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BIG CONCLUSION 1: BIG CONCLUSION 1: 
Remember this picture!!!Remember this picture!!!

Matrix 

Matrix Scale: 1:??????

Blocks, inclusions, lenses, etc

Actual Distribution of BlocksActual Distribution of Blocks Medley, 2000
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Matrix 

Matrix 

Dana WillisApparent Distribution of BlocksApparent Distribution of Blocks

BIG CONCLUSION 2: BIG CONCLUSION 2: 
Remember this picture as well!!!Remember this picture as well!!!
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Courtesy of Prof. 
R.E.  Goodman

Geotechnical Engineering = Rock to Soil (and 
everything in between…..)



Virginia Tech Univ website

Example of Rock and Soil MixtureExample of Rock and Soil Mixture

soil

Corestones, block, boulder

Glacial till in  Glacial till in  
MichiganMichigan



Weathered Rocks Weathered Rocks 
•Rock weathers into soil, saprolite and corestones 
above intact bedrock

University of Florida website
Enchanted Learning website

Corestones, ledges, 
wedges, blocks, boulders, 
cobbles, etc… of rock 
surrounded by soil



Mixture with weaker soil and strong blocks 
(decomposed granite  at Hwy 50, California)

Example of weathered rockExample of weathered rock

soil

Corestones, blocks, boulders
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“Rock”: simple word, complex concept!“Rock”: simple word, complex concept!

Intact fragmented

“simple” geology but

challenging rock engineering

“complex” geology and 
REALLY challenging rock 
engineering



turbidite sequence - interbedded sandstones and shales 

(Devil’s Slide, Pacifica, California)    photo: Ed Medley

The complexity of a “simple” rock/soil mixture



Complex poly-lithologic geologic mixture 

mega-breccia, Death Valley, California



Fault RocksFault Rocks
and Shear Rocksand Shear Rocks

Riedmueller et al, 2001 Ex

Fault zones and
Shear zones 
may have blocks 
millimeters to 
100s of meters 
wide: 

BLOCK SIZE 
DISTRIBUTIONS 
TEND TO BE 
SCALE 
INDEPENDENT



A geological mixture with polylithologic blocks 
ranging in size from sand to mountains:

Blocks in the Gwna melange, Anglesey,  North Wales  photo Ed Medley



MelangesMelanges

Franciscan Complex melange, Mendocino California photo: Ed Medley
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Prof R E Goodman

Simple model for origin of melanges
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Even melanges are more Even melanges are more 
complex than they seem…complex than they seem…

Laznicka, 1988

Cowan, 1985
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Melanges are in  >70 countriesMelanges are in  >70 countries

Medley, 1994
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Typical Melange Showing Diverse Elongate Blocks
and Irregular Foliated Matrix (S-M-C-Cataclasites)

Slope debris

Sandstone

Marble / Shale
Tectonic Melange

(Photo C)
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Typical Melange Showing Diverse Elongate Blocks
and Irregular Foliated Matrix (S-M-C-Cataclasites)

Bolu Tunnel, Turkey

Melanges look like fault rocks



Sample 1: Smectite 92%
Illite 8%

Sample 1a: Smectite 87%
Illite 13%

Sample 2a: Smectite 77%
Mixed Layer 

3%
Kaolinite 17%
Illite 3%

Sample 2b: Sample 40%
Kaolinite 50%
Illite 10%

Formation of Clay MineralsFormation of Clay Minerals

Fault Zone in Gneiss („Zentralgneis“) 
HPP MALTA – Göß Tunnel, Km 4,615



FINE - GRAINED 
INTENSELY SHEARED 
GOUGE

LOZENGE - SHAPED 
BLOCKS OF NO 
DEFORMATION

Fault Zone Model, Blocks Show Fractal Dimensions,
from the Micro – to the Megascale  (SCALE INDEPENDENCE)

Fault StructuresFault Structures



Geotechnical Relevant
Characterization of Brittle Faults

Faults are elongated complex zones of deformation, 
ranging from decimeters to kilometers in magnitude

A significant internal structure of shear and extensional fractures
has developed, reflecting the geometry of the strain field 
and, consequently, the orientation of the principal stresses

The brittle deformation, such as particle size reduction by
crushing of grains and reorientation of grains by shearing,
generates the characteristic fine-grained gouge

Low-temperature solution transfer contributes substantially
to the alteration of fault rocks, in particular gouge, through
transformation and neoformation of clay minerals

