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ABSTRACT

From January 1963 through February 1976, more 
than 44 earthquakes and eight aftershocks occurred in 
Arizona. The epicenters of 32 of these events have been 
relocated using the Hypoellipse computer program. 
Appropriate seismic velocity structures of the different 
geographical provinces in the western United States were 
used. Most of the seismic activity is found in a zone 
of Quaternary and late Cenozoic faulting along the 
transition zone between the Colorado Plateau and the 
southern part of the Basin and Range Province. Magnitude 
empirical formulas using the Lg method were developed 
for the determination of magnitudes of earthquakes from 
local stations as follows:

M = 3.69 + 2.7 (Log L) + Log ^ 4° < A < 20°
and

M = 4.05 + 1.93 (Log A) + Log | 0.5° < A < 4°
Of the total number of shocks for 1963 to 1976, only 39 
events were of magnitudes 3.2-4.9. The slope of the re
currence curve based on these events is -0.86 + 0.27.
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INTRODUCTION

The rapid, growth and expansion in population 
which is taking place today in Arizona increases the 
demand for understanding the seismic risk in the state. 
Earthquake hazard to life, property and industrial con
struction could probably be minimized if the seismicity 
of the state were well understood. One approach to this 
goal is to re-examine the present activity through a 
study of the distribution and magnitudes.of recent earth
quakes .

According to the plate tectonic theory, the 
majority of earthquakes in the world occur at the bounda
ries of rigid plates and result from the interaction of 
those plates (Isacks, Oliver and Sykes 1968). Although 
most of the activity occurs at the boundaries, intraplate 
seismicity also exists, but its cause is not very well 
understood. Intraplate seismicity occurs in western 
North-America along the Intermountain Seismic Belt (ISB), 
a zone of pronounced seismic activity which extends along 
the boundary between the major geographical provinces 
through Utah, Idaho and Montana. The southern end of the 
ISB is located in northern Arizona along the north-south 
trending fault zones in the Grand Canyon area.
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2
The southern part of the Basin and Range Province 

and the southeastern part of the Colorado Plateau, which 
are the major geologic provinces in Arizona, are charac
terized by less pronounced seismic activity than the 
neighboring regions such as the San Andreas fault system 
in California, or the Intermountain Seismic Belt in Utah. 
The presence of Quaternary faulting along the transition 
zone between the Colorado Plateau and the southern part 
of the Basin and Range in Arizona and near the south
eastern end of the San Andreas fault system south of Yuma, 
however, suggests the potential for the occurrence of 
large earthquakes in various parts of the state (Howard 
et al. 1978, Soule 1978, Huntoon 1977). In particular. 
Flagstaff, Prescott, the Grand Canyon, Yuma and the 
southeastern part of the state are potential regions for 
earthquake occurrence. In terms of damage caused by 
earthquakes, several of these areas were subjected to 
strong shocks during the past century. In 1887, for 
example, an earthquake with an estimated magnitude of 
7-7.5 (Sbar 1979) occurred in northern Sonora near the 
southeastern part of Arizona. Nearby villages and towns 
in Sonora and southeastern Arizona were damaged by this 
event (Sturgul and Irwin 1971, Sumner 1976). The loca
tion of this shock is marked by a fault scarp that strikes 
north and is about 50 km long. The fault displacement
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during the 1887 earthquake was about 2 m (Bull 1979) and 
the sense of motion was that of a normal fault (Sumner 
1977)• Moreover, large earthquakes were reported to 
have occurred in other locations in Arizona (DuBois 1979, 
Sturgul and Irwin 1971, Sumner 1976). In the southwestern 
part of the state near Yuma, a violent shock occurred in 
1852 at Fort Yuma. Portions of chimneys were thrown 
down and fissures and cracks opened in clay desert 
bordering the Colorado River (Sturgul and Irwin 1971). 
Another large event in 1912 caused severe destruction in 
Coconino County north of Flagstaff, Arizona. This shock 
was felt as far as New Mexico and the western border of 
Arizona.

In recent years, an earthquake with a Richter 
magnitude of 4.9 occurred on February 4, 1976. The 
epicenter of this earthquake is located in the Chino 
Valley area north of Prescott. The hypocenter is near 
the Big Chino fault. Earthquakes with magnitudes 
6-7 have most probably occurred along this fault during 
late Pleistocene time (Soule 1978). The evidence for 
their occurrence comes entirely from geomorphological 
observations. Terraces that are found along streams 
which cross the Big Chino fault scarp are thought to 
have developed as a result of several movements along 
the Big Chino fault (Soule 1978).



The purpose of this study is to examine the re
lationship of the seismicity to tectonics of the southern 
part of the Basin and Range— southwestern Colorado Plateau 
regions and to develop a recurrence relationship for 
earthquakes in Arizona using an empirical magnitude 
formula for the determination of magnitudes of local 
events from the Tucson seismic station (TUC) records. To 
achieve this,earthquakes were relocated and the relation
ship between the amplitude of the seismic waves and 
distance was determined using the Lg phase.



RELOCATION OF EARTHQUAKES

In order to determine the distribution of 
recent seismic activity, 32 earthquakes were relocated. 
Most of these earthquakes, however, are of small magni
tudes and are reported by a small number of stations. 
These stations are located within different physiographic 
provinces (see Figure 1). The majority of them are 
located in the southwestern part of the Colorado Plateau 
in Utah and Arizona as well as in the southern part of 
the Basin and Range Province (see Figure 1). Some 
stations such as Eureka (EUR), Nevada and Blue Mountain 
(BMN), Nevada are in the Great Basin; others are in the 
Transverse Ranges such as Barrett (BAR), California, 
and Palomar (PLM), California.

A number of seismic refraction profiles have been 
conducted in the southwestern United States during the 
past two decades (Figure 2). Results from these studies 
have shown that there are significant differences be
tween the crustal structures of the major physiographic 
provinces of the area.

Reliable locations of epicenters are important 
for this study. To obtain good locations with the least

5
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Figure 1. Seismic stations that were frequently used 
in the relocations of the events.



Figure 2. Seismic retraction profiles that have been 
conducted in the southwesth. —  Taken from 
the following:
1- 18 (Langston and Helmberger 197*0 
3-4 (Eaton 1963)
2- 19 (Hill and Pakiser 196?)
5-19 (Roller and Healy (1963)
14- 16, 12-9 (Warren 1969)
10-20 (Roller 1965)
8-6, 8-7, 8-11, 8-13 (Keller et al. 1976)
15- 17 (Toppozada and Sanford 1976)



8
possible error, a large number of well-distributed 
stations and appropriate seismic velocity models for the 
path to these stations are required.

