GUILFORD COLLEGE
GEOLOGY 122: HISTORICAL GEOLOGY

LABORATORY MANUAL
FOR THE

INVESTIGATION OF THE
QUAKER QUADRANGLE
Three of the world's largest oil companies operating in Southeast Asia are having
those operations managed by graduates of tiny Guilford College – and they say a
computer program they used at the school is the key to their success.
– AAPG Explorer, September, 1992

The Quaker Quadrangle, a realistic simulation of the process of geologic investigation into a
three-dimensional Earth and into the logic of stratigraphy and time, was designed, built, and
programmed by Cyril H. Harvey. It was reprogrammed and updated by David M. Dobson. It has
been in continuous use in Guilford College’s Historical Geology class since the late 1960’s.

Chapter 1: Introduction
I.

What is the Quaker Quadrangle?

The Quaker Quadrangle is an imaginary tract of land
invented specifically for this course in historical
geology. Its dimensions are approximately 17 miles east
to west and 26 miles north to south. The landscape is
quite varied; there are deep canyons, rolling plains,
rivers, and high mountain ridges. Various kinds of
rocks are exposed at the surface in scattered outcrops.
These rocks extend far beneath the land surface.

II.

Where do you start?

The area is currently being explored by a surface
expedition led by the well-known explorers, Clewis and
Lark. Also, some initial exploratory drilling activity in
search of oil and gas has provided a record of rocks
beneath the surface to depths of four miles or more.
You will start with the following information:

III.



A paper topographic base map of the Quaker
Quadrangle



Notes from Clewis and Lark’s expedition



Data on the rock layers discovered below the surface from six exploratory
wells drilled by the legendary research firm, Team 19.

The Task Before You.

Your job this semester is to explore the surface and subsurface geology of the Quaker
Quadrangle, map the rocks present using geologic maps and cross-sections, establish
the stratigraphy of the region, and finally, to reconstruct the geologic history of the
Quaker Quadrangle by laying out a series of geologic events that produced the rocks
as we see them today.
As historical geologists we know that if the three-dimensional relationships between
these rocks can be clearly understood, we will be able to interpret the geologic history
of the Quaker Quadrangle. You will need much more data than you have to start
with, of course, but this can be obtained by drilling more wells. Will you be clever
enough to drill them in the right places, so that you get valuable data? Will you be
wise enough to grasp the meaning of each new piece of information?
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Chapter 2: The Project
I.

General Procedures

Teams
There is a great deal to investigate in the Quaker Quadrangle -- too much for one
individual to get done in the lab periods available. Students are required to organize
themselves into groups, with the recommendation that teams should consist of two
or three members. Effective teamwork will be essential to your success; therefore,
your group should be a compatible one. (Also, it will help you a great deal to select
team members smarter than yourself!)
After your team has been formed, you should report to the instructor:
a) the names of all team members.
b) a team name
c) a (private) team password
Changes in team composition are possible during the first two weeks. Team names
and passwords may be changed as often as the team wishes by notifying the
instructor.
Graded Work
Before beginning on this project you should review the section of Grades in the
course syllabus. You will receive two major grades on the lab work you do during the
rest of the semester (about eleven weeks, give or take):


Participation: The instructor and lab assistants will judge the quality of your
individual participation. We will evaluate your effort, the support you give to your
team, your grasp of the problems encountered, your ability to recognize possible
solutions, and the overall manner in which you handle your investigation of the
Quaker Quadrangle. Keep in mind that this portion of your lab grade receives
considerable weight.



Final Report: We will also evaluate the quality of your team's final report. Please
note, especially if you feel that some members of your team do not carry their
share of the load, every member of the team normally gets equal credit for the
team's final report. However, if some members of a team are frequently absent
from lab, or they exhibit in some other way an unwillingness to participate in the
team effort and assist in the preparation of the final report, this may be taken into
consideration at the time grades for the report are determined at the end of the
semester.
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There will also be smaller-scale assignments from time to time during the semester.
Some of these are presented in this manual; others will be assigned by the instructor
as needed. Sometimes, they will be assigned at the start of lab and are due by the end
of lab; other times, they may carry over to the next week or to future weeks.

II.

Data Sources

Data supplied at the outset
As mentioned above, you will have the following available at the start of the process:


A contoured topographic base map of the entire Quaker Quad landscape.



Rock samples and preliminary field notes received from the Clewis and Lark
expedition (these will be shared in the first few weeks of lab)



Data from holes that have already been drilled by Team #19, the Quad Gods
(instructor's team) and are now being released to the public.

Your Wells
Each team will also acquire data by drilling wells at locations of their own choosing.
For each of these wells, you receive a data report which includes the following
information. (NOTE: ** Indicates which information must be supplied by your team)
a) Team number, well number, and team name.
b) Location of the drillsite.**
c) Surface elevation at the drillsite.**
d) Date drilled, deepened, or copied.
e) For each rock unit penetrated:


Lithology (type of rock)



Drilling depth (depth below surface)



Subsea value (elevation relative to sea level)



Thickness of the rock unit

f) Total depth drilled.**
g) Cost of drilling the well.
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III.

Budgeting

Geologic research is unfortunately not free. Luckily, you have some funding to
support your research. The following rules govern budgets and drilling activities:
1. Each team receives a weekly budget for drilling ventures. At the outset, and
until about mid-term break, the weekly allotment is $6,000,000. Thereafter,
only $2,000,000 to $3,000,000 will be distributed weekly. Funds may be in very
short supply after tax time (April 15), so you should not put off your
exploration plans until late in the term! If you lack sufficient funds to drill a
well to the depth you request, you will be notified and may select a shallower
depth.
2. At the outset of each week, all unspent funds in team accounts will be removed.
Note: For the purposes of giving and taking these monies, the beginning of the
week is defined at 12:00 noon on the day before the first lab section of the
week (usually Monday or Tuesday).
3. Funds in the instructor's account (the QUAD GODS, Team #19) form a reserve
fund that can be used by any team, on approval of the instructor. Teams
wishing to use reserve funds must complete a Grant Request Form and submit
it to the instructor for approval. The following information must be included in
a proposal to use reserve funds:
a) Location and depth of the proposed hole.
b) Estimated cost of the proposed hole.
c) Your reason for wanting to drill this particular hole.
Note: Your reason should have a geological basis.
d) Your anticipated results with respect to nearby wells or sections.
4. Previously drilled holes may be deepened to a maximum depth of 25,000 feet,
but only by the team which drilled the well originally. That is, you cannot
deepen someone else's well. Deepening a well entails additional costs; the cost
is $25,000 to reoccupy the site plus the cost difference between a well of the
new depth and a well of the original depth.
5. Each team has private, confidential access to their own well data for two weeks
following the respective drilling dates, after which period the data become
available to all teams at a reduced cost of $5 per foot drilled. This copying fee
does not go to the team who drilled the well.
6. These provisions for confidentiality are provided for those who wish to carry
out their investigations privately, or wish to negotiate trades or sales of data
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with other teams. There is absolutely no requirement that anyone keep their
data confidential; nor is there any expectation that they must share it. These
questions are to be resolved entirely at your own discretion. If actual sales are
negotiated, the instructor is happy upon request to transfer the funds between
accounts.
7. Well costs are determined as follows:
Location costs are normally $50,000. When reoccupying a drillsite for the
purposes of deepening a hole, location costs are halved, since site preparation
has already been done and moving the drill rig is all that is required.
Drilling costs are equal to $3,000 times the square of 1/1000th of the depth of
the hole in feet. This means that deep wells are significantly more expensive
than shallow wells. You may get cost estimates for holes of different depth by
using the cost option provided on your team’s Quad page.

