Source to Sink Morphology, Sedimentation and Anthropogenic Impact: Hudson System, New York 

The Continental Margin offshore New York State is a typical example of a tectonically stable margin that during the Pleistocene was significantly influenced by its proximity to the Laurentide Ice Sheet. During the Holocene eustatic rise in sea level, rivers such as the Hudson joined the ocean and estuaries developed along the margins of the continent. Estuaries are important conduits for the transport of sediments, vital for natural ecosystems containing abundant nutrients and thriving biological communities, and form essential routes for commerce. Yet, estuarine sedimentation has been severely impacted by anthropogenic activities such as deforestation in the early 1800’s, the construction of damns and bridges, and most recently dredging to maintain the navigation routes. To fully understand the late Pleistocene to Holocene source to sink sedimentation of the margin its geomorphology will be studied by using imaging and visualization techniques as well as other data available through geoscience data systems. 

The recent developments in imaging and visualization techniques permit to evaluate the sources of modern river systems, their coastal estuaries and the continental margins where sediments are ultimately deposited. The new technology also permits to assess patterns of sediment transport and erosion and how large cities and metropolitan regions are influencing the hydrodynamics of these systems worldwide. For this exercise, we will learn how to use global visualization GeoMapApp, a Java-based “geographic information system (GIS) focused on the marine setting, developed and maintained at the Lamont-Doherty Earth Observatory’s Marine Geoscience Data System and Google Earth.

This exercise is composed of three parts that focus on the Continental Margin, the estuary, and anthropogenic structures across the estuary. It will require two laboratory sections (three hours each) to be completed. 

Reading background from 

1. The Open University “The Ocean Basins: Their Structure and Evolution”. Chapter on continental margins.

2. Introductory Oceanography By Thurman. 10th Edition. Prentice Hall. Or comparable text. Chapters on estuaries, tides, environmental pollution. 
Instructions:

1) Download GeoMapApp onto your computer.  Go to http://www.marine-geo.org/ and follow the instructions for downloading.

2) Download Google Earth™ onto your computer.  Go to http://earth.google.com and follow the instructions.
Exercise 1: 

Continental Margin Background and Observations. During the Last Glacial Maximum, the Laurentide Ice Sheet was grounded along present Long Island Sound, the Hudson Valley was filled with ice, the shoreline was at the modern shelf edge (120 m of water depth), systems of braided channels extended beyond the margins of the ice transporting sediment towards the paleoshoreline at ~ 120 m of present water depth. Submarine canyons, including the Hudson Canyon, incised the continental slope. 

The Hudson Shelf Valley crosses the shelf extending continuously from ~20 m to 100 m of present water depth. It is generally accepted that the Hudson Shelf Valley became active after the Laurentide Ice Sheet receded, all the ice melted, and the Hudson River began to transport waters and sediments offshore during the Holocene sea level rise. 

Goals: to characterize the present morphology of both these features (Hudson Canyon and Hudson Shelf Valley) to interpret their recent history and present activity.

For this exercise, you will compile the bathymetry from GeoMapApp. 

2) Go to Available Data, Select Data from Menu, General Data Viewers, Layers, Contributed Regional Bathymetric Grids, US Continental Margin, Atlantic Coast, NGDC Coastal Relief Model.

3) Using GeoMapApp locate the Hudson Shelf Valley and Hudson Canyon by drawing a box that encloses the Hudson Shelf Valley and Canyon. To draw a box, click on the magnifier and drag until, the desired area is covered.

4) Create an overlay of contours to the bathymetry.  To create contours, you first need to load the NGDC Coastal Relief Model Grid.  Click on the “waffle” icon on the top button bar  [image: image1.jpg]


.  The “Grid” window will appear.  [image: image2.jpg]ob: rids
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Click on the contour icon [image: image3.jpg]


 and a “modify contours?” window will appear.  You can change the contour interval, minimum contour, and the maximum contour.  If you change these parameters, you will need to click on RELOAD, then click OK.  The basemap will be overlain with contours.

Examining the Shelf Valley:

5) Use the digitiser tool [image: image4.jpg]


 , create a profile graph along the axis of the entire shelf valley.  Specify the following parameters:
Interval: 
10
Minimum: -120
Maximum: 0
If you are unfamiliar with this tool, see the video tutorial:
http://www.geomapapp.org/tutorials/ and find the “Digitizer Function”

6) Measure the axial length and determine the slope of this 0-120 m segment. 

