Reconnaissance stratigraphy and mapping of the Frying Pan Gulch, MT
Welcome to Frying Pan Gulch.  This project is designed to make you familiar with the Mesozoic and uppermost Paleozoic stratigraphy of the Dillon area and to familiarize you with basic digital mapping skills.  During this 5-day project you will:

· Identify mappable unit contacts on satellite imagery
· Read about the stratigraphy of the units commonly found in the area and identify formation/member/unit boundaries based on their surface expression, regional unit thickness information, and some field photos.

· Estimate strike and dip of contacts based on various types of exercises
· Produce a geological map and a geological cross-section.

· Produce a stratigraphic column, and 

· Write a geological report.

Schedule Summary:

Day 1:
· Brief introduction to the mapping project. Description of class logistics, expectations, deliverables

· Google Earth demonstration.

· Draw contacts on Google Earth. – kmz due by 6 pm.
· Adobe Illustrator demonstration.
· Start working on Exercise 1. Everything but coloring should be complete.
· Reading: Geologic History of Dillon Area (Thomas et al., 2013)
· Provide the stratigraphic descriptions text (stratgaphy.doc) and the kmz layer with outcrop photos once all the kmz assignments are uploaded. Note that some of the photos need to be sketched (Overview 1 and 2; outcrop 7, 8, 12, 21, 22, and 23)
Day 2: 
· Morning zoom discussion (2 hrs) among assigned groups (3-6 students?) on which contacts they have drawn the day before represent formation/unit/member boundaries.

· Class discussion where each group presents their discussion results. Class decides where to draw their contacts.

· Transfer contacts from Google Earth to Adobe Illustrator.

· Contact.kmz is updated labels based on the discussions and submitted.
· Exercise 1 is colored and completed. Submit exercise 1 by 6 PM.
· Provide the students the geologic map of the “Twin Adams Mountain” Quadrangle. They can self-evaluate their cross-sections for exercise 1.

· Field notebook scans due at the end of the day

Day 3: 

· Exercise 2. Determining the strike/dips of fold limbs.
· Draw a geological cross-section in Illustrator and determine formation/member/unit thicknesses. Can be in draft version.
· Finish geological map.

· Field notebook scans are due at the end of the day. Notebooks should contain a stratigraphic column with unit thicknesses and key observations that would help recognition in the field.
· Provide students chapters from the “Geologic history of the Dillon area, southwestern Montana” and assign groups for presentations.
Day 4: 

· Brief demo of Strat Desktop.
· Time for group discussions in preparation of their small group presentations – students will be divided into groups to work on their summary presentation of the geological evolution of the Dillon area. They can utilize additional resources.
· Geological map complete with the cross-section and explanation due at the end of the day.

Day 5: 

· Group presentations in the morning.

· Continue to work on the reports.

· Adobe Illustrator drafted Strat column is due at the end of the day.

Day 6:

· Complete geologic report is due at the end of the day. Most figures are already produced and collected. New figures and digitized sketches can be included in the report.

Provided Materials:

· Frying_Pan_Gulch.kmz

· Map boundary

· 5m contours
· Photos
· DrillSites

· MT_Argenta_quad.kmz
· Exercise 1 – cross-section 

· Exercise 2 – 3-points problems

· Stratigraphy document (unit description compilation from regional maps)

· Geologic Map of the Twin Adams Mountain Quadrangle

· Reading materials

· Thomas, R.C., Allen, B., Bolduc, N., Craddock, M., Creger, C., Feldhaus, K., Heinen, K., Joramo, S., Kidrick, K., Ley,P., Linse, T., McHugh, C., Morrison, L., and Williams, E., 2013, Geologic history of the Dillon Area: Public access document, 28 p.

· Geologic history of the Dillon area, southwestern Montana, Robert C. Thomas, editor, 1996: Proceedings Volume from the 20th Annual Field Conference of the Tobacco Root Geological Society: Northwest Geology, Vol. 25, 93p.
Exercise 1. 

Drafting a geological cross-section using Adobe Illustrator

Part 1:
The goal of this exercise is for you to draw a geological cross-section using Adobe Illustrator. We will use this exercise to get you familiar with most commonly used tools of the software.  But before you start the exercise, we need to get your computer ready for typing some unit abbreviations properly:

Follow this link: (https://pubs.usgs.gov/tm/2006/11A02/) and download the appropriate file in section 32 for your computer’s OS. Unzip the file and follow the instructions on where to copy the font file onto your computer. This may require a restart of your computer.

Download the Exercise1.ai file from your course portal.