Significance of Fault ZonesSignificance of Fault Zones



The significant geotechnical feature is a substantial heterogeneity,
reflected by the occurrence of more or less undeformed competent
blocks which are typically surrounded by a fine-grained matrix
consisting of gouge and highly fractured rocks. The matrix appears 
to be flowing around the blocks in an anastomosing pattern

The mainly lozenge shaped blocks exhibit a fractal distribution of
dimensions, ranging from the microscale to hundreds of meters in 
length. Fault structures are scale independent

A considerable heterogeneity of the stress field may exist. 
Variations in the stress field might be an important cause of 
segmentary fault zone formation

Groundwater conditions are also highly variable. Water pressures 
and flow directions may change dramatically across fault zones.
A fault zone acts as aquifer, aquitard and aquiclude

Geotechnical Relevant
Characterization of Brittle Faults

Significance of Fault ZonesSignificance of Fault Zones



4 cm base 

Blocks of serpentinite

Extensional shears

Extension fractures

Typical Structure of Ophiolitic Melange in Mesoscale
Egnatia Motorway, N-Greece

Fault StructuresFault Structures



Formation of Melange in an Foreland Basin Overthrust Setting,
Main Tunnel, Mae Kuang Irrigation Project, N – Thailand

Graphitic Shale,
Carboniferous

Quartzitic Sandstone,
Devonian

Lenticular stiff block showing
extension fractures

Foliated soft matrix showing
ductile and brittle compressional
deformation features

Fault StructuresFault Structures



Fault StructuresFault Structures

Blocks of Serpentinite in an Ophiolitic Tectonic Melange
Egnatia Motorway, N- Greece



Tectonic Melange in an Alpine Thrust Setting
Semmering Motorway, Tunnel Steinhaus, Austria

Foliated quartzite Blocks of dolomite marble

Graphitic Phyllite

Fault StructuresFault Structures



Fault StructuresFault Structures

Marble block 
with calcite filled 
extension 
fractures
embedded in
graphitic phyllite
and foliated
quartzite 

Tectonic Melange in an Alpine Thrust Setting
Semmering Motorway, Tunnel Steinhaus, Austria



Blocks (phacoids) of quarzite
embedded in
graphite phyllite

Fault StructuresFault Structures

Tunnel Steinhaus, Austria, Tunnel Face



•• Brekke T.L & T. R. Howard (1973):Brekke T.L & T. R. Howard (1973):
  Functional classification of gouge material from seams and Functional classification of gouge material from seams and 

faults in relation to stability problems in underground openingsfaults in relation to stability problems in underground openings. . 
U.S.Bureau of Mines Contr. H0220022, pp.195.U.S.Bureau of Mines Contr. H0220022, pp.195.

•• Zhang XianZhang Xian--Gong, Han WenGong, Han Wen--Feng & Nie DeFeng & Nie De--Yin (1986):Yin (1986):
  Engineering geological classification of fault rocks. Engineering geological classification of fault rocks. 5th Intern. 5th Intern. 

IAEG Congr. Buenos Aires, 479 IAEG Congr. Buenos Aires, 479 -- 486.486.

Fault Classification (Classical References)Fault Classification (Classical References)

Engineering Geological Classification of Fault Rocks
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An early Geotechnical An early Geotechnical 
Classification of ComplexityClassification of Complexity

From Medley, 1994
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....and > 1000 geological words/terms  for and > 1000 geological words/terms  for 
fragmented rocks and complex mixturesfragmented rocks and complex mixtures

Laznicka, 1988



Melanges and Similar BimrocksMelanges and Similar Bimrocks
•• Melanges: (French Melanges: (French mméélangelange) ) ::
UNUNCHILECHILE mixtures of competent mixtures of competent 
blocks composed of sedimentary/ blocks composed of sedimentary/ 
metamorphic blocks in weaker matrix of metamorphic blocks in weaker matrix of 
sheared shale or serpentinitesheared shale or serpentinite

•• Bimrocks:Bimrocks: blockblock--inin--matrix rocks matrix rocks 
–– mixtures of rocks composed of geotechnically mixtures of rocks composed of geotechnically 

significant blocks within a bonded matrix of significant blocks within a bonded matrix of 
finer texture finer texture 

•• Similar BimrocksSimilar Bimrocks: Saprolites, Breccias, : Saprolites, Breccias, 
Fault Zones, Lahars, Tillites, etc.Fault Zones, Lahars, Tillites, etc.
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Trying to organize the complexity….

