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Discrimination of Underground Explosions from
Mlcroearthquakes through the Pure-Continental Path
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Discrimination studies between microearthquakes and underground explosions are carried out
in the pure-continental path of north-south within the Korean Peninsula. The characteristic wavefo-
rms for explosions and microearthquakes are investigated in the light of observation and synthetic
seismograms, The characteristic waveform generation jis mainly a function of source mechanism
and .ray-path and former influences more strongly than the latter. A double-couple source mecha-
nism for microearthquakes and a single-couple(force) mechanism for explosions are presented
in this study..

It is found for very shallow events to have outstanding of L; waves in the transverse components
that pass through the upper crust with period of 1—6 seconds and fundamental modes of Rayleigh
waves, R, in the vertical component with period 812 seconds. Furthermore it is pointed out
that the first arrival amplitudes of SH waves for explosions are always small regardless of azimuth
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of stations since there is non-existence of nodal lines for the explosion mechanism. Theoretical

seismograms for explosions show the first motions of compression with short wavelengths as

well as mostly fundamental modes of Rayleigh waves, R, waves and L, waves, whereas those

of micro-earthquakes give either compression or dilatation according to the back azimuth epicenter

to stations and poor or non R; waves and complicated L, waves, depending on the focal depth.

The present studies were supported by the Basic Science Research Institute Program, Ministry of Education, 1994(BSRI-

94-5420)

INTRODUCTION

The Discrimination studies between earth-
quake and underground nuclear explosions

have been carried out by several seimologists

(Nuttli and Kim, 1976 : Dahlman and Israel-
son, 9179 5 Masse, 1981 5 Smith, 1993). The
discrimination studies using teleseismic events
have been highly studied and successful except
for some anomalous events. Douglas et al.
(1974) and Landers(1972) have found some
anomalous esrthquakes in Tibet and Kazakh,
Kim and Nuttli(1976, 1977) also investigated
some anomalous earthquakes and nuclear exp-
losion in Eurasia using spectral analysis and
magnitudes of body surface waves. It has been
found that m, /m, values of anomalous earth-
Quakes are close to those of underground nuc-
lear explosions. Bruns(1971), Hanks and Wyss
(1972) and Forthy(1975) demonstrated the P-
wave spectral to investigate corner periods and
asymtotic slopes which can be explained in te-
rms of source finiteness and fractional stress
drop.

The local event discrimination between mic-
roearthquakes and underground explosions,

however, has not been studied eagerly so far.
Furthermore the development of detectability
of small-yield explosions whose epicenteral dis-
tance is not greater than 400km have not been
actively studied in Korea in the light of seismo-
logical aspects. For the sake of the local event
detectivility study, we use local microearthqua-
kes and explosions recored in the Korean Pe-
ninsula in collaboration with the reflectivity
method of synthetic seismograms(Kind, 1989)

The left-lateral and right-lateral strike slip
motions, and normal-fault and reverse-fault dip
slip motions are applied for a double-couple
source mechanism for earthquakes, whereas
source mechanism for explosion is assumed
to be a single-couple(force).

BASIC THEORY OF SEISMIC
DISPLACEMENTS

Following Ben-Menahem and Singh(1972),
we obtain the following expression for the far-
field displacements for elements area ds in the
source coordinations and the initial magnitude
of dislocation, uo(see Fig7).
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Where w is an angular frequency and g(w)
is the Fourier transform of the source time
function g(w)=1Liw, @ and P are P—and S—
wave velocities, and K, and K; P—and S—wave
wavenumbers. Equations (1), (2), (3) repre-
sent the seismic fields of P, SV and SH waves
respectively, After rearragement, the new form
of the displacements for P, SV and SH waves.

uy=ueds/12nB(ya) (B/a)yiF L expi
(wt—KR) 1+ O0(1/R)

wsv="uds/248(r,) OF /oL expi (wt — KeR)
/RIXO(/R)

s =uods/24B (s cscirdF/ 0ol expi(wt — KiR)
/R)1+0/R) 4

where F=F(\, 85 i,¢ is given by Ben-

Menahem and Singh(1972).

From the above-equation, the source is at
O(ty, 0, 0) and the ohservation point is at the
distance R of the point(r, 6, ¢). 4 is a take-
off angle of a seismic ray leaving from the sou-
ree. :

For the radial stress o for a tamped shot
for the explosion source(Rodean, 1971).

