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INTRODUCTION
The recently published document, “Vision and Change in
the Geosciences: The Future of Undergraduate Geoscience
Education”, provides a blueprint for enhancing content
knowledge and professional skill development for
undergraduate geoscience students. One of the key
recommendations is for instructors to design learning
activities that involve students in real-world scientific
investigations, using geologic methods and tools to collect
data and solve problems. Further, incorporating
opportunities for collaboration and writing to diverse
audiences, are recommended as strategies to help
improve professional skills such as teamwork and
communication (Mosher and Keane, 2021).

Given this call to action, this poster describes an activity,
designed for an undergraduate volcanology course, that
engages students in the scientific process through a series
of linked exercises that employ field observations, data
collection, and granulometric analyses to interpret
pyroclastic deposits in central Oregon (Fig. 1). Based on
their interpretations, students consider regional volcanic
hazards through a reflective writing assignment, in which
they communicate their results to educated non-
scientists. Team work is built into the activity through
group field and laboratory work. This activity is ideal for
program assessment, as it dovetails with geoscience
education initiatives, emphasizing broader scale
objectives of preparing future geoscientists to solve
challenging problems in the 21st century.

LEARNING OUTCOMES
This activity engages students in the study of pyroclastic
deposits in field and laboratory settings and provides
them with an opportunity to gain experience conducting
authentic scientific investigations. Further, this learning
activity emphasizes professional skill development,
including written communication and teamwork. Upon
completion of this activity, students will be able to:
 Document textural features of pyroclastic deposits in the

field, take measurements and record data, and collect
samples for further analysis
 Use sieves to conduct granulometric analyses of pyroclastic

samples, graph data, and calculate parameters that are
used to characterize pyroclastic deposits
 Assemble field observations and grain-size data to interpret

the origin of pyroclastic deposits
 Effectively communicate results to diverse audiences

ACTIVITY OVERVIEW
This learning activity is situated in an upper-division volcanology
course with a range of student backgrounds. Prior to starting,
students are introduced to different types of pyroclastic deposits,
as well as textural features and field characteristics. Most skills
and concepts are covered on a need-to-know basis while
conducting the various parts of the activity.

The activity consists of a series of linked exercises, summarized
in Table 1. Given this modularity, instructors can incorporate the
exercises that work best depending on available resources.

Exercise Timing Description Due Date

1 Week 6 Field study of pyroclastic deposits conducted as 
part of a required weekend field trip

2a Week 7 First part of the granulometric analysis exercise in 
which students sieve samples Week 8

2b Week 8 Second part of the granulometric analysis exercise 
in which students graph, analyze, and interpret data Week 9

3 Week 10 Writing assignment in which students communicate 
results

Finals 
Week

Table 1: Schedule of student exercises and assignments.

Exercise 1: Field Description of Pyroclastic Deposits
The field exercise is conducted as part of a weekend trip to study volcanology in central Oregon (Table 1). Students spend
one ½ day studying pyroclastic deposits associated with the Tumalo volcanic center (e.g, Hill and Taylor, 1990). At this locality, the
Bend Pumice, in the lower part of the deposit, and the Tumalo Tuff, in the upper part, are well exposed, allowing for excellent
access to the vertical sequence (Figs. 1 and 2).

Upon arrival at the exposure, students are broken into teams and
assigned a part of the section.
 Working in groups, students: (a) describe components and estimate

percentages; (b) measure pumice and lithic sizes; (c) characterize
sorting and grading; and (d) collect a sample for grain size analysis.
 Each group constructs a stratigraphic column, with field

observations and data from their interval referenced to the column.
 After completing the field tasks, the groups gather to share key

highlights from their intervals, with the instructor guiding the
discussion towards using observations to make interpretations
about the origin for each part of the section.

Figure 2:
Students 
conducting 
field work at 
the excellent 
exposure of 
the Bend 
Pumice and 
Tumalo Tuff in 
central Oregon.

