PART 3: OUTCROP PATTERNS AND STRUCTURE CONTOURS (2)

3- POINT PROBLEM

In many geological situations, a bedding plane or fault surface may crop out at several localities. If the elevations of three of these points are known then the classic “three –point” problem can be used to determine the attitude of the plane. Consider figure (4.1a) which shows three points (A, B, C) on a topographic map. These three points lied on the top of a sandstone layer. The problem is to determine the attitude of the layer. We will solve this problem two different ways, using first a structure contour approach, then a two-apparent dip approach.

Note: The following symbols will be used:

α (alpha): plunge of apparent dip.

β (beta): angle between the strike of a plane and the trend of an apparent dip.

δ (delta): is the true dip angle.
θ (theta): trend of apparent dip.

Solution 1

a- Place a piece of tracing paper over the map, and label the three known points and their elevations. On the tracing paper draw a line connecting the highest of the three points with the lowest. Take the tracing paper off the map, and then find the point on this line that is equal in elevation to the intermediate point. In figure (4.1b) point B has an elevation of 160ft, so the point B` on the AC line equal in elevation to the point B lies 6/10 of the way from point A (200ft) to point C (100ft).

b- The bed in question is assumed to be planar, so B` must lie in the plane. We now have two points. B and B` of equal elevation lying in the plane of the bed, which define the strike of the plane. The structure-contour line B-B` is drawn, and the strike is measured with protractor to be N48E. Fig (4.1c)

c- The direction and amount of dip are determined drawing a perpendicular line from point A, the lowest of the three known outcrop points (fig 4.1d). The amount of dip can be determined trigonometrically as shown:
tan δ = change in elevation
   map distance

= 60`    =  0.57

                                                                     104`

   
                                                              δ=30ْ
Solution 2 

Another approach to solving a three-point problem is to convert it into a two apparent dip problem.

a- Draw lines form the lowest of the three points to each of the two points fig(4.2a) these two lines represent apparent dip directions from B to A and from C to A.

b-  Measure the bearing and length of lines CA and BA on the map fig(4.2b) and determine their plunges;

θ1= 80ْ 


θ2= 107ْ


tan α1= diff. In elevation   = 60`  = 0.303

      

              map distance          198`

tan α2=  100`  = 0.490

               


  204`

θ1 should represent the more gently dipping of the two apparent dips.       

c- Use the following equation to find the true-dip direction:

tan angle between θ1 and true-dip direction= (csc angle between θ1 and θ2)*[(cot α1)(tan α2)-(cos angle between θ1 and θ2)]

This angle is measured from θ1 in the direction of θ2.

and then calculate the true dip direction (as azimuth and quadrant readings).

d- Use the following equation to find the true-dip angle:

tan α
[image: image1.wmf]                                                      tan δ =    

 sin β
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The three-point problem

In many geologic situations, a bedding plane or fault
surface may crop out at several localities. If the elevations
of three of these points are known, then the classic
“three-point” problem can be used to determine the
attitude of the plane. Consider Fig. 2.12a, which shows
three points (A, B, C) on a topographic map. These three
points lie on the top of a sandstone layer. The problem is
to determine the attitude of the layer. We will solve this
problem two different ways, using first a structure-
contour approach, then a two-apparent-dip approach.

Solution 1

1 Place a piece of tracing paper over the map, and label
the three known points and their elevations. On the
tracing paper draw a line connecting the highest of the
three points with the lowest. Take the tracing paper off
the map, then find the point on this line that is equal in
elevation to the intermediate point. In Fig. 2.12b point B
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has an elevation of 160 ft, so the point B on the AC line
equal in elevation to the point B lies 6/ 10 of the way from
point A (200 ft) to point C (100 ft).

2 The bed in question is assumed to be planar, so B
must lie in the plane. We now have two points, B and B’,
of equal elevation lying in the plane of the bed, which
define the strike of the plane. The structure-contour line
B-B’ is drawn, and the strike is measured with a pro-
tractor to be N48E (Fig. 2.12¢).

3 The direction and amount of dip are determined by
drawing a perpendicular line to the strike line from point
A, the lowest of the three known outcrop points
(Fig. 2.12d). The amount of dip can be determined
trigonometrically as shown:
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?&342 Solution of a three-point problem using a combination of
ints (A, B, and C) on a topographic map. (b) Location of a fourth

graphical and trigonometric techniques. (a) Three coplanar
point, B, at the same elevation as point B. (c) Line B-B’

fines the strike of the plane. (d) Dip-direction line perpendicular to the line B-B’.



