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68  Chapter 5

The two-tilt problem

It is not uncommon to find rocks that have undergone
more than one episode of deformation. In such situations
it is sometimes useful to remove the effects of a later
deformation in order to study an earlier one.

Consider the block diagram in Rig. 5.15a. An angular
unconformity separates formation Y (N6OW, 35NE) from
formation G (N50E, 708E). Formation O was evidently
tilted and eroded prior to the deposition of formation Y,
then tilted again. In order to unravel the structural
history of this area we need to know the attitude of
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formation O at the time {ormation Y was being deposited.
This problem is solved as [ollows.

1 Plot the poles of the two formations on the equal-area
net (Fig. 5.15b}.

2 We want to retum formation Y to horizontal and
measure the attitude of lormation Q. The pole of a
horizontal bed is vertical, so if we move the ¥ pole point
to the center of the net, formation Y will be horizontal,
Rotate the tracing paper so that Y lies on the east—west
line of the net.

3 Y can now be moved along the east—west line to the
center of the net (Fig. 5.15¢). This involves 35° of move-
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Fig. 5.15 Two-tilt problem. (a) Block diagram. (b) Plotting attitudes and poles of formations Q and Y. (c) Removing dip of formation
Y [rom that of formation Q. (3) Plotting attitude of [ormation O belore tilting of lormation Y.




ment. O, therefore, must also be moved 35° along the
small circle on which it lies, to O’ (Fig. 5.15c).

4 (' is the pole of formation O prior to the last episode of
tilting. As shown in Fig. 5.15d, the attitude of formation
O at that time was N58E, B6SE.

Problem 5.8

The beds below an angular unconformity have an
attitude of N26W, 74W, and those above N3OE,
54NW. What was the attitude of the older beds
uhjle the younger were being deposited?
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Iron-bearing minerals in volcanic rocks contain
magnetic fields that were acquired when the
magma fowed out onto the earth's surface and
cooled. These magnetic fields can be measured to
determine the orientation of the lines of force of the
earth’s magnetic field at the time of cooling, If the
north-seeking paleomagnetic attitude in a basalt is
32, NA7E, and the flow has been tilted to N12W,
40W, what was the attitude (trend and plunge) of
the pretilt paleomagnetic orientation?

" Problem 5.10 ]
“The orientation of cross-bedding in sandstones can
e used to determine the direction that the current
was flowing when the sand was deposited. I[ cross-
eds indicating a current direction of S38E occur
thin an overturned sandstone bed whose atti-
e is N16W, 77W, what direction did the current
¢

e northeastern fault block of the Bree Creek
drangle is a hill capped by Helm's Deep Sand-
= overlying Rohan Tuff. In Problem 3.1 you
rmined the attitude of these two units at this
ty Using stereographic projection, determine
amount and direction of tilting that occurred in
rtheastern fault block after deposition of the

_’I‘uﬂ‘ but before deposition of the Helm’s
Sandstone.
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Cones—the drill-hole problem

In certain problems it is necessary to project a cone onto
the net. Suppose, for a simple example, that a hole has
been drilled horizontally due north into a clifl. The drill
core is shown in Fig, 5.16a. The rock is layered, and the
angle between the core axis and the bedding plane is 30°.
The angle between the pole to the bedding plane and the
core axis is 60°, the complement of 30°.

Because the core rotated as it was extracted [rom the
hole, the exact orientation of the bedding plane cannot be
determined. A locus of possible orientations can be de-
fined, however. Figure 5.16b is an oblique view of the
situation, showing a cone with its axis horizontal and
trending north~south. The cone represents all possible
lines 30° from the axis. Lines perpendicular to the sides
of the cone, representing poles to the bedding plane, pass
through the center of the sphere and intersect the lower
hemisphere as two half-circles, As shown in Fig. 5.16c¢,
the equal-area plot of the possible poles to bedding is two
small circles, each 60° from a pole. Il a second hole is
drilled, oriented differently from the first, two more small
circles can be drawn. The second set of circles will have
two, three, or four points in common with the first pair of
small circles. A third hole results in a unique solution,
establishing the pole to bedding.

Consider the following data from three drill holes.

