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A New Viewpoint for Seismotectonic Zoning
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Abstract: Problem statement: Seismotectonic zoning has always been used toaget¢ss to
intracontinental seismic deformation whereas zoméngot enough reliable in regard with small-scale
studies. Approach: This research presents a theoretical model obales of plate tectonic theory to
introduce a new approach to conduct zoning in tesfrseismic deformatiorResults: The result of
this research not only has reliability busaalis applicable to variety of research scales.
Conclusion: The numerical techniques were used in the proposedel. Thus, this novelty model
contains remarkable innovations: (1) Objectivitgcaracy and therefore reliability of zoning have
been increased. (2) Numerical explanation of seistaformation has been presented.
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INTRODUCTION Zoubi, 2005; Chakraborty and Choudhury, 2009;
Hazarika, 2009; Choopool and Boonyapinyo, 2011;
According to the classical plate tectonic theding, ~ Abu-Lebdehet al., 2011; Teachavorasinskust al.,
present deformations of the earth’s crust resultiogn ~ 2009; Escobaet al., 2008; Mayoral and Romo, 2008;
movement of tectonic plates are concentrated itepla Musmar, 2007; Singh and Roy, 2009), but the
boundaries and consequently the plates are stabfeismotectonic zoning are mainly conducted in large
internally. However, in fact the whole internal {saof  scale without any effort on small-scale basis bseaf
the plates experience tectonic effects to someedegr problems and disputes. It is possible to clarify basis
(Park and Jaroszewski, 1994). These deformatioms aof ambiguities and disputes concerning on zonings
exposed to be both seismic and aseismic in prapwti through bringing up a basic problem and also
(Davison, 1994; Massaat al., 2005). There is no doubt considering subjectivity with regard to method and
that the continental intraplate regions, unlike thequality of zonings. This survey presents a scientif
oceanic ones (which are for the most part seisiyical model for reliable seismotectonic zoning in order t
quiescent), contains numerous weaknesses that aremove the ambiguities.
exploited due to stress impact arising from the

movement of the plates (Park and Jaroszewski, 1994) MATERIALSAND METHODS
and resulting in localized zones of movement.
Consequently the seismic deformation zones areddrm By reviewing performed seismotectonic zonings

inside the continents where the most devastatingesearch, namely Nowroozi (1976), as an instance of
earthquakes are expected. Therefore, specifying themall-scale zoning in which Iran that is subdivideib
pattern of intracontinental seismic deformationlw# 23 seismotectonic provinces, we distinguished two
absolutely scientifically and also more significanc main difficulties: to begin with, it is clear thahe

In order to get access to distribution mode ofseismotectonic factors applied in the zoning avéded
seismic deformation various seismotectonic studiesnto two groups; the initial group are factors ieth
have been conducted (Unesco, 1985; Berberian, 1976&ake the boundaries of formed zones and the second
Nowroozi, 1976; 1979; Nowroozi and Ahmadi, 1986;0ne contains the factors characterizing the interna
Mirzaei et al., 1999; Tavakoli and Ghafory-Ashtiani, features of the zones. It should be pointed out tthe
1999; Ansariet al., 2009. However the seismic studies important tectonic factors like seismically actifeilts
are important in various scales (Benmenni andlay the role of boundaries for each new-formedezion
Benrachedi, 2010; Amiri and Tabatabaei, 2008; Al-the mentioned zoning (Nowroozi, 1976). Significant
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features of seismicity are also mainly used to a&xpl
the difference of divided zones by active faults
(Nowroozi, 1976) while faults and earthquakes are
scientifically integrated, i.e., where there is aulf
there had been earthquakes. Therefore, in accoedanc
with given reason it would be sufficient to claifmat
this method of seismotectonic zoning is not sugabl
for explaining the mode of intracontinental seismic
deformation. Figure 1-4 show details of the deféats
the traditional zoning methods and how to resolve i

a modern zoning method through viewing of
consequences resulting from those difficultiesthsat
fault and earthquake link in the modern zoning is
evident.

