[bookmark: _GoBack]Holocene Climatic Optimum – A Time of Massively Increased Sediment Discharge for Asian Rivers

This module is part of a larger set of mini-lessons that explores the variations in water and particulate mass flux from rivers that result from changing climate patterns and human activity in the Holocene.  Long-period variations in runoff will be explored in this module on the Holocene Climatic Optimum, when intensification of the Southwest monsoon affected massively increased river discharge in south Asia.  The exercise will detail the operation of the Asian monsoon and interpret stratigraphic evidence for increased sediment discharge during the Holocene Climatic Optimum using the Ganges-Brahmaputra as an example.

After completing this module, students will have an understanding of the physical controls on the Asian Monsoon system, including basic orographic rainfall patterns and its seasonality in south Asia.  Students will also be introduced to the concept of isotopic distillation of rainfall along the monsoonal flow pathways. Students will learn to manipulate stratigraphic data to produce linear sedimentation rates from core data and volume estimates from isopach maps in order to understand longer-term (beyond historical gauging records) changes in riverine mass fluxes.


a) Power Point Presentation – Introduce fundamental concepts related to Monsoon conditions in Asia.

	i) 	Orographic Effect
	ii)	Isotopic Distillation
	iii) 	Summer-Winter Monsoon
	iv) 	Temporal Variations – Climatic Optimum





b) Short (in class) GeoMapApp exercise to help illustrate Orographic and Distillation Effects

For this 15-20 minute exercise, students can work in pairs or small groups to examine elevation changes and isotopic signatures of precipitation along two transects in south and southeast Asia.  After a short introduction, break-out groups will work through the exercise and report their observations and conclusions back to the class.

i)	Use distance profiling tool to view depth-elevation changes along the two transects A-A’ and B-B’.
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Transects A-A’ and B-B’ lie along the paths of the south Asian and southeast Asian Monsoons, respectively.

Compare and contrast the two depth/elevations profiles created A-A’ and D-D’.  For which of the two areas would you expect the orographic effect to be more pronounced?  Why?

ii)	Use Data Sets “Atmosphere and Precipitation” to compare annual rainfall totals at stations nearest the two transects.

Are the observed annual rainfall variations along each transect consistent with the “Orographic Effect”?  Can you see any differences between the two transects in terms of absolute rainfall amounts relative to distance from the coastline?  Explain any difference you observe.

iii)	Use Data Sets “Atmosphere and Precipitation” to compare δ18O values of rainfall at stations nearest the two transects.

Describe the general trends in δ18O along each of the transects.  Can these trends be explained in terms of the isotopic distillation effects?  Describe and explain the major difference(s) in δ18O values you observe between the two transects.

c)	Power Point Presentation - The Ganges-Brahmaputra River-Delta-Fan system.

		i) Geography and Geology
		ii) River Characteristics and Discharge
		iii) Sediment Deposition on Delta Plain, Shelf and Deep-Sea Fan


d) Exercise (introduced in class take home) on use of stratigraphic data to calculate sediment budgets for the Ganges-Brahmaputra system.


i)	Use bore-hole data from three wells to estimate and compare linear accumulation rates for two periods (7-11ka and 0-7 ka).

	Radiocarbon
Age (ypb)
	Borehole #1 
Depth (m)
	Borehole #2
Depth (m)
	Borehole #3
Depth (m)

	0
	0
	0
	0

	7000
	15
	25
	27

	11000
	49
	72
	50




Compute the linear sedimentation rates for the two periods  7-11 ka and 0-7 ka  for the three boreholes.  How do the linear rates vary within and among the cores? Describe any general trends or variability in the results.


ii)	Examine two transects across Bengal Basin from multiple boreholes.


Describe the stratigraphic variations in transect provided.  Can the general trends and variations in linear sedimentation rates calculated above be explained in terms of the observed spatial variations?  How would you construct a system-wide sediment budget from bore hole data such as these?  
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iv)	Calculate variations in sediment supply from isopach sediment volume estimates.

Based on a suite of borings from the Ganges-Brahmaputra delta plain, the integrated sediment volume has been calculated for the 11,000-7,000 yr B.P. and post-7,000 yr B.P. sections:

Post-7,000 yr B.P. Fill – 3.5 + 0.4 x 1012 m3 (dry bulk density 1.5 t m3)

11,000-7,000 yr B.P. Fill – 5.0 + 0.5 x 1012 m3 (dry bulk density 1.8 t m3)


Take these isopach estimates of sediment volume during the two time periods, and convert them to annual river fluxes based on measured bulk density of 1.5 t/m3 for the 0-7 ka interval, and 1.8 t/m3 for the 7-11 ka interval.  How do the values compare to the modern gauged river discharge and to each other?  What are some of the limitations of such estimates?
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