SCI 675 Oregon Field Geology: West Coast to Cascades

Summer 2008

Pretrip meeting Wednesday Aug. 6th 5:00 – 7:00 Rogers Hall rm. 218

Course is taught in the field.  Aug 9th to 15th meet at South Campus parking lot 

Textbook:  J. Clague, C. Yorath, R. Franklin, and B. Turner, At Risk: Earthquakes and Tsunamis on the West Coast, Tricouni Press, Vancouver, B. C., 200 pp., 2006. 

Equipment and Materials: 

   Required

1. Waterproof field notebook: “Rite in the Rain” All-Weather Writing Paper

(Available at engineering equipment or drafting stores)

2. Mechanical pencils

   Optional

1. Pick Hammer AND protective eyeglasses (shatterproof plastic lenses)

Estwing Pick Hammer is good choice

2. Hand lens with lanyard (10X, Bausch and Lomb Coddington is adequate)

Faculty Names:  Robert Butler, 503-943-7780 

    email: butler@up.edu


     Bonnie Magura: 503-638-4207    email: bmagura@pps.k12.or.us

Catalogue Description

SCI 675* - Oregon Field Geology West
Field study in western Oregon of geologic processes of an active continental margin. The class journeys from the Pacific Coast to the Cascade Mountains while examining evidence of subduction zone earthquakes, docked seamounts, and active stratovolcanoes. Students learn to interpret the landscape with the theory of plate tectonics, to recognize regional geologic hazards, and to represent their interpretations as cross-sectional diagrams, stratigraphic columns, geologic maps and chronologies. Instruction emphasizes the ability to communicate these understandings to general audiences.

Prerequisite: None.

Credit: 2 semester hours.

*Open to those with Special Student status as space allows.
Portland urban geology and geologic hazards

Portland and Auckland, New Zealand are the two metropolitan areas on Earth that contain volcanic rocks less than 2 million years old within the city limits. Landmarks, including Rocky Butte and Mt. Tabor, are constructed of Boring Lavas, have eruptive products including volcanic bombs, scoria, and lava flows, and are accessible for short field trips from many Portland schools. Geologic structures and earthquake and landslide hazards of the Portland metro area will be investigated along with engineering techniques for addressing earthquake and landslide risks. 
The “Magnificent Gateway” of the Columbia River Gorge

We will trace the path of Columbia River Basalt flows through the ancestral Columbia Gorge. Students will observe landscapes that unfolded before Lewis and Clark during the weeks they canoed the Columbia River from eastern Oregon through the infamous Cascades of the Columbia for which the peaks of the continental volcanic arc are named. The “Magnificent Gateway” of the Columbia Gorge was sculpted by the Missoula floods at the close of the last glacial episode and presents one of the most dramatic climate gradients on Earth. Observations of the 1435 AD Bonneville Landslide (aka “The Bridge of the Gods”) will put an exclamation point on the theme of geologic hazards.

Coast Range and Pacific Coast

The Oregon Coast Range contains docked seamounts and marine sedimentary formations ranging from the ~50 million-year-old Siletz River Volcanics erupted in an open marine environment to ~40 million-year-old Tillamook Volcanics awash in sediments derived from the North American continent. We can literally drive along the flanks of Eocene volcanoes the size of the island of Hawaii now tilted to expose a vertical section through a seamount. The grand tectonic message is that seamounts can be carried from the deep ocean towards a subduction zone where they are scraped off onto the continental margin. This is a powerful lesson about ocean – continent convergent plate margins and how Oregon was built by addition of oceanic terranes to the western margin of North America.

Students will tackle their first problem-solving exercise mapping “user friendly” beach cliff exposures of recent channel-filling sequences just 1000s of years old. These provide a wonderful opportunity for fledgling Earth scientists to get their feet wet (maybe literally) making observations and drawing cross sections of young uplifted sedimentary layers while observing sediment transport and deposition actions of coastal streams. We will construct concepts of superposition, decode age sequences through cross-cutting geometries, and discover facies gradations by tracing sedimentary layers over distances that can be walked in minutes. At several key locations, sea cliffs expose 14 – 16 million-year-old Columbia River Basalt flows intermingled with marine sediments through a process that can be visualized as an “inverse lava lamp” with the more dense basaltic lavas sinking into then unconsolidated marine sediments along the Pacific Coast of 15 million years ago. 