Secondly, when the scale of zoning become
small, the shortage or lack of boundary tectonic
factors such as faults will be problematic and lteisu
setting forth less reliable boundaries. Similarly,
Berberian stated that many of divisions conducted b
Nowroozi (1976) could be considered in a single;uni
especially Nowroozi himself puts no considerable
validation on his suggested boundaries (Berberrah a
Mohajer-Ashjaei, 1977; see also: Nowroozi, 1979).
However, some attempts were done for tectonic
zoning with the aim of removing ambiguities in the
previous zoning while applying its relevant results
could lead to some other problems. In such cases as
locating the hypothetical quadrangular sites areirth
dimensions, type and number of variables, the
distance formula and grouping method and finally
locating the phonon-line, (all of them) could be
considered controversial. The reason could bethisit
zoning attempted to use inductive reasoning tothyet
results, without any influence of an external model
while it seems that an accepted and appropriate
(external) model could help to resolve disputeshia
cases mentioned above. So it would be worthier to
find a way to increase the efficiency and influemde
the external model instead of removal of that.

In this survey the researcher has tried to sdiee t
first mentioned difficulty through a specific viewint
to seismotectonic zoning and regarding that eacle zo
has an equipotential seismicity (Nowroozi, 1976)
likewise the author has tried to reintroduce theosel

SF|g. 1

Q)

(B)

Ideal mode of detection and separationoofes

is that when there is a fault and recorded seismic
data related to the fault. With cross-sectional

drawing of this state (A) show that by traditional

methods zoning, part of zone 2 (which is located
below the fault surface) is considered for the

zone 1. This is because of ignoring the

adaptation of two phenomena: the fault and
earthquakes, in the depth; by traditional

seismotectonic zoning method. In the modern
method that aim of the zoning has been changed,
separation of zones is carried according to B in
such a manner consistent with the logical and
scientific principles and therefore the facing

Problem is eliminated

GV

B)

mentioned problem in the mentioned research angig 2: Second mode is where a fault is not avilab

with new-formed viewpoint has suggested a solution
for that problem.

The distribution of earthquakes on the earth’s
surface follows a narrow and linear pattern which
accords with plate boundaries based on plate tecton
theory. In other words the earth lithosphere isddisl
according to these active zones, into mosaic aepla
moving towards each other (Keamtal., 2009).
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but seismic data indicates difference in the
seismicity potential of the area: blind or hidden

fault (Davison, 1994). In this case as shown in
figure A, traditional methods have to use invalid

boundaries where cause disagreements.
According to figure B, use of modern method

separation of zones will take in a form that

resolved the considered ambiguity
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manner each tectonic plate is divided also into two
1 separate zones of relative high and low seismic
potential. Of course the zone of relative high meéis
potential has a role of boundary for new-formedezon
(A) as mentioned in mega-scale zoning. But the earitegua
show a diffuse pattern in smaller scale and thétSau
don’t form a linked system and gradually die out in
2 D) lateral and vertical directions (Davison, 1994).ush
due to shortage or lack of reliable margins inside
zone of regional zoning, it's not possible to parfo
(B) provincial or Meso-zoning under method of previous
two scales because of personal taste influence on
determining boundaries of smaller zones. This would
result in further disputes and ambiguities. Thevabo
issue becomes more outstanding in later stage of

Fig. 3: Third mode is where a fault available bioé t
seismicity potential of the zones on either side
of the fault is not specified according to the
weakness of data. In this case according to th

: o Ez‘oning, i.e., local or Micro-zoning.
figure A, tradmonal_ method could not be able_ to By taking advantage of the above points it is clea
separate the mentioned zones based on seism

| : . . . . .

characteristics. Use of modern method, like thetﬁat i s_eparat!ng. Zones .Of relative high seismic
, . . —deformation (seismic potential) from that of lowesn

past two cases, zoning separation will be done in

a way that is completely consistent with ]E)e tITe plérposel of zznlr}g process in (;hz.f?”mﬁr st
scientific principles or all study-scales, the first mentioned diffigulvi

be solved. Now to overcome the second reintroduced

difficulty and to get deep into distribution modé o

L intracontinental seismic deformation, a new idea is

2 presented.

