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This research fulfills additional information about the lithosphere below Southeastern Asia and the northern Pacific.
The area is interesting for researchers because of the Kuril-Kamchatka subducted lithosphere. The availability to study
an underground structure is complicated, because of Pacific Ocean. The significance of this research concerns epicentral
distances ~54°-70° or ~6000—7000 km. During the Cold War of the 20th century and the classification of information
between the largest nuclear states the Soviet Union (USSR) and the United States of America (USA), data on the
registration of nuclear explosions were not published, however, underground nuclear explosions (UNE) were recorded.
Thanks to an employee of the laboratory 5-s of the Institute of Physics of the Earth named after O.Yu. Schmidt of the
USSR Academy of Sciences Kh.D. Rubinstein is kept at the Institute for the Dynamics of Geospheres of the Russian
Academy of Sciences named after Academician M.A. Sadovsky (IDG RAS). Only after 1985 reports from some seismic
stations of the former USSR began to be published in the operational reports of the United Geophysical Survey of the
Russian Academy of Sciences (GS RAS). As it has not been yet published anywhere, we collect them and obtain the
travel times were by revising seismograms from the archives IDG RAS and GS RAS for five Kuril-Kamchatka seismic
stations (Bering, Esso, Severo-Kurilsk, Kurilsk). The 48 Unites States UNE at Pahute Mesa (at Nevada Test Site) from
1968 to 1990 are used for travel time curve building. We measure P waves travel times (t,) on historical seismograms for
the ray travel path between Pahute Mesa tests and Kuril-Kamchatka stations. The body-waves magnitudes (mp) vary from
5.3 t0 6.5. We obtain arrivals for: 1 UNE at Bering station, 7 UNE at Esso station, 45 UNE at Petropavlovsk, 18 UNE at
Severo-Kurilsk and 12 at Kurilsk. We build a travel time function using linear regression algorithm as t,=k-A°+b, where
A° is the epicentral distance, k and b are arbitrary constants. We show that travel time deviations, associated with
nonlinearity of the Earth. We estimate the effective velocities of P waves for the Pahute Mesa — Kuril-Kamchatka travel

path as coefficient k in the linear equation. Effective velocity is equal to 7.5 km/s.

Keywords: P wave, velocity, travel-time, teleseismic distance, NTS, Kuril-Kamchatka.

INTRODUCTION

The study of the structure of the Earth based on the
results of the travel times of body seismic waves is
relevant at the present time, since the observational data
are still being refined (for example, the coordinates of the
sources, the parameters of the charge, the magnitudes).
Of particular interest is the study of such data for
teleseismic ray paths with source-receiver distances of
~6000-7000 km (epicentral distances A~54°-70°, where
1°~111 km) or further distances, e.g. 90° [1]. The
archives of the Sadovsky Institute of Geosphere
Dynamics of the Russian Academy of Sciences (IDG
RAS) and United Geophysical Survey of the Russian
Academy of Sciences (GS RAS) contain seismograms of
historical underground nuclear explosions (UNE)
recordings.

Most of the recordings were not analyzed, and the
parameters of the related events still are not determined.
In this case, the historical seismograms have been
reviewed. For this reason, we need to develop an
approach for travel time curves. Also, this information
could be helpful for velocity models improvement. As P
waves velocity values in the AK135 earth model [2] for
better locating earthquakes in complex velocity models

3.

Velocity heterogeneity and anisotropy below
Southeastern Asia and the northern Pacific are practically
unknown. Especially the side, where is the Pacific Ocean.
The research for Kuril Islands with earthquake travel
times from stations in Western Europe (between 73° and
95° of epicentral distance) was studied before by
Freybourger, Kriiger and Achauer [4]. Concerning the
east side of Eurasia, the most eastern stations of the
former Soviet Union (USSR) were located in the Kuril—
Kamchatka zone. They recorded some United States
(US) nuclear tests. At the same time, the sources (US
UNE) and receivers (Kuril seismic stations) are separated
by the Pacific Ocean, where practically there were no
seismic stations. The ocean borehole broadband
observation beneath the deep seafloor in the Japan Sea
started only after 1989 [5, 6]. The area is interesting for
researchers because of the Kuril-Kamchatka subducted
lithosphere. Since the Aleutian Arc is also a part of the
Pacific “Ring of Fire”. However, there are some seismic
tomography studies for these subduction zones below the
Kuril-Kamchatka and the Aleutian arcs by Koulakov,
Dobretsov, Bushenkova, and Yakovlev [7], which prove
density heterogeneity. Thereby this research is a
continuation and resumption of our previous works for
teleseismic distances, e.g. for Aleutian arc [8].
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Figure 1. The relative position for travel path between seismic stations at the Kuril-Kamchatka zone
and tests at Pahute Mesa (Nevada Test Site)

