GY403 Structural Geology
Laboratory
Example Orthographic Solutions to
Apparent Dip, True Dip, 3-Point, and
Intersecting Planes Problems

• All structural geology geometry problems can be reduced to 1 of 3
analytical steps:
• 1. Find the attitude of the line of intersection between 2 nonparallel planes- “intersecting planes”
• 2. Find the attitude of the plane containing 2 non-parallel lines- i.e.
“common plane”
• 3. Rotate a line about a rotational axis and find its new attitude
• The type of problem that consists of a given planar attitude strike & dip
and then find the apparent dip in a specific azimuth direction is type (1)
above. The apparent dip is the plunge of the line of intersection
between the given strike & dip plane and a vertical plane trending in the
apparent dip azimuth direction.
• The type of problem that consists of a given pair of linear attitudes,
such as 2 apparent dips, and then find the strike & dip of the plane
containing the apparent dips (lines) is type (2) above- common plane.
• Rotational problems will be discussed beginning in Lab 3.

Orthographic Example of Apparent
Dip Problem










Orthographic solutions use 3D geometry to solve the
problem (i.e. you will need a scale and protractor).
Given a strike and true dip solve for the apparent dip in
a specific direction (bearing or azimuth).
10 squares per inch graph paper is very useful as a
“background” for working orthographic problems.
This problem is a “Intersecting Planes” problem because
you are intersecting the strike and dip plane with a
vertical plane trending in the apparent dip direction.
Because you already know the apparent dip trend you
are actually only solving for the apparent dip angle.

Given: Strike and dip of N50E, 40SE
Find: Apparent dip angle in a vertical
cliff section trending S70E
Step 1: construct north arrow.
Step 2: construct E-W and N-S construction lines.
Origin is located where these lines intersect.
Step 3: construct strike line from origin to NE.
Step 4: construct fold line along true dip direction
(S40E).
Step 5: construct true dip angle (40°).
Step 6: construct a perpendicular to the true dip fold
line at arbitrary distance from origin- in this example
the length = 1.53 units.
Step 7: construct a line from origin trending in
apparent dip direction (S70E).
Step 8: construct a line from point A parallel to strike
(N50E) until it intersects apparent dip trend line
(point B)
Step 9: construct a perpendicular from S70E line
from point B that is the same length as Step 6 line
(1.53 units).
Step 10: construct a line from the origin to the end
of the line constructed in previous step. Angle from
fold line to this line is apparent dip = 36 degrees.
NOTE: it is coincidental that the dip angle = 40 and
the true dip trend = S40E. If the attitude had been
N50E, 70SE the true dip trend would still = S40E
because that is the perpendicular direction to N50E.

EXAMPLE #1A

GIVEN STRIKE & DIP OF N50E,40SE FIND THE APPARENT DIP
ALONG THE S70E BEARING
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ANSWER: S70E, 36
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NOTE: sequential problem steps are
indicated by circled number.

NOTE: if you like working with “neat, even” numbers you can use trig to
pre-calculate the dimensions of the fold line triangles used in the previous
problem.
Example: in the previous problem we needed a perpendicular to the S40E
FL – if we want the perpendicular to be a neat, even number like 2.0 we
can use the following trig equation:
Tan (dip) = y/x where dip is the dip angle and x equals the horizontal side
and y equals the vertical side of the right triangle. For this example:
Tan (40) = 2.0/x therefore x = 2.383
So you would construct a FL of length 2.383 units along S40E from the
origin and at the end of the FL drop the perpendicular of length 2.0 units.
Drawing a line from the end of this line back to the origin point would
construct a 40 degree dip angle in the right triangle.

Orthographic Example: Given
strike, and an apparent dip find
true dip






In this case the strike line can be assigned zero
plunge by definition so this problem is a
“Common Plane” type.
Because you already know the strike trend you
are only solving for the true dip angle.
Note that when plotting this problem the true
dip trend is always perpendicular to the strike
trend and oriented on the side of the strike
where the apparent dip trend plots.