IV.

How to use the Quaker Quad simulation

Your investigation of the Quaker
Quadrangle requires that you
use the assumptions and basic
principles
of
geology
to
interpret data. The simulation
only provides the data, and all
interpretation is left up to you.
Your selection of additional
drillsites should always be
guided
by
your
current
interpretations.
At right is the team listing
screen, where you choose your
team and start the log-in
process.
Log in procedure: Use any Internet-capable device. Open a web browser. Go to the
QQuad web address: http://guilfordgeo.com/quad
Click on your team's Login button, enter your password, and log into the system.
Taking actions - Once you’re logged in, the Quaker Quadrangle team page includes
many options. All the wells your team has access to will be listed on the team screen
(see below), and you can click on the well number to see the well data. You can also
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see all your wells on the map at the right side; each well marker on the map links to
the well in question also, so you can click on them too.

In addition to the wells, there are buttons you can click to take actions. These are
described below.
Price a Well - Click this button to see how much a
given well depth will cost.
Drill a Well - Click this button to drill a new well in
the Quadrangle. This will produce a screen like the
one shown at right.
Enter the data requested as follows:


Tier: pick the Tier number of the township you
have selected.



Range: pick the Range number of your township



Section: enter the number of one of the 36
sections of land in a township (e.g., "24")



Quarter-Quarter: enter one of the sixteen 40-acre tracts found in a section (square
mile) of land.



Total Depth: enter the depth to which you wish to drill (e.,g., "2000"). Note: Do not
use commas in your depth numbers. Wells must be at least 1000 feet deep but
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may not go more than 25,000 feet beneath the surface. Keep in mind that deep
wells cost more per foot to drill than shallow ones.


Surface Elevation: enter the surface elevation of the wellsite you have chosen (e.g.,
"3985").
You must obtain this value by reading the Quaker Quadrangle
topographic base map.

Note: One expectation of the Quaker Quadrangle laboratory exercise is that students
will learn how to read (and eventually to draw) contoured maps. Accuracy is the
responsibility of the student, and is not particularly difficult to achieve with a little
practice and some attention to detail. All elevations will be checked periodically. If
the elevation is off by one or more contours a substantial fine will be levied.
Normally this fine will be $100,000. Please Beware!!
Once you've submitted your well drilling request, the well will be drilled, the report
displayed, the cost deducted, and the well added to your list of wells available from
your team screen. You may wish to make a printout of the well report at this time if
your team is keeping well copies in a binder.
Get a Copy - Click this button to purchase a copy of a well report for a well drilled by
another team. Copies only cost $5 per foot (much cheaper than drilling). The drilling
team gets exclusive rights to the data for two weeks, so copies are only available after
two weeks have passed since the well was drilled.
Deepen and Share – you may deepen one of your existing wells (up to 25,000 feet) or
share a well you own with another team here.
On the Possibility of Errors:
Many errors in your well requests will be prevented by the Quaker Quad software.
Errors in a surface elevation, as read from the topographic base map, are not always
detected by the computer. However, they may be discovered later. Any errors found
will be corrected. After evaluation of an error, a substantial fine may be levied, at the
discretion of the instructor. The minimum fine is normally $100,000.
Scattered errors still remain the data files which are read by the computer, even
though many have been found and corrected in past years. You may find some wells
difficult to interpret when compared with other wells. If you suspect that a well is
erroneous, ask your lab assistant or instructor to investigate.

V.

After Drilling

Once you’ve drilled a well, you can read the well report to see what you found. This
won’t make a lot of sense to you, though, unless you connect the information to your
previous wells and maps. Once you’ve drilled your well, you need to
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Plot your new well data on your maps and on any cross-sections that pass near
it



Correlate your well data with other nearby wells – do the layers match? Are
they the same thickness?



Check the sequence of beds – is this what you expected from other nearby
wells? Are there new layers present? Have some layers gone missing?

After you’ve made a number of cross-sections, you can move further along the path
to understanding the Quad:


Interpret your new well and updated cross-sections – can you figure out what
events have taken place (deposition, erosion, and faulting)?



Determine the areal extent (over what region?) and magnitude (how extensive?)
of these episodes.



Deduce the geologic history of the area.

The big challenge with interpretation, and the methods you’ll use
The problem you’re trying to solve is to unravel a complicated arrangement of several
rock units which occupy a three-dimensional space. Your primary tools, pencil and
paper, require that you work in two dimensions. This means that you will have to
learn two basic techniques, i.e., how to construct (and interpret) Maps (especially
contour maps) and Cross-sections. Most of your work will make use of these
techniques.
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Chapter 3: Useful Information and Techniques
I.

Rocks of the Quad, With Rock Type (Lithology)

Geologists have developed a standard set of abbreviations, symbols, and colors to use
on maps and cross-sections to designate lithology. You should try to use the symbols
and colors listed below in your work on the Quaker Quad – it helps the instructor and
the teaching assistants understand your materials, and it helps you share information
with other groups. The abbreviations, symbols, and colors below are mostly the
standard, but some have been adapted to this investigation with simplicity in mind.
Rock Type

Symbol
Abbreviation
Sedimentary Rocks

Limestone

Map color

(ls.)

blue

Chalk

(ch.)

light blue, often
with bricks
or C’s

Shale

(sh.)

green

Sandstone

(ss.)

yellow

Sandstone and shale,
interbedded sequence

(ss. and sh.)

gray

Shale with sandstone
lenses

(sh. w/ ss.
lenses)

gray with yellow
dots

Redbeds

(rb.)

red

Pyroclastics

(py.)

black with dots

Basalt

(bs.)

solid black

Granite

(gr.)

orange

Igneous Rocks

Metamorphic Rocks
Schist

(sc.)
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brown

II.

Locations and Coordinates

The Quaker Quadrangle is divided according to the Congressional System of Land
Survey, the system used in most mid-western and western states. This system dates
to 1785, and it can be kind of confusing at first.

The units of this system are as follows:
A tier is a six-mile wide strip of land extending east-west.
A range is a six-mile wide strip of land extending north-south.
A township is formed by the intersection of a tier and range. Since the tiers and
ranges are numbered in sequence (starting from some reference line and counted
north, south, east, or west, as appropriate) each township can be uniquely identified
by its tier and range numbers.
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A section is a square tract, one mile on a side, containing 640 acres. There are 36
sections in a township.
Each section can be divided into quarters (of 160 acres each) and each quarter can be
further divided into quarters (of 40 acres each). These sixteen 40-acre tracts are
known as quarter-quarters.
Your Quaker Quadrangle map has the tiers, ranges, townships, and sections marked
on it, but not the quarter-quarters. You’ll mark in the tier, range, and township
boundaries on the first day of the Quad project. After that, you can use the diagram
above to get your bearings until you get used to the system.
All of this can be written in a kind of abbreviated shorthand. As an example, suppose
the location of a well is:
T2N, R4E Sect. 8 SESW
This should be read as "the southeast quarter of the southwest quarter of section 8 in
Tier 2 North, Range 4 East." All proposed well locations in the Quaker Quadrangle
must be in the center of a quarter-quarter section.