We choose five seismic stations, which recorded du-
ring the Soviet era with three-component seismometers
[9, 10]: Severo-Kurilsk (SKR, ¢=50.67°N,
A=156.117°E) and Kurilsk (KUR, ¢=45.231°N,
A=147.873°E), Bering (BKI ¢=55.194°N, A=165.984°E),
Esso (ESO, ¢=55.9316°N, A=158.6950°E), Petropav-
lovsk (PET, ¢=53.0233°N, 2=158.653°E). The stations
were opened: Severo-Kurilsk 01.03.1958 on the northern
part of the Paramushir Island; Kurilsk 01.01.1950 on the
Iturup Island; Bering 20.11.1962 on the Bering Island;
Esso 24.11.1965 in Central part of the Kamchatka
Peninsula; Petropavlovsk 18.03.1951 on shore of the
Kamchatka Peninsula (Petropavlovsk-Kamchatsky city).
All of these stations recorded US UNE. For the research
purposes, as a teleseismic signal source, we chose Pahute
Mesa tests. Pahute Flat (37.268547°N, 116.809234°W)
is a plain area situated in the northeastern part of the NTS
polygon. There were 827 documented atmospheric and
underground nuclear tests conducted, accounting for
nearly 80% of all US nuclear tests from 1951 to 1992,
upon [11,12]. The relative position of sources and
receivers are presented in Figure 1.

Many researchers are still studying the legacy of
nuclear explosions on the territory of the largest test sites
— Semipalatinsk (STS) in Kazakhstan and Nevada (NTS)
in the United States [13]. Locations of NTS and STS test
areas are shown in An, Ovtchinnikov, Kaazik et al. [14].
Various researchers for NTS have constructed travel time
curves for the propagation of body and shear waves and
made estimates of attenuation [15, 16]. A detailed des-
cription of the geological and tectonic features is presen-
ted in publications [17, 18]. The results of the assessment
of GIS surface effects of underground nuclear explosions
carried out in Pahute Mesa are given in [12]. The results
of processing the experimental data for ray traces below
Southeastern Asia are presented in this work. The study
shows the characteristics of the travel path— Pahute Mesa
(NTS) — Kuril-Kamchatka. The non-linearity of geologic

media gives a lot of deviations in seismic wave velocities
for NTS UNE and, consequently, azimuths [19, 20].

METHODS AND DATA

In this study, we select 48 tests at Pahute Mesa (NTS),
which occurred from 1968 to 1990. The test names and
its’ parameters (e.g. origin time) are known from
[21, 22]. We search the first break peaks for P waves on
historical seismograms and estimate deviations of travel
time of seismic signals. We precisely measured arrival
times (tarr) Of teleseismic P phases seismic stations based
on the Kuril-Kamchatka arc. For the example of
registration of underground nuclear explosions at the
Pahute site of the Nevada Test Site (NTS), local travel
time curves and linear trends in the P wave travel time in
the range of epicentral distances ~54°-70° are
investigated. The epicentral distances between Pahute
polygon and Kuril seismic stations are: Bering
A=54.1120° (BKI-Pah); Esso A=57.8442° (ESO-Pah);
Petropavlovsk A=58.8831° (PET-Pah); Severo-Kurilsk
A=61.2714° (SRK-Pah); Kurilsk A=68.6790° (KUR-
Pah). The selected UNE have magnitudes mp=5.3-6.5.

After processing and analyzing all seismograms, we
summarize all main UNE parameters in Tables 1 and 2.
It shows the dates and origin time of the UNE tests, the
yield, body wave magnitudes, depth of burial, surface
elevation, and the calculated values of the teleseismic
distances (A°) with the P wave arrival times (t). The total
amount of underground nuclear explosions is 48 (Table
1). We especially note that the registration of US
explosions by the Soviet stations is unique, because the
distance is quite large. This fact indicates the high
sensitivity of these selected stations. Although, some
tests were missed. Hence, we obtain arrivals for: 1 UNE
at Bering station, 7 UNE at Esso station, 45 UNE at Pet-
ropavlovsk, 18 UNE at Severo-Kurilsk and 12 at Kurilsk.
An invisible small signal amplitude could explain the
reason of the small amount of found arrivals for the
analyst or any other error (e.g. time correction shift).
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Table 1. The main parameters of Pahute Mesa tests at seismic stations (PET, SKR, KUR)

