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2.2 BB R L3 pER

* # &3+ 4 (barometer method)
« £ ¥ kT ik (hand-level method)

« ALEEP] £ (Stadia measurement)
o 35 B 47 %P7 (Brunton compass method)
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Fig. 15. Determining difference in elevation by using a
Brunton as a hand-level.
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(a) Silva compass;

(b) FECZEHR #(Brunton compass);
(c) Meridian compass;

(d) Chaix-Universelle;

(e) fERME (Clinometer, not shown)
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Brunton-type

Figure 2.3 Labelled
photographs of the parts
of two of the most
commonly used types of
compass - clinometer.
These terms are referred
to in the text and in other
figures. (a) — (c) The
Brunton - type compass -
clinometer: in this

case the Brunton Geo.
Views: (a) side; (b) top;
(c) bottom.

peep sight

peep sight
long sight

hinge clinometer

declination adjustment
screw

horizontal level

long edge

clinometer arm magnetic needle

clinometer scale

azimuth scale

pin to lock magnetic
needle

peep peep
sight long sight  sight
S / \ long level
sighting mirror window in compass window round level
(b) mirror

lock for

adjuster for clinometer arm compass needle
© (arrows show movement) (arrow shows movement)



Silva-type

(d) — (e) Silva - type
compass-clinometer: in
this case the Silva
Expedition 15TDCL.
Views:(d) top; (e) bottom.
There are small
variations from model to
model, with more
features on some
models.

Compass - clinometers
from other
manufacturers have
similar features.

declination
screwdriver

) ) compass dial with o
outline for alignment azimuth scale sighting
of magnetic needle mirror

magnetic needle

sight
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marker for azimuth lN_S grid compass clinometer marker for azimuth
reading (2) BES window scale reading (1)
(d) clinometer needle
declination
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back of compass window clinometer scale long edge
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“x5° True north pole (rotational pole)
g

Magnetic north pole‘ \

Fig. 4. White arrowheads that point toward Earth’s

30 \ 7~

magnetic north pole diverge (or decline) from meridians 70° = \40 \ =¥\
(dotted lines), which converge on ‘true north’ pole. Along = BN ‘
the agonic line, directions to the two poles are the same. 80° N 5Q ﬁéﬁ- &
That is, along the agonic line a magnetic needle is parallei O 80 7092
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10° clockwise. (B) Then, if the

compass is rotated so that it reads due north (by bringing
the north-magnetic-seeking needle to zero degrees), the
axis of the compass aligns with true north.



Brunton Compass#ik

1. HERIEI A&/ N 255 - (ALY

/N LSFER

Fig. 8. How to hold

Ste p 1 . aBrunton when
measuring the
direction to an
object whose
elevation is not
more than a few
tens of degrees
above—nor more
than approximtely
15° below—the
elevation of the
viewer.

Step 2. Read the bearing or azimuth
indicated by the white (north-seeking)

end of the needle.

2. HIEEIRI I AR A 15 RF

Step 1. Fig. 9. How to hold a

Brunton when
measuring the direction
to an object whose
elevation is more than

approximately 15° below _§ 7 ¢
that of the viewer. et G
() S
~

Step 2. Read the bearing or azimuth
indicated by the black (south-seeking)
end of the needle.

Step 1.

_______________________________

|
I\

N

Fig. 10. How to hold a Brunton when measuring the

direction to an object in a case where your waist-high line-

of-sight to an object is blocked by some obstacle.
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Step 2. Read the bearing or azimuth
indicated by the black (south-seeking)
end of the needle.
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1. Identify features

Identify two features on the map and on the
ground on which to take bearings. In this
case the purpose was to identify the
location along the exposure known as Coe
Crags (shown on the map by the end of
the pencil). Various landmarks can be
picked out on the hills to the north.

! - Figure 2.11 Triangulation
i\, using a Brunton - type
' compass.

A/
AN \

Cartington
. il

fant |Chtin Heads

2. Measure azimuth

Hold the compass horizontal at waist height
with the back of mirror towards you and the
mirror at about 120° to the compass window.
Line up the feature so that you can see

the feature through the long sight in the
mirror, ensuring that the compass is level
using the round spirit level.