Exercise 2a: Granulometric Analysis – Sieving Exercise
Upon returning from the field, students work in groups to sieve their sample and
determine weights for each size fraction (Table 1). The methodology for conducting
the granulometric analysis is based on Cas and Wright (1987).
 Students use a set of sieves at increments from -4 φ (16 mm) to 4 φ (0.0625 mm) to

determine the grain-size distribution for their sample (Table 2).
 To avoid breaking fragile tephra fragments, students are instructed to shake the sieves

gently by hand (Walker, 1971).
 Each size fraction is weighed using digital scales provided by the instructor.
 Upon completion, students submit their raw weight data, which is used to calculate

weight percentages for each size fraction and cumulative weight percent for graphing and
analysis.

U.S Standard 
Sieve Mesh #

Millimeters
(mm) Phi (φ)

5/8” 16.0 -4.0
5/16” 8.0 -3.0

#5 4.0 -2.0
#10 2.0 -1.0
#18 1.0 0.0
#35 0.5 1.0
#60 0.25 2.0

#120 0.125 3.0
#230 0.0625 4.0

Table 2: Sieves for granulometric analysis of 
pyroclastic materials.

Exercise 2b: Granulometric Analysis – Graphing and Analyzing Data
The instructor compiles student grain-size data, calculates cumulative
weight percent for each size fraction, and distributes the results to
the class. Students graph the grain-size data for all of the class
samples on cumulative wt. % graph paper (Fig. 3). From the graphs,
students use established formulas to calculate Inman (1952)
parameters, including median diameter (Mdφ), graphical standard
deviation (σφ) to characterize sorting, and skewness (αφ). Students
plot Mdφ vs. σφ for the class data set, as well as histograms for each
sample (e.g., Walker, 1971; Sparks, 1976; Wohletz and Heiken, 1992). These
graphs, along with field observations, are used to make
interpretations about the pyroclastic origin for the Bend Pumice and
Tumalo Tuff.

Figure 3:
Example of a 
student-generated 
cumulative wt. % 
graph for Bend 
Pumice and 
Tumalo Tuff 
samples.

Exercise 3: Writing Assignment – Communicating Results
The culminating exercise is a writing assignment in
which students, from the perspective of a U.S.G.S.
volcanologist, prepare a report for the Bend City Council
to address regional volcanic hazards. As described in
the assignment materials provided to students:

“The Council is concerned about volcanic hazards that the city may face from the
Tumalo volcanic center situated 15-20 km west of Bend. The Bend Pumice and Tumalo
Tuff were erupted from this silica volcanic about 400,000 yrs. ago and study of these
deposits is crucial to understand how future eruptions may proceed. You have
conducted preliminary field and laboratory work on a well-exposed section of the Bend
Pumice/Tumalo Tuff, so the Bend City Council is interested in getting this report for
planning future housing developments in the region.”

ASSESSMENT
Student learning is assessed using a set of post-activity
questions embedded into the final exam. These questions
require students to graph and analyze data from unknown
pyroclastic deposits and interpret their origin. As
summarized in Figure 4:
 Student performance was impressive overall, with 63% of

the students scoring >80%, and six scoring below 70%.
 Splitting questions into those pertaining to data analysis vs.

interpretation, most students demonstrated a higher level of
proficiency with graphing, calculations, and data analysis.
 While over half of the students accurately interpreted the

specific origin of the pyroclastic deposits, a significant
number missed 2 or more of the interpretations, suggesting
that greater emphasis should be placed on using
granulometric data to interpret pyroclastic deposits.

This analysis of student learning data is constructive for
identifying areas to improve the pedagogy, as well as to
enhance the overall Earth Science curriculum at WOU.

Figure 1: Photo of pyroclastic deposits studied as part of this activity;
section is ~12-m thick in the view. Inset shows generalized
stratigraphic relationships (after Hill and Taylor, 1990).
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Inset Figure 4: Compilation of results derived from the embedded
assessment strategy used to evaluate student performance.
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SUMMARY & CONCLUSION
This activity consists of linked field and lab exercises
developed for undergraduate volcanology courses. The
modular design allows instructors to conduct varied
exercises depending on available resources. Students gain
experience conducting authentic scientific investigations,
requiring them to make interpretations with limited data
while dealing with uncertainty. Beyond volcanology
content, exercises target professional skill development,
with opportunities for writing to non-science audiences
and collaborative team building. This activity is ideal to
assess student learning in the broader scope of program
review, because goals are aligned with institutional
outcomes and national geoscience education initiatives.
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