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5.5 Seismic Arrays and Regional Networks

101 T T |

ACCELERATION (g; 10 METERS PER SECOND SQUARED)

=== Earth noise

10-11 — Surface wave at 3,000 km -

...... P-wave at 3,000 km
—.== Shear wave at 10 km
s e Shear wave at 100 km 7
10-13 | | I
102 TR ! 10 100

FREQUENCY, IN HERTZ

FIGURE 5.22 Comparison of accelerometer and regional-network recording capabilities
relative to average noise levels and ground accelerations caused by earthquakes of various

sizes at three distances. (From Heaton et al., 1989.)
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FIGURE 1.6 Broadband vertical-component
recording of the 1988 Loma Prieta earthquake
at station ANMO (Albuguerque, New Mexico).
The top panel is 20 h in duration (the earthquake
is the rider on the long-period signal); tidal
effects dominate. The middle panel is for a
30-min interval, and the bottom panel is for a
100-s interval.
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Earthquake Activity

Magnitude 6.4 NEAR S. COAST OF HONSHU, JAPAN
2003 November 12 08:26:46 UTC

Current Earthquakes

World Preliminary Earthquake Report
ShakeMaps U.S. Geological Survey, National Earthquake Information Center

World Data Center for Seismology, Denver

'S‘e‘LQg“—p—lﬁ’i mogram Dis i record section below shows seismograms recorded on seismographic stalicns spanning the contiguous United States. The

Past & Historical seismograms are plotted as a function of _disgance with stations close to the earthquakle at the top and more distant stations plotted at the

Earthquakes bottom. Zero time correspends to the origin time of the earthquake. The station name is plotted to the right. For large earthquakes, you
can see several seismic arrivals that travel different paths through the earth. Each trace is normalized to its maximum amplitude.
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& USGS

thinuake Hazards Program

st Quakes
HOME | ABOUTUS | EQGLOSSARY | FORTEACHERS | PRODUCTS & SERVICES | DID YOU FEELIT? | FAQ | SEARCH

Earthquake AaNéfitwide Earthquake Activity In the Last Seven Days

%_b ’ Version_en Espafiol
Current Earthquake¥ou may need to reload this page for the latest lisL FL% " ¢ W <t .97’
USA Gurrent Time: Wed, 10 Nov 2004 17:41:46 UTC &
World

Updated as of Wed Nov 10 14:25:10 UTC 2004.

ShakeMaps
DATE-(UTC)-TIME Latitude Longitude Depth Magnitude Comments

Seismogram Displays
yyyy/mm/dd hhimm:ss degrees  degrees km
Past & Historical £
Earlhquakes 2004/11/09 23:58:26 11.105 163.66E 26.2 6.9 SOLOMON ISLANDS
2004/11/09 22:14:37 11.58N 140.69E 62.7 5.5 TATEOF Y. | NESIA
Earthquake E-Mail s
Notification 2004/11/09 18:43.08 37.38N 138.78E 10.0 5.3 MEABWESTQOASTQEHQNSHU,JAPAN
2004/11/09 07:40.09 43.72N 147.76€ 42.0 4.7 KURIL ISLANDS
2004/11/09 07:23:40 43.69N 127.23W  10.0 4.2 EF COAST OF ORE
2004411709 _06:44:04  35.03N 116.91W 4.3 3.7 SOUTHERN CALIFORNIA

Eaflhauake Activi lgo&mmm 21:56:61 34.05N 117.26W  12.2 2.7 GREATER LOS ANGELES AREA, CAL FORNI
i

Last 8 - 30 Days 2004/11/08 21:04:22 19.31N 165.76W  10.7 3.7 ISLAND OF HAWAII, HAWAIL

