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PREFACE 

We have attempted to establish the degree of seismic risk along the Rio Grande 
Valley in New Mexico. The results of the study are nec~,sarily preliminary because the 
data used for estimates of seismic risk are quite limited, particularly instrumental 
studies of earthquakes and geologic investigations relevant to the seismicity problem. 
Undoubtedly as more of these types of ir]formation become available, some of the 
conclusions reached in this paper will need to be modified. 

The text was written for the non·specialist as well as the seismologist. We hope 
that engineers who must consider seismic risk in the design of structures, and officials 
responsible for public safety, will use the results of this study in their work. 

The authors are indebted to Stuart A. Northrop, Richard H. Jahns, and David B. 
Slemmons for reviewing the paper and making many useful suggestions to improve its 
content. We also wish to thank Professor Northrop for providing historical information 
on some earthquakes in New Mexico. Assistance from the Albuquerque Seismologi· 
cal Center (ERL, NOAA) in the form of equipment and data, is gratefully acknowledge
ed. John Hoffman, a coauthor of this report, is a staff member of the Albuquerque 
Seismological Center. This study was supported by a National Science Foundation 
Grant (GA 4446). 
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ABSTRACT 

The Rio Grande rift zone is the most probable area of New Mexico to have sub
stantial seismic activity. The principal data used in establishing the seismicity of this 
region were: (I) reports of strong earthquakes before 1960, (2) instrumental studies of 
moderate shocks (ML>2.7) after 1960, (3) analyses of microearthquakes (ML <2.7) 
recorded at Albuquerque, Socorro, and Las Cruces, and (4) analysis of fault scarps 
offsetting the Quaternary geomorphic surfaces in the Socorro area. 

Historical reports indicate a moderately high seismic risk in a zone from Albu· 
querq~e to Socorro. In this region, particularly near Socorro, the largest shock in a 
100-year period is likely to be magnitude 6. Instrumental data on earthquakes (M> 
2.7) since I 960 show that activity is hi~est near Socorro and Las Cruces. However, 
estimated seismic risk from these data is low, with a maximum magnitude shock of 
about 5 each I 00 years over the entire extent of the rift zone. Analyses of micro
earthquakes (ML <2.7) also lead to low estimates of seismic risk in the rift zone, e.g. a 
maximum magnitude shock of 4.6 in the Socorro-Bernardo region each 100 years. 

Historical reports, spanning a century, are probably more reliable indicators of 
seismic risk than the relatively short-term instrumental data spanning only about a de
cade. The historical data indicate probability of a magnitude 6 earthquake each 100 
years. Both categories of data indicate seismic risk is not unifonn and is greatest in the 
following regions: {I) Socorro-Bernardo, (2) Albuquerque-Belen, and (3) El Paso-Las 
Cruces. 

In the region of highest seismic risk, Socorro-Bernardo, little direct correlation 
exists between the distribution of microearthquakes and faults. Analyses of data for 
faults offsetting recent geomorphic surfaces indicates seismic activity has been occurr
ing in the Socorro-Bernardo region for thousands of years. Estimates of seismicity 
based on the fault scarps cover a fairly wide range because of the uncertainty in the 
age of the scarps. However, the most reasonable estimates for the age yield seismicity 
values comparable to those calculated from earthquake data. 

INTRODUCTION 

In 1959, Richter published a seismic regionalization map 
for the conterminous United States (fig. 1). This map shows 
five regions in which major damage from earthquakes might 
be expected, at least occasionally. The type of damage to be 
expected includes partial collapse of substantial buildings, 
shifting of buildings off foundations, and the breaking of 
underground pipes. One of the regions shown on Richter's 
map is a zone 50 - 150 kilometers wide following the Rio 
Grande Valley south from Bernalillo, New Mexico, to the 
Great Bend country of Texas. In New Mexico, this seismic re
gion coincides with the Rio Grande rift (fig. 2), a prominent 
chain of structural depressions extending north-south through 
central New Mexico from the Colorado boundary to Mexico 
(Kelley, 1952, 1956). The Rio Grande rift is the most likely 
area in New Mexico to have significant seismicity because the 
structures comprising the rift were formed during the latest 
period of tectonic activity. Pediment surfaces offset by fault 
scarps, historical reports of earthquakes, and recent instru· 

Since the publication of Richter's map, Algermissen 
(1969) has also released the results of another study of seismic 
risk in the United States (fig. 1). In contrast to Richter's re
sults, his findings indicate moderate damage from ear~hquakes 
in the western half of the state, minor damage in the eastern 
half, and no zone of high seismic risk along the Rio Grande 
rift. One. purpose of this study was to determine which of 
these estimates of seismic risk for the Rio Grande rift is more 
nearly correct. The problem is of more than academic interest 
because New Mexico's principal population centers, and much 
industry, are located in the rift zone. Recent studies in Cali
fornia (Steinbrugge, Cloud, and Scott, 1970) show that an 
earthquake of only moderate strength near a population center 
can cause extensive damage. A comparable seismic event in 
New Mexico could be much worse because of the absence of 
consideration of seismic risks in the state building code. 

al seismic studies indicate that tectonic activity within 
rift continues to the present time. 

The principal data used to establish the seismicity of the 
Rio Grande rift zone were: 

(I) Historical reports of strong earthquakes before 1960. 
(2) Instrumental studies of moderate shocks throughout 

the state after 1960. , · 
I 

(3) Analysis of instrumentally recorded microcarth 
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qu~kes at Albuquerque, Socorro, and Las Cruces. 
(4) Analysis of fault scarps offsetting the Quaternary 

geomorphic surfaces in the Socorro :~rea. 

observations, the point of maximum intensity and the limits 
of perceptibility can be established. Uoth of these factors can 
be roughly related to the earthquake magnitude, an instru
mental measure of the strength of an earthquake. 

Although this study involved a great deal more data 
than those of Richter and Algermissen, much of the in forma· 
tion, particularly geologic, comes frorn only a short segment of 
the rift near Socorro. This appears to be the most seismically 
active region, but additional studies probably should be under
t~ken to provide a more uniform distribution of data from the 
entire length of the rift zone. 

The principal weakness in determining the strengths and 
locations of earthquakes from intensity observations is that 
this method depends on population density.' In the most 
sparsely populated sections of New Mexico, moderate shocks 
may go completely unreported. Even in the areas of relatively 
high population density, as along the Rio Grande, th~ point of 
maximum intensity may not be defined because of too few 
observations. 

SEISMICITY BASED ON EARTHQUAKE DATA, 

Earthquakes Prior to 1960 Most of the statistical bias arising from population den
sity can be eliminated by considering only the obviously 
strong earthquakes, i.e. earthquakes with high maximum inten
sities and large areas of perceptibility. Also for the strong 
earthquakes, the intensity observations are sufficiently numer
ous to indicate whether the epicenter does or does not lie in 
the Rio Grande rift. However, the observations for the best 

Most of the information on locations and strengths of 
earthquakes prior to I 960 is based on noninstrumentally de
termined values of earthquake intensity. Intensity values are 
determined by the reactions and observations of people during 
a shock and the degree of damage to structures. Given many 

TABLE I - Strong earthquakes in Rio Grande depression, 1869 to 1960 

Year Month & Day Location of 
Max. Reported 
Intensity 

Maximum 
Intensity 
M.M. 

