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Socorro is the earthquake capital of New Mexi-
co. A 5,000 km2 (1,931 mi2) area, less than 2% 
of New Mexico, surrounding the town has pro-
duced nearly 50% of the 30 natural earthquakes of 
magnitude 4.5 or greater in the state since 1869. 
Three of these shocks occurred during a very 
strong swarm from 2 July 1906 through early 
1907 and were the strongest within the state from 
1869 through 2008. Information on these shocks 
comes from newspaper accounts and notably from 
a published paper by the famous seismologist H. 
F. Reid. His paper on the 1906–07 swarm appears 
in the first issue of the Bulletin of the Seismologi-
cal Society of America and presents Rossi-Forel 
earthquake intensity observations out to distances 
of several hundred kilometers for the three strong 
earthquakes of the swarm. As far as I know, the 
new estimates of magnitudes and locations pre-
sented here are the first to utilize all of the Reid 
earthquake intensity data.

Abstract
Rossi-Forel (RF) intensities reported by Reid 
(1911) for the three strongest earthquakes in the 
1906–1907 Socorro earthquake swarm are used 
to estimate magnitudes, locations, and fault 
parameters. RF intensities have been converted 
to Modified Mercalli (MM) intensities using 
the relationships by Richter (1958) and then to 
peak ground accelerations (PGAs) using empiri-
cal equations established by Wald et al. (1999). 
Final estimates of magnitudes were obtained 
from the distribution of PGAs versus distances 
beyond 50 km (31 mi) using the attenuation rela-
tionship of Spudich et al. (1999). The procedure 
yielded local magnitudes of 5.57 (12 July 1906), 
5.76 (16 July 1906), and 6.18 (15 November 1906). 
Further analysis revealed that these earthquakes 
had to occur very near Socorro, most likely on the 
Socorro Canyon fault, a major Quaternary fault 
of the Rio Grande rift (Machette and Chamber-
lin 1997a, b; Phillips et al. 2003). Rupture param-
eters based on the estimated magnitudes (Wells 
and Coppersmith 1994) indicate that only the 
15 November 1906 earthquake would have had 
a chance to rupture the surface, but the displace-
ment would probably be too small to detect.

Introduction
Sanford and Lin (1998) developed a list of 
the strongest earthquakes in New Mexico 
that was later included in the publica-
tion Earthquake catalogs for New Mexico and 
bordering areas: 1869–1998 (Sanford et al. 
2002)1. Three of the four strongest earth-
quakes (M>5.5) on the 30-event list, 12 July 
1906, 16 July 1906, and 15 November 1906, 
occurred during a prolonged Socorro area 

(Fig. 1) swarm that started in July 1906 and 
continued through early 1907 (Reid 1911). 
The procedure that we followed to obtain 
local magnitudes for all the earthquakes 
on the 30-event list was to assume that the 
largest reported intensity (Imax) for an 
earthquake was Io, the earthquake inten-
sity at the epicenter. This value was then 
converted to magnitude using an empirical 
relation derived by Sanford (1998) for New 
Mexico earthquakes,

M = 0.5 + 2/3 Io,

where Io is the epicenter Modified Mercalli 
(MM) intensity.

In Sanford and Lin (1998), two major 
assumptions were made in obtaining mag-
nitudes for the three strongest earthquakes 
in the 1906–07 swarm: 5.5 (12 July), 5.8 (16 
July), and 5.8 (15 November). First the larg-
est reported intensities (Imax), which were at 
Socorro, were assumed to be Io, when in fact 
the maximum intensities could have been 
some distance away and unreported because 
of the very low population density of the 
region in 1906. Second, Socorro newspaper 
accounts of Socorro damage at the time of 
the swarm were used to estimate the Modi-
fied Mercalli Io for the three earthquakes; 
VII–VIII for 12 July, and VIII for 16 July and 
15 November.
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FIGURE 1—Socorro area towns and villages in 1906. Also shown is the trace of the Socorro Canyon 
fault that is believed to have generated the earthquakes in the 1906 swarm.
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Reid intensity data

Reid (1911) presents Rossi-Forel (RF) inten-
sities for the three strongest earthquakes 
of the swarm out to distances of several 
hundred kilometers. In Tables 1, 2, and 3, 
Reid’s RF intensities for the three quakes 
are converted to MM intensities (Richter 

TABLE 1—12 July 1906: locations, observed intensities, distances from Socorro, peak ground accel-
erations (PGAs), and magnitudes. Locations greater than 50 km (31 mi) from Socorro are designated 
with a gray background.

