
(data mining)

(self-organizing map)

( ) SOM

 (feature map)  (visualization) (clustering) (pattern recognition)

SOM (topological-preserving)

(conventional maps)

SOM

SOM

*

(Meyer & Le Dortz, 2007)

.(Axen et al., 2001)

 " " Stahl (1911)

Stöcklin & Nabavi (1973) Stöcklin (1968) .(Nowroozi,1971)

 " "
Stöcklin (1977)

Takin (1972)

Berberian (1981 Aghanabati (1986)

Choubert & Faure-Muret (1980 Boulin (1991 Berberian & King (1981)

Davoudzadeh & Weber-Diefenbach (1987 Davoudzadeh et al.(1986)

Nabavi (1976) Eftekharnezhad (1980)

Nowroozi (1976, 1979)

Shoja-Taheri & Niazi (1981)

Ambraseys & Melville).

(1982

Karakaisis (1994



.(Zamani & Hashemi, 2004)

 (cluster analysis)

(data mining)

(Lin & Chen, 2005)

Fayyad et al., 1996;)

(Berthold & Hand, 1999; Hand et al., 2001

(Dayhoff, 1990)

(supervised)

 (unsupervised)

SOM

WEB

SOM Kaski et al., 1998

(Hewitson & Crane, 1994, 2002)

(Caputo et al., 1980; Collyer & Merriam, 1973; Gelfand et al., 1972;  

Rotwain,1974a, 1976b ; Harff & Davis, 1990; Parks, 1966; Potter, 1996; 

Swan & Sandilands, 1995).

SOM

SOM

(Kohonen, 1995)

(visualization)

SOM

SOM

SOM

SOM

Stöcklin (1968)



 " "

(White & Ross, 1979; Coleman, 1981)

SOM
SOM

 X = [xi]
T M

j=1, 2, …, N uj

j=1, 2, …, N i =1, 2, ..., M   Wij

Wj = [ W , W2j , ... , WMj ]
T j=1, 2, …, N

Wj X SOM

uj

hj = exp   -
uj - uj

8   2

2 2

uj
8 hj

Wj = hj (X-Wj) Wj

SOM

Voronoi

Voronoi SOM Voronoi

SOM

( )

(Ultsch & Siemon, 1990) U-matrix

(Iivarinen et al., 1994; Häkkinen & Koikkalainen, 1997; Merkl & Rauber, 1997)

U-matrix

U-matrix

SOM

˚ ˚
˚E ˚E

.(Zamani & Hashemi, 2000) ˚E ˚E

SOM

.(Dehghani & Makris, 1983; Magnetic total intensity  maps of Iran, 1989)

Gutenberg & Richter (1954)

Engdahl et al. (2006); Ambraseys & Melville (1982

(mb) USGS

b a

Z-score

º



SOM

x SOM

SOMToolbox SOM

rough training  (batch) SOM

Voronoi SOM

x SOM SOM

ArcView

SOM

SOM U-matrix

Stöcklin (1968)

SOM

U-matrix

 "median mass"

Stöcklin (1968

Stöcklin (1968

SOM

SOM

Zamani & Hashemi (2004

SOM

SOMToolbox



Stöcklin, 1968

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

mc

mc

mb

a

b

º

SOM

 (SOM)

SOM

SOM

(U-matrix)

References
Aghanabati, A., 1986- 1/5,000,000 Sheet, Geological Map of the Middle East. Commission for the Geological Map of the World, Geological Survey 

of Iran. Ambraseys, N. N. & Melville, C. P., 1982- A History of Persian Earthquakes. Cambridge University Press, Cambridge, England, 219p.
Axen, G. J., Lam, P. S., Grove, M., Stockli, D. F. & Hassanzadeh, J., 2001- Exhumation History of the Alam Kuh Area, Central Alborz 

Mountains, Northern Iran: Implications for Caspian subsidence and Collision-Related Tectonics
Berberian, M. & King, C. P., 1981- Towards a paleogeography and tectonic evolution of Iran. Canadian Journal of Earth Science, 18: 210–265.
Berberian, M., 1981- Active faulting and tectonics of Iran. In: Gupta, H.K., Delany, F.M. (Eds.), Zagros Hindu Kush Himalaya Geodynamic