Method of Relocation
The relocation procedure was carried out using 

the Hypoellipse computer program (Lahr 1979). The pro
gram is used for determining the hypocent ers of the local 
and near regional earthquakes. For each event an 
ellipsoid which encloses the one standard deviation region 
is also determined. The input to this program includes 
the arrival times of P-waves and S-waves. Theoretical 
travel times for each of the stations used are determined" 
from a horizontally layered crustal structure or from a 
linear increase of velocity with depth (in this study, 
travel times were determined by using horizontal layer 
models). The observed travel times are then compared 
with the calculated ones, and the travel time residuals 
are determined.

The hypocenter of the earthquake is found through 
an iterative procedure in which a trial hypocenter is 
initially chosen near the expected final location. 
Corrections in latitude, longitude, depth and origin 
time are made so that the value of Q is decreased after 
each iteration, where Q is given by
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Q = ZR2i (1)

where

is the travel time residual for the i ^  
station

R^ = (observed travel time for station i)—  
(calculated travel time for station i).

This iterative procedure continues until the value of Q 
becomes smaller than a preset value.

One of the main features of the Hypoellipse pro
gram is its multiple crustal structure option. Up to 
ten different crustal models may be used and any model 
may have up to 12 layers. Each station could be assigned" 
a certain crustal model and that model would always be 
used for calculating the travel times to that station. 
Taking advantage of this feature, an attempt was made to 
improve the locations. For earthquakes whose waves pass 
through a number of different crustal structures before 
reaching the station, an average crustal model is adopted 
since ray tracing is not done by the program.
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Data

Most of the arrival times were obtained from the 
Epicentral Data Report (EDR) published by the United 
States Geological Survey (USGS). The available reports 
cover the period of time from 1967 to 1976. Arrival 
times were also chosen for all the relocated earth
quakes from Tucson seismic station records which are 
available at the Department of Geosciences, The Uni
versity of Arizona, from 1963 to 1976. In addition, 
some of the records for many events were available 
from Albuquerque (ALQ), New Mexico, Dugway (DUG), Utah 
and several other seismic stations. These constitute 
about 20 percent of the total number of observations 
used. Also, data for several events that occurred from 
1956 to 1964 and are listed by the USGS to have occurred 
in southern Arizona were obtained from the California ' 
Institute of Technology.

For the purposes of relocation, only first 
arrivals of P-waves were used in all the solutions. 
Although the Hypoellipse program can use Pg and S phases 
in addition to Pn phases, not all the stations report Pg 
arrivals, only a few report S arrivals. An initial test 
of the reported S and Pg phases showed that they are not
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reliable because large residuals were obtained for these 
phases. The use of the Pg and S arrivals for these few 
cases did not change the solutions very much.

Evernden (1967) has shown that Pn waves have 
been observed as first arrivals in the western United 
States to a distance of approximately 1000 km. Our 
epicentral ranges are less than 1000 km in most of the 
cases. Accordingly, first arrivals were considered 
either Pn or Pg depending on the epicentral distance.
The distance at which Pg could be a first arrival is 
calculated by the program and then compared with the 
actual epicentral distance. If the later is larger, 
the first arrivals are treated as Pn.

Seismic Velocity Structure in the 
Basin and Range Province

The seismic velocity structure of the crust be
neath the Basin and Range Province was studied exten
sively by seismic refraction profiling during the past two 
decades (Figure 2). These studies indicate that there are 
changes in crustal structure throughout the Basin and Range 
Province (Prodehl 1970, Pakiser 1963). In general, the 
crust is thin and gradually increases in thickness from 
about 28 km in the Mojave Desert to about 3^ km in the 
northern parts of the Great Basin (Pakiser 1963). The
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upper mantle velocity beneath the crust is 7.8-7.9 km/sec, 
and the average compressional wave velocity in the crust 
is 6.0 km/sec (Eaton 1963» Pakiser and Hill 1963, Roller 
and Healy 1963, Hill and Pakiser 1967, Prodehl 1970).
Only beneath the northern part of the Basin and Range 
Province can a boundary zone between the upper and lower 
crust be determined confidently. In other areas of the 
province, first arrivals from such an intermediate layer 
were observed, but over such short distance ranges that 
their identity is in doubt (Pakiser 1963).

Stations that are in the southern part of the 
Basin and Range Province such as TUG and Arizona State 
University (ASU), Arizona, were weighted more heavily in 
the solutions because of their proximity to most of the 
epicenters. The thickness of the crust in this area 
increases gradually from about 21 km near Gila Bend to 
about 3*t km near Phoenix, Arizona (Warren 1969) • Warren 
suggested an intermediate layer in the area with seismic 
velocity of about 7.0 km/sec at a depth of about 25 km. 
Langston and Helmberger (197*0 found only one crustal 
layer for the southern part of the Basin and Range 
Province. For simplicity, a one-crustal layer model was 
used. The depth to the upper mantle material rapidly 
increases along the transition zone between the Basin and 
Range and the Colorado Plateau to about 40 km beneath the



Colorado Plateau. The velocity of the crust in the 
southern part of the Basin and Range is 6.1 km/sec 
(Warren 1969> Langston and Helmberger 197*0, and the 
upper mantle velocity is 7•8 km/sec (Warren 1969,
Sinno 1979)•

13

Seismic Velocity Structure in 
the Colorado Plateau Province

The crustal structure in the Colorado Plateau 
differs greatly from that of the previous province. In 
general, two crustal layers can be identified beneath 
the Colorado plateau. The velocity of the upper layer 
is about 6.1-6.2 km/sec and has a thickness of 26-27 km 
(Roller 1965). The lower crust is much thinner and has 
a thickness of 13-17 km, and its P-wave velocity is about 
6.8 km/sec (Roller 1965, Keller et al. 1976, Warren 
1969). The upper mantle velocity beneath the western 
Colorado Plateau region is found to be 7•8 km/sec 
(Keller et al. 1976).

The seismic velocity structure of the Rio Grande 
Rift zone in New Mexico and of the Transverse Range 
Province are included in Table 1. The table summarizes 
the different seismic structures that were used in the 
locations. The first column in each province is the 
velocity structure for that region as reported from 
seismic refraction profiles. The second column in the



Table 1. Seismic velocity structures used in this 
study.

A B
Vp(km/S) Thickness Vp(km/S) Thickness

(km) (km)

1. Basin and Range

2.