Classification of Fault rocks and 
melanges

by Riedmueller et al (2001)



This is a one line title slideThis is a one line title slide



•• Often severe spatial variabilityOften severe spatial variability
•• Heterogeneity in propertiesHeterogeneity in properties
•• Design and construction Design and construction 

shortcomings in characterizations shortcomings in characterizations 
cost someone $$$$, (usually the cost someone $$$$, (usually the 
Owner and/or Contractor)Owner and/or Contractor)

Problem$$$$ with bimrocks 
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So, YES: bimrocks ARE  chaotic…

But Practitioners should NOT say:

“those rocks are too chaotic, let’s 
design for the weak matrix…”



So What? Who Cares*?So What? Who Cares*?

*Answer: Owners, Contractors and Lawyers
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Some elements of CHARACTERIZATION

•Block/matrix discrimination    Matrix lithology, 

•block lithology, block size, block shape, 

•block orientation

•Block size distribution

•Block discontinuities

•Etc…

ALL are straight forward geological 
engineering during field investigation…



Copyright:   Dr. Edmund Medley, PE, CEG         Consulting Geological Engineer            emedley@bimrocks.com 39

the importance of scale 
independence in our work 
with bimrocks
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Scale independenceScale independence

Cowan, 1985



Q: What is Block Size??Q: What is Block Size??

chord

Bored core 

“Diameter“

Boring

dmod

“Diameter”

Buried block explored by a boring

Outcropped block 

Ground surface

A: Rarely the “diameter”A: Rarely the “diameter”

maximum observed dimension



Measuring block Measuring block 
sizes sizes 
(and size (and size 
distributions)  distributions)  
in 2in 2--dimensions dimensions 

Outcrop scale of Outcrop scale of 
interestinterest

A< 1 mA< 1 m22

“size” = dmod

A
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Histogram of block sizesHistogram of block sizes

Medley, 
1994
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Log Histogram of block sizesLog Histogram of block sizes

D=1.2
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Block measurements at many scalesBlock measurements at many scales
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Histograms at several scalesHistograms at several scales

Distributions look similar….
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Log Histograms at several scalesLog Histograms at several scales
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Normalization by Square Root ANormalization by Square Root A



Franciscan Complex blocks in mapsFranciscan Complex blocks in maps

From Medley, 1994; 
after Ellen and 
Wentworth,1995

Regional 
map scale 
of interest
A~1000 km2

A
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Log Histogram at km scaleLog Histogram at km scale
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Compare Log histograms at Compare Log histograms at 
different scalesdifferent scales



ScaleScale--independent block size independent block size 
distributions of Franciscan melangesdistributions of Franciscan melanges

Medley, 1994Plotted as a Log-Histogram
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Another reason to select the 5% Another reason to select the 5% 
block/matrix thresholdblock/matrix threshold

dmod/dmax

Volume

Number of 
blocks

95% of 
number of  
blocks are 
smaller than 
0.05dmax but 
represent 

< 1% of 
total volume 
of blocks



Blocks in Franciscan MelangeBlocks in Franciscan Melange
•• Blocks range in size between mountains Blocks range in size between mountains 

and sand and will and sand and will always be foundalways be found
•• Block size distributions are scale Block size distributions are scale 

independent independent andand fractalfractal ((power lawpower law))
•• Largest reasonable block is:Largest reasonable block is:

0.750.75√√A   A   aka aka ddmaxmax

•• Block/matrix threshold is Block/matrix threshold is 0.050.05√√A A 
•• Characterization Characterization mustmust take blocks into take blocks into 

accountaccount
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REG

AND: findings from studies of AND: findings from studies of 
many bimrocks at small scale many bimrocks at small scale 

ARE ARE 
relevant for large scale bimrock masses!!!relevant for large scale bimrock masses!!!



Use these guidelines at any scale of 
interest

•• smallest smallest blocks are: blocks are: 
0.05L0.05Lcc or  or  0.05 0.05 √√AA or  or  0.05d0.05dmaxmax

••largest block is:largest block is:
0.75Lc0.75Lc or  or  0.75 0.75 √√AA or  or  0.75d0.75dmaxmax
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We look at other aspects of 
Characterization in the other Lectures….
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