GEOL 308: Metamorphic Petrology

Group Fieldtrip Projects

So you want more fieldtrips, huh?

I have decided to replace the metamorphic belt project (as listed on your syllabus) with two fieldtrips to examine a variety of metamorphic (and some igneous) rocks in SW Montana.  Here’s the exciting part: these trips will be organized and led by you!  

Your work putting these trips together will constitute 10% of your course grade, and will probably require as much work as a typical term paper plus presentation.  They will also provide content for Exam 2.  You will work in teams of 3 or 4 to do literature research, perform field reconnaissance (find some interesting and accessible outcrops—I would guess one trip would be sufficient), examine samples from your field area (probably < 5 samples, depending on what the department—i.e., Dr. Mogk—has in our collection), plan the fieldtrip route and stops, collaborate on writing a mini fieldtrip guidebook/roadlog that will be distributed on the day of the trip, and lead discussions at the outcrops.   

FIELDTRIPS

Two fieldtrips highlighting a variety of metamorphic and igneous rocks in SW Montana will be run towards the end of the semester in addition to our afternoon trip to the Yellowstone Talc Mine on April 6:

Saturday, April 16 – Gallatin Canyon (high-grade gneisses and Eocene andesitic sills); Quake Lake (Madison Mylonite Zone and Quake Lake landslide).  Groups 1 and 2 will be collaborating on a fieldtrip guidebook/roadlog for this trip.  

Saturday, April 23 – Southern Paradise Valley (extrusive/intrusive igneous rocks and medium-grade metamorphic rocks in the Crystal Cross Mtn area), Yankee Jim Canyon (high-grade gneisses), and the Gardiner-Jardine area (low-grade metasediments and felsic metavolcanics).  Groups 2 and 3 will be collaborating on a fieldtrip guidebook/roadlog for this trip.

I will account for the time required to organize and run these trips by canceling some classes and labs later in the semester.  Class will be cancelled on March 28 and April 11.  Lab will be cancelled on April 13 and April 20.  I am also canceling the final homework assignment I had planned…it was a doozy, too. 

WORKING GROUPS

Group 1 – Gallatin Canyon (Jeff, Peter, Chris)
This group will be focusing on igneous and metamorphic rocks in the Gallatin Canyon area, but will also be including other aspects concerning the general geology of this region to their fieldtrip guidebook.

Group 2 – Quake Lake Area (Maria, Matt, Kim, Ryan)
This group will be focusing on the metamorphic and structural geology of the Precambrian rocks in the Quake Lake area, focusing on the Madison Mylonite Zone.  They will also show us the Quake Lake landslide.

Group 3 – Southern Paradise Valley and Yankee Jim Canyon (Hayes, Syverine, Eric, Brittney)
This group will be focusing on the igneous and metamorphic geology of the southern Paradise Valley area south of Livingston and into the Yankee Jim Canyon area.  They will also be showing us the Yankee Jim landslide.   

Group 4  - Gardiner and Jardine Area (Andrew, Aspen, Luke, Anne)
This group will be focusing on the low-grade metamorphic rocks in the Gardiner-Jardine area and northernmost Yellowstone National Park.  They will also be showing us the Devil’s Slide near Gardiner.

For more detailed information about your group’s field area and assignment, see the individual files I have distributed to each group.  

GENERAL RULES

· Stay off private land
· Do not bring rock hammers into Yellowstone National Park (Group 4) – collecting is prohibited
· Be careful along roadside outcrops
· Choose your roadside stops so that 2 vans can park safely off the road
GRADING

Each group will receive a single grade according to the following criteria: 

Contributions to fieldtrip guidebooks (60%)

25% - Content (Your group’s contribution to the guidebook should be a minimum of 4 pages of text not counting tables and figures; it should include detailed information from the published literature, a significant component of which must come from heavy-duty petrologic/structural studies and/or student theses; if available, you should include descriptions of a few available representative samples from the MSU collection)

