FHWATT MSc REM Reservoir Structure vs Module
‘:",‘—;‘:‘-‘ UNIVERSITY

Definitions and
Terminology

Sergei Parnachov
Gary D. Couples

Helen Lewis




g&&,{% MSc REM Reservoir Structure Vs Module
"”‘3’ UNIVERSITY

This Lecture

e Purpose: Introduce the crucial basic
terminology of Structural Geology

¢ Outline:
— Orientation of planes and lines
— Faults
— Folds
— Faults/Fold relationships
— Fractures

— Typical Features for shortening/extention
environments
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Analysis Levels

e Geometrical

~ shape and body’s relations

e Kinematical

diaju| aio|N

— motions

e Geomechanical

More descriptive

— stress/strain relations (incl.
ductile/brittle type of deformation)

Increasing level of complexity
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Strike

Geographical North Pole

0/360°
A
7 Rules:
35
™ e always measure
clockwise,
West / 270° East / 90° * may be measured

with two results with

1800 difference:
359 or 215° — both

2150 are correct

True (Geographical) Strike Direction
South / 180° (“Strike”) is: 35°
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M tic North Pol o - .
e T Line Orientation
magnetic declination / ‘
(some 7° in West N gl m
Siberia) * |

- Dip
needle
.S

\¢ \\

West / 2709 /

Magnetic Strike Direction is:
359-79 = 289, so correction

+7% has to be made for
South / 180° compass
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projection . .
- Planes Orientation
200 /| |
U Angle of Dip (=22°) Top of Rock Layer
100
/M
759\
[ 1
Structure
Contou r AN STOH Ly CO nto u r

Map Lines
True for the Left-Hand Hornzontal Line
Rule.
Basically dip should Laflhiand Rl | -

_ If left thumb points down dip, M u |t| |e
be noted: 22SW/103. i; then left index finger points in strike direction. W I p P
A_Item_atlvely Dlp In this example: dip = 22°, strike 105° u =
direction (Instead of ex|st...
Strike) may be noted. This is written as: 22/105
(other conventions exist)
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Orientation of Lines

Trend is the direction in which the line is going "down"

N In this case, trend = 360 - 75 - 40 = 245°
755
Vertical Plane that ’k 40° Plunge Angle = 19°
contains the line 19°

«plunge» = «norpyxeHue»

Line lying in the plane that defines the
top of the green layer

In this example: plunge = 19°, trend = 245° Again, mu |t|p|e
This is written as: 19/245 “ru |es” eXiSt. N

1
7\
“ ;wd J, P 7
N
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e More-or-less planar surface along which there has been FaUItS
relative displacement of the two sides?

OR

e Process zone (finite thickness) in which fault-rock
materials are created and altered?

Detail of Distorted Rocks and
Complex Fault Zone Overlapping Fault Segments




HERIOT MSc REM Reservoir Structure Vs Module

« Normal Fault = «c6poc» Fault Names

» Reverse Fault = «B36poc»

« Strike Slip Fault = «caBur»

pd
\ \//vORMAL \:‘\

\\
\% —\/REVERSE
\_ —»  contraction ~<—

-¢— extension —P

STRIKE SLIP /

Lateral Movement
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Strike Slip Direction:

 opposite block moves to the left: Sinistral
Strike Slip = «N1eBOCTOPOHHUWN COBUM»

 opposite block moves to the right: Dextral
Strike Slip = «NpPaBOCTOPOHHUI COBUM

Strike Slip
//
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Slip Direction

Dip Slip

R

[

6
4

The rock layers

continue beyond the

Oblique Slip

.
Atao
A \’bﬂ‘(v"! 4
e/

¢

[ 4
o

ends of the drawing!
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Naming the Blocks

* Hangingwall = «Buca4vee Kpbino»

* Footwall = «nexayee KpbIfio»

Old mining terms

m Hangingwall
Footwall \angingwall \x

Footwall

Normal Fault Reverse Fault

11
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Recognizing Faults on Structural Maps
Naming the blocks and recognizing fault’ types

Eras 157

60 ‘3
374 15

PR . ——
\ 13
7 577

Kisimbay Oilfield, Western Kazakhstan (Bisengalieva et al., 2002)
12
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o1 is vertical,
o2 and o3 are
horizontal

MSc REM Reservoir Structure Vs Module

Anderson’ Faults Concept

o1 and o2 are o1 and o3 are
horizontal, while horizontal, while
o3 is vertical o2 is vertical

13
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Strain ellipse (for
O, reverse fault area)

0L=45"1"P/2

&» 4&
-V
+ potential hydro
O fracture orientation
3
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Fault’s dip angle

were

o 1s a internal friction angle. For
sand/sandstones within elastic
behavior ¢ = 30" (and strongly

depends on Poisson ratio)

7=\ Hubbert & Willis, 1957

A :
(¥,
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Stress Trajectory Variations

Stress Trajectories

T 1 T

R P

1
1
1
\
\

g R i b

Even “simple” loadings
cause stress trajectories to
curve, so the vertical stress
is not a principal stress.

