Geosciences 470R/570R
Volcanology:  Physical Processes and Petrologic Applications

Spring 2004
Lecture 
Tuesday/Thursday 2:00-3:15 pm; Room G-S 211
Instructor
Eric Seedorff (seedorff@geo.arizona.edu); Phone: 626-3921 


Office: Gould-Simpson Building, Rm 316


Office Hours: Tuesday 3:15-4:15 pm; Wednesday 10:30-11:30 am
Lecture textbook
Encyclopedia of Volcanoes by Sigurdsson, ed. (2000)

Prerequisites
GEOS 251 (Physical Geology), GEOS 356 (Petrology)

Corequisites
GEOS 470L/570L (Volcanology lab)

Background and Course Design

The purpose of the volcanology curriculum is to offer a stimulating introduction to volcanology and to provide examples of its application.  The curriculum is composed of two courses:  a lecture component (this class, GEOS 470R/570R, Volcanology: Physical Processes and Petrologic Applications), and a laboratory and field trip component (GEOS 470L/570L, Volcanology: Laboratory and Field Methods).  Students are expected to take both classes simultaneously; the field trips and laboratories are coordinated with the lecture material.
This class is an overview of physical volcanology with regular interjections of applying volcanologic principles to geologic problem solving, especially in igneous petrology.  The class is aimed at upper division undergraduate and graduate geologists, geophysicists, and geochemists majoring in Geosciences, Planetary Sciences, and related scientific and engineering fields.  The lecture material is presented in five segments:

· Introduction, with background material on physical and chemical properties of magmas

· Volcanology of silicic magmas

· Volcanology of intermediate magmas

· Volcanology of mafic to ultramafic magmas

· Petrologic synthesis
· Applications to extraterrestrial volcanism, mineral deposits, volcanic hazards, and other societal concerns.

Examples are drawn from active and Recent volcanoes—including famous eruptions, as well as from Tertiary to Precambrian (and extraterrestrial) volcanic rocks.  

Students begin by acquiring a fundamental understanding of the properties of magmas and their natural ranges on Earth.  The core of the course focuses on the physical volcanology of magmas from a wide variety of tectonic settings, beginning with silicic compositions, progressing through intermediate, mafic, and ultramafic compositions.  Throughout, both effusive and explosive eruptive processes are covered, associated with the physical characteristics, chemical compositions, volumes, time scales, and spatial extents of volcanism. The course emphasizes the surface and near-surface environments--where volcanic rocks form, but it also draws attention to how the volcanic environment is linked to deeper environments--where hypabyssal and plutonic rocks are emplaced, with a somewhat different set of associated physical, chemical, volumetric, temporal, and spatial properties.  Given that volcanic rocks represent virtually instantaneous samples of dynamically evolving magma chambers, petrologic problems are periodically introduced as students develop a volcanologic perspective.  Finally, volcanologic processes on Earth are applied to extraterrestrial volcanism, mineral deposits, and society.  

Class Goals and Expectations

The vocabulary of volcanology is introduced, but the goal of the class is to be able to think critically about origins of volcanic rocks and geologic processes and to be capable of applying that knowledge to related fields. 

The reading and writing assignment for graduate students is an opportunity to think in terms of an ongoing volcanic eruption, to gain practice in formal writing, and to be creative while applying scientific knowledge.  

Attendance

Attendance in lecture is required.  Material covered in lecture provides the principal, although not the sole, basis for exam questions. 

Reading Assignments for Lecture
There are two types of reading assignments related to lectures.  Selected chapters from the text provide additional explanation and depth for material covered in lecture.  I recommend that the appropriate chapters from the text be skimmed prior to the lecture in which they will be covered and then referred to or read after the lecture as needed or desired.  Careful reading of the chapters is optional.  Papers from the published geologic literature will be assigned periodically--roughly one paper every week or two.  These are required reading; they should be at least skimmed before the subject is covered in lecture.
Grading

Undergraduate and graduate students are graded separately.  Graduate students are required to write an essay in the middle of the semester; undergraduate students may do the assignment for extra credit.