Reported Maximum Intensities of VII or Greater 
1869 April 18 Socorro VII 

1893 Sept. 7 Los Lunas VII 
and Sabinal 

1906 July 12 Socorro VIII 

July 16 Socorro VIII 
(Three shocks 
within 8 minutes) 

Nov. IS Socorro VIII 

1918 May 28 Cerrillos VIII 

Other Strong Shocks• 
1931 Feb. 4 Albuquerque VI-VII 

1935 Dec. 18 Belen V-VI 
05:33.3 GMT 

Dec. 19 Belen v 
01:57.1 GMT 

Referena:s 

Heck (1938), Bagg (1904), 
Northrop (1971) 

Heck (1938) 

Heck (1938), Reid (1911), 
Socorro Chieftain ( 1906), 
Sanford ( 1963) 

Heck (1938), Reid (1911), 
Socorro Chieftain ( 1906), 
Sanford ( 1963) 

lkck (1938), Reid (1911), 
Socorro Chieftain (1906), 
Sanford (1963) 

Heck (1938), No:'hrop 
(1961, 1971) 

Neumann (1932) 

Neumann (1937) 

Neumann ( 1937) 

Remarks 

Affected position of water flow from 
Socorro springs. Water from springs a rusty 
color for many weeks. Considerable damage to 
several houses. 

Strongest of a 3-month swarm. Adobe 
structures in Los Lunas damaged. 

First strong shock of a swarm that commena:d 
July 2, 1906. Radius of perceptibility approx. 
).70 km (160 miles). 

Slightly stronger than the shock of July 12th. 
Radius of pera:ptibUity approx. 330 km 
(200 mUes). 

Probably about as strong as the July 12.th 
event. Radius of perceptibility approx. 270 km 
(160 mUes). 

Radius of perceptibUity (from Northrop's 
measurement of felt area) approx. 100 km 
(60 miles). 

Instrumental location, USCGS 35.1°N I06.80W. 

Instrumental location, USCGS 34.7°N 
I06.8°W. Felt weakly Socorro and Los Lunas. 

Instrumental location, USCGS 34.7°N 
106.80W. 

"The reported maximum intensity of these shocks is not as high as those ::sted above. However, the fact that instrumental locations could be determined indicates substantial strength. At the time of these earthquakes, the nearest station, Tucson, was about 500 km away, and the instruments (Wood-Andersons) were of low sensitivity (magnification equal to 2800) by modern standards. 
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documented New Mexico earthquakes are not adequate to 
accurately pinpoint the epicenter. Even if large numbers of 

servations existed, the epicenter might be difficult to es
ablish noninstrumcntally because of the manner in which the 

ground can influence intensity (Richter, 1958, p. 142-147). 
. The reason for incorporating noninstrumen tal data on 

earthquakes in tllis study is that they are available for a span 
of years about ten times greater than the period for which 
instrumental data is available. Strong earthquakes are rare 
events, hence the longer the earthquake history available, the 
more reliable the estimates of seismic risk. 

Table I lists strong earthquakes occurring within the 
Rio Grande rift system from 1869 to 1960. The first part is 
restricted to events having maximum reported intensities of 
VII or greater. Some characteristics of intensity VII are (1) 
everybody runs outdoors, (2) difficult to stand, (3) damage to 
weak masonry (e.g. adobe) struCtures, (4) weak chimneys 
broken at roof line, and (5) fall of plaster, loose bricks, stones, 
tiles, etc. 

TABLE 2- Relation between magnitude, intensity, 
and perceptibility of California earthquakes 

(from Richter, 1958, p. 353) 

Magnitude Intensity 

2 I-ll 

3 Ill 

4 y 

5 VI-VII 

6 VII-VIII 

7 IX-X 

8 XI 

Radius of 
perceptibility 
(kilometers) 

0 

IS 

80 

!50 

220 

400 

600 

For California, Richter (I 958, p. 353) has established 
generalized relations among maximum intensity, earthquake 
magnitude, and radius of the region over which the shock is 
felt (table 2). Recent data from instrumentally recorded 
shocks at several locations in New Mexico, including the Rio 
Grande Valley, indicate similar relations among these para
meters. For an earthquake with a maximum intensity VII, the 

itudc (MI) is about 5, and the radius of perceptibility is 
kilometers or 110 miles (table 2). 

3 

The second part of table 1 includes three shocks with( 
maximum intensities rated at less than VII. However, the fact'· 
that these events could be located instrumentally indicates an 
earthquake of substantial strength. At the time of these earth· 
quakes, the nearest seismic station, Tucson, was about 500 
kilometers (300 mi.) away, and the instruments were of low 
sensitivity by modern standards. To be detected at Tucson, 
the magnitude (MJ) of these events would have had to be 
greater than 4.7. Also the epicenters of these earthquakes 
could have been some distance from the point of maximum 
reported intensity. 

Only one New Mexico shock as strong as any of those 
listed in table 1 is known to have occurred outside the Rio 
Grande rift from 1869 to 1960. This shock, with an instru
mental magnitude of 5~, occurred September 17, 1938, in the 
Gila National Forest during an eight-month earthquake swarm. 
The radius of perceptibility was about 100 kilometers (60 
mi.) (Neumann, 1940). Over thls long period of time, there
fore, the central Rio Grande rift was by far the most seismi
cally active region of New Mexico. 

The shocks listed in table 1 are the principal seismic 
evidence used by Richter (1959) to assign substantial seismic 
risk to the Rio Grande rift south of Albuquerque. Of these 
nine strong shocks, the three near Socorro in 1906 are prob· 
ably the best documented and most significant. All three 
occurred during a prolonged earthquake swarm that com-( 
menced July 2, 1906, and continued through the early part of\ 
1907. (Reid, 1911; Sanford, 1963). The largest of the several 
hundred shocks in this swarm occurred on July 16, 1906, and 
was felt to a distance of 330 kilometers (200 mi.). Using the 
relations between magnitude and radius of perceptibility in 
table 2, the magnitude of the July I 6th shock could have been 
somewhere near 6~. This :.hock and its companions on July 
12, 1906, and November IS, 1906, are the strongest seismic 
events to occur anywhere in New Mexico during the past 100 
years. 

Earthquakes After 1960 

Instrumental studies of earthquakes in New Mexico were 
started in June, 1960, when high-magnification seismographs 
were placed in operation by the New Mexico Institute of Min
ing and Technology (New Mexico Tech) at Socorro, and by 
the Atomic Energy Commission at Sandia Base near Albuquer
que. These two stations provided some information on loca
tions and strengths of earthquakes in New Mexico, but accur
ate locations throughout the state were not possible until the 
beginning of 1962, when additional high-gain stations went 
into operation in New Mexico and in bordering states (e.g., 
Las Cruces, New Mexico (LCN); Payson, Arizona (TFO); and 
Ft. Sill, Oklahoma (WMO)). Also, at this time the U.S. Coas} 
and Geodetic Survey (now Environ men tal Research La bora' 
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tories (ERL), NOAA) established a regular reporting station 
at Albuquerque (ALQ). 