2004/11/08 20:01:22 14.34N 146.90E  10.0 5.1 ROTA REGION. N. MARIANA ISLANDS

Large/Significant

arthquakes This 4/11/08 _19:38:11  24.01N 122.66E  30.0 5.3 TAIWAN REGION
Significant Earth uaEUQ‘”‘HQB 19:16:03 37.21N 138.88E 39.2 4.8 NEAR THE WEST COAST OF HONSHU APAN
Posters 2004/11/08 18:34:55  42.94N 14542E 37.6 4.5 HOKKAIDO. JAPAN REGION
Fast Moment Tenso 2004/11/08 16:33:10  23.95N 122.58E  80.0 4.8 EGI
Solutions 2004/11/08 15:55:01 24.08N 122.55E  29.0 6.3 TAIWAN REGION
Latest Energy and BRI Ne8 15:07:25 33.71N 138.40E 131 5.6 1ZU ISLANDS, JAPAN REGION
Snlntions 2004/11/08 06:21:11  63.08N 151.43W 9.0 4.9 CENTRAL ALASKA

‘ 2004/11/08 02:32:17 37.32N 138.98E 10.0 5.0 NEAR WEST COAST OF HONSHU, JAPAN
2004/11/08 02:27:10 37.26N 138.91E 10.0 5.0 NEAR WEST COAST OF HONSHU, JAPAN
2004/11/08 02:15:58 37.38N 138.84E  10.0 5.6 NEAR WEST COAST OF HONSHU APAN
2004/11 :40. 18.79N 119.94E  36.2 4.8 PHILIPPINE ISLANDS REGION

2004/11/07 23:11:10 28.59N 143.28E  39.7 4.6 BONIN ISLANDS, JAPAN REGION.
2004/11/07 19:23:59 46.84N 121.76W 1.6 3.2 /OUNT RAINIER AR ASHINGTO
2004/ 7 11:20:2 32.67N 87.98W 4.8 4.2 ALABAMA

2004/11/07 :54: 38.24N 108.92W 0.6 4.1 COLORADO

2004/11/ 41:41  55.628 29.10W 39.8 5.8 SOUTH SANDWICH ISLANDS REGION

2004/11/07 _02:16:08 36.90S8 177.25E 211.0 OFF EAST COAST OF THE NORTH ISLAND, N.Z
2004/11/07 02:02:26 47.95N 144 41E 476.2 6.2 SEA OF OKHOTSK

2004/11/06 23:59:36 38.725 175.39E 215.0 NORTH ISLAND QF NEW ZEALAND

2004/11/086  23:42:30 28.72N 51.22E 45.0 3.9 SOUTHERN IRAN

2004/11/06 23:19:52 28.99N 51.32E 75.9 4.4 SOUTHERN IRAN.
4/11/06 22:20:4 2.58N 128.23E  69.9 5.2 HALMAHERA, INDONESIA
2004/11/06 21:48:01  69.44N 151.4BW  45.0 3.3 KENAI PENINSULA, ALASKA

2 1 20:58:07 36.24N 70.08E 128.1 4.4 HINDU KUSH REGION. AFGHANISTAN
2004/11/06 20:46:53 26.21N 66.63E 17.8 4.7 PAKISTAN

2004/11/06 20:46.02 35.185 178.31E  193.0 QFF EAST COAST OF THE NOR HISLAND, N.Z.
2004/11/ :09:00 28.52N 53.80E 35.0 4.1 SQUTHERN IRAN.

2004/11/06 _17:07:01 42.74N 145.97E 7.9 4.6 HOKKAIDO, JAPAN REGION

2004/11/06 16:28:48 41.335 g5.65W  10.0 4.8 WEST CHILE RISE

2004/11/06 14:28:17  16.648 173.54W  15.0 4.8 TONGA
2004/11 13:05:11  37.25N 138.94E  10.2 4.6 NEAR WEST COA: F HONSHU. JAPAI
2004/11/06 12:16:19 28.72N 143.21E  40.0 4.3 BONIN ISLANDS. JAPAN REGION
2004/11/06 11:19:03 18.31N 67.57W  81.6 27 MONA PASSAGE
( 2004/11/06 09:25:56 37.05N 138.80E  10.0 4.3 NEAR THE WEST COAST OF HONSHU, JAPAN

2004/11/06_08:46:02 27.61N 130.75E 475.2 4.6 BONIN ISLANDS, JAPAN REGION

2004/11/06 _07:58:48 14.39N 146.80E  41.8 4.4 ROTA REGION, NORTHERN MARIANA ISLANDS
2004/11/06 07:04:38 24.208 170.85W 492.6 4.4 SOUTH OF THE FUJIISLANDS