Exercise1.ai file should have the following layers:


Geologic Map: Contains the geological map figure


Map collar: Contains the scale bar and the North-arrow


X-section frame: Contains geologic cross-section figure outline and the cross=section location on the map


Neatline and Text: Contains the neatline and the Map label.

Your geology cross section does not need to be colored. However, all units must be labeled. You will need to create and include the following layers to a minimum:


Topographic Profile: will ONLY include your topographic profile


Contacts: will ONLY include contacts on your geological cross section


Unit labels: will ONLY include labels for the units shown on your geologic cross section

You can complete this exercise fully using Adobe Illustrator. If you prefer, you can sketch your geologic cross-section on a piece of paper and transfer your lines onto Illustrator. Kgd is the only intrusive rock seen on this map. It is Cretaceous in age and granitic in composition. All other units are sedimentary and their ages range from Cretaceous to Pennsylvanian. Most surficial deposits are Quaternary in age. Tsc is an unconsolidated sedimentary cover unit of Miocene age.
Part 2:

Now that the cross-section is done, let’s now try to make it match the colored map. For this, you need to create the following layer:


Colored_units:

In this exercise, you will create colored polygons that match the unit colors on the geologic map.

In addition, you will create the following layers and complete the map:


Bedrock and Surficial Deposits: will contain the colored rock legend


Map symbols: will contain the geologic symbols shown on the map
Exercise 2

Determining strike/dips of fold limbs
The goal of this exercise is to interpret geologic unit geometries and attitudes (strike/dip) based on (1) the topographic expression of the unit and determination of strike lines, and (2) the vertical position of three points located along the contact using the three-point method. In the Frying Pan Gulch map area, we will determine strike/dip of the geologic units using these methods, which will aid in our understanding of the subsurface geometries and guide construction of a geologic cross section.

This exercise will use the main Google Earth .kmz file with the “5m Contours” and “DrillSites” layers.
Part 1:

First, we will focus on the east side of the map area and use topography and geologic contact to determine the strike and dip of these beds. Remembering that strike is defined as the intersection of our geologic surface (unit contact) and a horizontal plane, we can use the intersection of a geologic surface with topography to determine strike. Turn on the 5m contour layer, and find two points along a geologic contact that are at the same elevation – a line between these points is the strike line.

Determine three or more strike lines along the eastern half of the map area. Are they parallel? 

Lastly, we can use the horizontal distance between strike lines and their vertical difference to calculate the dip of the geologic contact. We now have the strike and dip of some of the geologic units on the eastern part of the map area. NOTE that more complicated geology may involve rapidly changing attitudes (strikes AND/OR dips) and one must be careful in applying this method. 

Part 2: 

The “three-point problem” is a classic method for determining the strike and dip of bedding. In the western part of the map area, the geometry of the geologic units is not as conducive to using the above methods, but luckily we have some drill hole data. Years ago, an oil company was drilling pilot holes around the Frypan Gulch area, looking for the contact between Kkg-Kku. Below are their recorded depths to contact. 

	Well
	Depth to contact

	drill1
	475 ft

	drill2
	475 ft

	drill3
	975 ft

	drill4
	765 ft


With some simple trigonometry, we can use this information, and the spatial position of the wells—as seen in Google Earth—to determine the strike and dips of bedding. Double check this strike/dip value by making a sketch from your mapped Kkg-Kku contact to any of the wells and calculating the predicted depth of the contact. Does this match the provided well data?

PROJECT WRITE-UP:

Write-ups will be ~3-5 typed pages and consist of the following sections:

INTRODUCTION
· What is the objective of the project and why is it important? 

· What prior work has been done in the area and what has it suggested about the Paleozoic  and Mesozoic tectonic history?

-   Geologic setting: consider where the study area is located with respect to the Rocky Mountain fold and thrust belt.
METHODS

-  What methods and other information did you use to tackle your project objectives? 

VIRTUAL FIELD OBSERVATIONS
· Description of rock units, thicknesses
· Description of structural data and its analysis
DISCUSSION
This is a reconnaissance report. List the assumptions you have made in determining your formation/member/unit boundaries and what you would do to confirm them when you go to the field. If there is a particular contact you had a hard time identifying, discuss the observations that keep you confused and how you would go about solving it when yu go to the field.

Integrate your observations as well as previously published work to decipher the tectonic history of the study area.
FIGURES
· Reference your field map, geologic cross-section, and stratigraphic column (e.g., Fig. 1, Fig. 2)
· Include 2 sketches from your notebook that supplement project write-up
REFERENCES

Citations are key for the introduction and discussion sections. All references that are cited in the text must be included in a “References” section.
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