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PREFACE

Since the 1inception of 1ts program in Selsmoiogy, the Coast
and Geodetlic Survey has activeliy collected, analyzed, and pub-
lished data concernling earthquakes in the United Statec. The

results are published in the yearly serles, Uniied States Eartn-

quakes. Notwithstanding this effort, complete selsmicity studles
are lacking for most of the country primarily due to the incom-
pleteness of magnitude data for a majority of the earthquakes.

Detalled seismicity studles are fairly complate only for
limited areas of dense station coverage. In California, where
magnitudes of all located earthquakes have been computed for many
years, 1t has been possihle to make statistical studles of the
data. Recently, however, improvements in seismograph instruments
and better geographic distribution of recording sites, along with
advances in reporting and processing techniques, have greatly in-
creased the number and reliability of earthquake epicenters located
elsewhere 1in the United States. Wlth the routine determination of
magnitudes, which was begun by the Coast and Geodetic Survey in
1963, a meaningful statistic 1s now av.ilable from which selsmicity
studies can be made for the entire Unlted States.

To make such studles, it 1s desirable to know the approxl-
mate lower limit of magnitude for which we may expect all eaith-

quakes to be located. Accourdingly, 1n this rerort, the geographic



distributio: and operating characteristics of the United States
network of seismograph stations are used to provide this know-
ledge. The method used 1is the statistical approach of Booker
(1964) with minor modifications. Resulits are given in terms of
the probability of detecting an event, with known hypocenters and
magnitude, by at least five statlons of the total network of seis-
mograph stations. Five 18 the minimum number of stations required
for a hypocenter computation by the Coast and Geodetlc Survey's
hypocenter program.

This report is presented 1n two parvs. Part I is a pre-
sentation of the s2ismicity based on earthquakes located in the
United States during 1963-64 as reported in Preliminary Deter-
mination of Epicenters. Part II 1s an evaluation of the capability

of the existing network of seismograph stations.
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Part I

U . Laves Selsmicity (- Gty-0hl

1. Introducti.;

The .oast uid (uodevle Survey bepa. porting earthquake
magnitudes during 1963, These magnitudes, ~hich are based on
the wp magnituls scaio of Gutenberg and nter (1956) as adopte |

by the Coast and Geod~otlce Survey, provide vhe needed parameter,
ir addition to the hypocenter, for complete seismicity studiles.
This study 1s based on earthquakes reported on th: Preliminary
Determination of Eplcenter (P.D.E.} cards of the Cuast and Geo-
detic Survey. It 1s, accordingly, rccognizcd that more complete
data willl be avallable in some areas with the publication of
local station bulletins.

Four types of presentations are made: (1) @ chronologicas
1ist of earthqguakes; (Z) a magnitule map showing the geographica’
distribution of earthquakes w~hose magnitudes are greater than, -»
equal to, 3.0; (3) a presentation of frequency versus magnitude
for che total United States and for individual reglons of high
selsmlicity; and (4) a "selsmicity" map glving a quantitative
measure of relative selsmic activity.

Chronological listlngs of earthquakes, along with eplcent
maps witli symbols for magnituue and depth, have been uscd for

many years to present selsmic activity. I[lore recently, howsvero,
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work has been directed toward developing quantitative measures
of seismicity. Bath (1956) discussed the different definitions
and gav: . ferences to the pertinent literature up to 1956.

Two basic methods of presenting quantitative selsmiclty now
widely used are: areal summinc of energles of indiviaual shocks
(bgth, 1953), and "seismic activity" based on the frequency-
energy relationship of earthquakes (Riznichenko, 1959). Bath
(1960) further develoned the areal summing method of presenting
quantitative seismicity. By this method, all earthquakes from
the threshold magnitude for the entire region of study to the
highest magnitude attained in each unit area are summed. The
method of Riznichenko, which he has further developed (Riznichenko,
1964), establiishes a level of seismic activity for eaéh unit area
based on the frequency-energy plot of earthquakes within the
area. The resulting map displays the areal variation of the re-
currence rate of earthquakes of 2 specifled energy level. The
method assumes the slope of the frequency-energy plot to be con-
stant throughout the region of study. It requires accurite know-
ledge of the frequency-magnitude relaticnship.

St. Amand (1956) has suggested the sum of the square-roots
of energles from individual earthquakes (& variatlon of the

areal summing technique) as a quantitative measure of seismicity
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inasmuch as the results are porportional to strain release
(Benioff, 1951). For this study we prefer St. Amand's method
to 1llustrate areal strain release patterns. By this method

no assumptions are required regarding secular seismicity.

2. Q@eographical Distribution of Earthquakes

For convenience of presenting detail, the United States 1is
divided arbitrarily into eight regions as shown on Figure 1.
These regions are in no way related to physiographic, geclogic,
or selsmic provinces.