You can use any apparent angle (α1 or α2) to solve the equation.

Figure (4.1): Solution of three-point problem using a combination of graphical and trigonometric techniques. (a) three coplanar points (A,B,C) on a topographic map. (b) location of a fourth point, B`, at the same elevation as point B. (c) line B-B` defines the strike of the plane. (d) dip direction line perpendicular to the line B-B`
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Jother approach to solving a three-point problem is to
nvert it into a two-apparent-dip problem.

Draw lines from the lowest of the three points to each
the other two points (Fig. 2.13a). These two lines

present apparent-dip directions from B to A and from C
A.

Measure the bearing and length of lines CA and BA on

e map (Fig. 2.13b), and determine their plunges:

0, = 80° 0,=107°

diff. in elevation 60"

Gl IOV =0,
map distance 198’ 303

tan a; = ;—82— =0.490

7

tan a; =

. Use equation 1.4 to find the true-dip direction, and
hen equation 1.3 to find the amount of dip.
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Fig. 2.13 Three-point problem converted to a two-apparent-
dip problem. (a) Three coplanar points. Lines are drawn to the
lowest of the three points from the other two points.

(b) Apparent-dip directions 6, and 6,.

Problem 2.3
Points A, B, and C in Fig. 2.14 are oil wells drilled
on a flat plain. All tap the same oil-bearing sand-
stone. The depth (not the elevation) of the top of
this sandstone in each well is as follows:
A=5115ft, B=6135{t, and C= 5485 ft.

1 Determine the attitude of the sandstone.

2 1If a well is drilled at point D, at what depth
would it hit the top of the sandstone?

Determining outcrop patterns with structure
contours

Earlier we discussed structure-contour maps derived
from drill-hole data. Structure contour maps may also be
constructed from surface data. Suppose, for example,
that an important horizon is exposed in three places on a
topographic map, as in Fig. 2.12a. If this horizon is
planar we can determine its outcrop pattern on the map
by the following technique.

1 On a piece of tracing paper draw the structure contour
that passes through the middle elevation point (Figs
2.12b and 2.120).

2 Find the true dip as described above under the three-
point problem.

3 Draw structure contours parallel to the line B-B’ (Fig.
2.12¢). In order to determine the outcrop pattern, these
structure contours must have a contour interval equal to
(or a multiple of) the contour interval on the topographic
map. They also must represent the same elevations.
Because the surface we are dealing with in this example
is assumed to be planar, the structure contours will be a
series of straight, equidistant parallel lines. The spacing
can be determined trigonometrically:

contour interval

map distance =
D tan &

In this example the spacing turns out to be 17.5 ft in plan
view (Fig. 2.15a). Point B is at an elevation of 160 ft,
which is conveniently also the elevation of a topographic
contour. Points on the bedding plane whose elevations
are known (points A and C in this problem) should serve
as control points; that is, lay the tracing paper over the
map and make sure that the elevations of known outcrop
points match their elevations on the structure contour
map. If the surface is not quite planar but is changing dip
slightly, adjustments can constantly be made on the
structure contour map. Figure 2.15b shows the com-
pleted structure-contour map for this example.

4 Superimpose the structure-contour map and the topo-
graphic map (Fig. 2.15¢). Every point where a structure
contour crosses a topographic contour of equal elevatio®
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Fig. 2.14 Map for use in Problem 2.3.
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Figure (4.2): Three-point problem converted to a two apparent dip problem. (a) three coplanar points. Lines are drawn to the lowest of the three points form the other two points.

(b) Apparent dip directions θ1 and θ2


   Figure (4.3): Map for use in problem 4.1

DETERMINING OUTCROP PATTERNS WITH STRUCTURE CONTOURS

Earlier we discussed structure contour maps derived from drill hole data. Structure contour maps may also be constructed from surface data. Suppose, for example, that an important horizons is exposed in three places on topographic map, as in figure 1.4a if this horizon is planar we can determine its outcrop pattern on the map by the following technique. 

a- On a piece of tracing paper draw the structure contour that passes through the middle elevation point (figure 1.4b and 1.4c)

b- Find the true dip as described above under the three point problem.