 Evolution: Geodynamic Series, 3, American Geophysical Union, Washington, DC and Geological Society of America, Boulder, CO, pp. 33–69.
Berthold, M. & Hand, D. J. editors, 1999- Intelligent Data Analysis: an Introduction. Springer.
Boulin, J., 1991- Structures in Southwest Asia and evolution of the eastern Tethys. Tectonophysics, 196: 211–268. 

areas in Italy. Physics of the Earth and Planetary Interiors, 21: 305–320.
Choubert, G., Faure-Muret, A. M., 1980- Geological World Atlas, 1/10,000,000 Sheets 9, 10 and 11. Commission for the Geological Map of

 the World, UNESCO, Paris.
Coleman, R. J., 1981- Tectonic setting for ophiolite obduction in Oman. Journal of Geophysical Research. (Special Issue), 86: 2497-2508.
Collyer, P. L., Merriam, D. F., 1973- An application of cluster analysis in mineral exploration. Mathematical Geology, 5:213–223
Davoudzadeh, M. & Weber-Diefenbach, K., 1987- Contribution to the paleogeography, stratigraphy and tectonics of the Upper Paleozoic of 



Iran. Neues Jahrbnch Fuer Geologie und Palaontologie, 175: 121–145.
Davoudzadeh, M., Lensch, G. & Weber-Diefenbach, K., 1986- Contribution to the paleogeography, stratigraphy and tectonics of the 

Infracambrian and Lower Paleozoic of Iran. Neues Jahrbnch Fuer Geologie und Palaontologie, 172: 245–269.
Dayhoff, J. E., 1990- Neural network architectures—An introduction. New York: Van Nostrand Reinhold

Survey of Iran, 51: 51–68. 
Eftekharnezhad, J., 1980- Subdivision of Iran into different structural realms with relation to sedimentary basins (in Farsi). Bulletin of the 

Iranian Petroleum Institute, 82: 19–28.
Engdahl, E. R., Jackson, J., Myers, S. C., Bergman, E. A., Priestley, K., 2006- Relocation and assessment of seismicity in the Iran region. 

Geophysical Journal International, 167: 761-778
Fayyad, U., Piatetsky-Shapiro, G. & Smyth, P., 1996- Knowledge discovery and data mining: Towards a unifying framework, In Proceeding 

of The Second International Conference on Knowledge Discovery and Data Mining (KDD’96), 82–88.
Gelfand, I. M., Guberman, Sh. I., Izvekova, M. L., Keilis-Borok, V. I., Ranzman, E. Ja., 1972- Criteria of high seismicity, determined by 

pattern recognition. Tectonophysics, 13:415–422.
Gelfand, I. M., Guberman, Sh. A., Kalezkaja, M. S., Keilis-Borok, V. I., Ranzman, E. Ia., Rotwain, I. M., Zhidkov, M. P., 1974a- Recognition 

of places where strong earthquakes may occur, II. Four regions of Asia Minor and S-E Europe (in Russian). Computational Seismology 7: 1–40.
Gelfand, I. M., Guberman, Sh. A., Keilis-Borok, V. I., Knopoff, L., Press, F., Ranzman, E. Ya., Rotwain, I. M., Sadovsky, A. M., 1976- 

Pattern recognition applied to earthquake epicenters in California. Physics of the Earth and Planetary Interiors, 11: 227–283.
Gutenberg, B. & Richter, C. F., 1954- Seismicity of the Earth and its Associate Phenomena. Princeton University Press, Princeton, NJ, 310p.
Häkkinen, E. & Koikkalainen, P., 1997- The neural data analysis environment. In Proceedings of the Workshop on Self-Organizing Map, 69–74.
Hand, D., Mannila, H. & Smyth, P., 2001- Principles of Data Mining. The MIT Press.