During the two year period covered by thies report, the
Coast and Goeodetic Survey reported epicenters of 691 earthquakes
in the contermninous Unlted States as a part of the Preliminary
Determination of Epicenters program. A chronuiceical listing <f
these events 1s presented in Table 1. Thelr geographic distri-
bution 1is shown on Flgures 2 tc¢ 7.

Earthquakes are distinguished by magnitude in ranges of
3.0-4.0, 4.0-5.0, 5.0-6.0. No earthquake with a magnitude greater
than 6.0 occurred in the conterminous United States during the
1963-64 period. The presentation of all earthquakes in the mag-
nitude range 3.0-4.0 results in somewhat biased values of earth-
quake density for areas having gocd statlion coverage. We will
return to this point subsequently and discuss it in detail in
Part II of this report.
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Of the total events reported on P.D.E. cards during 1963
and 1564 approximateiy 90 percent had eplcenters in the seilsmic
regions of the western United States west of the eastern edge
of the Rocky Mountains. In terms of numbers of carthquakes,
the region designated by Heck (1938) as the '"western mountain
region," displays the highest selsmicity (see Figures 2 and 3).
Figure 3 displays four highly active areas. The two which show
the highest actlvity in terms ¢f numbers of earthquakes are in
central Idaho, centered at 44.5°N-114.5°W, and an elongated
east-west area in extreme northwestern Wyoming and southwestern
Montana. Two other areas displaying high actlivity are eastern
Idaho at 43.0°N-111.5°W and southwestern Nevada at 39°N-118.5°W.

The central Idaho earthquakes are closely grouped 1n time
as well as space. The sequence began 2n September 6, 1963 and
continued with a high level of activity until December 23, when
one event registered a magnitude (my) of 5.1. Following this
earthquake the activity decreased rapidly. Similarly, the major
activity in southwestern Nevada falls within a thirty-six day
period following a magnitude 5 O earthquake on October 23, 1964,

Along the Pacliflc coast the greatest acctivity occurred in

southern California (see Figures 2 and 3). The level of selsrlic

oyl
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activity in southern California south c¢f 3 °N ic more than six
times greater than in northern Cal!fornia. Gutenterg and
Richter (195&) suggest that this is, in part, a temporary con-

dition. They observe that earthguake activity hes been at-

normally low in central California, relatlive to scuthern Califorric

since the San Francisco earthquake of 1900. The data of this
report indicate a8 ~ontinuation of this condition.

An area of dense earthquake activit; occurred in southern
California (see Figure 2). These ~vents, which show congruity
with the Imperial Fault, also dlcpiav close time correlation,
most of then having occurred on October 27 and 2&, 1953, No
other significantly dense occurrence of earthquake activity
is noted along the Pacific coast.

Historically, the most actlive seismic region in the United
Stetes has been along the Pacific coast, especially along the
San Andieas and assocliated fault svstems of California. Trat
the data of this report feil to support this historical trend
is largely due to the way In which 1{ 1is presented. For if we
limit our study to earthquakes of magnitude 4.0 or greater,
the Pacific coast displays the greatest activity. Improved
instrumentation glong with better geographic distribution »f
recording sites in the western mountain reglon allows increas-

ingly larger numbers of minor earthquakes, which previously
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would have gone unreported, to be located in this reglon and
their magnitudes determined. The lccation of low magnitude
events 1in California and adjolning areas of Nevada and Oregon
+8 accompliished by the two selsmograph networks centered at
Berkeley and Pasadena. Earthquakes within this region whose
magnltudes are less than about 4.0 a»e gene»ally not located
for P,D.E, Therefore, for earthquakes of magnitudes less than
4.0, there 18 no consistency of the data from P,.D.E, cards for

diflerent regicns of the Unlited States. In some areas this con-

dition 1s due to ircomplete reporting of data, while in cther

areas 1t 1is due to the limitatlons of the network detection cap-
ability.

East ~f the Rocky Mountain front, earthquake activity 1is
very low {see Figures 4 to 7). The highest activity, in terms
of number of earthquakes, 18 in the well known seismic region

of southeast Missouri (see Figure 6).

3, Depth of Focus

In the case of shallow earthquakes, with which this study
is concerned, the depth of focus 1s the most difficult hypo-
center parameter tc determine. Depth determination for low
magnitude earthquakes within the earth's crust by least squares
solution of the travel-time data 1s subjJect to gross error, which

cannot be easily evaluated,due to variations 1. regional travel

time. The accuracy has been sald to be on the order of 25 km,
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but computations hagsed on recordings of nuclear explosions
(Herrin and Taggart, 1962) show this estimate to be somewhat
optimistic for éome areas. The limitations on the m2thod,
especlally for low magnitude crustal events whilcn are recorded
only locally and regionally, have been long recognized by the
Coast and Gecdetic Survey. Accordingly, depihs are often re-
stricted to conform with hlstorical accounts of depths of eartin-
quakes in the epicenter area.

