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500 M

Pegunungan Jayawijaya - 1989

Grasberg

YELLOW VALLEY SYNCLINE



500 M

Dungun2 Valley - 2002



THE ART OF STRUCTURAL GEOLOGY OUTCROPS

Natural Art



THE ART OF MICROSTRUCTURES

Natural Art

1 mm



Rainbow Mountain - Peru Sandbox modeling – GRG ITB

Natural Art - Laboratory

Clay modeling –
Rutgers University



Nankai Through –Japan
IODP Publication - 2018



Newson (2015)



THE ART OF STRUCTURAL GEOLOGY

• PENAMPANG GEOLOGI (STRUKTUR)
Geological Artist



MEMODELKAN KOMPLEKS GEOLOGI

• A corner-point-grid-based voxelization method



TECHNOLOGY - 3D STRUCTURAL MODELING

PETREL 2017

• SIMPLIFICATION OF NATURE



• EARTH VISION TOOLS 



Moine thrust (Kearsey, in prep)
• DEM and hand drawing x-section



DEFINISI

• Structural geology definition, the branch of geology dealing with the structure and distribution of the 
rocks that make up the crust of the earth (various Textbook).

• Structural geology, scientific discipline that is concerned with rock deformation on both a large and a 
small scale (Britannica).

• Structural geology is the study of the deformation of the surface and subsurface of the Earth and other 
planetary bodies (Nature, 1992).

• Structural geology is the study of the three-dimensional distribution of rock units with respect to their 
deformational histories (Wikipedia).

• Structural geology is the study of the three-dimensional distribution of large bodies of rock, their 
surfaces, and the composition of theirs inside in order to try and learn about their tectonic history, past 
geological environments and events that could have changed or deformed them (AAPG, 2010).



• Structural geology is the study of the three-dimensional
distribution of rock units with respect to their deformational
histories.

• The primary goal of structural geology is to use measurements
of present-day rock geometries to uncover information about
the history of deformation ( strain) in the rocks, and ultimately,
to understand the stress field that resulted in the observed
strain and geometries.

DEFINISI

(Wikipedia)



(1726-1797)

1638-1686

Nicolaus Steno

• Original horizontality
• Lateral continuity
• Superposition
• Crosscutting relationship

“THE PRESENT IS THE KEY TO THE PAST”

BASIC LAW OF STRUCTURAL GEOLOGY

• Theory of the Earth

• Uniformitarianism

• Geologi Struktur Moderen: memfokuskan pada mekanisme deformasi – Forward Modeling



KONSEP 
DEFORMASI 

BATUAN

• Deformasi akan mengubah karaker dan konfigurasi batuan

• Deformasi akan mengubah bentuk dan ukuran batuan

• Deformasi adalah perubahan karakter, bentuk dan ukuran batuan
(strain) yang diakibatkan oleh stress

Study.com



DEFINISI STRES vs. STRAIN



FAKTOR YANG MENGONTROL PROSES DEFORMASI?



STRESS ROCKS STRAIN

KONSEP DEFORMASI BATUAN

• Faktor yang mengontrol deformation:  Stress, Strain 
(komposisi, texture, Por/Perm), P, T dan Fluida



NOTE: Important distinction between two quantity !!! 

STRESS vs. STRAIN



STRESS DAN DEFORMASI



DEFORMASI BRITTLE - Coulomb (1773) dan Mohr (1900)

sc = so + tan f (sn)

m = tan f

sc = so + m sn

For s0 ~ 0 (pasir lepas)

sc = m sn.   ,  sc = t

• sc adalah tegasan gerus kritis (Critically-Stressed Fractures), so adalah kohesivitas (shear Strength), m = tan f

= koefisien gesek dalam, dan sn adalah tegasan normal (positif=kompresi, negative = tensile)
• Diameter lingkaran adalah sd = s1 – s3 (differential stress)

CompressionTension

(sn, ss)

T



Teori Sesar Anderson (1951)

• s1 >s2>s3



SUMBER STRESS BUMI

• TEKTONIK LEMPENG (HORIZONTAL STRESS) – SHmax

• GRAVITASI (VERTIKAL) BY LOADING/BURIAL – BUYOANCY FORCE - SV 

• FLUIDA (TENSION) – KONSEP EFEKTIF STRESS – (s3)/ Shmin

Present-day Earth Stress System (Geomechanics)



Fossen (2010)

DEFORMASI BATUAN SEDIMEN (<~6 km)

a

b

• Lithosfir terdiri dari mantle bagian atas, 
kerak dan sedimentary covers (~ 1-5 km)

Poro-Elastic Brittle rocks



PEMODELAN ANALOG SANDBOX ITB 



PEMODELAN ANALOG SANDBOX ITB 

WORKFLOW RESULTS

• METODA INTEGRASI



PENGEMBANGAN DAN PENELITIAN KASUS 
GEOLOGI STRUKTUR (2000-2020)