2004/11/06 06:33:46 38.025 176.37E 179.0 NORTH ISLAND OF NEW ZEALAND

hitp:/ineic.usgs guvlnaw‘sibullalinl
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Magnitude 6.9 - SOLOMON ISLANDS
2004 November 9 23:58:26 uTC

Preliminary Earthquake Report
U.S. Geological Survey, National Earlnquake Information Center
World Data Cenler for Seismology, Denver

A strong earthquake occurred al 23:58:26 (UTC) on Tuesday, November 9, 2004, The magnitude 6.9
event has been located in the SOLOMON ISLANDS. (This event has been reviewed by a seismologist.)

Magnitude 6.9

Distances

Date-Time Tuesday, November 9, 2004 at 23:58:26 {UTC)
= Coordinated Universal Time
Wednesday, November 10, 2004 at 10:58:26 AM
= |ocal lime at epicenter
Ti f Earthquake in other Time Zon

Location 11.101°S, 163.664°E
Depth 26.2 km (16.3 miles) sel by localion program
egion SOLOMON ISLANDS

"'A‘I 200 km (125 miles) ESE of Kira Kira, San Cristobal, Solomon Isl.
) 240 km (150 miles) W of Lata, Santa Cruz Islands, Solomon Isl.

445 km (275 miles) ESE of HONIARA, Guadalcanal, Solomon Islands
2430 km {1320 miles) NNE of BRISBANE, Queensland, Australia

- \ Location Uncertainty horizontal +/- 7.7 km (4.8 miles); depth fixed by location program
N

Location Maps:
10-dearee
NEIC Maps

Did you feel il?

Report shaking and damage at your location, You can also
view a map displaying accumulated data from your report
and olhers.

@ EIC Momenl Tensor Solulio

Historical Moment Tensor olution

Sr e
65.': AR ff

] : Seismic Hazard Map

Historical Seismici

heorelical P-Wave Travel Times
Phase Data
News Release

Archive of newsworlhy evenls

Printer friendly version
For more information, go to http:i/neic.usgs.govi || Contacts
Back to: World map | USA map

The official magnitude for this earthquake is indicated at the lop of this paga. This was Ihe best available estimale
created. Other magnitudes associated with web pages linked from here are \nose delermined at various times following th

W parameters Nst=140, Nph=140, Dmin=>999 km, Rmss=0.83 sec, Gp=101°,
M-type=leleseismic moment magnitude (Mw), Version=7

Source USGS NEIC (WDCS-D)

(Nl EventID usqqcg

Tsunami Information

© Wesi Coast & Alaska Tsunami Warming Cenler
o Latest Tsunami Bulletin

o+ Pacific Tsunami Warning Center
o Latest Tsunami Bullelir

The earthquake locations and magnitudes cited in these
bulletins are very preliminary, and may disagree with the
more accuate USGS localions and magniludes computed
using more extensive data sets.

Although, given the data used, lhey are legitmate estimates of magnitude, they are not considered Ihe official magnitude.

of the earinquake's size, at the time that this page was
e earthquake with different types of seismic dala.

Pags 1

FAQ about Earthquakes | Earthquake Preparedness

The USGS Earthquake Hazards Program (EHP) of the U.S. Geological Survey (USGS)
is part of the Nalional Earlhquake Hazards Reduclion Program (NEHRP)

hilp:/fearthquake usgs guv.’eqmlhonawy‘zoclfusqq:gr‘
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Magnitude 4.2 OFF COAST OF OREGON

Tuesday,

November 09, 2004 at 07:23:40 UTC

Preliminary Earthquake Report

U.S. Geological Survey, National Earthquake Infermation Cenler

Magnitude
Date-Time

Location

arameters

Source

World Data Genler for Seismology, Denver

Version en Espafiol

4.2

Tuesday, November 09, 2004 at 07:23:40 (UTC) - Coordinaled Universal Time
Monday, November 08, 2004 at 11:23:40 PM local time al epicenter
ime of Eardhquake in olher Time Zones

43.60N 127.23W
10.0 kilometers
OFF COAST OF OREGON

245 km (155 miles) W of Coos Bay, QOregon
275 km (170 miles) WSW of Newport, Oregon
300 km (190 miles) NW of Brookings, Oregon
365 km (225 miles) WSW of SALEM, Oregon

Error eslimate: horizontal +/- 14.3 km; depth fixed by location pragram

Nst=23, Nph=23, Dmin=330.0 km, Rmss=0.79 sec, Erho=14.3 km, Erzz=0 km, Gp=210.3 degrees

USGS NEIC (WDCS-D)

1t
Reporl shaking and damage at your localion.

