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EARTHQUAKE POTENTIAL OF ST. LOUIS DISTRICT

INTRODUCTION

The St. Louis District, Corps of Engineers is required by ER 1110-2~1806
to evaluate the stability of those dams where earthquake~induced ground
motion could cause damage. The initial step of such an analysis is to
determine the potential for earthquakes near each project. Since a large
earthquake occurring in the central United States could affect several
District projects, this single regional study was performed. The area
analyzed in the study was approximately between 35° N to 43° N latitude
and 83° W to 98° W longitude.

The correlation of a given fault with a specific level of seismic
activity is not feasible in the central United States. With the exception of
the New Madrid earthquake sequence of 1811-12, no historic earthquakes have
produced observable surface movement in the region. However, trends can be
recognized in the distribution of historic earthquakes, which implies that
genetic relationships exist., It is more meaningful to describe seismicity in
terms of zones which have been defined by historic earthquakes and geologic
parameters for the central United States. Zonation of the study area
followed the approach developed by Gubin (1967) and used in zonation for
nuclear power plants. The first phase of this study was to compile and
analyze existing geological, geophysical, and seismological data. The
information was used to determine zone boundaries and the level of seismic
activity present in each zone. In order to minimize bias toward any one
field of data, an interdisciplinary team of Corps nersonnel was formed to
evaluate the data and define the zones.

The results of the first phase of this study were then used to determine
design earthquakes for District projects. Two distinct design earthquakes
were determined for each zone, The maximum credible earthquake (MCE) is the
largest earthquake that reasonably can be expected to occur. Design of an
important structure for the MCE should insure that the structure does not
fail catastrophically. The second design event is the operating basis

earthquake (OBE) which i{s the largest earthquake which can be expected to
occur during the life of the project. Important structures should be
designed to insure that the O0BE will not pre¢vent their operation.

GEOLOGICAL AND SEISMOLOGICAL PARAMETERS

Geological, geophysical, and seismological data were collected and
analyzed to evaluate the earthquake potential of the region. In addition to
a thorough literature review, the study used information from the ongoing New
Madrid Seismotectonic Study sponsored by the Nuclear Regulatory Commission.,
The study chairman, Dr. Thomas Buschbach, furnished considerable assistance.
Drs. Otto Nuttli and Robert Herrmann, St. Louis University, also made
themselves available for discussion throughout the course of the study. The
State Geological Surveys of Arkansas, Illinois, Indiana, Iowa, Kansas,
Kentucky, Missouri, Ohio, Oklahoma, and Tennessee furnished assistance in the

form of maps, publications, and discussions. Preliminar Safety Analysis
Reports of Arkansas Two (AK), Braidwood (IL), Callaway (MO), Clinton (IL),
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Marble Hill (IN), and Wolf Creek (KS) nuclear power plants also proved
extremely valuable.

It is beyond the scope of this report to present all the information and
concepts contained in the literature. However, pertinent data used in
Preparation of this report are presented as appendices and plates at the end
of the text. Those geological and seismological parameters used to determine
the source zones are briefly described below. All refe: ances for this study
are presented in Appendix C.

Geologic and Tectonic History: Past tectonic events are recorded by the
geologic structure of the region. Thus, geologic history provides an
understanding of the present tectonic regime.

Basins, Arches, and Domes: These structures (plate 1/13) indicate past
tectonic activity. The boundaries, axes, and in‘“ersections of these
structures may also act as zones of crustal weakness which influence the
contemporary stress field.

Precambrian Features: The tectonic features defined ty the sedimentary
strata indicate the structural features which are present in the underlying
Precambrian surface. Ancient zones of weakness in the Precambrian surface
may be reactivated in response to a change in the existing stress regime.
Thus, the structural geology of the Precambrian basement is important in
understanding the relationship between tectonic features and seismicity. The
causative faults must also lie in the Precambrian, because the foci of most
central United States earthquakes have been located near the Precambrian
Surface. Plate 2/13 illustrates various tectonic structures on the
Precambrian Basement.

Stratigraphic Contours: The boundaries of any structural feature can be
dependent upon the stratigraphic unit used to determine the feature.
Comparison of stratigraphic contours from varying depths give an indication
of the change in a tectonic feature--and thus the stress regime--over
geologic time,

Faults and Lineations: These structures are the most obvious indicator
of past tectonism. In addition, faults (plate 3/13) may influence the
present stress field. A preferentially oriented unhealed fault zone, formed
during an earlier tectonic period, may be reactivated under a favorably
oriented contemporary stress regime. There is no consistent relationship
between young structural features and old zones of weakness. Some old fault
zones have not been reactivated by younger faults and younger faults may not
reflect 0ld zones of weakness.

Active Faulting: Earthquakes are a sudden release of energy caused by
movement along a fault. Active faults, whether exposed at the surface or
buried in ‘ne subsurface, must be considered as potential earthquake sources
(Russ, 1979 and Zoback, 1979). Properly instrumented active faults can also
provide insight into the existing stress regime.
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Historic Seismicity: The distribution of past earthquakes may be used
to dafine the present zones of seismic activity. An analysis of the seismic
record also provides the magnitude and frequency of future events. The
seismic record was used to plot epicenter locations (plate 4/13), event
density contours (plates 5 and 6/13), large historic earthquakes (plate
7/13), and cumulative isoseismal contours (plates 8 and 9/13),

Microearthquakes: The infrequent occurrence of major earthquakes in the
central United States makes it difficult to understand the seismotectonic
regime. Since microearthquakes occur more frequently, they may be used to
supplement the earthquake record. They also serve to locate active fault
zones not exposed at the surface, to determine predominant regional focal
mechanisms, and to better understand magnitude-recurrence relations.

Gravity and Magnetics: Gravity and magnetic contours may be used to
reveal faults, rifts, and buried igneous intrusives not visible at the
surface, Earthquake sources frequently are related to high anomaly gradients

and the area between positive and negative anomalies (Braile, et al, 1979 and
Hinze, et al, 1979). The New Madrid Seismic Study Group has developed the
most comprehensive gravity ané magnetic maps (Plate 10/13) for this region to
date (Keller, et al, 1980; Johnson, et al, 1980).

Alkalic Extrusives and Intrusives: Alkalic ultramafic rocks are
considered to have their origin in the upper mantle. Their presence thus
indicates a deep rupture in the earth's crust. Buried plutoniv bodies may
create anomalous stress conditions (Sargent & Lundy, 1975). In the central
and eastern United States, some seismic activity appears to be associated
with ultramafic rocks (McKeown, 1978).

Isostatic Adjustment: Regional loading or unloading of the crust causes
isostatic adjustments which may produce seismic activity. Various mechanisms
have been proposed: recession of the Wisconsin glacier, seasonal change of
water load in alluvial valleys, increasing load of Censzoic sediments, and
injection of high density instrusive rocks.

Regional Stress: There is considerable evidence indicating that
earthquakes in continental interiors are controlled by zones of crustal
weakness in the presence of high deviatoric stress (Hinze, 1977).

Determination of the orientation and character (compression/tension) of the
stress and the type of fault movement (normal, thrust, strike-slip, oblique)
is of prime importance in understanding seismic activity.

Focal Mechanism Studies: A common method of obtaining regional stress
information is by means of focal plane solutions of earthquakes. Fault plane
solutions also can be used to identify active faults not visible at the

surface, when data for several events is available,

Tectonic Models: In the central United States, seismic activity cannot
be directly related to specific geologic features. 1In this region,
resclution of seism:.c zones is partially dependent on the development of
models which can explain past and present tectonic activity. Such models
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should be compatible with the concept of intraplate tectonies and must
integrate all of the parameters discussed above.

Previous Seismic Zoning: Other investigators have suggested parameters
from which zones should be established, zone boundaries delineated, and
design earthquakes resolved. Studies by Gubin (1967), Housner & Jennings
(1973), Kulhawy & Ninyo (1977) and Richter (1959) have been utilized to
develop the methodology followed by this study. The most significant
zonation works for this region have been three nuclear power plant reports
(Illinois Power Company, 1974, Public Service Indiana, 1975, and Union
Electric Company, 1)74), plate 11/13; and Hadley & Devine (1974a,b,c) and
Nuttli & Herrmann (1978b), plate 12/13.

EARTHQUAKE RECURRENCE

The 1list of historic earthquakes was divided among each of the seismic
zones, and recurrence curves were prepared for each zone. These curves were
developed both to compare recurrence characteristics of the various seismic
zones, and to determine the OBE for each zone. Recurrence curves were not
used directly to determine the MCE. Justification for statistica) analysis
of recurrence it based on the assumption that earthquakes occur at some
regular rate and mszgnitude throughout the historic time period. Details of

the recurrence statistics are presented in Appendix B.

The list of historic earthquakes for each zone was compiled.
Foreshocks, aftershocks, and svarms were eliminated from the record as
recommended by Chiburis (1979). The data also was analyzed to define the
time period for which the historic record of each zune could be considered
complete, Completeness was evaluated by techniques developed by Chiburis
(1979), Nuttli (197u4a), and Stepp (1973). Only earthquakes occurring within
these periods of record were used to prepare the recurrence curves,

The recurrence curves were develonad for each zone by comparing the
body-wave magnitude to the log of the number of earthquakes per year equaling
or exceeding that magnitude. Recurrence curves were determined by four
procedures: least squares regression. linear regrassion cecistrained to a
point (in some cases this fit was not used), linear regression constrained to
a slope, and weighted least squares regression. When the fit was constrained
to a point, the point of constraint was the previously determined MCE
magnitude selected to occur once in 1,000 years. When the fit was
constrained to a slope, the slope used was -0,92, Nuttli & Herrmann (1978b)
recommend this slope for the central United Statss. One zone (Central US
Random) was normalized to an area of 100,000 square kilometers, so that the
occurre.ice of earthquakes in each 2one could be compared with respect to area
(Nuttli & Herrmann, 1978b).

