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Attitudes of Lines and Planes

OBJECTIVE

Solve apparent-dip problems using
orthographic projection, trigonometry,
polar tangent diagrams, and alignment
diagrams

This chapter is concerned with the orientations of lines

and planes. Many of the structural elements that we

measure in the field are lines and planes. In this chapter
we will examine several graphical and mathematical
techniques for solving apparent dip problems. Each tech-
nigque is appropriate in certain circumstances. The exam-
ination of various approaches to solving such problems
serves as a good introduction to the techniques of solving
structural preblems in general. Finally, many of these
problems are designed to help you visualize structural
relations in three dimensions.

The lollowing terms are used to describe the orienta-
tions of lines and planes.

Attitude The orientation in space. By convention, the
attitude of a plane is expressed as its strike and dip; the
attitude of a line is expressed as trend and plunge.

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

Strike The bearing of a horizontal line contained within
an inclined plane (Fig. 1.1). The strike is a line of equal
elevation on a plane. There are an infinite number of
parallel strike lines {or any inclined plane.

Dip The vertical angle between an inclined plane and a
horizontal line perpendicular to its strike. The direc-
tion of dip can be thought of as the direction water
would run down the plane (Fig. 1.1).

Trend The bearing of a line (Fig. 1.2). Nonhorizontal
lines trend in the down-line direction.

Plunge The vertical angle between a line and the hori-
zontal (Fig. 1.2).

Pitch The angle measured within an inclined plane
between a horizontal line and the line in guestion
{Fig. 1.3). Also called rake.
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Fig. 1.1 Strike and dip of a plane.

Fig. 1.2 Trend and plunge of apparent
dip.

Fig. 1.3 Pitch {(or rake} of a line in an
inclined plane.



Apparent dip The vertical angle between an inclined
plane and a herizontal line that is not perpendicular to
the strike of the plane (Fig. 1.2). For any inclined plane
(except a vertical one), the true dip is always greater
than any apparent dip. Note that the apparent dip is
defined by its trend and plunge or by its pitch within a
plane.

There are two ways of expressing the strikes of planes
and the trends of lines (Fig. 1.4). The azimuth method is
based on a 360° clockwise circle; the quadrant method is
based on four 90° quadrants. A plane that strikes
northwest—southeast and dips 50° southwest could be
described as 315, 50SW (azimuth) or N45W, 50SW
{quadrant). Similarly, a line that trends due west and
plunges 30° may be described as 30, 270 or 30, N9OW.
In this manual, the strike is given before the dip, and the
plunge is given before the trend.

Notice that because the strike is a horizontal line,
either direction may be used to describe it. Thus a strike
of N45W (315) is exactly the same as S45E (135). Usually,
however, the strike is given in reference to north. The
dip, on the other hand, is usually not a horizontal line,
and the down-line direction must be given. Because the
direction of dip is always perpendicular to the strike, the
exact bearing is not needed, and the dip direction is
approximated by giving the quadrant in which it lies or
the cardinal point to which it most nearly points. The
attitude of a plane could be specified by recording the
plunge and trend of the dip without recording the strike
at all,

Fig. 1.4 Azimuth and quadrant
methods of expressing compass
‘directions.
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Apparent-dip problems

There are many situations in which the true dip of a
plane cannot be measured accurately in the field or
cannot be drawn on a cross-section view. Any cross-
section that is not drawn perpendicular to strike, for
example, displays an apparent dip rather than the true
dip of a plane {(except for horizontal and vertical planes).

Apparent-dip problems involve determining the atti-
tude of a plane from the attitude of one or more apparent
dips, or vice versa. The strike and dip of a plane may be
determined from either (1) the strike of the plane and the
attitude of one apparent dip, or (2) the attitudes of two
apparent dips.

There are four major technigues for solving apparent-
dip problems, These are: (1) orthographic projection, (2)
trigonometry, {3) nomograms (alignment diagrams), and
(4) stereographic projection. Stereographic projection is
described in Chapter 5. The other three techniques are
discussed in this chapter.

Throughout this and subsequent chapters the follow-
ing symbols will be used:

a (alpha) = plunge of apparent dip

B (beta) =angle between the strike of a plane
and the trend of an apparent dip

8 (delta) = plunge of true dip

6 (theta) = direction (trend) of apparent dip

S

Quadrant
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Orthographic projection

One way to solve apparent-dip problems is to carefully
draw a layout diagram of the situation. This technique,
called orthographic projection, is more time-consuming
than the other approaches, but it helps you to develop
the ability to visualize in three dimensions and to draw
precisely.

Fxample 1: Determinge true dip from strike plus
attitude of one apparent dip

Suppose that a quarry wall faces due north and exposes
a quartzite bed with an apparent dip of 40, N9OW. Near
the quarry the quartzite can be seen to strike N25E.
What is the true dip?