1. Draw north arrow.
2. Draw construction lines N-S and
E-W.
3. Decide on origin location and
draw strike trend.
4. Draw apparent dip trend. (FL)
5. Draw apparent dip angle relative
to apparent dip trend.
6. Construct the true dip trend line
(FL) at 115. Note this will always
be on the same side of the strike
line.
7. Construct strike line from
perpendicular point on apparent
dip trend until it crosses the true
dip trend (FL).
8. Drop a perpendicular to the true
dip FL at the intersection in (7).
Connect the endpoint to the
origin. This defines the true dip
angle.

EXAMPLE #1B

Scale: 1 inch = 1 unit.
Given a strike of 025°, and an apparent dip
of 065°, 35°, find the true dip angle along
a S70°E bearing and report the answer as a
trend and plunge.
Answer: 115°, 47.4°
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Orthographic Example for Strike
and True Dip








Given 2 apparent dips and their trends solve for
the strike and true dip of the plane.
Assumes that the 2 apparent dips were
measured from the same structural plane.
The 2 linear apparent dips cannot be parallel
(coaxial).
Rather than 2 apparent dips you may be given
the strike of a plane and one of the apparent
dips – treat the strike as a second line with 0
plunge.

Given: 2 apparent dip trend and
plunge of 130 (S50E), 25, and
200 (S20W), 35, formed by
excavating vertical cuts on the
upper contact of a planar coal
seam.
Find: Strike and true dip of coal
seam – 271, 36.5SW
NOTE: the green construction is
an alternative step for solving for
the true dip.

Orthographic Example of a 3-Point
Problem




Given 3 points where a structural plane is
exposed on a topographic map solve
orthographically for the strike and dip of the
plane.
The elevation of the 3 points must be known. If
the data is drill hole depth, the depth must be
subtracted from the well elevation to yield the
elevation of the plane.

Given: 3 geographic points
that are in the same geological
plane and that have known
elevations.
Find: Strike and true dip of the
structural plane that passes
through the 3 points.

EXAMPLE #3: GIVEN THE BELOW THREE POINTS OF KNOWN
ELEVATION, CALCULATE THE STRIKE & DIP OF THE PLANE THAT
PASSES THROUGH THE THREE POINTS

N

SCALE
0

1000m

A=700m

B-500m

5160m

3096m
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C=200m
500

PROP.=(M-L)/(H-L)
PROP.=(500-200)/(700-200)
PROP.=0.6
0.6*5160=3096

Mathematical Example: Given
Strike and True Dip find Apparent
Dip angle

φ = true dip angle
δ = apparent dip angle
β = angle between true dip bearing and apparent dip bearing
δ = ArcTan [Tan φ Cos β]

Example Problem 1: Given strike and true dip of N50E, 40SE, find the apparent
dip in vertical section trending S70E.
φ = 40
β = 30
δ = ArcTan [(Tan 40)(Cos 30)]
δ = ArcTan [(0.839)(0.866)]
δ = ArcTan [0.726]
δ = 36

Mathematical Example: Given 2
Apparent Dips find Strike and Dip
Let α, β, γ represent directional angles of a linear vector. Because apparent
dips are equivalent to linear vectors their plunge and azimuth (trend) can be
directly converted to directional cosines:
Cos (α) = Sin (azimuth) * Sin (90-plunge)
Cos (β) = Cos (azimuth) * Sin (90-plunge)
Cos (γ) = Cos (90-plunge)
The angle between 2 non-parallel vectors can be calculated by:
Cos (θ) = Cos(α1)*Cos(α2)+Cos(β1)*Cos(β2)+Cos(γ1)*Cos(γ2)
The normal to the plane containing 2 non-parallel vectors is calculated by the
cross-product equations:
cosα P =
cos β P =

cos β1 cos γ 2 − cos γ 1 cos β2
sin θ

[

− cosα1 cos γ 2 − cos γ 1 cosα 2
sin θ

cos γ P =

]