N (_)rigin Time tar Time tar Time tar Yield* Dir;th Surche

# | DoAYy e T | Test Name® Latitade’ LonTg‘?ts:de* rosoazte | ace ootae | aconisoes| K| ™ Buria, Elevation’,
1. | 20.12.1966 | 15:30:00.08 | Greeley 37302 | -116.409 | 15:39:58.0 - - 870 6.3 | 1215 1945
2. | 23.05.1967 | 14:00:00.04 | Scotch 37275 | -116.371 | 14:09:57.0 - - 155 57| 917 2034
3. | 26.04.1968 | 15:00:00.07 | Boxcar 37295 | -116.457 | 15:09:57.0 | 15:10:135 - 1300 6.3 | 1158 1914
4. | 15.06.1968 | 13:59:59.97 Rickey 37265 | -116.316 | 14:09:59.0 - - 20-200 | 59 | 683 2116
5. | 28.06.1968 | 12:22:00.08 | Chaleaugay | 37.245 | -116.484 | 12:31:57.0 - - 20-200 | 6.3 | 607 1876
6. | 19.12.1968 | 16:30:00.04 | Benham 37.231 -116.474 | 16:39:56.6 | 16:40:13.1 - 1150 6.3 | 1402 1887
7. | 07.05.1969 | 13:45:00.04 Purse 37283 | -116.502 | 13:54:58.5 - - 20-200 | 58 | 599 1828
8. | 16.09.1969 | 14:30:00.04 Jorum 37314 | -116.462 | 14:39:52.3 | 14:40:114.3 | 14:41:02.2 | <1000 | 6.2 | 1159 1898
9. | 08.10.1969 | 14:30:00.14 Pipkin 37257 | -116.442 | 14:39:59.5 - - 200-1000 | 55 | 624 1965
10.| 26.03.1970 | 19:00:00.20 | Handley 37300 | -116.535 | 19:09:;574 | 19:10:14.8 | 19:11:004 | >1000 | 6.5 | 1209 1772
11.| 06.06.1973 | 13:00:00.08 | Almendro | 37.245 | -116.347 | 13:.09:58.0 | 13:10:14.5 - 200-1000 | 6.1 | 1064 2069
12.| 14.05.1975 | 14:00:00.16 Tybo 37.221 -116.475 | 14:09:59.0 | 14:10:11.5 - 200-1000 | 6.0 | 765 1880
13.| 03.06.1975 | 14:20:00.17 Stilton 37.340 | -116.524 | 14:29:58.0 | 14:30:13.0 | 14:31:01.8 | 20-200 | 59 | 732 1667
14.| 19.06.1975 | 13:00:00.09 Mast 37350 | -116.321 | 13:09:58.0 | 13:10:14.0 - 200-1000 | 6.1 911 2068
15.| 26.06.1975 | 12:30:00.16 | Camembert | 37.279 | -116.369 | 12:39:58.5 | 12:40:13.8 - 200-1000 | 6.2 | 1311 2033
16.| 28.10.1975 | 14:30:00.16 | Kasseri 37290 | -116.412 | 14:39:58.5 | 14:40:135 | 14:41:02.2 | 200-1000 | 6.4 | 1265 1957
17.| 20.11.1975 | 15:00:00.09 Inlet 37225 | -116.368 | 15:09:58.5 - - 200-1000 | 6.0 | 818 2025
18.| 03.01.1976 |19:15:00.16 | Muenster | 37.297 | -116.334 | 19:24:59.0 | 19:25:14.0 - 200-1000 | 6.2 | 1452 2082
19.| 12.02.1976 | 14:45:00.16 | Fontina 37.271 -116.489 | 14:54:58.0 | 14:55:135 | 14:56:01.9 | 200-1000 | 6.3 | 1219 1837
20. | 14.02.1976 | 11:30:00.16 | Cheshire 37243 | -116.421 | 11:39:58.5 - 11:41:02.3 | 200-500 | 6.0 | 1167 1947
21.| 09.03.1976 | 14:00:00.09 | Estuary 37310 | -116.365 | 14:09:58.0 | 14:10:14.0 | 14:11:024 | 200-500 | 6.0 | 857 2025
22.| 14.03.1976 | 12:30:00.16 Colby 37306 | -116.472 | 12:39:59.0 | 12:40:136 | 12:41:01.5 | 500-1000 | 6.3 | 1273 1904
