Assignment – Show all work!
Accretionary vs. erosive subduction margins

Part I: Accretionary wedges and sediment subduction

--------------------------------------Remove below if covered during lecture ------------------------------------------
Navigate to http://www.geomapapp.org and download the program.

Open GeoMapApp and load the following dataset: Basemaps>Global Grids>Seafloor Sediment Thickness (Divins 2006)
· In the “Layer Manager” window, click the “i” for more info. This new “Contributed Grids” window shows the legend for the added layer.

Notice that the thickest sediment is located at the margins of continental plates. 
[bookmark: _GoBack]
1. On Fig. 1, compare the margins of South America with those of Africa. List two possible reasons as to why the western margin of South America is mostly devoid of sediment, whereas its eastern margin is not. Think about what controls the supply and preservation of sediment.


--------------------------------------Remove above if covered during lecture ------------------------------------------
Given that the earth’s ocean basins form its most volumetrically significant depocenters, knowledge of the fate of marine sediment at subduction zones is important to our understanding of the processes that control the balance between destruction and formation of new continental crust. Standard models for ocean-continent subduction margins portray a dense subducting oceanic plate diving landward beneath a buoyant, thicker continental plate. In the standard model, marine sediment known to sit on the oceanic crust is scraped off and incorporated into an accretionary prism, which grows through time as sediment continues to be delivered to the trench. 

2. Draw an accretionary wedge
a. Show the subduction megathrust and any faults within the wedge.
b. Label the portions of the wedge that you think represent the oldest and youngest accreted material.






3. List two controls by the incoming plate on the volume of sediment delivered to the accretionary prism:
a. 
b. 
c. 
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http://www.ngdc.noaa.gov/mgg/sedthick 
Figure 1. Seafloor sediment thickness.


Let’s assume that an accretionary wedge is triangle-shaped (Fig. 2). As a first order estimate of the quantity of sediment preserved in accretionary wedges, we can assume that most accretionary wedges have a similar wedge taper angle (see Fig. 2; ~10°). We can thus approximate the cross sectional area of the wedge in any given locality:

Area of a triangle 

[image: ]
Figure 2. Schematic representation of an accretionary prism and the sediment “delivered” to it.

In the next section you will compare the amount of sediment from the Nankai margin (Japan) to the Costa Rica margin by looking at the bathymetry and interpreted 2D sections of seismic reflection data. You will also estimate the expected sediment accumulations at these locations and compare to your cross-sectional calculations.
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Figure 3. Bathymetric map of the accretionary wedge near Nankai, Japan (modified from G.F. Moore et al., Scientific Drilling, in press and Park, 2003).
4. Compare the above bathymetric image of the accretionary wedge at Nankai (Fig. 3) with the interpreted seismic cross section below (Fig. 4).

a. Identify the subduction megathrust on the above image and draw its trace.
b. Using a different color, draw at least four other thrust faults observed on the below cross section (Fig. 4) on the above image (Fig. 3).

[image: ]



Figure 4. Vertically exaggerated (2X) seismic reflection profile across the accretionary wedge in Nankai, Japan (modified from Moore et al., 2009).

5. The age of the accretionary prism at drill site C0002 was determined to be 7 Ma. Assume that this age constrains when that portion of the accretionary prism was built and everything outboard of there is younger. Assume a wedge taper angle of 10° (you cannot measure the angle in the above figure because of vertical exaggeration), an orthogonal convergence rate of 4 cm/yr, and an average thickness of sediment on the incoming Philippine Sea Plate of 0.6 km. Show your work.

a. Using the seismic section in Fig. 4, calculate the cross sectional area of sediment accumulated in the accretionary wedge since 7 Ma.





b. Assume that the thickness of sediment on the Philippine Sea Plate (0.6 km) and the orthogonal convergence rate (4 cm/yr) were constant over the last 7 My and that the porosity of the incoming sediment decreased by 30% when it was incorporated into the accretionary prism. Did the wedge incorporate all of the sediment on the downgoing plate? Estimate the percent difference between this predicted sediment area and what has been preserved (your estimate from the previous question).








6. Figure 5 is the bathymetry map in the plate convergence region in the vicinity of the Osa Peninsula, Costa Rica. In contrast to the accretionary prism offshore Nankai, Japan, the prism outboard of Osa Peninsula in Costa Rica is small (frontal prism) and the margin wedge inboard (purple in Fig. 6) is thought to be basement rock of upper plate crust. Given that the age of the buried margin wedge rock is uncertain, you will determine how long it would take to build the prisms with the modern incoming sediment thickness of 0.4 km and a convergence rate of 9 cm/yr. For all the calculations, use a sediment volume decrease of 30% (due to porosity reduction) and assume a wedge taper angle of 10°.

a. Compare the above bathymetric image of the margin wedge offshore Osa Peninsula (Fig. 5) with the interpreted seismic cross section below (Fig. 6). Identify the subduction megathrust on the above image and draw its trace.

[image: ]
Figure 5. Bathymetric map of the accretionary wedge near Osa, Costa Rica (modified from IODP 344, 2013 and Sak et al., 2009).