O
 O

 GO
on vo

1.0
30.0

1.0
6.37.8

1.535.0

Colorado Plateau
3.156.1
6.4
6.8
7.8

2.0 
7.0 

15.0 
16 ;. 0

1.0
6.34.8

1.535.0

A
Vp(km/S)

Thick
ness
(km)

. B 
Vp
(km/S)

Thick
ness
(km)

C
Vp(km/S)

Thick
ness
(km)

3. Rio Grande Rift Zone*
3.0 1.2
5.8 19.0
6.5 21.0
7-9

3.0 1.2
6.1 35.0
7.9

3.0 1.2
6.3 40.0
7.9

4.

A
Vp(km/S) Thickness

(km)
B

Vp(km/S) Thickness
(km)

Transverse Ranges**
4.9 5.8 4.0 2.36.0 -11.1 6.25 28.0
7.1 11.1 7.8 —

7.9 —

* Taken from Toppozada and Sanford (1976).
** Taken' from Hadley and Kanamori (1977).
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Basin and Range and in the Colorado Plateau is the aver
age velocity used for paths that have the epicenter in 
one province and the station in the other. Column B in 
the Rio Grande Rift zone (ALQ Station) is the average 
velocity structure used for rays coming from events in 
the Basin and Range Province. Column C is the average 
velocity structure for rays that are coming from events 
in the Colorado Plateau. These averages were used because 
it is not possible to use two or more different crustal 
structures for the same ray.

Test of the Velocity Structures Used 
The February 4, 1976, Chino Valley earthquake was 

located by the USGS at 34°N 42.0' and 112°W 30.0' using 42 
observations. King, Harding and Ohm (1978) located after
shocks during the three weeks that followed the main event.

. These aftershocks are included in Table 2 and were re
corded using portable seismometers. The average latitude 
and longitude of these aftershocks are the same as that 
of the main event which indicates that the latter has 
been located very well. This location was used to test 
the velocity structure models in Table 1. The location 
of the event was fixed using a fixed location option of 
the Hypoellipse program. Many stations were used and 
each was assigned the appropriate velocity structure.



Table 2. Earthquakes In Arizona 1963-1976.

Origin Time
Year Month Day H M S Latitude Longitude

1963* 9 11 11 59 41.0 33°N 12.00' 110°W 42.00'
1964* 8 28 06 50 46.6 37°N 00.00' 113°W 06.00'
1964 9 23 18 09 40.6+1.1 35°N 59.10' 114°W 49.70'
1965* 5 3 03 30 50.0 36°N 00.00' ll4°W 42.00'
1965* 6 7 14 28 01.3 36°N 06.00' 112°W 12.00'
1965* 11 7 16 29 43.8 37°N 06.00' 112°W 24.00'1966* 1 22 12 16 27.8 36°N 00.00' 111°W 06.00'
1966* 4 13 09 36 15.3 36°N 42.00' 112°W 54.00'
1966* 4 28 00 42 57.4 35°N 36.00' 113°W 00.00'
1966* 5 2 14 59, 13.1 36°N 24.00' 112°W 30.00'
1966* 5 5 03 32 53.6 36°N 36.00' 112°W 30.00'
1966* 6 8 18 47 10.8 37°N 00.00' 113°W 48.00'
1966* 6 8 21 34 37.1 36°N 42.00' 113°W 24.00'
1966* 6 14 10 45 17.1 36°N 24.00' 113°W 18.00’
1966* 6 17 20 12 23.9 36°N 36.00' 113°W 30.00'
1966* 9 3 07 53 20.2 36°N 30.00' 112°W 18.00'
1966 10 3 16 03 50.9+0.86 35°N 50.57' 111°W 35.10'
1966 12 1 09 20 40.9+1.05 36°N 09.00' 113°W 51.00'
1967 3 2 06 29 . 33.7+0.2 34°N 32.02' 110°W 54.98'
1967 5 1 09 48 05.89+O.I8 34°N 29.86' 112°W 50.40'
1967 5 21 18 00 04.56+1.2 34°N 12.54' iio°w 28.78'
1967 7 20 13 51 10.61+0.27 36°N 19.58' 112°W 05.51'
1967 8 7 16 24 40.90+0.26 36°N 27.25' 112°W 27.35'
1967 8 7 16 40 31.80+0.20 36°N 25.22' 112°W 28.81'
1967 9 4 23 27 43.16+0.70 36°N 10.91' 111°W 35.88'
1967 9 26 12 41 36.60+1.1 32°N 27.20' ll4°W 55.71'
1967 9 26 20 13 10.28+0.9 32°N 10.89' ll4°W 56.73'

H



Table 2., continued. —  Earthquakes in Arizona 1963-1976.

Origin Time
Year Month Day H M S Latitude Longitude

1969 12 25 12 49 09.55+0.2 33°N 22.48' 110°W 34.56’
1970 8 3 19 24 18.30+0.4 34°N 17.61' 110°W 29.74'
1970 11 24 16 47 56.24+0.3 36°N 17.42' 112°W 21.70'
1970 12 3 03 47 23.86+1.0 35°N 52.50' 111°W 52.14'
1970 12 16 13 44 20.66+1.0 36°N 53.09' 113°W 38.4'
1970 12 16 13 46 47.6+0.2 36°N 41.03' 113°W 44.57’
1971+ 3 14 18 14 11.95+0.7 36°N 29.46' 110°W 24.16'
1971 3 27 04 39 12.69+0.26 36°N 46.91' 112°W 21.86'
1971+ 5 1 02 11 20.16+0.5 36°N 37.2' 110°W 26.80'
1971 5 1 03 11 20.87+0.25 36°N 31.35' 113°W 23.46'
1971 5 6 16 57 19.40+0.9 36°N 28.19' 113°W 06.20'
1971 5 23 21 31 51.9+0.3 35°N 02.99' 113°W 46.75'
1971 11 4 02 18 59.32+0.3 35°N 16.10' 112°W 05.63'
1971 12 15 12 58 15-35+0.24 36°N 48.47' 111°W 46.15'
1972 4 20 13 28 17.72+0.4 35°N 18.96’ 111°W 36.06'
1973+ 2 9 17 38 36.57+1.0 36°N 24.76' 110°W 26.10'
1973 4 12 10 57 51.22+0.3 35°N 26.79' 113°W 44.03'
1974* 12 20 03 01 10.30 33°N 52.00' 112°W 04.98'
1974 12 24 05 47 20.23+0.28 33°N 51.80' 111°W 51.91'
1976** 2 4 00 04 57.80 34°N 42.4' 112°W 30.00'
1976*** 2 5 21 02 38.50 34°N 44.2' 112°W 27.8’
1976*** 2 6 09 18 53.14 34°N 42.7' 112°W 29.O'
1976*** 2 7 05 54 58.11 34°N 43.1' 112°W 29.2'
1976*** 2 7 08 29 30.52 34°N 42.2' 112°W 29.7'
1976*** 2 7 12 05 11.4 34°N 42.9' 112°W 29.3'
1976*** 2 7 13 37 16.15 34°N 43.1' 112°W 29.4'
1976 2 9 03 07 20.1+0.16 34°N 43.O' 112°W 30.32'
1976 2 23 14 09 53.5+0.24 34°N 42.0' 112°W 30.52'