23.| 17.03.1976 | 14:15:00.09 Pool 37256 | -116.329 | 14:24:59.0 | 14:25:114.5 | 14:26:02.5 | 200-500 | 6.1 879 2076
24.| 11.04.1978 | 15:30:00.16 | Fondutta 37.300 | -116.328 | 15:39:59.0 - - 20-150 | 53 | 633 2072
25.| 11.04.1978 | 17:45:00.07 | Backbeach | 37.233 | -116.369 | 17:54:59.0 - - 20-200 | 55 | 672 2040
26.| 31.08.1978 | 14:00:00.16 Panir 37276 | -116.358 | 14:09:58.5 - - 20-150 | 5.6 | 681 2013
27.| 16.12.1978 | 15:30:00.16 Farm 37273 | -116.411 | 15:39:58.7 - - 20-150 | 55| 689 1979
28.| 11.06.1979 | 14:00:00.17 | Pepato 37290 | -116.456 | 14:09:59.0 - - 20-150 | 5.5 | 681 1913
29.| 26.04.1980 | 17:00:00.08 | Colwick 37248 | -116.423 | 17:09:58.5 - - 20-150 | 54 | 633 1946
30.| 12.06.1980 | 17:15:00.09 Kash 37282 | -116.455 | 17:24:59.0 - - 20-150 | 5.6 | 645 1911
31.| 25.07.1980 | 19:05:00.08 Tafi 37256 | -116.478 | 19:14:58.4 - - 20-150 | 55| 680 1859
32.| 06.06.1981 | 18:00:00.08 Harzer 37303 | -116.326 | 18:09:58.7 - - 20-150 | 5.6 | 637 2073
33.| 12.02.1982 | 14:55:00.08 Molbo 37224 | -116.464 - - 15:06:026 | 20-150 | 54 | 638 1873
34.| 12.02.1982 | 15:25:00.09 Hosta 37.348 | -116.317 - - 15:36:02.7 | 20-150 | 54 | 640 2076
35.| 25.04.1982 | 18:05:00.01 Gibne 37256 | -116.423 | 18:14:58.4 - - 20-150 | 54 | 570 1937
36.| 24.06.1982 | 14:15:00.09 | Nebbiolo 37236 | -116.371 | 14:24:59.0 - - 20-150 | 5.6 | 640 2038
37.| 01.09.1983 | 14:00:00.08 | Chancellor | 37.273 | -116.356 | 14:09:58.0 | 14:10:14.2 - 143 55| 624 2013
38.| 25.07.1984 | 15:30:00.08 | Kappeli 37268 | -116.412 | 15:39:59.0 - - 20-150 | 54 | 640 1982
39.| 09.12.1984 | 19:40:00.09 | Egmont 37270 | -116.498 | 19:49:45.0 - - 20-150 | 55 | 546 1839
40. | 02.05.1985 | 15:20:00.08 | Towanda 37253 | -116.326 | 15:29:59.5 - - 20-150 | 5.7 | 660 2085
41.| 12.06.1985 | 15:15:00.06 Salut 37248 | -116.490 | 15:24:58.0 - - 20-150 | 55| 608 1873
42.| 17.07.1986 | 21:00:00.06 Cybar 37279 | -116.356 | 21:09:59.0 | 21:10:124 - 119 57 | 627 2017
43.| 18.04.1987 | 13:40:00.00 | Delamar 37248 | -116.510 | 13:49:59.0 - - 20-150 | 55 | 544 1875
44.| 30.04.1987 | 13:30:00.09 Hardin 37233 | -116.424 | 13:39:59.0 - - 20-150 | 55 | 625 1943
45.| 07.07.1988 | 15:05:30.07 Alamo 37252 | -116.378 | 15:15:29.0 - - <150 56 | 622 1964
46. | 31.10.1989 | 15:30:00.09 | Homnitos 37263 | -116.492 | 15:39:59.0 - - 20-150 | 5.7 | 564 1846
47.| 13.06.1990 | 16:00:00.09 | Bullion 37262 | -116.421 - 16:10:13.3 | 16:11:02.7 | 20-150 | 5.7 | 674 1950
48.| 12.10.1990 | 17:30:00.08 | Tenabo 37248 | -116.495 | 17:39:59.0 - - 20-150 | 5.6 | 600 1871