Table 3 lists earthquakes occurring within the Rio 
Grande rift system from 1960 through 1970 with local or 
Richter magnitudes (MJ equal to or greater than 2.7. The 
sources of information on shocks from 1962 through 1967 are 
publications by Sanford (1965) and Sanford and Cash (I %9). 
The data for later shocks come from the Earthquake Data 
Reports of Preliminary Determinations of Epicenters pub
lished by the Environmental Research Laboratories (ERL). 
Information on the stations used to locate the earthquakes is 
given in table 4. 

Under "Magnitude" in table 3 are four columns. If a 
magnitude is listed under the first column, its value was deter
mined by ERL. Magnitudes appearing in the next three col
umns were calculated by New Mexico Tech from Albuquerque 
(ALQ), Socorro (SNM), or Las Cruces (LCN) records. Magni
tudes followed by a "(B)" are based on amplitudes of the P 
phases (Richter, 1958, p. 688-690). Magnitudes followed by 
"(L)" are based on the amplitudes of S phases (Sanford and 
Cash, 1969). Empirical relations given by Richter (I 958, p. 

348) indicate mb and ML magnitudes are equal at 6.7. Below 
this value, mb is increasingly greater than ML, e.g., an ML of 
2.7 is equivalent to an mb of 4.2. Therefore, in terms of mb, 
the minimum magnitude shock in table 3 is about 4. The 
magnitude normally reported by ERL is mb. 

The possible error in locations of epicenters in table 3 
ranges from about 8 kilometers for events less 'than 25 kilo
meters from recording stations in New Mexico to 24 kilo
meters for events farthest removed from these stations. 

The pattern of seismic activity since 1960 appears to 
differ considerably from that of the previous 90 years. The 
17 earthquakes listed in table 3 constitute only about 30 per
cent of the total number of earthquakes (with ML greater than 
2.7) in New Mexico during the entire eleven-year period. The 
percentage is even less if the total includes after-shocks of the 
largest quake. The latter had a magnitude (mb) of 5.5 and an 
epicenter on the northern border of New Mexico 130 kilo
meters west of the Rio Grande rift. Nearly all the other lo
cated shocks originated in the northeastern quadrant of the 
state, a region without strong earthquakes during the past 100 
years. 

TABLE 3- Instrumentally located earthquakes with magnitudes 2.7 or gr · .er from 1960 through 1970 

Year Month Day Origin Time Epicenter Magnitude Stations used Located by GMT lat. N. long. W. ERL ALQ SNM LCN ERL NMT 
1960 . July 22* 15:49:30 34.4° 106.9° -3.3(L) SNM, AEC (SANDIA BASE) X July 23* 14:15:26 34.4° 106.9° -3.:l(L) SNM, AEC (SANDIA BASE) X 
1961 July 3* 07:06:16.5 34.2° 106.9° -3.5(L) SNM X 
1962 June 14 07:27:56 35.6° 106.9° 2.8(L) ALQ, SNM, LCN, TUC X 
1963 Feb. 22 07:02:08 32.4° 107.0° 2.9(L) ALQ,SNM, LCN, TUC, 1FO X Feb. 22 08:53:18 32.4° 107.0° 2.8(L) ALQ, SNM, LCN X Aug. 19 00:08:23 32.4° 107.1° 2.9(L) ALQ, SNM, TUC, TFO, EPT X 
1965 Apr. 10 07:00:55 34.0° 107.1° 2.7(L) ALQ,SNM X July 28 03:52:06 33.9° 106.8° J.O(L) ALQ, SNM, JR, WMO, LUB X July 28 04:38:53 33.9° 106.8° 2.7(L) ALQ,SNM,JR X 
1967 Jan. 16 18:14:36 34.5° 107.1° >3.6(L) ALQ, SNM, TFO, UBO X Sept. 29 03:52:46 32.2° 107.0° 3.2(L) ALQ,SNM,LCN,TFO,UBO X 

WMO,EPT 
1969 Jan. 30 05:17:37.8 34.29° 106.88° 4.1(8) 3.4(L) ALQ, SNM, TUC, TFO, X 

EPT, MMA, UBO May 12 08:26:18.7 31.81° 106.40° 3.4(L) ALQ, SNM, TUC, TFO, X 
EPT, LUB, JCT May 12 08:49:16.3 31.82° 106.40° 3.3(L) ALQ, SNM, TUC, EPT, X 
LUB,MMA July 4 14:43:34.0 36.08° 106.12° 4.4(8) ALQ,SNM,SRM, TUC, X 
TFO, TJC, UBO, FGU, BMO 

1970 Nov. 28 07:40:10.5 35.1° 106.7° -3.5(L) SNM, SBB, ALQ X 
• Although NMT locations for these events are only based on I or 2 stations, one station (SNM) was close to the epicenter. Locations listed here are known to be more accurate than those given in U.S. Earthquakes 1960, 1961 (Talley and Cloud, 1962; Lander and Cloud, 1963). The latter publications do not list any other instrumentally detected or reported felt earthquakes in New Mexico for 1960 and 1961 • .... 
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TABLE 4- Seismograph stations used 

Location lat N. longW. Elevation 
(meters) 

SNM Socorro, NM 34"04.2' 106"56.6' 1511 

ALQ Albuquerque, NM 34"56.5' 106"27.5' 1853 

WMO Ft. Sill, OK 34°43,) I 98"35.3' 505 

WB Lubbock, TX 33"35.0' 101"52.0' 200 

UBO Vernal, Uf 40°19.3' 109.34.1' 1596 

TFO Payson, AR 34"17.2' 111"16.0' 1609 

EPT El Paso, TX 31"46.3' 106"30.4' 1186 

L.CN Las Cruces, NM 32"24.1' 106°36.0' 1580 

JR Jerome,AR 34"49.5' 111°59.4' 1310 

rue Tucson,AR 32"18.6' 110"46.8' 985 

MMA Mummy Mountain, AR 33"33.1' 111"57.5' 422 

JCT Junction City, TX 30"28.8' 99"48.1' 591 

FGU Flaming Gorge, ur 40"55.6' 109"23.2' 1982 

BMO Blue Mountains, OR 44"50.9' 117"18.3' 1189 

TJC Trinidad, CO 37"13.0' 104"41.1' 2103 

SRM West of La Joya, NM 34"20.5' 106"53.9' 1522 

sec Magdalena Mountains. NM 34°01.0' 107"08.5' 2200 

SBB East Of Bernardo, NM 34"24.5' 106"44.7' 1525 

The recent instrumental data indicate that significant 
seismic activity may be occurring outsice the Rio Grande rift, 
particularly in the northeast quadrant of the state. Seismic 
activity could have occurred previously, but was unreported 
because of the low population density. To assume, on the 
basis of this instrumental data, that seismic risk is higher in 
the northeastern quadrant of the state than along the Rio 
Grande rift, would probably be a mistake. An eleven-year 
time period is far too short, and the total number of shocks 
(approx. 50) far too small, to estimate seismicity. To illustrate 
how misleading instrumental data alone can be, consider an 
estimate of the seismicity of the Rio Grande rift based on the 
shocks listed in table 3. The empirical relation between num· 
her of shocks and magnitude is (Richter, 1958, p. 359-361): 