Hewitson, B. C., & Crane, R. G., 1994- Neural nets: Applications in geography. London: Kluwer Academic Publishers.
Hewitson, B. C., & Crane, R. G., 2002- Self-organizing maps: Applications to synoptic climatology. Climate Research, 22: 13–26.
Iivarinen, J., Kohonen, T., Kangas, J. & Kaski. S., 1994- Visualizing the Clusters on the Self-Organizing Map. In Christer Carlsson, Timo 

Karakaisis, G. F., 1994- Long-term earthquake prediction in Iran based on the time- and magnitude-predictable model. Physics of the Earth 
and Planetary Interiors, 83: 129–145. 

Kaski, S., Kangas, J. & Kohonen, T., 1998- Bibliography of self-organizing map (SOM) papers: 1981-1997. Neural Computing Surveys, 
1:102–350.

Kohonen, T., 1995- Self-organizing maps. Springer, Berlin.

 of Hydrology, 324:1-9
Merkl, D. & Rauber, A., 1997- Alternative ways for cluster visualization in self-organizing maps. In Proceedings of the Workshop on Self-

Organizing Map, pp.106–111.
Meyer, B. & Le Dortz, K. , 2007- Strike slip kinematics in Central and Eastern Iran: Estimating fault slip-rate averaged over the Holocene,

 Tectonics, 26: TC5009
Nabavi, M. H., 1976- An introduction to the Iranian geology (in Farsi). Geological Survey of Iran, 38: 110pp.
Nowroozi, A. A., 1971- Seismotectonics of the Persian Plateau, eastern Turkey, Caucasus, and Hindu-Kush regions. Bulletin of the 

Seismological Society of America, 61: 317–341.
Nowroozi, A. A., 1976- Seismotectonic provinces of Iran. Bulletin of the Seismological Society of America, 66: 1249–1276. 
Nowroozi, A. A., 1979- Reply to M. Berberian: comparison between instrumental and macroseismic epicenters. Bulletin of the Seismological

 Society of America, 69: 641–649. 
Parks, J. M., 1966- Cluster analysis applied to multivariate geologic problems. Journal of Geology, 74: 703–715.
Potter, D. R., 1996- Correlation between observed seismicity and GPS-derived aseismic crustal deformation rates in Southern California. 

EOS, Transactions of the American Geophysical Union, 77: 148–149
Reiben, H., 1955- The geology of the Tehran plain: American Journal of Science, 253 (11): 617-639.
Shoja-Taheri, J. & Niazi, M., 1981- Seismicity of the Iranian Plateau and bordering regions, Bulletin of the Seismological Society of 

America, 71: 477–489.
Stahl, A. F., 1911- Zur geologie von Persien. In: Handbuch der Regionalen Geologie, Band 5, Heft 8, Heidelberg, Germany, 46pp.
Stöcklin, J. & Nabavi, M.H., 1973- 1/2,500,000 sheet, tectonic map of Iran. Geological Survey of Iran.
Stöcklin, J., 1968- Structural history and tectonics of Iran: a review, Bulletin of the American Association of Petroleum Geologists, 52: 1229–1258.
Stöcklin, J., 1977- Structural correlation of the Alpine ranges between Iran and Central Asia. Mémoire H series, Societé géologique de France, 8: 335–353. 
Swan, A. R. H., Sandilands, M., 1995- Introduction to Geological Data Analysis, Blackwell Science, Oxford, 446pp.
Takin, M., 1972- Iranian geology and continental drift in the Middle East. Nature, 235: 147–150.
Ultsch, A. & Siemon, H. P., 1990- Kohonen’s Self Organizing Feature Maps for Exploratory Data Analysis. In Proceedings of International 

Neural Network Conference (INNC’90), pp. 305–308, Dordrecht, Netherlands,. Kluwer.