A variety of statistics was used to evaluate the four recurrence curve
fits develnped for each zone (Appendix B). Correlation coefficients and
standard errors of estimates were used to assess the fit of the curves to the
data points. Significance tests, using the "t distribution” procedure, were
used to compaire the hypothetical -0.92 slope to that determined for the least
squares regr:ssion, These tests indicated the earthquake record for some
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source zones does not fit this hypothetical slope well. The lack of
numerical agreement further supports the concept that slopes differ between
zones,

DESIGN EARTHQUAKES

Maximum credible and operating basis carthquakes were determined for

{ each zone. The selection of the MCE was based upon the judgment of the study
team and was not a statistically determined value. It was defined by
comparing the geologic features, tectonic framework, seismic history, and the
recurrence characteristics of the various seismic zones., The MCE selected
for each zone was considered to be the largest earthquake that reasonably
could be expected to occur in that zone, The MCE exceeded the maximum
historic earthquake of the zone in all cases.

The OBE for each zone was based on a statistical evaluation of the
seismic history and the certainty of earthquake accurrence (Appendix B). The
OBE was chosen to be the 100-year earthquake defined by "t distribution" at a
95 percent confidence interval, A sample OBE was computed from the fit which
passed through the MCE magnitude at 1000 years. The OBE for a zone was
restricted to be greater than the largest historic event (last 160 years) and
less than the 500-year earthquake. The 500-year event has an 82 percent
likelihood of not beiag exceaded in a 100 year period.

Earthquake hazards of a project will be assessed by evaluating the
design earthquakes for each zone. The anticipated ground motion at a site
can be determined by attenuating the ground moticn of a design event. Unless
a potentially active fault is found nearby, no design event is placed at the
site,

. &%Mﬁ o it o e T

SEISMOTECTONIC ZONES

The study area is subdivided into the eight seismotectonic zones, shown
in plate 13/i3., The boundaries of the zones reflect the interrelationship of
epicenter distribution, event density, earthquake size, magnitude-recurrence
relations, microearthquake distribution, geologic/tectonic history, folds,
faults, tectonic features, basement configuration, geophysical anomalies,
occurrence of alkalic ultramafic rocks, and regional stress characteristics.,
The following paragraphs discuss the boundaries, characteristics, and design
earthquakes for each zone. The body-wave magnitude, my, and maximum
Modified Mercalli Intensity, I,, have been assessed for design eventu.

Anna, Ohio

There 1s an area of moderately high seismicity located near Anna, Ohio,
within the relatively stable Indiana-Ohio Platform. Because of its
uniqueness, this area has been investigated in detail (Public Service
; Indiana, 1975, p. 2E.1-1.). The boundaries of this zone are based on the
b location of magnetic anomalies, a change in gravity gradients, basement

: faulting, a change in basement petrology, and earthquake density. The zone

is near the intersection of the Cincinnati, Xankakee, and Findlay Arches
which may modify the regional stress field, thus producing a local zone of
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stress aocumulation and release., The zone is characterized by east-northeast
horizontal compression with fault plane solutions indicating reverse movement
along a north-south zone of weakness (Public Service Indiana, 1975).

This 2zone has experienced 2.5 earthquakes per 1000 km? adjusted for
the last 100 years. The maximum known earthquake is m, = 5.3 (I, = VIII)
with four other events occurring between my = 5.0 and 5.3. The paucity of
historic earthquakes in this zonz produced anomalous earthquake recurrence ("
statistics which were not further evaluated. The MCE determined for this
zone is mp = 6.4 (Ig = IX-X); the OBE is my = 6.1 (I = IX) which is
equivalent to the 500-year event.

Southern Illinois - Wabash

The southeastern and structurally lowest portion of the Illinois Basin
exhibits greater seismicity than the surrounding area. It contains the
Precambrian Fairfield Basin and the Wabash Fault Zone. This zone is bordered
on the north by gravity anomalies and east-west trending magnetic contours.
The eastern border is defined by the northern extent of the east Mississippi
gravity and magnetic high. The southern border is based on a steeply
dipping, east-west trendirng magnetic gradient and the Cottage Grove and Rough
Creek Fault Systems. The western border is defined by the Centralia Fault
and the Duquoin Monocline. The Southern Illinois - Wabash Zone is
characterized by east-west horizontal compression. Fault plane solutions
indicate reverse movement on a north-south zone of weakness (Herrmann, 1979;
Street, et al, 1974). This zone is considered to be distinct from the New
Madrid zone to the south (Sargent & Lundy, 1975).

Within the past 100 years, this zone hias experienced 1.3 earthquakes per
1000 km?. The maximum event is m, = 5.8 (I, = VIII). Two events have
occurred between m, = 5.5 and 5.7, and four events between my = 5.0 and
5.4, The least squares regression for the zone results in anomalous values
for the slope and 1000~year event. The MCE determined for this zone is
mp = 6.5 (I = X-) and the OBE is mp = 6.2 (I, = IX+),

East Embayment

The region east of the New Madrid area is one of moderately high

seismicity. Its northeast border is defined by the edge of the Mississippi
Embayment Trough, Stearns' Bending Zone 1 (Union Electric, 1974), the

Fluorspar Fault Complex, and the limit of Cenozoic faulting. The southeast
border is marked by the edge of the Mississippi Embayment Trough as defined
by Cretaceous stratigraphic contours. The west border is defined by the east
Mississippl gravity and magnetic high, the east side of Stearns' Bending Zone
2, and Atherton's second Mississippi Valley Fault (Union Electric, 1974).
Fault plane solutions indicate movement on a north-south zone of weakness
(Street, et al, 1974).

This zone has experienced 2,0 earthquakes per 1000 kmZ corrected for a .
100 year time frame. The maximum event of record is m, = 5.7 (I, = VII) {i
and was the only event greater than my, = 5.0. However, eleven events
between mp = 4.0 and 4.9 have occurred. The least squares regression for
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the zone has a slope of -0.95 and a 1,000-year event of m, = 6.2. The MCE
determined for this zone is my = 6.2 (Io = IX+) and the OBE is my, = 5.8

(Io = VIII+).
New Madrid

( The New Madrid region is the major source of seismic activity in the
central United States. It includes the intersection of the Pascola Arch and

Mississippli Embayment, Cenozoic alkalic intrusives, active faults revealed by
trenching (Russ, 1979), and active faults ‘nferred from microearthquake

trends (St. Louis University, 1980). 1Its northern boundary is defined by a
change ir earthquake density and the 3,000-foot stratigraphic contour on the
northern flank of the Pascola Arch. To the east it is bounded by Ather‘on's
second Mississippi Valley Fault and the east side of Stearns' 3ending Zone
2. Jts southeast border is defined by the east Mississippi gravity and
magnetic highs. The northwest border is defined by the west Mississippi
gravity and magnetic highs, Atherton's first Mississippi Valley Fault, and
igneous plugs inferred from gravity and magnetic anomalies.
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The stress regime in this region is complex with both tension and
compression cceurring south of latitude 36.,3°, and east-west compression
occurring to the north, Fault plane solutions exhibit normal, reverse, and
strike-slip movement (Herrmann, 1979; Street, et al, 1974). The trends of
the fault plane solutions strike northwest, northeast, and north-south
indicating a complex generating mechanism. The focal depth for these, as
well as all other central United States earthquakes, has been found to be
within the upper 20 kilometers of the crust (Nuttli & Herrmann, 1978b).

This zone has experienced 14,3 earthquakes per 1000 kmZ within the

last. 100 years. The maximum event is estimated to be proportional to a
= 7.4 (I, = XI-XII), the largest event of 1811-12 New Madrid 3eries

{Nuttli, 1973c). The equivalent energy output of the New Madrid Series is
estimated to be a single earthquake of mp = 7 1/2. A mp = 6.0 event
occurred in 1843 and a my = 6.2 event occurred in 1895. A total of six
events have occurred between m, = 5.0 and 5.4 during the last 160 years.
The least squares regression for the zone has a slope of -0.76 and a
1,000-year event of mp = 7.8. The MCE determined for this zone is scaled
tom, = 7.5 (I, = XI-XII). Although body-wave magnitude may not
instrumentally reach this value, far field motion and other magnitude values
will be proportional to mp = 7.5. The chosen OBE is my = 6.9 (Ip = X+).

West Embayment

The region west of the New Madrid area is one of moderate seismicity.
It is bounded on the north by the edge of the Mississippi Embayment Trough, :
and on the northwest by both Stearns' Bending Zone 3 and the western edge of |
northwest trending lineaments. Its southeast border is defined by the west
Mississippi gravity and magnetic highs, Atherton's first Mississippi Valley
Fault, and igneous plugs inferred from gravity and magnetic anomalies,
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The stress regime in this region is complex with the occurrence of both
tension and compression, Fault plane solutions indicate normal, reverse, and
strike-slip movement {(Herrmann, 1979; Street, et al, 1974).

