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3.3 Observation and Description of Geological 
Structures in the Field

3.3.1 Stratigraphic way-up indicators

Way-up/younging is the direction in which stratigraphically younger beds/units are found. The 
stratigraphic way-up is of fundamental importance in determining the structure of an area. It is 
based upon a knowledge of stratigraphy and of small-scale sedimentary structures which 
indicate the stratigraphic way-up and the sequence of deposition.  

Structure way-up: refers to the bedding/cleavage relationships that indicate the position within 
a major fold structure (e.g. on the overturned limb of a recumbent fold). This may have no 
relationship to stratigraphic way-up. 

Facing is the direction within a structure i.e. along the fold axial plane or cleavage plane, in 
which younger beds/units are found. This terms is generally applied to folds, or cleavage 
relationships.
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McClay (1987)

Cross-stratification Ripple marks 
on bedding plane

Normal graded 
bedding

Scour/channel 
structures

Load structures Flute casts
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McClay (1987)

Dish and pillar structures

Dish and pillar structures Sand volcanoes

On bedding plane

Mudcracks



4

3.3.2 Syn-sedimentary folds/faults versus tectonic folds/faults

From 楊昭南(1995)台灣的地質構造現象,經濟部中央地質調查所,149 pp.
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Syn-sedimentary fold

楊昭南 (1995)
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Syn-sedimentary faults (古亭坑層)

楊昭南 (1995)
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3.3.3 Joints, veins and stylolitesJoints

e: extension joints
s: shear joints

McClay (1987)

e

s
s

大桶山層(萊萊)
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McClay (1987)

楊昭南 (1995)



9Extension joint
Shear joint Hybrid jointExtension joint cutting 

across shear joints(?)

McClay (1987)
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Irregular extension joints – are those in which extension occurs 
in all directions (often due to hydraulic fracturing as a result 
of high pore fluid pressures.  

茅埔頁岩(南化水庫)

Irregular extension joints

楊昭南 (1995)
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Analysis of joint systems

2.  Shear joints: line of 
intersections of the conjugate 
joints gives the σ2 axis.  σ1
bisects the acute angle 
between the joint planes and 
σ3 is at 90° to both σ3 and σ2.

1. Extension joints: on a 
stereographic projection, σ3 is 
the pole to the joint plane which 
contains the σ1 and σ2 axes. 
Extension joints alone will not 
give σ1 and σ2 orientation.

3. Age relationships between joints: younger joints 
generally abutt against and do not cut older joints. 

Typically T or H patterns result with the younger joint 
(the upright of the T or the cross-bar of the H) 
abutting against the older joints.

older

younger

McClay (1987)

McClay (1987)
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Joints in fold and fault systems

Extension joints are commonly parallel or normal 
to the fold axis.  

For cylindrical folds

Shear joints are commonly developed on the fold 
limbs.

McClay (1987)
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Conjugate shear joints in 3D

四稜砂岩牛鬥(陳肇夏攝台灣地質寫真V2)

For this picture, what kind of data should 
be collected in the fields?

What is the approximate orientations of 
the stress system during the formation of 
the joints assuming that the strata have 
not been deformed since the joints 
developed?



15

Veins

1. Extensional veins form normal to σ3 and have fibres 

perpendicular to the vein walls.

2. Shear or hybrid vein systems have fibres that are oblique to 

the vein walls.

3. The fibre axis in fibrous veins is approximately parallel to the 

σ3 orientation at any stage during the fibre growth. Hence 

curved fibres in underformed veins reflect the change in vein 

orientation with respect to the σ3 axis.

4. En-echelon vein systems are commonly found in semi-brittle 

shear zones where they can be used to analyze the 

kinematics and displacements of the shear zones.

Note:
Veins indicate high, albeit transient, pore pressures during deformation and are 
commonly associated with pressure-solution seams.

McClay (1987)
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Stylolites
縫合面

1. Tectonic stylolites are commonly associated with joints and veins and is 

usually found in fine-grained carbonate. They also appear in sandstones.

2. The stylolitic seam often appears dark and contains a residue of insoluble 

material (carbonaceous matter, clay and ore minerals).

3. Stylolites generally form normal to σ1, but oqlique  

What is the orientations of σ1 during the 
formation of the stylolites shown in both 
pictures?

Dinner table at my home

Stylolites are surfaces of dissolution associated with contractional or 
shear strains..