Angle Angle
between axis  between axis
Orientation  of core and and pole to
Hole no.  of hole bedding bedding
1 74, N3OW 17¢ 73°
2 70, S30E 18° 72°
3 62, N67E 51° i9°

What is the attitude of the beds? The solution involves
consideration of the holes in pairs. In part A we will
consider holes 1 and 2 together, and m part B holes 1 and
3 together. The two parts should be done on separate
pieces of tracing paper.

A.1 Plot each hole (Fig. 5.17a).

A.2 Rotate the tracing paper so that both points lie on
the same great circle. In this position the two holes lie in
a common plane that in this example dips 825W.

A.3 Rotate the common plane to horizontal. This step
moves points 1 and 2 along their respective small circles
82° to points 1/ and 2/ on the primitive circle (Fig. 5.17b).
A.4 Rotate the tracing paper so that point 17 lies at a pole
of the net. In this position hole 1 has eflectively been
oriented horizontal and north-south, similar to the core
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Fig. 5.16 Drill-hole problem. (a) Drill core. (b) Oblique view of
projection of all possible poles to bedding of drill core.

(c) Equal-area projection of all possible poles to bedding of
drill core.

shown in Fig. 5.16a. The angle between the axis of hole
1 and the pole to bedding is 73°, so two small circles,
each 73° from a pole, describe all of the possible pole
orientations. Figure 5.17c shows these two small circles.
A.5 Now rotate the tracing paper so that point 27 is at a
pole of the net. The angle between the axis of hole 2 and
the pole to bedding is 72°, so two small circles, each 72°
from a pole, describe the possible orientations of the pole
to bedding. As shown in Fig. 5.17d, the two sets of small
circles cross at points A and B. Depending on the orien-
tations of the two cores, there may be from one to four
points of intersection.

A.6 The points of intersection have been determined
with the cores in a horizontal plane. The cores must be
returned to their proper orientation for the orientations
of the points of intersection to be determined. To do this,
rotate the tracing paper so that points 1 and 2 again lie
on a common great circle, as in step A.2. In this position
points 1’ and 2’ are imagined to move 82° back to 1 and
2, and points A and B move 82° along small circles in the
same direction to points A’ and B’, as shown in Fig.
5.17e. Notice that point A, after moving 72°, encounters
the primitive circle. In order to complete its 82° excur-
sion it reappears 180° around the primitive circle and
travels 10° more. Points A" and B’ thus located are both
possibie poles to bedding in this problem.

B.1 Holes 1 and 3 will now be considered together on a
separate piece of tracing paper. Figure 5.18a shows cores
1 and 3 plotted, rotated to a common great circle, and
moved to the primitive circle as 1/ and 3. Notice that 1/
here is in a different location than 1’ in step A.3.

B.2 Small circles 73° and 39° from points 1 and 3,
respectively, are drawn, as shown in Figure 5.18b. The
intersection of the two pairs of small circles are points C
and D.

B.3 As points 17 and 3’ travel 83° back to their original
positions as points 1 and 3, points C and D travel on small
circles 83° also (Fig. 5.18¢).

One of the points ¢’ or D’ should be in the same
position on the net as A’ or B’, In this example points B’
and I’ are the same point with an orientation of 26,
N41E. This is the pole to the bedding plane, thus estab-
lishing a bedding attitude of N50W, 64SW. A thicd
solution could be done, with points 2 and 3 considered
together, for further confirmation. If no two points are
coincident, then either a mistake has been made or the
attitude is not consistent from one hole to the next.
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Fig. 5.17 Part A of drill-hole solution. (a) Plot orientation of
holes 1 and 2. (b) Locate common plane and rotate to
horizontal, (c) Plot cone of possible bedding-plane poles
relative to hole 1. (d) Do the same for hole 2. (e} Determine
orientation of common poles A and B. Another hole must be
analyzed to choose the correct pole.
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Fig. 5,18 Part B of drill-hole solution. {a) Plot orientation of
holes 1 and 3 and rotate common plane to horizontal. (b) Plot
cones of possible bedding-plane poles relative to holes 1 and
3. (¢) Determine orientation of common poles C and D; pole
D’ matches pole B’ and is the solution.

Problem 5.12
Using the data from three drill holes shown below,
determine the attitude of bedding.

Angle Angle
between between
Hole Orientation axis of core  axis and pole
no. of hole and bedding to bedding
1 70, N20OW  40° 50°
2 76, NBOE 65° 25°
3 68, S30W 54° 36°