c- Draw structure contours parallel to the line B-B` (figure 1.4c). in order to determine the outcrop pattern, these structure contours must have a contour interval equal to (or multiple of) the contour interval on the topographic map. They also must represent the same elevations. Because the surface we are dealing with in this example is assumed to be planar, the structure contours will be a series of straight, equidistant parallel lines. The spacing can be determined trigonometrically:

Map distance =  contour interval 



        tan δ 

In this example the spacing turns out to be 17.5ft in plan view (figure 4.4a). Point B is at an elevation of 160ft, which is conveniently also the elevation of a topographic contour. Points on the bedding plane whose elevations are known (points A and C in this problem) should serve as contour points, that is , lay the tracing paper over the map and make sure that the elevations on the structure contour map. If the surface is not quite planar but is changing dip slightly, adjustments can constantly be made on the structure contour map. Figure 4.4b shows the completed structure contour map for this example.

d- Superimpose the structure contour map and the topographic map (figure 4.4c). every point where a structure contour crosses a topographic contour of equal elevation is a surface outcrop point. The outcrop line of the plane is made by placing the structure contour map beneath the topographic map and marking each point where contours of the same elevation cross. A light table may be necessary to see through the topographic map. The points of intersection are connected to display the outcrop pattern on the topographic map (figure 4.4d).

The same technique can be used to locate a second surface parallel to the first. Suppose that the contact shown in figure 4.4d is the top of a bed, and we wish to determine the outcrop point on the topographic map is known, and then the outcrop pattern can easily be found using the structure contour map already constructed for the bed’s upper surface.

1- Position the structure contour map beneath the topographic map such that the bottom surface outcrop point (or points) lies at the upper elevation on the structure contour map. With the structure contours parallels to their former position, proceed as before. In figure (4.5a), point Z at an elevation of 200ft is known outcrop point of the bottom of the bed. The structure contour map has been moved so that the 200ft structure contour passes through point Z, and the predicted outcrop points have been located as before.

2- Once the upper and lower contacts are drawn on the topographic map, the outcrop pattern of the bed can be shaded or colored (figure 4.5b)

This technique for locating the intersection of a geological surface with surface of the earth may be used even when the surface is not a plane, as long as a structure contour map can be constructed.

Figure (4.4): Determination of outcrop pattern using structure contour. (a) Three structure contours on a base map (from 4.1c). (b) Structure contour map. (c) Structure contour map superimposed on a topographic map. (d) Outcrop pattern on a topographic map.


[image: image5.jpg]is a surface outcrop point. The outcrop line of the plane
is made by placing the structure-contour map beneath
the topographic map and marking each point where
contours of the same elevation cross. A light table may be
necessary to see through the topographic map. The
points of intersection are connected to display the out-
crop pattern on the topographic map (Fig. 2.15d).

This same technique can be used to locate a second
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surface parallel to the first. Suppose that the contact
shown in Fig. 2.15d is the top of a bed, and we wish to
determine the outcrop pattern of the bottom as well. If a
single outcrop point on the topographic map is known,
then the outcrop pattern can easily be found using the
structure-contour map already constructed for the bed’s
upper surface.
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Fig. 2.15 Determination of outcrop pattern using structure contours. (a) Three structure contours on a base map (from Fig. 2.12c).
(b) Structure-contour map. (c) Structure-contour map superimposed on a topographic map. (d) Outcrop pattern of a plane on a

topographic map.



 

Figure (4.5): (a) Structure contour map shifted to the position of point Z on the bottom of formation whose top is shown in figure 4.4d. (b) Outcrop pattern of rock unit dipping 30ْ to the southeast.



[image: image2.wmf]Figure (4.6): Map for use in problem 4.2

Problem 4.1


Points A, B, and C in figure 4.3 are oil wells drilled on a flat plain. All tap the same oil bearing sandstone. The depth (not the elevation) of the top of this sandstone in each well is as follows:


A = 5115ft, B =6135ft, and C=5485ft. 


1- Determine the attitude of the sandstone 


2- If a well is drilled at point D, at what depth would it hit the top  of the sandstone?





a





Problem 4.2


In the figure 4.6 three attitudes of outcrop points of the upper surface of a planar coal seam. Point A is an outcrop point of the base of the coal seam. If we assume a constant slope and a gradual change in dip between outcrop points; 


Draw structure contour map and produce outcrop map of the upper surface. 


Determine the thickness of the coal seam.


Draw the outcrop of the lower surface of the coal seam.
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