Table 2., -continued. —  Earthquakes in Arizona 1963-1976

Error Ellipse Semi-axesDepth _____Horizontal_______  Vertical No. of Source of
Year (km) km AZ km AZ (km) RMS Stations Magnitude Magnitude

1963* 3.5 1
1964* 2.4 1
1964 15 2.3 -28 8.5 -118 10 0.35 13 4.4 3
1965* 16 4.4 1
1965* 3.4 1
1965* 1 3.26 1
1966* 20 3-0 1
1966* 2.7 1
1966* 20 2.86 1
1966* 3.28 1
1966* 3.2 5
1966* 3.2 5
1966* 20 3.4 5
1966* 3.3 5
1966* 3.5 5
1966* 3.7 1
1966 11.6 3.4 -40 4.1 -130 6.5 0.45 8 3.45 1
1966 10.5 2.7 -70 5.3 20 13.0 0.4 10 3-24 1
1967 13.9 1.0 21 1.0 -69 1.5 0.21 11 3.6 • 1
1967 11.85 1.0 -110 1.2 -20 16.9 0.18 9 3.5 1
1967 1.0 2.0 1 2.0 -89 4.0 0.08 5 3.2 1
1967 23.0 1.8 -22 2.9 -112 6.0 0.00 4 3.44 1
1967 12.9 1.6 -18 2.8 -108 5.0 0.29 7 3.0 1
1967 14.7 1.08 -46 2.3 44 3.0 0.12 6 . 3.44 1
1967 3.0 1.4 6 2.7 -84 2.0 0.4 8 3.25 1
1967 3.5 4.0 -88 6.0 2 5.0 0.4 11 3.9 1
1967 2.77 4.0 -85 8.0 5 5.0 0.3 10 3.9 1

HCO



Table 2., continued. —  Earthquakes in Arizona 1963-1976

____Error Ellipse Semi-axes_____
Depth _____Horizontal_______  Vertical No of. Source of '

Year (km) km AZ km AZ (km) RMS Stations Magnitude : Magnitude

1969 17.00 1.0 -10 1.8 -100 2.0 0.29 13 4.4 1"
1970 6.6 1.87 -125 2.7 -35 5.0 0.26 5 3.36 41970 11.6 1.7 -29 2.90 -119 5.0 0.22 6 3.4 1
1970 0.31 1.0 0 1.5 -90 8.6 0.22 7 3.21 1
1970 16.23 1.3 -61 6.6 29 12.3 0.3 7 2.2 4
1970 12.7 1.3 -93 2.2 -3 12.6 0.09 5 2.66 1
1971+ 2.5 1.5 5 2.25 -85 7.0 0.19 5 3.0 1
1971 10.8 1.3 -72 2.8 18 4.3 0.13 5 3.16 1
1971+ 2.16 1.85 -18 3-32 -108 2.6 0.31 7 3.36 1
1971 7.11 1.0 -123 1.74 -33 2.0 0.25 10 3.08 1
1971 10.8 1.8 -94 6.45 -4 10.5 0.19 6 2.2 41971 2.30 1.2 -24 3.37 -114 3.9 0.1 6 3.75 1
1971 10.90 1.07 -32 3-32 -122 5.3 0.24 10 3-45 1
1971 20.50 1.03 -84 1.88 6 2.5 0.21 8 3.45 1
1972 17.71 0.5 14 0.6 -76 4.4 0.09 9 3.88 1
1973+ 2.50 2.2 -123 8.0 -33 2.0 0.07 5 3.43 1
1973 9.6 1.5 23 2.0 -67 4.5 0.12 6 3-31 1
1974* 10 3-3 1
1974 5 1.2 -18 2.2 -108 3.5 0.3 5 3.33 1
1976** 10 4.9 3
1976*** 7.9 3.3 1
1976*** 8.0 2.3 1
1976*** 8.4 2.6 1
1976*** 10.5 2.9 1
1976*** 8.5 1.3 2
1976*** 8.1 2.0 2
1976 6.3 2.0 3 3.1 -87 6.1 0.17 4 4.0 1
1976 8.4 1.5 6 2.4 -84 4.6 0.21 4 4.2 2 HVO



Table 2., continued. —  Earthquakes in Arizona 1963-1976.

* USGS Listing of earthquakes in Arizona. 
** EDR.

*** Taken from King et al. (1978)•
+ Probable mine blasts.

++ Source of Magnitude:
1 = This study determinations.
2 = ASU determinations.
3 = PAS determinations.
4 = NOS determinations.
5 = University of Utah determinations.

rvo
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Crustal models were adjusted so that travel time residuals 
could be reduced to a minimum. Stations with their ar
rival times and travel-time residuals are given in Table 
3. Most of the stations showed small residuals that are 
less than 0.3 seconds without any modification of their 
crustal models.

DUG station had a residual of magnitude 1.58 
seconds. This residual could not be reduced even with 
the use of a low Pn velocity such as 7.7 km/sec. For 
all the other solutions, DUG station was disregarded 
because it always showed large positive residuals whose 
values ranged from 10 to 15 seconds. A positive re
sidual indicates that late arrivals of the seismic 
phases were picked. Keller, Smith and Braile (1975) 
have indicated the presence of low velocity upper mantle 
material beneath one part of the transition zone between 
the Great Basin and the northern part of the Colorado 
Plateau. DUG station lies very close to this region 
(see Figure 1). The wave path to this station from 
earthquakes in Arizona travels along the transition zone 
before it arrives at DUG. The Pn velocity is about 
7.5 km/sec beneath the transition zone (Keller et al. 
1975). The use of this velocity for the whole path to 
the station did not change the value of the residuals 
by more than a few seconds. Thus, it is possible that
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Table 3• Travel time residuals for the stations used in 

the test solution of the Chino Valley earth
quake .