The West Embayment Zone has experienced 5.2 earthquakes per 1000 km?
adjusted for a span of 100 years. The maximum known event is my = b.7
(Io = VI) with three other events occurring between my = 4.5 and 4.7.
The least squares regression for the West Embayment has a slope of -0.93 and
a 1,000-year event of = 6,4, The MCE determined for the West Embayment
Zone is m, = 6.1 (Io =m¥X) and the OBE is m, = 5.8 (I, = VIII+).

l..v""'«

Ozark Random

This is a region of moderate seismicity. It contains the Palmer and
Simms Mountain Fault Systems, the Black and Ellington Faults, and the entire

Ste. Genevieve - Rattlesnake Ferry Fault System. It also encompasses the
structurally highest part of the Ozark Dome and all areas of exposed

Precambrian rock. The northern boundary is defined by the Cottage Crove
Fault System, a change in earthquake epicenter density, a difference in
orientation of the regional structural trend, and a change in fault movement
from normal to reverse along the northern slope of the Ozark Uplift. The
eastern border is defined by the edge of the Fluorspar Fault Complex, and the
southeast border by both Stearns! Bending Zone 3 and the western edge of a
zone of northwest trending lineaments. The western border is based on the
contrast of earthquake densities and the end of faulting marginal to the

St. Francois Mountains,

The stress regime, distinct from the surrounding areas, is characterized
by north-south tension. Fault plane solutions indicate normal movement on a
northwest zone of weakness (Herrmann, 1979; Street, et al, 1G74).
Consideration was given to dividing this zone into northern and southern
portions; however, due to their similar seismicity, tectonic history and
geology, they were considered as one zone.

The Ozark Zone has experienced 3.4 earthquakes per 1000 km? per 100
years of corrected record. The maximum known event is m, = 5.0 (I, = VI)
with five other events occurring between My = 4.5 and 4.9. The least
squares regression for the zone has a slope of -0.98 and a 1,000-year
earthquake of my, = 6.2. The MCE determined for this zone is my = 6.0
(I, = IX-), and the OBE is my = 5.6 (I, = VIIT),

Nemaha

This north-south trending zone in eastern Kansas is associated with a
linear zone of moderate seismic activity. This zone also contains two
Cenozoic alkalic extrusives. The western border is defined by the western
edge of the Midcontinent Gravity and Magnetic High (MCGMH). The eastern
border is defined by the eastern edge of the MCGMH and the Nemaha Uplift -
Humbolt Fault System. The northern edge of this ~one is based on the change
to a northeast orientation of the MCGMH at its intersection with the Thurman { :

- Wilson Fault. The southern border is indefinite and, although 1t may
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extend as far as the Wichita Uplift, was defined as the southern iimit of the
north-south linear trend of higher seismicity.

During the last 100 year period, this zone has experienced 0.4
earthquakes per 1000 kmz. The maximum event of record is mp = 5.5
(I, = VIII) with two other events occurring between m, = 5. 0 and 5.4,
The paucity of historic earthquakes in this zone produced anomalous
earthquake recurrence statistics which were not further evaluated. The MCE
determined for the Nemaha Zone is my = 6.1 (I, = IX); the OBE is
m, = 5.8 (I, = VIII+) which is equivalent to the 500-year event.

Central US Random

This zone includes all the central United States within the study area
not lying within one of the previously described zones. It is characterized
by horizoutal compressive stress and low, random seismicity. This zone
contains such structural features as the Mississippi River Arcii, the Lincoln
Fold, the Cap au Gres faulted flexure, the shelf portions of the Illinois
Basin, the Sangamon Arch, the La Salle anticlinal belt, the Moorman Syncline,
and the Western Kentucky and Flourspar Fault Complexes. Consideration was
given to subdividing this area into smaller zones using some of these
features as boundaries. This subdivision did not create uniquely different
zones. The low earthquake density, the random seismicity within the zone,
and the lack of association between seismicity and geologic structure
indicate that the area should be considered as one large zone.

This zone has experienced 0.1 earthquakes per 1000 km2 in the previous
100 years. The maximum known earthquakes are two, widely distant my = 5.3
(I, = VII) earthquakes with thirteen events occurring between mp = 4.5
and N 9. The least squares regression for the zone has a slope of -1.15 and
a 1000-year event of mp = 5.6, when its area of 544,000 km2 was
normalized to 100,000 km2. The MCE determined for this zone is my = 5.6
(I, = VIII) and the OBE is m, = 5.3 (I, = VII-VIII).

TABLE OF DESIGN EARTHQUAKES FOR THE SEISMOTECTONIC ZONES

Zone MCE OBE
My ) My I,

Anna, Ohio 6.4 IX-X 6.1 IX
Southern Illinois - Wabash 6.5 X- 6.2 IX+
East Embayment 6.2 IX+ 5.8 VIII+
New Madrid 7.5 X1-XII 6.9 X+
West Embayment 6.1 IX 5.8 VIII+
Ozark Random 6.0 IX- 5.6 VIII
Nemaha 6.1 IX 5.8 VIII+
Central US Random 5.6 VIII 5.3 VII-VIII
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CONCLUSIONS

The boundaries and design earthquakes of eight seismotectonic zones have
been determined for the central United States. The design earthquakes for ¥
each of the zones are tabulated above. The seismotectonic zones and design
earthquakes will be used to assess ground shaking at the projects of the
St. Louis District, Corps of Engineers. Ground motions at St. Louis District
projects resolved from suggested design earthquakes should be expected to (k‘ ' @
exceed previous Corps of Engineers design criteria. The current
state-of-the-art of earthquake engineering does suggest, however, that these ‘
higher levels of shaking will occur.
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APPENDIX A

Lists of Historic Earthquakes

1., Historic Earthquakes by Chronological Date,

2. Earthquakes with Both Magnitude ana Intensity Determined.

3. Historic Earthquakes by Zones (foreshocks, aftershocks and swarms
removed: only primary or main earthquakes listed).

All three 1ists are derived from the same set of references,
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APPENDIX B

Recurrence Statistics

Date List of Earthquakes by Ten Year Intervals.
M - magnitude intervals: M=zl (mp=3.0-3.4), M=2 (mp=3.5-3.9), etc.
v - ordinal number for M 1in reverse chronological sequence,
* . earthquake occurrence within 15 days of the previous event,
¢ - earthquake of mp < 3.0 (event not used in calculations.)
Recurrence List by Magnitude Intervals,
# - ordinal number for M in reverse chronological sequence.
P(yr) - period of time (in years) before 1 January 1980. |
T(yr), T(da) - average time interval between earthquakes within the
same magnitude interval in years, T(yr), and days, T(da).
s(T)(da) - standard deviation of T in days.
R(#/yr) - rate of recurrence (inverse of T) in events per year for
each M,
Completeness Graphs,
T and s(" ' vs, P - minimum values of T and s(T) for each M
yields the estimate for the period of completeness.
Ten Year Listings (by magnitude, recurrence rate, intensity).
Recurrence Statistics Table,
log Nc¢ - logarithm of the cumulative exceedence probability.
a - log Nc intercept of the recurrence formula (log Nc € mp = 0).
b - slope of the recurrence formula.
r - coefficient of correlation of the recurrence formula.
s(e) - standard error of estimate of mp on log Nc.
Ne(cal){mp=3) - calculated Nc value (from rezurrence
formula) for my=3.
mp(cal) (NezE-3) - calculated mp value (from recurrence
formula) for Nc=0.001.
Recurrence Curve Graph., log Nj vs mp.
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Estimates of earthyuakes expected to recur in the future were utilized
in assessing preliminary seismotectonic zones, uniqueness of final zones,
maximum creaible earthquakes (MCE) for each zone, and operating basis
earthquakes (OBE) for each zone. Earthquake recurrence was evaluated by
statistical resolution of the known earthquakes which have occurred in the
zone,

The MCEs for the final zones were not statistically determined values.
The MCE for a zone was selected by comparing the geologic features, tectonic
framework, relative seismicity among the zones, and recurrence relations for
that zone. Considerable judgment by the review group was required to
interrelate sparse, reliable information with empirical relations and
subjective tests. In no case was a single indicator allowed to outweigh
other evaluations pertinent to the MCE. The OBE, by definition, should be
less intense than the MCE of the same zone. The OBE for each zone was based
on the seismic history and the certainty of occurrence of earthquakes.

An equation was determined relating body-wave magnitude (my) and
maximum Modified Mercalli Intensity (I,) for a variety of purposes. A list
of 139 earthquakes (Appendix A) defined in both units of my, and I, was
utilized to produce a linear regression by least square error, The fit was
constrained to the point for the largest event of the New Madrid 1611/1812
series: my = 7.4, I, = XI-XII (11.5). The relation is

-2.202 + 1.852 m,, or (1)

(Io)calculated
(my)ealeulateq = 1.189 + 0.540 I,. (2)

The standard deviation of I, on m, is 0.802. The coefficient of
correlation for I, on m, is 0.822. These equations were used within the
study area for estimating values of historic events and predicting
intensities from magnitude-recurrence curves.

Seventeen separate literature references were used to compile a complete
data base of historic earthquakes greater than m, = 3 (Appendix A). Over
1,000 individual events have been noted within the study area since the year
1800. Magnitude and intensity estimates were assigned to many
noninstrumented events based on work by Nuttli (197l4a, 1979c) or by equations
(1) and (2).

Each event of the historic list of earthquakes was assigned by location
to a zone., Swarms, foreshocks and aftershocks were eliminated from the zone
listings of historic earthquakes, such that only the largest (primary) event
of a group of related earthquakes was itemized. Chiburis (1979) recommended
the procedure of deleting smaller events within a short time period for

similar locations. The list of main earthquakes for each final zone is
itemized in Appendix A.