And complex loadings
cause considerable spatial

: - (and temporal) variations
Maximum principal stress ——— . el
Minimum principal stress --------- in the stress field.
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Fault Sets - Extension

Horst = ropcr
Graben = rpaben

Halt Graben = noayrpaben

’-— Continental margin
s Continental rise

Listric Fault = AVICTPUYECKUU PA3AOM e ‘/7)’ i
-.""lf' :‘" T

-
> ¥
\{{.1 .

'
L]
v

i Abyssal plain
Continental slope * i

o1 is vertical, ' \\ﬁiﬁL
o2 and o3 are

horizontal Tilted Fault Blocks

Horst Horst ( Half Grabens
Graben (
\
\ /V Synthetic
Antithetic Listric Fault

16
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Fault Sets — Extension:
a bit more about growing faults

IToBepXHOCTH MaKCHUMaJIb-
HOro 3arorieHus (mfs):
oOwubHas U pa3HOOOpas-
Has (ayHa B IEPBUYHOM
3aJIeraHuu

TpakTt BBICOKOTO
crosiaust (HST):
MIPOrpaalliOHHBIH
Ha0Op MapacUKBEHCOB

TpancrpeccuBHBIM

tpakt (TST): perporpan-
HbII HAOOP NMapaCUKBEHCOB
CO clielaMy IPHOPEKHON
spo3ui (“cpezanue Gosee
JIPEBHUX CJIOEB)

Tpakt HU3KOTO
crostaust (LST):
CJIOXKHBIH KOMIIIEKC
TYpOUAUTHBIX

Y OIIOJI3HEBBIX
OTJIOXKEHUH,
NIEePEKPBIBAIO- .
11005078704 npo-‘,'/ SRS
rpajlallioH- -~ _---._ >«
Hplit Habop 7 .
napacHk- - Soo s
BEHCOB i N

CuHCeIMMEHTAIMOHHBIN
(drawing) nucrpuueckuit
cOpOC: YyBEIMYCHNUE MOIIIHOCTH
OTJIOKEHHUH B BUCSUEM OJIOKE

—
-

MaccuBHble niecua-
HUCTBIC OTJIOKCHHUS
[1yOOKOBOJHBIX JEIBT

[TporpasanuoHHbIi HAOOP
[apacHUKBEHCOB: Mepeciia-
HBaHHE ITECYAHNKOB U [JINH

Komruiekc 3armoaHeHus
BpE3aHHbBIX JOJIHUH H/HIH
ICTyapHeB

TypOuAUTHBIE OTIIOKEHHS:

(a) aJeBpOIUTHI U TIECYAHUKH
PYCJIOBBIX JIOXKOUH

(0) pacmmacTeIBarOIUECs
[eCYaHO-aJIEBPUTOBBIC
S3bIKH Y [JTMHUCTBIE
MEXPYCIIOBBIE (haruu

JIETEHJA

HST

After Mitchum et al., 1990
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Fault Sets - Shortening

Duplex Zone = AVIIACKC }I

Imbicate Fan = YEIITYUYIATBId HAABUAT

Detachment = AETAYMEHT

Horse Blocks

I< Allochthon >|

Imbricate Fan

Roof Thrust

Frontal Thrust

|< Autochthon
L |
Basal Detachment [
(Decollement) Duplex Zone
Floor Thrust .
P o\ ~+— Foreland Hinterland —»
Sy )
e 18
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What is a fold? And Fold Names

Feature where rock layers or other markers become

non-planar due to deformation

Anticlines are a
major trap type

Anticline: bows upwards, older rocks in
the middle, dips are "Away"

Block Diagram
(Showing a Dome)

Syncline: bows downwards, younger rocks
in the middle, dips to the centre

19
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Describing Surfaces

Crest line Crestline
culmination  depression

Twiss & Moores, 1992

Crestline
depression

Hi_nge 7 : }} Trough line
culmination

Trough line
depression Trough

Crestline and Trough line are the lines of maximum and minimum elevation respectively
Hinge Line traces points with maximum curvature (doesn’t necessary coincide with
Crest/Trough lines)

Inflection Line (i) separates adjacent folds and traces area with minimal curvature (points of
changing curvature sign)

Limb (or Flank) is low-curvature area between hinges (kpsiao ckaaaxn)

Closure is an hight-curvature area around (or between) hinges (samox ckaaaxn)

20
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Symmetry

CI/IMMCTpI/I‘IHbIC HP}IMI)IC

Symmetric folds (equal limb lengths)

ST >

Limbs usually have same dip
Asymmetric folds (unequal limb lengths)

Limbs usually have different dips

- —

HAKAOHHBIE (KOCHIE)

21
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Multi-layers

Inflection Surfaces

Cross section of multi-layer stack showing ; :
complex array of axial surfaces Define Fold domains

Axial surface (not always plane) connects multiple hinge lines (that is a
difference with Russian terminology)

Inflection surface include inflection lines

22
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Fold Names

FEWATT
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Horizontal Fold Axis Plunging Fold Axis Vertical Fold Axis

Upright
Axial
Surface

Upright Horizontal Upright Plunging Vertical

Inclined
Axial
Surface

Inclined Horizontal Inclined Plunging

Recumbent
Axial
Surface

Recumbent Horizontal

23
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Measuring Folds

Periodic Symmetrical Waves ,
Enveloping Surface

As A

i\ Median Surface, m

|
| |
| W |
: A.S | W = Wavelength
: A = Amplitude
l i = Inflection Points
: As = Axial Surface
| 8 = Inclination of axial

surface relative to
enveloping surface

24
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Thickness
changes?