III.

Describing and Mapping Rock Units

Much of your work in the Quad project will be figuring out the positions and
orientations of rock units. Some different qualities to keep in mind are listed here.
Elevation of Rock Units
Elevations of the tops of rock units should be in feet above or below sea level.
Because sea level is defined as zero elevation, elevations above sea level are positive
numbers while elevations below sea level are negative. The elevation of any given
rock unit can be computed by subtracting the drilled depth of the rock unit from the
ground surface elevation of the well.
Thickness of Rock Units
Thickness of rock units should be in feet and can be obtained directly from the well
report. You can also determine it by subtracting the drilled depth of the top of the
unit from the drilled depth of the bottom of the unit, which is either the top of the
next lower unit or the bottom of the hole it the unit has not been fully penetrated.
Structural Attitude
Rock layers or surfaces, may be horizontal, but more often they are tilted. Whether
or surface is horizontal or tilted, its orientation in space can be described. This
description is called its structural attitude, and includes two measurements, strike
and dip.
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Strike is the direction of any horizontal line contained in a surface. For example, if a
rock layer is exposed at the surface, the direction it
heads is the strike.
If the surface is horizontal there is not strike since
horizontal lines in the surface may be oriented in
an infinite number of directions. However, if the
surface is inclined, all the horizontal lines in the
surface must be oriented identically. This direction
is the strike. Strike is measured, as a compass
direction, in degrees from North.
Dip is the amount of inclination of the rock layer
on surface. When the surface is horizontal, the dip
is 0º. When the surface is vertical the dip is 90º.
Dip is always measured in a direction at right
angles to the strike. Also, the dip measurement is
the angle between horizontal and the top of the
bed. If the rock unit has been tilted past vertical
(overturned) then the dip will be more than 90º.

Block model showing strike on top and
apparent dip on front side. Apparent dip
is always less than the true dip; the
steepest dip (true dip) is perpendicular to
strike.

Deformations and Structures
Folds occur when rock layers are bent
and no longer have simple plane
surfaces.
Anticlines are upward, n-shaped folds.
Synclines are downward, U-shaped-folds.
Anticlines and synclines are often
paired, but not always.
Folds are like wrinkles in a rug. The
crest or trough of the wrinkle has a direction (strike). This is called the fold axis.
If the crest or trough is not horizontal, that is, the crest or trough loses elevation
along the fold axis, this direction is called the plunge of the fold.
Faults occur when rock layers break.
Faults may be vertical, but usually are
inclined. Like rock layers, a fault surface
may be described by its strike and dip.
A fault separates the rock into two blocks.
The block which rests above the fault is
called the hanging wall (HW). The block
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below the fault is called the footwall (FW).
Normal faults (gravity faults) occur when the hanging wall moves down relative to the
footwall. (Hanging wall is downthrown). They make the rock sequence thinner.
Reverse faults (thrust faults) occur when the hanging wall moves upward relative to
the footwall. (Hanging wall is upthrown). They make the sequence thicker.
Structure Symbols
There are a number of symbols geologists use to map features. Your maps will be far
easier to read (and your interpretations easier to make) if you are able to use these
symbols in your maps of the Quaker Quadrangle. Here are some common symbols:

Symbol

Explanation
Strike (direction of long bar) and dip (direction of short bar and
angle in degrees from horizontal). In this case, the beds are
dipping 30 degrees toward the southeast.
Strike and dip of overturned beds (in this case, the beds are
upside down and dipping 2 degrees toward the southeast)
Horizontal beds

Vertical beds
Anticlinal axis, showing direction of plunge (east).
Synclinal axis, showing direction of plunge (east).
U

D

Fault, showing upthrown and downthrown blocks.
Reverse or thrust fault. The teeth point into the overriding
sheet (the part pushing up and over what’s underneath). In this
case, the side on the north is moving up and over the side on the
south.
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IV.

Basic Components of Maps

You’ll be using and creating a number of maps over the course of the semester. The
following features are common to all types of maps.
Scale is the translation between the distance on the map and the actual distance on
ground. Scale can be expressed three ways.
Verbal Scale:

1 inch = 4000 feet.

Graphic Scale:
Ratio Scale:

1:48,000 or 1/48,000

All three of the above examples express the same scale, which is the scale of the
Quaker Quadrangle base map.
Coordinate System: Some maps use latitude and longitude to locate map features in
the two horizontal dimensions. In the case of the Quaker Quad, we use the
Congressional System of Land Survey, which is described earlier in this chapter.
Contours are lines used to show map features in a third dimension. This is usually
elevation, but you can also use contours to represent other quantities such as
thickness or depth.
On any map, contours are lines which pass through points of equal value. On
topographic maps, where elevation is contoured, a given contour passes through
points which have the same ground surface elevation.
Contour interval is the vertical distance between contours (or the change in the
variable being mapped, such as layer thickness). In most cases the value of the
contour interval remains constant over the entire area covered by a single map,
regardless of the value of the contours themselves. On the Quaker Quadrangle
basemap, the contour interval equals 100 feet of elevation.
Contour spacing is the horizontal distance on the map between contours of different
value. The more contours there are within a given distance on the map, the more the
elevation (or other mapped quantity) changes, so the steeper that region is. Closely
spaced contours on a topographic map indicate a relatively steep ground surface.
Widely spaced contours indicate a relatively gentle slope.
Contour Tips


Contours do not ever cross, because you can’t have the ground be two different
elevations at the same place. The only exception would be overhanging cliffs,
which luckily do not exist in the Quad area.
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Contours do not ever branch or divide. It can sometimes look like they cross or
branch if they get closely spaced in a steep area, but they can’t – it’s not
mathematically possible (except with caves or overhangs, as above).



Contours do not ever just stop. Sooner or later every contour line must close, i.e.
join itself so as to encircle an area. Often, the point where a contour line connects
back to itself won’t be shown on your map, so in practice, this means that
contours on your map must either form a loop or go off the edge of the map. No
other behavior is possible.



Contours are never skipped. If one contour is at 200 feet and another is at 400
feet, there must be a 300-foot contour between them – you can’t get from 200 to
400 without crossing 300.



When going uphill, contour values are successively higher in multiples of the
contour interval (e.g. 200, 300, 400, 500).



When going downhill contour values are successively lower in multiples of the
contour interval (e.g. 1100, 1000, 900, 800).



When the slope reverses from uphill to downhill (or vice versa) then the contour
value is repeated – you cross it once going uphill and once going downhill (e.g.
300, 400, 500, 600, 600, 500, 400 – in this case, the top of the hill or ridge would
be somewhere in the 600’s, like 630).



Contours bend upstream in valleys and they cross streams at right angles. When
they make V’s, the V’s point upstream.