Note: * - Information from [21]
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Table 2. The main parameters of Pahute Mesa tests Epicentral . . . .
(from Table 1) at seismic stations (BK1, ESO) DD.IVIIJI\T\Q}YYY disxaonce Tra‘;:'st'me Sr:::"]‘;" Dt'igf%r:'sl
Date* Origin Test | Timetar | Time tur 20.11.1975 58.8831 598.41 PET 0.62
# | pommyyyy | Tme To | o, BKI ESO | ms* 03.01.1976 58.8831 598.84 PET 1.05
HH:MM:SS A=54.1120° | A=57.8442° 12021976 58.8831 597.84 PET 0.05
1. | 07.05.1969 |13:45:00.04| Purse - 13:54:51.0 | 5.8 14.02.1976 58.8831 598.34 PET 055
2. | 08.10.1969 |14:30:00.14 | Pipkin - 14:40:00.0 | 5.5 09.03.1976 58.8831 597.91 PET 0.12
3. | 26031970 [19:00:0020 | Handley | 19:09:28.7 | 19:09:512 | 65 1‘;8213;2 gggggl gggg‘: Eg 1?2
4. | 06.06.1973 |13:00:00.08 | Almendro - 13:09:48.0 | 6.1 1041978 58,8831 598.62 PET 05
5. | 14.05.1975 |14:00:00.16| Tybo - 14:09:51.3 | 6.0 11.04.1978 58.8831 598.93 PET 1.14
6. | 03.06.1975 |14:20:00.17 | Stilton - 14:29:50.7 | 5.9 31.08.1978 58.8831 598.34 PET 055
7.| 19.06.1975 |13:00:00.09| Mast - 13:09:51.1 | 6.1 16.12.1978 58.8831 598.54 PET 075
Note:* - informafion fom 2] 11.06.1979 58.8831 598.83 PET 1.04
: 26.04.1980 58.8831 598.42 PET 0.63
Then we calculate the travel times (t) of the body P 12.06.1980 58.8831 598.91 PET 1.12
wave, as residual between arrival time (tar) and the origin 25.07.1980 58.8831 598.32 PET 0.53
time To, i.e. tp = tarr — To. When constructing the local 06.06.191 288831 59602 PET 083
) 25.04.1982 58.8831 598.39 PET 0.60
travel time curve, we use the parameters of the P wave 24.06.1982 53,8831 508.91 PET 1
travel time (t) and plot the linear function, using 01091983 | 588831 59792 PET 013
regression algorithm t,=k-A°+b, where A° is the 25071984 | 56.8831 508.92 PET 113
epicentral distance, k and b are arbitrary constants. 09.12.1984 58.8831 584.91 PET -12.88
Afterwards, we calculate differential travel time (dt) as 02.05.1985 58.8831 599.42 PET 1.63
residual between travel time (tp) and predicted regression 12.06.1985 58.8831 597.94 PET 0.15
value. We observe differential travel time residuals (5t) 17071986 | 588831 598.94 PET 1.15
for five seismic stations and get results (Table 3). For ;ggjgg; 222221 gggg? Eg 1?;
time travel curve estimation for ray path on Pahute Mesa 0707 1988 =3 8831 £98.93 PET 14
— Kuril-Kamchatka we apply the methodology and 31101989 53,8831 50891 PET =)
results of our previous studies [8, 13, 22] 12.10.1990 58.8831 598.92 PET 113
Table 3. Result table for P wave travel times 26.04.1968 61.2714 61343 SKR ~2.39
and differential travel time residuals 19.12.1968 61.2714 613.06 SKR ~2.76
16.09.1969 61.2714 614.26 SKR -1.56
Date E dFi"si:rrl\tcr:I Travel time | Station | Differential 52821 g;g 21 g}: 6611:2?2 EEE :1 ig
DD.MM.YYYY A° th, S name time 6t, s A : : :
14.05.1975 61.2714 611.34 SKR -4.48
26.03.1970 54.1120 568.50 BKI 6.72 03.06.1975 61.2714 612.83 SKR -2.99
07.05.1969 57.8442 590.9 ESO 1.01 19.06.1975 612714 613.91 SKR -191
08.10.1969 57.8442 599.86 ESO 9.91 26.06.1975 61.2714 613.64 SKR -2.18
26.03.1970 57.8442 591.00 ESO 1.05 28.10.1975 61.2714 613.34 SKR 248
14.05.1975 57.8442 591.14 ESO 1.19 12.02.1976 61.2714 613.34 SKR -2.48
03.06.1975 | 57.8442 590.53 ESO 0.58 09031976 | 61.2714 613.91 SKR -1.91
19.06.1975 57.8442 591.01 ESO 1.0 14.03.1976 612714 613.44 SKR -2.38
20.12.1966 58.8831 597.92 PET 013 17.03.1976 61.2714 614.41 SKR -1.41
23.05.1967 58.8831 596.96 PET -0.83 01.09.1983 61.2714 614.12 SKR 170
26.04.1968 58.8831 596.93 PET -0.86 17.07.1986 61.2714 612.34 SKR ~348
28.06.1968 58.8831 596.92 PET -0.87 16.09.1969 68.6790 673.16 KUR 144
19.12.1968 58.8831 596.56 PET -1.23 26.03.1970 68.6790 670.84 KUR -0.88
07.05.1969 58.8831 598.46 PET 0.67 03.06.1975 68.6790 672.63 KUR 0.91
16.09.1969 58.8831 592.26 PET -5.53 28.10.1975 68.6790 673.04 KUR 1.32
08.10.1969 58.8831 599.36 PET 1.57 12.02.1976 68.6790 672.74 KUR 1.02
26.03.1970 58.8831 597.2 PET -0.59 14.02.1976 68.6790 673.14 KUR 142
06.06.1973 58.8831 597.92 PET 013 09.03.1976 68.6790 673.31 KUR 1.59
14.05.1975 58.8831 598.84 PET 1.05 14.03.1976 68.6790 672.34 KUR 0.62
03.06.1975 58.8831 597.83 PET 0.04 17.03.1976 68.6790 673.41 KUR 1.69
19.06.1975 58.8831 597.91 PET 012 12.02.1982 68.6790 673.52 KUR 1.80
26.06.1975 58.8831 598.34 PET 085 12.02.1982 68.6790 673.61 KUR 1.89
28101975 58.8831 598.34 PET 085 13.06.1990 68.6790 673.61 KUR 1.89
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RESULTS