Class 1A Class 1B: Parallel fold Similar Folds are more
“popular’” in nature: mass tflow
exist from high-stress areas
(limbs) to low-stress (closures)

Class 1C Class 2: Similar fold Class 3
Dip Isogon Geometry Orthogonal Thickness Axial Trace Thickness
; (from convex to (from hinge (from hinge

Isogone o hne COﬂnCCted Class concave surface) to limb) to limb)
pOlﬂtS with same dlp aﬂgle 1 Convergent g Increases
1A Convergent Increases Increases

1B Convergent Constant Increases

1C Convergent Decreases Increases

2 Parallel Decreases Constant
3 Divergent Decreases Decreases

Source: After Ramsay (1967).

25
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Causes?
Loading Examples
CKAAAKHU
IIPOAOABHOTO
rnoa
_/_\_
r— _/\ S ——
Buckling Fold Train

CKA2AKIT

ITOIIEPEYHOTO

Block Fault

s N

Bending

Diapir Differential
Compaction

26
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Fault-Bend Interaction: Folds

by motion along fault

Fold geometry produced

Flat

Shape of Fault

Flat

27
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Detached Folds

¥ UNIVERSITY
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Rollover Structures

Note truncations

(tracing from
seismic image)

29
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Rollover Structures
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Rollover Structures
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Rollover Structures

rollover anticline: ductile scenario
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Rollover Structures

rollover anticline: brittle scenario,
antithetic faults development
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Rollover Structures

rollover anticline: brittle + overlaid
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Inversion

FHarly: extension, with
sediments thickening
across faults

Later: shortening,
re-use of previous
faults

35
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Fractures

Fractures vs Faults: almost

invisible (not more then

few mm) lateral motion

Fracture Fault along fracture sur face
(Joint)

Same, Unspecified Scale

N SA— =ty

\'..,." -
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Fractures
a 9
k= T 8.35-10
a
Yr=uvd e
where
k. = fracture permeability (mD)
¢, = fracture porosity
a = fracture aperture (cm)
[ flattening fractures ] O, | extensional fracture d = fracture spacing (cm)

(real joint)

Some extension (if big enough
difference between principle
stresses) may exist producing
“open” fractures with definite
aperture and spacing that, being
unfilled by secondary minerals,
increase reservoir’ permeability
greatly — as cube of joint aperture

i

[ m fractures ]

Q
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Fractured Reservoirs (joints only!)

All Nelson (1992):

Fractures

100 %
Fractures v I — essential contribution in

.-

[ a2 reservoir’ porosity & permeability;
deplete rapidly, basically not

. economic,

IT — essential permeability; matrix
porosity support fluid flow to

t'

Wi

m fractures; good reserves,

% of Total Permeability

111 — fractures add to reservoir’

/-

permeability, improving otherwise
poor-quality reservoir,

100 %
Matrix . .
Al — — IV — regular matrix reservoir,

Matri i i .y
atrix Matrix % of Total Porosity Fractures where fractures ad d p ermeablhty

anysotropy/compartmentalisation.

38
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Fault-Associated Fractures

x simple shear what tends to be open?

O,

~d

Synthetic Fractures

Antithetic Fractures

39
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Fault-Associated Fractures
Twiss & Moores, 1992

. . . D\
Fracturing associated with faults t/ :
@
L5 40
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Fold-Associated Fractures

\/\ Simple view

41
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Fold-Associated Fractures

Types 3a, 3b

Type 2

Type 1

Scheme described by Stearns, 1968

Classification relates fractures and bedding orientation, plus
curvature, with some aspects of a “process model”

42
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Cooling

Twiss & Moores, 1992

Magmatic — both plutonic and volcanic - rocks cooling (columnar
basalts are good example)

43
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High Differential Stress

Fracturing because of general
strain (big enough differential
stress)

S/T=0.7...1.2

where:
S — fracture spacing,
T — bed thickness

‘ Bekker éc rdss, 1992
‘ 44
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Tectonic Uplifting

Fracturing because of tectonic
uplifting — sure should be
initiated by other processes (like
cooling)

45
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Natural Hydrofracturing

Fringe
Shoulder

mmkmwm Rib mark
Twiss & Moores, 1992

46
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Natural Hydrofracturing

Twiss & Moores, 1992 47