Contours close around hills and around depressions. In the case of closed
depressions, contour lines have short tick marks pointing downslope toward the
center of the basin.

The above rules and tips are written for application to topographic contour maps, but
are readily applied to all contour maps. Be sure you understand this – examine your
contour map and look how the contours behave. They will all follow these rules.
Familiarity with reading and drawing contour maps can only be gained through
practice. There will be ample opportunity for this during your investigation of the
Quaker Quadrangle.
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V.

Types of Maps

Map Types


Contour Maps (three dimensional data displayed by lines)
o Topographic Maps show the elevation of the ground surface above sea level.
o Structural Maps shows the elevation above sea level of the surface of a rock
layer. This surface is often called a horizon. (Example: "The mapping
horizon is the top of Dana limestone.")
o Fault Plane Maps show the elevation above sea level of the surface of a fault.
o Isopach Maps show the thickness of a given rock unit. Putting this another
way, an isopach map shows the height of the upper surface of the rock unit
above its lower surface.



Areal Maps (two-dimensional region data displayed by colored or shaded areas).
Sometimes these are called "flat maps."
o Geologic Maps (outcrop map; bedrock map) show the distribution of rock
surface, not counting soil and weathered material.
o Paleogeologic Maps are geologic maps (showing the distribution of rocks at
the Earth's surface) for a time in the past. If they show a buried erosional
surface (i.e., a map of the rocks truncated by an unconformity), they are
called subcrop maps.
o Paleogeographic Maps show the geography (the distribution of land, water,
and various environments) of the earth's surface at some past time. Usually
this is a map based on a time stratigraphic unit – that is, a rock unit
deposited all at the same time.

The following partial map of the Grand Canyon, prepared by George Billingsley for
the USGS in 2000, has elevations (contours) and geology (colored regions), so it is
both a contour and an areal map.
Map and cross-section from:
George H. Billingley, 2000. Geologic Map of the Grand Canyon 30' x 60' Quadrangle, Coconino and
Mohave Counties, Northwestern Arizona, U.S. Geological Survey Geologic Investigations Series I-2688,
at http://pubs.usgs.gov/imap/i-2688/
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Map construction
You’ll be making many different maps of the Quaker Quad region which show
different aspects of the rocks present. The starting point for all of these is the same,
though.
Start by placing a sheet of tracing paper over your topographic base map. Mark the
corners of the Quad region and a north-pointing arrow on your tracing paper so that
you can tell if the overlay slips. Most often, you’ll be using data from your wells,
which you should plot on your base map every time you drill one or copy one from
another team.
For a contour map:


Mark the data points (well locations) with small dots and write the value to be
contoured nearby (depths, elevations, or thicknesses from the well) with small
letters or numbers.



Remove the tracing paper overlay and then check your data points.
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o If you see big empty spaces with no labels, you’ll likely need to fill in
these empty spaces with more data. Look for wells you can copy that are
located in these regions, or drill a new well to fill in the gaps.
o If you see numbers that make no sense together (for example, wildly
different elevations for the same layer in the same area) then check your
wells to see what’s going on – it’s possible you’ve made an error, or it’s
possible that the layer you’re mapping exists at two different depths in
your well. In either case, you’ll need to figure out how to proceed. You
may elect to contour different regions of your map in different ways or in
different colors if they represent different occurrences of a layer.


Pick a contour interval. You want an interval that’s useful to show detail but
which won’t require you to do endless (and pointless) drawing of contour lines.
Choosing a very large contour interval to start with and then adding contours
in between is a good way to get to a useful and clear map.



Draw contours between your data points. This is a complex process; we’ll
demonstrate in lab and do a sample laboratory exercise to help you get used to
how to do this well.



Make sure to draw your contours lightly in pencil at first, and get them
checked by an instructor before you do too much work.



Sometimes, it can be helpful to use colored regions or colored contours in your
contour maps to represent different unit exposures or different elevation or
thickness value ranges.

For your geologic map, the process is similar:


Start with your well tops. Mark the tops of your wells as boxes at the
appropriate quarter-quarter locations in the standard colors on your tracing
paper.



Next, mark your important cross-section lines on the geologic map, ideally
using appropriate labels, e.g. A-A’, B-B’, C-C’, etc.



Next, go to other groups and see if they’ll let you copy their well tops.
Historically, most groups have been willing to do this, but you may find that
they are not (or you may want to keep yours secret as well).



Next, lay your cross-sections across your new geologic map. The top line across
your cross-section represents the ground surface, so you should be able to
draw in the surface geology and layer boundaries on your geologic map along
the line of your cross-section. Shade the appropriate rock unit colors and
boundaries lightly along the cross-section lines. If there are any structures
you’ve proposed that reach the surface (e.g. faults, folds, or erosional surfaces)
make sure to copy them to your map as well.
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Check for errors or puzzles:
o If certain well tops don’t seem to fit with or agree with the surrounding
wells or with your cross-sections, you might want to check those wells
o If the wells all check out, you may need to check the interpretation on
your cross-sections – remember, the wells are real data, but your crosssections are inferred or guessed, so the well data should take precedence.
o If you have big empty areas, you may need to look for a well to copy (or
to drill) to fill in your empty spots.



Next, look at your cross-sections. They should reflect the structure of the
underground rock units. Compare them to the colored parts of your geologic
map. Do those rock units exposed at the surface make sense? Do they agree
with your cross-sections and with your interpretation of the stratigraphic
column?



Finally, when you think you have enough information and have it figured out as
best you can, start drawing in boundaries between rock units on the map. Take
into account your well tops, your cross-sections, any structures you think are
present, the topography and weathering patterns of the Quad area, and all
other information you’ve learned.



Remember, you may end up redrawing your geologic map if you find new
information or change your interpretation. Don’t spend a lot of time coloring it
in completely until you’re sure it’s your final version.

Important Tip! One of the most useful and important maps you’ll make in the
Quaker Quadrangle Project is the geologic map showing the rocks exposed at
the surface. To help you collect the information you’ll need to construct this
map, every time you drill a well, mark the rock unit of the top layer on your
topographic map using the color codes we set above. This way, you’ll know
what rocks are at the surface everywhere.
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VI.

Cross-sections

Cross-sections represent a side view of the rocks present in an area, from the surface
down to as deep as the data support. Below is a cross-section from the same
publication as the Grand Canyon map above.

Scale: One of the most important parts of a cross-section is the scale. There are two
scales that must be considered in each cross-section:
o Horizontal scale, which is usually set to be equal to the scale of the geologic
map from which they are made.
o Vertical scale, which may be equal to the horizontal scale, but which
sometimes is different to show particular details or concepts.
Cross-sections that have equal horizontal and vertical scale are called true scale
cross-sections. Cross-sections that have unequal scales are called exaggerated crosssections. Commonly in this case, the vertical scale is stretched relative to the
horizontal, and the cross-section is called vertically exaggerated. This is sometimes
done to show changes in thickness or structures which would be impossible to see at
true scale. The label on a cross-section should mention both scales and indicate the
amount of vertical exaggeration, if any.
It is technically possible to make a horizontally exaggerated cross-section, but this is
impractical in geologic work and is never used.
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All or nearly all of your cross-sections for the Quaker Quad project will be true scale
cross-sections with a scale of 1” = 4000 feet.
Source Data: When making a cross-section, you can use many different data sources.
Topographic maps, geologic maps, and vertical features such as drill holes or cliff
faces can all provide valuable information. Topographic maps, geologic maps, and
structure maps generally provide information that is displayed horizontally across
the profile, while well data, cliff faces, and other vertical features provide information
that is displayed vertically down the profile.
Construction: The following steps will produce a good cross-section for your Quaker
Quadrangle homework:
1. Choose a line on your map along which to draw
your cross-section. You can make a cross-section
along any line, but look for the following:

A

o Try to draw your line along or across an
interesting area or feature
o Try to draw your line near where you have
existing well data (or where you intend to drill
future wells). Drawing your line such that it
passes through (or at least close by) your
wells will give you more data to plot.