Location1 Rossi-Forel
intensity

Modified Mecalli
intensity2

Distance3 from
Socorro

 km          (mi) 

PGA
(g)4

Magnitude5

Socorro VIII VII 1/4 0 0 0.276 5.72

San Antonio VII–VIII VI 3/4 20 (12.5) 0.202 7.27

Carthage VI–VII VI 26 (16) 0.126 6.85

Elmendorf VI–VII VI 36 (22.5) 0.126 7.46

San Marcial VI V 1/2 41 (25.5) 0.092 7.11

Rosedale IV? III 3/4 55 (34) 0.018 4.59

Alamogordo III–IV III 1/3 155 (96.5) 0.012 5.87

Lake Valley III–IV III 1/3 161 (100) 0.012 5.95

Silver City III–IV III 1/3 192 (119.5) 0.012 6.29

Albuquerque III III 115 (71.5) 0.0083 4.58

El Paso III III 250 (155.5) 0.0083 6.12

1 Locations and Rossi-Forel intensities from Reid (1911).
2 Rossi-Forel conversion to Modified Mercalli intensity from Richter (1958).
3 Distances from Socorro to other reporting localities from New Mexico Aeronautical Chart (H. M. 
   Gousha Company) and Julyan (1996).
4 Conversion of Modified Mercalli intensity to PGA from Wald et al. (1999).
5 Magnitude required to produce the observed intensity at the listed distance from Spudich et al. 
   (1999).

TABLE 2—16 July 1906: locations, observed intensities, distances from Socorro, peak ground accel-
erations (PGAs), and magnitudes. Locations greater than 50 km (31 mi) from Socorro are designated 
with a gray background.

Location1 Rossi-Forel
intensity

Modified Mecalli
intensity2

Distance3 from
Socorro

 km          (mi) 

PGA
(g)4

Magnitude5

Socorro VIII VII 1/4 0 0 0.276 5.72

San Antonio VII–VIII VI 3/4 20 (12.5) 0.202 7.27

Sabinal V–VI V 48 (30) 0.067 6.82

Rosedale V IV 1/2 55 (34) 0.040 6.11

Hillsboro IV–V IV 140 (87) 0.023 6.90

Peralta IV III 3/4 85 (53) 0.018 5.45

Datil IV? III 3/4 89 (55.5) 0.018 5.54

Albuquerque III–IV III 1/3 115 (71.5) 0.012 5.27

Rincon III–IV III 1/3 151 (94) 0.012 5.82

El Paso III–IV III 1/3 250 (155.5) 0.012 6.82

Alto III III 138 (86) 0.0083 4.94

Lake Valley III III 161 (100) 0.0083 5.26

Fort Bayard III III 184 (114.5) 0.0083 5.51

1 Locations and Rossi-Forel intensities from Reid (1911).
2 Rossi-Forel conversion to Modified Mercalli intensity from Richter (1958).
3 Distances from Socorro to other reporting localities from New Mexico Aeronautical Chart (H. M. 
   Gousha Company) and Julyan (1996).
4 Conversion of Modified Mercalli intensity to PGA from Wald et al. (1999).
5 Magnitude required to produce the observed intensity at the listed distance from Spudich et al. 
   (1999).

1958) and listed for locations out to several 
hundred kilometers. Empirical formulas by 
Wald et al. (1999) are used here to estimate 
peak ground accelerations (PGAs) for the 
listed MM intensities.

log PGA = 0.273 (Imm + 1.66) V<Imm < VIII

log PGA = 0.454 (Imm – 1.00) Imm < V

Note that the estimated PGAs are based 
on intensity observations that have large 
uncertainties. Intensities (see Appendix) are 
assigned on the basis of how people judge 
the strength of ground motion and dam-
age to structures. The former can be highly 
subjective and the latter dependent on the 
quality of construction. The formulas devel-
oped by Wald et al. (1999) for estimating 
Modified Mercalli Intensity (MMI) from 
observed PGA have an uncertainty of one 
MMI unit. The inverse, that is estimating 
PGA from observed MMI also has a large 
uncertainty, for example for a reported MMI 
of V, the mean PGA is ~70 cm/s/s with plus 
and minus one sigma values of ~150 cm/s/s 
and 30 cm/s/s.

Table 4 lists the RF intensities reported 
at the same locations for the three earth-
quakes. A comparison between these data 
indicates that the 15 November and 16 July 
quakes were stronger than the shock on 
12 July. However, it is not clear from the 
data in Table 4 whether the 15 November 
event is stronger than the one on 16 July. 
Reid (1911) ranks the earthquakes from 
strongest to weakest: 15 November, 16 July, 
and 12 July. However, Reid reports RF 
intensity VIII at Socorro for all three earth-
quakes which suggests that the epicenter 
distance from Socorro is least for 12 July 
and greatest for 15 November.