(1) 

where N is the number of shocks of magnitude ML or greater. 
If we assume b is equal to l, a value found for many seismic 
areas of the world, we can calculate a value of a from the data 
in table 2. The computed E... 3.9, is the log to the base 10 of 
the number of shocks of ML greater than 0 for the eleven 
year period. To extrapolate the relation to a I OO·year period, 
one must add to 1!. the log1 0 *·i.e., 0.96. The relation be-

5 

tween magnitude and number of shocks in the Rio Granr. 
rift for a 100-year period becomes approximately 

(2) 

If we let N equal I, we fmd that equation (2) predicts that 
the strongest earthquake in the rift for a 1 00-year period will 
be 4.9. However, data in tables 1 and 2 indicate there must 
have been at least six shocks in the 1 00-year interval from 
1869 to 1969 with ML greater than 4.9. In fact, the largest 
earthquake during this period appears to have had a magni
tude of about 6~. 

The Rio Grande rift earthquakes listed in table 2 were 
concentrated in two areas, one centered near Las Cruces (from 
31.8°N to 32.4°N and 106.4°W to 107.1°W), the other cen
tered near Socorro (from 33.9°N to 34.5°N and I 06.8°W to 
107.1°W). Six shocks with ML ranging from 2,8 to 3.4 occur· 
red in the first area, and eight shocks with ML from 2.7 to 3.8 
occurred in the second area. 

Microearthquake Studies in the Rio Grande Rift 

A microearthquake differs from a regular earthquake 
only in magnitude. A microearthquake is defmed herein as a 
natural seismic event having ML less than 2.7. No lower limit 
to the magnitude of a microearthquake exists other than the 
ability to detect it. Thus, events with magnitudes Jess than 
(i.e., negative) are not only possible, but commonly recordd,, 

The principal reason for microearthquake investigations 
is that weak earthquakes are more numerous than strong earth
quakes. In most seismic areas, the number of shocks increases 
by about a factor of 10 for each unit decrease in. magnitude 
(Richter, 1958, p. 359). For example, the number of magni· 
tude 0 shocks will be approximately one thousand times 
greater than the number of magnitude 3 shocks. By investi· 
gating the weaker shocks, a large amount of seismic data can 
be gathered in a short period of time, even in regions having 
relatively low earthquake activity, as New Mexico. The micro
earthquake data provide information on the distribution of 
seismic activity, the dominant type of tectonic movement, and 
crustal structure. However, in New Mexico, and probably else· 
where, the number of microearthquakes detected (within rela
tively short periods of recording) is not a good index of long· 
term {I 00-year) seismicity (Sanford and Singh, 1968; Singh, 
1970). 

Microearthquake research is best performed with instru
ments having very high magnification and good high-frequency 
as well as low-frequency response. Magnifications of several 
million, up to frequencies of 30 Hz (Hertz) or more, are fairly 
typical for microearthquake seismographs. However, standard 
equipment, with magnifications of only a few hundred thou
sand and limited high-frequency response, provide useful,.r 
cords if they are near a source of microearthquakes. l, 
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Notes on Geomorphic Map 

The map was constructed from the topographical contour maps of 

1:24,000 and 1:62,500 scale. Surfaces having uniform slope as indicated by 

the contour spacing were outlined. The gradient of the surfaces is about 300 

feet per mile near the mountains and diminishes to about 10 feet per mile near 

the Rio Grande. The slopes of the surface remnants were pr~jected out to the 

Rio Grande flood plain on the basis of this progressive reduction in slope, and 

their elevations above the flood plain were thereby determined. The elevations 

fall into five groups which correspond approximately to Denny's (1941) four 

surfaces, with his "Valle de Parida" subdivided into two surfaces. 
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Socorro region 

Investigation of the microearthquakes in the Rio Grande 
· ""'-". rift began at Socorro in 1960. Results of the studies on weak 'Ill' shocks originating ncar Socorro have been described by San· 

·.· ford and Holmes (1961,1962), Sanford (1963), Sanford and 
Long (I 965), Sanford and Singh (1968), and Singh ( 1970). 
Aspects of the research important to the seismicity of the Rio 
Grande rift are summarized below. 

The number of earthquakes with magnitudes of 0 or 
greater, originating witltin 20 kilometers of Socorro averages 
about 400 a year. Most of the microearthquakes are located' 
west and southwest of Socorro. The prominent fault separating 
Socorro Mountain from Socorro Basin (Sanford, I 968) has 
little or no activity. 

A careful statistical analysis of five years of Socorro 
data (S·P~3.0 sec) by Sanford and Singh (1968) has indicated 
that long-term (100-year) seismicity probably cannot be pre· 
dieted from the microearthquake activity. The number of mi· 
croearthquakes observed in the Socorro region is at least an 
order of magnitude less than expected for a region that has 
had shocks as strong as those listed in table I. From tltis 
study, the relation between number of earthquakes and magni· 
tude for a 1 00-year period was found to be: 

log1 0 ~N = 4.7 · 1.01 ML (3) 

The total area covered in this study was about 2,000 square 
~lomete·rs. The 100-year recurrence relation for an equivalent 

...,area of the Los Angeles Basin in California is (Allen and 
· others, 1965): 

log1 0 ~N = 5.5 • 1.02 ML 

Albuquerque region 

The recording at Socorro since 1960 appears to show 
that at the present time the Socorro area is the most active seg· 
ment of the Rio Grande rift from Santa Fe to Las Cruces. To 
confirm tltis observation, special studies of records from the 
Albuquerque (ALQ) and Las Cruces (LCN) stations were un· 
dertaken. 

The Albuquerque study involved four and one-half years 
of records from January 1, 1962, through June 30, 1964, and 
from January I, 1965, through December 30, 1966. There· 
cords from July 1, 1964 to January I, 1965 were not studied. 
All available records were examined for natural earthquakes 
having S-P intervals of from 0 to 15 seconds (equivalent to epi· 
central distances of 0 to about 120 km). The S-P interval, 
which is the time separation in seconds between the P-wave 
and S-wave arrivals, is directly proportional to distance. For 

: 11hc R;o G"nde dft '""' the dhtance ;n kUometen ;, equ~ to 
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7.95 (S-P). Only shocks occurring from 0200 to 1300 GMT 
(19:00 to 06:00 MST) were considered to avoid the problem 
of the numerous daytime mining explosions. Socorro records 
also were examined for the same time period to determine · 
which events were detected by both stations. 

A total of 96 earthquakes was identified on the Albu
querque records. The frequency distribution of these events as 
a function of S-P interval is shown in fig. 3. The shocks also 
recorded at Socorro are striped in fig. 3, the type of marking 
changing with distance (S-P interval) from Socorro. 