The focal depth resolutlon may be expected to be more
accurate in areas of high statlon density where al least one
station 1s often nec¢ ‘:nough tc the eplcenter to record a direct
P-wave, Such areas are southern and central California, suvuth-
west Montana, and southeast Missourl.

Separate maps 1llustrating focal depths were not prepared
for thils report because the narrow range of depths displayed
by the data does not exceed the expected error. However,
several observations may be made. All of the earthquakes have
depths within the earth's c¢rust. Earthquakes in southern
California generally have depths from 8 km to 18 km. North-
ward in California depths range from 14 km tc about 30 km.

A similar range cf denths is displayed 1n the western
Basin and Range province, while in the easte '~ Basin and Range
the depths are closely grouped at aopout 33 k... This grouping
is misleading, however, inasmuch as many of the earthquakes 1n

this region are restrained at a depth of 33 km. A number of

events 1n central Idaho and in the Yellowstone Park &nd adjacent
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areas had depihis tetween 4G km and 59 km. In the only signifi-
cant area of scismic activity east of the rocky Mountalns, that

of southeast Misscur!, the foct.:. depths ranged generally from

18 km to 25 km.

4. Frequency versus lugnitude

aAan Important method of displaying seismicity 1s to con-
truct recurrence curves of earthquakce moegnitude versus frequency
of occurrence. These recurrence curves have several importantc
applications. Comparlscn can be made of levels of activity
for different regions. If they can be constructed in sufficient
detail, 1t is possible to construct maps of "selsmic activity"
in the manner cescribed by Riznichenko (1959). They may also
serve as the basls for statisticsl probabllity studies of earth-
quake occurrence,

Such c¢.irves have bcen constructed for the c¢ntire United
States (see Fipure 8) and for three selismic regions: southern
california; ncrthern Califoraia, which includes western Nevada;
and the eastern Basin and Rznge (see Figures 9 to 11). South ru
California and northewn falifornia are divided approximately
on the basis of the area covered by the two nctworks of sels-
mograph statlons-- the southern r.etwork centered at Pasadena,
and the northern network centered at Berkeley. The eastern
Basin a@and Range 13 used here locsely to descrlibe the area of
high seismiclty extending from Arlzona to Montana along the
Wasatch Fault Block and assoclated faults to the north and south

along the same trend.
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To mini:. e the offect of incomplete iistlng of the smaller
magnltudes, the smallest magnltude conslder :d In constructing the
recurrence cur/°s 1s mp = 4,0. An impirical expression of the
foim

"og N =a - bm,
has been derived by the least square method for eacn set of data.
The . lope b varies from 0.83 in southern "alifornia to 1.27 for
the total Unlted States.

The recurrence curves of Flgures £ to 11 are based on an
extremely limited range of magnitudes as well as on a limited
data sample. We must then consider whether cor not they can be
extrapolated to lower and hlgher magnltudes. In addition, the
question arises regarding thils representation of secular activity.
In view of the limited sample of data treated here, we prefer 1o
restrict the recurrence cucves to comparisons for the tlme cover-
ed by the report.

That the frequency of earthquakes increases with decreasing
magnitude has been demonstrated for California as far down as
magnitude 3.0 (Niazi, 1964- Allen, et al., 1965). During the
course of this investlgation detalled reports of local earth-
quakes, in the area which has been termed l1loosely here as the
eastern Basin and Range, were compiled for a two month period
from March 1, 1963 to May 1, 1963. On the basis of these data
Sixty-one events were located using a minimum of three stations.
Of thils number. thirteen events were recorded at filve stations
or more (the minimum number reduireé for P.D.E.), which were not

previously reported on P.D.E. cards. Although magnitudes were

sl Ot T e AR e — — __ e — RN
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not computed, all are above at least mp = 3.2 and most likely
above my = 3.4 but below my = 4.0. Assuming that the earth-
quake activity during these two monthe 1s representatlive of the
entire year, at least 366 events exceeding magnitude 3.2 were
not located in this ieglon in 1963. When these are combined
with the reported earthquakes with computed magnitudes between
3.2 and 4.0, the total slightly exceeds the number predicted by
the recurrence curve of Flgure 11. Speclal studles of local
selsmicity 1n New Mexico and Nevada may be clted as suprorting
evidence (Mickey, 1964; Sanford, 1965). At the upper end of
the scale, Allen, et al. (1965) suggest that the scale may be
linear to near the largest earthquakes. It may be expected
then that in the range of magnitudes (3.0 to 4.5) of interest
in Part II of thils report, the linear relationship holds.

If the slope of the recurrence curve 1s considered unlquely
characteristilc of earthquake occurrence, then comparisons can be
made between =reas represented by the curves. On thils basis,
the ratio of magnitude 5.0 to magnltude 3.0 earthquakes 1s 0.025
for southern California, 0.011 for northern California, and 0.011
for the eastern Basin and Range. Northerrn Californla and the
eastern Bas*n and Range show equal rates of straln release by
small earthquakes whlle southern California shows relatively less

straln release by small earthquakes.

e
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However, Tomakl (1963) has warned against the use of re-
currence curves for tectonlc interpretations. He shows that
the slope of the recurrence formula depends on the total num-
ber of earthquakes on which the formula 1s based and the total
energy released by them, and never characterlzes the mode of
earthquake occurrence. The data of thle report are insufflcient

to permlit concluslons 1n this regard.