- olyn=plo'se/ort2(a’—280¢4]1 (5)

Where &=radial displacement
From relation between scalar potential ¥ and
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reduced displacement potential X. X is indepe-
ndent of r and is a function of t alone,

X@=pp (6)

T is ratarded time and is defined as

=t—(t—RJ/a ¢

R.=elastic radians, wave equation for sphe-
rical P waves is

X/ =2 FX/3v ®

Finally we derive the relation between the
radial displacement & and the reduced-displa-
cement X as

£ =—[(an X (D/or+X (0] (9)

and the relation between the reduced-displace-
ment potential X and the stress o: at 7=R,
as

R (R ©) =plaX (0)/a¢+ (4F/aR,)
X (@)/or+ UBYRDX (x)

&7, 6{R..) and X(v) may be solved by
using Laplace transform(Rodean, 1971). Equa-
tions(1) to (10) represent the basic concepts
for displacements of dounble-couple and single

(10)

force source for an earthquake and an explo-
sion, respectively.

Synthetic seismograms for P-SV waves and
SH waves are genreated in the vertical (P-SV
waves) and in the tangential component(SH
waves) respectively. The synthetic seismog-
rams for earthquakes are dependent on the
crust model as well as source paramenters of

- mechanism, whereas explosions are dependent

on the source crust model alone.



'DATA ANALYSIS AND
INTERPRETATION

In order to compare the waveform characte-
ristics of explosions with microearthquakes, we
take into account four presumed underground
explosions, two anomalous events and normal
microearthquakes, which are recorded at Seoul.
Figs.l. and 2 represent explosion replosion re-
cordings that occurred in the Huanghe region
of North Korea, We can see strong L, waves
and R; waves for these explosions. The explo-
sion recordings of May 3, 6, 7, 27, 1988 belong
to a series of the unknown explosions that oc-

s

curred from January to Juné, 1988 in North
Korea. As shown in the seismogram the first
motions of P-waves are all compressional and
amplitudes of the first arrivals of SH-waves
are relatively small in the E-W components.
On the other hand, we can observe strong L,
waves in the transverse component and R; wa-
ves of long period in the vertical component.
We could not determine the exact parameters
of the source due to lack of observations. We
determined, however, the epicentral distance
and direction as well as the origin time and
magnitude. for explosions.

In the light of the characteristics of the shal-
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Fig. 1 The seismbgmms of the presumed explosions ‘of May 3 and 27, 1988 on fhe fhree components.
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Fig. 2 The seismograms of the presumed explosions of May 6 and 7, 1988 on the three components.

low source, R, waves of the fundamental modes
of Rayleigh waves are extremely depth-depen-
dent in both amplitudes and frequency content.
L. waves for explosions are mainly formed by
P to SV conversion and c‘losene‘ss'of source
to the interface or the free surface, particulary
enhancing strength of L; waves in case of irre-
gularities of the interfaces, the observation of
L, waves for explosions is a local wave-guide
phenomenon that follows strong decrease of
amplitudes with depth The seismograms for
Hongsung earthquake of October 7, 1978 and
for Daekan earthquake of Junuary 8, 1980 are
not given(see Table.l) since they are found
to by very shallow-focus earthquakes of the

intermediate size(M>5.0). It seems to be very
artificial that the origin times of the events
for the Figs. 1 and 2 almost exhibit the exact
unit hour.

The events of December 1, 1980 and April
15, 1988 are considered as anomalous(skepti-
cal) events in the light of strength of L, wave
and R, wave generation, Particularly we can
see strong Ly waves of the event, April 15,
1988 in the transverse component. This sugge-
sts that the closeness of this event source has
the irregular interface or free surface. The sei-
smograms of Figs. 4 and 5 indicate normal ear-
thquakes that occurred in North and South
Korea. The waveform characteristics of L, wa-
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Fig. 3 The seismograms of the presumed anomolous events of December 1, 1980 and April 15, 1983 on the three components.
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Table 1. Hyprocenter parameters of seismic in this study.