Grades for undergraduate students are based on one mid-term examination (100 points) and a cumulative final examination (150 pts) [total 250 points].

Grades for graduate students are based on a reading and writing assignment (50 points), one mid-term examination (100 points), and a cumulative final examination (150 pts) [total 300 points].

Exam dates are provided in the schedule. Review sessions will be offered before the mid-term and final exams.  The final examination will cover the entire course but emphasize the material covered since the mid-term examination.

Cheating

Cheating can result in a failing grade for this course and may result in your expulsion from the University — refer to The Code of Academic Integrity (copies are available in the Geosciences Office, room 208).  We work on an honors system.  If you are aware of cheating during an exam or quiz, please discreetly inform the instructor by a written message.  Your report will be held strictly confidential.

Learning Disabilities

Students requiring accommodation in testing or note taking should notify me and must deliver the appropriate Disability Resource Center faculty letter within the first few days of the course.

Geosciences 470R/570R

Volcanology: Physical Processes and Petrologic Applications

Lecture Schedule Spring 2004

	L#
	Date
	Day
	Lecture Topic
	Assigned and Background Reading Due

	01
	Jan 15
	Th
	Introduction; Design of course: the volcanology-igneous petrology connection; Definitions; Volcanic centers
	Sigurdsson, p. 1-13; Perfit and Davidson, p. 89-113; Simkin and Siebert, p. 249-261; Simkin and Siebert, p. 1365-1383

	02
	20
	Tu
	Time, length, area, volume, and energy scales; Chemical composition and physical properties (T, η, ρ); Characterizing volcanic rocks
	Rogers and Hawkesworth, p. 115-131; Spera, p. 171-190; Stix and Gaonac'h, p. 1141-1163

	03
	22
	Th
	Volatiles; Sampling volcanic gases
	Wallace and Anderson, p. 149-170; Delmelle and Stix, p. 803-815

	04
	27
	Tu
	Petrologic overview:  Volcanic rocks as samples of magma chambers; Physical sorting in pyroclastic eruptions; Types of zonation; Compositional gaps; Enrichment factors 
	Hildreth, 1981; Marsh, p. 191-206; Carrigan, p. 219-235; Jaupart, p. 237-245;

	05
	29
	Th
	Silicic lava domes and flows; Recrystallization; Dating; Reworking
	Metz and Mahood, 1985; Fink and Anderson, p. 307-319

	06
	Feb 3
	Tu
	Examples of silicic lava domes and flows and volatile effects; Hydration of glass; Implications for geochemical sampling and radiometric dating; Vesiculation and fragmentation
	Cashman et al., p. 421-430

	07
	5
	Th
	Pyroclastic eruptions
	Cioni et al., p. 477-494; Houghton et al., p. 513-525; Carey and Bursik, p. 527-544 [required]; Pyle, p. 263-269

	08
	10
	Tu
	Pyroclastic flows and welded ash-flow tuffs
	Wilson and Hildreth, 1997; Wilson and Houghton, 545-554; Freundt et al., p. 581-599

	09
	12
	Th
	Pyroclastic falls and surges; Welded pyroclastic fall deposits; Phreatomagmatic eruptions and phreatic explosions; Maars and tuff rings and cones
	Morrissey et al., p. 431-445; Houghton et al., p. 555-570; Valentine and Fisher, p. 571-580; Vespermann and Schmincke, p. 683-694

	10
	17
	Tu
	Cauldrons, calderas, volcano-tectonic depressions; Volume/area relationships
	Lipman, p. 643-662 

	11
	19
	Th
	Dynamics of magma chambers: Links to the hypabyssal and plutonic environments; Lifespans of magmatic systems
	Macdonald and Smith, 1988

	12
	24
	Tu
	Subaqueous and subglacial silicic lavas, pyroclastic flows, pyroturbidites, and giant pumice horizons; Keys to identification of pyroclastic flow, fall, and surge deposits
	Batiza and White, p. 361-381;  Smellie, p. 403-418

	
	26
	Th
	Midterm Examination
	

	13
	Mar 2
	Tu
	Discuss results of midterm exam; Petrologic applications of volcanology to silicic magmas
	

	14
	4
	Th
	Reading and writing assignment given on intermediate volcanic eruptions (graduate students only; extra credit for undergraduates); Andesitic arcs
	Carey, p. 627-642

