Exercise: Constraining sediment source geology and exhumation through conglomerate modeling and lag time.
Barbara Carrapa, University of Wyoming
Context

Graduate geology students typically experience difficulties when presented with a problem that requires the application of different techniques acquired in different classes within a single course structure. This assignment follows classes 3 to 8 of the weekly, graduate level, course: ‘Tectonics and Sedimentation’. In order to be able to undertake this assignment, students will not only have to follow and interact in class but also read and understand papers at home. After a first simple question on the tectonic style of the mountain range students will have to apply what they learn from the paper from DeCelles and Giles (1996) and Graham et al. (1986), assigned to read as homework, to answer the first set of examples. Consequently, I have developed a second-part exercise designed to help students understand the relationship between source and sediments; they will use data provided in the exercise to constrain the rates and patterns of source exhumation. In order to answer the second-part exercise students will have to read a suite of papers on detrital thermochronology (Bernet et al., 2002; Carrapa et al., 2003); this will enhance their capability of independently assess complex scientific issues. They will also have to apply simple equations to calculate the rate of source exhumation (through the concept of lag time).

Goals of the Activity/Assignment
Allow students to:

1) Better understand the relationship between source and sedimentary basin.
2) Develop their knowledge of sedimentary geology and in particular of the application of quantitative techniques to constrain sediment source geology and exhumation.
3) Be able to comprehend scientific papers and interpret data on the basis of the newly acquired knowledge.
4) Learn how to quantitatively interpret provenance and detrital thermochronological data.
Description of the Activity/Assignment

Materials:
1) Papers and lecture notes are provided in electronic format during the course. 
Assumptions:
1) Competence in simple college algebra.


2) Basic knowledge of Sedimentology and Stratigraphy.
Case study

A ca. 4km continental clastic sequence adjacent to a fold and thrust belt and deposited in a foreland basin system has a depositional age of 32 to 20Ma  (bottom and top age constraints). It comprises conglomerates and sandstones that express syn-sedimentary deformation features (growth structures) and show a coarsening and thickening upward trend. 
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In the conglomerates you can recognize the following lithologies:

-pelitic clasts;
-quartzites;
-limestones;

-paragneiss;
-volcanoclastics.

-You can only find pelitic clasts in Unit A, quartzites in Unit B, limestones in Unit C, paragneiss in Unit D and volcanoclastics in Unit E, in the source area of the conglomerates; Unit A is 100m thick, unit B is 400m thick, unit C is 200m thick and units D and E are 150m thick each.
-From a clast count (location1) at the base of the conglomerate in the sedimentary basin you obtain the following results:

pelitic clasts (10%), quartzite (30%), paragneiss (40%) and limestones (20%).

-From a clast count at the top (location 5) of the conglomerate in the sedimentary basin you obtain the following results:

pelitic clasts (5%), quartzite (20%), paragneiss (30%), limestones (10%), volcanoclastics (35%).
Extra information regarding the sediment source: 

Deformation in the source is mainly characterized by low angle reverse faults affecting sedimentary (partly metamorphosized) basement rocks; a detachment is present at depth.
A) Questions related to tectonic style and provenance:
(1) define the style of tectonic deformation (thin skinned versus thick skinned) and the depozone where these sediments were likely to be deposited within the foreland basin system.
(2) Define the % of source units recognized in the conglomerates, for each of the two locations (1-5), on the total source rocks.
(3) Define which unit in the source area is recognized in the clast count (‘sample gate’; sensu Graham et al., 1986) for each location, bottom and top of the stratigraphic sequence, and calculate the normalized % of each of them (modeled contribution of source units; sensu Graham et al., 1986).
(4) Compare the modeled contribution of source units with the observed one from the clast count data.

(5) Discuss the results and give an explanation for any mismatch.

(6) Interpret the difference in provenance between the bottom and the top clast count locations.
B-Questions related to source exhumation rates and pattern:

Considering the 40Ar/39Ar ages on white mica obtained from single clasts of paragneiss sampled at different locations in the conglomerates calculate:
(1) the lag time at different locations, where data are available, and discuss the pattern of exhumation;

(2) considering a paleogeotherm of 20°C/Km, and a closure T of 350° for 40Ar/39Ar on white mica, calculate cooling and exhumation rates of the source area, of the paragneiss clasts, throughout the stratigraphic sequence; 
(3) Discuss the pattern and rates of orogenic exhumation.
Estimated time to complete the assignment: 1-2h (not including papers reading).
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