cosα1 cos β2 − cos β1 cosα 2
sin θ

Mathematical Solution cont.
Problem 2: given two apparent dips:
(1) 35, S20W
(2) 25, S50E
Find the strike and true dip of the plane from which the above two
apparent dips were measured. The directional cosines are calculated as
below:
Vector (1)
Azimuth1 = 200; Plunge1 = 35
Cos(α1) = Sin(200)*Sin(90-35) = (-0.342)*(0.819) = -0.280
Cos(β1) = Cos(200)*Sin(90-35) = (-0.940)*(0.819) = -0.770
Cos(γ1) = Cos(90-35) = 0.574
Vector (2)
Azimuth2 = 130; Plunge2 = 25
Cos(α2) = Sin(130)*Sin(90-25) = (0.766)*(0.906) = 0.694
Cos(β2) = Cos(130)*Sin(90-25) = (-0.643)*(0.906) = -0.582
Cos(γ2) = Cos(90-25) = 0.423

Mathematical Solution cont.
Cos (θ) = (-0.280)(0.694)+(-0.770)(-0.582)+(0.574)(0.423)
θ = ArcCos[-0.194+0.448+0.243]
θ = ArcCos(0.497)
θ = 60.2
Now all necessary values are known for extracting the cross-product:
Cos (αP )= [(-0.770)*(0.423)-(0.574)*(-0.582)]/Sin(60.2) = 0.010
Cos (βP )= -[(-0.280)*(0.423)-(0.574)*(0.694)]/Sin(60.2) =0.596
Cos (γP )= [(-0.280)*(-0.582)-(-0.770)*(0.694)]/Sin(60.2) = 0.804
AzimuthP = ArcTan(0.010/0.596) = 0.96
PlungeP = 90 - ArcCos(0.804) = 53.5
Strike = 0.96 + 90 = 90.96 = N89W
True dip = 90 - 53.5 = 36.5SW

Intersecting Planes Orthographic
Example




Given the outcrop points of 2 structural planes and
the strike and dip calculate the plunge and bearing
of the lineation
This method can be used to determine the hinge
attitude from the measured attitude of the planar
limbs of a fold.

Given: 2 strike
and dip
measurements
on 2 non-parallel
planes: N40E,
30SE and N70W,
60NE.
Find: plunge and
bearing of the
line of
intersection.

EXAMPLE #4

GIVEN STRIKE & DIP OF 2 PLANES N40E,30SE AND N70W, 60NE

FIND THE PLUNGE AND BEARING OF THE INTERSECTION
ANSWER: 25, S86E
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Cotangent Method










Cotangent method is a combination mathematical and
graphical solution method.
The cotangent of a dip/plunge angle yields a vector
magnitude that is the ratio of x/y.
Dip/plunge angles can be plotted as vector quantities
where the direction is the azimuth and the magnitude is
the cot of the dip/plunge angle.
Note that the cotangent of an angle is inversely related
to the value of the angle. In other words, the lower the
angle, the larger the result of the cot(angle).
The cot(0) = infinity; cot(90) = 0.

1. Plot the north arrow.
2. Plot the E-W and N-S
reference lines if needed.
3. Choose an origin point and
plot the strike line.
4. Plot the true dip line trending
S40E and length = cot(true
dip) = cot(40) = 1.19.
5. Plot a second strike line that
passes through the end point
of step (4).
6. Plot the apparent dip trend
line setting the length so that
it terminates exactly on the
second strike line. This
distance is used to calculate
the apparent dip angle.
7. Take the arcotangent of the
length measured in step (6)
– this will give the apparent
dip angle.