Geophysics and geologic hazard topics will focus on the 1700 AD Cascadia earthquake and tsunami. Necessary background includes introductions to elastic rebound theory, seismicity and earthquake mechanisms at plate boundaries, and generation of tsunamis. It’s the people behind the scientific concepts and their personal stories of wrestling with geological puzzles that bring to life discussions of the nature of science. The saga of Brian Atwater’s discovery of drowned forests and tsunami deposits resulting from the 1700 AD Cascadia earthquake will be featured as we explore drowned forests and tsunami sands near Ft Clatsop.

The Active Volcanic Arc

Students will explore the volcanic history of Mt. Hood, Oregon’s most recently active Cascade volcano visible on the eastern skyline from Portland. On the western approach to Mt. Hood, we will observe a forest buried by mudflows of the Old Maid period about 1790 AD. Debris from these mudflows choked the Sandy River just as mudflows from the 1980 eruption of Mt. St. Helens affected the Toutle River. Sediment delivered to the Columbia River drew the attention of Lewis and Clark to the Sandy River (their “Quicksand River”) during their passage in 1805. At Timberline Lodge, students will examine volcanic features on the south slope of Mt. Hood. Crater Rock is analogous to the lava dome currently building within the crater of Mt. St. Helens. Repeated collapse of the Crater Rock dome produced pyroclastic and mudflows that can be observed in the walls of the White River Canyon. Completing the circumnavigation of Mt Hood through the Hood River Valley will offer the opportunity to examine immense volcanic debris flows that left deposits on the Washington side of the Columbia River and dammed the river much as the Bonneville Landslide did just a few hundred years ago.

Course Goals and Objectives

Goals

1. To understand that Pacific Northwest geology resulted from oceanic plates subducting beneath “the leading edge” of North America.

2. To become novice geologists capable of exploring their “backyard geology.”

3. To appreciate that geologic hazards are wondrous but not mysterious, and must be understood by citizens who “live on the edge”. 

4. For Graduate Credit:  To translate geologic knowledge of an active plate margin into classroom inquiry.

Objectives

1. Construct knowledge of plate tectonic theory and its applications in the context of investigating field sites and solving field problems along a transect from the Oregon coast to the High Cascades.

2. Learn field geology protocols at an introductory level.

3. Become familiar with the depiction of geologic data on maps, cross-sections, stratigraphic columns, and chronologies.

4. Recognize the landscape patterns of geologic hazards in western Oregon.

5. For Graduate Credit:  Design geoscience inquiry activities for the classroom aligned with National Science Education Standards for Earth & Space Science Content pertaining to plate tectonics, seismicity, volcanism, or geohazards that incorporate both field geology protocols and schemes for representing data characteristic of geoscience.

Course Calendar

	Date
	Field location(s)
	Learning objectives

	8/9/08
	Sandy River, Lolo Pass, 
& White River
	Volcanic history and hazards of Mt Hood, 
Sandy and White rivers

	8/10/08
	Zigzag River Canyon, Parkdale, & Cloud Cap 
	Anatomy of a stratovolcano, 
Quaternary basalt flow

	8/11/08
	Hood River, 
Columbia River Gorge
	Volcanic history and hazards of Mt Hood, 
Geology of Columbia River Gorge

	8/12/08
	Portland urban locations
	Geology and geologic hazards in Portland

	8/13/08
	Coast Range and NW Coast
	Geologic history of the Oregon Coast Range

	8/14/08
	Young’s Bay and Coast
	Cascadia great earthquakes and tsunamis

	8/15/08
	Oceanside, Ecola S.P.
	Coastal processes and hazards


Course Requirements
Participants will engage in the following activities and assessments.  The final exercise, geoscience inquiry lesson, applies only to graduate students (teachers) and not to undergraduates.

· Record geologic observations in a field notebook, including sketches of geologic structures and descriptions of rock bodies over a range of scales from the field of view of a hand-lens to an entire mountain range. Care will be taken to distinguish observations from inferences and interpretations. The general geologic setting and the learning context of the day will be developed for each major field location. Field notes for each day will conclude with a summary paragraph describing the major patterns in observations and the geologic processes inferred to be responsible for those patterns. Appropriate geologic nomenclature and theories will be used in the summary paragraph. The summary should connect the day’s observations and inferences to those of previous field days and to resource materials, especially the course textbook.

· Create a cross section diagram of surface geomorphology and subsurface structures and tectonic processes from the Pacific Ocean to the Cascade crest.  The diagram will include names, locations, ages, scale, rock types, geologic processes and key facts.

