methods I ,2]. The
results obtained are compared with the results ot static ultrasonic experiments.

The experimental data indicate the failure of the hydrodynamic model to
describe the behavior of shock loaded, porous NaC/ in the stress range
comparable with the strength of the material.

1. Early experiments [1] dealing with the investigation of shock waves
in solids have shown that the parameters of shock waves at pressures below
100 kbar depend considerably on porosity {analog of fracturing for rocks).
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