Fig. 3 is somewhat misleading because it appears to indi
cate considerable activity r !Jr Albuquerque. However, the 
minimum-level earthquake considered in the analysis increases 
in magnitude with distance from Albuquerque as shown in 
table 5. Thus the majority of shocks near Albuquerque are 
very weak in comparison with events that occurred at dis· 
tances of 64 kilometers (S·P = 8.0) or greater. 

With the aid of Socorro records, a rougl1 geographical 
grouping of most earthquakes beyond 64 kilometers from 
Albuquerque is possible. Fig. 4 is a plot of the distance from 
Albuquerque versus the distance from Socorro for all events 
detected by both stations. Most of the points on this graph lie 
near a straight line drawn between the 1 06-km points on both 
axes. The distance between the Socorro and Albuquerque sta· 
tions is 106 kilometers (62 mi.) and both stations lie within 
the Rio Grande rift. Thus the majority of events plotted on 
fig. 4 have epicenters within or along the Rio Grande depres· 
sion. The distances in fig. 4 are determined from S-P intervals. 
Incorrect identification of the S phase, particularly on Albu· 
querque records, is believed to be the reason for the points 
falling left of the line in fig. 4. 

The distribution of points in fig. 4 suggests three sepa· 
rate regions of activity. Area A from other seismic data is 
known to lie southeast of Socorro. All shocks in area A are 
from an earthquake swarm of about two-months duration. 
The swarm started 18:00 GMT May 26, 1965, and, within a 
period of 24 hours, 136 shocks were recorded at Socorro. The 
frequency of shocks gradually diminished with time, but the 
two largest events of the series did not occur until very near 
the end of the swarm. Area B surrounds Socorro and area C is 
64 kilometers south of Albuquerque. 

The total energy release of all 96 earthquakes in fig. 3 is 
3.9 x 101 6 ergs. The energy release from areas A, B, and C des· 
cribed above are: 

A 
B+C 
A+B+C 

1.9 x 1016 ergs 
1.6 x 1016 ergs 
3.5 x 1016 ergs 

Therefore, the energy contributed by shocks located within 
the three areas shown in fig. 4 is about 90 percent of the total. 
If A is eliminated from the statistics, then areas B and C ac· 
count for 80 percent of the total energy release. If one m3kes 



the reasonable assumption that detection of earthquakes is 
equally probable north and south of Albuquerque, then the re

lts of this study are indicative of the seismicity over a reach 
the Rio Grande rift zone extending from Santa Fe to 
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Figure 3. Night-time shocks at Albuquerque (Jan. 1, 1962-June 
30, 1964; Jan. I. 1965-Dec. 31, 1966) versus S-P interval. 

Socorro. The analysis of Albuquerque records clearly shows 
that recent seismic activity along this segment of the rift is 
concentrated near Socorro. 

This study also confirmed the existence of a zone (area 
C) of activity in the rift centered about 35 kilometers north of 
Socorro. The four and one-half years of data used in this 
investigation' indicate that area C may be about one-third as 

(about ISO per year with ~0) as B in the vicinity of 

II 

eeo 
"" 
t 
0 
u 
o60 ., 
E 
~ 

20 

20 

0 o ·oo 

" ~'J 0 
I c I 

rAJ 
LoJ L----d" 0 

rg;"--~-~-g 
I..--- -

40 80 10 120 

Distance from Albuquerque, km. 

Figure 4. Distance from Albuquerque versus distance from 
Socorro for events detected by both stations (Jan. 1, 1962· 

June 30, 1964; Jan. 1, 1965-Dec. 31, 1966) . 

Las Cruces region 

The study of records from the Las Cruces station (LCN) 
was restricted to a two-year period from J .;ly 1, 1963, to July 
1, 1965. Only shocks occurring between 00:00 GMT (17:09 
MST) and 14:00 GMT (07:00 MST) and having S-P~25.~ 
seconds were considered in the analysis. -

TABLE 5- Minimum magnitude events considered in 
analyzing Albuquerque records 

S-P Distance ML 
(seconds) (kilometers) 

7.9 0 

2 15.9 0.1 

3 23.8 0.4 

4 31.8 0.7 

s 39.8 0.9 

6 47.7 1.1 

7 55.1 1.2 

8 63.6 1.3 

9 71.6 1.4 

10 19.5 1.4 

11 87.5 1.5 

12 95.4 1.5 

13 103.2 1.6 

14 111.2 1.6 

IS 119.1 1.6 
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A total of 40 shocks was identified on the Las Cruces 
records. The distribution of these events as a function of S-P 
interval is shown in fig. 5. Fifteen of the 40 events had epi
centers near Socorro, and of this number 13 occurred during 
the two-month swarm (May-July, 1965) from area A shown 
in fig. 4. All the shocks with S-~.0 seconds were probably 
due to earthquakes within the southern part of the rift. The 
strongest earthquake of this group (ML= 2.9) was located 
northwest of the Las Cruces station (Sanford, 1965). Shocks 
that have S-P;;;.JI.O, and that were not detected at Socorro, 
probably lie south of a line drawn through the Las Cruces 
station; had they been north of this line, the Socorro station 
should have detected them. A significant fraction of earth
quake activity south of Las Cruces could be located within a 
possible southward extension of the rift zone into Mexico. 
From mid-1966 through 1969, the ERL located eight shocks 
in northern Chihuahua, Mexico, from 30.0°N to 30.5°N and 
105.3°W to 105.7°W, in an area that, from geologic considera
tions, could be part of the rift zone. The two shocks with S-P 
= 24.0 seconds in fig. 5 could have originated from this re
gion of Mexico. However, without additional multiple-station 
studies for the Las Cruces region little can be said with confi
dence about the location of any event with an s.p;;;.s.o se
conds. 
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Figure S. Number of night·time shocks at Las Cruces (July 1, 
1963 to July 1,1965) versus S-P interval. 

Bernardo to Socorro 

Because evidence has indicated a relatively high degree 
of seismicity along the Rio Grande rift from Bernardo to 
Socorro (regions B and C of fig. 4), special studies in this area 
were undertaken. On June 1, 1969, a remote station (SRM) 
was put into operation about 30 kilometers directly north of 
Socorro. Later, in collaboration with the Albuquerque Seismo· 
logical Center, stations (SCC and SBB) were established about 
20 kilometers west and 42 kilometers northeast of Socorro. 
Precise locations of the stations SRM, SCC, and SBB are given 
in table 4. 
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The results of a 13-month study, using data from the 
five stations ALQ, SNM, SRM, SBB, and SCC, are given in 
figs. 6 and 7. Fig. 6 shows the distribution of epicenters. 
Locations given in black are relatively accurate, probably 
within 1.5 kilometers of the true epicenter. Locations given by 
open circles are less accurate, and the poorest of these could 
be as much as 5 kilometers from the true locations. The num
bers opposite the symbols indicate the number of shocks from 
each location. Fig. 7 shows the distribution of energy release 
for the same 13-month period (June I, 1969 to July 1, 1970). 

