
ABSTRACT

A basic goal of historical geology courses is for students
to gain an understanding of the methods, theories, and
logic used in interpreting geologic histories. This is
traditionally taught as a series of individual, isolated
lessons in identification of rocks, fossils, and
sedimentary structures and interpretations of
radiometric dating, sequences of events, past
depositional environments, and past tectonic events. A
supplemental project incorporating these lessons teaches 
students to evaluate different types of data and use
critical thinking to reconstruct a geologic history. Here, a
semester-long, group project has been developed that
allows students to use their lab- and classroom-honed
skills on real rocks in a field setting. Our "field area"
includes 11 artificial outcrops, representing six rock
types. Students must: (1) identify rock types and fossils;
(2) calculate radiometric ages; (3) recognize stratigraphic
contacts, geologic structures, and cross-cutting
relationships; and (4) critically evaluate this data to give
a chronological history of past environments, tectonic
events, and even climate. Assessment shows that student
learning was enhanced greatly as a result. Not only did
students acquire more experience and a deeper
understanding in the mechanics of historical geology,
they also gained an appreciation for the work required to
interpret a geologic history. 

INTRODUCTION

The Importance of Geologic Histories in Historical
Geology Courses - 200-level historical geology courses,
fundamental as a prerequisite to most other geology
courses, are charged with introducing students to the
concept of geologic histories, both as case studies and the
methods and theories that are used to interpret them.
Traditionally, historical geology courses contain lab
assignments that focus only on specific, individual parts
of the process of interpreting a geologic history. For
example, students learn to identify fossils in a hand
sample and make interpretations about the age and
depositional environment of that rock. Students
calculate radiometric ages of imaginary rocks based on
isotope ratios. However, historical geology students do
not usually get a chance to work with these methods as
part of a larger problem and, as a result, do not gain
experience incorporating various types of geologic data
into one "big picture".

During twelve semesters teaching historical geology
classes, I have noted with dismay that my students often
miss the "big picture". Even when they have mastered the
individual lessons about rock and fossil identification,
radiometric dating, etc., some students still struggle to
understand how these methods can be used together to
define a geologic history. As a response to this problem, I
have been adding supplemental exercises to my
traditional labs. These supplemental exercises have

evolved into what I call the CMUland project, a
semester-long, group project focused on artificial
outcrops on the CMU campus. This project culminates in
a 1-2 page geologic summary, a basic geologic map, a
stratigraphic column, and recommendations for future
study.

Why Ar ti fi cial Out crops? - The ben e fits of
in cor po rat ing field pro jects into a va ri ety of dif fer ent
ge ol ogy courses, es pe cially for in tro duc tory ge ol ogy and
struc tural ge ol ogy, have been rec og nized (i.e.,
Granshaw, 2004; Pound et al., 2003). These pro jects are
rel a tively easy to plan and ex e cute at cam puses with
nearby bed rock out crops. How ever, in cor po rat ing field
ex pe ri ences into ge ol ogy courses at cam puses in
"out crop-challenged" re gions is much more dif fi cult.
Other at tempts to do so have re sulted in us ing rock
gar dens, ply wood, and even books to sim u late out crops
(Dillon et al., 2000; Greenberg, 2002; Kastens and
Ishikawa, 2004).

Cen tral Mich i gan Uni ver sity is lo cated in the mid dle
of the Lower Pen in sula of Mich i gan. This area is cov ered
by thick gla cial sed i ments (Dorr and Eschman, 1970), so
out crops are not abun dant. In fact, the clos est out crop to
our cam pus is lo cated ap prox i mately 125 km away in
Grand Ledge, Mich i gan, a dis tance too far to visit dur ing
one of our 2-hour long lab pe ri ods. Al though we make
good use of the lo cal rivers, gla cial land forms, and sand
and gravel quar ries for course field trips, the lack of out -
crops has hin dered us, es pe cially in the teach ing of
larger, lower-level ge ol ogy courses in which the stu dents
are not eas ily swayed to give up a whole day or week end
for a field trip. In re sponse, Dr. Da vid Matty of the De -
part ment of Ge ol ogy at CMU has built a se ries of ar ti fi-
cial out crops on our cam pus (Matty, 2003). Each of these
out crops con sists of at least one large boul der, but most
have sev eral, that have been par tially bur ied to re sem ble
"real" out crops. The rocks used are na tive to Mich i gan,
most hav ing been trucked to our cam pus from north ern
Mich i gan quar ries, and in clude gran ite, gneiss, gab bro,
dolostone, lime stone, and banded iron for ma tion. Fig ure
1 shows the lo ca tions of the eleven ar ti fi cial out crops
used in this pro ject. Fig ure 2 shows pho to graphs of some
of these ar ti fi cial out crops.