A’

o If possible, try to have your new cross-section
cross other cross-sections you’ve made
previously. This allows you to check your
interpretation between the cross-sections at
the point where they meet.
Mark the start and end of your cross-section on
the map. Tradition is to label your cross-section
endpoints with matching letters, the second one
with an apostrophe. So, you’d label one end A
and the other end A’. The A with the apostrophe is called “A prime” when
discussing it verbally. Your next cross-section would run from B to B’, then C to
C’, and so on, each marked on your map.
2. Draw a correct vertical elevation scale on your cross-section. This is much easier
than it may sound, because:
o The graph paper we provide has eight squares per inch
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o The horizontal scale of the Quad basemap is
1” = 4000 feet.
o All of your cross-sections should be true
scale, unless you have a reason to vertically
exaggerate them to show detail.
o For true scale cross-sections, vertical scale
equals horizontal scale, so the vertical scale
will also be 1” = 4000 feet.
o At eight squares per inch, 4000 feet per
inch, you end up with 500 feet per little
square on the paper, and 4000 feet per big
square. So, your scale could look something
like what’s shown at the right, depending on
where you start and how much detail you
want to show.
3. Lie your cross-section paper down on the map and mark your two endpoints (e.g.
A and A’) on the cross-section.
4. Draw a topographic profile (a line representing the ground surface) on your crosssection. This is basically just a graph of the surface elevation of the area you’re
mapping along the line of the cross-section. You can read the elevations off the
contour lines that cross your section line and then plot them where they cross on
your cross-section paper.
This process might look
something like the sketch at
right. Of course, you could
add more elevation marks if
there was more detail you
needed to capture, and you’d
want to go the whole way
along your profile.
5. Once
you’ve
got
the
topographic profile drawn, you can add other data sources to it. For example:
o If you have wells along the section (and hopefully you do), you can mark
their position along the section (or at the point where the section comes
closest to the well location, if the line doesn’t pass through the well). Then,
draw the information from the well in at the appropriate depth/elevation on
the section.
First, draw vertical lines for the sides of the well and label your well.
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Second, draw horizontal lines across the well at the depths or elevations
where the rock unit boundaries
lie.
Third, color in the wells with the
appropriate rock type color from
the table back at the start of this
chapter.
At right, we have an example
section with two wells plotted,
wells 2-1 and 2-5.
You may have other information to add
to the section. For example:
o If you have your geologic map of
the area filled in here, you can
add colors to the area along the
topographic profile at the top
showing the rock types present
there and where you think they
cross the section line
o If you have structure maps in the
area, you can sketch in your
bedding contacts, faults, or other
structures at the appropriate depth along your section line
o If another cross-section crosses this one, you can mark the point where they
cross and (if appropriate) copy your interpretation from the other crosssection to this one.
6. Once you’ve gotten your wells and any other information plotted on your section,
you can try interpreting the section by lightly drawing and shading connections
between the layers you’ve found in your wells. Some tips:
o Remember, your wells are factual, accurate, real data (assuming you’ve
plotted them correctly). Your interpretation of the surrounding rocks is
guesswork – hopefully good guesswork, but still guesswork. To reflect this,
we suggest you color lightly in the areas between wells where you’re
guessing. This means you can correct errors more easily if you change your
mind, and it also means you can tell easily what’s real (the wells) and what’s
interpretation.
o It’s not a great idea to connect layers across large empty distances – there
may be lots of interesting things going on in your section area that you miss
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by blindly connecting layers. If you have a big empty space, it’s OK to leave
it empty and try adding a well there later on to fill in the gap.
o Real rock units nearly never connect in straight lines, and they also nearly
never connect in awkward kinked segments between wells. You can use a
little bit of common sense when interpreting your boundaries.
o Remember your stratigraphic principles. For example, try not to do things
like changing rock unit order, changing the thickness, or having rock units
just end blindly. If your interpretation looks really weird, it may be wrong,
and you may need new data or help from an instructor to figure out how to
interpret things more realistically.
Our example section is shown below with a possible interpretation added. This is a
somewhat dangerous interpretation, because it’s based on only two wells, but it
seems as though it may fit the data we have. Note that you can already tell a couple
things
about
the
surface geology from
this interpretation –
the
top
layer
is
present in both wells,
but we’re guessing
that it will end just to
the right of Well 2-5,
and then the second
layer will be at the
surface. We also have
learned
that
the
layers may be dipping
down to the left along
our
section
line.
Pretty neat, eh?
One final note: It’s
permissible (and not
totally uncommon) to
have a cross-section
that has a kink or
dog-leg in it. You
may need to do this
depending on where
your wells are located.
Just make sure you
mark it appropriately
both on your map and
on the cross-section.

25

Chapter 4: Concepts
VII. Thinking about Thinking
Observation and Inference
Science, and especially a historical science like geology, can be boiled down to two
basic concepts: Observation and Inference. Observation means looking at the world,
measuring things, writing them down, collecting data. Observation makes no guesses
about meaning or mechanisms. These guesses are inference.
We observe that the sky is blue.

We observe a rock formation that shows
features that look strikingly like a tree (i.e.
petrified wood).

We observe (in a laboratory) that the gases that
make up the atmosphere scatter and deflect
blue light more than other wavelengths.

We could infer that in the past, trees used to be
made out of stone rather than wood.

We infer that the sky is blue because the blue
parts of the sunlight are deflected all over the
atmosphere and thus appear to come from
everywhere, while the shorter wavelengths just
come directly to us from the sun.

Or, we could infer that the wood in the tree has
been replaced by stone after the tree died.
Either is a possible explanation for what we
have observed, but one is more likely.

