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Time North West
Year Month Day GMT Latitude* Longitude* Magnitude

1840s ? ? ? ? ? ?
1852? ? ? ? ? ? ?

1857 Sep 03 ? 39 18.00? 120 00.007? 6.3

1860 Mar 15 1845 39 41.00? 119 25.007? 6.5

1868 May 30 0511 39 18.00? 119 42.00? 6.0

Introduction Earthquake Behavior 1869 Dec 27 0130 3924.00? 11942007 6.4
1869 Dec 27 0550 39 30.00? 120 00.00? 5.5?

. . . . . . . 1869 Dec 27 0940 3917.00? 119 42.00? 6.2

Nevada is earthquake country; earthquakes occur every day in the state and a Earthquakes in Nevada have a wide range of behavior from a single isolated 1872 Mar 23 2141 40 00.00? 117 30.007 55

large damaging quake shakes some part of Nevada almost every decade. In event to complicated and energetic earthquake sequences with thousands of 1872 Nov 12 ? 39.00.00? 117 00.007? 6.0

fact, Nevada ranks third in the list of states with the most magnitude =5 events. Earthquakes can be classified as foreshocks, mainshock, aftershocks, 1873 Nov 05 1700 40 00.00? 118 00.00? 55

- . . . . . . 1875 Apr 02 0200 39 30.00? 115 48.007? 55

. Itipl rthquakes. Lik wilak h earthquak has it

earthquakes, trailing only Alaska and California (Anderson and Mlyata!,.2006) and mu. iple earthquakes. Like snowflakes, each earthquake sequence has its 1887 Jun 03 1048  3912.007 119 48.007 B.F

Because so many earthquakes occur throughout the state, all communities and own unique character. 1894 Nov 18 1049 3912.00? 119 48.00? 55
citizens should be prepared for them. 1903 ? ? ? 39 30.00? 118 06.00? 6.0?

Individual earthquakes can be seen throughout Nevada, and although several 1905 Nov 11 2126 4254.00 114 30.00 5.7

Most Nevada residents are unfamiliar with the abundance of earthquake activity are real, many are artifacts of the lack of seismic instruments to record the 1910 Nov 07 1720  3730.00 11700.00 5.5

. . . . f . 1910 Nov 19 0225 38 00.00 118 00.00 55

that this epicenter map depicts. The map includes over 188,000 earthquakes smaller events. Clusters or swarms of earthquakes are also common in 1910 Nov 21 2323 380000 118 00.00 6.1

that have occurred in or adjacent to Nevada over the last 155 years Nevada. These swarms occur over weeks to months and can include a wide 1910 Nov 22 0605 3800.00 11800.00 55

(1855—-2010). For the first ~110 years of this time period, seismic monitoring range of magnitudes. 1914 Feb 18 1817 3930.00 119 48.00 6.0

stations were absent or were limited. Because of the lack of seismic stations, 1914 Apr 24 0834 3930.00 11948.00 6.4

1915 Oct 03 0149 4030.00 117 30.00 6.1

hundreds of thousands of small earthquakes were not recorded and are Larger earthquakes, M 6 and greater, commonly have foreshocks and 1915 Oct 03 0653 403000 117 30.00 73

missing. For example, thousands of aftershocks following the major events prior numerous aftershocks. In Nevada, foreshocks preceded about 80% of 1916 Feb 03 0503 41 00.00 117 48.00 5.9

to 1962 were not recorded. More than 99% of the earthquakes on this map earthquakes with magnitudes 26. The behavior of foreshocks ranges from 1916  Aug 03 1350 4130.00 116 30.00 5.6

were recorded just in the last 40 years when multiple seismic networks isolated events to earthquake sequences occurring over months with 1916 Aug 03 1421 41 30.00 116 30.00 5.8

operated in and around the state. increasing numbers of events and magnitudes. About 20% of the larger Heiz o Diee L DELD SRAndlit i s Gl

earthquakes occurred abruptly with no recorded precursory activity. All larger
earthquakes have aftershocks. Aftershocks are adjustments following the
mainshock, commonly numerous, and taper away in number and size with
time. Aftershocks are expected to follow all larger earthquakes and can
continue from decades to as long as a century for the larger earthquakes.
Twenty-four percent (24%) of magnitude >6 earthquakes were multiple events
(double or triple earthquakes). For 19% of the major events in Nevada, the
second earthquake has occurred within 12 hours.