Read off the azimuth.

3. Orientate the map

Put the compass-clinometer on to the map
with the long edge of the compass-
clinometer parallel to a N-S grid line.
Check that you have the compass the
correct way round and not 180° out,

i.e. that the north needle is pointing roughly
north on the map. Rotate the map and
compass together until the north needle is
at its zero mark.

11




The map is now orientated. Note that the
long edge of the compass is parallel to the
N-S grid line and the compass needle is at
its 0° mark. Note also that the compass has
been corrected for magnetic declination.

Figure 2.11 Triangulation
using a Brunton - type
compass.

4. Transfer azimuth to the map
Keeping the map orientated in exactly the
same way, place the long edge of the
compass so that it runs through the feature
that you sighted. Rotate just the compass
until the compass needle shows the
azimuth of the feature that you sighted off.

Draw a feint line along the edge of the
compass. You are somewhere along
this line.

5. Repeat stages 2 to 4 12
Repeat for at least one more feature. The point at which the lines

intersect marks your position. See further notes on checking your

position in Sections 2.3.3 and 10.3.
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Geologic traverse map (Fg&gitEE)
The purpose of a geologic traverse is to investigate and measure a

sequence of layered rocks along a path (traverse). The geologic
iInformation is then plotted along the traverse. The traverse consists a
series of points connected by straight lines. The survey itself consists of
measuring the bearing and distance from station at one end of the course
to some station ahead, and from that station to another, and similarly to the
far end of the course. Geologic features are examined and plotted
sequentially along the traverse, thus forming a skeletal geologic map.

\
| A fee ) Tol' Tns
23 -~ h20 5, \ ,< e "
4 if [ o[- =0" > -7 '
Eley. = 86 e L o—| 3\ ;522 |35

Joo-Srasn g Al dihy ol “<F36 P2
15 gt U5 O e - |
}30 ']ll JSJ‘ 03 Trj\TPl Rte SB O I‘“l‘q Merth
A 100m !l }:32 tél_ L0
station 1 (e o

Fig. 5-1. Map of traverse across several formations (indicated by letter symbols), with
small circles marking traverse stations and dashed lines traverse legs. The scale of the
figure is about one-third that of a typical field sheet.



Traversing may proceed by these steps

. Standing at an end station (station 1) sight ahead to select the
clearest course for the first traverse leg, then walk ahead to
the farthest point from which station 1 is visible.

. Mark this point (station 2) with a stake or stone and read a
bearing back to station 1.

. Record the bearing, and pace and record the distance back to
station 1.

. At station 1, read the bearing to station 2, record it, and pace
back to station 2; if the bearings agree within about 1 degree
and the paced distances within 1 part in 100, use their
averages to plot the first traverse leg on the map.

. The geology along the first leg can be studied and mapped.

. The survey can be continued by similar steps noted above.

14



Take notes

Notes taken on traverses are traditionally numbered by the distance from the
last traverse station. Thus, data observed 21 m along the first traverse leg
would be numbered 1+21, and an outcrop 8 m along the second leg, 2+8.

Recording geologic information on a traverse

1. Contacts between rock units (e.g. formation, member), faults, anticlines,
synclines ...

2. Strike and dip of bedding (attitude should be plotted wherever it
changes significantly, such as by 10’ in strike or 5" in dip.

3. Area of exposed outcrops and the lithology of outcrops.

4. Area covered by vegetation ...(i.e. no exposure).

Recording geologic information on a columnar section

The thickness of rocks and other geologic features can be plotted and recorded in a

vertical column — a stratigraphic columnar section. 5
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2.6. Measurements and recording of planar structures

Attitude (fiz88) is the Bedding

orientation in space. Attitude of
a plane is expressed as its
strike (zE[]) and dip (f8&}); the
attitude of a line is expressed
as trend (#q]) and plunge ({&
i2).

4_w (strike)

» Dip direction

« Bedding planes

* Fault planes ; \ &

« Joint planes %ﬁ%gﬁgﬁﬁm

- Cleavage planes o

* Foliations gl &SEBWS\E

* Fold axial plane (imaginary) e R NAS'E, S0'SE

» unconformable surfaces SCERGE R > STHlcompassHy L 18

() > JEFRIE(ECR) -






Figure 2.7 How to
use the Brunton -
type compass -
clinometer to
measure the
orientation and dip
of a plane using the
contact method. The
parts of the
compass -
clinometer are
shown in Figure 2.3
a—C.

