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size was found to be ~120 nm in sample A and ~40 nm in 
sample B. The particles of sample A (-quartz) had a 
sheet-like morphology, while the particles of sample B 
showed two distinct morphologies (sheet and rods). In ad-
dition to silica, the soils were also rich in oxides of iron, 
magnesium and aluminium. Essential plant nutrients like 
potassium and calcium were also present in them. This 
study shows that termite soils need to be analysed before 
being used for any specific application, as composition 
and morphology may vary from location to location. 
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Magnetic field variations recorded at the Multi Para-
meter Geophysical Observatory (MPGO), Ghuttu, us-
ing digital fluxgate magnetometer are studied in the 
frequency band 0.03–1 Hz and for 19–20 h UT for 
June 2011. Polarization analysis based on planar wave 
assumption for far field is applied in order to dis-
criminate seismo-magnetic signatures. The dynamics 
of earthquake processes, considering them as self-
organized critical systems, is also studied using fractal 
dimension of ultra-low frequency band geomagnetic 
field variations. Marginal increase in polarization ra-
tio and fractal dimension a few days before the earth-
quake is significant against the background of global 
geomagnetic activity. At the same time, the effect of 
post-seismic readjustment of seismogenic processes is 
clearly marked by significant changes in fractal di-
mension and increased polarization ratio after the 
earthquake.  
 
Keywords: Fractals, polarization ratio, seismo-
magnetic signatures, ULF band geomagnetic field.  
 
CONSIDERING the hazard earthquakes pose to mankind, it 
is a natural urge to have algorithms/methodologies which 
can predict the upcoming earthquakes in a region. How-
ever, complexity of the earth system and incomplete un-
derstanding of seismogenic processes has hindered this 
requirement1. To achieve this goal or to develop short-
term earthquake prediction tools, studies for identifica-
tion and establishment of earthquake precursory signals 
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Figure 1. Map showing location of MPGO, Ghuttu, Garhwal Himalaya and distribution of earthquakes 
with magnitudes greater than 4. Earthquake data are taken from historical catalogue and IMD website.  

 
 

Table 1. Earthquakes for June 2011 around MPGO, Ghuttu (source: IMD35). 

     Distance from Strain Index of seismic  
Date Origin time  Epicentre  Depth  Magnitude MPGO (km) radius (km) activity at Ghuttu18  
 

03.06.11  00:53:21  27.5N, 88.0E  20  4.9 962 127.9 0.003 
15.06.11  00:59:28  30.6N, 80.0E  10  3.4 130  28.9 0.014 
20.06.11  06:27:18  30.5N, 79.4E  12  4.6  63  95.0 0.041 
24.06.11  22:13:46  30.0N, 80.5E  05  3.2 178  23.77 0.010 

 
 
in various physical parameters are actively pursued in dif-
ferent countries2–8. It is now well established that physi-
cal processes in earthquake source region exhibit seismic 
and magnetic/electromagnetic response. Among the wide 
variety of precursors, the anomalous electromagnetic 
(EM) emissions in ultra-low frequency (ULF) band 
(0.01–10 Hz) have received large attention and are con-
sidered as having the potential for short-term earthquake 
prediction9–13. 
 The magnetic field variations observed at the Earth’s 
surface are a composite of contributions from different 
sources of different scales. Discrimination of weak 
seismo-magnetic signals from the main field and space-
originated magnetic field is therefore a fundamental  
requirement for identification of any signature of seismo-
magnetic origin. Considering weak variations associated 
with the earthquakes, the seismo-magnetic precursors can 
be considered as near-field effects6. Therefore, polariza-
tion ratio10,13 based on planar wave approximation for 
fields originated at far-off distances and non-planar 
waves for near fields, is used to isolate near-field, non-
planar seismogenic ULF emissions. Using another ap-
proach, fractal dimension variations14,15, based on self-
organized criticality concept can provide information 
about the dynamics of earthquake preparation proc-

