
Geodesy and Geodyoamics 2014,5( 1) :34-40 

http :l/www.jgg09.com 

Doi: 10.3724/SP .].1246.2014.01034 

Symmetry and tendency judgment of Ms;;;:. 8. 0 strong earthquakes in Chile 
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Abstract: The Ms ~ 8. 0 strong earthquakes occurring in Chile since 1800 were analyzed using the ternary, 

quaternary , and quinary commensurability methods and the butterfly structure diagram, and it was believed 

that the earthquake signal in Chile in 2014 is relatively strong, a large earthquake is likely to occur in Chile in 

2014. An analysis of spatial epicenter migrations showed that the longitudinal and latitudinal epicenter migra

tions have symmetry and synchronism, and there were five obvious northward migrations and four southward 

migrations. The symmetry axis of the longitudinal migrations is at about 71. 7°W aod that of the latitudinal mi

grations is at about 30° S ; these spatial symmetry axes are located at the subduction zone on the western margin 

nf South America, where two major plates (the Nazca Plate and the South American Plate) converge. 
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1 Introduction 

In common natural disasters, earthquakes are charac

terized by a high degree of abruptness and large de

structiveness. In addition, earthquakes can generate 

chain effects, causing a series of secondary disasters , 

thus making them the largest hazard to the safety of hu

man life and property. Defending against and predicting 

earthquakes are more difficult than for other natural 

disasters such as floods , droughts , and typhoons , 

earthquake forecasting remains a difficult problem. 

Nonetheless, the studies of various earthquake predic

tion methods have been persisted since ancient 

times 111 • Prediction based on a commensurability infor

mation system has been studied as well. Commensura

bility is a representation of spatiotemporal syonnetry. It 
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is a kind of information system12l and a periodic expan

sion; commensurability can also be considered as a 

mixed law after periodic superposition at different 

lengths[3
]. At present, some researchers have obtained 

considerable success in using a commensurability infor

mation system for earthquake prediction. Zhu et al 1 4
·'

1 

employed the commensurability method to predict 

strong earthquake occurrence time. Long et al 1 ' 1 judged 

the future earthquake tendency in the Sichuan-Yunnan 

region usiug the commensurability method and believed 

that it is likely to occur an Ms ~ 6. 7 earthquake in 

2008; subsequently, ao Ms 8. 0 earthquake occurred 

in Wenchuan, Sichuan province, on May 12, 2008. 

Y an et alI 11 constructed an earthquake prediction sys

tem using the same method aod thought that an 

Ms~7. 2 earthquake will occur in the Sichuan-Yunnan 

region in 2010; indeed, an Ms7.1 earthquake occurred 

in Yushu, Qinghai province, on April 14, 2010; the 

earthquake magnitude prediction error is within 0. 1. 

Based on these verified results, we judged the strong 

earthquake tendency in Chile using the commensurabil

ity method and the butterfly structure method , and ana

lyzed the M s ~ 8. 0 strong earthquake tendency in Chile 
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since 1800 using the temporal symmetry method to fur

ther explore the temporal symmetry and law of strong 

earthquakes io this region. 

2 Overview of study area 

Chile, locates at the western foot (18°-57°S, 81°30'-

68030'W) of the Andes Mountains and facing the Pa

cific Ocean westward, lies along the circum-Pacific 

seismic belt. Consequently , multiple large earthquakes 

and extra-large earthquakes had occurred in Chile1' 1• 

Statistics show that an extra-large earthquake occurs 

once every about 20 years. 

2.1 Data source 

The data in this paper were maiuly collected from the 

International Seismological Centre , and the scientific 

data about earthquakes, including primarily informa

tion of the Ms ~ 8. 0 earthquakes io Chile since 1800 

( Tab.1) , were obtained from the sharing center. 

2.2 Study methods 

2. 2. 1 Commensurability infonnation extraction 

method1' 1 

H one assumes that the distribution function F ( x) of a 

random variable is unknown, then F0(x) is the distri

bution function of a known type of population (e.g, an 

even distribution) and ( x1 , "· , x.) is a sarople from 

the population. TotestH0 : F(x)=F0(x), that is, to 

test whether the population distribution is an even dis

tribution , the values of all parameters in the even dis

tribution are determined using the ternary spacing ex

trapolation method. Let the ternary commensurability e

quation be 

( 1) 

where m = j+k-i. Within a given interval, we can esti

mate the confidence level ( 1 -a) according to the actu

al interval frequency X of a composite value and the 

calculated ioterval frequency A. on the basis of the as

sumption that the data distribution is an even one. 

Therefore, X and A~ become the factors expressing in

terval focusing. 