Doe | 07(ST) | Eplcane

M Regi
Moy H-MS [ Lat(N) | Long(E) o
0718 |18-19522| 366 | 1267 [50(M0) |Hongsung
35M0) |
12/01/80 ARCE|13-39-579( 407 | 1272 Rarigrim
38(NK)
49(1SC)  {Doekwan
01/08/80 08-44-133| 402 | 1250 (5.3(MQ) [MtChonma
: 5A(NK) |h=3m
' Daehung
04/15/88 AFQ| 15-44-13 | 403 | 1269 |3.7(MO)
h=>5km
05/03/88 X | 14-50-634 1262 |34(MO) |Namchon

05/07/88 EX | 14-58-16.3 75kw ]2.7(MO) {Hwanghe

383

05/06/88 X | 17-58:554 NW 1154w [29(M0) |Hwanghe
NW
NW

05/27/88 KX |17-00-298 133w [3.4(M0) [Hwanghe

06/23/89 | 00-26:0.1 | 367 | 1278 |35(MO) |Goisan

07/18/92 | 170166 | 391 | 127.0 [3.1(MD) [Munchon

03/01/93 |12-00-429| 356 | 1269 [39(MO) |Jungiu

02/12/04 (1168143 364 | 127.3 [35(MO) {Mikyeryong

LST : Local Standard Time

AEQ: Anomalous eartfiquakes

EX : Wiplosions

MO : Korean Mefeorological Adminisiration
ISC : Infemational Seismological Center
NK : Norih Korea

ves are a little complicated and weak for the
Munchon earthquake, July 19, 1980 and the
Mt. Kyerong earthquake, February 12, 1994.
Besides we can hardly observe any R, waves
for these two earthquakes. This suggests that
the sources of these two earthquakes are deep
within the realtive regularities of the interface.
The seismograms of Fig.5 show strong SH wa-
ves as well as strength of L, waves in the trans-
verse components. Particulaly L, waves of Ju-
ngju earthquake, March 1, 1993 exhibit a strong
wave-guide phenomenon through the closeness

for the irregularities of the interface. No R,
waves are not observed for the earthquake of
Goisan earthquake, June 23, 1989 and the Ju-
ngju earthquake, March 1, 1993, indicating that
the depth of these earthquakes are deep(h)10
km). We can see most of earthquakes near
the fault zones in the seismotectonic map(Fig.
6). As a result, the earthquake occurrence is
consistent with the major fault zones in the

seismitectonic map(Masaitisa, 1964).

Synthetic seismograms for earthquakes and
explosions are given-in Figs. 8, 9, 10, 11 and
12 using Reflectivity method(Kind, 1989). The
crustal model for Figs.8 and 9 is taken from
Bouchon(1982) and S. J. Kim and S. G. Kim
(1983) ‘with changing of low-velocity sediment
thickness of 2.0km(o.=28km/s) and Moho P-
wave velocity of 7.98km/s at 32km. The crustal
models for Figs. 10, 11 and 12 selected from
Krebes and Hron(1980) with changing of thick
sediment of 6km(a=42km/s) and Moho P-
wave velocity of 8.1km/s at 35km. The theore-
tical studies demonstrate that the shallow seis-
mic source in the thin sediment generates large
amplitudes fundamental and higher modes of
Rayleigh waves. The generation of synthetic

_seismograms is a function of source mechanism

and propagation path of seismic waves. Conse-
quently the characteristic waveform of synthe-
tic seismograms depend on-parameters of the
source mechanism is much greater than of cru-
stal structure for body waves, but not for sur-
face waves, R, and L, waves. It is evident that
explosions generate little amplitudes of SH-
wave motion and highly developed fundamen-
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Fig. 5 Earthquake of Goison June 23, 1989 and Jungju, March 1, 1893 on the three oompohenté.
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Fig. 7 Coominate systems of a seismic source(a) and the fault plane geomehy(h).
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tal modes and higher modes depending on the
increasing focal depth.

Figs 8 and 9 indicate synthetic seismograms

of P-SV(upper) and SH waves(lower) for an
earthquake of a right-lateral strike motion and
an explosion with a focal depth 300m using
Reflectivity Method(Kind, 1989), We can see
R, and L, waves for hoth explosion and earth-
quake recordings in case of a very shallow-fo-
cus(h=1.0km). Earthquakes, however, excited
more R, waves and higher modes than explo-
sions. Explosion synthetic seismograms show

o

more high frequency content. Figs 10 and 11
exhibit synthetic seismograms of P-SV(upper)
and SH waves(lower) for shallow-focus earth-
quakes of focal depth h=1.0km and h=15.0km
respectively, We can observe R, and L, waves
for the earthquakes with h=10km, while we
can observe only L, waves for the earthquake
with h=15.0km, We can see strong L, waves
and weak R, waves for the explosion seismog-
rams of P-SV(upper) and SH waves(lower)
in Fig 12. In case the source is located at the
thick sediment of 6km, we also observe good
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and strong S.(Moho refraction) and S,.S(Moho
reflection) in Figs. 8, 9 and 10.