• ANALISA KINEMATIKA DAN SEJARAH DEFORMASI (2D/3D PALINSPATIC 
RECONSTRUCTIONS), TEKTONIK CEKUNGAN

• 3D MODELING STRUKTUR GEOLOGI; STRUCTURAL FRAMEWORKS, 3D 
BASIN MODELING

• SANDBOX MODELING – NUMERICAL MODELING

• SESAR DAN GEMPA (TEKTONIK AKTIF/GEOLOGI GEMPA); MEKANISME 
SESAR DAN KONSENTRASI STRESS , MICROTECTONICS

• RESERVOAR DAN ALIRAN FLUIDA (PERMEABILITY); FAULT-SEAL-
ANALYSIS (FSA), HYDRAULIC FRACTURING

• REKAHAN ALAMI (FRACTURED BASEMENT, FRACTURED CARBONATE)

• RESERVOAR GEOMECHANICS – IN-SITU STRESS MEASUREMENT



SYSTEM DETACHMENT/DÉCOLLEMENT  
EXTENSIONAL FAULT SYSTEM

• DIVERGENT TECTONICS
• TENSION FORCE/PULL- APART



KASUS SESAR NORMAL – EXTENSIONAL DEFORMATION

MAKASAR STRAIT

West Africa Lowel (1985)



2D Seismic Section

KASUS SESAR NORMAL – North Sumatra Basin



FOLD-THRUST-BELT

Decollement Concept for Thrust Wedge Growing 



Basement Involved Deformation



KASUS SESAR GESER – STRIKE-SLIP DEFORMATION 
(WRENCH, OBLIQUE CONVERGENT/DIVERGENT)



Pull-apart - rhomboidal

STRIKE-SLIP PULL-APART

• Tension Stress



ANALISA STRAIN SESAR PALUKORO – Sinistral Strike-Slip



SESAR INVERSI



NW SE

Inversion 27%

NW SE

KOMPLEKS DEFORMASI SESAR INVERSI – WEST NATUNA

Courtesy of Premier Oil



Sapiie et al. (2012)

Kompleks 3D Deformasi – Seram Through

SANDBOX MODELING SETTING
SANDBOX MODELING RESULTS

STRESS MODEL

Hall, 1998 Fossen (2010)





PERMASALAHAN (RESEARCH QUESTION) 

➢ TEKNIK VALIDASI INTERPRETASI DAN MODEL STRUKTUR GEOLOGI?







3D PALINSPATIC RECONSTRUCTIONS

• Using 3D Moves Tools

Sapiie et al. (2016)



VALIDASI MODEL STRUKTUR GEOLOGI

METHOD INTEGRASI





PENELITIAN RAJAMANDALA – FRACTURED CARBONATE ROCKS 





GEOLOGI RAJAMANDALA CARBONATE COMPLEX

• FIELD GEOLOGICAL MAPPING 
• 4 SHALLOW DRILLING SITE  WITH CORE AND WIRELINE LOGS 









INTEGRASI DATA LAPANGAN DAN 3D MODELING



FAULT-SEAL-ANALYSIS (FSA) 
IN CARBONATE ROCKS



SESAR CIKAMUNING

SESAR BATUNUNGGAL

SESAR GUHA

• FIELDWORK; DAMAGE ZONE, GOUGE
• SHALLOW DRILLING
• DEEP DRILLING
• XRD AND PETROGRAPHY



FAULT THROW: 10-15 CM FAULT THROW: 80 -250 CM

FAULT THROW: ~ 6 M

• Kapasitas sekatan berdasarkan SGR?
• Penentuan nilai SGR di batugamping?
• Vcl (total lempung dalam batuan) 
• Besaran Vcl di Batugamping ? 
• Kontrol fasies vs. Throw?
• Efek diagenesa?

SGR = Shale Gouge Ratio (Yielding et al. 1999)

TUJUAN STUDI



CORE DAN LOG DATA



APLIKASI HASIL STUDI UNTUK STUDI KASUS  

• KOREKSI PARAMETER DAN METODA SGR DI BATU GAMPING







DIGITAL OUTCROP MAPING (DOM)

Rudyawan et al. (2019)





FROM OUTCROP TO SUBSURFACE

……….TO BE CONTINUE….. ON GOING RESEARCH …….



KESIMPULAN

• PERAN GEOLOGI STRUKTUR DI BERBAGAI BIDANG DAN 
APLIKASI (..EVERYTHING ABOUT STRUCTURES..)

• PENTING MEMISAHKAN PENGERTIAN STRESS DAN STRAIN

• DEFORMASI BATUAN SEDIMEN MEMENUHI HUKUM
COULOMB (PORO-ELASTIC RHEOLOGY)

• INTERPRETASI MEKANISME SESAR MEMERLUKAN 
PENGERTIAN BIDANG LEMAH (DETACHMENT)

• PENELITIAN MASADEPAN KONSETRASI PADA PENGERTIAN, 
MEKANISME DAN KONTROL PERKEMBANGAN REKAHAN 
TERUTAMA SESAR 



THE CREATION of MAN BY MICHELANGELO
Narr (1997)

THE CREATION of MAN BY MICHELANGELO



TERIMA KASIH