New magnitude estimates
Figures 2, 3, and 4 show the calculated PGAs 
versus distance for the three earthquakes. 
Magnitude can be estimated from the 
decrease in PGA with distance: a function of 
magnitude, geometrical spreading, crustal 
absorption, focal depth, and site effects. For 
this study, the attenuation relation of Spu-
dich et al. (1999) was adopted because it 
provided estimates of ground motion versus 
distance for an extensional tectonic regime, 
an appropriate choice for the Socorro area 
located within the Rio Grande rift. Incorpo-
rated in attenuation relations such as Spu-
dich et al. (1999) is the Joyner-Boore distance 
parameter, which is the nearest horizontal 
distance to the vertical projection of the 
fault rupture (see Abrahamson and Shed-
lock 1997, fig. 1). This distance parameter is 
important in estimating the locations of the 
three strong earthquakes.

Estimates of magnitude for the three 1906 
quakes were obtained by using the Spudich 
et al. (1999) attenuation relation to calculate 
the earthquake magnitude required to pro-
duce the estimated PGAs at each felt location 
for all three shocks. All magnitudes obtained 
in this way are listed in the last column of 
Tables 1, 2, and 3. The wide range of magni-
tudes in the last column of Tables 1, 2, and 3 is 
the result of uncertainty in the reported inten-
sities. The very low magnitudes, for example 
4.59 in Table 1, would produce an intensity 
at Socorro well below what was observed 
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that the true epicenters were several tens of 
kilometers from Socorro. Revised magnitudes 
from this procedure were:

        12 July 1906                       M = 5.57
        16 July 1906                       M = 5.76
        15 November 1906            M = 6.18

PGA versus attenuation with distance based 
on Spudich et al. (1999) for these three mag-
nitudes are plotted in Figures 2, 3, and 4. 
Note that the order of earthquake strengths 
is the same as given by Reid (1911). 

Earthquake locations relative 
to Socorro

As mentioned earlier, Reid (1911) assigned 
RF intensity VIII at Socorro for the three 
strongest earthquakes in 1906–1907 Socor-
ro earthquake swarm. The equivalent MM 
intensity is VII 1/4 (Richter 1958). Using 
Wald et al. (1999), the PGA for this inten-
sity is 0.276 g, a value approximately 10% 
greater than the estimated PGA at zero 
Joyner-Boore distance for the magnitude 
5.57 earthquake on 12 July. This indicates 
that the horizontal distance from Socorro to 
the vertical projection of the fault rupture 
(Joyner-Boore distance) can be assumed to 
be zero. The Spudich et al. (1999) attenua-
tion relation yields a PGA of 0.255 g for a 
5.57 earthquake at zero distance. Convert-
ing this value to an intensity using Wald 
et al. (1999) gives a MM of about VII 1/8. 
This is equivalent to RF VII 7/8, very close to 
Reid’s estimate of RF VIII for the intensity 
at Socorro of all three quakes. 

For the magnitude 5.76 earthquake 
on 16 July, a PGA of 0.276 g (RF of VIII) 
occurs at a Joyner-Boore distance of ~2 km 
(~1.2 mi), and for the magnitude 6.18 earth-
quake on 15 November, the same distance 
occurs at ~5.5 km (~3.4 mi). The Joyner-
Boore distances indicate the three earth-
quakes had fault ruptures at progressively 
greater distances from Socorro. Because 
the distances are small, they also suggest 
movement along the Socorro Canyon fault 
(Phillips et al. 2003; Machette and Cham-
berlin 1997a, b), a major north-south rift 
boundary fault only 4 km (2.5 mi) west of 
Socorro. A dip of 60° east on this normal 
fault has the fault plane at a depth of ~7 km 
(~4.4 mi) beneath Socorro (and points to 
the north and south), a reasonable depth 
for unilateral or bilateral rupture along the 
fault surface. 

Fault parameters
Wells and Coppersmith (1994) developed 
empirical formulas relating fault rupture 
parameters to earthquake magnitude. 
Below are listed the subsurface mean 
rupture lengths, mean downdip rupture 
widths, and average displacements for nor-
mal faults producing magnitude 5.57, 5.76, 
and 6.18 earthquakes:

TABLE 3—15 November 1906: locations, observed intensities, distances from Socorro, peak ground 
accelerations (PGAs), and magnitudes. Locations greater than 50 km (31 mi) from Socorro are desig-
nated with a gray background.