McClay (1987)
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Data to be collected from observations on joints, veins and stylolites

Structure What to measure What observations
to record Results of analysis

McClay (1987)
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Shear zone: a relatively narrow zone with subparallel boundaries in which shear strain was 
localized. Shear zones form under a variety of deformation conditions in three main types:

Ductile shear zones: In this zones there is no discontinuity across the zone, and shear 
strain magnitude varies smoothly across the zone. The fabric of rocks within these zones has 
been modified by plastic deformation processes.

Brittle-ductile shear zones: There is a discontinuity within the ductilely deformed rocks of 
the shear zone. This discontinuity may be a discrete fracture on which sliding has occurred, or 
it may be an array of en-echelon extension gases.

Brittle shear zones (faults and fault zones): In a brittle shear zone the rock has been 
deformed by brittle deformation processes. If the “zone” is a discrete planar fracture on which 
slip occurred, it is called a fault. If a brittle shear zone is composed of a number of subparallel 
anastomosing faults separating lens-shaped blocks of underformed rock, or if it is a tabular 
band of finite width containing brittlely shattered or pulverized rock, it is called a fault zone.

Shear zones

3.3.4 Faults and shear zones
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Geometrical properties of shear zones in the crust

McClay (1987)
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from Winter (2001) An Introduction to Igneous and Metamorphic Petrology. Prentice Hall, 697pp.

Shear-zone and fault-zone rocks
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Random-fabric Foliated Fault rocks classification

Sibson (1977)

Winter (2001) An Introduction to Igneous and Metamorphic 
Petrology. Prentice Hall, 697pp.
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Fault breccia

A, B, C: 四稜砂岩 (龍洞)

Breccia in the Pirate Fault, Santa Catalina 
Mountains, Near Tucson, Arizona

Press & Siever (2000) supplemental CD

A B

C

Fault gouge

錦水頁岩(台中大坑)

This sample (4x6 cm) is from a mylonite zone. The augen mylonitic 
gneiss illustrates the pervasive brittle and ductile deformation. 
Partially broken down and rotated orthoclase phenocrysts form the 
augens or porphyroblasts. The brittle deformation of the feldspars 
contrasts strongly with the ductile deformation of the quartz, which is 
smeared out in the thin darker layers. The tails on
the orphyroblasts suggest a clockwise rotation. 

Press & Siever (2000) supplemental CD
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The description of a shear zone should include information on (a) the orientation (strike and 
dip) of the zone, (b) the relative movement across the zone (direction and amount of net slip), 
(c) the width of the zone, (d) the style of deformation (brittle or ductile) within the zone, (e) the 
nature of the transition between the zone and the wall rocks (is the boundary of the zone 
gradual or abrupt).

In a brittle shear zone R1: Riedel shear
R2: conjugate Riedel shear

R1

Riedel shears, R1 and R2: Fault like discontinuous fractures developed in a brittle 
shear zone and related to the positions of conjugate fracturing in the zone. 

McClay (1987)
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McClay (1987)

Data to be collected from observations on brittle shear zones
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Semi-brittle shear zone (en-echelon tension gashes)

McClay (1987)
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Data to be collected from observations on semi-brittle shear zones

McClay (1987)
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Mesoscopic and microscopic kinematic indicators
Ductile shear zones

楊昭南 (1995)

McClay (1987)
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楊昭南 (1995)
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Shear band-geometry (S-C面理): Some shear-zone rocks contain small, subparallel, 
evenly spaced (at 1-10 cm intervals) shear zones. These small shear zones form within a 
larger host shear zone and deflect or cut schistose foliaiton. S-plane (S for schistosity) is the 
schistose foliation and C-plane (C for “cisaillement,” the French word for shear) means the 
shear bands. C-planes are parallel to the shear-zone boundaries, and the S-planes are 
inclined to the shear-zone boundaries. S-planes dip away from the direction of shear and 
curve into shear bands, thereby creating a sigmoidal pattern of foliation that gives shear 
sense.

c
s

Scaly foliation 
associated with shear 
deformation in the 
argillaceous matrix

墾丁層

Chang et al. (2003) 
張中白教授提供

McClay (1987)
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Marshak et al. (1988) Ramsay & Lisle (2000) The Techniques of Modern Structural Geology: Volume 3: Applications of Continuum 
Mechanics in Structural Geology. Academic Press.