5. Reglonal Strain Release Patterns

The relative straln rel<ase maps of Flgures 12 to 17 are
prepared 1n a manner similar to that deuscribed by St. Amand
(1956). The displayed values represent what he terms "tectonic
flux." Computation 1s based on the magnitude-energy relation
(Richter, 1957, p. 365),

log E = 5.8 + 2.4k m,.
The ratio of the square root of the energy computed 1n thls man-
ner to the square root of the energy of a magnitude 4.0 earch-
quake 1s obtalned according to the relation,
log Qi{g = 1.2 (m, - 4.0).

A fiduciai'magnitude of 4.0 permits convenlent contouring
and 1s the low.st magnitude for whilch reasonably consistent data
are avallable over the entlire region.

To show '"tectonlc flux" per unit area, a spatial unit of
2,500 km® was selected. St. Amand (1956) and Klznlchinko (1959)

suggest a unit area of about 10,000 km® for reglional studles.
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Niazi (1964) used a unit area ranging betwcen 360 km© and 388 km®
for detalled studies in northern California and western Nevada.
Allen, et al. (1965) used 72 ‘m® for detalled studies in south-
ern California. The 2,500 km2 area selected for thils study is
not entirely arbitrary. It exceeds the limits of the error in
eplicenter location as well as the total area over which 1t 1s
expected that straln 1s released for the largest earthquake of
the data sample. Accordingly, no smoothing of the data 1s re-
quired. It 1s, on the other hand, small enough to allow some de-
tall. The temporal unit 1s one year.

The "tectonlc flux" of each unit area is tnen determined

2_</;

where the summation extends over all earthquakes in the block.

from

The quantity so determined 1s plotted in the center of each
block and 1s represented by contours. The contours displayed
on Flgures 12 to 17 represent the "tectonic flux" by a pro-
gression in which each contour above 5.0 has a valiue twice

the preceding smaller one., Contours have been drawn for every
area 1n which earthquakes were located. This procedure results

in a number of 1sola*ed contours in which the "tectonic flux"

- e
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is greater than zero but does not reach .0, the value of the
next higher contour. These small values show the effect of
one to a few earthquakes whose magnitudes are near or lower
than the fiducial magnitude.

The representation of selsmiclty presented in Figures 12
through 17 provides information about the variation and level
of seismic activity 1n the United States. As has be-n stated
earlier, these must be treated as 5ransient features., However,
they assume greater signiflcance when comparisons are made with
other seismicity studies.

The high level of activity in souttern Californla centered
at 33°N-115°W (see Figure 12) correlates well with simllarly
high activity displayed by Allen, et al. (1965) based on a 29
year data sample covering the period January 1, 1935 tc Jan-
vuary 1, 1963. The present data suggest that this high level
of activity continued to January 1, 1965. The "tectonic fiux"
values are the reflection of a large number of carthquskss along
the northern extension ¢f the Imperial Faoult whose magnitudes
were between 4.0 and 5.0. In contrast, the level of activity
near the southern extension of the Whitewolf-Ken Canyo~ Fault
is relatively lower than would be expected f{rom comparison with

thelr study. Allen, et al. (1965) point out that the sr:ain
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release pattern in southern California 1s a result of the oc-
currence of large earthquakes and 1s not significantly altered

by smaller events. In view of this, and ccnsidering the frequency-
magnitude relationship, contrasts 1n the level of activity 1n

any area may be expected when only a small sample of data 1s
consldered.

The areas of high activity centered at about 37°N-122°W and
at 41°N-124°W, (Figures 12 and 13), correlate well with areas of
continued high activity from 1956 through 1960 (Niazi, 1964).
This close yearly correlation suggests contlnuous earthquake
activity 1in these two areas for a long period of time.

In contrast to this suggested continuous activity, the ares
of high tectonic flux in southwestern Nevada (see Figures 12 and
13) reflects apparent intermittent earthquake occurrences. Niazi
(1964) found similar activity in this area due to a ser.=s of
shocks which occurred within a 40 day period following Jarnuary 18,
1959. The high tectonlc flux shown on Flgures 12 and 13 1s
primarily due to a series of events which occurred during the 3¢
day period following a magnitude 5.0 event wu Octcber 23, 1964,
although a serles of quakes, mostly having magnitudes less than
4.0, occurred in this area during the 10 day peiiod following
March 14, 1964,
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Outside of '3lifornia and western Nevada detalled strain