	15
	9
	Tu
	Styles of intermediate eruptions (Vulcanian, Plinian, Peléean; Strombolian)
	Morrissey and Mastin, p. 463-475

	16
	11
	Th
	Eruptive products of intermediate magmas: Lava flows, flow breccias, block and ash flows, lahars; debris avalanches
	Kilburn, p. 291-305; Vallance, p. 601-616; Ui et al., p. 617-626

	
	16
	Tu
	No class—spring break 
	

	
	18
	Th
	No class—spring break 
	

	17
	23
	Tu
	Composite intermediate cones (stratovolcanoes)
	Hildreth and Lanphere, 1994; Davidson and de Silva, p. 663-681

	18
	25
	Th
	Petrologic applications of volcanology to intermediate magmas
	

	19
	30
	Tu
	Summary of background reading due; 
Contrasting settings of mafic magmatism (flood basalts; oceanic islands; mid-ocean ridges); mafic shield volcanoes
	Sigurdsson, p. 271-279; Walker, p. 283-289; Hooper, p. 345-359; Schmidt and Schmincke, p. 383-402

	
	Apr 1
	Th
	No class (GeoDaze)
	

	20
	6
	Tu
	Writing assignment due; Styles of mafic eruptions:  (Hawaiian, Strombolian, Surtseyan); subaerial mafic flow morphologies
	Wolff and Sumner, p. 321-329; Connor and Conway, p. 331-343; Vergniolle and Mangan, p. 447-461; White and Houghton, p. 495-511

	21
	8
	Th
	Deep subaqueous mafic eruptions; Morphologies and flow lengths of subaerial, shallow subaqueous, and deep subaqueous lava flows; Mafic submarine pyroclastic and volcaniclastic rocks; Submarine hydrothermal vents
	Butterfield, p. 857-875

	22
	13
	Tu
	Discuss results of reading and writing assignment; Alkalic, silica-undersaturated mafic rocks; Carbonatites; Kimberlites; Komatiites; Limburgites; Sulfur flows
	

	23
	15
	Th
	Petrologic synthesis
	

	24
	20
	Tu
	Volcanic hazards, eruption response, and mitigation
	Voight, B., 1990;

Miller and Casadevall, p. 915-930; Nakada, p. 945-955; Peterson and Tilling, p. 957-971; Rodolfo, p. 973-995; Williams-Jones and Rymer, p. 997-1004; Begét, p. 1005-1013; Baxter, p. 1035-1043; Murray et al., p. 1121-1140; Blong, p. 1215-1227; Johnston and Ronan, p. 1229-1240

	25
	22
	Th
	Volcanism and mineral deposits, I:  Relationship of volcanic landforms to metal deposits (Au, Ag, Cu, Fe), industrial mineral (Li, etc) deposits, and diamond deposits; eruptive volumes/composition relations and sizes of porphyry deposits
	White and Herrington, p. 897-912

	26
	27
	Tu
	Volcanism and mineral deposits, II: Volcanogenic massive sulphide deposits and black smokers;  Extraterrestrial volcanism, I: Venus and The Moon,
	Spudis, p. 697-708; Crumpler and Aubele, p. 727-769

	27
	29
	Th
	Extraterrestrial volcanism, II:  Mars, Io, Cryovolcanism; Course evaluation
	Lopes-Gautier, p. 709-726; Zimbelman, p. 771-783; Geissler, p. 785-800

	28
	May 4
	Tu
	Societal applications: Geothermal resources; soil; climate; petroleum maturation and reservoirs
	Goff and Janik, p. 817-834; Hochstein and Browne, p. 835-855; Delmelle and Barnard, p. 877-895; Mills, p. 931-943; Arthur, p. 1045-1056; Rampino and Self, p. 1083-1091; Arnórsson, p. 1243-1258; Ping, p. 1259-1270; Dehn and McNutt, p. 1271-1282

	
	11
	Tu
	Final Examination, Tuesday, 2-4 pm
	


6