Location1 Rossi-Forel
intensity

Modified Mecalli
intensity2

Distance3 from
Socorro

 km          (mi) 

PGA
(g)4

Magnitude5

Socorro VIII VII 1/4 0 0 0.276 5.72

San Antonio VII+ VI 1/2 20 (12.5) 0.172 6.96

Magdalena VI–VII VI 33 (20.5) 0.126 7.29

Sabinal VI–VII VI 48 (30) 0.126 8.02

Rosedale V IV 1/2 55 (34) 0.040 6.11

Peralta V IV 1/2 85 (53) 0.040 6.96

Datil V? IV 1/2 89 (55.5) 0.040 7.05

Laguna V IV 1/2 117 (72.5) 0.040 7.60

Willard IV III 3/4 98 (61) 0.018 5.73

Carpenter IV III 3/4 127 (79) 0.018 6.25

Hillsboro IV III 3/4 140 (87) 0.018 6.44

Alamogordo IV III 3/4 155 (96.5) 0.018 6.64

Lake Valley IV III 3/4 161 (100) 0.018 6.72

Albuquerque III–IV III 1/3 115 (71.5) 0.012 5.28

Estancia III+ III 1/5 108 (67) 0.010 4.81

Cerrillos III III 167 (104) 0.0083 5.32

Santa Fe III III 200 (124.5) 0.0083 5.68

Roswell III III 230 (143) 0.0083 5.96

El Paso III III 250 (155.5) 0.0083 6.13

1 Locations and Rossi-Forel intensities from Reid (1911).
2 Rossi-Forel conversion to Modified Mercalli intensity from Richter (1958).
3 Distances from Socorro to other reporting localities from New Mexico Aeronautical Chart (H. M. 
   Gousha Company) and Julyan (1996).
4 Conversion of Modified Mercalli intensity to PGA from Wald et al. (1999).
5 Magnitude required to produce the observed intensity at the listed distance from Spudich et al. 
   (1999).

Date Magnitude Length
km

Width
km

Average
displacement

cm

12 July 5.57 8.04 6.45 11.5

16 July 5.76 10.00 7.51 15.0

15 Nov. 6.18 16.22 10.50 27.8

(RF VIII), and the very high magnitudes, 
for example 7.60 in Table 3, would produce 
an intensity at Socorro well above what was 
observed (RF VIII). The scatter in magnitude 
values in Tables 1, 2, and 3 cannot be used to 
calculate the uncertainity in the final magni-
tude estimates. Averages of the magnitudes 
listed for distances greater than 50 km (31 mi) 
were adopted as estimates of the local mag-
nitude for each quake. The averages were 
restricted to observations at distances greater 
than 50 km (31 mi) because of the possibility 

TABLE 4—Rossi-Forel intensities reported at the same locations for earthquakes on 12 July, 16 July, and 15 
November.1 Locations greater than 50 km (31 mi) from Socorro are designated with a gray background.

Location Distance from
Socorro

 km        (mi) 

Rossi-Forel intensity
12 July

Rossi-Forel intensity
16 July

Rossi-Forel intensity
15 November

Socorro 0 0 VIII VIII VIII

San Antonio 20 (12.5) VII–VIII VII–VIII VII+

Rosedale 55 (34) IV? V V

Albuquerque 115 (71.5) III III–IV III–IV

Lake Valley 161 (100) III–IV III IV

El Paso 250 (155.5) III III–IV III

1 Locations and Rossi-Forel intensities from Reid (1911).

Considering uncertainties in rupture param-
eters and Joyner-Boore distances, it is pos-
sible that the 16 July earthquake is a north-
erly extension of the 12 July rupture on the 
Socorro Canyon fault and the 15 November 
a southerly extension of it or vice versa.
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Possible weaknesses in the study

A good starting point in this discussion is 
the data on which the study is based. The 
paper listing Rossi-Forel intensities for the 
three strongest earthquakes in the 1906–07 
Socorro swarm was published by Reid 

FIGURE 2—12 July 1906: Peak ground acceleration [PGA (g)] versus distance from Socorro. Triangles 
are estimated PGAs versus distance. The solid line through the circles is PGA versus distance for a 
magnitude 5.57 earthquake and is based on the empirical equation of Spudich et al. (1999).

FIGURE 3—16 July 1906: Peak ground acceleration [PGA (g)] versus distance from Socorro. Triangles 
are estimated PGAs versus distance. The solid line through the circles is PGA versus distance for a 
magnitude 5.76 earthquake and is based on the empirical equation of Spudich et al. (1999).