4 The seismicity of a site is assessed partly by its

A distance from any fault and partly from the frequen
and size of earthquakes that have occurred in disé p

(Berberian and Mohajer-Ashjaei, 1979). Regarding

j both this point and the new mentioned purpose of

1

2 zoning process, some zones inside the continentddho

be separated (for seismic deformation zoning) imse

®) of various concentrations of faults and earthqudkes
other words the various concentrations of seismic

Fig. 4: Fourth mode is where a fault is verticasemi- ~ deformation). Obviously, if such separation is done
vertical. In this state, According to (A) applying ment_a_lly it s_haII not be_ sgfﬁment accurate andicl
traditional seismotectonic zoning, led to locateSPecifically in the provincial and local scales gme
two heterogeneous zones with completelyZoning and micro-zoning). But in case of numerical
different potential seismicity in one zone. (B) Presentation of seismic deformation in severaledét
Use of modern method, separation of zones wilsites inside the continent, it's possible to drawatly

be done in accordance with the principles andhe curves of equal seismic deformation. Thus, the
logic of seismotectonic zoning pattern of above curves represents the amount and

distribution mode of seismic deformation in diffete
In fact the lithosphere is divided into two separat parts of the study area. In this manner a new enhifi
zones. The first one is the zone of relative higisraic  method of reliable seismic deformation zoning sball
potential (plates boundaries) and the second oftleeis given for all various study-scales.
zone of relative low seismic potential (intraplatses). Moreover, the classification of study area in term
So, if we take this division a kind of zoning fa&ismic  of seismic severity has been desirable in the
deformation in Global or Mega-scale, it is alsarded  continuation of seismotectonic studies. In this terat
that inside of each tectonic plate one can perfornthe proposed idea results in presenting variousemiem
Regional or Macro-zoning in terms of existing value related to some zones of study area as the
intraplate earthquakes which accord with active andtructure design have to be done in regard with the
linked fault systems (as new boundaries). In thisnumeric values.

214




Am. J. Environ. i, 7 (3): 212-218, 2011

RESAULTSAND DISCUSSION
Dividing study area

into some parts of equal dimensions . . . . .

P a In order to achieve seismic deformation zoning, at

first the study area should be divided into some
quadrangular or circular sites (Fig. 6). The dinemns

. _ of these sites, to some extent, the accuracy afping,
Determining the data representing . .
seismic deformation of each part should be selected in proportion to completeness an
accuracy of accessible data.

Afterwards, “p” selected variables defining the
Comparing the data seismic deformation of an area (variables repraggnt
of each part with others seismicity and fault propagation) are collected erically
for each of “n” assumed quadrangle. Upon completieg
values of each variable, “nxp” matrix is achievéthis
Joining the parts of similar data matrix is called “raw data matrix” (Fig. 6).

In the later stage, the data should be carefully
studied to prepare, if necessary, for main stage of
Forming the zones of similar seismic deformation grouping. It can be presented two processes for
preparation operation in this theoretical model:

At first, “Standardization” that is the most fresqut
stage of preparation is done in order to give equal
weight to each of the variables, which may be mesku
in various units (Everit, 1993).

Fig. 5: Flow chart of various steps in the reseédela Secondly, as mentioned earlier the variables
representing seismic deformation are selected m tw

To realize aforementioned idea, primarily the gtud 9r0UPS of seismicity and fault propagation. Thixgre
area should be divided into some assumed parts witf§ @ interrelationship between raw data due taticei
equal area and then the data representing the iseisnf these two groups of variables. To explain more,
deformation concentration of each part would bePased on a simple assumption each quadrangle may be
determined. Secondly, the data set relating to gach placed in following groups in terms of availabléala

will be compared with other parts and the similartp . . .
are categorized in one zone. It is expected that Group 1: Containing specified fault and seismiadat

numeric value can be applied through continuatibn 0©roup 2: Containing no specified fault and no sésm

“‘."