We plot travel times versus epicentral distance from
Table 3 in Figure 2. Following, we apply regression and
get a linear function for the local travel time curve for
epicentral distance (54<A°<70°). The interpretation of
travel time observations, however, helps investigate the
wave velocity propagation and derive varying velocity
structures below selected traces.

The deviations of travel times of seismic signals are
called differential travel time residuals (8t). The &t values
(seconds) from Table 3 slightly vary in average segment:

680
670 -
660 -
650 |

, 640

5630 |

620 +

610 -

Travel time

580 .
570 +
560 + 7

600 | f
500 | -

for Esso —2.03<54t<1.19; for Petropavlovsk —1.23<6t
<1.63; for Severo-Kurilsk —4.48<4t<—1.22; for Kurilsk
—0.88<6t<1.89. Nevertheless, some travel times are
anomalous: at ESO station too long for Pipkin UNE
(08.10.1969) with 6t=9.91 s; at PET station too fast —
Egmont UNE (09.12.1984) with dt= —12.88 s and Jorum
UNE (16.09.1969) with 6t= —5.53 s. For Bering station,
we could not provide this analysis, as we have only one
registration. In Figure 3, we give a graphical estimation
for the travel time trend in calendar time.

t, = 153.39+(7.5472 + 0.0789)-A°
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Epicentral distance, A°
A KUR © SKR + PET ¢ BKI O ESO tp = travel time curve

Figure 1. Travel times (tp) versus epicentral distance (54<4°<70°) of seismic stations
(KUR, SKR, PET, BKI, ESO) and local approximation for travel time curve
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Figure 2. Travel time (tp) plot versus calendar date (Tq, years) with trends for four
Kuril-Kamchatka seismic stations (ESO, PET, SKR, KUR)
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CONCLUSIONS

We analyzed historical seismograms of five Soviet
era seismic stations:

—Severo-Kurilsk (SKR, ¢=50.67°N, A=156.117°E);

—Kurilsk (KUR, ¢=45.231°N, A=147.873°E);

—Bering (BKI, ¢=55.194°N, A=165.984°E);

—Esso (ESO, ¢=55.9316°N, A=158.6950°E).

—Petropavlovsk (PET, ¢=53.0233°N, A=158.653°E).

We prepared the P wave travel times table for 48
artificial seismic events (Pahute Mesa texts). We
construct functional dependencies, which satisfies the
equation for the travel time curve (in seconds):

tp = 153.39 + (7.5472 + 0.0789)-A°,

where A is the epicentral distance in degrees between 54°
and 70°.

We estimate the effective velocities of P waves equal
to 7.5 km/s for the Pahute Mesa — Kuril-Kamchatka
travel path as coefficient k in the linear regression equa-
tion. However, assessing the trend t, along the calendar
date (Tq) in years instead of the epicentral distance (A°)
show the absence of tendency. Luckily, it notes the
reasonable and stable choice of seismic station locations.

Our results prove velocity anomalies existence
beneath selected paths. Thus these conclusions fully
match with density jump observations from [23-25]. This
effect is also noted by Zheng and Lay [26]. We also take
into account the opinion about “... unusually low Vp/Vs
ratios in the range 1.6-1.7 for the uppermost mantle
under the Sea of Okhotsk and comparably low average
Vp/Vs ratios for the crust in several regions. The presen-
ce of fluids and extensive silica enrichment, possibly
involving low-temperature veining, are viable explana-
tions for the anomalous Vp/Vs ratios” [26].
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KYPUJIb-KAMYATKA CEMCMUMKAJIBIK CTAHIIUSIJIAPBIHIAFBI
PAHOTE MESA CASIXAT YAKBITbI

K.C. Henenna?, B.A. An?