esses10–12,16–18. In the present study, we present character-
istic observations for ULF band magnetic field variations 
at the Multi Parameter Geophysical Observatory 
(MPGO), Ghuttu in Northwest Himalaya, for June 2011 
obtained after application of these widely used formula-
tions.  
 We have used digital fluxgate magnetometer (DFM) 
data recorded at MPGO (30.53N, 78.75E; Figure 1). 
MPGO is a unique state-of-the-art establishment in the 
Indian subcontinent for earthquake precursory studies in 
an integrated and organized manner2. DFM is being con-
tinuously operated with a sampling frequency of 1 Hz. 
Three-component magnetic field variations of DFM for 
19–20 h UT are used to derive polarization ratio and frac-
tal dimension in the frequency band 0.03–0.1 Hz for June 
2011. The variations in these two parameters are dis-
cussed against the background of earthquake occurrences 
during that period.  
 Table 1 gives a list of earthquakes with M > 3.0 that 
occurred within a radius of less than 1000 km from 
MPGO during June 2011. Two more parameters are 
shown in the table, namely strain radius19 and index of 
seismicity20. Strain radius is related with the zone of 
earthquake preparation. It is believed that effective proc-
esses leading to the occurrence of earthquakes are  
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spatially bounded and this bounded zone is called the 
earthquake preparation zone. The centre of this zone is 
considered as the epicentre of the upcoming earthquake. 
Although there is no definite method for estimating this 
zone, Dobrovolsky et al.19 gave an empirical relation for 
calculating strain radius under some physical approxima-
tions. Index of seismic activity20 indicates correlation  
between seismicity and non-seismic parameters (for  
example, ULF magnetic field intensity) at the place of 
observation.  
 It can be observed that among all earthquakes during 
June, MPGO is within the preparation zone of an earth-
quake that occurred on 20 June 2011, according to the  
Dobrovolsky criterion19. Index of seismic activity20 at 
MPGO is also higher for this earthquake compared to 
other earthquakes during the month. It may be further 
noted that the epicentre of this earthquake is embedded in 
a narrow belt of concentrated seismicity named as Hima-
layan Seismic Belt21. The area around this also formed 
the seat of the 1999 Chamoli earthquake (M 6.3) and is 
currently active as evidenced by the occurrence of seis-
mic swarm22. Therefore, it can be expected that some 
precursory signatures might exist, which can be related to 
the preparation process of this earthquake.  
 Ratio of spectral densities of vertical (SZ) and horizon-
tal magnetic field (SH) components is called the polariza-
tion ratio11. The method is based on the assumption that 
waves (natural EM field) from far-off distances (several 
thousand kilometres) are planar and therefore do not have 
vertical component, whereas field of near source origin is 
non-planar and thus, has vertical component. Thus in-
creased SZ/SH ratio indicates presence of near source 
field. Temporal variations of polarization ratio, in any 
frequency band, enable us to distinguish seismo-magnetic 
signals from the background geomagnetic field fluctua-
tions of space origin. We confined our analysis to 1 h 
data (19–20 UT) for each day centred at local midnight in 
order to minimize the secondary ionospheric contribu-
tion23. Figure 2 gives the histogram of daily SZ/SH, SZ/Sy, 
SZ/Sx, ratio for the selected hour (19–20 UT) along with 
Kp variations showing magnetic activity worldwide for 
entire month of June 2011. The 3 h magnetic index Kp 
shown corresponds to 18–21 UT (ref. 24) to overlap with 
time-period whose magnetic data is processed here. SH is 
the spectral density of total horizontal component and is 
calculated as  
 
 SH = (Sx2 + Sy2)0.5. 
 
The global geomagnetic variations and polarization ratio 
are not strongly correlated and the observed SZ/SH shows 
significant variability with mean value of 0.38  0.13. On 
3, 5 and 7 June polarization ratio increases above 
monthly mean, whereas on 15, 16, 18 and 19 June the  
polarization ratio increased from preceding days up to the 
month mean. After the earthquake, there are two days (22 

and 25 June) when considerably increased polarization 
ratio is observed. 
 As the global geomagnetic activity increases, the pla-
nar field characterized by nearly vanishing vertical field 
tends to dominate and hence reduction in polarization  
ratios below the average value, particularly during pro-
longed spells of geomagnetic sequences, e.g. 21–25 and 
9–14 June 2011, is an expected feature. The isolated large 
polarization ratios observed on 3, 5 and 7 June before the 
earthquake and again on 22 and 25 June after the earth-
quake may manifest complex phase inter-play between 
planar and non-planar fields. Marginally high ratios start-
ing from 15 June till the occurrence of the earthquake on 
20 June, especially when geomagnetic calm prevails, may 
signify dominance of non-planar source associated  
with strain build-up close to failure leading to the earth-
quake.  
 Bak et al.14 introduced the concept of self-organized 
criticality and showed that this is the general feature of 
dynamical systems having spatial degrees of freedom. 
Critical state of dynamics of such systems can be linked 
with 1/f noise (flicker noise). In this critical state, the sys-
tem is highly sensitive to any external perturbation whose 
time response exhibits characteristic of flicker noise (or 
1/f noise). Earthquake dynamics can be studied based on 
the self organized criticality (SOC) concept15, where 
earthquake occurrence is considered as a critical stage. 
Earthquake preparation processes, leading to this stage, 
can be considered the intermediate stage of SOC evolu-
tion. Since the dynamics of such a system reflects power 
law distribution, studying the behaviour of 1/f character-
istics with time can give information about different  
 