1. General orientation

Determine the general direction of strike to
within ¢. 20° by noting where the maximum
dip lies; the strike is at 90° to this. In some
cases it may be necessary to smooth out
the variations on the surface by placing a
notebook or clipboard on the bedding plane
but take care to ensure that this is not
biased by a small irregularity. Hammer
shows the plane chosen in this case.

2. Strike direction

Place the long edge of the compass-
clinometer down where you roughly
estimate the line of strike is. Using the round
spirit level, position the compass exactly
horizontal by both:

(i) Tilting the compass about its short axis
so it is horizontal (as shown by the red
arrow);

(ii) Slightly pivoting the long edge of the
compass in contact with the bedding plane
about its central point (as shown by the red
arrow) to obtain the exact line of strike
within your 20° window.

20



In this case it is 008° or the other end of
the line, 188°.

Take the reading of the strike from the dial.

3. Dip magnitude

Remembering exactly where the line of
strike is, place the long edge of the
compass-clinometer at 90° to this on

the bedding plane. Ensure that the
clinometer scale is on the side in contact
with the rock. Move the clinometer arm
until the bubble in the long spirit level
indicates that it is level.

Read off the maximum dip.
In this case it is 12°.

4. Dip direction

The last measurement is the direction
of dip to the nearest cardinal point
(e.g. NWor SE, E or W).

In this case it is east.

Figure 2.7 Continved

5. Record

Record the orientation of the plane in your notebook; in this case
008/12E. Note that the strike is always recorded as a 3-digit
number to avoid any confusion and that the degree symbols are
not normally shown to prevent any confusion with zeros.

21



Terms that describe planar features
Strike (FEH)

The bearing of a horizontal line contained within an inclined plane. The strike is
a line of equal elevation on a plane. There are an infinite number of parallel
strike lines for any inclined plane.

Dip (fH#)
The vertical angle between and inclined plane and a horizontal line perpendicular to
its strike. The direction of dip can be thought of as the direction water would run down

the plane.

Apparent dip (fR{E#})

The vertical angle between an inclined plane and a horizontal line that is not
perpendicular to the strike of the plane. For any inclined plane (except a vertical
one), the true dip is always greater than any apparent dip. Note that apparent dip is
defined by its trend and plunge or by its pitch within a plane.

Bearing (5fir)

The horizontal angle between a line and a specified coordinated direction, usually
. . 22
true north or south; the compass direction or azimuth.



Map symbols for structural planes

25

60

90

50

Dip and strike of strata

Overturned beds

Vertical beds, top to north

Horizontal beds

Dip and strike of foliation

Vertical foliation

Horizontal foliation

Alternative symbols

75
L———— Dip and strike of cleavage

F———— Vertical cleavage

+ Horizontal cleavage

65
—a Dip and strike of joints

—— Vertical joints

+ Horizontal joints

20
Informal symbol with
35  bearing added (N 20 W).

23



Recording Attitudes for planar structures Bedding Plane

1. Strike and dip method j‘ Dip f;'?gg?ﬂ
Recording bedding strike and dip directions. il > R \
A. Quadrant method 41 NAO'E, 45°SE A”ffie <
ekl > R compassHyILiEm  ER R oS 45° +130°
S(STE)  FEFRIE(R) - -
B. Azimuth method 25 ot

N40E, 45SE: quadrant method

45.040: right-hand rule (American)
45.220: the other right-hand rule (British)
45—130: dip and dip direction

Expressing strike as an azimuth value (0-360
from north). But a strike line has two
direction, a choice must be made. Two

WP

solutions:

B1. Right-hand rule (or right-arm rule) for American
geologists: Dip direction is to the geologist’'s right arm. The dip
direction lies to the right—clockwise—of the azimuth of strike.