Before aftempting a solution, it is crucial that you
visualize the problem. If you cannot draw it, then you
probably do not understand it. Figure 1.5a shows the
elements of this problem.

Solution

1 Carelully draw the strike line and the direction of the
apparent dip in plan {map) view (Fig. 1.5b).

2 Add a line for the direction of true dip. This can be
drawn anywhere perpendicular to the strike line but
not through the intersection between the strike and
apparent-dip lines (Figs 1.5¢,d).

3 Now we have a right triangle, the hypotenuse of which
is the apparent-dip direction. Imagine that you are look-
ing down from space and that this hypotenuse is the top
edge of the quarry wall. Now imagine folding the quarry
wall up into the horizontal plane. This is done graphically
by drawing another right triangle adjacent to the first
(Figs 1.5e.f}. The apparent-dip angle, known to be 40° in
this problem, is measured and drawn directly adjacent to
the direction of the apparent-dip line, Since the apparent
dip is to the west, the angle opens to the west on the
drawing. The line opposite angle o is of length d and
represents the depth to the layer of interest at point P
(Fig. 1.51).
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Fig. 1.5 Solution of Example 1.
Dashed lines are {old lines.

(@) Block diagram. (b)Step 1 of
orthographic solution. (c) Block
diagram looking north.

(d) Orthographic projection of
step 2. (e) Block diagram of
step 3. ({) Orthographic
projection of step 3. (g) Block
diagram of step 4.

(h) Orthographic projection of
step 4.
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4 Finally, the direction of true dip is used as a fold line,
and another line of length d is drawn perpendicular to it
(Figs 1.5g.h). The true dip angle & is then formed by
connecting the end of this new line to the strike line.
Since the true dip is to the northwest, angle & opens
toward the northwest. Angle § is measured directly off
the drawing to be 43°.

If you have trouble visualizing this process, make a
photocopy of Fig. 1.5h, fold the paper along the fold lines,
and reread the solution to this problem.

North-facing
wall

Iy
1 g,
Fold line~~.®

Attitudes of Lines and Planes 5

Problem 1.1

Along a railroad cut, a bed has an apparent dip of
20° in a direction of N62W. The bed strikes N67E.
Using orthographic projection, find the true dip.

Problem 1.2

A fault has the following attitude; N8OE, 48S. Using
orthographic projection, determine the apparent
dip of this fault in a vertical cross-section striking
N65W.

d
~ o >
RN ﬂ‘o Fold line
L/
S
d 8 L.
Iqe

True dip (8) = 43°
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Example 2: Determine strike and dip from two
apparent dips

Suppose that a [ault trace is exposed in two adjacent cliff
faces. In one wall the apparent dip is 15, S50E, and in the
other it is 28, N4SE (Fig. 1.6a). What is the strike and dip
ol the fault plane?

Solution

1 Visualize the problem as shown in Fig. 1.6b. We will
use the two trend lines, QA and QC, as fold lines, and as
in Example 1 we will use a vertical line of arbifrary length
d. Draw the two trend lines in plan view (Fig. 1.64).
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2 From the junction of these two lines {point O) draw
angles o, and a, (Fig. 1.6d). It does not really maiter
on which side of the trend lines you draw your angles,
but drawing them outside the angle between the trend
lines results in a minimum of clutter on your finat
diagram.

3 Draw a line of length d perpendicular to each of the
trend lines to form the triangles COZ and AOX (Fig. 1.6e).
Find these points on Fig. 1.6b. The size of d is not
important, but it must always be drawn exactly the same
length, because it represents the depth to the layer along
any strike line.

d

Fig. 1.6 Solution of Example 2. (2) Block diagram. (b) Block diagram showing triangles involved in orthographic projectiont and
trigonometric solations. (c) Step 1 of orthographic solution. (d) Step 2. (e) Step 3. (I) Step 4. (g) Steps 5 and 6.




4 Figure 1.6e shows triangles COZ and AOX folded up
into plan view with the two apparent-dip trend lines used
as fold lines. As shown in Fig. 1.6b, line AC is horizontal
and parallel to the fault plane; therefore it defines the
fault’s strike. We may therefore draw line AC on the
diagram and measure its trend to determine the strike
(Fig. 1.6f); it s out to be N22W,

S Line OB is then added perpendicular to line AC; it
represents the direction of true dip (Fig. 1.6g).

6 Using line OB as a fold line, triangle BOY (as shown in
Fig. 1.6b) can be projected into the horizontal plane,
again using length d to set the position of point Y (Fig.
1.6g). The true dip & can now be measured directly off
the diagram to be 30°.
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Problem 1.3

A fault plane is intersected by two mine drifts. In
one drift the plunge and trend of the apparent dip
is 20, N1OW, and in the other it is 32, N§5W. Use
orthographic projection to determine the attitude of
the fault plane.