rzlease patterns have not beer developed previously. Accord-

4 e

ingly, comparisons similar to those which were made in the pre-
ceding paragraphs are not possible. However, several observa-
tions may be made.
The high tectonic flux displayed on Figure 13 along the
5 Oregon-Washington border, in central Idaho, and southwestern
Montana, and on Figare 14 along the Kansas-Nebraska border re-
flects transient selsmic activity. The Oregon-Washington high

i1s somewhat south of the 4ctlve Puget Sound earthquake recton,

PG «

The scuthwestern Montana high 1s similarly south of the more
active w=at-central Montana region, while the central Idaho and
Kansas-Nebraska highs are centered 1n areas which show a history
51 only minor seismic activity (Heck and Eppley, 1958).
Elsewhere, m.nor activity 1es displayec along the Texas-
woulsiana border and in southeast Missouri. The former 1s sig-
nificant for the absence‘of historical activity 1n this area
(Heck and Eppley, 1958). Th= tectonic llux displayed here 1is
due to four earthauakes on April 24, and April 28, 1<64, The
largest event, having a magnitu'e of 4.4, occurred on April 28.
The southeast Missourl activity 1s centered in a well kiown

seilsmic reglon. Other activity 1n the eastern United States 1s

due to 1solated single earthquakes aiong the Appalachlen Mountains.
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Figure 16. Tectonic Fiux for Region 5 During 1963-64.
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6. Conclusions

The Coast and Geodetlc Survey reported €31 earthquakes in
the conterminous United States during 1963-64., Of this total,
90% had epicenters in the western states west of the eastern
edge of the Rocky Mountailns,

In termP of numbers of earthquakes, the western mountain
reglon displays the greatest activity with the Pacific coast
showing relatively fewer earthquakes. However, 1t 1s suggested
that this 1s due to incomplete reports of earthquake activity
along the Paclfic coast during the period covered by the report.
East of the Rocky Mountain front the only area of significant
activity 1s the well known selsmlc area of southeast Missourl.

Depths are often restrained in the hypocenter computation
to conform with historical data. Accordingly, the earthquakes
reported here do not permlt conclusions regarding focal depth.
It 1s observed, however, that all of the earthquakes included
in the study probably have focal depths within the earth's crust.

If 1t 1s assumed that the slope of the recurrence curves
has tectonic implications, the northern California and the east-
ern Basin and Range show equal rates of strain release by low
magnitude ea;thquakes. Conversely, southern Californla shows a
relatively greater rate of strain release by larger magnitude

earthquakes.
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The seiamic activity shows groupin: '+ both time and space.

The degree to which this reflects secular selsmic patterns carn-

: not be established from the data of t{his report alone,

“
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TARLE 1

CHRONOLOGICAL LISTING OF EARTHQUAKES IN THE
CONTERMINOUS UNITED STATES DURING 1963-64
WHICH WERE REPORTED ON P.D.E. CARDS

Date Time Lat, Leng. Depth Mag.
GMT Deg. Deg. km

Jan 05 63 21 27 02.7 41.0 126.1 33 *
Jan 06 €3 18 07 47.8 4y.7 112.0 33 4.0
Jan 13 63 02 39 23.7 32.9 116.5 33 4.1
Jan 20 63 09 2% 39.7 4t .9 110.9 28 *
Jan 24 63 21 43 13.0 47.5 121.9 33 4,7
Jan 27 63 03 00 38.7 1.6 115.7 33 4.6
Jan 27 63 15 24 46,5 4.3 114.5 31 4.3
Jan 30 63 05 51 00.9 44 .9 110.8 33 4,0
Jan 30 63 23 05 09.6 39.86 104.6 33 4.5
Feb 01 63 16 38 58.3 44,2 114.6 33 4.4
Feb 02 63 11 51 41.7 39.0 122.8 33 3.7
Feb 02 63 12 09 36.9 39.0 122.8 33 4.1
Feb 02 63 13 58 18.9 6.8 121.5 16 3.6
Feb 05 63 07 29 00.3 4,3 114.5 33 4.0
Feb 16 63 03 01 40.5 46,2 111.0 33 4.5
Feb 21 63 12 01 19.4 Lo n 125.0 33 4,2
Feb 24 63 15 24 56.6 4y .9 112.0 33 4.4
Feb 25 63 18 45 15.1 42.8 109.0 33 4.3
Mar 01 63 00 25 5T7.4 34.8 119.3 16 4,0
Mar 03 63 17 30 13.0 36.7 090.1 18 4.5
Mar 05 63 01 30 38.5 42,5 111.3 33 4.1
Mar 07 63 23 53 25.6 44,8 123. 33 L.6
Mar 08 63 08 35 49.2 L4y.8 110.3 33 3.8
Mar 10 63 11 26 03.1 44,9 110.3 33 4,0
Mar 10 63 11 40 28.9 38.4 127.2 33 4,2
Mar 10 63 13 16 55.7 45,4 109.4 33 3.6
Mar 12 63 03 41 21.8 45.3 109.6 33 3.8
Mar 17 63 11 11 36.3 39.2 111.9 33 *
Mar 17 63 22 10 36.2 44.8 110.3 33 3.8
Mar 20 63 11 38 33.1 44,9 110.7 33 4.1
Mar 20 63 12 32 26.0 44,6 110.5 33 4,0
Mar 21 63 16 09 48.3 44,9 110.7 .33 3.9
Mar 22 63 04 34 43.3 4y, 7 110.7 3 4.1
Mar 23 63 12 21 43.3 45,0 111.4 3 2.8
Mar 25 63 09 28 44,1 36.0 114.9 17 .3
Mar 25 63 17 43 55.4 45,0 111.3 >3 4.1
Mar 27 63 07 22 08.9 44,3 110.6 33 4,2
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12 13 1i.4 33.7
03 15 49.38 40.8
10 49 08.7 36.0
13 28 20.3 34,2
20 47 36.5 31.4
01 20 54.6 31.6
00 13 12.9 Lo.9
16 31 12.5 36.6
03 46 14.8 ho,s5
13 20 00.1 29,1
13 30 03.8 50,4
17 40 14.9 39.6
12 41 16.6 43.9
22 19 35.2 4y, 3
10 45 19.7 4y 4
18 50 46.9 43.9
19 07 1G.0 Ly, 3
19 10 37.1 4y, h
02 17 11.2 by, 3
03 33 25.0 HYTRpI
00 12 29.6 L4y 3
02 08 44,7 44, 3
02 31 42.0 Ly 4
03 45 35.6 4y &
03 55 39.5 Ly
06 04 28.3 38.9
09 42 06.9 by, 3
11 59 41.2 33,2
12 29 30.9 Ly 3
18 21 53.4 4y,2
10 24 30.5 44,3
20 34 51.5 4y .5
23 40 51.7 4o.8
06 23 51.7 Ly 2
06 53 00.9 Ly, 2
08 01 23.2 4y Uy
09 01 11.4 44,3
09 19 07.0 L4y, 3
11 16 48.9 444
12 28 25.4 Ly 4
20 15 08.4 Ly u
13 43 13.7 45,0
03 51 13.¢ 33.3
T R . T