Attributing numeric code to each zone

above steps in numerical approach, in order toemtes data
the seismic deformation of each individual zoney(Fi ) ) )
5). Moreover the application of numerical technisjue Thus, a high correlation will be present between

makes the similarity measuring between groupseismicity variables and variables representingt fau
members more accurate and also the zoning objectiv@opagation. In this matter some q_uadrangle§ may be
so that the origin of discrepancies is eliminated. exceptionally placed in one of following groups:

Clustering method is one of the most effective o - o
numerical techniques to perform zoning. It is ndtyna Group 3: Containing specified fault but no seisoata

applied for classification in the cases that bdtke t (due to data shortage) 3
number of classes and their properties are to béroup 4: Containing seismic data but no specifadtf
determined (Everit, 1993). Clustering or Groupiscai (due to blind fault)

more primitive technique than classification, imttmo

assumptions are made concerning the number of group  Now, in order to disregard the difference among

or the group structure (Johnson and Wichern, 2007). groups 1, 3 and 1, 4 in double or multiple formstigh
Clustering is done on the basis of similarities orall defined variables- the correlation of variab#wuld

distances (dissimilarities) of each assumed pdttthie  be deleted. Consequently the individual variablesy m

others. The required inputs are data, which digtsinc influence on grouping according to degree of define

can be computed (data representing the seismisole variance by their values.

deformation of each part). Several formulas may be The data correlation would also be present when

applied to get the distance parameter (Johnson argbme variables are used to calculate some othes. one

Wichern, 2007; Everit, 1993). This unwanted correlation has also to be eliminated
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Division of study area finto some which the separation of quadrangles is achieved in
quadrangular of equal dimensions| following conditions:
or circular sites
e« The values of variables in one quadrangle are
~Tection of variabl different from those in other one -
< (epresenting seismic deformation * The ratio of one variable value to another one in
one quadrangle is different from the ratio of the
Collection of variables values same variables in the other one
for each quadrangle numerically
According to above conditions and through
@ application of various approaches (distance forrania
|F0rmati0n of raw datamatrix| the grouping method) on tentative data, e.g. differ

, geometrical forms in various dimensions, the best
- alternative for distance formula and appropriat¢hoe
of grouping becomes clear in this research. Apptica
of geometrical forms on tentative data is propoded
to the fact that definition of quadrangles throubke
values of selected variables implies imaginatiothefr

< ("Selection of distance formula special geometrical forms (Everit, 1993). The later
and grouping method steps (applying distance formula and grouping
methods) have also the function of declaring and

[ Q-mode cluster analysis| determining the result on similarity or dissimitgriof
imagined geometrical forms with each other. It is

@ obwous that the .above position 1 and 2 represent
respectively the “size” and “shape” of the geonoetri
IIsoseismic deformation mapl forms.
Taking the above-mentioned points into account,
Fig. 6: Flow chart indicating consequent steps af t Euclidean Distance to come to Distance Matrix has
model been chosen as well as Average Linkage method for
grouping (Johnson and Wichern, 2007; Everit, 1993).
However, the above operations result in settirg th
quadrangles into separate groups, which can bershow
in different forms. Through interpretation of these
results not only the zones are formed but alsonaemnic
Qalue of seismic deformation is attributed to eaohe
or quadrangle (considering distance matrix). Troreef
the “Isoseismic Deformation Map” together with
relevant contours becomes available (Fig. 6).

Formation of
prepared data matrix

One of the effective numerical techniques to @elet
correlation of variables is Principal Component
Analysis (PCA) which results in substitution of
correlated variables by non-correlated componefits
PCA (Everit, 1993).

However, as a result of preparation operation
prepared data matrix instead of raw data matrix vl
the basis for cluster analysis (Fig. 6).

