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Abstract 
Data from seismic stations in New Mexico and surrounding states were used to establish loca-

tions and magnitudes of shocks that occurred within the state from January 1, 1962 to June 30, 
1964. The number and strengths of shocks detected during this period indicated a seismicity for 
New Mexico about one fiftieth as great as Southern California. The strongest shocks (M > 3.5) 
recorded during the study originated in the northeastern part of the state, a region from which 
only one felt shock has been reported in more than sixty years. The majority of the located shocks 
were confined to the western half of the state and followed a geographical distribution in general 
agreement with the historical reports of earthquakes in the state. 

A prediction of seismic activity in west-central New Mexico was made on the basis of the num-
bers and magnitudes of shocks detected from that region during the two and one-half years. The 
predicted activity was much lower than the known seismicity from historical records. This result 
illustrates the possible dangers involved in making long-range predictions of seismicity based on 
short periods of observations. 

Introduction 
This circular reports the strengths and the locations of instrumentally detected earthquakes 

that occurred within New Mexico from January 1, 1962 to June 30, 1964. Special emphasis is 
placed on shocks recorded from west-central New Mexico, a region which has had fairly high 
seismicity in the past (Northrop, 1945, 1947, 1961; Sanford, 1963). 

Prior to 1960, nearly all information on the strengths and distribution of earthquakes in 
New Mexico was determined without the aid of instruments. The strength and location of a shock 
were based on qualitative observations of the intensity of ground vibrations. The latter can be 
determined from what people feel, do, and observe during an earthquake and also from the 
degree of damage to structures (Richter, 1958, p. 135). Unfortunately, these measures of earth-
quake intensity are dependent on the type of ground as well as proximity to the shock. Under 
equivalent conditions, the ground motion on loosely consolidated alluvial materials common to 
many valleys in New Mexico could be ten times larger than the motion on competent rocks out-
cropping in the mountains (Gutenberg, 1957). Thus, an earthquake in a mountainous region of 
New Mexico could be felt more intensely and do more damage in bordering valley areas than in 
the immediate vicinity of the shock. In this instance, the degree and location of maximum in-
tensity of ground motion would not give a true indication of the strength and location of the 
shock. 

Another difficulty with noninstrumental studies of earthquakes is the effect of population 
density. In regions where numbers of people are concentrated, reports of shocks are likely to be 
high and vice versa. Since vast areas of New Mexico are lightly populated, noninstrumental 
studies could have missed some small but significant areas of seismic activity. 

Despite these difficulties, much useful qualitative information on the strengths, locations, and 
modes of occurrence of New Mexico earthquakes has been obtained from noninstrumental studies. 
(See Bagg, 1904; Reid, 1911; Heck, 1938; U.S. Coast and Geodetic Surv., ser. nos. 483, 511, 539, 
553, 563, 579, 593, 600, 610, 619, 629, 637, 647, 655, 746, 749, 762, and 773; Northrop, 1945, 1947, 
1961; Sanford). The noninstrumental data have one principal advantage over the instrumental 
data discussed in this report: they cover a much longer time period. Until several more years of in-
strumental studies are completed, we will have to rely on these older and less perfect data for some 
important conclusions on the seismicity of New Mexico. 

Instrumental studies of earthquakes in this state started in June 1960 when high-magnification 
seismographs were placed in operation on the campus of the New Mexico Institute of Mining and 
Technology at Socorro. Most of the seismic research at NMIMT has been concentrated on shocks 
originating close to Socorro (Sanford and Holmes, 1961, 1962; Sanford) because information from 
other stations located in this or adjacent states was not available in sufficient quantity for a study 
of the seismicity of the entire state. This situation changed about the beginning of 1962 when 
stations at Albuquerque and Las Cruces, New Mexico, and Payson, Arizona, began continuous op-
eration. By 1964, a sufficient amount of data had accumulated from these and other stations (es-
tablished earlier than 1962 in nearby states) for a fairly good instrumental study of earthquakes 
throughout New Mexico. The results of this study, supported by the National Science Founda-
tion under NSF Grant GP3089, are presented herewith. 
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Table 1 lists the important data for seismograph stations used in this study. The author 
greatly appreciates the co-operation and help of the Air Force Technical Applications Center 
(AFTAC), the U.S. Coast and Geodetic Survey (USCG), Texas Western College (Dr. H. S. 
Slusher), and Texas Technological College (Prof. D. H. Shurbet). 