Background on the Course - At CMU, GEL 201: Earth
History serves as our historical geology course and
ranges in size from 25 to 60 students. It is a three-credit
course that consists of two hours of lecture and two
hours of lab each week. Each lab section is composed of
25-30 students. The only prerequisite for enrolling in
GEL 201 is completion of one of our four 100-level
introductory geology courses. GEL 201 is typically the
second geology course that geology majors and minors
take. A range of student levels and interests are found in
this course. Geology majors and minors are in the
minority, with many earth science education and general
education, and some non-science/non-education majors
making up the majority of the students. The geology
majors enrolled in GEL 201 are usually freshmen or
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Figure 1. Map of project area on Central Michigan University campus. Numbers 1 – 11 correspond to localities
of artificial outcrops and patterns correspond to rock types. Students are given this map without the key or
patterns for rock types provided.

Figure 2. Photographs of some of the artificial outcrops on the Central Michigan University campus used for
this project. A. Partial view of outcrops 1, 2, and 3. Outcrops 1 (to the left) and 3 (to the right) each consist of
two partially-buried boulders of granite-gneiss, Outcrop 3 (in the middle) is composed of four partially-buried
boulders of gabbro, forming a cross-cutting relationship with the granite-gneiss. B. Dolostone outcrop at
location 5. C. View of outcrop locations 8 (at top of knoll), a fossiliferous limestone, and 9 (foreground), a
dolostone. D. Two of the four large boulders of banded iron formation at location 11. 



sophomores, but the remainder of the students tend to be 
upperclassmen. Prior field experience is limited; some
students have participated in local field trips to measure
stream discharge. This lack of geological experience is
compounded by the fact that most of our students come
from the Lower Peninsula of Michigan, so outcrops, even
in the form of roadcuts, are a foreign thing to them.
Therefore, most students entering GEL 201 have no
experience looking at rocks in the field. 

Goals of the CMUland Project - The CMUland project
has three goals. The first is to provide students with some
field experience. Students enjoy getting out of the
classroom and learning in a different setting can enhance
their retention of the material. In addition, students
comment that looking at rocks in the field is different
than studying hand samples in the lab. The common
challenges of field work, including weathered surfaces
and buried contacts, become readily apparent to
students during this project.

The second goal of the CMUland project is to
provide practice time for the students to reinforce the
material they learned as part of the lectures, lab exercises,
and text readings. For example, after identifying fossils
in the lab, testing their fossil identification skills on the
fossiliferous limestone outcrop allows students to
evaluate how well they learned the fossil lab. On many
occasions, I saw students come back to the lab to
refamiliarize themselves with the lab samples after
finding themselves challenged “in the field". Several
groups of students reread lecture notes about fossil
preservation after trying to identify fossils in the
dolostone outcrops. Several students remarked to me
that their work on the CMUland project was a great way
to study for some of the lab exams. In addition, I hoped
that this project would encourage discussions amongst
the students about the course material. 