15% - Figures and illustrations (feel free to include digital pictures you have taken, figures copied from publications and properly cited, inserted sections of topographic maps to show route and stop locations) 

10% - Organization (please include an introductory section at the beginning of the guidebook setting the regional stage for your trip; stops should be listed with mileages as well as directions and mileage between stops; references should be listed at the end of the guidebook; make sure to integrate your group’s material with the other group’s to produce a seamless product)

10% - Format (use GSA style for references; text should be 12 point Times Roman font and single-spaced; illustrations should have captions and should be cited if taken from the published literature)

Contributions during the fieldtrip (40%)

20% - Everyone in your group has a significant speaking role during the fieldtrip (all or nothing)

20% - Leadership of discussions at the stops/outcrops.  Clearly present a summary of the relevant geologic features along the trip and at the stops.  Ask questions to get the other students involved (encourage them to examine the rocks to describe minerals, textures, and structures).  

Anything longer than 1 sentence taken directly from published materials without proper citation constitutes plagiarism, and will result in a zero grade for the fieldtrip guidebook component of the grade.

DEADLINES

Groups 1 and 2: Final copy of guidebook/roadlog is due by 5 PM on April 15

Groups 3 and 4: Final copy of guidebook/roadlog is due by 5 PM on April 22

SOME FREE ADVICE

The keys to doing well on this project are:

· Don’t procrastinate

· Organize your group early 

· Do your literature search early (some items may require Interlibrary Loan)

· Delegate the responsibilities among the members of your group

· Communicate and collaborate with the other members of your group and with the other group you are working with on the guidebook/roadlog. 

ACCOMODATIONS FOR STUDENTS WHO CAN’T PARTICIPATE

Technically, since these fieldtrips weren’t on the syllabus at the beginning of the year, I can’t require you to participate in them.  Here are some alternative assignments for students who can’t participate:

# of trips missed


Alternative assignment

1 (but not your own group’s)
5-page* report on a metamorphic terrane 

1 (your group’s)


8-page* report on a metamorphic terrane 

2



10-page* report on a metamorphic terrane
* Double-spaced, 12 point font, not counting figures.  Please see me immediately if you wish to do these alternative assignments.  I can get you more detailed instructions before Spring Break.

Group 1 – Gallatin Canyon

Main focus

· high-grade migmatitic gneisses in Gallatin Canyon (Archean)
· Eocene andesitic sills cutting Paleozoic carbonates 
Helpful references (this is just a start…there may be more recent work)

Alt, D., and Hyndman, D.W., 1986, Roadside Geology of Montana.  See the section on Bozeman to West Yellowstone.
Map of the West Half of the Gallatin National Forest (published by the National Forest Service).  You can get this at outdoors stores around town. 
Mogk, D.W., 1992, Ductile shearing and migmatization at mid-crustal levels in an Archean high-grade gneiss belt, northern Gallatin Range, Montana, USA: Jourmal of Metamorphic Geology, v. 10, p. 427-438.
Daniel Hawkins’ undergraduate thesis.  This is pretty old but about the only study that has been done on the Gallatin Canyon “andesite porphyry” sills.
Thompson, A.B., 1990, Heat, fluids and melting in the granulite facies: in Vielzeuf, D., and Vidal, P., (eds), Granulites and Crustal Evolution, Kluwer Academic Publishers, p. 37-57.  This is a heavy-duty paper concerning partial melting and migmatization.
Montagne, J. M., Chadwick, R. A., 1976.  Road log from Bozeman to Specimen Creek via Gallatin Canyon and U.S. 191.  Special Publication - State of Montana Bureau of Mines and Geology. 73:37-52.