Commensurability methods include ternary , quater

nary, and quinary methods. In making a tendency 

judgment, the ternary commensurability method domi

nates the prediction results , and the quaternary and 

quinary commensurability methods are used as refer-

ences. 

2.2.2 Butterfly structure diagram method 

A "butterfly structure" is a time series combination of 

four-year values and two groups of nested periods ob

tained by using curves to connect yearly values to show 

the periods. Using the butterfly structure method allows 

Table 1 Parameters of Ms;.8. 0 strong earthquakes In Chile 

Sequence Time(YY-MM-DD) Latitude Longitude Place Magnitude 

1 1819-04-12 27°5 71.5°W Copiap6 8.5 

2 1822-11-20 33°5 71.63°W V alpaxa.iso , Quillota 8.5 

3 1835-02-20 36.8°5 73°W Concepci6n 8.5 

4 1837-11-07 42.S05 74°W Castro 8.5 

5 1868-08-13 18.6°5 71°W Arica 8.5 

6 1877-05-10 19.6°5 70.2°W Vara 8.5 

7 1906-08-17 33°5 now Valparaiso 8.2 

8 1918-12-18 27.3°5 70.5°W Copiap6 8.2 

9 1922-11-11 28.55°5 70.76°W Atacama 8.7 

10 1943-04-06 30.75°5 now Dlapel 8.2 

11 1960-05-22 38.24°5 73.05°W Puerto Montt, Valdivia 9.5 

12 1985-03.03 33.13°5 71.71°W San Antonio, V alparalso 8.0 

13 1995-!17-30 23.29°5 70.1°W Antofagasta 8.0 

14 2010-02-27 35.85°5 n.now Concepcion 8.8 
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one to analyze a temporal symmetry based on equal 

time intervals. Constructing yearly structure relation

ships and drawing two or more groups of butterfly struc

ture diagrams with temporal symmetry confirm predic

tion year values and give the random probability of pre

diction results and the nonm.ission confidence level[9J. 

3 Analysis of results 

3.1 Tendency judgment using ternary commensu

rability 

The parameters for the calculation using ternary com

mensurability are as follows: X1 = 1819, X2 = 1822, 

X,= 1835 ,X4 = 1837 ,X,= 1868 ,X,= 1877 ,X7 = 1906, 

x, = 1918, x, = 1922, X 10 = 1943, X 11 = 1960, X 12 = 

1985 ,X13 = 1995, and X14 = 2010, where XIS is to be 

determined. 

The calculation results yield two groups for 2011 , 

one group for 2012, one group for 2013, three groups 

for 2014, one group for 2015, one group for 2017, two 

groups for 2018, one group for 2019, and two groups 

for 2020. The signal for 2014 is the strongest. 

Thus , the following group ( s ) of year values with 

earthquake possibly occurring can be calculated : 

X9 +X11 -X5 =X" =2014, X9 +X14 -X, =X" =2014, 

X 11 +X11 -X7 =XIS= 2014 

Verification calculations of historical strong earth

quakes ( Tab.2) yielded results consistent with actual 

year values, and two or more groups of ternary com

mensurability formulas could be written for each re

sult; there were at most five groups (with five groups 

for the year 1960 ) . It was proved that an infrequent 

M s9. 5 strong earthquake occurred on the sea floor 

near the Puerto Mont! on May 22 , 1960. This was the 

largest earthquake in the world on record and induced 

a strong tsunami, spreading to Japan far away on the 

other shore of the Pacific Ocean. In 2010, an Ms8.8 

earthquake occurred in Concepcion, the second lar

gest city of Chile. Thus, it can be seen that strong 

earthquakes in the Chile region exhibit good commen

surability. 

Table 2 Confirmation of historical strong earlbquakes 

base on commensurable metbod 

Year Frequency Year Frequency Year Frequency 

1819 2 1877 2 1960 5 
1822 2 1906 2 1985 4 

1835 3 1918 4 1995 2 

1837 2 1922 2 2010 3 
1868 2 1943 3 

3. 2 Tendency judgment using quaternary com

mensurability 

The parameters for the calculation using quaternary 

commensurability are as follows: X1 = 1819, X2 = 

1822' x, = 1835' x, = 1837' x, = 1868' x, = 1877' 

X1 = 1906, X, = 1918, X, = 1922, X10 = 1943, X11 = 

1960, X12 = 1985, X,= 1995, and X14 = 2010, where 

X IS is to be determined. 

The calculation results yielded 10 groups for 2011, 

11 groups for 2012, 8 groups for 2013, 13 groups for 

2014, 13 groups for 2015, 9 groups for 2016, 5 groups 

for 2017, 13 groups for 2018, 8 groups for 2019, and 

8 groups for 2020. The signal for 2014 is the strongest. 