The final, but main goal of the CMUland project is to
give students experience in evaluating various types of
geologic data and incorporating it into a comprehensive
geologic history for an area. Students obtain abundant,
but by no means complete, data about every outcrop. For
example, students must figure out ages of the CMUland
rocks. They can calculate radiometric ages for three of the
outcrops based upon isotopic information I provide.
They can determine age range based on fossils for other
outcrops. They can make an educated guess for the age of
the banded iron formations. Then, they must use relative
dating to find the age ranges for the remaining outcrops.
As a small part of the final geologic history, students
determined that there may have been rifting during the
middle Proterozoic in CMUland. Because the students
had to use a variety of lines of evidence to arrive at such
an interpretation, they have gained an appreciation for
the incredible amount of work that supports the geologic
history case studies they read about in their text and hear
about in lectures. This project aims to encourage students
to critically evaluate all the data available and consider
all the options possible. I hope that this project makes my
students a bit more sophisticated about obtaining and
evaluating various types of scientific data.

METHODS

Steps of the CMUland Project - During the first lab
meeting of the semester, students are given the map of
CMUland, assigned as groups of three or four, and the
overall project is described to them. They are told that his
project will account for 15% of their final course grade
and are given a summary sheet that briefly describes the
project and the final product. Four informal assignments
will be given throughout the semester that will serve as
guidelines for collection of data for the project, as well as
supplements to the current lab material (see Table 1).
These assignments are not collected, graded, or reviewed
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Week Traditional Lab Assignment Supplemental CMUland Assignment
1 Review: Rock Identification Field identification of campus rocks; basic geologic mapping
2 Radiometric Dating Radiometric dating of campus rocks
3 Sedimentary Structures
4 Ancient Sedimentary Environments
5 Lab Exam #1

6 Fossils: Potists, Sponges, Corals, Bryozoans,
Brachiopods

7 Fossils: Mullusks, Arthropods, Echniderms,
and plants

8 Spring Break - no lab

9 Fossil Indicators of Age, Environment and
Correlation

Interpreting age, depositional environment, and correlation of
campus rocks based on fossils

10 Lab Exam #2
11 No formal lab Free time to work in groups on CMUland project
12 Dinosaur Tracks

13 Plate Tectonics
Recognizing past tectonic events and past depositional
environments of campus rocks; summary sheet provided as a
guide for completing CMUland project

14 Lab Exam #3
15 No formal lab Free time for group work on CMUland project; turn in project

Table 1. Earth History lab schedule for Spring, 2004 and plan used for dove-tailing CMUland project with
traditional lab exercises. Correct answers were provided for formal lab exercises at the end of each lab period.
CMUland assignments #1 - 4 were not collected or graded, but students were told to complete them and
consider them as: (1) practice applying lab material, and (2) data for the final CMUland paper.



by me, the instructor. The students are told to complete
the informal assignments and then use them to complete
their final paper.

The first informal CMUland assignment asks the
students to identify the rock types at the artificial
outcrops found on the campus map and then to make a
key assigning colors to each rock type. This assignment is
handed out to the students at the end of the first lab,
which is a review of identification of major rock types.
The students are told that the rocks they will observe "in
the field" are representative of the rocks identified as part
of this first formal lab. The rock types and their locations
are shown in Figure 1. 

The second informal CMUland assignment gives the
students radiometric isotope data (number of parent
atoms, number of daughter atoms, half-life, and
appropriate decay curves) for three of the artificial
outcrops on campus. These data are made-up, but do
reflect the approximate ages of the rocks. Students must
calculate the absolute ages of the rocks. The students
should arrive at an age of 3.9 billion years for the granite
at outcrop #1 and 1.4 billion years for the gabbro at
outcrop #2. Outcrop #5 has a radiometric date of 500
million years old, but it is a dolostone, adding a bit of
thinking for the student to interpret this age data. This
dating assignment is given to the students after they
have completed a formal radiometric dating lab. 

The third informal CMUland assignment follows
three formal labs on fossil identification and uses (see
Table 1). Students are asked to identify fossils in outcrop
#8, a Paleozoic reefal limestone loaded with rugose and
tabulate corals, bryozoans, crinoids, brachiopods, and
gastropods. All of these fossils look similar to fossils they
learned in the formal fossil labs. Students are then asked
to use the fossils they identified in the artificial outcrop to
determine its age range and depositional environment.
Students should narrow the age range to Ordovician
through Permian and conclude that a reef was the most

likely depositional environment. A second part of this
informal assignment encourages the students to examine
artificial outcrops #9 and 10, which are dolostones, for
fossils, and think about whether they can correlate
outcrop #8 with outcrops #9 and 10.