Todd Feeley’s “Road Log from Four Corners to West Yellowstone” written for the recent GSA Penrose Conference (this is pretty much based on the Montagne and Chadwick road log mentioned above, and can be cited similarly)

Also see your textbook for additional references on granulite-facies rocks, migmatites, and partial melting.
Samples

Dave Mogk has studied the high-grade gneisses in this area and should have lots of useful samples to examine.  Please include descriptions of representative samples from his collection in your fieldtrip guidebook.  Todd Feeley may have samples of the sills that cross-cut the Paleozoic limestones up there.  

Regional setting

Please work with Group 2 to assemble the material for a single introductory “regional geologic setting” section of the guidebook.  This should include information about the distribution of Precambrian rocks in SW Montana and how the rocks in Gallatin Canyon fit into this regional picture. 

Guidebook and Roadlog

Please collaborate with Group 2 on preparing the fieldtrip guidebook and roadlog.  Mileages should start at Four Corners.  Each stop should have a mileage, and mileages between stops should also be included (see any roadlog for an example). Your contribution for the guidebook should focus on the regional/metamorphic/ igneous story and on Gallatin Canyon, but you should also include items of general geologic interest (not too many and not too much detail) from the area south of Four Corners to the big sill.

Group 2 – Quake Lake Area

Main focus

· Madison Mylonite Zone
· Quake Lake landslide and 1959 earthquake
Route

We will be going to Quake Lake via US 191 through Gallatin Canyon to West Yellowstone and then taking US 287 to Quake Lake.
Contact an expert

I am attaching an email I received from Eric Erslev, a metamorphic petrologist and structural geologist at Colorado State University.  In his email, he mentions a few references that may be helpful to you.  Also, feel free to send him an email if you have any specific questions.  You should definitely ask him about the “new data” for a 2.5 Ga age of the mylonite zone that he cryptically mentioned in his email to me.  I will let him know that you may be contacting him.  

Helpful references (this is just a start…there may be more recent work)

Alt, D., and Hyndman, D.W., 1986, Roadside Geology of Montana.  See the section on Three Forks to West Yellowstone.
Map of the West Half of the Gallatin National Forest (published by the National Forest Service).  You can get this at outdoors stores around town. 
Erslev, E.A., and Sutter, J., 1990, Evidence for Proterozoic mylonitization in the northwestern Wyoming Province: GSA Bulletin, v. 102, p. 1681-1694.

There are additional references in the email from Dr. Erslev that might be helpful.

Samples

I don’t know if our department has samples of the Madison Mylonite Zone or not. .I will follow up on this and try to get you some samples to work on.  Dr. Erslev’s email mentions that the zone is pretty big and that likely protoliths outside of the zone may not be available.

Quake Lake landslide

I believe there is an interpretative center at the Lake about the 1959 earthquake and landslide.  This should be included on the trip.

Guidebook and road log

Please collaborate with Group 1 on preparing the fieldtrip guidebook and road log.  Mileages should start at Four Corners.  Each stop should have a mileage, and mileages between stops should also be included (see any roadlog for an example). Your contribution for the guidebook should focus on the regional/metamorphic/ structural story, but you should also include items of general geologic interest (not too many and not too much detail) from the area between Gallatin Canyon and Quake Lake.  One of these items should definitely be the Earthquake of 1959 and the Quake Lake landslide. 
Regional setting

Please work with Group 1 to assemble the material for a single introductory “regional geologic setting” section of the guidebook.  This should include information about the distribution of Precambrian rocks in SW Montana and how the rocks in Gallatin Canyon fit into this regional picture.

Group 3 – Southern Paradise Valley and Yankee Jim Canyon

Main focus

· high-grade gneisses in Yankee Jim Canyon (Archean)
· igneous rocks in southern Paradise Valley
· intrusive rocks at Point of Rocks (related to Absaroka Volcanics, Eocene) 
· extrusive rocks (basalts) in Paradise Valley (e.g., Hepburn Mesa, 2.2 Ma, pre-Yellowstone caldera, source was near Gardiner
· medium-grade metasediments and the retrograde Snowy Shear Zone on west side of valley, on east side of Crystal Cross Mountain 
Helpful references (this is just a start…there may be more recent work)

