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Event info window for analysed aftershock 
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Inversion Results 
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Inversion Results 
MOMENT TENSOR SOLUTION

HYPOCENTER LOCATION (IAG)

Origin time 20120912 23:56:45.681
Lat 16.7036 Lon 43.8851 Depth 1.224

CENTROID

Trial source number : 2 (Fixed Epicenter inversion)

Centroid Lat (N) 16.7036 Lon (E) 43.8851

Centroid Depth (km) : 0.6

Centroid time : +0.77 (sec) relative to origin time

Moment (Nm) : 4.082e+012

Mw : 2.3

VOL% :0

DC% :86.6

CLVD% :13.4 SNR   CN   FMVAR  STVAR
Var.red.:(for stations used in inversion):0.72   39  2.7   17±8    0.09

Var.red.(for all stations)           :0.4

Strike   Dip   Rake

  128     66    75
Strike   Dip   Rake

  342     28    121

P axis Azimuth Plunge

           229    20
T axis Azimuth Plunge

           12    65

  Mrr   Mtt   Mpp

3.005 0.922 2.083
  Mrt   Mrp   Mtp

2.441 1.230 1.441
Exponent (Nm):  12

| Frequency band used in inversion (Hz)

|      0.4  0.41  0.95  1

|  

|  Stations Components Used Distance

|      NS EW Z  D(km)

|MC04        3

|MC06  +  +  +  6

|MCI8  +  +  +  6

|MC02  +  +  +  7

|MC03  +  +  +  7

|MCI7      +  11

|MCI6  +  +  +  11
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])*K'9$(7)$23F&.(-'4)$&H$(7)$N),&42(?$3&:),$

MOMENT TENSOR SOLUTION

HYPOCENTER LOCATION (IAG)

Origin time 20120912 23:56:45.681
Lat 16.7036 Lon 43.8851 Depth 1.224

CENTROID

Trial source number : 1 (Fixed Epicenter inversion)

Centroid Lat (N) 16.7036 Lon (E) 43.8851

Centroid Depth (km) : 0.2

Centroid time : +0.56 (sec) relative to origin time

Moment (Nm) : 4.784e+012

Mw : 2.4

VOL% :0

DC% :99

CLVD% :1 SNR   CN   FMVAR  STVAR
Var.red.:(for stations used in inversion):0.32   49  4.4   21±13    0.10

Var.red.(for all stations)           :0.32

Strike   Dip   Rake

  138     78    81
Strike   Dip   Rake

  355     15    126

P axis Azimuth Plunge

           235    32
T axis Azimuth Plunge

           37    56

  Mrr   Mtt   Mpp

1.949 0.162 1.787
  Mrt   Mrp   Mtp

3.007 3.093 0.874
Exponent (Nm):  12

| Frequency band used in inversion (Hz)

|      0.4  0.41  0.95  1

|  

|  Stations Components Used Distance

|      NS EW Z  D(km)

|MC04  +    +  3

|MC06  +  +  +  6

|MCI8  +  +  +  6

|MC02  +  +  +  7

|MC03  +  +  +  7

|MCI7      +  11

|MCI6  +  +  +  11
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     Fig. 5 shows a preliminary composite focal mechanism 
solution using P-wave polarities mainly from the local 
stations. The polarity data indicate an E-dipping nodal 
plane roughly in the WNW-ESE direction, consistent with 
the hypocentral distribution of Fig. 4. 
 

 
Fig. 5.  Composite fault plane solution for the main 
seismic area of the 2012 Montes Claros sequence. 
Crosses are forward motion of the P waves, circles are 
backward motion. The strike, dip and rake of the two 
nodal planes are: a) fault: 346o, 52o, 125o, b) auxiliary 
plane: 117o, 50o, 54o. The “P” and “T” axes are the 
diretions of compressional and extensional stresses 
released by the earthquakes. 

     Fig. 6 shows the locations of the houses most affected 
by the two magnitude 3.6 events of December 19th, 
according to the telephone calls made to the Fire 
Department and Civil Defense. Most houses are less than 
~ 1 km from the two epicenters, and probably lie near the 
lobe of maximum radiation of the S-waves. These felt 
reports are consistent with the hypocentral location of the 
two events, considering their depths of 1.8 and 1.5 km. 

 
Fig. 6. Location of residences (red circles) that called the 
Fire Department and Civil Defense on the night of 
December 19th, 2012. Other symbols as in Fig. 4. 

 

Discussion and Conclusions 

     The Montes Claros 2012 earthquake series occurred 
mainly in a small geological fault (or fracture) in the upper 
crustal basement, at approximately 1-2 km depth. The 
aftershock sequence seems to indicate that the main 
event of 19-May-2012 had a rupture length of about 1 km 
or less, consistent with a P-wave magnitude of 4.0. 

     The focal mechanism (East dipping reverse fault) is 
similar to the faulting mechanism of the 4.9 mb Itacarambi 
earthquake of December 9, 2007 (Chimpliganond et al. 
2010), as well as the 1990 swarm of events in Manga, 
northern Minas Gerais (Fig. 7). All these events occurred 
as shallow (less than 2 km), reverse faults under the 
present ~E-W oriented regional compression. The stress 
field in this area of the São Francisco craton (northern 
Minas Gerais) seems to be slightly different from the 
stresses in the southern part of the craton (Southern 
Minas Gerais) where stresses are characterized by ~E-W 
compression and N-S extension (Assumpção et al., 
1998). 

      It seems that in the Eastern part of the São Francisco 
craton, most earthquakes occur on E-dipping basement 
faults, probably as reactivation of upper crustal faults 
originated during the Araçuaí fold belt thrusting. 
 

 
Fig. 7. Focal mechanisms in the central part of the São 
Francisco craton.  Faults and lineaments from CPRM 
database. Neotectonic faults as proposed by Saadi et al. 
(2002). The barbed lines indicate the orientation and fault 
movement of the three fault mechanisms with known fault 
plane (line size not to scale!).   

%-2'*7&4@$4&3F&*2()$H&4-,$3)47-'2*3$H.&3$L.*($3&K&'$
F&,-.2K)*$*7&E*$*232,-.$9)&3)(.?b$
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Figure 5. Earthquake series and focal mechanisms. Only those events located with a 
minimum of 4 stations were plotted. S=Sobritas quarry. Other features same of Fig. 1.  
 
 
A total of 24 first-motion polarities observations were used in order to constrain the 

composite focal mechanism for the mainshock. From those 24 observations, 5 

correspond to regional stations and 19 to local stations readings. The resulting best 

solution indicates reverse faulting with nodal planes (strike/dip/rake) 347/50/135 and 

110/57/50, and a nearly horizontal P-axis NE-SW trending (Figs. 3 and 5). The 

distribution of the aftershocks agrees with the first of these planes (see below), 

implying that this is the fault plane. The fault then corresponds to a reverse fault 

striking NNW and dipping to the east. 

 

Many problems were faced in order to obtain reliable moment tensor solutions for 

some of the aftershocks, including unavailability of all the stations, near-field effects 

on the seismograms such as saturation and tilting for the bigger aftershocks, and noisy 

signal for the small events. Nonetheless we successfully obtained moment tensors for 

six of the bigger aftershocks, all of them showing reverse faulting mechanisms, 
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