Figs. 6 and 7 indicate current microearthquake activity 
is far from uniformly distributed in the region, tending to be 
concentrated in relatively narrow zones. The relation of these 
seismic zones to the known structure is not obvious. Activity 
appears to be. unrelated to the fault-defmed margins between 
basins and highlands. For example, the large and sharp faults 
(Sanford, 1968) that separate the Socorro-Polvadera Moun
tains from the Socorro Basin are nearly aseismic. Instead, the 
activity near Socorro falls within a zone that cuts obliquely 
(northeastward) across the. north-trending mountains just 
north of the town. Other fault-defmed boundaries between 
basins and highlands having little or no activity are the eastern 
margin of the Socorro Basin and the eastern front of the 
Magdalena Mountains. 

In the northern half of the area, most of the earthquakes 
are located in a broad zone along the southern margin of the 
Albuquerque-Belen Basin, and beneath the narrow ·structural 
constriction at San AcaCia separating the Albuquerque·Belen 
and Socorro Basins. The crust beneath the Socorro Basin 
appears to be aseismic. 

The lack of correlation everywhere between rift struc
ture and zones of microearthquake activity could indicate a 
recent shift of tectonic stresses. On the other hand, the sampl
ing period is extremely short, and, therefore, the observed 
distribution of microearthquake activity may not accurately 
represent the distribution of stress within the region. The 
zones of microearthquakes may only indicate areas where rela
tively minor concentrations of stress are being relieved. Large 
concentrations may exist along the major faults of the rift, 
but these stress concentrations would have to be relieved by 
strong shocks which are relatively rare in the region. In other 
words, the areas that are likely to produce shocks as large as 
those that occurred in 1906 may currently show little or no 
microearthquake activity. 

The distribution of energy release shown in fig. 7 indi
cates two centers of relatively high activity, one located south• 
west of Socorro, the other southeastward from the Ladron 
Mountains to San Acacia. However, the entire area during the 
period of study can hardly be characterized as a region of 
high seismicity. The total energy release, about 3 X 101 s ergs, 
is about equivalent to the energy released by a single· magni
tude 3 earthquake. 



Another indication of the low seismicity during the per
of study comes from the relation between number of 

and magnitude. The relation for the 13-month period 

(4) 

If the relation is adjusted to a 1 00-year period, it becomes: 

(5) 

On the basis of equation (5), the strongest shock in a I 00-
year period would be 4.2, whereas from an earlier study (equa
tion 3) the strongest earthquake for the same period would be 
4.7. The difference is significant because the area north from 
San Acacia (fig. 6) was not covered in the earlier study (San
ford and Singh, 1968). The discrepancy between equations 
(3) and (5) is the result of temporal variations in seismic ac· 
tivity in the region. 

Tables l and 2 indicate that several shocks with magni· 
tudes much greater than 4.2 have occurred in the Bernardo· 
Socorro area during the past I 00 years. Therefore, this study, 
as well as an earlier one by Sanford and Singh {1968), indi· 
cates that long-term seismicity probably cannot be accurately 
predicted from a short-term observation of microearthquakes. 

Lodron Pk. 
Bernardo 

" 
6 

SRF 
• 

sec 
• 00 

South Baldy 
6 

' 

• 
0 

0 

0 

+ 

SRM • 
•18 0 0 

• 

~2 
Polvadera Pk.a .. 

Lemitar 

0 

0 

" •9 

• 
o a 

ao 
SNM 

Socorro Pk. 6 • Socorro 
I ~ o 

? 
b ;13 .,... 

0 

• 

a 

•SBB 

• 

o2 -¥4.15'N 

• 0 
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Summary and Conclusions 

The distribution of seismic activity in the Rio Grande 
rift is fairly well established. Historical reports and recent in· 
strumental studies indicate that most of the shocks have been 
occurring south from Nbuquerque, with the most intense acti· 
vity centered near Socorro. 

The level of activity is difficult to appraise. Recent in· 
strumental work, including microearthquake surveys, indicates 
a modest degree of seismicity. These studies point to a maxi· 
mum magnitude (Mr) shock within a 100-year period of only 
4.2 to 4.9. On the other hand, historical records (table l) 
show that at least one shock in excess of magnitude 6 has 
occurred within the past l 00 years. 

This discrepancy can be explained in at least two alterna· 
tive ways. First, seismic activity during the instrumental stu
dies, i.e. since 1960, may have been anomalously low, so that 
seismic risk could be underestimated. Second, the instrumental 
estimates oflong-term seismicity may be essentially correct, so 
that activity in the past was anomalously high (particularly at 
Socorro) and is not likely to be repeated for several centur· 
ies. 

At this time, there is inadequate information to provide 
a reasonable choice between these two alternatives. The safe 
procedure therefore is to assume the worst, i.e. that shocks of 
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mQgnitude as great as 6 arc likely to occur along the rift, 
and particularly in the segment from 1\lbuquerquc through 
Socorro. A shock of this magnitude could be very destructive 
in a population center like Albuquerque. Even in the lower 
population areas south of Albuquerque, the damage would be 
extensive, particularly to the many adobe structures. 

The maximum intensity for a magnitude 6 shock is Vll
VII! (see table 2). Therefore, Richter's estimate of seismic 
risk for the Rio Grande rift zone appears to be too high and 
Algermissen's too low (see fig. I). 

SEISMICITY OF SOCOR_RO REGION BASED ON 
GEOLOGIC DATA 

Tectonics 

In the Socorro area, the rift structure is expressed by 
elevated northward-trending blocks that are separated by 
structural depressions (map I). From east to west, the struc
tural highs are the Joyita Hills, the Ladron Peak-Polvadera 
Peak-Socorro Peak block with its southern extension into the 
Chupadera Mountains, and the Magdalena Mountains-Bear 
Mountains block. These features ar'e separated by the Rio 
Grande Valley and La Jencia (La Jense) Basin. The basins are 
:llled with late Tertiary clastic sediments and volcanic rocks, 
mainly basalts, of the Santa Fe Group. 

The oldest rocks exposed in the uplifted blocks are Pre-

) 

cambrian in age, and are overlain by Carboniferous, Permian, 
Triassic, and Cretaceous strata. Volcanic and sedimentary 

"'' rocks of early Tertiary age are also present. The structures in 
the Phanerozoic rocks are complex; folding, steep reverse 
faulting, and normal faulting are the result of deformations 
that started near the end of the Mesozoic Era. The uplifted 
blocks are structurally higher to the north, where Precambrian 
rocks are extensively exposed in the Lemitar and Ladron 
Mountains, than to the south in the Socorro and Chupadera 
Mountains, where outcrops of Precambrian rocks are scarce. 
In a similar fashion, the Magdalena Mountains expose older 
rocks in their northern part. 

In the intervening troughs, a thick sequence of Santa Fe 
sediments overlies older rocks and obscures deeper structures 
to a great extent. The thickness of Santa Fe fill, as estimated 
from gravity data, is about 900 meters in the Rio Grande 
Valley and about 450 meters in La Jencia Basin (Sanford, 
1968). AJong the graben edge, Santa Fe beds are in fault con· 
tact with older rocks; locally, the Santa Fe overlapped the 
structural basin and is resting unconformably on older rocks. 