TABLE 1. LOCATION OF SEISMOGRAPH STATIONS USED IN STUDY OF NEW MEXICO EARTHQUAKES 

DEFINITIONS AND PROCEDURES 

DEFINITIONS 

A few definitions of seismological terms are useful in understanding the material which fol- 
lows: 

Focus. The point beneath the surface at which the earthquake occurs. 
Epicenter. A point on the surface directly above the focus. 
P wave. A compressional or longitudinal elastic wave which propagates through the 

solid materials of the earth. 
S wave. A shear or transverse elastic wave which propagates through the earth at about 

0.6 of the P-wave velocity. 
S-P. The time interval on the seismogram between the arrivals of the P and S waves. 

P-0. The time it takes the P wave to travel from the focus to the station. 
Origin time. The time at which the earthquake occurred at the focus. 
Magnitude. A measure of the strength of an earthquake that is independent of the dis- 

tance between the focus and the point of observation. 
SH and SV. Horizontal and vertical components of the S wave. 

PROCEDURE FOR LOCATING SHOCKS 

The method used to locate New Mexico earthquakes was based on the procedure described 
by Richter (1958, pp. 320-323). The location of a shock involved four steps: (1) determination of a 
tentative origin time for each shock from the measured S-P intervals; (2) assignment of a depth 
of focus of either 5 or 10 km; (3) calculation of the distances between stations and epicenter from 
the P-0  intervals and a T-∆  function (in this instance a graph relating time of travel to distance 
of travel for the two depths of focus); and (4) determination of the epicenter from the intersec-
tion of circles whose radii are the calculated distances from step (3). Frequently, step (4) did not 
yield a satisfacttory intersection of arcs. In most of these instances, the fit could be improved by 
adjusting the origin time and repeating the third and fourth steps. Adjustment of origin time 
is a legitimate procedure inasmuch as origin times based on S-P can be in error because of the 
difficulty in identifying the beginning of the S phase. All final determinations of epicenters were 
checked by reversing the location procedure; that is, by calculating (1) the distances (∆) between 
epicenter and stations, (2) the travel times (P-O) between focus and stations, and (3) the origin 
times. Agreement in calculated origin time for each station indicated a correct location. 
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BASIS FOR THE T-∆  RELATION 

Figure 1 summarizes the crustal structures for New Mexico deduced from seismograms of ex-
plosions. The crustal model of Tatel and Tuve (1955) is based on explosions in the mining dis-
tricts of eastern Arizona and western New Mexico. The models of Stewart and Pakiser (1962) 
and Romney et al. (1962) are based on the Project Gnome atomic explosion near Carlsbad on 
December 10, 1961. All the crustal models are calculated from unreversed profiles—a procedure 
which can lead to errors in determining both velocities and depths. 

Although the data in Figure 1 are limited and possibly contain some error, they do indicate 
that no single crustal structure will be valid for the entire state. For this reason, the time-dis-
tance relationship used to locate earthquakes is based on a simple crustal model close to the aver-
age of those appearing in Figure 1. The crustal model adopted consists of a single 39-kilometer-
thick layer with a velocity of 6.0 km/sec overlying subcrustal material with a velocity of 8.0 
km/sec. Two time-distance curves, one for a depth of focus of 5 km and the other for a depth of 
focus of 10 km, were calculated on the basis of this crustal structure. 