Earthquakes in Nevada

Earthquakes occur throughout Nevada but are concentrated in several major
seismic belts (Slemmons and others, 1965). The locations of these belts and
major Nevada earthquakes are shown in the figure titted Earthquakes of
Magnitude 26 and Seismic Belts. The Walker Lane seismic belt (formerly called
the Sierra Nevada—Great Basin seismic belt) includes earthquakes located in a
140-km-wide (87 mi) lane paralleling the eastern side of the Sierra Nevada that
appears to be a northern extension of the Eastern California seismic belt.
Persistently high levels of earthquake activity, with magnitude 6+ earthquakes
occurring approximately every decade, characterize the Walker Lane seismic
belt. News reports indicate that several large, damaging earthquakes occurred
in the Reno—Carson City urban corridor between 1857 and 1914 (examples are
1869, 1887, and 1914). Since then, damaging earthquakes have continued
about every twenty years or so in the urban corridor (1933, 1948, 1966, 1994,
2008). Other parts of the Walker Lane seismic belt have also been active,
perhaps most notably, the M 7.6 Owens Valley, California earthquake sequence
in 1872. The Walker Lane seismic belt is part of the boundary between the
Pacific and North American plates. One fifth of the deformation across this plate
boundary (10 mm/yr) occurs within the Walker Lane seismic belt (Kreemer and
others, 2012). The plate boundary motion is right-lateral strike-slip, and strike-
slip earthquakes and faults are common in the Walker Lane seismic belt. High
rates of earthquake activity in the Walker Lane seismic belt are easily EARTH QUAKES OF MAGN'TUDE >6 AND SEISMIC BELTS
understood, given the observed geodetic strain and the large number of faults
available to release this strain as earthquakes.

The historical activity of the Central Nevada seismic belt began with the 1903
Wonder earthquake, M ~6.0 (Slemmons and others, 1959), and continued
through the1959 M 5.7 Dixie Valley earthquake, the last magnitude =5 event to 2008
occur. The most notable earthquakes include three magnitude 7+ events (1915,

1932, 1954), each with spectacular surface ruptures extending over distances of P ‘
60 km (40 mi) or more. The 1915 Pleasant Valley earthquake, M 7.3, was \ // /

followed by the 1932 Cedar Mountain earthquake, M 7.1, and the 1954 Rainbow 1889 N , 1915 /
Mountain—Fairview Peak-Dixie Valley sequence that included M 7.1 and M 6.9 ' 1885 \ // /
events, which occurred within 4 minutes and 20 seconds of each other. The . 1875 \ / @ l/
latter two earthquakes ruptured faults over an area of 100 km (62 mi) x 14.5 km \\ // / C I N q
(9 mi). Earthquake activity in the Central Nevada seismic belt since then has 4 1860 \\ / Il e_ntra €vada
been concentrated in the aftershock areas of the large events. The majority of 1888 \ 1048 |1914 / ) Seismic Belt

\
/
these aftershock sequences occurred before the establishment of a permanent 2 A / /
| () \ — 1954
\. >~ 1903 ]

seismic network in Nevada, and they were largely unrecorded. Aftershocks from \
large earthquakes (M 7+) occur for about 100 years in Nevada, so the seismic 13225/\' . ~~1869 1954 )
footprints from the 1932 and 1954 events can still be seen, whereas the 1915 \ ' y—1868

aftershock area no longer has significant seismic activity. Paleoseismic studies 1857 /(\ | ‘ ‘
of the faults in the Central Nevada seismic belt indicate that such episodes of 1869 933
activity are uncommon and that thousands of years typically separate large
events (Bell and others, 2004). \
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The Southern Nevada seismic belt connects the seismic activity in the Walker \
Lane seismic belt with the Intermountain seismic belt in Utah (Slemmons and \
others, 1965; Smith, 1978). This belt covers a broad swath (100 km, 60 mi) Walker Lane )\/
across southern Nevada, and coincides with the boundary between numerous Seismic Belt

late Quaternary faults to the north and fewer of these faults to the south (e.g. \\ 1872 1986
dePolo, 2008). Large east-west regional topographic and geophysical anomalies ‘ ‘
coincide with this belt (Eaton and others, 1978), as well as some east-northeast- 1980 \\

striking faults (dePolo, 2008). Geodetic measurements indicate that as much as \\
1.8 mm/yr of left-lateral slip occurs across the Southern Nevada seismic belt

(Kreemer and others, 2010). Many earthquakes that occurred in the western part

of this seismic belt in the 1960s and 1970s were triggered by nuclear tests
(Boucher and others, 1969). 1872

1910 |

L

Southern Nevada
Seismic Belt
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Even though seismic monitoring stations were not present throughout much of 1 California ‘
Nevada and Nevada’s history, nearly all of Nevada has some recorded : Seismic
earthquakes. The recent 2008 Wells earthquake, M 6.0, which occurred in I

northeastern Nevada outside of the major seismic belts, is an important example ' Belt

of this kind of activity. Reservoir-induced earthquakes around Lake Mead, such

as the M 5 event in 1939, were also outside of the major seismic belts. These

and other historical events remind us that earthquakes can occur anywhere in 7.6

PROCCCL(
In Nevada, earthquakes generally occur in the brittle upper part of the Earth’s “‘

crust. Pancha and others (2006) found that 98% of earthquakes recorded in Magnitude
Nevada between 1990 and 1999 had depths of 17 km (10.5 mi) or less,
indicating an approximate thickness of this brittle layer.