White, R. S. & Ross, D. A., 1979- Tectonics of the western Golf of Oman, Journal of Geophysical Research, 84:3479-3489.
Zamani, A. & Hashemi, N., 2000- A comparison between seismicity, topographic relief, and gravity anomalies of the Iranian Plateau, 

Tectonophysics, 327: 25–36.
Zamani, A. & Hashemi, N., 2004- Computer-based self-organized tectonic zoning: a tentative pattern recognition for Iran, Computers &

Geosciences, 30: 705–718
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Abstract

of an alternation of grayish silty marls, marlstones, marly limestone and limestone and is subdivided into 5 members. A rich ammonite fauna (407 specimens) have been collected 

from the member 4 and 5, comprising the following families: Phylloceratidae, Lytoceratidae, Oppeliidae, Haploceratidae, Sphaeroceratidae, Parkinsoniidae, Morphoceratidae and 
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and similarity between clusters. Although there are some similarities between SOM's numerical maps constructed here and the conventional maps but SOM 

evaluate the degree of homogeneity in each zone, but also to separate regions zone that experience similar geological evolutionary despite of their geographical 

locations. For instance Lut and Gavkhuni zones show more homogeneity than Makran and Azerbayejan zones also Kopeh-Dagh and Zagros are located at 

different regions, they have similar features. The results obtained here represent separation between Makran from East Iranian Ranges and Western Azerbaijan 

from Alborz Ranges, too. It is important to recognize that the SOM's results are based purely on the geophysical, geological and seismic features presented 

previously. So correspondences and differences between the SOM's zones and a given zone based on conventional method must receive careful thought.
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Abstract

In this study, in order to evaluate the geochemical characterization of Kangan Formation in well B in South Pars Gas Field, geochemical analysis (including

preliminary and complementary analysis such as Rock-Eval Pyrolysis, extraction of organic matter (EOM), bitumen fractionation, Gas chromatography and Gas 

chromatography-Mass Spectrometry) were carried out on core samples. Geochemical results reveal that these samples have kerogen type III and II, indicating a 

marine organic matter with a little terrestrial input. The organic matter of these samples was derived from source rock(s), with clastic-carbonate lithology which 

deposited under anoxic to subanoxic conditions. In addition, the above samples exhibt poor to moderate genetic potential with kerogen maturity at the beginning 

Key words: Kangan Formation, Rock-Eval Pyrolysis, Gas chromatography, Gas Chromatography-Mass Spectrometry, Source Rock.
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Abstract

Abundant chevron folds were produced in well-bedded red thin layers radiolarites in Kermanshah area. Various fold hinge area structures were produced due 

to competency contrast and change of thickness in radiolarian shale and thick-bedded limestone intercalation in radiolarite sequence. Different styles of folding 

exist in massive to thick-bedded limestone and shale where they are inter-bedded with radilarites. Unique thin layers of the radolarite layers were folded in 

parallel shape but change of folds shape and mechanism were produced where thick bedded limestone or thin layers of radiolarian shale intercalations exist. Fold 

accommodation faults were generated in cases during folding. Geometry and style of folding indicate that deformation in radiolarites was produced by parallel 

folding due to buckling mechanism with southwest vergence. Thrust faults were generated during later stages, displacing some parts of the folded radiolarites.

Keywords: Folding, Chevron folds, Radiolarite, Collision Tectonic, Thick-skinned tectonic, Kermanshah.
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Abstract

One of the basic discussions in geosciences is construction of different tectonic zoning maps. In conventional tectonic zoning, not only the great amounts 

geosciences. In this paper self-organizing map (SOM) neural network that is one of the common methods in data mining has been applied for numerical tectonic 

index of mountain front sinuosity (Smf). Results from the analysis are accumulated and expressed as an index of relative active tectonics (Iat), which divided into four classes from 

to predict relative tectonic activity on a basis of area rather than a single valley or mountain front. The recent investigations show that neotectonism has played a key role in the 

geomorphic evolution of this part of the Alborz mountain range. Geomorphic indices indicate the presence of differential uplifting in the geological past. The high class values (low 

tectonic activity) for Iat mainly occur in the south and southeast of the Karaj drainage basin, while the rest of the study area has classes of Iat suggesting moderate to high tectonic 

tectonic environments with greater rates of active tectonics, the values of indices would differ as well as their range in value. The stream network asymmetry (T) was also studied 

Keywords: Geomorphic Indices of Active Tectonics, Drainage Basin, Asymmetry, Central Alborz.
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