METHOD OF ASSIGNING MAGNITUDES 

Magnitude can be expressed by the equation M  logA — logAo, where A is the maximum 
trace amplitude of the S phase (in millimeters) on the seismogram and Ao  is the corresponding 
trace amplitude for a particular-strength earthquake selected as a standard. The numbers obtained 
for M are dependent on the magnification and frequency response of the seismograph used and on 
the selection of the standard shock whose amplitudes at various distances are the values Ao. 

Richter, who first devised a usable magnitude scale for study of local shocks, based his scale 
on the Wood—Anderson seismograph, an instrument with a natural period of 0.8 second, a static 
magnification of 2800, and a damping of 0.8 critical. He further defined his standard shock (the 

Figure 1 

CRUSTAL STRUCTURE IN NEW MEXICO DETERMINED FROM SEISMOGRAMS OF EXPLOSIONS 
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magnitude zero shock) as an earthquake which would produce a trace deflection of one thousandth 
of a millimeter when recorded by a Wood—Anderson seismograph at a distance of 100 kilometers. 

The direct application of the Richter scale to New Mexico earthquakes was impossible be-
cause none of the available data came from Wood—Anderson seismographs. Faced with the prob-
lem of indicating the relative strengths of New Mexico earthquakes, the author decided to rate 
shocks on the basis of the amplitude a Wood—Anderson instrument would produce had it re-
corded these shocks. He also adopted the values used by Richter for the amplitudes Ao  of the 
standard shock. For reasons clearly outlined by Richter (1958, p. 345), this procedure may not 
necessarily give a shock of fixed energy release the same magnitude in New Mexico as it would 
have in California. 

Most of the magnitudes were calculated from the maximum SH ground motions (the com-
ponent recorded by a Wood—Anderson seismograph) reported by the station at Las Cruces. Where 
no SH amplitude information was available from the Las Cruces station, assignment of magni-
tude was made on the basis of the maximum SV ground motion at Albuquerque. The relation be-
tween SV motion at Albuquerque and magnitude was established from data on shocks detected 
by both the Las Cruces and Albuquerque stations. 

These procedures for assigning magnitudes cannot be expected to produce a completely accu-
rate and finely divided grading of shocks. Although the magnitudes in the tables which follow 
are given to the nearest tenth, they should be interpreted only as rough indicators of the relative 
strengths of the shocks. 
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Seismic Activity, All of New Mexico 
Figure 2 and Table 2 summarize the important data on New Mexico shocks detected by three 

or more stations (three is the minimum number of stations from which a unique location can 
be determined). The largest concentration of located shocks—mostly weak events—is in the west-
central part of the state. Although there is abundant historical evidence for activity in this re-
gion, it should be pointed out that there is a greater probability of locating shocks in this area 
than elsewhere in the state because this region lies midway along a line connecting the three prin-
cipal stations used in the study, Albuquerque, Socorro, and Las Cruces. 

Figure 2 
MAP OF NEW MEXICO SHOWING LOCATIONS OF EARTHQUAKES DETECTED BY SEISMOGRAPHS FROM 

JANUARY 1, 1962 TO JUNE 30, 1964 
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TABLE 2. TIMES, MAGNITUDES, AND LOCATIONS OF NEW. MEXICO EARTHQUAKES FROM JANUARY 1, 
1962 THROUGH JUNE 30, 1964 

STRONGEST EARTHQUAKES 

The strongest earthquakes during the two-and-one-half-year period occurred in the northeast-
ern section of the state. With the exception of a fairly strong shock near Cimarron on August 3, 
1952 (U.S. Coast and Geodetic Surv., ser. no. 773), no felt shocks have been reported from this 
quadrant of the state in more than sixty years. Inasmuch as the population over much of this re-
gion is sparse, this may be an area where noninstrumental studies have missed significant activity 
in the past. 

The other strong shocks occurring during the period of study were scattered throughout the 
western half of the state, which is the general pattern expected on the basis of earlier noninstru-
mental studies of activity. As strong shocks may be important in future research on the seismicity 
of New Mexico, an additional and more detailed listing of data for these shocks (M > 2.75) 
is given in Table 3. 