Problem1l.4

A bed strikes N75E and dips 40° to the south. Two
vertical cross-sections need to be drawn through
this bed, cne oriented north—south and the other
oriented east—west. By orthographic projection de-
termine the apparent dip on each cross-section.
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Trigonometric solutions

Apparent-dip problems can be done much faster and
more precisely trigonometrically, especially with a calcu-
lator. This method is particularly suitable when very
small dip angles are involved. Even when the angles are
not drawn orthographically, however, you should sketch
a block diagram in order clearly to visualize the problem.
Programs to sclve apparent-dip problems on program-
mable calculators are discussed by De Jong (1975). Trig-
onometric functions are listed in Appendix B for those
whose calculators do not contain thermn.
Refer to Fig. 1.6b for the following derivation:

AX =BY

AX BY
tan AOX - 54 " oA

BY
OB (sec AOB)
OB (tan BOY)
OB (sec AOB)

tan BOY
"~ sec AOB

= tan BOY cos AOB

tan AQX =

tan AOX =

or, using symbols,

_ cos angle between true- and
tan a = (tan 8) ( apparent-dip directions ) (1.1)

or
tan ¢
o cos angle between true- and 1.2)
apparent-dip directions
or
tan o
tand = sin P 1.3)

Example 3: Determine true dip from strike plus
attitude of one apparent dip

Example 1 is a convenient problem of this type to solve
trigonometrically. The strike of a bed is known to be
N25E but we do not know the dip. An apparent dip is 40,
N9OW.

a=40°

B~65°

tan 40° =0.839
sin 65° = 0.906

Solution

From equation 1.3,

§=42.8°

Example 4: Determine strike and dip from two
apparent dips

Because two apparent dips with trend 0 are involved,
they will be labeled 8, and 8,, which correspond to the
two apparent-dip angles o, and «,. 8; should represent
the more gently dipping of the two apparent dips.

This type of problem has two steps. The first step is to
determine the angle between the true-dip direction and
8,. The relevant trigonometric relationships are as
follows:

tan angle between 8, _ { csc angle between N
and true-dip direction 6, and 6,
(cot a,)(tan ay) ~ (cos
angle between 8, and 0;) (1.4)

Using Example 2, we have the situation shown in Figs
l.6¢.d.

8, =130(S50F) ¢o,=15"°
0, = 45 (N45E) a,=28°
angle between 0, and 8, = 85°

Solution

From equation 1.4,

tan angle between 8, and true dip direction
={csc 85°)((cot 15°)(tan 28°} - (cos 85°)]
=1.004 [(3.732)(0.532) - (0.087)]
=1.004[1.985-0.087]=1.91

angle between 6,

and true-dip direction =62.3°

This angle is measured from 0, in the direction of 8,. In
this case the computed angle (62.3°)is less than the angle
between 0, and 0, (85°). The true-dip direction, there-
fore, lies between 0, and 0,. 0, is 130° (S50E) so the
direction of true dip is 130° - 62° = 68° (N6SE). Exami-
nation of Fig, 1.6b shows that this is a reasonable dip
direction. A dip direction of N68E corresponds to a strike



of N22W, which agrees with our orthographic projection
solution.

If the angle between 9, and the true-dip direction is
determined to be greater than the angle between 6, and
8,, then the angle is measured from 6, toward and
beyond 8.

Once the true-dip direction (and therefore the strike
direction) has been determined, equation 1.3 is used to
determine &:

tan a
sin 3
a=15° tan a=0.268
3 = angle between 130° (S50FE)
and 138° (S22E)=28°
sin } = 0.469

_0.268
T 0.469

§=30°

tan b =

tan & =0.571

Problem 1.5
Solve Problem 1.1 using trigonometry.

Problem 1.6
Solve Problem 1.2 using trigonometry.
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Problem 1.7

A coal seam dips 2° due east. A mining company
wants its mining adits to slope at least 1° so that
water will drain out. In what directions can adits
be driven without sloping less than 1°?

Problem 1.8

The apparent dip of a fault plane is measured in
two trenches. Toward 220° the apparent dip is 4°.
Toward 100° the apparent dip is 7°. Trigonomet-
rically determine the direction and amount of true
dip.

Alignment diagrams

Alignment diagrams {nomograms) usually involve three
variables that have a simple mathematical relationship
with one another. A straight line connects points on
three scales. Figure 1.7 is an alignment diagram for 8, a,
and 3. If any two of these variables are known, the third
may be quickly determined. This technique is particu-
larly convenient for determining apparent-dip angles on
geologic structure sections that are not perpendicular to
strike, as discussed in Chapter 4.

Problem 1.9
Solve Problems 1.1 and 1.2 on the alignment
diagram.
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Fig. 1.7 Alignment diagram (nomogram) for use in solving apparent-dip problems. After Palmer (1918).