σ- structure δ- structure
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楊昭南 (1995)
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Data to be collected from observations on ductile shear zones

McClay (1987)
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Dip-slip faults

Strike-slip faults

Oblique-slip faults

Scissors fault

Different kinds of faults

sinistral

Faults zones

Powell (1992)
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Descriptive terms for faults and fractures
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Horizontal (thrust) fault (decollement fault)

Low-angle (thrust) fault (@20°)
by Duncan Heron

南莊層，阿里山公路65K(朱俲祖攝，台灣地質寫真)

Reverse faults

Thrust Fault, Wyoming (Photograph by Kurt N. Constenius)
Thrust fault and repeated sedimentary layers in Ram's Horn 
Peak, Hoback Range, Wyoming. Repeated sections of the red-
brown Jurassic Nugget Sandstone over younger, gray, Jurassic 
Twin Creek Limestone show evidence of large-scale lateral 
movements along
thrust faults. 

http://www.env.duke.edu/eos/geo41/st052.gif

Chi-Chi rupture (大坑溪)
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View is 10 m in width

McClay (1987)

Hamblin & Christiansen (2001)

Normal faults

Listric thrust faults

Listric normal faults

Dextral strike-slip fault

Powell (1992)
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Only slickensides provide evidence of the sense of movement. The asymmetric surface 
roughness features are steepest downhill or down the shear direction. 

Kinematic indicators in fault zones

Ramsay & Lisle (2000)

McClay (1987)
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Fault surfaces displaying the direction of slip lineation

Courtesy of Chung-Pai Chang
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Data collected on lineations associated with fault surfaces

Structure What to measure What observations
to record Results of analysis

McClay (1987)
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Data to be collected from contractional faults

McClay (1989)

McClay (1987)
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McClay (1987)

Data to be collected from extensional faults
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Data to be collected from wrench faults
McClay (1987)
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Fault array (two or more fault sets) analysis: In addition to attitude data on fault 
arrays, a description of an array should also provide information on the size of faults, 
spacing of faults, the magnitude of displacement on individual faults, and the 
character of the fault surface, the relationship of the fault array to other structures 
(e.g., folds and larger faults)

Communicate information on slip direction and shear 
sense on a fault array:

Rake (pitch) histogram: plotting rakes of slip 
lineations on an array of faults on a histogram. The 
vertical axis represents number of measurements 
and the horizontal axis represents rake in class 
interval of 5-10 degree. If the majority of slip 
lineations have low rakes, for example, then the 
fault array is composed of strike-slip fault. 

Annotated equal-area plot: The orientation of a fault on an equal-area plot 
can be represented by the orientation of the pole to the fault. Use symbols to 
represent different fault types (e.g., e: extensional faults, c: contractional 
faults, n: normal faults, r: reverse faults, s: strike-slip fault.

Fault array analysis

Marshak et al (1988)
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If a large number of slip linears from 
faults in a region are plotted on a 
single equal-area plot, the diagram 
graphically indicates the kinematics of 
movement on the array. In general, 
radial slip linears indicate dip-slip 
faults and arrows parallel to the 
primitive are strike-slip.

An equal-area plot on which the symbol for the pole to a fault plane is 
decorated by a line that indicates direction of slip, or an arrow that 
indicates the direction and sense of slip. Good for representing the 
kinematics of a fault array.

For example, there are two clusters 
(A and B) of slip linears shown in the 
diagram (Fig. 12-14c).

Cluster A: faults dip to the south, 
movement of the hanging-wall block 
is directly up-dip, so these faults are 
reverse faults.

Cluster B: Faults dip steeply to the 
northwest, movement of the 
hanging-wall block is mainly toward 
the southwest, so these faults are 
strike-slip faults.

Slip-linear Plot

Marshak et al (1988)
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Step 4: If the sense of movement on the fault is known, an arrow can be added to the line 
segment indicating the relative movement of the hanging-wall block. In this example, the 
hanging-wall block moved toward the southwest, so the slip linear points toward the southwest. 
Step 5: To interpret an arrow on a slip linear, you must keep in mind the orientation of the fault 
plane (indicated by the pole position) as you look at the line segment or arrow. From just the 
slip linear in Figure 12-14b, we know that fault plane dips moderately to the east and that the 
hanging-wall block moved up and to the southwest. Therefore, we immediately know that it is 
an oblique-slip fault on which there has been a component of right-lateral shear and a 
component of reverse shear.