The fourth and final informal CMUland assignment
focuses on recognizing past plate tectonic events.
Students are directed to reexamine specific outcrops and
try to interpret the past tectonic boundaries that might
have been present there. For example, the granite-gneiss
at outcrops #1 and 3 may represent a past subduction
zone, followed by a continental collision. The younger
gabbro at outcrop #2 may have been formed by rifting or
a hot spot. The Paleozoic dolostones and limestone,
representing shallow marine deposition over a long time
period, may have formed at a passive margin. This
assignment follows class lectures on recognizing past
plate boundaries and a formal lab assignment about
reconstruction of past continental configurations using
rock and fossil types, stratigraphic evidence, and
presence and erosional state of mountain chains.

Towards the end of the semester, students are given
a summary sheet that provides instructions on
completing the CMUland project and the due date. I
hand this sheet out two weeks before the due date and
give the students a "free" lab period during the last week
of classes in to give them time to meet as a group to
synthesize their results. The summary sheet reminds the
students that each group will pass in a 1-2 page geologic
history, a map with key to rock types, a stratigraphic
column, and recommendations for future study of
CMUland.

RESULTS

The Final Product - All groups interpreted acceptable
geologic histories, but two of the 14 groups presented
highly accurate geologic histories. Approximately half of
the groups had correctly identified all of the rock types.
The remainder had incorrectly identified one or two of
the granite, gneiss, or dolostone outcrops. Therefore,
these groups did not have completely correct geologic
maps. All groups except one had correct radiometric
ages for the outcrops. All groups interpreted the
limestone to be Paleozoic and of shallow marine origin,
although ten groups did narrow down the age to
Ordovician to Permian and four groups interpreted it as
having originally been a reef. There was a larger range of
tectonic interpretations, but most groups made fairly
logical interpretations of major past tectonic events. Most
groups also noted other geologic data "in the field"
besides those to which they had been directed through
the informal assignments. For example, all groups except
one interpreted the banded iron formations as "most
likely" early Proterozoic, noting that, in lecture, I had
claimed that over 90% of banded iron formations are
between 2.5 and 2.0 billion years old. Overall, students
successfully completed the project.

The stratigraphic columns turned in were generally
good. Most groups had correct rock types and
stratigraphic placement, but only four groups included
appropriate unconformities (see Figure 3). 

The weakest part of the submitted projects was the
recommendations for future study of CMUland. Only
three groups included a detailed discussion with
thoughtful, logical suggestions for further study of this
area. One example of their recommendations was the
enlistment of a paleontologist to help identify the fossils
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Figure 3. Composite strat. column for CMUland.
Students make and submit a similar strat. column
based on their field observations of artificial outcrops
as part of the CMUland project.



in the limestone to the genus and species level to better
interpret the age of that rock. Another good suggestion
was to take core samples to better define thicknesses,
lateral extents, stratigraphic relationships, and evaluate
for geologic structures such as faults. The remainder of
the groups provided short and inappropriate
suggestions for future study such as looking for more
fossils in the same rocks (which should not be considered
a recommendation for future study as identification of all
fossils was part of the assignment). I think that the weak
recommendations could be attributed to the students'
lack of geological experience and/or to their inattention
to this part of the project. I favor the latter as an
explanation due to the excellent answers from three of
the groups (none of which consisted of geology majors or
any students more experienced than the others).

In-class Review of Project - Immediately following the
submission of the final group projects on the last day of
class, we spent approximately 20 minutes reviewing and
discussing the project as a class. We reviewed the
answers to the four informal assignments and discussed
challenges some of the students had with specific aspects
of the assignments. Then I reviewed the final product by
showing the class my final map and stratigraphic column
(final map is Figure 1; see Figure 3 for my stratigraphic
column). We reviewed the basic geologic history and the
evidence and logic that led to the major interpretations. I
asked students to share their recommendations for
future study and I added more suggestions. Finally, we

discussed, in general, field work and the process of
reconstructing geologic histories. 