3.3 Tendency judgment using quinary commensu

rability 

The parameters for the calculation using quinary com

mensurability are as follows: X1 = 1819, X2 = 1822, 

x, = 1835' x, = 1837' x, = 1868' x, = 1877' x, = 

1906, X,= 1918, X9 = 1922, X10 = 1943, X11 = 1960, 

x12 = 1985' x, = 1995' and x14 = 2010' where XIS is 

to be determined. 

The calculation results yielded 21 groups for 2011 , 

18 groups for 2012, 14 groups for 2013, 29 groups for 

2014, 21 groups for 2015, 17 groups for 2016, 17 

groups for 2017, 29 groups for 2018, 17 groups for 

2019, and 16 groups for 2020. The signal for 2014 is 

the strongest. 

3.4 Future tendency judgment using commensu

rability 

By using the parameters X1 = 1819, X 2 = 1822, X,= 

1835' x, = 1837' x, = 1868' x, = 1877' x, = 1906' 

X,= 1918, X,= 1922, X 10 = 1943, X 11 = 1960, X 12 = 

1985, X 13 = 1995, and X14 = 2010, the future tendency 

judgment of Ms;;. 8. 8 strong earthquakes occurring in 
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Chile is judged as follows : X 15 = 2014 ( using ternary 

commensurability) , X15 = 2014 (using quaternary com

mensurability) , and X15 = 2014 (using quinary com

mensurability) . 

These results show that there is a relatively strong 

signal indicating that an Ms;;. 8. 0 strong earthquake 

will occur in Chile in 2014. 

3.5 Tendency judgment using symmetric butterfly 

structure diagram [tOJ 

Based on the commensurability information , we plotted 

a butterlly structure diagnun, as shown in figure 1 , 

which indicates that the Ms;;. 8. 0 strong earthquakes in 

Chile exhibit a temporal symmetry. For example, there 

are three periods related to 2014, i.e., 54, 92, and 

108 years; there is a difference of 1 year between 55 and 

54 years, which is within the acceptable error range. 

The random probability of the butterlly structure is 

calculated using T=MIN, where Tis the probability of 

occurrence in the predicted year, N is the number of 

total disaster events used for prediction , and M is the 

number of disaster events involved in the actual predic

tion ( number of years related to the main period ) ; 

here, N=l4 and M2014 =10, so the random probability 

of an Ms;;. 8. 0 strong earthquake occurring in Chile in 

2014 is 71. 43%. 

3. 6 Tendency analysis using commensurability 

structure system 

It can be seen from figure 1 that the quasi -time inter

vals relatively significantly related to 2014 are 54, 92, 

and 108 years; the corresponding occurrence frequen-

1819 

108 

cies are 4 , 3 , and 3 , respectively. Tills shows that the 

quasi -time periods related to 2014 have a relatively 

strong commensurability. 

To obtain a commensurability structure system, 

numbers of X, are added to or subtracted from each oth

er for an integer set I X, I [2l. A commensurability 

structure system diagram for Ms ;;. 8. 0 strong earth

quakes , as shown in figure 2 , was constructed by ana

lyzing the distribution of intervalue differences. Using 

the ternary, quaternary, and quinary commensurability 

methods and the time series butterlly structure diagram 

demonstrate conclusively that the year with a relatively 

strong signal indicating occurrence of an Ms ;;. 8. 0 

strong earthquake in 2014. 

Through analysis of the distribution law and possible 

future development trends when M s;;. 8. 0 strong earth

quakes occurred in Chile since the 19th century in fig

ure 2, it can be concluded that the years when Ms;;. 

8. 0 strong earthquakes occurred in Chile are separated 

by certsin intervals and obey a very strong law, being 

basically distributed in a parallelognun. 1877 and 1985 

are 108 years apart, and 1877 and 1906 are 29 years 

apart ; if the development obeys a parallelogram law , 

then 1906 will have a following interval of 108 years 

and 1985 will have a following interval of 29 years ; 

thus , the years when a strong earthquake will occur in 

the future are just the same year ( 2014). Similarly, 

1868 and 1960 have a following interval of 92 years, 

and 1868 and 1922 have a following interval of 54 

years ; if the development obeys a parallelognun law , 

then 1922 will have a following interval of 92 years and 

1960 will have a following interval of 54 years ; thus , 

92 92 

108 108 

Figure 1 Butterfly structure diagram of Ms;a,S. 0 strong earthquake time series in Chile 
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Figure 2 Commensurable structure of Ms~8. 0 strong 

earthquake time series in Chile 

the years when a strong earthquake will occur in the fu

ture are just the same year ( 2014). Moreover, from 

the relationships among 1918, 1922, and 2010, it can 

be similarly concluded that the year when a strong 

earthquake will occur in the future is 2014. 

