Center for Teaching and Learning and College of Liberal Arts and Sciences Grant Request

Name of grant applicants:   Dr. Jeffrey Templeton / Dr. Steve Taylor          Date:  April 15, 2004
Division/Department:  Natural Science and Mathematics / Earth and Physical Sciences
Project name:
Quantitative Analysis of Cinder Cone Distribution at Newberry Volcano: Implications for Tectonic Controls on Volcanism in Central Oregon
Total project cost  $1000.00
Grant request  $1000.000
How will you proceed with this project if you receive partial funding? 

This project would still be able to proceed as proposed even with a slight reduction (<$100) in the student stipend amount.  

Please attach a one-page summary of your BUDGET with expected dates of expenditures. Note: Expenses incurred prior to the grant award date will not be funded. 

PROJECT SUMMARY

Please attach a brief proposal covering the following areas: 

· Statement of NEED, i.e. who this project will serve and to what need it will respond

· Project GOALS
· Project DESCRIPTION, PLAN, and TIMELINE
· Project’s FIT WITHIN THE AREAS OF INTEREST below: 

(a) UNDERGRADUATE RESEARCH (an inquiry or investigation conducted by an undergraduate that makes an original intellectual contribution to the discipline) www.cur.org/slide/cur.html      

(b) and/or SERVICE LEARNING ( linking the work students do in the classroom to real-world problems and real-world needs, thereby promoting both intellectual and civic engagement) www.aahe.org/service/serives_new.htm#Foreword
SUMMARY REPORT
A summary report assessing the project's outcomes must be submitted to Dean Chadney and the Center for Teaching and Learning within one calendar month of the project's completion.

Submit this completed request to the appropriate division Chair by NOON on Friday, April 16. 

                                                 Jeffrey Templeton     838-8858                                 April 15, 2004

Applicant Name (signed and printed)


Phone



Date

                                                    Steve Taylor           838-8398                                 April 15, 2004
Applicant Name (signed and printed)


Phone



Date

______________________________________________________________________________

Division Chair signature







Date
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Western Oregon University

Introduction and Needs Assessment:
We have developed a collaborative research project focusing on the geomorphology and volcanology of cinder cones and fissure vents at Newberry Volcano.  To date, this project has successfully involved several WOU undergraduates in research, resulting in two published abstracts at the national meeting of the Geological Society of America (Giles et al., 2003; Taylor et al., 2003).  Under our guidance, WOU students produced a digital geologic database for Newberry Volcano, which led to a morphological study of the cinder cones.  The project proposed herein is a natural outgrowth of these research endeavors.  The overall purpose of the proposed project is to conduct statistical analyses of cinder cone distributions at Newberry Volcano and to evaluate structural controls on volcanic processes.

Newberry Volcano is located in central Oregon 25 km southeast of Bend, which is the fastest growing population center in the state (annual average growth = 21%; U.S. Census Bureau, 2003).  The U.S. Geological Survey sponsors volcanic hazard studies at Newberry Volcano with an interest in understanding the potential risks facing the regional population (e.g., Sherrod et al., 1997).  Additionally, Newberry is one of the most significant geothermal energy prospects in the Pacific Northwest (e.g., MacLeod and Sammel, 1982; Priest et al., 1983; Fitterman, 1988; Bargar and Keith, 1999).  The proposed research project is significant when placed in the context of volcanic hazard and energy resource assessments.  The need to fully understand the relationship between volcanism and tectonics is fundamental in evaluating potential volcanic hazards and assessing geothermal potential at Newberry.  The proposed project will also seek to fill the need for increased multidisciplinary collaborations at WOU by engaging students and faculty with backgrounds in mathematics and statistics.  

Geologic Framework and Statement of Problem:

Newberry Volcano is located at an interesting “geologic crossroads”, at the west end of the High Lava Plains about 65 km east of the Cascade Range and northwest of the Basin and Range.  With an estimated volume of 450 km3, Newberry is one of the largest Quaternary volcanoes in the contiguous United States.  The volcano is a broad, elongate shield complex consisting predominantly of basaltic andesite lava flows covering over 1600 km2 (Jensen, 2000; Jensen and Chitwood, 2000).  Associated with these lava flows are over 400 mafic cinder cones and fissure vents.  The large number of cones and vents provides a natural laboratory for undergraduates to conduct quantitative analyses of cinder cone distribution, cone clustering, and alignment patterns, all of which commonly occur in large volcanic fields (e.g., Porter, 1972; Settle, 1979; Connor, 1990).  The work of previous WOU students resulted in a comprehensive GIS database for Newberry Volcano (Giles et al., 2003).  This digital database enabled us to conduct morphometric and volume analyses of 182 single cinder cones and to decipher controls on eruptive magnitude (Taylor et al., 2003).
Owing to its location in central Oregon, Newberry displays tectonic and compositional characteristics of the Cascade Range, the High Lava Plains, and Basin and Range (MacLeod et al., 1981; MacLeod and Sherrod. 1988).  Newberry is situated in a complex, extensional tectonic setting dominated by relatively young faults.  Several major fault zones surround and converge near Newberry, including the Brothers fault zone, the Tumalo fault zone, and the Walker Rim fault zone.  Of the 400+ cinder cones mapped at Newberry, most occur on the north and south flanks, and many display noticeable alignments.  On the south flank, the cones show a conspicuous north-northeast trend, co-linear with the Walker Rim fault zone.  On the north flank, the cones form a wider north-northwest trending array that parallels the Tumalo fault zone.  Some on the north flank also exhibit curved arrangements parallel to caldera walls and are presumably related to local stresses within the volcano (MacLeod and Sherrod, 1988).  