Alt, D., and Hyndman, D.W., 1986, Roadside Geology of Montana.
Locke, W.W., Clarke, W.D., Custer, S.G., Elliott, J.E., Lageson, D.R., Mogk, D.M., Montagne, J., Schmitt, J.G., and Smith, M., 1995, The middle Yellowstone Valley from Livingston to Gardiner, Montana: a microcosm of northern Rocky Mountain geology; in Mogk, D. (ed.), Field guide to geologic excursions in southwest Montana: Northwest Geology, v. 24.  The Yankee Jim Canyon area is described on pages 48-49. Please see the references mentioned in the third paragraph on page 48 (Guy and Sinha, 1988; Burnham, 1982, and Erslev, 1992) for additional refs about the Yankee Jim high-grade complex. The lower-grade metamorphic rocks on the west side of the Paradise Valley in the Crystal Cross Mountain area are mentioned in the paragraph “To the west of Yankee Jim Canyon…” on page 48. 
Smith, M., Lageson, D., Heatherington, A., and  Harlan, S. (1995) Geochronology, geochemistry and isotope  systematics of the basalt of Hepburn Mesa, Yellowstone  River valley, Montana. Geological  Society of America Abstr. with Programs, v. 27, no. 4, 56.

Gridley, David and Smith, Michael S. (2004) The Gardiner Basalts: Petrological And Geochemical Comparison With The Hepburn Mesa And Yellowstone National Park Basalts. Geol. Soc. America Abstr. with Programs, v. 36, no. 2., 103.

Erslev, E., 1992, Precambrian geology and ductile normal faulting in the southwest corner of the Beartooth Uplift, Montana: in Bartholomew, M.J., Hyndman, D.W., Mogk, D.M., and Masson, R. (eds), Basement Tectonics 8: Characterization and Comparisons of Ancient and Mesozoic Continental Margins, Proceedings of the 8th International Conference on Basement Tectonics, Kluwer Academic Publishers, Dordrecht, The Netherlands, p. 313-322.

Map of the East Half of the Gallatin National Forest (published by the National Forest Service).  You can get this at outdoors stores around town. 
7.5 min. topographic quadrangles: Miner and Dome Mountain

Experts to contact

I am attaching an email I received from Dr. Eric Erslev, a metamorphic petrologist and structural geologist at Colorado State University.  He mentions a few references in here that may be helpful to you.  Also, feel free to send him an email if you have any specific questions.  I will let him know that you may be contacting him.

Also, Michael Smith at the University of North Carolina at Wilmington has studied the 2.2 Ma basalt flows in this area and Dr. Lageson is a coauthor on that work.

Samples

The Earth Sciences Department (i.e., Dave Mogk) probably has samples from this area.  I will follow up on this and try to get you some samples to work on.
Access and land status

See the forest service map for land status.  The Yankee Jim Canyon area is in the Gallatin National Forest, so access shouldn’t be a problem.  Hepburn Mesa and Point of Rocks are on private land (I think), so we will probably only get to see these from the road.  Access to the Crystal Cross Mountain area across the river to the west is more problematic.  You would cross the river at the Carbella Bridge near the entrance to Yankee Jim Canyon.  From there, there is a road up to Ferrel Lake that is open to the public for a ways, but after awhile (don’t know how far), the NFS people tell me that there is a gate across the road and that’s as far as you can go (everything further up is on private land).  Try going up this road to look for metamorphic rocks (they are medium grade with staurolite).  I don’t know if the road is good or not, so I’d recommend taking a 4WD for that reconaissance. Also on the east side of Crystal Cross Mountain is the Snowy Shear Zone (Erslev, 1992) which is retrograde and chock full of chlorite.  If it doesn’t work out, just mention these rocks in passing and focus instead on the rocks in Yankee Jim Canyon.