Station
Dist. 
(km) Azimuth

Arrival Time 
H M S

Travel Time
Residual
(sec)

ASU 152.5 160 00 05 22.5 CMOO1

BPK 170.4 248 00 05 28.03 -0.03
WHZ 181.1 256 00 05 26.1 -0.44
RVS 200.4 248 00 05 29.2 0.29
GCA 264.2 18 00 05 37.9 0.04
GLA 283.2 230 00 05 43.1 0.06
TUC 310.2 149 00 05 39.5 CMOO1

PLM 430.4 250.0 00 05 57.5 -0.30
BAR 447.8 240.0 00 06 00.5 0.69
BUM 533-5 74 00 06 12.6 1—1 1—1O1

LCV 545.3 76 00 06 14.00 -0.17
ALQ 553.2 87 00 06 14.9 -0.11
SPD 569-9 78 00 06 17.2 -0.06
TTP 581.4 80 00 06 18.4 •0.24
DUG 609.4 357 00 06 22.8 1.58
EUR 613.3 330 00 06 22.0 0.03
TSP 623.0 79 00 06 23.3 -0.18
DCU 638.9 8 00 06 26.4 0.35
BMN 760.0 327 00 06 40.7 _ 0.17



the arrivals of the Pn at DUG were obscured due to attenu
ation through such a low velocity material which in turn 
may cause a consistent error in picking later phases.
In other words, the reported first arrivals are most 
probably Pg phases and not Pn phases. DUG station, 
however, was not very critical in the solutions because 
there are several stations that are located closer to 
the epicenters in southern Utah and northern Arizona such 
as Kanab (KNB), Utah, Leeds (LEE), Utah, and Glen Canyon 
(GCA), Arizona.

As indicated before, most of the travel time 
residuals in Table 3 are small and less than 0.3 seconds. 
The error in reading records amounts to approximately 
this magnitude. BAR and PLM stations are in the Trans
verse Range Province and the same crustal model should be 
used for both of them. It was found that although PLM 
has a travel time residual of -0.3 seconds, BAR has a 
positive residual of 0.69 seconds. Differences in travel 
time residuals for stations in other areas are also found 
such as the Whipple Mountains (WH2), California, station. 
Station WH2 is very close to Black Peak (BPK), Arizona, 
and Riverside Mountains (RVS), California, stations.

Relocation Results
Table 2 summarizes the hypocentral parameters of 

all the shocks that occurred in Arizona from 1963 to 1976.
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It includes the origin times, latitudes, longitudes, and 
depths of the events. The major and minor axes of the 
error ellipses, the root mean squares of the travel-time 
residuals (RMS) and the number of stations used in each 
solution are also shown for the relocated events. The 
epicentral locations together with their horizontal 
error ellipses are plotted in Figure 3• The original 
locations as reported by the USGS are also shown by 
filled circles.

Generally, the epicentral locations for the re
located earthquakes differ little from the original 
locations. The differences in the two locations are 
small and range from about 4-8 km in most cases. The 
differences are within the error limits of the solutions. 
Only in three cases does the change in the epicentral 
location exceed 10 km. These are shown by small arrows 
in Figure 3• The very good agreement between the two 
sets of epicenters was not initially expected. After 
collecting enough information about the seismic velocity 
structure, it was found that the Pn velocity does not 
vary greatly beneath the region involved. This conclu
sion can be drawn easily from Table 1. Variations among 
the crustal structures whose Pn velocities are similar 
does not affect the travel times for large epicentral 
distances since the signal spends very little time
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•  CHINO VAILY EARTHQUAKE

•  USGS EPICENTER LOCATIONS

0 THIS STUDY LOCATIONS WITH ERROR ELLIPSES

Figure 3* Epicenters of the relocated events. —
Earthquakes that were moved more than 10 km 
from their original locations are shown by 
arrows. The earthquakes to the south have 
been relocated in southern California. Two 
events (not shown) have their epicenters near 
the Chino Valley earthquake epicenter.
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traveling in the crust. A larger effect arises if there 
is a significant change in the upper mantle velocity 
structure for distance ranges 200 < A < 1000 km. The 
fact that the Pn velocity is the same everywhere caused 
the relocation to have little effect on the epicenter.
The three events that have been moved significantly 
occurred on August 7» 1967; September 4, 1967; and May 
23, 1971• Their epicentral locations are given by the 
USGS with large longitudinal uncertainties. The uncer
tainties are + 15 km, + 11 km, and + 8 km, respectively. 
These large uncertainties might be due to the lack of 
stations to the east and to the west of the epicenters.

The errors in epicentral locations presented in 
Table 2 are based on several factors including the number 
of stations used, the magnitudes of the RMS of the travel
time residuals, and the azimuthal distribution of the 
stations. Any station with a residual that is greater 
than or equal to one second was omitted from the solu
tions. Stations with residuals from 0.5 to 1 sec were not 
heavily weighed. Accordingly, the estimated horizontal 
error in the epicenters in most of the cases is about 
4-5 km. It rarely exceeds 7 km.

As shown in Figure 3, the event that occurred on 
September 4, 1967, is associated with the fault zone 
east of the Butte fault rather than with the Butte fault
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itself. Also, both the two events associated with the 
southern half of the West Kaibab fault were moved to 
lie on the western side of the fault.

Several events of large magnitudes prior to 1965 
along the border region of southern Arizona and northern 
Mexico were included in the USGS listing. These loca
tions were mainly determined by the California Institute 
of Technology seismic network. Data from this network for 
seven of these earthquakes were used to test their 
locations. The lack of activity in southern Arizona from 
1965 to the present and the fact that none of these large 
events were felt in the region led to doubt regarding 
their original locations. The results indicate that 
their locations are in great error, as much as 482 km 
in some cases. The relocated epicenters are listed in 
Table 4 with their original locations. Although the 
errors are large in revised solutions, it can be con
cluded that the inferred activity is associated with the 

/ southern California seismicity. The lack of seismic 
stations to the south in Mexico as well as the poor 
understanding of seismic structure of the region 
probably caused the great errors in original locations. 
The large uncertainties in the solutions are mainly due 
to the lack of stations south of the epicenters.



Table 4. Relocations of shocks from 1956-1964.