Therefore, it can be judged that an Ms;;, 8. 0 strong 

earthquake is likely to occur in Chile in 2014. This 

conclusion is also obtained in the reference 11. 

3. 7 Spatial distribution of regional strong earth

quakes 

3. 7. 1 Epicenter migration of strong eartb

quakesi".lll 

Figure 3 shows that the epicenters of the Ms ;;. 8. 0 

strong earthquakes occurring in Chile since the 19 th 

century exhibit an evident migration , primarily obe

ying a south -north tortuous migration law. Except for 

the slight south-north migration in 1819 and 1822, 

and the small-amplitude southwest-northeast migration 

in 1868 and 1877, there are five large migrations 

from southeast to northwest and four large migrations 

from northwest to southeast, exhibiting a regular spa

tial symmetry. 

The spatial distribution of the epicenters of the Ms;;, 

8. 0 strong earthquakes in Chile indicates that all epi

centers of the strong earthquakes exhibit a relatively 

regular isosceles triangle distribution law ; the epicenter 

of the strong earthquake in 1918 located at one edge of 

a triangle , and all the other epicenters of the strong 

earthquakes are primarily distributed at vertices of the 

triangle, exhibiting a relatively strong law. 
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Figure 3 Ms~8. 0 strong earthquake migrations in 

Chile 

3.7.2 Longitudinal and latitudinal epicenter migra

tion ebaracteristics of strong earthquakes 

Figure 4 shows the longitudinal and latitudinal epicenter 

migrations of the Ms;;, 8. 0 strong earthquakes in Chile. 

It can be seen from figure 4 that the longitudinal epicen

ter migration law is obviously synchronized with the lat

itudinal epicenter migration law. When the longitudinal 
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Figure 4 Latitudinal and longitudioal migrations of Ms»S. 0 strong earthquakes in Chile 

epicenter migration of strong earthquakes proceeds 

westward , the latitudinal epicenter migration of strong 

earthquakes proceeds southward, and when the longitu

dinal epicenter migration proceeds eastward, the latitu

dinal epicenter migration proceeds northward. 

The longitudinal epicenter migrations of the strong 

earthquakes in Chile have a symmetry axis at ahout 

71. 7°W, and the latitudinal epicenter migrations have 

a symmetry axis at ahout 30°S; these spatial symmetry 

axes are located at the subduction zone on the western 

margin of South America, where two major plates (the 

Nazca Plate and the South American Plate) converge. 

Assuming that the spatial distribution of strong earth

quakes in the Chile region has a good symmetry , one 

can predict that the next strong earthquake in this re

gion is likely to migrate northward, and will be in the 

area which locates east of 71. 7°W and north of 30°5. 

4 Conclusions and discussion 

1 ) The tendency judgment using ternary, quaternary, 

and quinary commensurahility shows that the signal in

dicating that an earthquake will occur in Chile in 2014 

is relatively strong. 

2) Using the commensurahility ioformation extrac

tion method and the butterlly structure method , one 

can predict the strongest signal indicating that an Ms;;;. 

8. 0 strong earthquake will occur in Chile in 2014 and 

that three groups of main periods are closely related to 

2014. 

3 ) A commensurahility structure system was con

structed to further explore the temporal symmetry law of 

the Ms ;;;. 8. 0 strong earthquakes occurring in Chile 

since the 19th century. The years when Ms ;;;. 8. 0 

strong earthquakes occurred in Chile are separated by 

certain intervals , and the years with strong earthquakes 

obey a very strong law, being basically distributed in a 

parallelogram. From three groups of parallelogram 

structures with an evident law, it can be concluded 

that the year with a relatively strong signal indicating a 

strong earthquake in Chile in the future is 2014. 

4) The epicenter migrations of the Ms;;;. 8. 0 strong 

earthquakes in Chile exhibit an evident symmetry and 

synchronism in longitudinal and latitudinal directions. 

The synunetry axis of the longitudinal epicenter migra

tions of the strong earthquakes is at ahout 71.7°W, and 

that of latitudinal epicenter migrations is at ahout 30°S. 

The spatial synunetry axes are located at the subduction 

zone on the western margin of South America, where 

two major plates (the Nazca Plate and the South Amer

ican Plate) converge, and the earthquake epicenters 

are mainly distributed symmetrically in the northwest

southeast direction. 
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