126,
1106.
126,
118.
112,
117.
116,
11c.
116.
111.
121.
128.
1C9.
129,
11C.
128,
114,
114,
113.
114,
114,

-

114,
118,
114,
110.
114,
114,
114.
114.
112,
114,
114,
114.
114,
115.
114,
114,
114,
111.
118.

114,
114,
114,
114,

AN O OV OO0 0o~NEE~N~NOoOHO0ONNNNNOOW OO HWWOONN EFONOOMNR D

FLWEFEFLOWEFEFFOLOWPRFLVWEERFW FEPEPEPEFEFFLOREFEEEEFEFOLOWTWERFLWOW EFU &
OFEFOMNWNONNWH FEFOUVHOOHON HFRDOEFRWHOWHFHOH ENNNEEFUWNVTW OB




Table 1 (Con't)

Sep 14 63 05 O4 11.4 4y.3 115.1 33 3.8
Sep 14 63 05 07 15.7 L4y 4 114.7 33 3.6
Sep 14 63 12 28 14.5 35.6 118.1 14 4,2
Sep 14 63 15 58 03.8 44, 2 114.8 33 4.3
Sep 14 63 16 06 49.3 hiy,3 114,7 33 3.9
Sep 14 63 16 25 13.2 44,3 114.7 33 .3
Sep 14 63 16 39 43.4 by, 4 114,7 33 4,0
Sep 14 63 16 55 43.4 qi 114.7 . 33 3.9
Sep 14 63 17 6 36.9 4y .2 114.8 33 3.8
Sep 14 63 17 - 09.6 L4y, 114,7 33 4,0
Sep 14 63 18 48 58.4 4.3 114,7 33 3.8
Sep 14 63 19 46 15.8 36.7 121.8 15 5.4
Sep 14 63 20 28 08.5 6.7 122.0 15 4,3
Sep 15 63 05 35 00.2 4,3 114.8 33 3.2
Sep 15 63 10 48 03.4 35.7 117.8 15 3.
Sep 15 63 16 51 04.0 4i, 4 114,8 33 4,1
Sep 15 63 19 17 11.3 4y 2 114.8 33 3.7
Sep 16 63 12 06 15.9 Ly 2 114,7 33 .2
Sen 16 63 17 15 34.5 43,2 126.8 33 4,7
Sep 17 63 05 36 17.1 hi, 3 114.8 33 4,1
Sep 17 63 12 22 56.8 4y 4 114.7 33 3.6
Sep 18 63 00 16 07.8 Ly, 3 114.8 33 3.7
Sep 18 63 o4 45 08.3 4y, 9 111.6 33 3.1
Sep 18 63 21 03 52.5 Ly 4 114,8 33 3.8
Sep 19 63 03 02 07.8 Ly .5 114.,7 33 3.8
Sep 19 63 10 59 59.5 4y, 3 114.9 33 3.
Sep 20 63 11 09 38.8 4y .3 114.8 33 3.8
Sep 20 63 11 41 22.0 Li i 114.7 33 3.7
Sep 21 63 04 32 43.5 37.2 121.7 14 4,2
Sep 21 63 09 58 59.5 hi, 3 114.8 33 3.9
Sep 21 63 12 29 25.8 43,7 114.7 33 3.5
Sep 22 63 00 50 37.8 hi, 3 114.8 33 4,2
3ep 22 63 00 56 13.7 hh, 5 114.7 33 4,2
Sep 22 63 04 37 15.3 43,53 111.4 33 3.6
Sep 22 63 08 58 10.5 43,3 111.5 33 3.9
Sep 22 63 09 56 42.8 43,4 111.5 33 3.7
Sep 22 43 14 55 03.3 4y 4 114.9 33 4,1
Sep 22 63 15 41 21.0 qy 4 114.8 33 §,o0
Sep 22 63 15 58 06.1 41.9 126.7 33 4,3
Sep 22 63 17 06 07.0 43,3 111.2 33 3.9
Sep 22 63 21 13 35.6 4y, 3 114.6 33 3.2
Sep 22 63 21 30 56.7 43,3 111.6 33 3.
Sep 22 63 21 32 17.1 43,2 111.3 33 3.4
Sep 22 63 22 36 23.6 42,0 126.5 33 4,3
Sep 23 63 01 30 32.8 43,2 111.2 33 3.5 e
Sep 23 63 10 21 05.7 iy, 4 114.8 33 3.6
Sep 23 63 12 17 10.5 iy i 114.8 33 3.9
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S 1 Table 1 (Con't)
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R Feb
A Feb
§ Feb