For the bedding plane of the upper right figure, its attitude is: <
strike 40, dip 45 SE. It may be recorded as 45SE 040 ] \
(meaning that the bed strikes 040 and dips 45 in a SE direction) B Rz
or as 45.040 (format: dip magnitude.three digits. gl "N
Three digits represent strike direction using the right-hand rule.  Rignt hand rulé”




B2. The other right-hand rule for British geologists:
Position your right hand on top of the planar surface so .
that the thumb of your right hand points down-dip while 7%/~ ©
the heal of your hand is flat on the bed'’s surface. Your

index finger is extended to point in the direction of the

recorded strike. Result: strike direction opposite that o
derived from the “right-arm rule” above. The bedding of
the figure in the previous slide is recorded as: 45.220.

2. Dip and dip-direction method

A better solution to the problem, because it is easier to remember, is to record
the dip and dip direction (in the above example the bed attitude would be
recorded as 45— 130) rather than dip and strike.

25



Examples of planar features

Bedding planes
Fault planes
Joint planes
Cleavage planes
Fold axial plane
(imaginary)
 unconformable
surfaces

‘Eocéne-Upper
Kochi, Japan ..

26



2.7. Measurements and recording of linear structures

Terms that describe linear features

Trend
The bearing of a line when viewed from vertically above.

(e.g. lineations have no strike, but trend).

Plunge

The vertical angle between a line and the horizontal.

The plunge is the angle of inclination of a linear

feature (lineation) —

Aline in
a space

L
Pitch (or rake) Al
The angle measured within and inclined /;’?/ /

plane between a horizontal line and the line

/9
()

Aline on a plane

In question. Also called rake.

27




Examples of geologic linear structures

Minor fold axis Intersections of two planes (e.g, planes  Slickensides (crystal fibre growth;
of bedding, cleavage, joint, foliation, fault, ) Grooving (no Crysta| fibre growth)

vl {

Plunging Minor Fold

20°-=120° Hinge line (fold axis)

Stretched objects
(e.g., minerals, gravels, fossils...)

Deformed Tool marks
reduction

Spots on a Flute casts
joint plane in

slate.

Ripple crests




Measurements for linear structures: Two methods

1. Trend and plunge (on a vertical plane)
(not good for a steeply inclined line)

Strike of plane

Dip of
plane

o ®

Lineation

Plunge 20" — 060°
of lineation

Stereographic projections of
trend and plunge for a lineation

(c) Ssruke

of
N Bedding Plane
Plunge

S
b .
S
&
Pole

10
+ Bedding L
Plane

_+_

Trace of Bedding

Plunge
of Lineation

Dip Direction
of Bedding Plane

2. Pitch (or rake) and bedding attitude

Strike of plane

Dip of
plane

Lineation

Pitch28° Nin
plane strike 0407
din 45° SE

Pitch 28'N in
plane strike
040°, dip 45°SE

Stereographic projections of
pitch for a lineation - - -

+ Strike of
bd Bedding Plane

Pitch

Pitch of ""M
Lineation o

Y
Lineation

Dipof
Bedding

Dip Direction 29

of Bedding



Figure 2.9 Steps in the
measurement of the
azimuth and plunge of a
linear feature (lineament)
by the contact method —
for both types of
compass - clinometer.
The parts of the compass
- clinometers are shown
in Figure 2.3 .

1. General orientation

Assess the linear feature and select a clear
part to measure. In this case the feature is
current lineation on a sedimentary bedding
surface (parallel to the penknife). This
feature can be used to obtain a
palaeocurrent flow direction.

2. Azimuth

Place the edge of your notebook or clipboard on the linear feature, holding the book/clipboard

vertical and parallel to the feature so as to create a vertical plane above it. Hold the long side of the
compass-clinometer against the vertical side of the book and measure the azimuth of the lower end

of the linear feature relative to north (i.e. the direction of plunge). For the Silva-type compass-clinometer
you will need to rotate the dial until the magnetic needle is aligned with the north arrow of the compass.
Ensure the compass window is horizontal before recording this measurement (for the Brunton-type
compass you can do this by checking the round spirit level). In this case the azimuth is 148°.

Azimuth: Silva-type

Azimuth: Brunton-type

Figure 2.9
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3. Plunge

Set the compass dial so that the instrument can be used as a clinometer
(see Figures 2.6, 2.7). Place the compass-clinometer along the linear
feature and read off the plunge angle from the clinometer. In this case the
plunge is 15°.