Seven shocks with M > 2.75 are listed in Table 3. By comparison, Southern California 
(32.5°N. to 36°N. latitude, 115°W. to 120°W. longitude) would have about 60 times as many shocks 
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TABLE 3. DATA ON NEW MEXICO EARTHQUAKES WITH MAGNITUDES GREATER THAN 2.75, 
JANUARY 1, 1962 THROUGH TUNE 30. 1964 



exceeding this magnitude in the same time period (Knopoff, 1964). Thus, the over-all seismicity 
of New Mexico is quite low when compared to a highly seismic area such as Southern California. 
While the over-all seismicity may be low, small segments of this state, for example, the area 
surrounding Socorro, may have a degree of seismicity equivalent to most sections of Southern 
California (Richter, 1959). 

LOCATION ACCURACY 

Factors influencing the accuracy of the epicenters in Tables 2 and 3 are (1) the magnitude of 
the shock, (2) the number of stations detecting the shock, (3) the distance and azimuth of the epi-
center relative to the three stations in New Mexico, and (4) the travel time curves used in the 
location procedure. At the present time, not enough information is available on the crustal struc-
ture of New Mexico to estimate the errors introduced by using the same travel time relation for 
all shocks. An analytical evaluation of the effects of the other factors on location accuracy is dif-
ficult and impractical, because, in general, the conditions affecting location accuracy differ con-
siderably from one earthquake to another. However, generalizations can be made which indicate 
in a qualitative way the relative precision of the locations listed in the tables. 

First, the accuracy of the location will improve as the number of recording stations increases 
and the magnitude of the shock increases. Second, an earthquake of given strength can be located 
more accurately in the west-central part of the state than elsewhere, because in this region the dis-
tance from the shock to the three principal stations in this study (Albuquerque, Socorro, and 
Las Cruces) is not great. Third, a shock of given strength in the west-central region will have a 
more accurate location if it occurs to one side rather than along the line connecting the Albu-
querque, Socorro, and Las Cruces stations. The exception to this last generalization occurs when a 
shock is very close to one of the recording stations, a fairly frequent event at Socorro. 

These generalizations can be used to place the location error between ± 6 km and ± 35 km. 
The lower limit is for shocks of magnitude 1.8 or greater that occurred near the stations in New 
Mexico. The upper limit applies to the weaker events (M < 3.0) detected at distances greater than 
200 km from the principal stations. 
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Seismic Activity, West-Central New Mexico 
Figure 3 and Table 4 summarize the important data on shocks located in west-central New 

Mexico, an area arbitrarily defined as extending from 33°45'N. to 35°00'N. latitude and from 

TABLE 4. TIMES, MAGNITUDES, AND LOCATIONS OF EARTHQUAKES IN WEST-CENTRAL NEW 
MEXICO* FROM JANUARY 1, 1962 THROUGH JUNE 30, 1964 
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Figure 3 

MAP OF WEST-CENTRAL NEW MEXICO SHOWING LOCATIONS OF EARTHQUAKES DETECTED BY 
SEISMOGRAPHS FROM JANUARY 1, 1962 TO JUNE 30, 1964 
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106°15'W. to 107°15'W. longitude. This region is of special interest because nearly 90 per cent 
of the strongest shocks reported in New Mexico between 1890 and 1960 originated within its bound-
aries. These stronger shocks had radii of perception in excess of 120 kilometers and estimated 
Richter magnitudes of 5 or greater; thus not too many other shocks of this size elsewhere in the 
state could have gone undetected, even in the low population areas. All evidence indicates that 
the high seismicity of west-central New Mexico determined from the noninstrumental data is real 
and not simply the result of population density. 