Historical Seismici
goreli -

istorical Mom
as iva

Seismic Hazard Map
Earlhquakes:

rinter Frie arsior

NB: The official magnitude for this earthquake is indica
crealed. Other magnitudes associated wilh web pages

given the data used, they are

The region
one-degree

U.S. Department of the Interior, U.S. G togical
USGS Privacy Stalement | | Disclaimer | | FOIA | | Accessibiity

This page
URL: hllpu'."neic,uss,gov.'neislbulle'tininela)qqak.himi
Contact: NEIC Web Team

Last modification: Tuesday,
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is brought to you by the Earthquake Hazards Program

led at the top of this page. This was {he bast available estimate of the
linked from here are those delermined al various times following the earthquake with different types of seismic data. Although,
legitimate estimates of magnilude they are nol considered the official magnitude.

sarthquake's size, al the time that this page was

rated name from lhe Flinn-Engdahl (F-E) seismic and geographical regionalization scheme. The boundaries of these regions are defined at

m irregular political boundaries. More->
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Earthquake Activity

Curcent Earthquakes Magnitude 4.2 OFF COAST OF OREGON
USA Tuesday, November 09, 2004 at 07:23:40 UTC
Word Preliminary Earthquake Report

U.S. Geological Survey, National Earlhquake Information Center
ShakeMaps World Dala Center for Seismology, Denver
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| I I
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This map shows the predicted (theoretical) lravel times, in minutes, of the compressional (P) wave from the earthquake localion to points around

the globe. The travel limes are compuled using the spherically-symmetric IASP91 reference earth velocity model. The heavy black lines shewn are
the approximate distances lo the P-wave shadow zone (103 to 140 degrees).
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|’. est Quakes
HOME | ABOUTUS | EQGLOSSARY | FORTEACHERS | PRODUCTS & SERVICES | DID YOU FEELIT? | FaQ | searcH
Earthquake Activity Recent Earthquake Activity in the USA
NOTE: - These maps do not currently show Mount St. Helens evenls. The evenls are occurting so frequenlly that they cannot be accurately localed
Current Earthquakes by automatic processing software. See, for example, PNSN Webicorder displays for 9/24 and 10/1.
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World |
Ued Hov 10 14:41:29 UTC 2004 -4 < el
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Earthquakes
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Click here or on UTC date-time above maps for list of local times.
14>3 earthquake list (with map) || 1421 earthquake list {with map)

Did you feel it? - Report an Earthquake || View ShakeMaps

To convert UTC to local time see this list or this lable.
Maps show events wilh M >= 1.0 recorded in the last 7 days.
Try to reload this page if you do not have lhe most current map.
Maps are updaled whenever a nev/ earthquake has been located and once an hour.
Magnitude = ? for new earthquakes unlil a magnilude is determined (4-5 minules).

FAQ about Ear akes | Earthquake Prepar dness
The USGS Earthquake Hazards Program (EHP) of the U.S. Geological Survey (USGS)

is part of the National Earthquake Hazards Reduclion Program (NEHRP)
led by the Federal Emergency Management Agency (FEMA).
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+ Click on the map to zoom In. + List of earthquakes on this map + Red lines are known faults.

+ Maps are updated within 5 minutes of an + List of earthquakes PLUS map + Magnitude = ? for new earlhquakes until a
earthquake and once an hour. Try to reload | Alphabetical index of CA-NV faulls magnitude is determined (takes 4-5
this page if you do not have the most nowl i . minutes).
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& USGS

Egrthauake Hazards PFrogram

1st Quakes

HOME | ABOUTUS | EQ GLOSSARY | FORTEACHERS | PRODUCTS & SERVICES | DID YOU FEELIT? | FAQ | SEARCH

Earthquake Aqtiyjptent USGS Fast Moment Tensor Solutions

Current Earthquake| 04/11/02 10:02:13.16 VANCOUVER ISLAND, CANADA REGION I 6.’