Projection: Universal Transverse Mercator, Zone 11,
North American Datum 1927 (m)

Base map modified from NBMG Map 43 (1995) with digital
shaded relief created from U.S. Geological Survey data.
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NEVADA EARTHQUAKES THROUGH TIME,

1840s TO 2010

1932 Dec 25 0355 3848.00 118 00.00 5.5
1933 Jan 05 0651 3846.20 117 44.40 5.9

1933 Feb 13 2209 3800.00 118 00.00 5.5
1933  Jun 25 2045 3906.00 119 18.00 6.0
1933 Oct 27 1059 3854.00 117 36.00 55
1934 Jan 30 1924 3818.00 118 24.00 5.6
1934 Jan 30 2016 3816.80 118 22.20 6.1

1934 Jan 30 2030 3818.00 118 24.00 5.7
1934 Feb 09 0921 3818.00 118 24.00 55
1934  Jun 23 1504 39 06.00 118 48.00 5.5
1939 May 11 1840 3836.00 117 48.00 5.5
1942 Dec 03 0944 3942.00 119 18.00 5.9

1942 Dec 17 1507 3843.80 119 40.80 5.5
1943 Aug 09 0530 3812.00 11812.00 5.5
1948 Dec 29 1253 3933.00 120 04.80*** 6.0
1949 Feb 11 2105 3658.98 117 48.30 5.6
1953 Sep 26 0334 393180 11958.80 5.5

1954  Jul 06 1113 39 17.40** 118 21.60** 6.2
1954  Jul 06 1118 3925.20 118 31.80 5.5
1954  Jul 06 1149 3925.20 118 31.80 5.7
1954  Jul 06 2207 39 12.00** 118 24.00** 6.1
1954 Aug 24 0551 39 21.00** 118 20.40** 6.8

1954 Aug 31 2220 3936.00 11812.00 5.8
1954 Sep 01 0518 3936.00 118 12.00 5.5
1954 Dec 16 1107 39 12.00** 118 00.00** 7.1
1954 Dec 16 1111 39 40.20** 117 52.20** 6.9
1954 Dec 16 1416  3930.00 118 00.00 5.8

1955 Nov 21 2025 3925.20 118 04.80 55
1959 Mar 23 0710 3936.00 11804.20 5.7
1959  Jun 23 1435 3855.20 11853.40 5.6
1959  Jun 23 1504 39 06.00 118 48.00 5.5

1964 Mar 22 1630 3842.00 118 48.00 5.5
1966 Aug 16 1802 37 27.78 114 09.06 5.7
1966 Sep 22 1857 37 22.14 11410.98 5.0
1992  Jun 29 1014 3643.26 11617.64 5.6

1994  Sep 12 1223 3848.50 119 38.30 5.9
2008 Feb 21 1416 41 09.94 114.52.63 6.0

* In degrees and decimal minutes
** From Doser (1986)
*** |n California next to the Nevada border.
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The data depicted on this map would have been lost without the efforts
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Although the number of earthquakes recorded has increased through time due to an increase in the number of seismic monitoring stations, the occurrence of the larger, well-recorded events has been variable L Nevada Bureau of Mines and Geology
. T . . . T . . 2 2 Mackay School of Earth Sciences and Engineerin
through the last 170 years with recent years exhibiting relative quiescence. Larger earthquakes in Nevada have occurred as individual events or in groups. There have also been decades without them. To - - - - - - - - - - A&_SEISMO’OQ'C&’ College of Science g #
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illustrate this temporal variability, we show earthquake epicenters over four time periods and a graph of magnitude 26 earthquakes over time. The time periods for the maps are selected based on the number of = = 3 = o = = o= = i~ "l\ {’Hﬁaqr atory N
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seismic stations and their density and, thus, the earthquake-locating capability. The precision of earthquake locations and the number of recorded events improves with time. ) ]vll S o tovion by Wiliom Savage (UNLV), Burt Slemmons (UNR),
Ken Smith (NSL), Michael Stickney (Montana Bureau of Mines
and Geology), Jonathan G. Price (NBMG) and James E. Faulds (NBMG)
Edited by Daphne D. LaPoint
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\ This map shows earthquakes that are known to have occurred in Nevada from the 1840s through 2010. The The distribution of epicenters of past earthquakes is sometimes used to anticipate the locations of future
“ 7\3 primary source of data is the earthquake catalog produced by the Nevada Seismological Laboratory at the large earthquakes. However, the following points should be considered before making such judgments.
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University of Nevada, Reno. Additional earthquakes in southern and eastern Nevada, recorded by the
Southern Great Basin Seismic Network, which was responsible for monitoring the Nevada Test Site
(1978-1992) and by the University of Utah Seismographic Stations (1850-2010), respectively, were
incorporated. When the same earthquake was located by more than one network, the preferred location
shown on the map was determined through consideration of which network had the best station coverage.
Artificial events, such as mine blasts, nuclear explosions, and hole collapses following nuclear explosions,
have been removed when recognized. Earthquakes induced by reservoir-filling and those triggered by nuclear
explosions are included.