D Biwkex kanacvinoazvt PFA zvinvimu cmanuyuscot, Biwkex, Kvipeviscman
2 Caooeckuii PFA I'eocghepanap ounamuxacot uncmumymot, Mackey, Peceii

Bbyn 3eprrey OnrycTik-1lIbFeic A3nst MeH THIHBIK MYXWUTBHIHBIH COJNTYCTITIHEH TOMEH JuTOc(epa Typasbl KOCHIMINA
aKmaparThl OpbIHHaWApl. Byn aiimak seprreymiinep ymin Kypun-Kamgarka cyactsl nutocdepackiHa OaiiaHBICTBI
KbI3BIKTHI. THIHBIK MYXHUTBIHA OaiIaHBICTHI JKepP ACTHI KYPBIIBIMBIH 3€pTTEY/iH KOJDKETIMIUIIT KUbIH. by 3eprreynin
MaHBI3IBUTBIFEl AMHUIECHTPIIK KAIIBIKTHIKKa ~54°—70° Hemece ~6000—7000 km kaThIcTHL. 20 FachIpAaFbl KbIPFU-KaOak
COFBIC Ke3iHze koHe eH ipi sapoibik memiekertep Kerec Omarel (KCPO) mern Amepuka Kypama Iltarrapsr (AKL)
apachIHIAFbl aKMapaTThlH JKIKTENyl Ke3lHJe SIPOJIBIK >KapbUIBICTAPABI TIpKEYy Typaibl MOJIIMETTEp >KapHsuiaHOajpl,
anaitna sxepactbl syipoiblK xapbuibictapbl (UNE) xaszpuinel. O.1O. ateiparsl XKep ¢u3ukacsl WHCTUTYTHIHBIH S5-C
3epTxaHachlHbIH Kbi3MeTkepine paxmer. IlImuar KCPO Freubim akamemwusichinbiy X.[I. PyOuniuteiin AxageMuk
M.A. CanoBckuii aTbiHIarsl Peceil FbUIBIM akaJeMHsCHIHBIH [eocdepa nuHamukacsl nHctutythiHza (PEFA U/
cakranazpl. 1985 xpuinan keitin rana Oypoirbl KCPO-HBIH Kei0ip celficMHUKaNbIK CTaHLIMSUIAPBIHBIH ecentepi Peceid
Frouteim akamemusicbiibiH bipikken reogusukansik kerameTiie (I'C PFA) xenen ecen 6epysiepine sxapusjiana 0acTabl.
Our o emr xepze >KapusulaHOaraHIBIKTaH, 013 oyapZpl XKUHAWMBI3 XKOHE XKOJI XKYpPY yakeIThiH Oec Kypuin-Kamuarka
ceiicmukanbik craHmuiacel (bepunr, Dcco, CeBepo-Kypmnbsck, Kypunbek) ymrin IDG RAS xone GS RAS myparar-
TapbplHaH celicMorpaMMalnapbl Kaita Kapay apKeUTel anambi3. 1968 xeuman 1990 sxeurra nmefiin [laxyre Mecanarst
(HeBana ceiHak anmagpiaaa) 48 Amepuka Kypama HItarrapeiaein UNE yiBIMEI casixaT YaKbITBIHBIH KHCBIFBIH KYPY YIIIiH
naiinananeiiansl. [laxyre-Meca ceinakrapsl MeH Kypmn-KamuaTka craHmusiapsl apachlHIarbl COYJICHIH XKYPY KOJIBI
YILiH TapuxH ceficMorpaMMaliapaa P ToJIKbIHapbIHBIH KYPY YakbITHH (1) enmeimis. JleHe TOIKbIHIapbIHBIH MAarHUTY -
nacel (Mp) 5.3-ten 6.5-xe aeitin o3repeni. bi3 kenynrinepai anameis: bepunr cranmusceiaga 1 UNE, Dcco craHimsceiaga
7 UNE, Ilerponasnaa 45 UNE, Cesepo-Kypunbsckre 18 UNE xone Kypmiabckre 12. tp=K-A°+b periHme chI3BIKTBIK
perpeccus arOpUTMIH NaliaIaHbII casXaT yaKbIThl ()YHKIHMACHIH KYPacThIpaMbl3, MYHAAFbl A° — STIMIEHTPIIK KallIbIK-
ThIK, K xoHe b — epikti Typakreuiap. bi3 JKep/iH CBI3BIKTBI eMeCTIiriMeH GalIaHBICTBI CasXaT YaKbITBIHBIH ayBITKYBIH
kepceremis. [laxyre-Meca — Kypui — KamuaTka skypy 0Jibl YiiliH P TOJIKBIHIAPBIHBIH THIM/II XKbLIIAM/IBIKTAPbIH ChI3BIK-
TBIK TeHAey e K koo duiinenti perinae GaranaimMei3. Trimi xKelImaMasK 7,5 KM/C TeH.

Tyitin ce30ep: P moiKbitbl, JHCbLI0aMObIK, JHCYPY YaKsimyl, meneceticmukanvik Kauvikmox, HTC, Kypun—Kawmuamxka.
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IrogorrA®bI OT B3PbIBOB IIVIOIMAJIKH TAXBIOT 11O JAHHBIM
KYPUJIO-KAMYATCKAX CEUCMHUYECKHAX CTAHIIUIA

K.C. Henenna?, B.A. An?