ﬁﬁg USGS Fast Morment Tensor Solutions

ShakeMaps
Seismogram Displ

st Istorical

E

Earthquake E-Mal
Notification

cti
Last 8 - 30 Days

Large/Significar
Earthquakes This Y
Significant Earthqu
Posters
Fast Moment Tenso ' —— —
Solutions O Shallow (0-70 km) O Intermediate {71-800 km) @ Deep {301-700 km)
Mﬂwﬂn&%:nmg 23:56:23.70 SOLOMON ISLANDS MW 6.9
Salutions 411/ NESIA MW 5.5
{ . 04/11/08 15 55: 03 54 TAIWAN REG!ON MW 6 2
:25,10 17U ISLAND 55

' WWM

® 04/11/07 02:41:41.11 SOUTH SANDWICH ISLANDS REGION MW 5.8

O 04/11/07 02: 02 26.35 SEA OF OKHOTSK MW 6.2

4/11/0 :33.21 V, A 5.7
° D 05 05:18:34.64 NE INEA, PAPUA NE UINEA

o 04/11/04 14 :03:11.60 KURIL ISLANDS MW 6.9

/ :22:39.11 CRETE, GREECE MW 5.3
t 04/11/03 08,3] 53 50 ROTA REGION, N. MARIANA ISLANDS MW 5.9
E D NADA RE

O 04/11/02 08:46:00 6& BONIN ISLANDS, JAPAN REGION MW 5.7
® 04/10/30 13:26:55.57

9:28:59.38 LUZ 5
® 04/10/28 08:32:06.74 SOUTHERN SUMATRA, INDONESIA MW 5.4
® 04/10/27 20:34:36.96 ROMANIA MW 5.9
® 04/10/27 09:23:38.89 KAZAKHSTAN-XINJIANG BORDER REG. MW 5.3

® (04/10/26 22.53:07.86 SOUTH SANDWICH ISLANDS REGION MW 6.4

Source Parameter Search

Previous Fasl Mo lutio
NEIC E-MAIL Notificali ervi
Descripti s

Fer more informalion, contact Stuart Sipkin sipkin@usgs.gov

U.S. Department of the Interior, LS. Geological Survey

USGS Privacy Slatement | | Disclaimer | | EOIA | | Accessibility
This page is broughl lo you by the Earthquake Hazards Frogram
URL: hllp://neic.usgs.gov/neis/Fi/gmom.himl

Contact: NEIC Web Team

Lasl modification: Tuesday, 2004 November 09 20.36:41 MST

hilp:/insic.usgs.govineis/FM/

“TIRSTGOV
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Figure 2.7 Earthquake epicenters in central California for magnitudes greater than 1.5
“ am 1972 through 1983. [Courtesy of USGS.]
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Figure 9-11. Topography of the Basin and Range Province, western United States, part of a shaded-relief
image prepared by Thelin and Pike (1991) by digitizing elevation values at intervals of 805 m and illuminat-
i~o the resulting digital elevation model from the west-northwest, 25° above the horizon. North is approxi-
2ly toward the top of page. Vertical exaggeration 2X. Black area at upper right is Great Salt Lake; flat area

waither north is Snake River Plain (cf. Fig. 9-12). Basin and Range Province extends from Wasatch fault, east of
Great Salt Lake, to eastern front of Sierra Nevada (lower left corner). Albers Equal-Area Conic Projection.
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Fig. 14. Distribution of reported earthquakes in eastern North America, 1534-1971, from historical and instrumental
data [after York and Oliver, 1976). Note activity along the Appalachian fold belt, the northwest trending zone in New
England and southern Quebec, and the northwesterly trend in South Carolina,
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Fig. 22. Fault map of southeastern New York and northern New Jersey showing epicenters (circles) of instrumentally
located earthquakes from 1962 to 1977, after Aggarwal and Sykes (1978]. Indicated uncertainties (ERH) in epicentral
Jocations represent approximately 2 standard deviations. Focal mechanism solutions (FMS) are upper hemisphere plots;
dark area represents the compressional quadrant. Note that for event 14 there are two possible FMS; the data, however, are
more consistent with solution b than with solution a. The Ramapo fault and two of its major branches (A-A') are shown by
heavy lines. Crosses denote locations for older events near the Ramapo fault. Triangle shows location of nuclear power
reactors.
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Figure 2.4 Foci of earthquakes in 1965 occurring under the Tonga arc in the southwest
cific. The vertical section shows that most earthquake centers cluster along a narrow
Lone starting under the trench and dipping under it at an angle of about 45° to depths of
more than 600 kilometers. [Courtesy of B. Isacks, J. Oliver, L. R. Sykes, and J. Geophys.