The zones were analyzed for the zmount of time the record of past
earthquakes was complete for intervals of body-wave magrnitude by methods of
Stepp (1973), Nuttli (1974a), and Chiburis (1979). The period to which the

data is complete may be assessed graphically: graph (for each magnitude
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interval) logarithmic values of both the mean time period per earthquake, t,
and the sample deviation of this mean persod, s(t), against period in years.
For a sufficient number of events within a magnitude interval, t and s(t)
should be minima near the date of reccrd completeness. Tables of magnitude
and intensity, curves of t and s(t), zonal listings of recurrence statistics,
and graphs of recurrence relationships are contained herein for each final
zone.

Recurrence estimates may be assessed for each zone from the number of
events and the period of completeness for -he magnitude intervals.
Occurrence probability for any interval is the number of main events divided
by the period of completeness., The likelihood that a magnitude interval will
be exceeded is called the annual exceedance probability, N, and is the sum of
all the occurrence probabilities for intervals greater than and equal to the
magnitude interval assessed. (For the Central US Zone which is 5uli,00C
square kilometers in area, the N values are reduced by a factor of 5.U44 to
normalize its area to 100,000 square kilometers.) Engineering risk for an
earthquake of a given magnitude is equivalent to the annual exceedance
probability for that magnitude. The mean return period for a given event is
the inverse of N at the same my. The magnitude relation to annual

exceedance probability is defined by
mp = &+ B log N, (3)

where o is the magnitude intercept, and 8 is the line slope. This form

of the equation is used because the exceedance probability is known
accurately via dates of occurrence, while magnitude values are less well
known estimates (Neville & Kennedy, 1964). Regression fits ol equation (3)
are resolved into the common form,

log N =a+bmy (4)

where a = - o/f and b = 1/B. Lastly, equations (3) and (U4) were
corrected by procedures of Herrmann (1977). This method adjusts the
incremental data to cumulative exceedance probability before coumputing
magnitude-recurrence relationships.

The design earthquakes for a zone are evaluated in part via regression
fits and confidence limits on the mp, N data. Four linear fits of the data
were considered: 1least square regression, regression constrained to a point
by least square error analysis, regression constrained to a slope by least
square error analysis, and least square regression of weighted (duplicate
point) data. Linear regression is the best objective fit of a data set.
When the fit was constrained to a point, the constraining point was
mp = MCE and log N = -3 (the MCE occurring once in 1,000 years). When the
fit was constrained to a slope, the slope used was b = 0.92. Nuttli &
Herrmann (1978b) recommend this slope for the entire central U.S. This
assumption was applied to each zone by finding the best line fit for that
slope. The last type of linear match was the weighted fit of data, similar

Eipet-t 2 4

to that utilized by Nuttli (1974a). Note that recurrence lineations are
slightly different than the exact fits due to the adjustment for incremental i
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data to cumulative exceedance probability regressions. Graphs of recurrence
curves for each zone are shown in this appendix,

A variety of statistics were determined to evaluate the strength of the

linear fits for each zone. The coefficient of correlation, r, anu the
standard error of estimate on m,, s(e), were resolved for lines which did
not have negative values within a square root (Maksoudian, 1969)., A "t
distribution" assessment (Neville & Kennedy, 1964) was used to determine the
confidence bands of the mean magnitudes and the slopes, and significance
tests for a theoretical slope value. Significance tests on the theoretical

‘ slope of b = -0,92 compared with the least square fit indicate that the

] Southern Illinois-Wabash Zone has a linear regression slope significantly
different than the theoretical one. The East Embayment and West Embayment :

. each have linear regressions very similar to b = -0.92 for the least square

| fit.

K The St. Louis District has chosen the OBE to be based upon the 100-year

s earthquake with a 95 percent statistical confidence by "t distribution®
assessment. Utjilizing these recurrence statistics (Neville & Kennedy, 1964),
a sample value of the OBE for any fit can be computed by

. ) ) 1/2

. } - ————

} obeSample = a- 2B+ tn_2’10%l.1 +n o+ (=2 -1log ) 2] (%)

H L I (log Ni- Tog )

g where o, B and N are defined in equation (3),

! t is the t distribution value for a 5 percent upper bound,

n i1s the number of data points, and

! i represents an individual data value from 1 to n.
The value of this earthquake (sample OBE) was computed from the recurrence
curve through the MCE at 1000 years. The chosen OBE, in compariscr with the
95 percent confidence 100-year event (sample CBE), was not allowed t.o be

{ greater than the 500-year event on the same curve., The 500-year earthquake
has only an 18 percenrt likelihood of being exceeded in any 100 year period.
The chosen OBE also was restricted to be greater than the largest historic

‘ event (last 160 years).

M The variety of recurrence data parameters for each final zone are listed

in this appendix.

The MCE and OBE for each zone are specified by both m, and Io' The
second significant digit for the my of the design event is given in order
that estimates of ground shaking may be confined to a sufficiently narrow

band. The intensity of the design earthquakes was determined by equation (1)
and specified in Roman numerals. A negative (-) or positive (+) sign is

utilized when the desisrn values are just smaller or greater, respectively,
than the specified in.ensities., A range of Modified Mercalli intensities is
used for I, when the calculated design v .ues are midway between two

intensities.
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ANNA, OHIO

Zone: AHHA Date List
Year,MoDa M- # ‘‘ear.MoDa M- @ Year.MoDa M- # Year.MoDa B~ @
1956, 127 3- i 1944, 1113 3- 2 1939, 7 9 t- 1 1939, 617 2~
1339, 313 1~ 2 ¥ 1939, 318 2- 2 i93?. § 2 2- 3 % 1937, 427 1- 3
% 1937, 423 1- 4 1937, 39 5- 1 x 1937, 33 3- 3% 1937, Ji1- S
¥ 193?7, 32 98- 2 1933, 222 2- ¢4 1931.10 8 {1~ 6 1931. 928 5~ 3
1931, 331 1- 7 % 1931, 321 1- 8 1936.10 0 2~ S5 x 1930. 930 S~ ¢
4 1930, 929 {- 9 1930, 62?7 2- 6 % 1930, 626 2~ ? 1929, 8 3- 4
1928.1027 1- 10 1925.186 8 t- 11 1914, 0 0 1~ 12 1906, 423 3- S
1892, 023 1- 13 1889. 9 0 1- 14 1884.1223 1- 1% 1684, 919 4~
1882, 2 9 3- ¢ 1876. 6 @ 3- ? 1875, 618 S~ S
-one: ANMA Recurrence List
L) P T T (T R ’ P T T s<(T) R
(yrd>  (yr) J(dad d(dad C(d2yr) (yrd> (yrd> (dad> <C(da) <C8/yr)
i 40 40 14768 8.82% 2 24 3008 0.04§
3 45 16 5939 4513 0.062 4 31 13 4673 4301 0,078
S 54 11 3963 4405 0.092 é 66 11 4018 4208 0,091
7 88 13 4892 39%@ 0,080 8 90 11 4124 3767 0.089
? SS 14 38%6 3622 0.
RANGE mb: 3,5-3.9
i 41 41 14807 0.823 2 41 28 7449 9.849
3 43 14 85194 3027 o0.070 4 4?7 12 4278 4773 @.08%
5 9% 186 3617 4562 o.101
RANGE mb: 4.0-4,4
1 24 24 8739 0.0842 P4 33 18 6416 9.837
3 81 17 6187 11412 0,0%9 74 18 6729 1169 @.0%¢
3 99 20 7151 1014 0.051 6 104 17 6306 93¢ 0.03%8
RANGE mb: 4,%-4.9
| 93 1?7 6306 0.0%8
RANGE nb: 5,0-5.4
1 43 43 13637 9.023 2 48 24 8817 9.041
3 49 16 5996 4957 @.061 4 105 26 9345 40358 0,938
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ZOHE: Amnna, Ohio C(AREA = 7.7 19?3 sq kn;

Peri1od of Hunber Occurrance Exceedence Exceedence
nh Ronge Calculation of Events Prob Prob, Ni Return Per’d
‘years’ (per year> (per year) (years)
» 5.7 160 2]
5'5-509 150 0
5.9~-5.4 120 4 9.033 0.033 36
4.5-4,9 100 1 0.010 0.043 23
4,0-4.4 80 4 9.6506 8.093 11
3.5-3.9 S0 ) 9.1080 0.193 5
3,0-3.4 0 0
mb,Y data i)X dat Period(years) Weight
5.2 9.03 2
4.7 0.043 100 2
4.2 0.093 80 4
3.7 0.193 S0 4

1og Ni used as the independent variable} converted to Nc and resolved
to the general form, 109 Nc on mb.
Ncdcald mbdcal)d

log Ncm a + b nb r sce) (mb=3) (Nc=E~-3) FIT

1.48 -0054 _"0. 98 0093_ 00?0 8!2 LCQSt Sqqu‘s
mbad, 45} ts(nb>28.22} ts(b)=0,74j0be=?,.2(270yrs)

2.88 -8.92 .-9.59 8.29_ .34 6.4 Con‘d to 6.4,.001
nb=d, 45;ts(nb)=0 523 ts(b)=1.7?330be=7.2¢(5230uyrs)

2.92 -0.92 -0,58 0.29 1.46 6.4 Con™d to b=-,92
tlbical=1.49 < 2.92=t(10%)

1.51 -0.85% -0.99 8.02 0.71 8.2 Htd:1,4,4,2,2,1

Zomnea Armra, Ohio

1@6*

- *0" Lineor fits computed for Ne from Ni,mb
-1
Z A “3 data (NI as 'ndependent voriabled
N z>
: 2 15 FIT: iog Ne « a « b mb
j 1 - - LS 1.48 -2.54
as ©x. - b 2.92 -0.92
M » - ST 1.51 =~@.56
8 g ————— Pt 2.88 -0.92
Q>
@ ¢
[N i
L
W 0
O .
2
q -~
Q0
W - @ 1
Ll »
O C
X ¢
W »
0
14 el
148
- - e Ot
Z0
W)
T
g 8 T' 4+ (Ni,mb) data pointa »
hed Q@ aa‘_‘tg N computed obe for fit ‘Q\
4

0 1089 vear event for fit
.