 

 
 

Figure 2. Variability of polarization ratio for June 2013. 
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Figure 3. Estimation of spectra slope. a, Time series (19 –20 h) at 1 sec; b, Amplitude spectrum of time series; c, Robust fitting of straight  
line. 
 
 

 
 
Figure 4. Variability of fractal dimension in the three components of 
magnetic field for June 2013. 
 
 
stages of the earthquake preparation process15–18,25. In  
order to study the characteristic 1/f behaviour, the slope  
of power spectrum behaviour, s( f )  f – is obtained 
from the best-fit line in the log–log plot of selected fre-
quency band. This slope can be linked with fractal  
dimension using Berry’s26 equation (D = (5 – )/2). There 
are different methods of estimation of fractal dimen-
sion27, e.g. power spectrum (PS), roughness length (RL), 
semi-variogram (SV), wavelet transform (WT) and re-
scaled range (R/S) analysis. Chamoli et al.27 showed that 
WT and R/S methods are robust and the PS method is not 
good when data gaps exist. However, in case of continu-

ous datasets, the PS method provides results comparable 
with other methods (figure 4 of Chamoli et al.27). We 
therefore used the PS method to get an initial idea of frac-
tal dimension variability.  
 To calculate slope of the spectrum, the hourly time  
series is divided into segments of 1024 data points, with 
50% overlapping the previous segment. Each segment is 
subjected to Fast Fourier Transform. Power spectrum of 
five segments in 1 h is then averaged to obtain the most 
coherent and persistent spectral characteristics. Slope () 
of averaged spectrum is then estimated using linear fit to 
the spectrum plotted on log–log scale (Figure 3) in the 
frequency band 0.03–0.1 Hz. Seismic activity in NW Hi-
malaya is limited to upper crustal depths and delimited by 
the geometry of detachment in this part of Himalaya28. 
Recent seismological29 and magnetotelluric studies30,31 
indicate role of fluids in the earthquakes occurring in this 
region. Considering the geoelectrical structure of Garh-
wal Himalaya30,31, frequency band 0.03–0.1 Hz corre-
sponds to upper crustal and mid-crustal depth. We 
therefore limited our data analysis for this frequency 
band, in order to obtain signatures from depths where 
seismogenic processes dominate in the NW Himalaya.  
 Fractal dimension (D) is then obtained using Berry’s26 
equation utilizing the slope of averaged spectrum. We 
measure three-orthogonal components of the geomagnetic 
field variations thus having three sequence of temporal 
evolution of fractal dimensions corresponding to X  
(N–S), Y (E–W) and Z (vertical) component respectively 
(Figure 4). The red dashed line is three days running  
average of fractal dimension variability.  
 Fractal dimension variability in three components is 
found to be different and has negative correlation with Kp 
variation of 18–21 h UT (Figure 4). The correlation co-
efficients for fractal dimension variability of each com-
ponent with Kp variation of 18–21 h for June 2011 are 
given in Figure 4 above each time series of fractal dimen-
sion. Error bars in fractal dimensions are estimated from 
the errors obtained in the estimation of slope while fitting 
the straight line to spectra in least square sense.  
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 As intensity of anticipated seismo-magnetic signals in 
the ULF band is very low, isolation of these signals from 
the natural background ULF signals of magnetospheric/ 
ionospheric origin is a critical and necessary requirement 
to investigate the signatures of earthquake precursors. 
Methods of polarization ratio and fractal dimensions are 
applied here to the ULF data recorded at MPGO, Ghuttu 
for June 2011. Control of global geomagnetic activity  
in the temporal evolution of both polarization ratio and 
fractal dimension is clearly evidenced respectively, by 
positive or negative correlation with Kp. However, super-
imposed on these geomagnetic controlled variations, 
marginal increase in polarization ratio as well as fractal 
dimensions is noticed 4–5 days before the earthquake. 
This increase is significant because geomagnetic activity 
is low and uniform, for several days before the occur-
rence of earthquake and may indicate the presence of 
near-field contribution associated with seismo-magnetic 
signals. On the basis of strain radius and index of seismic 
activity for the earthquakes that occurred in June 2011, 
only the earthquake of 20 June 2011 is expected to pro-
duce the seismo-magnetic effect.  
 An increase in the fractal dimension before earthquakes 
is reported by different researchers studying seismic elec-
tromagnetic phenomena during earthquake preparation 
processes16–18,20. The amplitude of the precursory signal 
as well as precursory time, i.e. time from the first appear-
ance of the anomaly till the occurrence of the earthquake, 
vary with the magnitude and distance of the earthquake. 
Compilation of a variety of precursors also shows that 
precursory signals tend to increase close to the site of  
the impending earthquake and precursory time could be 
shorter for smaller magnitude earthquakes32. The  
increase, both in fractal dimension and polarization ratio 
5–6 days before a moderate magnitude (M 4.6) earth-
quake is in conformity with the emerging scenario. The 
observation that temporal variability of fractal dimension 
varies considerably among three components is an impor-
tant feature. We found fractal dimension variability in X 
(N–S) magnetic component is more compared to Y (E–W) 
and vertical component. The fractal dimension for verti-
cal component is more or less stable around the mean 
value of 2, except for four days (21–24 June 2011), just 
after the earthquake. The difference in variability in all 
three components may be linked with the azimuth of pri-
mary disturbance. Recent magnetotelluric studies30,31 
have mapped fluid-filled high electrical conductivity 
ramp structure running parallel to the main central thrust 
(MCT). The role of high pore-pressure fluids in generat-
ing localized seismic activity has been emphasized by 
seismic tomographic results. Given these evidences of 
high pore-pressure fluids, electrokinetic effect33 may be 
one possible source mechanism for seismo-EM fields for 
the earthquakes in this region. It also follows that any 
concentration of stress-induced currents along MCT, in 
agreement with the observations would produce relatively 