EARTHQUAKE LOCATIONS 

Figure 3 and Table 4 include locations for many shocks detected by two stations only, 
Socorro and Albuquerque. When only two distances to the epicenter are known and the depth is 
prescribed, the location procedure yields two possible locations. In this study, the westernmost of 
the two possible locations was selected as the epicenter of the shock. The location obtained for a 
series of shocks that occurred north of Socorro in July 1960 (Sanford and Holmes, 1961) appears 
to support selection of the western location as the epicenter. The epicenter for this series of 
shocks, from three-component records, was 37 km N. 16 W. from Socorro at the base of the 
Sierra Ladrones. Since 1960, six other shocks north of Socorro have been recorded at high speeds 
on closely spaced networks of 3 to 5 vertical seismometers. The epicenters for all these shocks are 
northwest of Socorro (from N. 11 W. to N. 58 W). However, in view of possible horizontal refrac-
tions of the ray path, this evidence for the more westerly epicenters is not conclusive. 

Errors in location may be quite high even if the westernmost of the two possible locations is 
correct. Because many of the shocks occurred close to a line connecting the two stations, the two 
locations, found from the intersection of the arcs, can shift a great deal (mostly east-west) with 
small errors in the distances from the stations to the epicenter. 

Location of shocks in the west-central region was based on assigned depths of focus of 5 km. 
Although the real depths of focus may deviate considerably from this value, studies of shocks near 
Socorro do indicate that 5 km may be close to the mean depth (Sanford). 

DISTRIBUTION OF ACTIVITY 

Despite possible large errors in the location of some shocks, an interesting conclusion can 
be drawn from the distribution of shocks shown in Figure 3. The activity in the southern part 
of this region is greater than in the northern part. An analysis of nighttime events (with M > 1) 
detected at Albuquerque indicates that this distribution is real and cannot be attributed to dif-
ferences in magnifications and frequency responses between instruments at Socorro and Albu-
querque. The distribution shown also agrees fairly well with the historical data on earthquakes 
in the west-central region (Northrop, 1945, 1947). Of the twelve large shocks (estimated Richter 
magnitudes of 5 or greater) that occurred in this region from 1890 to 1960, eight were felt  most 
intensely at Socorro, one was strongest at Bernardo, and the remaining three were most severe at 
or near Albuquerque. 

PREDICTED SEISMICITY 

For limited areas as well as the world at large, numbers of shocks and magnitude can be re-
lated by the expression (Richter, 1958, p. 359) log N = A — bM, where N is the number of shocks 
of magnitude M or greater per unit of time. The 28 shocks in Table 4 with magnitudes greater 
than 1.4 were used to establish the constants A and b in the equation (weaker shocks were not in-
cluded because some of these may have gone undetected). The value of b, which is independent 
of time, was 1.15, in close agreement with those reported for other areas. The value of A, 4.06, was 
computed for a 25-year period by assuming that the values of N would be ten times larger than 
those observed during the two-and-one-half-year period from January 1, 1962 to June 30, 1964. 

The expression thus obtained for west-central New Mexico predicts a strongest shock of mag-
nitude 3.5 for a twenty-five-year period. This contradicts the known seismicity of the region be-
cause at least four shocks of this magnitude occurred within 40 km of Socorro from 1960 to 1961 
(Sanford and Holmes, 1961, 1962). This rather marked discrepancy indicates that long-range pre-
dictions of seismicity derived from short periods of observations can be most misleading. 
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Summary 
From January 1, 1962 to June 30, 1964, the over-all seismicity of New Mexico was quite low 

compared to more active regions such as Southern California. The strongest shocks recorded dur-
ing this period occurred in the northeast quadrant of the state, a region from which little activity 
has been reported in the past. The majority of the epicenters were confined to the western half of 
the state and followed a pattern in general agreement with the earlier noninstrumental reports of 
earthquakes. 

A prediction of activity in west-central New Mexico based on the numbers and magnitudes of 
shocks observed during the two-and-one-half-year period was much lower than the known histori-
cal activity of the region. This result illustrates the possible dangers involved in making long-range 
predictions of seismicity based on short periods of observations. 
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