As part of this discussion, students had several
important comments for me about the project. Students
claimed that field work was more difficult than studying
rocks in the lab, but that, once they were confident with
their field observations, it "made more sense" and they
could see the relevance of their interpretations. One
student noted that this project made her realize how a
seemingly small error in something as basic as a rock
identification could lead to an incorrect view of the big
picture, reminding her fellow students that "you can't get
the big things right unless you first get the small things
right". Several students commented that they have a
new-found respect for the amount of work that is
involved with interpreting the geologic past. 

I felt that spending half of the last class discussing
this project was worthwhile. First, it served as a way to
provide timely feedback to the students about the correct
final answers to the project. Although the students
received their graded projects back the following week,
this discussion allowed them to review the answers
while the details of the project were still on their minds.
In addition, it allowed them to share their interpretions
with each other. This class discussion was helpful to me
as the instructor by giving me some immediate general
evaluation of how well the class accomplished the
assignment. I also was able to hear informal feedback in
the form of the student comments during the discussion.
Finally, the majority of students seemed to leave the
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Not at all
0

Barely
1

A little bit
2

A lot 
3

Definitely!
4

Average
Response

1) Did working on this project help you
better understand general concepts covered
in this course?

1 1 18 13 7 2.6

2) Did working on this project help improve
your skills in:

2a) rock identification?
0 7 16 11 6 2.4

2b) radiometic dating? 2 3 14 14 7 2.525
2c) relative dating? 1 2 14 17 6 2.625
2d) fossil identification? 0 2 14 18 6 2.7
2e) making interpretations about
depositional environments of the past? 1 1 13 20 5 2.67

2f) making interpretations about tectonic
events of the past? 0 3 12 19 6 2.7

3) Did this project give you an appreciation
of the work that goes into interpreting a
geologic history?

0 1 4 13 22 3.4

4) About your group
4a) did you work well together as a
team?

0 0 8 12 20 3.3

4b)did all members of the group
contribute equally to the project? 0 5 7 8 20 3.075

4c) do you feel as if your group spent an
appropriate amount of time on this
project?

0 1 7 17 15 3.15

4d) did your group have good
discussions about the interpretations? 0 1 10 11 18 3.15

5) Would you recommend that Kathy assign
this project to future Earth History classes? 3 1 5 13 18 3.05

Table 2. First part of student evaluation sheet for CMUland group project. Students were asked to circle a
number from 0 (worst) to 4 (best) for each question. The number of responses for each ranking are shown in
bold. The average response for each question is listed in the righthand column. Of 45 students in the spring,
2004 Earth History course, 40 responded to this survey.



classroom that day with a sense of pride and relief that
they did fairly well on their CMUland project.

Grades - Grades ranged from 70 to 100, with an average
of 85. Intentionally, I graded rather leniently, trying to
keep in mind that most of these students had no previous
experience in making geologic field observations and
interpretations and then synthesizing their data into a
geologic history. I wanted to reward the students for
completing the project and arriving at a reasonable
geologic history, without penalizing them for minor
misinterpretations. Overall, I felt as if this was a
successful project for the course. 

Student Response - Students were asked to complete
an evaluation form for the CMUland project on the last
day of the class after submission of the final papers and
the class discussion. The evaluation consisted of both
numerical rankings to specific questions (Table 2) and
open-ended questions (Table 3). Of the 45 students in the
course, 40 completed and submitted the survey. 

Numerical responses for the first part of the survey
are given in Table 2. Students were asked to rank specific
aspects of the project from 0 (worst) to 4 (best). Average

responses for individual questions ranged from 2.4 to
3.4. In general, students gave moderately high rankings
(2.4 - 2.7) in response to this project helping them with
general concepts and specific skills of the course.
Students gave high rankings (3.075 - 3.15) about working
in groups and high ranking (3.05) to recommending that
this project be part of future historical geology courses.
The highest average ranking was 3.4, in response to a
question about whether they gained an appreciation for
the work involved in interpreting geologic histories.