Origin Time
Year Month Day H M S Latitude Longitude

1956 11 2 10 38 55.38+5.2 33°N 39.36' 111°W 43.8'
1958 3 15 08 34 43.49+1.52 33°N 38.57' 116°W 36.9'1961 6 18 08 12 31.04+2.0 32°N 37.85' 116°W 45.53'
1963 11 2 08 47 58.96+6.2 32°N 14.55' 116°W 19.24'
1963 11 18 22 01 41.73+4.6 33°N 09.79' 116°W 07.07’1964 4 16 04 57 41.7+%".7 33°N 54.05' 117°W 31.45’1964 8 22 07 34 41.0+5.6 32°N 48.08* 116°W 24.87'1964 12 25 14 10 13.7+3.9 32°N 40.00' 116°W 34.34'

Difference
Horizontal Semi-axes Between the

Depth of the Error Ellipse Location Original Two Locations
(km) (km) /\Z (km) AZ Loh&itiide Latitude (km)

1956 5.0+30 5.6 --129 36.0 -39 112°W 0.0* 32°N 0.0* 79
1958 2.5+16 7.5 --135 10.5 -45 113°W 30.0' 32°N 0.0' 369, .
1961 5.7+2.5 3.0 -62 15.0 28 112°W 30.0' 32°N 12.0' 476
1963 2+3 3-5 -86 50.0 4 113°W 42.0' 32°N 24.0' 292
1963 2+5 3.0 --110 45.0 -20 113°W 18.0'31°N 54.0' 343
1964 2.5+4 2.0 -95 30.0 -5 113°W 42.0' 31°N 48.0' 482
1964 10+15 10.5 11 50.0 -79 113°W 48.0* 32°N O-O* 313
1964 1.5+4 7.5 -94 25.0 -4 113°W 42.0’ 32°N 18.0' 314

ro
co
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An earthquake that occurred on November 2, 1956, 

was relocated using data from the southern California 
networks as well as first arrivals from TUC and EUR 
seismic stations. The magnitude of this event was given 
as 5.0, and it was originally located at 32°N 0.0’,
112°W 0.0'. The results of the relocation of this event 
(Table 4) indicate that its true epicenter is at 79 km 
to the northeast of the original location (see Figure 3). 
The hypocenter is at 32°N 39.36', 111°W 43.8' and its 
depth is about 5.0 km. Although the uncertainties in the 
location are large, the results compare well with those 
found by Hileman (1979) who found that the epicenter is 
at about 32°N 30.00' and 111°W 30.00'. The magnitude of 
this event is probably 4.0-4.5 and not 5.0 (Hileman 1979).



THE SEISMICITY OF ARIZONA

The geology of the region is dominated by several 
north-south, northwest-southeast trending fault zones.
The majority of these faults are known to be normal faults 
(Wilson, Moore and Cooper 1969). In northwestern Arizona, 
three major fault zones with their west side down are 
shown in Figure 3. These are the Hurricane, the Toroweap 
and the Grand Wash fault zones. To the east of the 
Toroweap fault zone there are several faults that are 
trending in north-south and northeast-southwest direction. 
These are the West Kaibab fault zone, the Bright Angel 
fault zone, and the Mesa Butte fault zone.

Earthquake epicenters for the period 1967'to 
1976 as well as those that occurred from 1963 to 1966 
and were instrumentally located by the USGS are shown 
in Figure 4 (in pocket). Magnitudes have been calculated 
for most of these earthquakes from TUC seismic station 
records as will be discussed later. The earthquakes are 
of shallow depths that are less than 20 km in most cases 
(see Table 2).

The correlation between the fault zones and the 
epicenters is very good in the northern part of the state.
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Several events are observed on the western side of the 
West Kaibab fault. These events are distributed 
uniformly along the downthrown side of this fault. Their 
distribution closely follows the fault curvature where 
it changes direction from north-south to southeast. To 
the east of the West Kaibab fault, four events can be 
associated with the Bright Angel fault. Two other events 
are associated with the Mesa Butte fault system which 
lies to the east and southeast of the Bright Angel faults. 
According to Shoemaker, Squines and Abrams (197*0 > the 
Bright Angel fault system extends as a continuous fault 
zone of normal faults from Cataract Creek on the southwest 
to the Echo Cliffs on the northeast. The Mesa Butte 
fault system extends from Chino Valley on the southwest 
to Shadow Mountain on the northeast. An interesting 
observation is that several events tend to lie in a 
northeast-southwest direction from Chino Valley to the 
south to the northern end of the Mesa Butte fault zone.
The seismicity extends farther southeast where an event 
is shown to be associated with the fault system to the 
north of Flagstaff.

Near the northwestern corner of the state, a 
number of earthquakes are observed associated with the 
Toroweap, the Hurricane, and the northern part of the 
Grand Wash fault zones. Three events are observed on



the western side of the Toroweap fault. Also four events 
are associated with the western side of the Hurricane 
fault zone. The Hurricane and the Toroweap fault zones 
extend farther north into Utah where they become the 
Hurricane and the Sevier fault zones. The Hurricane- 
Sevier zones were active during the past century in Utah 
(Cook and Smith 1967). More than 51 earthquakes associ
ated with these fault zones occurred in southern Utah 
during the period 1850 to 1965.

In Figure 4, several Quaternary faults are drawn 
with heavy lines. These include the West Kaibab fault 
zone, the northeastern part of the Mesa Butte fault zone 
and parts of the Toroweap, the Hurricane, and the Grand 
Wash fault zones. Faults of the late Cenozoic age are 
shown with heavy dashed lines. Both the Quaternary and 
late Cenozoic age faults are taken from Howard et al. 
(1978). Huntoon (1977) argued that there is evidence of 
Holocene movements on the parts of the Toroweap and the 
Hurricane faults that are mentioned above.

The correlation between the seismic activity and 
the young faults in the area is clearly evident especially 
in the northern part of the state. Most of the activity 
is associated with Quaternary and late Cenozoic faults 
such as the West Kaibab fault zone and the indicated 
parts of the Toroweap, Hurricane and the Grand Wash
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fault zones. In addition, seismic activity is also 
associated with older faults such as the Bright Angel 
fault zone.

Farther south, the distribution of epicenters 
becomes rather diffuse and does not form distinctive 
patterns. The epicentral locations, however, tend to 
be scattered forming a wide zone that surrounds and 
follows the northwest-southeast trending zone of faults 
along the transition between the southern part of the 
Basin and Range Province and the Colorado Plateau. Two 
earthquakes of magnitudes 4.5 and 4.9, and one that is 
probably 4.0-4.5 (Hileman 1979) have taken place in this 
diffuse zone. These are the November 2, 1956, the 
December 25, 1969 and the February 4, 1976 earthquakes. 
Data that can permit the determination of the focal 
mechanisms of these earthquakes are not available except 
for the Chino Valley earthquake. According to Eberhart- 
Phillips et al. (1979)> the earthquake of February 4, 
1976 has a normal faulting mechanism on a plane striking 
northwest-southeast. Earthquakes in central Arizona are 
associated, in a general way, with areas of Quaternary 
faulting. In a few cases, the earthquake epicenters can 
be associated with particular faults.