4 - 4 s i } : i {
T Lo T T — T $ { —_—

4 s 8 7 8

w¢4n

MAGNITUDE dmb>d

51




SECUNNNNDNAONN -
- -

’”~~ ~
< — 04 Ve CWVINA U e €O Lt Do nMm ™
NN . I VOO WO - ) P A €O ™M MM
t 2 L L T RS @~ NN — o st ot ot ome DD et e xS ®® A P
*« . o o o o o o o o ¢ & o o o
SNV~ D) OO D ~ -1 -1 -1 LI 11 7.-7. v o® o> @
e MANUGANN
“Abedotats L et L] A~ DN MDD DNV AA @O )
M.JJ.J.J....J ~g " —~ DA O AN g 22 @
X LD OO = O ~ v o] -] T DRAD -Badack 4 e S P
INONCTMNAG~OAN D 0w -t - o ot
» SrrnrrRrrNrDOD
- -~ o rvnNeN O TR S 02 ~NG o
< » -0 nma ON P DON *TOOND -9 @ v -
B VNN AMMOMMm DM A O 3 8o b 4t by
w 013133818&351 ~ ———y NN N Mo e w
-~ o
< A NN OV e -
VB Ly ~ Mo —A OO WMANN
W H42323153252} TW - TW N [ Lag) -
IMAUDNMO®ACON ~ ~
l e BRZa IR a Y
- -
L o ceemes o ~ v NOANMNO NMe O ~ oM ?% %
[¢3] ® e o o 00 00 0000 a < — NN WA MO PW o N
LTPOMNMANOINDONAOD D
s SRR a e © ?
o Yllc&lll«lllllm N O MTOIOON NTYOOD w'o N (93]
N -~ = -t - ﬂ -
L]
Rl -
- UNMDCA TR~ - ~ - ~
i | = b A < MAM— UNOODODON AMm—hl < LN on %ﬁ
Y N =DM MeeMTION DNOANTH N v AN —-m N ~
1 4 2ALLAABEALL S g @3 SONS SISnnS 59808 o ¢ x2S 3= g -
——— - c » e 6o ¢ o o o w0 en eee e e s .
— hot TND NP DO ) et v ~ COOP CPECOP CSCOOD © v oo o0 o0
. — v
-4 O NN NN Med <
=z OWVWNODNDIOMTRH NN W A~ D Ix 2] MO VYNOM 2 A~ (VY. - [--)
y = - U o A~ DY e etDd M A A U s AM S >
o 9 CRROEBVW—mA G o W FED®  NUmPAD VauTH e we N3 s R
- = —
< BT UID T UINI N~ SO
1Y) W999999999988 e ~es oo
Tt vt T Pt e Y o el =t D et o r”n M AOOINNAAYT O -~
xI -9 FITRR M%?”nune FNNNNO T — OW—® s oM
: SRS A SRRt bt 5535 82 a8
e TN ODDOOMTon YT, Mecac . v weT 6
- ] 1 1
~ OO O N
o Fb.&.bb&&b?..& 1 £9458J18????8JWH“9?“56 1522 288 NSS
w SN=0— A ) > ™ ™ - - o £ )
a ~
I OTOORTTDROR—~VINN = - =
b Bun-BNaRSARNG o - - - - - v S 3
) N\ e - . AN QU Dy
. SN QD C =t I QD OIT DN QD -
U Srtrird A .. oy 2P DOBETONSERRERYIRTRe T L5VPR Twe Tow
¥ LODOMORNURD DD ¥ > ~w “w g 2 w w
E SAVDTUNN—~DOANM 5 - w e ] e} > Ix] [x]
3 Nwwwwwwwwwwwww 3 Z MO Z =IO Pt E st MNP rs T e * N T Zee
= L. ¢ L 4 s L -k -
> " I3 a P~ o ac -3
s 2
—-—— — T = = l<(i\‘lvM| o \.Wl.(loﬂw.l ST e wﬂﬂ!f\'\rﬂl\uﬁ\%’. Yo Yigem g€ - — I Vg -~
p, :




CABE ! ®Jojeq BSUOSAY J “QOTIHIL
oSt [=1= s =]
- 1
- [}
N
—
x v
x
+ +4 7 s n
Tl % * € ®
-
> > wNu T s “ X
s i
H [N
- - « o
Q‘ i <
]
. v
n |
1
4 ES
CO8B ! ®JOo4eg BICBADd J “COINIJ
[= 3=} 21 es =]
6 r-S r v
vy s-e s M M MHM M 4m
6 s-5 s !
88 < — r -8 x 3-% .
- € H
. K
- =
T
+ “- )( M
I "% . T 7 + 5
- > * .
x - n
-~ b v & e - A
x o <
x >
S - x_‘u
Y v v = 8-
- - w. u._w
8 G TR z
. o
: v
¢ <] L 0
A
:
£
3
SMIS suo T w

.

GETTE T v - nﬂl?@b\‘v!a T Y T
N

10 YEAR LISTING of Earthaquakes by Hagni tude

¥¥% 20NE SIKB %%%
3-3.4 3.5-3.9 4-4.4 4.5-4,9 5-5.4 3,5-5.9 )>3.9

<3

4h

o

- - -— ™
o~ bad - -

el ad - hadadad ‘o
- i) et e -—
—

o NN NNy - ™M
-

U ee  —tee r-
-]

BHORNBRRNRARADCODABRARNNAN
NONDTMIUN—BNONDNDTMN~DoN
999999999098899889?
Ri&‘&‘ll“‘ll““‘l‘l‘s
n-.-.-——uun—--n-.n
WODDODPRROODDDDODDOTOD
IOV CEMNINN—DNDONONCTMN~DRhD
999999998888803888?
- - e -

1978
3.8

RECEWT YERR =
MAX nb =

44
1838
3.0

HIN nb =

§ of events =
EARLY YEAR =

53




o m A e a7

e cn A T LI TR AT AL
- v i R T S LS G T ER GRATGAGNT Y T AR
sy TR TN P N R Y N e~
y AETROTETTTR S

et fotied LR vy g -

e’

Xt
0

o
X!
e

e ——

POINDOANTON
04 ot et O (\J o=t 0t ot ome (\J == D
(1121 1.-1.-1.-X.-Y.-1. T ) [a gt

® & 8 » & & & ¢ 0o & 0 s 91

. .
OOODPOODPOADOEID -

X
)

SMND
nmMmNc
L1111

MANMON N AL
MNNMM NN
ORPIDPDIDIPND w
® o s 0 0 0 0 o s e o

DOPOOIDDIDIVOD

IX
9

VIl
H
{

MAX lo =

ODBNODTMVTDNBOMOD
SHVBEYINTMITNNNETYTYTM
~OODVONHIIODDODODD W0
R » o e s o o

ROV

ull
1
2
2
!
6
RECENT YEAR =

vl
{
i
1

——y oy o= N 6 \W
DMDODMAN =D = NINNMIN
DOMDVMINN—~DRADN N O
VOO P et et 1 s DNODOD —~

D et ettt - Py

DOMODMIMDMDDODDBMAL o
DIMINUMTINMN~ODNADD

otototomototototosrton e DDD MM

VPOPPDDVIDDDIOODD

153 ZO0NE S1KB ¥¥%

1w

¥Xk ZONE SIWB %3¥%
3-3.4 3,5-3.9 4-4.4 4.5-4.9 5-5.4 5.5-5.9 >3.9

N Nwe LTy -

13
54

DON-NDAADRVODCDCDN-9
DRONN—DANAVNNN TP
NNttt et QDD VDV DDD N

111

—_\jort et g [

11

3
0

mb

DAADARNDBARANRRARNN > == ’
M~ DADNOBNCIN DN ¥ -x
DA DDODDDDDDDN -d
indnbabab ol ol adalolelad 22T T 17, R 23
ISR [-1:4
DOV DDBODDNDODORIOSD w
MN—=DADN BN CIIN~BAN B
AAMNNCDPODB DO TEDOHN

1960-1969
1950-1359
1548-1949

10 VEAR LISTING of Recurrence Rate, R (9/yr); by Magnitude
YERR
1970-1979

18 YEAR LISTING of Earthauakes by mox MM Intensity

)
4
6
S
4
3
2
1
0
9
8
?
6
S
4
3
2
TOTAL #




,,
& Biinsaenntte v K

24 o 7
- g
[T V- P S 7 SN Wy

]

cen e e

20HE: S IL ~ Wabash C(AREA = 29.2 1813 sa km)

Peri1od of Number Occurrance Exceedence Exceedence

nh Range Calcutlation of Events Prob Prob, Hi Return Per’d
iyears> (per year) (per year) (years)
v 85,9 160 e
5.8-8.9 160 3 0.919 0.019 53
$.0-5.4 123 4 2.032 0.051 29
4.5~-4.9 110 6 v.05% 9.103 9
4,0~4.4 80 18 0.125 0.2308 4
3.5-3,9 80 12 0.150 0.380 3
318‘3-4 0 0
mbyY data Ni,X data Period(years) Weight
5.7 0.919 160 {
3.2 0.051 125 2
4.7 0.108S 1108 2
4.2 0.230 80 4
3.7 0.3%08 809 4

log Ni used os the independent variable} converted to NHc and resolved
to the general form, log Nc on mb,
Hcical)d mb(cald