[image: ]
Figure 6. Vertically exaggerated (2X) seismic reflection profile across the plate margin near Osa Peninsula, Costa Rica (modified from IODP 344, 2013).
b. Using the seismic section in Fig. 6, calculate the cross sectional area of sediment contained in the frontal prism offshore Osa Peninsula, Costa Rica.








c. If the thickness of sediment on the incoming plate and the relative convergence rate remained constant during construction of the frontal prism, how long would it take to build the observed prism?








d. Most scientists agree that the margin wedge offshore Costa Rica and Nicaragua is likely basement material and the frontal accretionary prism is small. However, given that margin wedges are often overlain by forearc basin sediments, it may be difficult to definitively confirm the composition of sub-forearc basin sediments. Calculate how long it would take to build the margin wedge assuming the entire margin wedge is composed of accreted sediment instead of basement.








e. Several lines of geological evidence suggest that a similar tectonic setting has persisted at the Costa Rican margin near Osa Peninsula since at least ~5 Ma. Calculate the predicted cross sectional area of sediment delivered to the trench since 5 Ma assuming a constant convergence (9 cm/yr) and incoming thickness of sediment (0.4 km) since 5 Ma. Also assume a 30% decrease in porosity.





f. Name three reasonable hypotheses to explain why we do not observe the predicted amount of material in the accretionary prism, even if we assume that the wedge area includes the frontal prism and margin wedge (part d).











Part II: Subduction erosion and forearc subsidence

Global calculations of the quantity of incoming sediment incorporated into accretionary prisms suggest that >40%, on average, is underthrust to depths beyond the accretionary prism of the overriding plate (Scholl and von Huene, 2007).

The process whereby incoming sediment bypasses the accretionary prism at the edge of the upper plate is called sediment subduction. Now we will explore another process called subduction erosion, whereby material from the overriding plate at a subduction zone is removed and underthrust landward beneath the overriding plate.

Perhaps a surprising feature of upper plate margins at convergent plate boundaries that have a high rate of subduction erosion is that the observed surface expression is normal faulting and mass wasting. At many margins, a general eastward migration of the trench and arc magmatism is observed, and has been taken as evidence of subduction erosion. 
Independent evidence, however, comes from drilling data and high-resolution seismic reflection images of sediments and inferred changes in accommodation space in forearc basins.
[image: ]
Figure 7. Vertically exaggerated (2X) cross section from seismic data of the Nicaraguan margin (north of Nicoya Peninsula) showing sediment deposited in forearc basin since Eocene time (modified from Ranero et al., 2000).



7. Using the above image (Fig. 7):

a. Plot on the below chart (Depth to basement vs. Age) the duration of deposition of sediments within the forearc basin. Use two different colors to make plots for accommodation space created at ~15 km (from the right of the section) and 40 km. Given that this is a first order exercise, we will unrealistically exclude compaction and backstripping calculations and assume these are negligible compared to the rate of tectonically controlled subsidence. Note that at 0 Ma (present), the depth to the basement should be the depth of the basement from the surface.
[image: ]

b. Are there distinct episodes of subsidence in the forearc basin? If so, at what times?




c. By looking at Figure 5, are the subsidence histories different for different parts of the forearc basin? Within the above assumptions, brielfy explain what geological processes could control the subsidence history in this forearc basin.  
[image: ]   [image: ]
Figure 8. Stratigraphic column and water depth of observed forams within the column (modified from Vannucchi et al., 2013).

8. Certain species of microscopic marine fossils only live within certain depths so when they are found within sediment, we can get a reasonable estimate of the depth of the water column at the time of sediment deposition.

a. Using the above image (Fig. 8) and the adjacent blank chart, plot the depth ranges of deposition of sediments within the forearc basin.


b. Using the depth estimations derived from the fossils, is there an apparent increase in the depth of the basin within the last 2.5 Ma? If so, when did it occur and why do you think it occurred?











In addition to the recognition of sediment subduction and subduction erosion as major processes that may result in recycling of continental material into the asthenosphere, a very important subject of research at plate margins is how large earthquakes are generated. A correlation of subducting seafloor topography and enhanced subduction erosion has been suggested at the Costa Rican margin and suggests that friction is spatially variable at plate interfaces, which may influence earthquake triggering.

9. Fig. 9 shows forearc basins visible in seafloor bathymetry, with the locations of great earthquakes and contours of the magnitude of slip during those earthquakes.

a. Is there a correlation between the slip magnitude and the locations of forearc basins?






b. Given your new knowledge of plate margin processes, explain the significance of the apparent correlation. 






[image: ]
Figure 9. Bathymetric map of the Nankai plate margin showing forearc depocenters (low topography areas on upper plate) overlain by coseismic slip contours (white lines) associated with large earthquakes (stars; modified from Wells et al., 2003).
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NGDC’s global ocean sediment thickness grid (Divins, 2003) has been updated for the
Australian-Antarctic region (60° 155°E, 30° 70°S). New seismic reflection and refraction
data have been used to add detail to the conjugate Australian and Antarctic margins and
intervening ocean floor where previously regional sediment thickness patterns were
poorly known.

On the margins, sediment thickness estimates were computed from velocity-depth
functions from sonobuoy/refraction velocity solutions ground-truthed against seismic
reflection data. For the Southeast Indian Ridge abyssal plain, sediment thickness
contours from Géli et al. (2007) were used.

Total Sediment Thickness of the World's Oceans & Marginal Seas, Version 2
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The new regional sediment thickness grid was combined with NGDC’s original ocean
sediment thickness grid (Divins, 2003) to create an updated global grid of ocean sediment
thickness. Even using the minimum estimates, sediment accumulations on the extended
Australian and Antarctic continental margins are 2 km thicker across large regions and up
to 9 km thicker in the Ceduna Basin compared to NGDC’s original sediment thickness
grid (Divins, 2003), which has been deprecated but is still available.

http://www.ngdc.noaa.gov/mgg/sedthick/
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