Intensive activity in the northwestern part of 
the state (not shown in Figure 4) is associated with the
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Lake Mead area. Several faults striking approximately 
north-south are found to be active and have shown recent 
micro-earthquake activity (Rogers and Lee 1976).

Two events in September 26, 1967 are shown near 
the southwestern corner of Arizona in Figure 3- There 
is no activity within most of the Basin and Range Province 
throughout the southern.and the western parts of middle 
Arizona. The three events to the northeast in Figure 3 
occurred on March 14, 1971; May 1, 1971; and on February 
9, 1973. They are located in an area of intensive coal 
mining activity and are listed in the EDR reports as 
probable earthquakes because they occurred on weekends. 
Since mine blasting usually occurs on weekends in 
Arizona, the possibility that these events can be blast
ing cannot be ruled out. However, the one that occurred 
on May 1, 1971 had an unusual time for a mine blasting.

The 1887 earthquake occurred in the southeastern 
part of Arizona. There was no seismic activity in the 
region between Globe and the 1887 fault scarp for the 
time period sampled in this study.



MAGNITUDE STUDY

An important criteria of the seismicity of any 
region is its b value which can yield a recurrence 
rate for that region. The b value is a measure of the 
relationship of larger to smaller shocks. It is the 
slope of the straight line that best fits the following 
relationship (Richter 1958):

Log1QN = a - bM (2)

where
N = the cumulative number of earthquakes of 

magnitudes M or greater.

Magnitudes presented in this study are mainly 
from two sources

1. Determinations made by this study using seismic 
records from TUG, DUG and ALQ stations.

2. Determinations made by several sources which are 
included in the USGS listing.
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The magnitudes of most of the earthquakes from 1963 to 
1976 were based on the amplitude of the Lg phases de
termined from TUC seismic records. Some records for 
several events were available from DUG and ALQ stations 
for this period of time and were helpful in checking the 
magnitudes obtained from TUC records. Several events, 
however, did not have adequate records and their magni
tudes were taken from the USGS listing.

Magnitude Computations of Local Events
Evernden (1967) has proposed an empirical formula 

for obtaining M^, the body wave magnitudes, from observa
tions at regional and near regional distances in the 
western United States. Magnitudes can be determined 
using the following relationship:

M7.9 = ■7*55 + 1,21 (L°S I + 3'04 Log A)» (3)

where
A = amplitude of the Pn phase (0 to peak)
T = period
A = distance in degrees

M7 n = magnitude determined from refracted Pn phases 
with velocities of 7.8-7.9 km/S.
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No attempt was made to determine the magnitudes for local 
events because first arrivals of Pn were always emergent 
and weak, making; =.it inadequate, to use the for these 
distances. In addition, reliable magnitudes were 
always based on a number of observations.

Nuttli (1973) has proposed the use of 1-sec Lg 
phase to determine magnitudes of local and near regional 
events in the eastern United States. Lg phases are 
Rayleigh waves of short periods and are observed mainly 
on records from continental paths. Two empirical 
magnitude relationships were obtained by Nuttli (1973):

M = 3.75 + 0.90 (Log A) + Log|- 0.5 < A < 4°

(4)
and

M = 3-3 + 1.66 (Log A) + Log! 4° < A < 30°

(5)

Following Nuttli's work, short period Lg phase 
observations of the February 4, 1976, Chino Valley earth
quake from stations in the western United States were
used to obtain similar magnitude relationships. Figure 5

Apresents the maximum ^ values of Lg phases with periods 
of approximately 1-3 sec plotted versus the distances of
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Figure 5. A/T of Lg phases for the Chino Valley earth
quake plotted versus distance from stations. 
—  Stations associated with the upper dashed 
line are located east of the event. Stations 
associated with the lower dashed line and 
located to the west of the event. A is the 
amplitude (0-peak) of the Lg phase. T is the 
period.
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the stations. Station codes are given on the figure.
It can be noticed that Lg phases at stations that are 
mainly to the west of the Chino Valley earthquake epi
center are lower in amplitude than those stations that 
are primarily to the east of the epicenter. In addition, 
the western stations’ signals are more attenuated with 
distance than the eastern stations. Waves that travel 
to the east pass mainly through the Colorado Plateau to 
stations that are east, northeast or north of the event. 
On the other hand, waves to the western stations pass 
through the Basin and Range Province. Thus, the observa
tions in Figure 5 could be fitted by two straight lines 
using the least square method. A slope of -1.66 was 
found to fit the eastern stations. This slope is the 
same as that found by Nuttli (1973) for the eastern 
United States. For the western stations, however, the 
slope was found equal -2.7.

For short distances (less than 4°), data recorded 
from the Miser Bluff Shot that was detonated at Lake 
Havasu, Arizona, on August 30, 1979> were used. A 
straight line with slope -1.93 was found to best fit the 
short distance observations (see Figure 6).

The formulas used to compute magnitudes from the 
vertical component short period Lg phases are as
follows:
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For stations in Utah, New Mexico, and Colorado 

. M = 3.96 + 1.66 (Log A) + Log ^ 4° < A < 20°
(6)

For TUC station
M = 3.69 + 2.7 (Log A) + Log| 4° < A < 20°

(7)
and

M = 4.05 + 1.93 (Log A) + Log | 0.5 < A < 4°
(8)

The values of the constants in Equations 6 and 
7 were obtained by considering the magnitude of the 
Chino Valley earthquake that determined by the USGS as a 
standard since it was based on a number of stations 
(eight stations). The value of C in Equation 8 could 
not be obtained the same technique since the Miser Bluff 
shot magnitude was not determined by the USGS. Instead, 
magnitudes of the March 2, 1967; August 3> 1970; and 
July 20, 1967 events determined from DUG and ALQ station 
records were used. The amplitudes of Lg phases for these 
earthquakes from TUC records were measured and C was 
determined in Euqation 8.

Recurrence of Earthquakes
The number of earthquakes of magnitudes M or 

greater were normalized so that the frequency calculations 
are based only on the active regions. The method used



was described by Ryall, Slemmons and Gedney (1966) in 
which the area of the 15' active quadrangles are only 
considered for the period of time sampled. -A total of 
30 quadrangles were found active for the period 1963 to 
1976 for which we now have reliable magnitude determina
tions of earthquakes. The number of earthquakes of

2magnitude M or greater per year per 1000 km is plotted 
versus their magnitudes in Figure 7• The slope of the 
curve is 0.86. The uncertainty in the b value was de
termined using the equation described by Page (1968):

b = 0.86 + " -9- -b (9)
- / T

where
n = the total number of earthquakes used.