Exercise: Construction of a slip-linear plot

A fault is orientated 000°, 60°E. Slip fibers on the fault plunge 50° in a northeasterly direction. The 
hanging wall of the fault moved relatively up dip. Construct a slip-linear plot representing this fault.

Method:
Step 1: Refer to the figure on the preceding page. This figure shows a fault coated with 
imbricate slip fibers that give the direction and sense of movement. Visualize the problem; the 
fault is an oblique-slip fault with a component of reverse motion.
Step 2: On an equal-area diagram (Fig. 12-14b), plot the great-circle trace representing the 
fault plane, the pole to the fault plane, and the point representing the plunge and bearing of the 
slip fibers.
Step 3: Construct a plane, called M-plane (“M” stands for “movement”), which contains the slip 
fiber lineation and the pole to the fault plane. At the point representing the pole to the slip plane, 
draw a short line segment along the great-circle trace of the M-plane. This line segment is the 
slip linear representing the direction of slip on a fault.
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Stereographic plots showing directions of movement and 
principal stress direction 

Determination of principal stress directions from fault arrays

Anderson theory of faulting: assumes that σ2 lies in the 
plane of fault, and that σ1 is oriented at 30°-45° to the fault, 
and σ3 is oriented at 45°-60° to the fault; the configuration 
of the three principal stresses with respect to the surface of 
the earth determines whether the fault initiates as normal, 
thrust, or strike-slip.

Marshak et al (1988)
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Exercise: Determination of principal stress directions from a conjugate fault array.

Two fault sets are observed in a region. Set A is oriented N88°W, 40°NE and has slip lineations 
oriented 26°, N56°E. Set B is oriented N44°W, 82°SW and has slip lineations oriented 61°, 
S30°E. What were the orientations of the principal stresses which produced these fault sets?

Method:
If the faults define a simple conjugate array, then σ1 bisects the 
acute angle of intersection, σ2 is parallel to the intersection of the 
two sets, and σ3 bisects the obtuse angle of intersection.

Step 1: Plot the faults as great circles on an equal-area net (Fig. 12-
16). Plot the slip lineations as lines (La and Lb) that lie in the fault 
planes. 

Step 2: Construct a great circle perpendicular to the intersection of 
the two fault sets. This great circle is oriented N42°E, 62°SE. The slip 
lineations should lie on or near to this great circle. If they do not, then 
the fault geometry is not truly conjugate.

Step 3: By counting along the great circle drawn in Step 2, find the 
acute bisectrix of the two fault sets. This line, which is 53°, N86°E, 
gives the orientation of σ1.

Step 4: Along the same great circle, find the obtuse bisectrix of the 
two fault sets. This line, which is 23°,S29°W, is the orientation of σ3.

Step 5: The line of intersection between the two fault sets gives σ2.

Marshak et al (1988)
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Basic fold nomenclature:

1. Fold axis (or fold hinge line): the line of maximum curvature 
on the folded surface; If the fold-axis is inclined to the horizontal, 
the "dip" of the axis is called the plunge. Plunging folds are the 
rule rather than the exception. 
2. Fold axial plane: the plane containing the fold axis within a 
particular fold. Many fold axial planes are curved – not planar, 
and the term “axial surface” is preferable.
3. A fold is symmetric if the limbs either side of the axial plane 
are of equal length, and the fold is asymmetric if they are not.
4. A fold is cylindrical if it has the same shape in the profile 
plane at all points along the fold axis. A non-cylindrical fold has 
a varying profile shape along the fold axis.
5. Enveloping surface for a series of folds. The enveloping 
surface is drawn tangential to the fold hinges (or through the 
inflexion points) of a fold train (a series of folds within a 
particular unit or series of units). This concept is important when 
mapping areas with abundant small amplitude, short wavelength 
folds which obscure the overall sheet dip (i.e. enveloping 
surface) of a unit.

3.3.5 Fold structures Anticlinal fold, Sheep Mountain,
Wyoming

Photo by John Simmons, The 
Geological Society of London
www.geolsoc.org.uk

Cyclindrical 
folds
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•Tightness of folding:  The tighness (interlimb angle measured between inflexion points) of folds 
can be described as open (limbs dip gently), tight (limbs dip steeply) or isoclinal (limbs are 
parallel). 