stronger magnetic effects in X than in Y component. In 
fact, this direction dependence of propagating seismo-
magnetic signals from the source region to multiple 
measuring sites can be used to locate the source region of 
seismo-EM signal, i.e. focal zone of impending earth-
quake34. However quantification of such exercise would 
require long-term monitoring at multiple sites and nu-
merical modelling.  
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The earthquake simulation on full-scale civil engineer-
ing structures in a pseudo-dynamic testing facility 
provides an affordable and practical means to under-
stand the seismic behaviour of structures as it pro-
vides accurate information about their real time 
response of inelastic behaviour up to failure. One such 
pseudo dynamic testing facility is nearing completion 
at IIT Kanpur, which has 15 m  10 m L-shaped and 
10.5 m high reaction wall and 1.2 m thick top slab of 
the box girder for the strong floor. The anchor points 
are located in the wall and floor in a square grid of 
0.6 m with each point has load capacity of 1.7 MN in 
tension and 1.0 MN in shear. The 2 m thick post-
tensioned wall using Freyssinet 12K15 cable system in 
a novel configuration can resist an overturning  
moment of 12.7 MNm per metre of the wall. The ca-
pacity of the reaction assembly depends upon number 
of loads applied, combination of loads and interaction 
between different components of the reaction assem-
bly structure. A methodology based on ‘influence coef-
ficients’ was developed to estimate the worst load 
combination for describing load rating of the reaction 
structure. Finite element analyses in ABAQUS envi-
ronment were conducted to compute the influence  
coefficients matrix whose elements can be added line-
arly to find out the maximum loading effect on the re-
action structure which can be used to determine the 
limiting load for a particular case of load application. 
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THE survival of conventional structures during earth-
quakes depends on their ability to deform inelastically 
and dissipate seismic energy. The performance evaluation 
of their energy dissipation potential is difficult by ana-
lytical methods due to their complex inelastic behaviour. 
As a result, experimental testing is most commonly  
employed to study the inelastic behaviour of structures in 
earthquake-type loads. The pseudo-dynamic test (PDT) is 
an experimental technique for simulating the earthquake 
response of structures and structural components in time 