(1911) approximately 5 yrs after the swarm. 
In his paper, Reid does not explain how 
he acquired the intensity data. Consider-
ing New Mexico’s total 1906 population of 
approximately 200,000 (only 16% urban), 
it would have been a formidable task to 
establish intensity values at 26 locations— 

many with very small populations. Reid, a 
professor at Johns Hopkins University, may 
have obtained damage and felt reports from 
someone in New Mexico (probably Socor-
ro) who gathered the data shortly after the 
earthquakes occurred (Fig. 5). Reid would 
have assigned the RF intensity values.

Reid’s RF intensities at distances less than 
50 km (31 mi) from Socorro were not used 
in the study because nearly all were from 
locations within basins of the Rio Grande 
rift where surface waves would be trapped 
and would strongly amplify the ground 
motions. The following is a report by a resi-
dent in Elmendorf 36 km (22.4 mi) south of 
Socorro that describes the development of a 
strong surface wave in the Rio Grande val-
ley (rift) during a shock that followed the 
12 July event by about an hour.

“We were standing out on the street at 
6 o’clock when the second shock came. ‘Look 
at [it] coming at us’ exclaimed one of my 
companions. I looked up just in time to see a 
wave like a wave of water coming along the 
ground. It looked to be about ten feet high, 
but in reality was about ten inches. We all 
three watched it come and braced ourselves 
to meet it. We tried to stand up but it was 
impossible. It threw us to the ground and 
by the time we had struggled to our knees it 
was gone. We stood up [in] shock and looked 
at each other. It was a pretty scary experi-
ence and one I am not anxious to go through 
again. It is the most peculiar sensation I ever 
experienced.” (The report is by J. J. Sheridan, 
a former resident of Silver City who provided 
this account for the 20 July 1906 issue of the 
Silver City Enterprise newspaper.) The Socor-
ro Defensor Chieftain describes this aftershock 
as “a second shock nearly as severe as the 
first” (Sanford 1963).

A potential weakness in this study was 
the use of empirical equations from Wald 
et al. (1999) to convert Modified Mercalli 
(MM) intensity into peak ground accelera-
tion (PGA). They used a very large number 
of observations that had a wide range in 
PGA for each value of MM intensity. There-
fore use of these equations creates uncer-
tainty in the results. 

A predictive equation between PGA and 
distance for an extensional tectonic regime 
(Spudich et al., 1999) was used to estimate 
the magnitude required to produce the 
estimated PGAs at each reporting location. 
Uncertainties in the equation’s parameters 
were not considered. In addition the equa-
tion was applied beyond the recommended 
distance range of 70 km (43.5 mi). However, 
application of an alternate predictive equa-
tion between PGA and distance for Western 
North America (Boore et al. 1997) yielded 
unrealistic low magnitude estimates for the 
three strong shocks in the 1906 swarm, for 
example, magnitude 5 for the 15 Novem-
ber 1906 earthquake. A probable reason for 
this result is that the relation by Boore et al. 
(1997) is based primarily on data from a 
strike-slip tectonic regime.
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FIGURE 4—15 November 1906: Peak ground acceleration [PGA (g)] versus distance from Socorro. Tri-
angles are estimated PGAs versus distance. The solid line through the circles is PGA versus distance for 
a magnitude 6.18 earthquake and is based on the empirical equation of Spudich et al. (1999).

If some uncertainties in the above proce-
dures had been considered, it might have 
been possible to obtain locations that would 
not have been compatible with ruptures on 
the Socorro Canyon fault. However, it is 
interesting to note that Reid (1911, p. 15) 
concluded “the origin of the shocks was 
a short distance to the west, northwest or 
southwest of Socorro.”

Summary
New estimates of the magnitudes and loca-
tions of the three strongest earthquakes dur-
ing the 1906–07 Socorro area swarm have 
been obtained. The revised magnitude esti-
mates: 5.57 (12 July 1906), 5.76 (16 July 1906), 
and 6.18 (15 November 1906) differ from 
earlier estimates (Sanford et al. 2002) but 
are more robust because they are based on 
nearly all the available earthquake intensity 
data published by Reid (1911). The new anal-
yses place all three earthquake locations very 
near Socorro, most likely on the east-dipping 
Socorro Canyon fault 4 km (2.5 mi) west of 
the town, a location in agreement with the 
general conclusion of Reid (1911). Estimates 
of rupture parameters for the three earth-
quakes indicate that only the 15 November 
quake could have offset the surface but prob-
ably at less than observable levels.
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1999–2004, see Sanford et al. (2006).