Where faults are exposed in the Santa Fe section the 
angles of dip range from 70° to 90°. Dips of normal faults 
associated with graben structures usually are from 55° to 70°. 

, , The higl1er dips observed in the Santa Fe section may repre
·~ sent fault refraction near the surface. Faults in the Santa Fe 
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sediments arc relatively young features; therefore, the steep 
dips are mcnsured near the original surface and these may not 
reflect the attitude of the faults at deeper levels of the crust. 

The most satisfactory method, in terms of time and 
effort expended, for detecting faults in the Santa Fe Forma· 
tion is from the stereoscopic study of :~erial photographs. 
Black and white aerial photographs of the Soc~rro region are 
available from the U. S. Geological Survey at a scale of about 
I :40,000. Small, partly eroded fault scarps may easily go 
undetected during ground observations, owing to the irregu
lar nature of the terrain. More effective recognition of faults 
and fault scarps may be accomplished on aerial photographs 
by noting one or more of the following features: 

(I) Linear features, marked by a change in "color" 
tone, photographic texture, or changes in vegetation 
or drainage pattern not directly attributable to pre
sent erosional forms or land use practices. 

(2) Rectilinear escarpments, sometimes partially ero
ded, which may offset pediment, alluvial-fan, and 
other geomorphic surfaces. 

(3) Alignment of tributary arroyos and linear stream 
patterns; this is particularly noticeable as most of 
the drainage patterns on the Santa Fe Formation are 
dendritic. 

In spite of the relative ease with which faults can be 
recognized on the aerial photographs, field checking is the 
only way to positively identify the faults. The normal field 
criteria, such as interruption of strata, fault drag, slickensides, 
brecciation and unusual cementation, should be used to sup
plement photo interpretation in properly identifying faults. 

The pattern of faulting in the Rio Grande Valley (map 
1) shows the same complexity as the structure of adjoining 
uplifted blocks. The faults have a predominant northward 
trend; other more widely spaced and shorter faults trend east· 
ward. Movement along the northward trending faults is not 
necessarily downward on the side toward the river, as indi· 
vidual blocks appear as horsts within the broader, down· 
dropped part of the valley structure. Indeed, the Socorro· 
Polvadera mountain block could be considered as an inter
graben horst in a structural depression 32 kilometers wide 
(Denny, 1940). 

Faulting in the Rio Grande rift is discontinuous. Indi
vidual faults can be traced for several kilometers, but even
tually they diminish in throw as traced along their strike; in 
such places movement is taken up by parallel faults. Within 
the Rio Grande Valley and La Jencia Basin, zones of closely 
spaced, parallel faults contrast with ground little affected by 
faulting. The zone of most intense faulting extends from San 
Antonio to San Acacia in the Rio Grande Valley (map 1}, and 
this zone continues northward into the Albuquerque-Belen 
Basin to the latitude of Belen. The greater part of La Jencia 
Basin and the Rio Grande Valley east of Belen are relatively 



(a) f,.:tlt scarp in alluvium along the northeast 
side of the Magdalena Mountains is about one kilo
meter from the mountain front. Offset of allu
vial surface is about 10 meters, down thrown to the 
northeast. Photograph is taken looking south. 

-· ...... ~ 

(c) Fault scarp offsetting lower Valle de Parida sur
face southwest of Socorro. Photograph is taken 
looking north along scarp on foreground. Socorro 
Canyon is south of basalt-covered spur against sky
line. 
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(b) One of the north-trending faults offsetting the 
upper Valle de Parida surface east of Ladron Peak. 

Figure 8. Quaternary fault scarps 
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little affected by faulting. In these areas, the only recognized 
fault scarps are northeast of the Magdalena Mountains and 
east of the Bear Mountains, and in an area of 7 kilometers west 
of and parallel to the Manzano Mountains. 

In Quaternary time, an extensive series of geomorphic 
surfaces was developed on Santa Fe and older sediments. The 
oldest of these, termed the Ortiz surface (Denny, 1941), is 
about 130 meters above the present drainage and is preserved 
west of Bernardo between the Rio Puerco and the Rio Grande. 

Remnants of younger surfaces can be found at success· 
ively lower elevations. Extensive surfaces have been cut at 61· 
84 meters, 43-55 meters, 30-37 meters and 12-27 meters above 
the level of the present drainage. The surface at 12-27 me· 
ters, or Canada Mariana surface of Denny ( 1941 ), has been 
correlated with the Picacho surface of the Las Cruces area 
(Ruhe, 1964). The surfaces at 30-37 meters, and 43-55 me· 
ters were combined by Denny into the Valle de Parida Sur
face, which is considered the correlative of the Tortugas sur
face in the Las Cruces area. The surface at 61-84 meters was 
named the Tio Bartolo by Denny. Several faults displace these 
surfaces in a vertical sense by as much as 15 meters (fig. 8 and 
map 2). Because these fault scarps are the most recent evi· 
dence of tectonism in the area, they are especially significant 
in an investigation of the seismicity. 

Relation of Seismicity to Tectonics 

A comparison between the tectonic map and the loca
tion map of epicenters of microearthquakes from June I, 
1969, through June 30, 1970 (fig. 6), shows little direct cor· 
relation between the distribution of faults and seismic events. 
For example, no microearthquakes occurred during this per· 
iod near the prominent fault scarps along the eastern margins 
of the Magdalena and Bear Mountains. The zone of faults that 
extends southeast from Socorro Mountain also was aseismic. 
On the other hand, evidence of late Quaternary tectonism 
exists in the area of microearthquake activity extending south· 
east of Ladron Peak. 

The locations of epicenters shown in fig. 6 support the 
idea of a structural constriction in the rift zone near San 
Acacia. Epicenters converge from the north and from the 
south toward the San Acacia region, where a substantial part 
of the seismic energy. release occurred (fig. 7). 

Determination of Seismicity from Fault Scarps 

Map 2 shows the relation between faults and geomorphic 
surfaces in the Socorro area. An estimate of seismicity based 
on the lengths and displacements of faults cutting the surfaces 
is useful because of the much longer span of seismic· history 
incorporated in the estimate. Unfortunately, this estimate can 
only be approximate because of the uncertainty in the ages of 
the fault scarps. 

• 
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Several faults offset the Tio Bartolo and Valle de Parida 
surfaces (see fig. 8). The scarps cutting the Tio Bartolo sur· 
face appear to be as fresh in appearance as those offsetting 
the Valle de Parida surface, which is of the same age as the 
Tortugas surface in the Las Cruces area. Hawley and Kottlow· 
ski ( 1969) cite faunal evidence indicating the Tortugas surface 
may be Illinoian in age or about 400,000 years old (Ericson 
and Wollin, 1968). On the other hand, they also suggest the 
possibility that this surface might date from Early Wisconsin 
or from about 150,000 years ago (Ericson and Wollin, 1968). 
On the basis of the postulated ages of the surfaces, the fault 
scarps are certain to be younger than 400,000 years. 