10g Nc= a + r s(e) (Mb=a3) <Nc=E 3) FIT

2.22 -0. 66 .=~9.99 0.,08_ 1.71 ’.8 Least Squares
mbs4, 703 ts(mb>=0.113 ts(b)=Q, 23;obe=6 ?(lsegrs)

3.6% -1.02 -8.65 08.26_ 3.9 6.5 Con*d to 6.5,.001
M4, 70} ts(nb)=8, 36)ts(b)=0 ?8;0b¢-6 7¢1568yrs)

3.29 -0.92 -0.72 0,19 3.3 6.8 Con*d to b=-,92
t(b)cal-a 6% < 3. 1e-t<s/>

2.12 ~0,.83 -0.99 0.01 1.63 8.1 Wtdil1:4,4,2,2,1

Zormea S IL / Wabash

(R=1=EN

- _:""" Linear fite computed for Nc from Ni,mb
Z A .-§§ data (NI as independant varlabie)
N 2>
: "g “;v FIT) 109 Ne = a + b mb
H - — LS 2.22 -0.88
A % ere L - 3.29 -0.92
n @ T W 2.:2 -0.83
1 C K e P 3 8s -1.02
n 9
Q>
x ¢
o

L
W o
O &
2
4 -
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W «
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X 9
W »

0

4]

T "
+ (Ni,mb) dato pointas N
9 001 :ti AN computed obe for fit \Ke)? ®
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EAST EMBAYMENT

2one: EEMB Date Laist
i vear,.Molia M- # ‘fear,MoDa N~ # Year.MoDa M~ @ Year.MoDa H- # ¢
| © 1973. 217 0- 88 1572, 618 1- | 1963. 8 2 3- | 1962, 216 2- 1 {
] ¥ 1962, 2 2 3- 2 1957, 326 2- 2 1947, 326 3- 3 1940, 331 3~ 4 g
i 13326, 8 2 2- 3 1931, 4 6 2- 4 % 1931, 4§ 2- & 1938. 9 3 1- 2
i ¥ 1930, 9 3 1- 3 1938, 1 2 1- 4 1927?. S 7 6- 1 192S8. 513 2- 6
1924, 4 2 2- ¢ 1922, 323 3- 8§ x 1922. 322 3- 6 %x 1922, 322 4- 1
! 19816.1019 1- 5§ 1915,1026 3- 7? 1908.1231 1- 6 % 1908.1227 3- 8
| 1697, 438 3- 9 % 1897, 425 3- 10 1872, 326 t- 7?7 1839. 9 5 2- 8
\% Zone! EENB - Recurrence List
k s<Td R ¢ P T T s R
& \;i ' ‘.yift (y:" (d;\ :l;a) (W7yr> (yrd) <(yr) <da) <(dad <(#/yr)
t 4 : 3.8-3.4
$ Rﬁ?GE “g 8 2782 0.133 2 49 25 9008 o857 g.gg%
3 e 1?7 ©087 3130 6.060 4 63 16 S?zé EEH 0.0‘6
% S 71 14 5186 2238 0.0790 6 108 18 635 N
1
1 RANGE mb: 3,%-3.9 4158 0.008
3 1 18 18 6527 8.856 2 23 1 .
) 3 4 13 o % ote3 & 8 15 1332 18 e
:j ; 8 8 2909 1252 0.126 3 140 18 6406 1374 ©.857?
RANGE nbi 4,0-4,4 0.112
[ 16 %998 8.961 2 18 9 3271 .
;5 13 i06a lovs o.a7 & 31 13 4323 '35 :aed
4 . N
- ; 33 12 4313 8688 0.083 8 83 1@ 37?5 837 0.097
RANGE mb: 4.5-4.9 )
! \oF 58 J2 377 8.097
g RANGE mb: + 99,
i s3° 10 3775 0.0897
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10 YEAR LISTING of Earthquakes by Magnitude
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10 VEAR LISTING of Earthaquakes by max NN Intensity
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IOHE: East Embayment C(AREA = 11,6 1813 sa km)

e

i e b .

oyt

Pericd Of Number Occurrance Exccedence Exceedence
mbh Range Calculation of Events Prob Prob, Ni Return Per’d
(years> (per year) (per year) (years)>
v 5,9 160 0
$5.95-%5.9 160 1 0.006 8.006 160
4.5~4.9 100 | 0.010 9.016 62
4.9-404 85 8 8-094 9.119 9
3.%-3.9 60 7 0.117 0.22?7 4
3.8~3.4 *] 0 )
moy ¥ data Hi,¥X data Period{years) Height
5.7 0.006 160 1
5.2 a.006 128 2
4.7 0.016 100 2
4.2 0.1190 85 4
3.7 6.227 60 4
log Ni used as the independent variablej converted to Nc and resolved
to the general Forn, log Nc on Mb.
Nc<cal) mb{cal)
log Nc= a + mb r se) (nb=3) (Nc=E-3) FI1T
2.88 -0 95 ~-9.96 0,08_ 1.0 6.2 Least Squares
nba4, 70} tsCmb) =8, 28;ts(b)=8 433 0be=5.8(470yrs)
2.74 -0.92 -0.99 9.03 9.98 6.2 Con*d to b=-,92
tib)cal=0.19 < 2.35=t(19%)
3013 -‘002 -009? 0.94 ‘018 6-9 “td:l;‘,‘.z,z,l

Zoma. East Embaymernt

18034
- :;3 Linear flits computed for Nc from Ni,.mb
% A nzg data (Ni oe independent variable)
e v
= g 1% FIT- iog Nac = a + b mb
HI col- —_— LS 2.89 -9.985
ae T' e e b 2.74 -0.892
ne T e Wt 3.13 -1.02
< C T
m
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coned NMAD Recurrence List

] P T T s<TY R L 4 T T sCT) R
(yr™  {yry  (da) (da) (#-yr) (yrd>  Cyrd> (dad) (da) <(#/yr)
RANGE nmb: 4.0-4.4
1 5 S 1662 0,220 2 [ 3 1029 0.355
] 3 8 3 @@ 4 g3 &8z sy o4m e
k. Ny o . 6 .
3 1 'd 20 3 1028 339 0.35% 8 20 2 918 315 09.402
% % 9 20 2 813 300 0.44S i9 21 2 763 298 8.479
. 11 22 2 226 283 o0.587 12 22 2 661 288 8,552
T O 13 22 2 616 279 0.593 14 22 2 572 280 0.638
s 15 23 2 564 281 0.647 16 24 2 549 280 0.66%
I 17 24 1 923 281 0.699 18 26 { 521 288 0,701
5 ‘F 19 2°? 1 319 279 0.703 20 28 1 509 2?8 0.718
S 21 31 1 338 2?5 0.679 22 3 1 314 2?3 0.711
M e3 32 { 309 271 0,718 24 34 1 519 268 0.763
§ 28 38 2 539 265 0.654 26 46 2 647 260 0.%64
1 2?7 49 2 667 233 0.%47 28 49 2 644 2350 0.568
B 29 32 2 660 246 0.554 39 33 2 642 242 0.569
4 31 33 2 6238 238 0.584 32 54 2 613 235 0.596
«w‘ 33 Sé 2 613 232 0.554 34 56 2 603 229 0.606
Torey 3% 38 2 603 226 0.606 k[N 61 2 621 223 0.588
; , 3? 64 2 628 220 0.582 38 65 2 622 217 0.588
73 39 i 2 667 214 0.548 40 71 2 651 212 9.561
X 41 26 2 678 209 0,539 42 79 2 €86 208 0.532
{ 4] 93 2 808 283 08.452 44 96 2 801 203 0.456
T 43 9? 2 83 201 0.465 46 9?7 2 T4 200 0.472
= 4?7 99 2 773 198 0.473 48 102 2 7?S 196 0.472
49 104 2 e 194 0.470 30 1107 2 ?’?9 193 0.469
Y
é
i
‘x
‘ ———
. Zone! HMRAD Recurrence List
1 R
T T s(T) R ] P T T s(T)
: ,{’ ' .._.,f) (yry  (dad <¢dad Ch‘yr) (er)  (yr) (da) (da) (87yr)
‘ 91 123 2 862 192 6.414 52 13 3 928 193 ©.39?
3 13? 3 943 194 0.386 S4 138 3 933 194 0.391
58 280 4 g 1368 247 90.196
RANCE 2% *32 5330 8.942 2 25 12 4522 0.081
3 28 8 3033 2959 0.120 4 27 ? 2507 2824 0.146
S 38 8 2785 259. 0.131 6 41 ¢ 2513 2432 0.145
: ? 43 6 2367 2306 0.154 8 56 ? 235357 2178 8.143
. 9 63 ? 2558 2069 9.143 10 64 6 2340 1983 0.1%6
! 11 g2 7 2708 1694 0.13% 12 92 8 2813 1812 0.136
13 94 7 2635 17245 0.139 14 9? ? 2519 1687 0.145
{ 1S 9? 6 2361 1640 0.1%5 16 181 6 2308 1597 0.158
; 17 121 ? 2606 1551 0.140 18 126 ¢ 2538 15909 0,143
§
x b: 5.0'5.4
) RA?GE "4 4 1377 0.26% 33 26 9616 0.838
! 3 86 19 6639 4192 0.053 4 74 19 6798 3448 9.054
: S 76 15 3%63 2998 8.966 114 19 6962 2788 0.052
nb: > 3.9
RRTGE 84 84 307414 0.812 2 137 68 25017 8.815
3 168 56 209441 Si61 0.018
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18 YEAR LISTING of Ear thauakes by Magnitude
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SEE
b
SE
S
T;~‘ COME: HMAD +AREA = 18.8 1613 sq km)
et Period of Humber Dccurrance Exceedence Exceedence
nh Range Calculation of Events Prob Prob, Ni Return Per’d
‘years) (per year) {(per 3¢cr) {years)
> 8.9 160 2 . 000 6.613 80
5.5-%.9 160 8 . 008 9,013 80
5.0-5.4 160 6 0.038 0.0%50 20
4,5-4.9 130 18 0.138 9,188 S
4.0-4.4 110 50 8.45% 08,643 2
3.85-3.9 80 S1 9.638 1.281 i
mby ¥ data N1, X data Period(years) WHeight
s.° 2.013 160 {
5.2 0.050 160 2
4,? 0.188 130 2 :
4,2 0.643 110 4 i
30? 1028‘ 80 4 I
3.2 3.081 20 1 X
1og N1 used as the independent variable} converted to Nc and resolved '§
to the generatl formy 109 Nc on mb, q
Nc(cal) mblcald |
log Nc= @ ¢+ b nb r s(e) (Mb23> (Nc=E-3) FlT i
3.68 -0.97 _-9,99 0.02. 5.91 6.9 Least Sauares i
€; Mbed, 455 ts(Mb>=0.11; tsCb)=D, 14j0bex6, 2(220yrs) i
1 .11 -0.82 7.5 Con‘d to 7.5,.001
a nb=4, 458ts(nb>-0 213t3<b)-9.26;ob¢-6 9(3503rs)
b 3.48 -0,92 5.27 7.0 Con‘d to b=-,92
ﬁ t(b>cal=0,77 ¢ 2.13=¢(10%)
' ;\é 3.72 -0,97 -0.99 0.92 6.41 6.9 Htd:1,4,4,2.2,1
i 3 Zome NMAD
} 1004
§ - 3 Limear flte computed for MNc from Ni,mb
Z A gs data (Ni as |ndependent variabled
N zr
tg < FIT: log Ne »w a + b mb
H - LS 368 -8 &7
24 10z¢ b 3 48 -0 92
Py R it s 72 -2 o7
q C 3. 020 = Pt 3.1 -9.82
8]
Q>
Q¢ |
o 1t
t
w o °
(TN
2
: I
09
W - O ‘4
W e -
O ¢ N
X ¢
W e
0
I
< a.ax¥_
Z Y T
W J +
P .
( W € -
g 3 § 4+ CNi,mb) daota pointe N e
7 o oG ©.3 2 computed obe for Tit b\
H ¢ 1002 vear wveni for f t N
¥ e e e e} -
3 4 S & rd 8
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i