A total number of 39 earthquakes were used. Only magni
tudes of 3.2-4.9 were considered because of the lack of 
resolution for smaller magnitudes. It was found that 
b = 0.86 + 0.27. This value is slightly less than the 
world average of shallow shocks of 0.90 (Gutenberg and 
Richter 1954). It is also less than the b value 
determined for 350 intermountain earthquakes of 1.06 
(Smith and Sbar 1974). Ryall et al. (1966) determined 
a b value of 0.61 for 254 earthquakes of the Rocky 
Mountain zone during the period 1932 to 1961. Although
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the b value determined here is comparable with other 
determinations for the western United States, additional 
data are required for a longer period of time in order 
to minimize the uncertainties.

Using the relationship obtained in Figure 7
(Log N — 2.04 - 0.86 M), it was found that in Arizona,

2the number of earthquakes of magnitude Vyear/1000 km 
is 0.039 + 0.009. Thus, about every 25.6 + 6 years

pone earthquake of magnitude 4.0/1000 km is expected.
The magnitude of the largest earthquake expected once/

2year/1000 km is 2.37 + 0.01 and the expected time for
the recurrence of magnitude 7•0 for the entire 30
quadrangles is 318 + 242 years, assuming a magnitude
7.0 earthquake would occur in each of the quadrangles.
The number of earthquakes of magnitude 4.0/year/1000 km ,
the magnitude of the earthquakes that would be expected

2once/year/1000 km , and the expected time for recurrence
2of magnitude 7•0 shock/1000 km for the Rocky Mountain 

area were found by Ryall et al. (1966) to be 0.12 shock/ 
year/1000 km , 2.5, and 556 years, respectively.



DISCUSSION

Based on the location of the active seismic zones. 
Smith and Sbar (197*0 divided the western United States 
into several subplates. These include the Great Basin, 
the northern Rocky Mountains, and the Colorado Plateau 
subplates. The ISB is coincident with the boundary 
between these subplates.

The seismic activity in northern Arizona appears 
to be the southern extension of the ISB. The available 
data are not adequate to reveal the nature of the focal 
mechanisms of the events in this region. The northern 
Arizona fault zones, however, are known to be normal 
faults (Wilson et al. 1969, Shoemaker.et al. 197*1, Huntoon 
1977). Fault plane solutions from earthquakes along the 
ISB in Utah indicate that the transition between the 
Great Basin and the Colorado Plateau is in a state of 
east-west extension. Most of the activity is occurring 
along normal block fault zones similar to those in 
northern Arizona. The nature of faulting inferred from 
geologic evidences for northern Arizona is consistent 
with the dominantly east-west extension of the ISB.

The diffuse seismic activity throughout central 
Arizona is still associated with the transition zone
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between the Colorado Plateau and the southern part of the 
Basin and Range Province. Whether this activity is re
lated to the ISB is still not clear. Sumner (1976) 
suggested a zone of seismic activity that extends in a 
northwest-southeast direction beginning at the north
western corner of the state and following the transition 
zone in a southeast direction and ending at the location 
of the 1887 earthquake near the southeastern part of the 
state. Although he used data for a longer period of time 
(1850 to 1976), the distribution of the earthquakes is 
very scattered and it is difficult to recognize clear 
zoning of seismicity especially along the southern edge 
of the Colorado Plateau.

The southern part of the Basin and Range Province 
is essentially inactive seismically. It is evident in 
Figure 4 that most of southern Arizona is inactive 
except for two events to the southwest of Yuma. The 
origin of the Basin and Range Province is related to 
crustal extension that occurred during Cenozoic time 
(Stewart 1978, Eaton 1979)• The time of initiation of 
crustal extension may have been about 17-13 m.y.b.p. in 
a west-southwest direction and began to wane about 
10 m.y.b.p. (Eaton 1979)• The occurrence of an earthquake 
of magnitude in southeastern Arizona along a normal fault 
indicates, however, that extension is probably still



taking place in that region. Furthermore, micro
earthquake activity was detected recently along the 1887 
fault (Natali, Gish and Star 1979)• It is still not 
clear whether this activity is related to the northern 
seismicity as suggested by Sumner (1976) or not. The 
presence of a gap in seismic activity between the two 
regions for the time period of this study does not support 
the continuity.of seismicity.

Yuma is located very close to the southeastern 
end of the San Andreas fault system. Minor activity is 
observed southwest of Yuma as shown in Figure 3. There 
are two Quaternary faults south of Yuma, but these did 
not show any seismicity during the time considered.



CONCLUSION

The results of this study indicate that the 
seismicity of Arizona is associated with Quaternary and 
late Cenozoic faulting in general. Several fault zones 
showed pronounced seismic activity such as the West 
Kaibab, the Toroweap and the Hurricane fault zones in 
northern Arizona. The seismicity is rather diffuse in 
central Arizona, but it is still associated with fault 
zones along the transition between the Colorado Plateau 
and the southern part of the Basin and Range Province.
The proximity of the populated cities to many fault zones 
that showed seismic activity during the period studied 
make it necessary to take precautions against seismic 
hazard. In particular, Prescott, Flagstaff, and the 
area of the Grand Canyon (which is one of the most 
frequently visited areas in the United States), are among 
the regions for which precautions against hazard should 
be considered.

The seismicity diminishes as one moves away from 
the transition zone into either the Colorado Plateau or 
the southern part of Basin and Range Province. In the 
southern part of the Basin and Range Province, however.
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seismic activity is known to occur in southeast Arizona 
along the 188? fault. The seismicity in southeast Arizona 
may not form a continuous belt with the main seismicity 
as suggested by Sumner (1976).

Attenuation of Lg phase is greater in the southern 
part of the Basin and Range Province than in the eastern 
United States. Based on the decrease of the amplitude 
of this phase with distance, empirical relationships for 
magnitude calculations of local and near-regional earth
quakes from local stations in the province are developed. 
Magnitudes from TUG station can be obtained using the 
following equations:

M = 3.69 + 2.7 (log a ) + - Log | iJ° < a < 20°
and

M = 4.05 + 1.93 (log A) + Log | 0.5° < A < 4°

About thirty 151 quadrangles in Arizona were
found to contain seismic activity from 1963 to 1976.
The b value for the region is comparable to that of other
active areas in the western United States and is
-0.86 + 0.27. The recurrence rates of a magnitude 4.0

2earthquake per year per 1000 km is 0.039 + 0.009. The 
expected time for recurrence of a magnitude 7.0 earth
quake for the region is 318 + 242 years.
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