Y Hayunas cmanyua PAH ¢ 2. Buwukexe, Buwikex, Kvipzoizcman
2 Hucmumym ounamuxu zeocgpep PAH um. akademura M.A. Cadosckozo, Mockea, Poccus

HccrmenoBanue maeT NOMOTHUTEIbHYIO HHPOpManuio o aurocdepe noxn FOro-BocTounoit Asmelt n ceBepHON 4acThIO
Tuxoro okeana. PaifoH mHTepeceH U1 U3ydeHH 30HBI CyOaykuu autocdeps! B paiione Kypmmo-Kamuarckoit ayru.
JlOCTYHOCTD A7 M3Y4EHHS MOJ3EMHOM CTPYKTYPHI 3aTpyIHEHA HaIMIueM THXoro okeaHa. 3Ha4E€HHE 9TOTO MCCIEN0-
BaHMs KacaeTcsl SIUIEHTPaJIbHBIX paccTosHUi ~54°—70° nnn ~6000—7000 kM. B roapr xomoaHoi BoiiHb! 20 Beka U 3a-
ceKpeunBaHus MHGOPMALUK MEXIy KpynHeHmMu siaepasiMu rocynapcreamu Coserckum Corozom (CCCP) u Coenu-
HenHbiMH [lltatamu Amepuku (CLLIA) nanHBIe O perucTpanuy sIepHbIX B3pHIBOB HE ITyOJIMKOBAJIKCh, OQHAKO MO3EM-
Hble siepHble B3pbIBHI (I151B) Oblin 3amucanbl ceficMuueckuMy cTaHuusMH. biarogapst coTpyaHuky naboparopun S-i
Wucruryra dusuku 3emim um. O.10. IlImuara AH CCCP X.JI. Pyounmreiina xpanutcss B lHCTHTYTE AMHAMUKH Treo-
ctep Poccuiickoii akagemMun Hayk umeHu akaaemuka M.A. Camosckoro (M PAH). Jlume nmocne 1985 r. otuetsi ¢
HEKOTOPHIX cericMuueckux ctannuii OpBero CCCP cramu myOIMKOBAaTHCS B ONMEPAaTHBHBIX CBoIKaX OObeIMHEHHON
reo¢usndeckoii ciryx0s1 Poccuiickoit akanemrn Hayk (I'C PAH). Tak kak oHa emie HUT/IE HE IyOJIUKOBAach, MBI COOH-
paeM uX H IoJy4aeM BpeMeHa mpobera myteM peBusuu ceiicmorpamm u3 apxuBos UJII' PAH u I'C PAH mnst matu Kypu-
mo-Kamuarckux ceticmoctanmmii (bepunr, Occo, Cesepo-Kypunbck, Kypmisck u [lerponasnosck). 48 [1B Coennaen-
ueIxX [lTaTtoB B [laxpror Meca (Ha ucnsITatenbHOM nonurone B Herazge) ¢ 1968 mo 1990 rox uConb3yroTCs IS TOCTPO-
eHus rogorpada npomoabHEIX BOJH. MBI m3MepseM BpeMeHa npodera P-BomH (1) Ha HCTOpHYECKUX ceiicMorpaMMax Juts
Tpacchl MexAy UcibiTanusiMu Ha [laxplor Meca u cranimsamu Kypuno-Kamuarckoro pernona. Maruutyzna o0beMHBIX
BOJIH (Mp) Bapeupyetcs oT 5.3 g0 6.5. Ilomydeno: 1 IIIB wa ct. Bepunr, 7 II5IB Ha cT. Occo, 45 T1B Ha crt. I[letponas-
noBck, 18 IT5B Ha ct. CeBepo-Kypuibek u 12 IT5B na cr. Kypunbck. Mbl cTpouM (QyHKIIHIO BpeMEHH Ipodera, UCIoJib-
3ys arOPUTM JIHHEIHOU perpeccun Kak tp=K-A°+b, rae A° — snuneHTpansHoe paccrosaue, K u b — npon3BosbHbIC KOH-
ctanThl. [lokazaHo, 4TO OTKIIOHEHHUS] BpEeMEHH ITpolera CBsA3aHbI ¢ HelMHeHHOCThI0 3eMin. OneHeHbl 3 ()eKTHBHBIE CKO-
POCTH IPOIOIBHBIX BOJH s Tpacesl [TaxpioT Meca — Kypuniel — Kamuatka kak ko3 dunuenT K B TMHEHHOM ypaBHEHHH.
D¢ddexruBHAS CKOPOCTH paBHaA 7,5 KM/C.

Knrouegwie cnosa: P sonna, ckopocms, epems npobeza, meneceicmudeckoe paccmosanue, Heeadckuil ucnvimamenbHoiil
noauzon, Kypuno-Kamuamxa.
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