· Propose a stratigraphic column for strata exposed at a problem site.  For example, for the ascent of an accreted seamount in the Coast Range or for a core sample of coastal sediments that incorporate multiple episodes of tsunami deposits. 
· Collect and catalog hand specimens of rocks and minerals, a protocol that models how a geologist approaches a new region.  Participants will build a rock suite containing hand samples of the major rock types exposed in northwestern Oregon. Tying the specimen to a regional geologic map puts that rock within a geological story of a landscape directly experienced.  A plate tectonic explanation knits the patterns of rocks and terranes and geologic structures together into a story of oceanic sediments, volcanic seamounts and their intrusive igneous roots, and chunks of Earth’s mantle, plastered onto the margin of the North American continent.  Students will collect samples from an accreted seamount in the Coast Range, a flood basalt flow that originated from fissure flows in eastern Oregon, and lava and debris flows from the southern flank of Mt Hood, an iconic Cascade volcano.  

8.  Evaluation and assessment

· Learn to draw geological cross-sections on different scales, for specific field sites and for a generalized transect across a plate margin (i.e., from the Oregon coast to the Cascade volcanic arc). For example, through mapping projects on key outcrops along the coast and within the Coast Range, students will connect outcrop-scale observations of accreted seamounts with a grand-scale convergent plate margin, cross-section.

Assessment:  Students will complete a conceptual problem exercise at the conclusion of the program.  The exercise will challenge each participant to sketch a line indicating the surface profile of a transect from the ocean floor off the coast of Oregon to the crest of the Cascades, then through labels and drawings, indicate ideas about what structures and materials may lie beneath the surface as a consequence of geological history and as inferred from landscape patterns at the surface. These sketches will be assessed for:

a. correspondence between geologic patterns and processes (e.g., lava flows and columns of basaltic rock),

b. mechanisms of plate tectonics (e.g., subduction, convergence, basin formation),

c. sense of scale, and 

d. order in time.

Sketching such cross-sections will resemble the representations students will become familiar with during the program.  These drawings will be evaluated on a quantitative scale for accuracy of geological knowledge effectively communicated with appropriate geological representations.

· For Graduate Credit:  Design a geoscience inquiry activity and lesson for the classroom aligned with National Science Education Standards for Earth & Space Science Content pertaining to plate tectonics, seismicity, volcanism, or geohazards that incorporates both field geology protocols and schemes for representing data characteristic of geoscience. Teachers will design this lesson by “Working Backwards” (Wiggins and McTighe, 2005) as they answer:

a. What is important to know or be able to do?  Think:  What are the questions students should be able to answer?  Why do these answers matter?

b. What will be the evidence that students understand?  Think:  What will students do to demonstrate their knowledge?  How will I make judgments about their understanding?

c. What experience and activity will promote interest and understanding?  Think:  How will I organize student activity?  What will I do to teach? 

d. What resources must I assemble to achieve these ends?

Teachers will author for this lesson a “well-formed objective” based upon a three component format: (1) the conditions or materials to use; (2) the expectation for student performance; and (3) the criteria for judging success. 


Examples:

Presented a set of geologic maps on different scales (condition), students will interpret these maps and their accompanying legends as they locate their homes and describe their “geological addresses” (performance). Their descriptions should include both the type and age of the bedrock found where they live as well as a brief summary about the environment of its origin (criteria).

 

After examining a set of volcanic rocks collected locally (condition) and noting the attributes of texture, density, and color (performance), students will sort them into the categories (performance) of scoria, extrusive igneous rock, obsidian, ash fall tuff, and intrusive igneous rock (criteria).

Evaluation of course performance and assignment of grades will be based on instructors’ examination of each student’s field notebook, cross-section diagrams, and participation in group activities and discussions. “Superior” performance will be demonstrated through clear, accurate, and detailed geological observations, descriptions, and interpretations that carefully connect observed geologic patterns with underlying geologic processes. “Good” performance will be demonstrated through adequate geological observations, descriptions, and interpretations that attempt to connect observed geologic patterns with underlying geologic processes. “Fair or poor” performance will be characterized by inadequate geological observations or descriptions and interpretations thereof or an inadequate attempt to connect geologic patterns with underlying geologic processes. Superior performance will be rewarded with a grade of A. Good performance will be recognized with a grade of B. And students showing fair or poor performance will be assigned a grade of C or below.
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