2L 63
24 63
2k 63
25 63
25 63
26 63
26 63
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e

sl B =

¢

01 50 59.5 44.8 111.5 33 3.5
14 51 11.9 326 110.4 33 .1
17 54 19.8 .8 111.2 33 4.7
20 04 10.7 4y,2 114.6 33 3.7
23 55 15.2 39.1 114.2 33 3.6
03 58 51.6 39.2 114.2 33 3.5
14 40 06.6 9.8 110.3 33 3.7
02 36 22.3 5.7 123.3 37 4.5
08 22 19.3 44,8 110.9 33 4.3
14 26 19.6 39.2 114.2 33 3.5
15 19 58.0 39.0 114.0 33 *
15 50 14,2 39.1 114.1 33 3.3
01 42 13.7 39.1 114,2 33 3.4
o4 02 04,0 39.1 114,2 33 3.4
C4 06 12.2 .1 114.2 33 a-u
o4 15 03.8 39.1 114.3 33 .0
06 38 58.2 39.1 114,2 33 3.7
03 28 53.1 u4.4 110.3 33 4.0
13 47 08.1 38.8 122.8 33 2
19 48 37.. 35.0 11 .. 4 14 b4
13 57 21.0 1.0 105.5 15 §.9
19 35 08.5 44,3 114.6 15 LT
23 15 55.7 34.3 116.4 16 4,4
23 47 "1.4 34,3 116.5 1L 4.4
11 55 34.6 39.1 114.2 oA 3.6
12 53 47.4 39.1 114.2 33 3.5
03 10 56.2 44,3 114.6 15 4.5
11 11 54.3 44,3 114.8 15 3.6
11 06 03.0 38.8 118.0 15 *
01 00 02.9 39.0 118.0 15 3.4
23 06 36.2 45,9 120.0 33 4,2
05 09 57.8 36.8 089.5 18 4.5
00 15 06.5 38.2 112.7 33 3.5
00 15 37.6 38.2 112.7 33 3.6
06 02 19.8 40,3 124.€ 33 4,3
20 15 17.2 39.1 114.2 33 3.6
23 31 42.4 39.2 114.2 33 3.9
21 10 58.8 44,3 114.8 33 3.9
03 04 49,7 Li, 4 114.5 3 4,1
12 57 07.9 43,2 111.4 1 4,2
22 23 10.4 43,3 111.4 33 3.4
01 29 52.0 32.3 115.6 14 »
19 51 43,1 33.0 115.9 14 4,0
06 58 14.9 39.0 114.2 15 3.6
08 22 44,1 35.1 099.7 33 3.8
e ~mwrwm- P P——




Table 1 (Con't)
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Table 1 (Con't)
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Table 1 (Con't)
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Tabie 1 (Con't)

Dec 21 64 21 54 58,0 4y .9 2.7 44 3.9
Dec 21 64 22 55 08.8 45 9 112.0 33 3.5
Dec 22 64 10 28 46.7 44,9 112.5 33 4.3
Dec 22 64 15 45 28.3 45,4 112.2 33 4,0
Dec 24 o4 22 51 34.7 B4, 7 110.% 33 4,0
Dec 25 64 14 09 48.1 32.3 113.7 33 4.4
Dec 26 64 20 58 14.4 39.6 110.3 0C 3.9
Dec 31 64 10 41 03.6 35.0 116.6 14 3.9

*Magnitude nnt compured due to limitec data.