The Scientific Method
These are common-sense concepts that apply to much more than science. When
doing scientific work, we often expand this into what’s known as the Scientific
Method. This method works very well to produce reproducible, unbiased, factual
work, which is the goal of scientific research. But the method is, of course, only one
way of acquiring knowledge – there are other ways which are equally valid and even
better suited to some types of questions.
The distinguishing features of the scientific method are its great reliance on
quantitative measurement, logic, and statistical inference. It is also a circular or
iterative process – a hypothesis is tested, which leads to improvement or alteration of
the hypothesis, which then needs further testing, and so on. Here are some basic
steps of the method:
1. Observation – What can you, the scientist, perceive about the world? This can
include experience, measurement, and simple facts. In the case of the Quaker
Quadrangle, your observations will likely come from the topographic map, the
wells you drill, and also what you know about rocks, layers, and topography from
your experience in the real world. The key here, though, is that you are merely
collecting information. For many scientific projects, this step can be very
quantitative; for the Quad, it often but not always is so.
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2. Hypothesis – Based on what you have observed, what suppositions can you make
about how and why it came to be how it is? There is no definite method for
forming a hypothesis; often, it comes from logical thinking about specific
observations or data; other times, it can be built upon the work of other thinkers
and scientists; other times, it can be a sudden realization seemingly out of the blue
– the Eureka process, if you will. In the Quad you might hypothesize the presence
of a fault or erosional surface.
3. Testing and experimenting – Take your hypothesis out for a test drive. To do
this, you need to predict something unknown but testable that follows from your
hypothesis, and then collect more data and measurements to see if your prediction
came through. In geologic research, it is common to “postdict” events from
hypotheses rather than predicting them. This just means that the predicted event,
if real, has already happened and lies buried in the geologic record; your
“experiment” in this case is to look for evidence that it occurred.
4. Verification and reevaluation – If your hypothesis seems to fit your further
observations and experiments, then you’ve verified it, at least initially. If not, then
no matter how much you liked your hypothesis, you need to abandon it and go
looking for a different hypothesis that fits all your observations and data, old and
new.
If your hypothesis seems to work, then think of ways to test it further and refine
your understanding. If it doesn’t, then start the process again.

That’s basic science, and you’ll use the scientific method as you explore through the
Quaker Quadrangle. Your topographic maps and the wells you drill are your
observations, while your cross-sections and geologic maps are all inferences or
hypotheses. You’ll test your cross-section interpretations by drilling more wells to
test what you’ve predicted, and you’ll test your geologic map by comparing it to your
cross-sections and to the work of other students. Then, you’ll layer still more
inference and hypotheses on top of this work as you construct a detailed geologic
history of the region.
Geologic fundamentals
Geology has some particular concepts and ideas which are helpful in interpreting
geologic outcrops and understanding history.
Uniformitarianism is often stated in geology textbooks this way: “The present is the
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key to the past.” What this means to geologists is that we can understand what has
gone on in earlier times by using what we know about the present world to explain
what we see in the past. For example, we can see carbonate sediments forming from
shells and reefs in shallow warm seas today. We also see limestone (made from
carbonate sediments) in the side walls of the Grand Canyon. Therefore, if we’re
uniformitarianists, we suppose that the area where the Grand Canyon now is was
once a shallow warm sea. If we’re not uniformitarianists, we might believe that this
limestone was left behind when an ancient limey ocean completely evaporated, or was
placed there by mysterious beings now vanished, or by the will of a deity, or by some
other process (or magic) which we cannot observe and which does not exist today.
So, when you’re interpreting how things work in the Quad, make sure you think about
how the present-day Earth works – the processes are likely similar, and the features
you’re seeing in the Quad can be explained in the same way.
Stratigraphic Principles
From Nicholas Steno (and from simple logic) we get the principles of stratigraphy,
which underlie our understanding of how sequences of rock layers form. Here are
some basic concepts:


Superposition: Layers are deposited from the bottom up. The oldest layers are at
the bottom of an undisturbed section and the youngest at the top.



Original horizontality: Sedimentary rock layers (and some volcanic deposits) are
deposited horizontally. If they’re not horizontal now, they must have moved since
they were formed.



Lateral continuity: With very few exceptions, sedimentary layers fill the basins in
which they’re deposited without breaks or gaps. This means that if you see a layer
continue for a while and then stop, you’ve either come to the edge of the basin
where it formed, or more likely, it has been truncated, eroded, or deformed since it
was deposited.



Cross-cutting relationships: If one layer, horizon, fault, or other structure cuts or
truncates another feature, it must be younger than the feature it is cutting.

Teamwork
Another key concept to keep in mind with this project, though not a scientific one, is
how to work with a team. Communication is key. Consult with one another. Decide
what questions your team wants to answer and how each team member can
contribute to this. Divide up the work. You may work singly or in small groups,
depending on the task, but be sure you know what you are doing and why. Although
individual team members may come to prefer certain types of work over others,
everyone should build cross-sections, drill wells, and attempt to contour at least one
map before the semester is over.
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Chapter 5: Exercises
In the following section, we provide copies of various exercises we may assign weekto-week during labs. They all focus on particular geologic concepts of use to
students. They are each given an assignment code presented in the upper right
corner that looks like this:
Exercise

FA
It’s possible that not all of these exercises will be required to be turned in this
semester. You are still free to complete them on your own if you wish. It is also
possible that other exercises or tasks will be assigned during lab, so be prepared and
pay attention.
These exercises are meant as supplemental activities and should not take the whole
lab period. This means that if an exercise is assigned during lab, you should also
continue work on the Quad project, drilling wells, making cross-sections and maps,
and working toward your final goal of understanding the Quad’s history.
These exercises are printed out on separate sheets so that you can separate them out
and turn them in if required.


Exercise 3D: 3D-Visualization Activity



Exercise RM: Rocks and Minerals Activity



Exercise FA: Fault Activity



Exercise CO: Contouring Activity



Exercise WU: Final Writeup Guide
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Geo 122 Lab Activity

Name:

3D Visualization of the Quaker
Quadrangle

Exercise

3D

Today in lab, your team should complete the
3-D visualization exercise below. You can turn
in one set of images for your whole team, but
make sure you all get a chance to play with the
software.

6) The second item under “Base Heights” is
“Obtain heights for layer from surface” –
that’s what we want. Click on the open file
icon to the right of that item, and pick the
quadmapbw.bmp data set. Click OK.

We’ll work with ArcScene – the 3D visualization
software provided with ArcGIS. The data set
we’ll use has two components. One is a color
bitmap image which uses color to represent
elevation. In this case, the blue colors are low
elevations, and the red colors are high
elevations. The other data component is a
grayscale bitmap which we use to map the
elevations.

7) Your colored map should now be draped
over the elevations calculated from the
black and white image file. Have a look at
it - the vertical scale is wrong; this
stretches everything out vertically, making
the valley too deep and the mountains and
hills too tall.

You’ll need to use one of the computers in lab.
Complete the following steps:
1) Download the data files from here:
http://guilfordgeo.com/geo122/QQuad3D.zip
2) Extract the files from the zipped archive
you’ve downloaded. Put them in in a
directory you can access, but not the
desktop. Open both the quadmap.bmp and
quadmapbw.bmp data sets to look at the
files – they’re simple images.
3) Run ArcScene – this is under StartAll
ProgramsArcGIS

8) To fix the scale, go back to the Base
Heights panel, and change the Z-Unit
Conversion item from 1.0 to 0.08. This
should get your quad map roughly to true
scale, with no vertical exaggeration.
9) Fly around the Quad to get
familiar with the data.
There are a number of little
icons at the top that control
the camera in different ways
– experiment with those.
The mouse wheel is often
used for zooming – it can be
a little tricky.
10)Create the three images shown on the next
page. To create image files from your
scene, pick “Export Scene2D” under the
File menu. Choose a JPG file format, and
save your image somewhere you can find
it. When you’re done with all three, attach
them to an e-mail them as attachments and
send them to the instructor, making sure to
indicate your team name.