It is important to recognize that earthquake catalogs are not complete at all magnitude ranges. When seismic
monitoring stations are absent or are sparsely distributed, smaller earthquakes may not be detected and
located consistently. The completeness threshold of the earthquake catalogs is directly related to station
coverage. This threshold has generally—but not always—improved with time. Seismic networks are
sometimes installed temporarily for specific purposes and are removed or redeployed when a study is
complete.

The absence of earthquake activity at any particular location does not necessarily mean that earthquakes
will not occur there in the future. Moderate to large earthquakes have often been preceded by periods of
quiescence. The time represented here (~150 years) is far too brief to include all areas of previous
earthquake activity. There are many faults where geologists can see evidence of major prehistoric
earthquakes, but where historic earthquakes are absent on the map. Nearly every mountain range in
Nevada is bounded on one or both sides by faults that produced earthquakes in the geologic past and
may be capable of producing earthquakes in the future. This map presents all identified earthquakes
recorded in Nevada, regardless of the quality of the location or magnitude. The quality of locations
diminishes with increasing time before present and increasing distance from seismic monitoring stations,
most of which are in western Nevada.
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evada (Ine Walker Lane, the central Neévada, and the southern Nevada Seismic belts) can ail De seen. 1he lack o the Bilk Creek Mountains in northwestern Nevada. The mainshock was followed 8 hours later by a M 5.1 aftershock. Over the 13-year period, 53,909 earthquakes were recorded and processed in the map area at the University of Experiment. The 2008 Wells earthquake (M 6.0) was the largest event to occur during this time period in Nevada Wh - : : America, v. 85, p. 537-583.

o Y C o . . . o 199 ' erever seismic stations are dense enough, smaller earthquakes outnumber larger ones by a ratio of more ; - : :
seismic monitoring stations in the state limited the size of earthquakes that are in the regional catalogs from this time Several M 4.7 events were also included in this swarm. Another M 5.1 occurred in northeastern Nevada, east of Nevada, Reno Seismological Laboratory. Earthquakes occurred across the state, but there was an apparent lack of and it was well recorded and located with this array. Since this time, the number of seismometers in Nevada has than 10 to 1. Thi b dered 9 lete ab . itude 7 si 1830 b yb ¢ itud Slemmons, D.B., Steinbrugge, K.V., Tocher, D., Oakeshott, G.B., and Gianella, V.P., 1959, Wonder, Nevada, earthquake of 1903: Bulletin of
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9 , - earthquake (M 5.6), on the Nevada Test Site. 3.0 for the instrumented parts of Nevada since 1962, and above magnitude 2.0 for instrumented areas since

earthquakes that occurred between the 1840s and 1961 broke the ground surface and created ruptures as long as
75 km (47 mi) (1932) and with ground offsets of as much as 5.8 m (19 ft) vertically (1915). The largest event, the M
7.3, Pleasant Valley earthquake was preceded by a M 6.1 foreshock 5 hours earlier. This was an energetic
earthquake sequence with a mainshock that shook the entire state.

1980 (Savage and dePolo, 1993). Locations and magnitudes of the major earthquakes outside of Nevada are
from Real and others (1978), Arabasz and Smith (1979), Toppozada and others (1981), Toppozada and others
(2000), and Pancha and others (2006) and the U.S. Geological Survey Northern California Seismic Network.

Toppozada, T.R., Real, C.R., and Parke, D.L., 1981, Preparation of isoseismal maps and summaries of reported effects for pre-1900
California earthquakes: California Division of Mines and Geology Open File Report 81-11 SAC, 182 p.

Toppozada, T., Branum, D., Petersen, M., Hallstrom, C., Cramer, C., and Reiche, M., 2000, Epicenters of and areas damaged by M =5
California earthquakes, 1800-1999: California Division of Mines and Geology, Map Sheet 49.
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