•Orientation of axial plane:  The orientation of the axial plane relative to the horizontal together 
with the orientation of fold limbs allow subdivision into upright (axial plane vertical, limbs 
symmetric), overturned (axial plane moderately inclined, one limb overturned), or recumbent
(axial plane near horizontal, one limb inverted). 

Folds are classified on the basis of several geometric factors: 

McClay (1987)

Two attitudes are used to describe the orientation 
of a fold: (a) the plunge of the fold axis, and (b) the 
dip of the axial plane.

楊昭南(1995)

Enveloping surface



54

Common types of folds (as described in the profile plane)

1. Parallel (concentric) folds: Orthogonal thickness (i.e. thickness perpendicular to the folded 
surface) is constant. Brittle units tend to form concentric folds. 

2. Similar folds: Thickness parallel to axial plane is constant. Thinly-bedded, clay-rich units, 
or rocks under ductile deformation tends to develop similar folds.

parallel (concentric), harmonic

harmonic

Photo by John Simmons, The Geological 
Society of London, www.geolsoc.org.uk

An open, upright, (harmonic) parallel fold

Antcline, Sheep Mountain, Wyoming Similar fold (天祥)

McClay (1987)
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6. Ptygmatic or elastica folds: 
Tight folds in which the fold 
limbs fold back on themselves 
so that the angle between the 
fold limbs at the hinge of the 
fold has a negative value.

7. Chevron 
folds: 
Angular folds 
with planar 
limbs and 
sharp hinges.

8. Isoclinal folds: 
Folds in which 
the limbs are 
strictly parallel.

9. Polyclinal 
folds: Folds 
with more than 
one axial plane, 
e.g. box folds 
or conjugate 
kink bands.

10. Kink 
bands: 
Sharp 
angular 
folds 
bounded 
by planar 
surfaces.

3. Harmonic folds: Axial planes are continuous across a number of layers.

4. Disharmonic folds: Axial 
planes are not continuous 
from one layer to the next. 5. Intrafolial folds: Folds 

contained within the 
layering or foliation.

Intrafolial and isoclinal

McClay (1987)
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Folding is almost always accompanied by a 
number of associated minor structures. These 
include: 

• Drag folding
Minor folds with the same plunge and axial plane orientation as 
the larger fold structure. 

• Axial plane cleavage
Alignment of platey minerals normal to the major compressive 
stress responsible for folding and parallel to the axial plane. The 
intersection of axial plane cleavage with bedding produces a 
lineation with the same plunge as the fold axis. 

• Boudinage
Flow of less competent beds around thin competent beds 
fragmented into blocks by tensile 
failure. 

• Bedding surface lineations
Striations developed by 
shear along 
bedding surfaces
during folding.

Boudinage in limestones, Wadi Dayquah, Oman

Photo by Ted Nield, The Geological Society
of London, www.geolsoc.org.uk
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Parasitic minor folds

Axial plane fabrics

Z-folds in marble, Southern 
Cross-Island Highway
(陳肇夏攝，台灣地質寫真V2)

Powell, D (1992) Interpretation of 
Geological Structures through 
Maps: an Introductory Practical 
Manual, Longman Scientific & 
Technical, 176pp. 





60
Slaty cleavage developed in shales. Eocene-Upper Oligocene Muroto 
Formation, Kochi, Japan

Taira et al. (1992)

Bedding and cleavage relation

Fold axis is to the left of this outcrop
十八重溪層,濁水溪地利 (陳肇夏攝台灣的地質現象v2)

Powell (1992)
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Use of minor folds and cleavage/bedding relationships

Powell (1992)
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Data to be collected when mapping folds
McClay (1987)
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3.3.6 Foliations
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Cleavage

Pressure-solution 
cleavage

Crenulation 
cleavage

Fracture cleavageSlaty cleavage

Gneiss foliation

Mylonitic
foliation
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The formation of rock cleavage
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Ramsay & Lisle (2000)

S0: bedding
S1: first cleavage
S2: second cleavage
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Data to be collected from observations on the first cleavage (S1)

McClay (1987)
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McClay (1987)

Data to be collected from observations on the second cleavage (S2)



71

3.3.7 Lineations
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Data to be collected from observations on intersection lineations (L1, L2)

McClay (1987)