4) Use the Add Data icon (a plus sign) to add
the data set quadmap.bmp – you should
see a colored image of the Quaker Quad,
but it will be flat at this point. We need to
add elevations.
5) Click with your right mouse button on the
quadmap.bmp data set. A complicated
dialog comes up. Click on the “Base
Heights” tab to set the elevations.
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Exercise

3D

Image #1 – a view of the mountains.

Image #3 – Change the vertical exaggeration
to 10x (that’s a Z unit scale of 0.8), and create
an image of the whole quad showing the
elevation features.

Image #2 – a view looking up the valley
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Exercise

Rocks of the Quaker Quadrangle

Name: _________________________

RM

Assignment:
Complete this worksheet (each student) by looking at the rock samples provided. Here is a
summary of various types of rocks you might find in the quad region or elsewhere. The rocks that
are common in the Quad region are labeled in bold with asterisks – e.g. *GRANITE*
Igneous Rocks: Igneous Rocks form from melted rock.
mineral content, and color.

Their key properties are crystal size,



Crystal size – The more quickly the rock cools from the molten state, the less time crystals
have to grow, and the smaller they will be. In very quickly-cooling rocks (called volcanic
rocks), such as volcanic rocks, the crystals can be impossible to see with the naked eye. These
rocks may also contain bubbles (vesicles), earlier-forming crystals (phenocrysts) or chunks of
ash or rock fragments from an explosion. In slow-cooling rocks (called plutonic rocks), there
are usually lots of coarse, visible crystals.



Mineral content – there can be many different combinations of minerals in various igneous
rocks, but they tend to vary between two common types. Igneous rocks that have less dense,
low-melting-point minerals are called felsic rocks and make up much of continental crust.
Igneous rocks that have more dense, high-melting-point minerals are called mafic rocks, and
they are common in oceanic crust (but are also found on continents)



Color – for amateur geologists, there is a useful relationship between mafic and felsic
compositions and color. Mafic rocks tend to be darker in color, with gray, black, and
sometimes green minerals, while felsic rocks tend to be lighter in color, with pink, white, and
gray minerals with some occasional black flecks.

Here’s a chart that lays out a quick way to identify igneous rocks:

Composition:
Quartz content

Coarse-grained
(slow cooling)
(PLUTONIC)
Fine-grained
(fast cooling)
(VOLCANIC)

Felsic
10-20% quartz, pink and
white feldspar, ~10% black
mafic minerals

Intermediate
<10% quartz, more white
and gray feldspar than pink,
25-40% black mafic
minerals

Mafic
No quartz, only white-togray feldspar, ~50% black
mafic minerals; looks dark
gray to black when fine
grained

*GRANITE*

DIORITE

GABBRO

RHYOLITE

ANDESITE

*BASALT*

Pyroclastic rocks (or *PYROCLASTICS*) are igneous rocks formed by explosive volcanism. They are
found very rarely in the Quad region and never at the surface..They often contain bits of ash, rock
fragments, and volcanic glass. Pyroclastic rocks normally have felsic compositions.
Sedimentary Rocks: Sedimentary rocks are formed from components of other rocks, either physical
bits (which form clastic rocks, like sandstone or shale) or dissolved chemicals (which form chemical
and biochemical sedimentary rocks, like limestone, chalk, gypsum, and rock salt). The following
table has some identifying characteristics of these various types of sedimentary rocks.
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Exercise

Clastic Sedimentary Rocks
Grain size
Rock Name
Coarse:
CONGLOMERATE
> 2 mm
BRECCIA
Medium:
*SANDSTONE*
1/16 – 2 mm ARKOSE
GRAYWACKE
Fine:
SILTSTONE
< 1/16 mm
*SHALE*

Comments/Composition
Rounded large rock fragments (BB-sized or larger)
Angular large rock fragments (BB-sized or larger)
Rough texture; composed of visible small quartz grains
Rough texture; composed of visible quartz & feldspar grains
Rough texture; contains feldspars, dark rock fragments, quartz
slightly coarser particles; gritty when rubbed on teeth.
fine clay & clay-sized particles; not gritty, often splits easily into flakes;
formed of thin layers which can be wavy or rumpled

RM

Generally, the greater the grain size, the more energy the environment has. So, sandstone and
coarser sediments are found where water movement is great, such as a flowing river, a beach, or
near-shore marine environment. Shales and finer sediments are typically found further offshore,
where wave energy and water movement is much less intense or entirely absent. Even so, it is
possible to find shale deposits in river beds or lakes as well.
There are a couple of other types of clastic sedimentary rocks in the Quad that represent a mix of
grain sizes:
*SHALE WITH SANDSTONE LENSES* - shale rock with occasional thin curved bits of sandstone.
Often found in a near-shore environment of moderate to shallow water depth. The lenses can be
formed when ripple marks fill with sandy sediment or by other processes.
*SAND AND SHALE* – a mix of interbedded sandstone and shale layers, often with the two grain
sizes co-mingled. This can be indicative of a near-shore environment with a changing or variable sea
level, or from relatively rapid changes in sediment supply.
Chemical and Biochemical Sedimentary Rocks
Rock name
Composition
Comments
Visible shells and shell fragments, or visible calcite crystals, or very fine-grained
Mainly calcite or
calcite. Biochemical OR chemical (usually biochemical). Typically white, gray,
*LIMESTONE*
aragonite (both CaCO3)
or black. Will fizz when exposed to dilute hydrochloric acid.
Chemical; from precipitation in high wave energy
OOLITE
calcite in little balls
Formed from coccolithophoridae (calcareous plankton) shell pieces. Typically
powdery, fine-grained
white and easily rubbed into powder. Will fizz when exposed to dilute
*CHALK*
calcite
hydrochloric acid.
CHERT

microcrystalline quartz

ROCK SALT
ROCK GYPSUM

halite
gypsum

Usually biochemical; often derived from diatom and radiolarian skeletons.
Very hard, sometimes has conchoidal fracture.
Chemical; evaporate. Tastes extremely salty.
Chemical; evaporate. Very soft (can scratch with fingernail).

Metamorphic Rocks: Metamorphic rocks form when other rocks are altered by heat and pressure.
Because they can form from any other rock type, there is a wide variety of them everywhere.
Although study of metamorphic rocks is of course rewarding and interesting, in the Quaker
Quadrangle, we only have one type of metamorphic rock present, which is schist, so we will limit
our study today to that rock type.
Schist is a metamorphic rock which usually forms from sedimentary rocks like shales. During
metamorphism, the clay in the source rock gradually changes into mica. This has several effects:
Foliation – Micas are sheet silicates which form in thin flexible sheets. When the new
mica crystals grow, they align their sheets perpendicular to the direction in which the rock
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Exercise

is being squeezed. Therefore, these mica grains all line up together. This gives the rock a
layered look. Mica is also shinier than clay. If you see a rock that is shiny and layered, it’s
probably metamorphic.
Wavy layers – When mica forms from clay, some components of the clay minerals
are left out of the mica minerals. These components form into different minerals. Commonly,
aluminum is excluded from the clays, and you frequently find minerals like garnets (which, in
metamorphic rocks, look like reddish-brown ball-shaped blobs). These minerals cause the sheets of
mica to be bent and distorted, which makes the schist layers wavy rather than flat.
So, if you see a rock composed of wavy, shiny layers, often with visible reddish-brown garnet
crystals, it is likely a *SCHIST*.