ZOME: N Madrid w 1812 (AREA = 18.8 1813 sa km)

s s St Mgt S et 2 TSN

mky ¥ data His¥X data Pcriod(zccrs) uci?ht
7.2 8,006 1?7
6.7 0.0606 160 1
6.2 0.918 160 1
S.7 9.018 160 1
5.2 9.05%56 160 2 :
4.7 0,192 128 2 . |
4.2 9. 649 110 4 (_;
3.7 1.287 80 4 .
3.2 3.087 20 1

1og Ni used as the independent variable} converted to Nc and resolved
to the general form, 109 Nc on mb.
Nc(cal) mnmbicald

£ T e P AEL T P VIR AT

log Hem @+ b r s(e) (nb=3> (N¢=E-3) FIT :
2.94 -0, ?6 -0,98 0.095_ 4.69 7.8 Least Squares :
nb=S, 203 ts(Nb)>=0, 173 ts(b)=0. 17} obe=?.1(260yrs> i
3
3.25 ~0,83 -0.89 0.14_ 5.63 7.9 Con‘d to 7.5,.001 i
nb=5, 203 ts(nb)>=0. 19;ts(b)=0 2030be=6.9(330yrs) ;
3.70 -9.92  -0.81 8,21 8.8 7.3 Con‘d to b=-.92 |
tibdcal=1.79 ¢ 90=t<10/) t
3.04 -0.78 ~9.99 8.03 5.08 7.8 Htd:1,4,4,2,2,1 i
4
3
Zome: N Madrid w 1812 %
i
1804 ;
- ;gg Linear fits computed for Nc from Ni,mb .
Z N 442 data (Ni as independent varlaoble)
M 33
e g 1& FIT: log Ne » a+ b mb
H - LS 2.94 -0.78
d Q ’axﬁ .......... b 3.78 -0.92 §
) T, e Wt 3.04 -8.78 H
q4 C Y. emm——— Pt 3.25 -0.83 ‘
o e
0>
X ¢
(i} -
L A
Ww o #
0% :
Y4 H
qQ - 3
a0
o -
W » ’
O C :
X &
W « 5
0 :
Ja :
< 3
- :
20 :
W ) 3
b f + &"\ ;
¥ 0 IR .
(2) V o ea) '3 :; 22:;:‘::::&:: i::.l-n:t 50:
a f D 1002 vear event for fit =, NS
——t—t—t—t—
3 4 s 6 7 8

MAGNITUDE dImb>

66




e R R B I MM T P~

s ae—— i s SN P iy T AL e AN SRS e B M s B AT AN g W M SO

~

TR~ TMIA P DOOM e [ 8 RTODNOMDY - 1 2 T
AR XS  PNSTAUNN S Dt Booe AN ——®
HlJll‘......... - * ®o ¢ 0o 0 0 00 ® o o s o o o o - . o o -
"= O O O\ ot ot w0 =t ~ NN—=~DODOOD DOOSD DOD -~ OPD [.-1- -]

0313300‘5‘8800‘
430&132‘23 Moy ~ A D e DT ON VORN

a
! OV DO e I oo P DD s -0 DOOwe N AN OO -
! 2 Vo DD - -8 Mmaum
: L I L %3 NONNONn MM on vO N he
! £ DNOINNDM DI O i) s e w ~
u””%%“33221198?
bbb b L T OATPPINB DUV ®D e A Vwen w
- ] NODTR—DND NNOW— mr-cy g Mmoo o
- " e ] ——MA MM AN DOW eer Ay DN VD O on
~ .t e e O MmN *mm v Nue ™o
MODNTNA
- negnunun
~ CO—~NTEMND LYV XYY Mmoo A WD on
EbL by =S - - "5 - -
— Tt ot et W 1) s (3 ) (A wne MY P 2 2
~
= SMUTMIN O OMMD e v
N EmRmnIN iy A SUNAOMUETD D= Nw  OeM
-
T3] P adbi DNnneun ac ~MeTTD® ~OVOY MO at sas ~®°
e & o = s @ . o L) - -
= COTIOM O M DI OV A ~ ~ -
PSS S i B - L1 MTVDONTOD NTOVOD TW
m » oy l..u ~ H
Y -~
O M < NN MO D < oD -
= . @ b bl ol Sy hd VR NODDTADDON DODMRe o v S5O8R% &%
LJ by g R" DM TN DD otetotos v @D P VR il dd i 4
U] e ¢ o e 0 0 0 o o o o o o o o o o @ c ® . . s PR
Y EmOamumadam ek v ~ VUNODODOD ODODOD ODS® v oo o S
— -~ INNDA—~TMNNDNTOe 5 g
O3 QQiceeem P e Sy 3 ~AA e e —nO—®D OTRHDO N I3 FAvOM®
[4s) h248‘22|¢2436°°? v —g NDTMHOVNMD MAHhOBNY Ny YU - ON—ON %
> = L —~—e M %3 NTONON D—~NM™ kLR ¥V - BWONfow Py
- 3 Con Sgs s s “mmm = ®
-~ 00T TMMAIN
= h9999999999ﬂ%”” AN UDMOND=OM OO DID —CeW Al es N o
3 ot e 00 ot e e 2 ot et e o -0 M T L POACTVECD D —h - OMmTion —
T T e hMNOD AN OVD—~DCDR N TOTO®M AOW
o Foy e ~ 1w -t ot et ot (\J 1“553222402332 NN -~
‘51122548?03‘36 1 t ) M
- - - Ceeee T COODUTIMNG NVVONVVED—~A® APFe0®  W—
NN ] [ ] 91w 1w«..|c0. 4.0. L g™
@ T T NIM s =AM M P ™ = - m W - A
s WS%IHZ&%!B?33059 E . - . £ |
- e O\ e O ) e N DO NTAOMNA QOO ~MM Q2OUMM - s
** ¢ o+ o o o o o e . o - & o =3 9 -
» mw.“:w..h4163&689“5?0 s -5 e ] s - e
- 0C 0 WD T MMM A D e O 3 T MR R—MINN T MDA QT —~MON
e oI -— *t [s0 20 PR o0
s RRILDLTNRI NN DO® = g - - - =@
o

» »

.
| : T T T T A T TR M N Y s T A A e
/- B N : )

T A

.