Plunge: Silva-type Plunge: Brunton-type

4. Record

Record in your notebook the plunge as a 2-digit figure (15°) and the azimuth
as a 3-digit figure (148°). For linear features the usual notation is

the plunge first, then an arrow indicating ‘to’ and then the azimuth (15 — 148).



Figure 2.10
Measurement of
the azimuth and
plunge of a linear
feature (slickenside
lineations) on a
fault plane using
the sighting
method with the
Brunton - type
compass -
clinometer. Insets
show detail of line
of sight.

1. Place pencil

Put a pencil on the exposure parallel to the
lineation and then stand where you can
look down the linear feature. Use a piece
of tape to hold the pencil in place if
necessary.

2. Measure azimuth

Holding the compass window horizontal
(use the round level to check this), and with
the mirror at about 120° to it, sight through
the small peep sight at the end of the long
sight through the sighting window at

the base of the mirror and down the pencil
(see inset). Read off the azimuth. If
necessary use the locking pin to hold the
magnetic needle in place while you note
the azimuth.

3. Measure plunge

Hold the compass-clinometer on its edge
so that the compass window is vertical and
the clinometer is at the bottom. Fold the
mirror in to the compass window at about
60°. Fold in the peep sight at the end of
the long sight.

Sight through the peep sight at the end of the
long sight, the window at the base of the
mirror and down the pencil (see inset).
Carefully adjust the angle of the mirror so
that you can also see the long level. Adjust
the clinometer so that the bubble in the long
spirit level is in the middle. Read off the
magnitude of the plunge.

4. Record 32
Record in your notebook the plunge as a

2-digit figure and the azimuth as a 3-digit

figure.



Recording

Plunge angle followed by the trend as

bearing: 30°,S45'W: line plunges 30" toward
S45'W. or 307/225": line plunges 30" toward 3

225° (S45°W).

Map symbols, three parts:

1. Atrend line.

2. An arrowhead in the direction of
downward inclination.

A plunge angle written near the
arrowhead.

Trend and plunge of a line

Horizontal line

Vertical line

Plunge of a line in
combination with
bedding attitude

Double lines

—>40

0

4+
25 <1

Trend and plunge of
intersecting cleavages

Trend and plunge of 35
intersecting bed and foliation
L ——
o

20

Attitude of elongate
pebbles

Attitude of mineral grains

30

Pitch of a line in the v
plane of the bed




Practical

The rock specimen (schist) of this photo
will be presented in the class.

1. Can you differentiate different phases
of structural deformation? (hint: brittle
then ductile deformation) .

2. Imagine a line that represent the fold
axis of the deformed quartz veins. Then
measure the plunge and trend of this
fold axis. Plot this fold axis on a
stereographic net.

3. The left and right sides of this photo
follow approximately the attitude of
bedding planes. Measure these two
planes and plot their attitude on a
stereographic net. Find the plunge and
trend for the fold axis.

34




2.8. True thickness of a geologic unit

a) Influence of topography and dip on map pattern widths

L W W
W W
t t
t = true thickness
W = map pattern width
b) Ground surface horizontal ¢) Ground surface sloping in dip direction
l W X

W
L = %! - V\;b(__ (horizontal)

sin(a-B) = \%s

sin @

t -sina@ t = Wg  sin(a-8)

]

t = true thickness
W = breadth of map outcrop (projection on horizontal) a = true dip

Ws = slope width of outcrop B = angle of slope

Examples of
the
relationship
of the true
and
apparent
thickness of
units.

a~d for
outcrops

e for
boreholes

35



d) Ground surface sloping opposite to dip direction Borehole

e) Length of drill hole intersection

a
(horizontal)
X
N a
t/a
d
t cos Qs =
sin(a+B) = W, d
=d- a
t = Ws -sin(a +8) g e
t = true thickness
W = breadth of map outcrop (projection on horizontal) a = true dip
B = angle of slope

Ws = slope width of outcrop

36




horizontal
. distance(d)
- >

d

0
true
thickness

Figure 2.15 Skefch to show

Figure 2.14 Skefch to show the how to measure thickness up a
basic trigonometry for obtaining a slope with a Jacob staff of 1.5 m
true thickness by measuring the length and a Brunton-type
horizontal distance between compass-clinometer.

dipping beds.