RM

The exploration party, headed by Major Clewis and Professor Lark, entered the Quaker Quadrangle
from the southeast, traveling upstream along the principal water course. They spent nearly four
days in the map area before leaving to continue their investigation further upstream.
Sample
Number
K

Collected at

Similar rocks seen at

Sec. 34 T2N R4E

SW Sec. 28 T2N R4E in contact
with #RED

RED

SE Sec. 21 T2N R3E

1

NESE Sec. 18 T2N R3E continuous
interbedded sequence of #1 and
#14 to SESE Sec. 12 T2N R2E

13

Sec 22 T5N R3E, thick unit
interbedded with #14

SE Sec. 35 T4N R3E Also saw RED
over K; T5N R3E, second water
gap (going upstream) on the
south side at entrance to the
gap.
Sec. 15 T5N R3E in first water
gap with #14; North end of
second water gap; upstream of
NE Sec. 34 T6N R3E
SW Sec. 33 T6N R3E

14

NW of Sec. 16 T5N R2E unit near a SE Sec. 36 T6N R3E interbedded
thick unit of #1
with #1.

105

Second water gap as one goes
upstream at north end of map.
Sample was between outcrops of
#RED (downstream) and #1
Found in subsurface boreholes by
workers. Not noted at the surface
of the Quaker Quadrangle.
Found a week after leaving the
Quaker Quadrangle, while
traveling upstream
NESW T2N R2E Sec. 16

101-745
8/Duque
C

Rock Names
(fill this out!)

NWSE Sec. 24, T3N R3E

As a geologist, it is your job to identify the rocks. Use the tables and information above to place the
names of the rocks in the blanks next to the appropriate specimen number!
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Name:

Exercise

FA

Geo 122 – Historical Geology
Quaker Quad Faults Exercise
For this exercise, we’ll be considering what happens to rocks when they’re cut and moved around by
faults.

Look at the set of rock layers above. Imagine that there was a normal fault along the black line
indicated, and that the offset along the fault was about as long as the width of three of the layers
(i.e. half the thickness of the section). On the unfinished section below, draw the final arrangement
of these rock units. (7 points)
A

B

C

How would cores taken from wells drilled at the three marked positions (A, B, and C) compare to
each other? (3 points)

Now suppose the fault were a reverse fault with the same offset. Draw how the layers would look,
remembering that rocks generally can’t stick unsupported up into the air. (7 points)
A
B
C

Again, how would cores taken from wells drilled at the three marked positions (A, B, and C) compare
to each other? (3 points)
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Now, imagine that both the faults below are normal faults with the same offset (thickness
of three layers). How would that look? Draw it on the lower diagram below (6 points)
.

Exercise

FA

Would this kind of faulting indicate extension of the region or compression? (2 points)
Is the crust now generally thicker or thinner at the location of the faults? (2 points)
Finally, imagine if the section below were cut by low-angle reverse faults (often called “thrust” faults)
in the positions indicated. How would the resulting section look? (6 points)

Would this kind of faulting indicate extension of the region or compression? (2 points)
Is the crust now generally thicker or thinner at the location of the faults? (2 points)
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Name:
Geology 122 – Quaker Quadrangle Laboratory Exercise

Exercise

CO

Here are a set of data points. The numbers are elevations in feet above sea level at the
locations marked with an X. Contour them by hand at a 100 foot contour interval. (16 points)

(data set borrowed from a structural geology lab exercise by H. Maher at the University of Nebraska at Omaha)
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Exercise

Questions:
1) Assuming these figures are elevations at the surface, what kind of structure or
topography are you looking at? Describe it in conversational terms, the way you’d
describe a landscape to someone. (3 points)

CO

2) Name two different possible processes that could have led to the variations in elevation
you see. (3 points)

3) It turns out that the area mapped here contains a fault. Where do you think that fault
might be? Mark it on the map in a different color from what you used to draw the
contours. (2 points)

4) What if instead of elevations of the ground surface, these numbers represented
thicknesses of a rock layer (like our isopach maps)? What events could have caused
the variations in thickness over the mapped area? (3 points)

5) What if these numbers represented elevations of a buried contact boundary between
two rock units (like our structural maps)? How could that contact come to be at the
different elevations shown? (3 points)
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Guide to preparation of lab reports on the Quaker Quadrangle
Your lab report may take any form you feel adequately illustrates the work you
have done and expresses your understanding of the geology of the Quaker Quad.
There is, however, a more or less standard outline for geologic reports of this
nature.
1.

Exercise

WU

Introduction to the area of study.

Basic facts about the area you’re studying, such as:
-

Brief description of the landscape.

-

Types of landforms and their distribution.

-

Dimensions of principal landforms, including amount of topographic relief.

2.

Stratigraphy.

Description of the rock units in the area of study.
-

Types of rocks
o

Sedimentary rocks

o

Igneous rocks

o

Metamorphic rocks

-

Relative ages of different rock units

-

Distribution of different units in the area

-

Relationship of distribution to topography

-

Thickness of rock units

-

Variation in thickness

-

Geographic distribution of this variation

3.

Structural Geology.

Description of various structural features found in the area of study, including:
-

Faults: location, type, size

-

Folds: location, type, size

-

Unconformities: age relative to rock units, geographic extent

4.

Geologic History.

Interpretation of the sequence of events as they occurred in the area of study; this could
include transgressions, regressions, deposition of different rock units, uplift, subsidence,
faulting, folding, erosion, etc.
Sample questions you could (and should) try to answer:
-

Have the seas transgressed and regressed in this area? How many times?
Which direction did they come from? Which way did they leave?

When?

Exercise

-

Has there been faulting in the area? What kind? How much? What age?

-

Has there been folding? What age?

-

Are there unconformities? What age?

-

What kind of plate tectonic events (e.g. orogenies, collisions, rifts) could have produced
the deposits you see here?

WU

5.
Illustrations.
You may prepare as many illustrations (and as many types) as you feel are helpful, but the
minimum should be:
-

a geologic map of the surface.

-

a structural map on a horizon of your choice.

-

an isopach map on a unit of your choice.

-

at least one isopach or structural map for each team member, plus the geologic map

-

Cross-sections: You will need cross-sections to support your report. There is no need
to submit all the sections you have prepared. Indeed, most of your sections should be
work sheets that are not precisely drawn nor "prettied up." By the time report writing
is in progress you should know which sections will best illustrate and support your
conclusions. Make sure these are carefully drawn and labeled clearly.

General Notes:
 You should be able to support your conclusions with evidence. The best source of
evidence will be the maps and cross-sections you have made. Include these in your report
and refer the them. Remember that good illustrations need to be adequately labeled.
 There is no set length for your written work. However, typical efforts are usually on the
order of 10-20 pages of text, including tables and graphs, but not including the large maps
and cross-sections.
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