Quotes representing student answers to the
open-ended part of the evaluation form are listed in
Table 3. Overall, students had positive comments about
the usefulness of the project. They enjoyed getting
outside and claimed the project helped them to learn.
The questions about what worked well and what didn't
work well about the project drew lots of responses about
working in groups. Although there were some negative
comments about group work, there were many more
positive responses. I think that the benefits of working in
groups on this project far outweighed the negative
aspects. The most common problem with the group work
seemed to be that one member of several groups did not
contribute much. Despite this, the remaining members of
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6) Any comments about things that worked well in the project?
- 4 informal assignments and summary sheet were helpful in guiding our efforts.
- looking at rocks outside was fun.
-...Allowed us to incorporate what we learned in class about rocks to a possible real-life scenario.
- this was a good way to understand geologic history.
- it’s nice to get out on campus rather than doing everything in-class.
- our group communicated well and supported each other.
- I appreciated how it was all spaced out so we could work on it over a period of time.
- The overall concept is good and helped show how the things discussed in class can relate to real-world situations.
- It forced me to learn more.
- I’m really proud of my group. We worked well as a team. Lots of good disucssion about rocks.
- I learned how difficult it would be to be out in the field.

7) Any comments about things that did not work well in this project?
- messing up any rock i.d. greatly skews the final product.
- finding time for the projected seemed to be the toughest part.
- I didn’t like the group work.
- at first the rock i.d. was difficult. We had to revist the rocks in order to feel confident about rock types.
- there’s always that one person who never helps out...
- recognizing the rocks was somewhat difficult, but nothing that can’t be overcome.
- group projects take too much time.
- identifying the rocks was most challenging and different than working with the rocks in the lab room.
- it took a lot of time... Also, we were stumped by the dolomite for a long time.

8) Any comments about your group and how it worked well or didn’t work well together?
- we all worked really well together.
- we all had valuable input
- 1 person in my group was negative and put a damper on the excitement of the rest of the group.
- group worked well together.
- we used or text and lecture notes as references after being “in the field”.
- everyone contributed equally and got along
- I was happy with the group dynamic. We helped each other understand.
- one member of our group was always present, but did not contribute.
- I think that my group’s long discussions about the interpretations helped me in the class overall.

9) Any suggestions for Kathy about inproving this project for future classes?
- add one more lab period to work on the project.
- not really. It gives us a feel of the field and how much educated guessing is used.
- allow students to select their own group.
- no. It was a little difficult, but a good challenge.
- it was good the way it is.
- do this as individuals, not as a group project.

Table 3. Second part of student evaluation sheet for CMUland group project. Responses in italics are direct 
quotes from students. Although not all responses are given, these shown here are representative.



these groups still worked well together. Because groups
had three or four members, having one "bad" group
member did not really disadvantage a group. However,
that non-contributing member unfairly reaped a good
grade on the project. This presents a need for grading
reform for future classes. Overall, the responses to the
evaluation form were positive and show that the
students felt that this project was a challenging, but
enjoyable learning experience.

CONCLUSIONS

A semester-long, group project that allows students to
reconstruct a geologic history is beneficial to
undergraduate historical geology courses. Such a project
can be accomplished realistically even on
"outcrop-challenged" campuses. This project worked
well as a supplement to traditional lab exercises. Group
work encouraged the students to share observations and
debate their interpretations. From the CMUland project,
students: (1) gained field experience; (2) practiced
lessons they had learned during the formal lab exercises;
(3) applied knowledge they learned from lectures and
textbook readings; (4) learned how to evaluate various
types of geologic data and synthesize it into a
comprehensive geologic history; (5) gained an
appreciation of the work that is involved in
reconstructing geologic histories and a deeper
understanding of historical geology; and (6) achieved a
sense of accomplishment in completing and mastering
the project. 
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