Guidebook and road log

Please collaborate with Group 4 on preparing the fieldtrip guidebook and road log.  Mileages should start at Livingston.  Each stop should have a mileage, and mileages between stops should also be included (see any roadlog for an example). Your contribution for the guidebook should focus on the regional/metamorphic story and on Yankee Jim Canyon, but you should also include a few items of general geologic interest (not too many and not too much detail) from the area between Livingston and the south terminus of Yankee Jim Canyon.  One of these items should be the Yankee Jim Canyon landslide.  
Regional setting

Please work with Group 4 to assemble the material for a single introductory “regional geologic setting” section of the guidebook.  This should include information about the distribution of Precambrian rocks in SW Montana and how the rocks in the Southern Paradise Valley and Yankee Jim Canyon fit into this regional picture. 




Group 4 – Gardiner-Jardine Area

Main focus

· low-grade metasediments and felsic metavolcanics in the Gardiner-Jardine area
· rocks and structural relationships at the Devil’s Slide just north of Gardiner
Helpful references (this is just a start…there may be more recent work)

Locke, W.W., Clarke, W.D., Custer, S.G., Elliott, J.E., Lageson, D.R., Mogk, D.M., Montagne, J., Schmitt, J.G., and Smith, M., 1995, The middle Yellowstone Valley from Livingston to Gardiner, Montana: a microcosm of northern Rocky Mountain geology; in Mogk, D. (ed.), Field guide to geologic excursions in southwest Montana: Northwest Geology, v. 24.  On page 48, the last paragraph of the left-hand column describes your rocks and lists some useful references (Thurston, 1986; Mogk, 1988; Jablinski and Holst, 1992).  The Thurston reference is a MSU thesis; our library or the Earth Sciences Department should have a copy. 
Map of the East Half of the Gallatin National Forest (published by the National Forest Service).  You can get this at outdoors stores around town. 
Access and land status

Dave Mogk tells me there are excellent exposures of low-grade metamorphics with relict sedimentary structures (e.g., bedding) along a trail that follows the north side of Yellowstone River near the northernmost boundary of the Park east of Gardiner (Dave suggested parking at the Gardiner KOA, but you might want to check on this).  The outcrops are within a mile or two of town along this trail.

Alternative places to see outcrops of the Gardiner-Jardine low-grade metamorphic complex would be higher up in elevation (there is a road from Gardiner to Jardine—perhaps this might be useful?).  Some of the forest service roads up there are still probably closed for the season, however.

Fee Waiver for YNP

I have faxed the attached application to the Park for a fee waiver for your field reconnaissance and for the April 23 fieldtrip.  This application has a phone number for a contact at the Park in case there is any difficulty.  The Park should be mailing (or faxing) me a permit which you will need to get into the park for free.  
Samples

Dave Mogk may have some hand-samples and thin-sections for you to examine. I will follow up on this and try to get you some samples to work on.

Other notes

Most of the rocks in this area are low-grade metasediments (andalusite and staurolite assemblages; peak conditions: 560 (C and < 3.8 kbar), but there are also supposed to be some felsic metavolcanics in there.  Try to find out where these rocks are located.  If accessible, it would be nice to be able to see these metavolcanics for a little variety.    

Guidebook and road log

Please collaborate with Group 3 on preparing the fieldtrip guidebook and road log.  Mileages should start at Livingston.  Each stop should have a mileage, and mileages between stops should also be included (see any roadlog for an example).  Your contribution for the guidebook should focus on the metamorphic story, but you should also include a few items of general geologic interest (not too many and not too much detail) from the Devil’s Slide area south to Gardiner.  One of these items should be a description of the Devil’s Slide just north of Gardiner (please put this BEFORE your main stops on the way south towards Gardiner).
Regional setting

Please work with Group 3 to assemble the material for a single introductory “regional geologic setting” section of the guidebook.  This should include information about the distribution of Precambrian rocks in SW Montana and how the rocks in the Gardiner-Jardine area fit into this regional picture. 
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