MacLeod and Sherrod (1988) interpreted the cone and vent alignments to represent the surface expression of dikes at depth that formed in response to regional stress fields.  They observed that the apparent curvilinear distribution of cinder cones and fissure vents on the north and south flanks of Newberry trend mostly parallel to the Walker Rim and Tumalo fault zones, suggesting that these fault zones may form a single arc-shaped fracture zone at depth.  In addition, Taylor et al. (2003) determined that the spatial distribution of cinder cone volumes matches fault-related lineaments.  The proposed research provides a quantitative basis from which to evaluate the role that regional and local tectonic stress fields have played in controlling mafic eruptions and cone distribution patterns at Newberry.  

Project Objectives:

1. To utilize quantitative methods to search for vent clusters and alignments at Newberry Volcano, where over 400 cinder cones have been mapped, 180 of which are characterized in terms of various morphological parameters;

2. To compare vent distribution data with regional and local structural data obtained from geologic maps;

3. To study the role that regional structures have on processes governing emplacement of vents at Newberry Volcano;

4. To engage one or more WOU undergraduates in applying mathematics and statistics to solve geologic problems.

Project Description and Action Plan:

Newberry Volcano is an ideal locality to quantitatively study the control that the tectonic framework has on cinder cone distribution.  This project will employ cluster analysis techniques to study the spatial distribution of vents.  We plan to adapt the research protocol derived for similar studies at two comparable, large-volume volcanic fields, the TransMexican Volcanic Belt (Connor, 1990), and the Springerville Volcanic Field in Arizona (Connor et al., 1992).  In both, statistical methods were rigorously applied to conclude that cinder cone volcanism is associated with regional fault structures.  

The proposed project will employ several statistical tests and quantitative methods to search for vent clusters and alignments at Newberry Volcano.  These methods include (1) univariate statistics, (2) cluster analysis, (3) the two-point azimuth method, and (4) the Hough transform.  The first approach consists of collecting univariate descriptive statistics, which will include determining the mean distance to the nearest neighbor for each vent and constructing cone density maps.  Next, we will utilize exploratory cluster analysis to search for vent groupings.  Connor (1990) and Connor et al. (1992) emphasized the importance of identifying clusters prior to conducting alignment analyses.  Two-point azimuth analysis will be used to quantitatively assess the significance of aligned cone orientations.  This statistical method recognizes preferred orientations in vent distribution and is useful in distinguishing between alignments formed randomly and those produced by some underlying geologic mechanism.  To complete the analysis, the Hough transform method will be applied to determine the actual location of vent alignments.  

The scope and specificity of the research questions make this project ideal for promoting undergraduate research at WOU.  For successful implementation, the student will require a strong background in mathematics and an interest in geosciences.  We have identified a math major with the quantitative background and acumen to conduct this research under the guidance of two geology faculty members (Templeton and Taylor).  Math and physics faculty will provide ancillary advice and supervision as needed.  The project has the potential to evolve into a Senior Thesis for this particular student, and we have a high degree of confidence that the results will be presentable at regional and national scientific meetings.

Timeline:

May-June, 2004: 
(
Student will work with geology faculty members for 12.5



hours/week for 8 weeks

· Purchase cluster analysis software package by end of May

July-September, 2004:
(
Student will continue project through summer months
Fall 2004-Winter 2005:
(
Continue processing data and evaluating results

· Meeting abstract preparation and presentation at scientific



meetings

Budget:

	Budget Item
	Description
(expected date of expenditure)
	Cost

	Clustan Graphic 6
(www.clustan.com)
	Statistical software package for conducting cluster analysis
(To be purchased by May 31, 2004)
	$125.00*
(*academic pricing)

	Student Stipend
	100 hours at $7.70 per hour plus 4% OPE
(To be expended by June 30, 2004)
	$800.00

	Plotter supplies
	Preparation of posters for presentation at scientific meetings
(To be purchased by June 30, 2004)
	$75.00

	Total Budget = 
	$1000.00
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