Upon making of prepared data matrix, the Q-mode CONCLUSION
cluster analysis has to be performed based ontsalec
of appropriate formula to calculate the distanceath Considering the achievement quality of

guadrangle with that of others. Therefore, the grepp  seismotectonic zoning, so far applied, they have no
data matrix is converted to distance matrix. Afterds, been an appropriate or reliable means of presenting
the grouping method is chosen and the similatiintracontinental seismic deformation.
guadrangles are classified in different groups thase If the separation of zones having different amount
their similarities (Fig. 6). of seismic deformation is considered as the first

It should be kept in mind that to choose theobjective of seismic deformation zoning in all stud
distance formula and grouping method, the practicabcales, it will be possible to define a new thdoaét
objective of cluster analysis would not be achieeetn model in this matter. Based on this model, thensieis
of the best grouping but achievement of a gooddeformation in several sites inside a continent rfnay
grouping (Johnson and Wichern, 2007). In this nedea stated numerically. According to these numeric ®8ju
(regarding the purpose of seismic deformation zgnin isoseismic deformation contours are drawn in otder
a good grouping is accomplished under a method bgchieve the relevant map.
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As per above attitude, the seismic deformation REFERENCES
zoning are categorized in to four scales of global,
regional, provincial and local. Obviously, as theAbu-Lebdeh, T., S. Hamoush, W.Choi and M. Al
delicate and precise observations are requisitangf Nasra, 2011. High rate-dependent interaction
detailed study, the proposed model will be of highe diagrams for reinforced concrete columns. Am. J.
precision and more accurate in the case of smsdide Eng. Applied Sci., 4: 1-9. DOI:
studies. This model is more delicate due to smaller 10.3844/ajeassp.2011.1.9
dividing of the area and more precise due toAl-Zoubi, A.S., 2005. The 11th February, 2004
replacement of variables with more number of vdeiab earthquake of the dead sea, Jordan. Am. J. Environ.
indicating the same concept in small-scale zoning. Sci., L 142-148. DOI

Therefore the numerical characteristics of the  10.3844/ajessp.2005.142.148
proposed model makes it possible to study thosé&miri, A. and R. Tabatabaei, 2008. Earthquake Risk
differences in various aspects of seismic deforonati management strategy plan using nonparametric
(and apply to zoning process) which are not comeitle estimation of hazard rate. Am. J. Applied Sci., 5:
in ordinary methods of seismotectonic zoning or  581-585. DOI: 10.3844/ajassp.2008.581.585
considered with low accuracy. In other words, theAnsari, A., A. Noorzad and H. Zafarani, 2009.
quantity relevant to each variable becomes the Clustering analysis of the seismic catalog of Iran.
substitution of quality of the same variable as the Comput.  Geosci., 35.  475-486. DOL:
effective factor in zoning procedure. Due to this  10.1016/j.cageo.2008.01.010
substitution the collecting of quantities related t Benmenni, M.S. and K. Benrachedi, 2010. Impact of
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cannot be interpreted mentally. Application of aiety groundwater. Am. J. Applied Sci., 7: 545-550.
of statistical processes on dataset is aimed tawegbn DOI: 10.3844/ajassp.2010.545.550, URL:
data to simply structured data so that to be fully  http://www.thescipub.com/abstract/10.3844/ajassp.
expressive and ordinary. Seismic deformation zoaimg 2010.545.550
an expressive and ordinary form of data resultedhfr Berberian, M. and A. Mohajer-Ashjaei, 1979. Sesmi
the statistical processes which presents precige an  risk map of Iran, A Proposal. Geol. Surv. Iran, 40:
desirable outcome for earthquake researchers. 121-148.

Moreover, the numerical characteristic of the http://manuelberberian.com/Berberian%20and%20
proposed model brings about elimination of subyetyti %20Mohajer%201977%20-

in zoning, as the origin of ambiguity and dispuies
usual seismotectonic zoning.

Having emphasis on this point that precision and

validity of the model is due to precision and viyicf
data collection, it is claimed that this theordticendel
deserves to undergo practical test in a varietgrefis
and types. It means that different researchers masg

different practical models due to theoretical and
empirical reasons. Therefore, a comprehensive and

unified approach is made for presenting the pattérn

intracontinental seismic deformation that is highly

significant both scientifically and socially.
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