4% Sdicoe g
43 ¥
= T
Yy -
att )
i TR Jr 3
v witi 1y
- Jnee A
Ey X wae T v
g 1o04 1@ 0 i
Y " A 9 A ;
8 eyt @ 0 :
ek tnn 11} 0 ¢
i ene 0 ) :
’ nn - -
9 xtn ] : 4 t {3
N + 0 N ¢ <
% j " 4 2
% x lo 9 g o1 ;
o o g ° d °° .
2 pA T ' R
i W 3 L5 \ b }
AA_,; 3 q ¢ 4 ’ N
5, 4 > 4 Y |
5 N N
e : N [} 1 % 'Y .
L ) X
) o Tl e > 2 g a
2N N x | @ x Q 0 ‘
| \‘3 RN H N, H .
?“‘ i x X r &l w* El §
‘: é x Qa 0 M
N “ ii + 4 \ N N
‘«:’1 ‘ S TL
vl sYvAL o1 004 o 3 o [ T N N
Y } I S A A T Y I I -0 [T ' [T S xO i
i ¢ " o ;
n;& (wABP  @:i> W/dvl ‘
£ ¥ 3 . i cmAop  @1) CLd>= :
g MDA WAL IV/ANHILNT ARIL e
¥ 1
&4 '
A4 |
3 l 10 YEAP LISTING of Earthauakes by Nagnitude
* 145 20NE MEMB 33X
5 i b <3 3~3.4 3.5-3.9 4-4.4 4.3-4.9 5-5.4 5,5-5.9 3.9
2 &1 YEAR
s A 1970-19?79 6 §
E ™ 1 19608-1969 2 2 2
o 19%50-1955 |
| 1348-1949 3 2
v 1930-1933 3 3 1
sy 1928-1925 4 3
9 910-1919 2 3
L 900-1509 2
SRR #90-1899 2
g 89-1089 i 1
$70-1979 ] ]
b 860~1865
1R 850-1859
35T 848-~1843
i 839-1839
L 820~1829 1
% gl -
:4“ - .
. 1792-1799 ( !
: : SUNS 0 18 i1 14 4 4] 0 2]
S 8 of events = 47
i’ EARLY YEAR = 1820 RECENY YEAR = 1979
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10 YERR LISTING of Recurrence Ratey, R (#/yr), by Magnitude

¥¥x ZONE WEMB %3%
3-3.4 3.5-3.9 4-4.4 4.3-4.9 5-5.4 5.3-3,9 >8.9
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¢

JONE: West Enbayment C(ARER = 19.4 1013 sq km)

Period of Humber Occurrance Exceedence Exceedence
b Range Calculation of Events Prob Prob, Ni Return Per‘d
(yeqrs) (per year) (per year) (years>
T 5,9 169 0
5.9-%5.9 160 )
$.0-5.4 120 0
4,5-4,9 110 4 0.936 0.036 28
4.0-4.4 105 13 0.124 8.160 6
3.5-3.9 65 11 0.169 8.329
nb, Y data Ni,yX data Period(years) Height
4.7 0.036 110 2
4.2 9.160 105 4
3.7 0.329 65 4
3.2 0.929 10 |

109 Ni used a3 the independent variablei converted to Nc and resolved
to the gseneral form, lo9 Nc on mb.
Ncical)d wnb(cal)

log Nem a  + nb r se) (mb=3) (Nc=E 3> FI1T
2.94 -0 93 _-90,99 0.82_ 1.46 6.4 Least Squares
Mb=3. 95§ ts(mb)>=0,16; ts(b)=0.31;0be=5, I(328yrs)
3.29 ~1.83 -0.89 0.06_ 1.60 6. Con‘d to 6.1,.001
Mb=3,955 ts(nb)=0, 29;ts(b)=0 393 0be=5,8¢(490yrs)
2.92 -0.92 -1.00 0,01 1. 6.4 Con*d to b=-,.92
t\b)col'O 0% < 2. 92=t(104
2.96 -9.92 -0.9¢ 0.02 1.53 6.4 Htd:194,¢,2,2,1
18R
gg inear fite computed for Nc from Ni_,mb
ts datoa (NI aos Indepandent varlabled
z>
& FIT: log Nc = a + b mb
vel- LS 2.94 -2.99
® e b 2_92 _e.gz

2.96 -08.82
3.29 -1.03

for evemnts>=mbD

potemnt ol

INCREMENTAL EXCEEDANCE PROBABILITY.,N:
Carmmual

8 4 (Ni,mb) daota points TS
@ 201 g A computed obe for fit &
¢ 1008 veor event for fit \\
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JONE: Ozark Random <(AREA = 22,3 1013 sq km)

Period of Number Occurrance Exceedence Exceedence
nk Range Calculation of Events Prob Prob, Ni Return Per‘d
wyears) (per year) (per year) (years)
> 5.9 160
5.5-%.9 160
$.0-5.4 120 1 0.0808 0.008 120
4.8-4.4 180 6 8.0860 0.118 8
3.5-3.9 39 12 0.218 8.337 3
3.0-3.4 10 ) <] 8.588 8.837 |
mb,Y data HiysX data Pcr:od(gccrs) Weight
5.2 0.008 12 2
4.7 0.058 100 2
4,2 0.118 100 4
3.7 9.337 55 4
3.2 0.837 10 1

log Ni used as the independent variable} converted to Nc and resolved
to the general forn, l1og Nc on mb.
Hcdcal) mbCcal)d
log Ncm @ + b mb r se) (mb=3} (Nc=E-3) FIT
3.12 -0.98 -8.98 0.03_ 1.47 6.2 Least Squares
nb=4, 20} ts(nb)=0, 173 ts(b>=0.25;0bex5.7(300yrs)>

3.45 -1.08 -0.90 0.08. 1.65 6.0 Con‘d to 6,.001
nbx4,20}) tsCnb>=0.19; ts(b)=0. 28 0be=5.6(398yrs)>

2.88 -0.92 1.32 6.4 Con‘d to b=-.92
t(b)cal=0.60 < 2.35=t(10%)
J.21 -1.00 -0.98 8.02 §.57 6.2 Htdily494,2,2,1

Linear fites computed for Nc from MNi,mb
data (NI as Indeapendent varicbled

"IN PERD
CYEARSD>

Z
[N
t ‘g FIT: log Ne = a + b mb
Ll 1ol LS 3.12 -0.98
F{ y . . . b 2.88 -0.92
M+ T  sresecenan W 3.21 -1.08
t

«C T e 3.48 -~1.00
o e
Q >
¥ ¢
[V} i

8
w o
O &
Z2
( -
ov
W - Q.1
W«
O C
X 0
u «

0
i Q

.01
I_ e
Z 0
W J
PN
;g
+ (Ni,mb) data points

% v @ Qo1 A computed obe for fit
H o 12309 year event for fit
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ofHE: Nemaha CARER = 25.1 1813 sq km)

Feriod of Humber Occurrance Exceedence Exceedence
b Range Calculation of Events Prob Prob, Ni Return Per’d
(years’ (per year) (per yvear) {years)
> 5.9 1c@ e
$.5-5.9 160 0
5.0-5.4 120 2 8.017 e.0tv 60
4.95-4.,9 109 4] 0.0800 0.017 690
3.5-3.9 69 2 0.033 0.100 10
3.0-3.4 3] i %] _
nb,Y data Ni,X data Period(years) Height
5.2 0.017 120 2
4,7 8.917 {08 2
4.2 0.067 30 4
3.7 0.198 €8 4

1og Ni used as the independent variacblej converted to Hc and resolved
to tha general formy, 1oz N¢ on mb.
Hedeal) mbCcal)

log Ne= a_+ b__mb r o s(e)  (nb=3) (Nc=E-3) FIT
§.66 -8.67 -0 54 0.18. 8.4% 7.0 Least Squares
mb=4, 45} ts(mb)>=8.41; ts(bd=1.16;0be=6.6(560yrs)
2,58 -0,91 -~0.69 0,25 0.69 6.1 Con'd to 6,1,.901
nb=4,45; ts(nb)=0,.58; ts(b)=1.43;0be=6.4(1840yrs)
2.64 -9,92 -8.68 8.2% 0.? 6.1 Con*d to b=~,92
t<hdcal=( .63 < 2, 92't(197‘:
‘063 "0066 “3095 0.06 90‘5 ?.8 Ntd:‘."4pa’2'l
Zorme Naeamaha
1004
- :;" Linear fits computed for Nz from Ni,me
4 A "Ag dote, CNi as independent variacbie)
t g "E“ FIT: log Me = a + b mb
H i 1o.Le s LS 1.866 =0 @7
d /a Ta Coea ' 2.84 «-9.92
(1 T e e e e e Wi 1.63 -0 68
q C T  ememem—— Pt 2.8 -0 91
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ZOME: central U. S, C(ARER = 544.0 1013 sa km>

Period of Humber Occurrance Exceedence Exceedence
mbh Fange Calculation of Events Prob Prob, Ni Return Per’d
(years) (per year) (per year) (years)
»$.9 160 8
5.9-5.9 160 0
5.0-5.4 129 2 0.817 8.017 60
4,.5~4.9 100 10 ©.100 0.117 9
4.0-4.4 88 21 6.263 9.379 3
3.5-3.9 50 18 6.360 0.739 1
.319“3-‘_‘ 8 8

ZONE: centra) U. S. <(ARER = -100.0 1813 sg kM)

b,y data N1, ¥ data Period(years) H!Aght
5.2 . 003 120
4,7 0,021 108 2
4.2 0.070 80 4
3.7 8.136 50 4
log Hi used as the independent variable; converted to Nc and resolved

to the general formy, log Nc on mb.
Ncicald nmbicald

1og Ncm a + b mb r sde) (mb=3> (Nc=E-3) FIT
3.43 -1.15 _-0.97 0.04_ 8.98 5.6 Least Squares
nb=4.45; ts(nb)>=08.26; ts(b)=0,41;obex5, 3(490yrs)
2,352 -0.92 0,57 6.0 Con‘d to b=-,92
t(bl)cal=}, 62 < 2.92=t(10%)
3.28 -1, -0.97 0.03 N.89 5.7 Wtd:1,4,4,2,2,1
Zorme caentral U. S,
1 90
- -ga Linear flte computsd for Ne from NI, mis
Z A LS data (NI ox Independeni varlable)
N 2>
E ? Che . FIT log Nc = a+ b mb
- LS 3.43 -1.18
a4 1ere b 2.52 -0.92
n e 3.28 —1.11
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