True thickness = d xsin® .



298 FHRBIFAR

Geologists uses equal-angle (Wulff) nets or eugal-area (Schmidt) nets and plot

data on them to represent 3-D data in 2-D.
Equal-area projection

(Schmidt net)
Normal Poles to
to bed bedding
(poles)

dipping plane with normals

Spherical projections of normals to bedding

b

Folded bed with
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Stereographic plot of a plane and its pole
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Two projections: equal angle vs. equal area

1. Equal-angle projection (one type of azimuthal projection, also
called stereographic projection). The terms Wulff net or stereonet refer to
grids drawn on a stereographic projection, and a stereogram refers only to
a plot of points or curves on a stereographic projection.

Properties of a stereographic or equal-angle projection.

The angle between Identical circles 10'x10" area
two planes is the same on projection at edge of

as the angle between sphere project projection is
the tangents to the as circles of larger than at
great-circle traces of different sizes. the center.

the two planes.
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L o

Wulff net (equal-angle net or stereonet)

I t
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2. Equal-area projection (one type of azimuthal projection): An equal-area
projection is not a stereographic projection. The term Schmidt net refers to a grid
drawn on an equal-area projection, and it is not the same as a stereonet.

Formally, the term stereonet should be used only with respect to a grid on a
stereographic projection, and the term equal-area plot should be used or points
or curves drawn on an equal-area projection. In practice, however, geologists
tend to use the term stereonet loosely, to refer to either a Wulff net or a Schmidt

net.

Properties of a stereographic or equal-area projection.

Identical circles on
projection sphere
project as ellipses
with various axial
ratios but have the
same area.

10°x10° area at
edge of
projection is the
same size as at
the center.
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Which net to use?

A Wulff net must be used where angles between structures on the net will be
measured with a protractor. In applications where lines, planes, and poles are

to be plotted for geometric calculations without a protractor, either Wulff nets
or Schmidt nets can be used.

The Schmidt net must be used in applications where the concentration of
points on the plot is significant; thus it is particularly applicable for analysis of a
large number of measurements and it is good for statistical treatment of
orientation data. The Schmidt net has the most common application for

problems in structural geology and is usually the net that geologists carry with
them to the field.
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Analysis of folding with an equal-area (Schmidt) net

A tr-diagram is an equal-area plot of poles to planes that are tangential to the folded
surface. A mr-diagram gives information on the orientation of a fold axis and contains
clues to the form of the fold (e.g., open or tight).

On a cylindrical fold, each of the poles is perpendicular to the fold axis (not axial
plane); thus, the poles are parallel to a plane perpendicular to the fold axis. On an
equal-area plot the poles approximate a grea-circle girdle, which is called tr(great
circle) girdle. The pole to the 1r-girdle is the TT-axis, and it represent the fold axis.

Profile plane
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Practical: Determining fold axis and fold axial plane from stereographic projection
of structural data measured around the fold. Due on March 21, 2019

This figure shows a sketch map of a fold.
The attitudes of planar and linear
geologic features for each outcrop are SkercH Mar  Beacow Huns Sywciine
given in the figure and they are

recorded using dip and dip direction N
method (i.e. dip followed by dip

—  CRysTAL

—

o : : 4 —
direction). Using equal-area (Schmidt) P —.52"’:‘:'*-\.} — Ty 25D
net, plot poles to bedding, poles to /}(/‘ 30 gqe > 35-109"
cleavage, and bedding/cleavage 7wy T /

) . X £ i 17HIC TUFFS
intersections on a stereographic net. o _10gr :
Then determine the attitudes of the fold /?‘{‘ / R

axial plane and fold axis.
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Practical

The rock specimen (limestone) of
this photo will be presented in
the class.

1. How was this structure formed?
Can you determine the sense
of fault movement?

2. Measure the attitude for this
plane and pitch for this linear
feature? Plot these data on a
stereographic projection.

3. Measure the plunge and trend
for this linear feature and plot
the data on the above
stereographic projection.

4. Compare the results. Are these
two data points overlapped?

47