7) Use the profile tool [image: image5.jpg]


 to draw two cross-sectional profiles across the shelf valley, at the 20 m, 40 m, 60 m and 80 m contours.  Save these profiles.
If you are unfamiliar with this tool, see the video tutorial:
http://www.geomapapp.org/tutorials/ and find the “Profile Tool”

8) How do the cross-sectional profiles change with increasing water depth? 

Examining the Slope Canyon:

9) Click on the contour icon tool again two times to change the settings.  Specify the following parameters:
Interval: 
100
Minimum: -2000
Maximum: -100
Create a new profile along the canyon axis between 100 and 2000 m.

10) Measure the axial length and determine the slope of this 100-2000 m segment. 

11) Use the profile tool to draw two cross-sectional profiles across the shelf valley, one at 200 m, 600 m, 1000 m, 1200 m, and 1500 m contours. 
Comparing the Shelf Valley and Slope Canyon
12) What are the main differences in water depths, lengths and slopes between the shelf valley and slope canyon? 

13) What are the differences in across axis morphology between the shelf valley and canyon? For example, “V” shape versus “U” shape.

14) What do these differences in morphology between the shelf valley and slope canyon reveal about sediment transport and erosion? 
15) If a system becomes larger (deeper and wider) with time, which system is more mature:  the slope canyon or shelf valley? Why? 

Please write a summary of your observations.

Exercise 2: 

Background: The Hudson River estuary extends for 240 km from Troy, NY (at 42°43’49”N and 73°43’05”W) to its mouth in the New York Harbor. It crosses diverse physiographic and lithological terrains such as the Hudson Highlands composed of  Pre Cambrian metamorphic rocks and the sediments and igneous rocks of Mesozoic age.
Goal: The purpose of this part of the exercise is to illustrate how the morphology of the estuary changes along its path, and how its sedimentation patterns can be affected by these changes. We will concentrate on two different segments of the estuary.

For this part of the exercise, you will compile the bathymetry of the Hudson River estuary and adjacent topography from GeoMapApp. Follow the path below:

Basemaps ( Regional Grids ( Bathymetry ( U.S. Offshore Margin ( Atlantic Coast ( Hudson River Bathymetry

Examining the Section between Newburgh and Strom King Mountain, NY:
16)  Based on the bathymetry, divide the river into two segments. The first segment extends from 41°36’N to 41°26’N (a section from Newburgh to Storm King Mountain). Measure the average width of this segment. Measure the axial length and determine the slope. What is the difference in water depth (this would be the difference between the deepest and shallowest point)?

Examining the Section between Croton Point and Tarrytown, NY:
17) The second segment extends from 41° 11’N to 41°03’ (Croton Point to Tarrytown, NY) Measure the average width of this segment. Measure the axial length and determine the slope. What is the difference in water depth?

Comparing the Newburg to Storm King Mountain and Croton Point to Tarrytown Sections
18) What are the main differences in the morphology (width, length, slope and water depth) between the Newburgh to Storm King Mountain segment and the Croton Point to Tarrytown segment? 

19) Describe the adjacent topography along the eastern and western shores of each segment. Is there a relation between changes in the morphology of the estuary and the adjacent physiography?

Please write a summary of your observations.

Exercise 3: 

Background: The Hudson River estuary crosses New York City and its path has been severely impacted by anthropogenic structures such as bridges, piers, and dredging.

Goal: Students will assess the impact of anthropogenic activities on the sedimentation and environment.

For this part of the exercise, you will compile the bathymetry and topography from GeoMapApp, and the anthropogenic structures (bridges) from Google Earth™ http://earth.google.com 
Anthropogenic Impact:

20) How many bridges cross the Hudson River along the two segments you studied? What are their names? 
21)  From the topography obtained from the previous section, locate the channel in those parts of the estuary that are crossed by the bridges. 

22) Is there a well-defined channel present along these segments? If not, what do you think is happening? How are the bridge structures (footings) interfering with the circulation of the estuary? Can this be a problem for the transport of goods in the estuary? Why? Can this be a problem for the estuarine ecosystems? Why? 

Please write a summary of your observations.
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