Ge 101
2012 Problem Set 1
This problem set covers basic techniques in structural geology, geomorphology and the
construction of cross sections. Questions 2 and 3 are simple exercises; 1 and 4 are reallife examples taken from actual maps of actual parts of the world. You are advised to
communicate closely with each other, with Claire, and with Paul as you work on part 4.
Remember, this is a 12 unit class and this problem set represents 2 weeks of non-lecture
effort; that means I don’t expect you to spend more than ~12 hours on this.
Due date is Wednesday November 7.
1. Geomorphology: Stream gradients in the real world
The attached topographic map shows a section of Death Valley where Furnace Creek (the
blue stream trace paralleling Highway 190) wraps around the relatively resistant block of
the Black Mountains. However, smaller streams have been eroding from the valley floor
into the oversteepened Black Mountains front from the West, and at the time this map
was made, one of them, Gower Gulch, had extended by headward erosion to the point
where only a low and narrow sill separated it from Furnace Creek at Zabriskie Point. A
natural event called a stream capture was imminent here: within the next few hundred
years, the head of Gower Gulch would have eroded back a little further and captured the
drainage of Furnace Creek, which would be diverted into the new, steeper, shorter
drainage channel, leaving the lower part of Furnace Creek Wash dry. However, we do
not need to wait for nature's slow progress to see the effects of this event, because man
interfered. The owners of Furnace Creek Inn, at the mouth of Furnace Creek Wash, have
always been worried about flooding, and they asked the National Park Service to
artificially dig through the sill at the head of Gower Gulch and divert Furnace Creek.
The Park Service complied, and the stream was diverted. The resulting effects on the
stream gradients, erosion and deposition were amazingly dramatic. Within a few years, a
spectacular new tourist attraction formed next to Zabriskie Point. Also, Highway 190 at
Zabriskie Point, the jeep trail up Golden Canyon and the road across the alluvial fan at
the mouth of Gower Gulch were all destroyed and had to be expensively rebuilt. Let us
see if we can use ideas about equilibrium stream gradients and the diffusion of
topography to understand what happened and predict the future evolution of this system.
(a) Plot the longitudinal profile of Furnace Creek from elevation of +800 feet
down to –200 feet (yes, below sea level...this is Death Valley, remember). The
scale of the map is 1:24000 (the light black grid lines are 1 km boxes) and the
contour interval is 40 feet. Of course, river channel windings are fractal, and you
would get a longer path if you measured it with a shorter ruler...for our purposes,
just measure the linear distance between each intersection of the stream channel
with a contour line. What is the equilibrium stream gradient in this drainage?
(b) Now imagine that Furnace Creek is diverted into Gower Gulch by digging a
trench where I put the red arrow on the map. Plot the new longitudinal profile
from +800 feet to –200 feet.
(c) Do you suppose that the new profile is an equilibrium profile, or do you expect
it to evolve? If you think it is going to evolve, describe qualitatively what you
expect to happen to the various parts of the profile: above the diversion, just
below the diversion, at the range front, etc.
(d) Let us say the diffusivity of stream channel topography in this region is 2x105
feet2/year. From numerical estimates of the second derivative of elevation along
the profile from part (b), estimate the initial rate of change of topography at the
locations where the new channel crosses the current 640 foot contour, the 560 foot
contour, and the –200 foot contour.
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(e) Given the lateral size of the region of disturbed stream gradient and the
diffusivity, estimate from a simple scaling argument the characteristic time for the
system to return to equilibrium (hint, diffusivity of topography has units of
Length2/Time). Don’t overthink this question.
2. Complete the unfinished cross section in Figure 2-32 (second attached page) using the
kink method of extrapolation. Allow for standard deviation of 20° or so on a single dip
measurement in deciding how many domains of constant dip there are. Draw the
contacts between the five lithologic units (marked with 'S' where observed at surface or in
the wells) as well as the axial surfaces where the folds kink.
3. Determine the strike and dip of the thrust fault shown in this figure (ignore the
branched segment at far left): you need three non-collinear points to determine a plane.
Any two points on the fault at the same elevation define a strike line (i.e., a horizontal
line contained within the plane of the fault whose azimuth is the strike). A third point at
a different elevation can be used to measure the dip perpendicular to the strike line. The
contour interval is 100 feet (yes, even though the horizontal scale is in meters).

4. The attached color map is a section of the geologic map of a quadrangle in the
Appalachian Mountains of Pennsylvania. Construct a vertical transverse cross section
along the line from point D to the east edge of the map. You may do this on graph paper
or in a computer drawing program, your choice. Use the method described in the
xeroxed pages (everywhere the notes say Fig. 2-20, just look at Fig. 2-32 from Problem
2).
• First transfer the topography along the section line to a profile. Draw the section
at the same scale as the map, without vertical exaggeration. Mark the depth scale
along the ends of the cross section.
• Mark along the profile where contacts, fold hinges, and faults cross the section.
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• Note that the yellow units Qt (talus), Qc (colluvium) and Qal (alluvium) are thin
layers of recent cover over the bedrock. Ignore them and use instead the dotted
contacts between bedrock layers, which you can follow to outcrops in most cases.
• Project all dip measurements horizontally along strike to the plane of the section
and if necessary correct to apparent dip in the cross section using the graph in the
attached notes. At this point you should have an incomplete cross section just like
Fig. 2-32 from problem 2. This is all the data; the rest is extrapolation.
• These folds are fairly open and curved, so assume they are parallel (i.e., constant
thickness of each mappable unit) and use the Busk method (circular arcs) to
extrapolate the structure. You can determine the thickness of each formation
given surface exposure of top and bottom contacts, dip, and topography.
• Note the thrust faults and try to estimate their dip (by the three point method)
and their offset (look for places where they offset contacts). Hint: all these faults
have rather small offset.
• Extend the section down to the stratigraphically lowest unit visible anywhere on
the map. Below that is terra incognita.
• Make up your own color scale and give a key or label the formations with their
symbols, since you probably don’t have pens that exactly match the USGS’
printed colors.
Note to history buffs: The “Manassas Gap” in Evitts Mountain, just north of the line of
our cross section, has absolutely nothing to do with Manassas, VA, where the Battles of
Bull Run were fought during the Civil War.