-u8.

PART II
NETWORK CAPARILITY

1, Introduction

Part II of this report comprises an evaluation of the cap-
abllity of the network of Uuilted States seismograph stations
to record earthquakes in the conterminous United States., The
basic information required to accomplish this evaluation 1s:
the geographic distribution of recording stations; the measured
or assumed nol3e Adistribution at each site; the variation of
8ignal amplitude with distarce; t' e signal to no'se ratio re-
quired for signal detection; and a representative sample of
epicenters with specifled magnitudes or ranges of magnitudes.
From this information the capabillity of individual stations

to record the sample of events 1is computed using probability
theory. With the minimum number of statlions required for epi-
center location speciflied, the network capabllity 13 established
from the combined station probabilities at various levels of
probability. The minimum number of statlons 1s taken to be
five 1In conformity with the requirements of the Coast and Geo-
detic Survey's hypocenter program. A further evaluation, related
to the accuracy of epicenter determination, 1s accomplished by

} establishing a measure of the azimuthal distribution of the

: predicted recording stations about the epicenter. Finally,

344 earthquakes with epicenters in the conterminous United States,

e .




e

_4g.

which were reported on the Coast and Geodetic Survey P.D.E.
cards during 1963. are used both to evaluate reporting pro-
cedures and the reliabillity of inpuc p#rameters.

A 3tatistical treatment of the network evaluation problem
has bee sported by Tatter, et al (1961). Thelr treatment
differs from that of thils report in two significant ways.

Firs: 3/ assumed a uniform distributlion of background nolse
for ali recording sites: second they 1investigated the twork
requirements for recording selsmic events of 2 given l.,cation
and energy yleld. 1In this report the capabllity of an establish-
ed network of seismograph stations 1s evaluatec. The background

noise is treated as "~ functlon of the reccrding site.

2. Station Distribution and Instrumentation

The geographic distributlon of seismograph stations 1in the
conterminous United States 18 shown in Figure 18, Each station
is represented by a symbol indicating the network to which 1t
belongs. For the purpose of this study the compcsite of all
stations shown on Figure 18 18 referred to as the United States
network of seismograph stations.

The Coast and Geodetic Survey maintains, entirely or on
a cooperative baslis,only 13 widely separated seismograph stations
in the conterminous United States. The remainder are maintailned

by several universities and other groups as 1indicated on

kg

igure 18, Generally, these networks have grown out of interest

—
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in particular regions. As a result, rather dense station net-
works exist In the California area, the Yellowstone Park &area,
the scutheast Missouri area, and the southern New York area,
while other areas remain incompletuly covered. With the ex-
ception of California, which has the most dense network of
statiuns, no attempt has been made to provide systematic coverage
of a reglon.

This condition has been somewhat corrected with the in-
stallatlon of the World Wide Network of Standard Seismograph
Stations which was begun in 1961. At this date, 25 WWNSS
statlons are operational at widely separated sites in the con-
terminous United States providing greatly 1ncreased station
coverage. The five widely spaced array observatories (see
Figure 18) provide excellent additional control.

A majority of the stations 1in the Unlted States are now
equipped with short perlod seismometers which are capable of
being operated at high gains. The 25 WWNSS stations are equipped
with three component sets of short period Benloff and long period
Sprengnether seismometers. All of these .'tations have accurate
and uniform time control. Other stations are equipped with
either the large short perliod or the pcrtable short peilod

Benloff selsmometers. A varlety of 1lnstruments are 1r use at
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the remaining ctatlons. There 1s less uniformity in the long
period instrumentation among those stations which are not a
part of the WWNSS, and many of them are not equipped with long
period instruments. This, however, 18 of no consequence in
the present study. The instruments in use at each station,

except the array stations, are listed iIn Appendix I.

1.0

PROBILITY OF OCCURRENCE

] 1 | 1 1 | 1 |
5 10 15 20 25 30 35 40 43 50

NOISE IN MILLIMICRONS O-P

Figure 19. Probability of Noise Occurring at or Less than
a Given Amplitude at Boulder City, Nevada.
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1.0

PROBABILITY OF OCCURRENCE

| [| | 1 l ] | | 1

0 5 10
NOISE iN MILLIMICRONS O-P

Figure 20. Probability of Noise Occurring at or Less than '
a Given Amplitude at Eureka, Nevada.

3. Station Noise Distribution

At most sites it 138 the background noise that limilts the

et

3

maximum sensitivity at which the instruments can be operated.
Consequently, an evaluatic+ of the network detecticn capability
requires specification of the interfering ncise process. Seis-

m*c nolse, which may be defined as any ground motion that 1is
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not caused by an earthquake or an explosgion, has recelived con-
Siderable attention in recent literature. A re<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>