EXAMPLE #1A COTANGENT
GIVEN STRIKE & DIP OF N50E,40SE FIND THE APPARENT DIP
ALONG THE S70E BEARING USING COT METHOD
ANSWER: S70E, 36
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1. Plot the north arrow.
2. Plot the E-W and N-S reference
lines if needed.
3. Choose an origin point and plot
the strike line (025).
4. Plot the apparent dip line
trending 065 and length =
cot(app dip) = cot(35) = 1.43.
Because of scale multiply *2 =
2.86.
5. Plot a second strike line (025)
that passes through the end
point of step (4) and extends
past a point that is perpendicular
to the origin point.
6. Construct a perpendicular (115)
to the 1st strike line extending
from the origin point intersection
the 2nd strike line. Measure the
length of this line and divide by
2.0. Arcotangent of this value
(1.84/2.0) = true dip angle
(47.4)

EXAMPLE #1B Cotangent Method

Scale: 1 inch = 2 units
Given a strike of 025°, and an apparent
dip of 065°, 35°, both measured on a
bedding plane, find the true dip and
report it as a trend & plunge.
Answer: 115°, 47°
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1. Plot north arrow.
2. Plot reference lines.
3. Plot first apparent
dip with magnitude
= cot(35) = 1.43.
4. Plot second
apparent dip with
magnitude =
cot(25)= 2.14
5. Connect the
endpoints of the
apparent dip
vectors to define
strike.
6. Construct second
strike line through
origin.
7. Measure
perpendicular
distance between
strike lines (1.35).
8. True dip =
acot(1.35) = 36.5
degrees.

EXAMPLE #2 COTANGENT
GIVEN TWO APPARENT DIPS (1) 200, 35, AND (2) 130, 25, FIND THE
STRIKE AND TRUE DIP WITH COTANGENT
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1. Plot North arrow.
2. Plot reference lines.
3. Plot N40E strike from
origin.
4. Plot N70W from origin.
5. Construct true dip
vector S50E with length
1.73 (cot(30)).
6. Construct true dip
vector N20E with length
0.58 (cot(60)).
7. Construct second N40E
strike line from end of
true dip vector.
8. Construct second N70W
strike line from end of
true dip vector.
9. Construct lineation
trend from origin to
intersection of second
strike lines.
10. Calculate plunge angle
from length of vector in
(9).

EXAMPLE #4 Cotangent Method
GIVEN STRIKE & DIP OF 2 PLANES N40°E,30°SE AND N70°W, 60°NE
FIND THE PLUNGE AND BEARING OF THE INTERSECTION
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ANSWER: S86°E, 25.2°
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Spreadsheet Utilities
• Spreadsheet utilities are available for checking orthographic or stereographic
results for labs and exams. Computer spreadsheets are designed for Excel
2010 and later as macro-enabled spreadsheets (.xlsm extension). The .xlsm
versions use the 3D vector methods to solve problems (see above).
Simplified versions that run on smartphones, or versions that use the
cotangent method, are available in non macro-enabled formats (.xlsx).
• Beginning Spring 2021 the spreadsheets that use the cotangent method and
requires user interaction may be used to turn in solutions for lab
assignments. Print the spreadsheet and the graphical chart/map as separate
pages if you choose this method. You may also use the 3-point problem
spreadsheet to solve for and turn in those types of problems.

Spreadsheet Downloads
•

The following spreadsheets are available for downloading at:
• http://www.usouthal.edu/geography/allison/GY403/StructureSpreadsheets.html
• IntersectingPlanes.xlsm: use to solve for the line of intersection between 2 nonparallel planes.
• CommonPlane.xlsm: use to solve for the strike & dip of a plane that contains 2
non-parallel lines.
• ThreePoint.xlsm: use to solve a 3-point type problem.
• IntersectingPlanes_cotan.xlsx: spreadsheet that uses the cotangent method and
user interaction to solve for the apparent dip plunge given a strike and dip, and
the trend of the apparent dip. Uses cotangent method and requires user
interaction.
• IntersectionPlanes2_cotan.xlsx: applies to the case where strike and the trend
and plunge of an apparent dip is given and the true dip must be calculated. Uses
cotangent method and requires user interaction.
• IntersectingPlanes3_cotan.xlsx: solves the type problem where 2 strike and dips
are given and you need to calculate the trend and plunge of the intersection.
• CommonPlane_cotan.xlsx: spreadsheet that calculates the strike and dip of the
plane that contains the given two apparent dip trend and plunge orientations.
Uses the cotangent method and requires user interaction.