Res.]
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Fig. 9. Vertical section oriented perpendicular to the Tonga arc. Circles represent earth-
quakes projected from within 0 to 150 km north of the section; triangles correspond to events
projected from within 0 to 150 km south of the section. All shocks occurred during 1965 while
the Lamont network of stations in Tonga and Fiji was in operation. Locations are based on
data from these stations and from more distant stations. No microearthquakes from a sample
of 750 events originated from within the hatched region near the station at Niumate, Tonga
(ie, for S-P times less than 8.5 sec). A vertical exaggeration of about 13:1 was used for the
insert showing the topography [after Raitt et al, 19551 ; the horizontal and vertical acales are
equal in the cross section depicting earthquake locations. Lower insert shows enlargement of
southern half of section for depths between 500 and 625 km. Note gmall thickness (less than
~20 km) of seizmic zone for wide range of depths.



Depth (km}

a16°S h17°S c 18°S d 19°S e 20°S

.
. L
T R e i v mmt e e o =
- — . IO s 4 s i 3
P - s . 3
; ".. . .
. [ .l
i : A \ g
v s : CSgr Loy e
.’ Ph . %
A . 0 AN e ‘Iv'--_ ‘:.;._ -_.',": _
it f b . R1 L £y
- . e T P S B N, ot
’ . . X v o
250 B e, . . N
g ;

T + X

A
L]
APES:
e
I
L M
%

500F - . .

/504

f21°S g22°S h 23°S

5
; e H Sl
= B L R e it
e I . = - - =y -z e 2
or S T e T uis y
‘e * er” 'l "‘1' _‘.\ . ;|‘,
1o = 4 . I N . L
oL \'- . " :
- .
b
o
. .
250 = e, et '
" -
v v

750 L




KK,1B

o lT —GN—-CA‘ALT ALL OTHERS

ALK — NH H
KER '} 1B NC
T T T
[

L, . L .

400 -300 -200 -100
Distance (km)

170°W 180°W
7~ L Za =
'S NEW
] .&\\_\..s?;\\.\.\\\\‘}\ ZEALAND

e

SRR
SN
SN

WAL v.\- Y
SRR

\!
OO \.‘}‘.
AN SN
SR NY
YOS
QR SN
R g
S
\&\
T
%400
wh
(&
600



453

.3 vergent Boundaries

a

165 E 170 180 175 W



189

4.3 THE TECTONIC PATTERN
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Figure 4.15

The pattern of earthquake foci down the Wadati-Benioff zones of Japan

Reproduced, by permission, from a redrawing by Sasatani

(1989) of an original plot by T. Utsu. Several dipping planes of foci intersect in this

area, indicating complicated plate geometry.

and neighbouring arcs.
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68 ExPLORING INSIDE THE EARTH
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Figure 4.5 Foci of earthquakes recorded in 1975 and 1976 by a network of sensitive
seismographs in Honshu, Japan. VF is the volcanic front; TA is the Japan Trench axis.
The foci are drawn as a side elevation with depth in kilometers. The Wadati-Benioff zone
can be clearly seen dipping from the Japan Trench just west of TA toward the west. The
deepest focus is at about 240 kilometers. The striking feature of the Wadati-Benioff zone
is the two distinct lines of foci about 20 kilometers apart. The seismicity plot also shows
shallow earthquakes under Honshu within the crust as well as scattered earthquakes
A~wn to depth of 100 kilometers to the east of the Japan Trench under the marker TA.

artesy A. Hasegawa, M. Umino, and A. Takagi, 1978.]
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