The magnitudes of shocks producing the scarps can be 
determined from the empirical formula (King and Knopoff, 
1968): 

ML = 0.45 log1 0 ID2 + 2.23 (6) 

where L and D are the length and maximum displacement of 
the fault expressed in centimeters. The longest series of fault 
scarps that could have been produced during a single earth· 
quake lie along the eastern margin of the Magdalena and Bear 
Mountains. The maximum displacement, 10 meters, and aggre
gate length, 34 kilometers, of this fault yields a D to L ratio of 
2.9 x 10-4. From a compilation of fault parametcts for strong 
historical earthquakes, Iida (1965) obtained an averageD to L 
ratio of 10 -4. However, 2.9 x 10-4 is within the. range of 
values obtained by lida, and therefore, this ratio could be con· 
sidered characteristic of faulting in the Socorro region. 

Equation (6), with aD to L ratio of 2.9 x 10-4
, was used 

to calculate the magnitudes of the largest earthquakes associa
ted with the observed scarps. Table 6 is a listing of the most 
important fault scarps, their lengths, probable maximum dis
placements, and the calcul~ted magnitudes of the earthquakes 
associated with their formation. The 6 scarps listed could have 
been generated by 13 shocks ranging in magnitude from 7.1 to 
7.9. Because the ratio of displacement to length for some of 
the most prominent scarps exceeds 2.9 x 10-4, it was neces
sary to assume that they were formed by more than one 
earthquake. A fault scarp, number 2 in table 6, crossing two 
geomorphic surfaces (map 2) indicates that repeated move~ 
ments have occurred. The offset of the lower pediment sur· 
face is only about one-half that of the upper surface. · 

A relation between number of earthquakes and earth· 
quake magnitude can be established from equation (1) by 
assuming a value of .Q_ and knowing the number of shocks 
exceeding some prescribed value. The best estimate of JLfor 
the Socorro area is 1.0, a value obtained from 30 months of 
microearthquake data (Sanford and Singh, 1968). For a Jt 
value of 1.0 and the 13 shocks exceeding magnitude 7.1, the 
relation is: 

(7) 



TABLE 6- Ust of most prominent scarps 
offsetting geomorphic surfaces, and the magnitudes of .. associated earthquakes 

··,J=Numt>er 
Location Length Displacement . Magnitudes 

lat.N. longW. (kilometers) (meters) Ml M2 M, M• 

34°10' 107°10' 34.0 10 7.9 

2 33°58' 106°54' 16.7 7 7.4 7.1 

3 34°24' 106°59' 14.5 15 7.4 7.4 7.4 7.2 

4 34°18' 106°56' 12.7 6 7.3 7.1 

s 34°27' 106°57' 11.7 8 7.3 7.3 

6 34°12' 106°58' 8.6 6 7.1 7.1 

The degree of seismicity derived from equation (7) de
pends on the age of the scarps. Table 7 gives the seismicity for 
two time intervals, I 00 and I ,000 years, assuming three ages 
for the scarps. The first age listed, 400,000 years, gives an 
absolute minimum estimate of seismicity. In using this age, 
the scarps are assumed to have formed immediately after the 
formation of the Valle de Parida surface which is probably 
400,000 years in age (Hawley and Kottlowski, 1969). If 
400,000 is the true age, many fault scarps probably would 
have disappeared because of erosion, and thus any estimate of 
seismicity would be low. 

TABLE 7 - Degrees of seismicity for different ages of 
fault scarps 

Age of scarps 
yean 

<400,000 

<40,000 

<4,000 

Maximum magnitude earthquake 
I 000 years I 00 years 

5.6 

6.6 

7.6 

4.6 

5.6 

6.6 

On the other hand, the estimate of seismicity obtained 
by assuming that fault scarps are less than 4,000 years old is 
very likely too high. The absence of scarps offsetting the 
youngest geomorphic features in the area suggests that the 
mapped scarps are older than 4,000 years. 

The estimate of seismicity obtained by assuming that 
the fault scarps are less than 40,000 years old is compatible 
with the historical earthquake activity in the Socorro region. 
However, by increasing the age span of the fault scarps to. 
about 200,000 years, the seismicity becomes close to that in
dicated by microcarthquake studies (Sanford and Singh, 1968). 

Until the ages of some scarps are accurately known, no 
precise estimate of the seismicity in geologically recent times 
is possible. However, even with broad limits on the age, the 
scarps indicate a level of seismic activity that is not drastically 

ater or lesser than that historically observed. Thus, earth
activity in the Socorro area over the past 100 years is 
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not a recent development but has existed for many thousands 
of years . 

SUMMARY 

Historical reports of earthquakes indicate that the most 
seismically active segment of the Rio Grande rift zone in New 
Mexico extends southward from Albuquerque through Socor
ro. Within this zone, the seismicity has been substantially 
higher near Socorro than elsewhere. The seismic risk esti· 
mated from historical data is moderately high; a maximum 
magnitude shock of 6 is probable each 100 years. 

Instrumental data on earthquakes (M>2.7) since 1960 
show that activity along the rift is highest in the vicinity of 
Socorro and Las Cruces. Estimates of seismicity for the en
tire rift based on the instrumental data are moderately low, 
with a maximum magnitude shock of about 5 each 100 years. 
Although the estimates of seismicity from instrumental and 
historical data are not in good agreement, both types of in
formation indicate that the region of greatest earthquake acti
vity in the rift is probably in the vicinity of Socorro. 

Analysis of microearthquakes (M<2.7) recorded at three 
locations, Albuquerque, Las Cruces, and Socorro, also shows 
tliat the region of highest activity in the rift at the present 
time is centered near Socorro. However, estimated seismi
city from detailed studies of microearthquakes in the Socorro 
region is substantially lower (a maximum magnitude shock of 
4.6 each 100 years) than expected from historical data. 

The historical data probably give the best and most 
reliable estimate of seisnuc risk. because they extend over a 
much longer time period than the instrumental data. From 
historical information, the largest shock in a 100-year period 
is likely to be magnitude 6. This leads to a seismic risk in the 
Rio Grande rift that is Jess than the estimate of Richter (1959), 
but more than that of Algermissen (1969). However, the in
strumental and historical data combined show that the seis
mic risk is not uniform. The areas of highest seismic risk, in de
scending order of risk, are: (I) Socorro-Bernardo, (2) Albu
querque-Belen, and (3) El Paso-Las Cruces. An area of very 
low seismic risk appears to lie between San Antonio and 
Hatch. 

In the region of highest seismic risk, Socorro-Bernardo, 
little direct correlation exists between the distribution of mi· 
croearthquakes and faults, including recent faults offsetting 
geomorphic surfaces. An analysis involving the lengths, dis
placements, and ages of the fault scarps on the geomorphic 
surfaces indicates that the seismic activity in the Socorro
Bernardo region is not a recent development but has existed 
for many thousands of years. Estimates of seismicity obtained 
from the fault scarp data cover a fairly wide range because of 
the uncertainty in the age of the scarps. However, the most 
reasonable estimates for the age yield seismicity values com
parable to those calculated from the earthquake data. 
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