The correspondence between the synthetic
and observation is quite good, indicating that
the synthetic seismograms for explosion, in-
deed, are consistent with the observed presu-
med explosions. We have good observation of
R, and L, waves of explosions in both observa-
tion(see Figs. 1 and 2) and synthetic seismog-
rams(see Figs. 9. and 12). We try to exhibit
the characterstic variation of waveforms of exp-
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Fig. 10 Synthefic seismograms P-Sv(upper) and SH woves
{lower) for a shallow earthquake with a focal me-
chanism * Atz = 180.0, Detetrices =49.0, v
azimuth) — 170-0) 8(diD) = 60-0; tO(soume rise time) = 1-
08, hueuy= 1.0km, sediment thickness ; 6
km, a=42km/s.
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losions and earthquake by analyzing data from
observed explosions and earthquakes as well
as the synthetic seismograms, We, have reached
the conclusion that the source depth is of gfeat
significance for waveform generation of R, wa-
ves and complexity of L, waves for regional

loc_al events,

DISCUSSION AND
CONCLUSIONS

Most of phases for body waves on the seis-
mograms account for ejther multiple events or
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Fig. 11 Synihetic seismograms P-SV(upper) and SH waves
* (lower) for o shallow earihquake with the same-
model as Fig.10 except for h=15.0km.
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Fig. 12 Synihefic seismograms P-SV(upper) ond SH waves
" (lower) for an explosion with the same model as
Fig.10 except for h=0.3km, ,=0.5s

many reflection and refraction(eg. P, .P, P,
P.P ect) from the interface. The results of mul-
tiple reflection for SV and SH waves within
the interface or the free surface demonstrate
the generation of L, waves and fundamental
" modes of Rayleigh waves(R,). As the characte-
ristics particle motion of surface waves L, wa-
ves and R, waves can be observed well in the
transverse component and the vertical compo-
nent, respectively. Should the source is in the
basin of thin sediments(~2km), we can obse-
rve large amplitudes long duration of R, waves

due to P-SV conversion as well as the strength
of L, waves. Bouchon(1982) stated that the
predominant phases throﬁgh the pufe-contine-
ntal path ars shown to be guided waves made
up of SH and SV waves incident on the Moho
at angles of incidence more grazing than critical
angles and their multiple reflection.

From this research, we have found the follo-
wing results : '_ _

1) The first motions of explosions are found
to be compressional on the theoretical observa-
tional records regardless of the epicenter azi-
muth-to-station.

2) The first motions of microearthquakes
are found to.be compressional or dilational ac-
cording to the epicenter azimuth-to-station due
to be variety of the source mechanism.

3) It is evident from this consequence that
the source mechanism of microeathquakes rep-
resent a double-couple whereas that of the ex-
plosions is assumed to be a single-couple(fo-
rce).

4) The explosions and shallow-focus earth-
quake(h=1.0km) generate outstanding L, wa-
ves in the transverse component that through
the upper crust with period of 16 seconds,
and the fundamental Rayleigh waves, R; waves
with period 8 —12 seconds in the vertical com-
ponents. In case of very shallow-focus earth-
quakes, we obtain more higher and fundamen-
tal modes of Rayleigh waves. Most of shallow-
focus earthquakes in the Korean Peninsula are
found to have the focal depth of greater than
10km. Consequently we usually observe L and

R. waves for explosions in the Korean Penin-
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sula.

'5) The stations near nodal lines observe lit-
tle or poor P-wave first motions and large SH-
waves for earthquake, whereas they always ob-
serve large P-wave arrivals and little DH-wave
arrivals regardless of epicenter azimuth for ex-
plosions.

distances, J. Geophys. Res. 87(B3), 1735-

1741 Cor L

Brune, J, N.(9170). Tectonic stress and spectra
of seismic shear waves from earthquakes,
J. Geophys. Res. 75, 4999-5009.

* Camino, M., Bouchon, and B. Massinon(1984),

6) It turned out to be clear that the events

of 05/03/94, 05/06/94, 05/07/94, and 05/27/94
must be presumed explosions that occurred
in series for the period January, 1988—June
1988 in North Korea.
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