Identifying Facies in a Transgressive Sequence from the Mid-Atlantic Coast

Overview of the Exercise

Each group has been given a set of side-scan sonar and seismic profiles collected from the Atlantic Ocean shoreface off Assateague Island, Maryland and Virginia.  You will interpret these profiles to complete several tasks and answer questions related to barrier-island sedimentary facies preserved in a transgressive coastal sequence.  You may draw and make notes on the printed profiles, and you will create figures such as maps and interpreted stratigraphic sections to include in a written report at the end of the exercise.  

*** Important ***

As you are completing the various Tasks in this exercise, write down your thoughts and interpretations.  At the end of the exercise, you will write a report that presents the results of each Task and the interpretations that you made of the seismic and side-scan sonar profiles.  Make notes on the profiles, you will be given a second set of the same profiles to include in your report.

Tasks

1.  Locating the transects.  Using the trackline map for the cruise, locate the transects that you have.  Find the points on each shore-perpendicular transect (running onshore-offshore) where the shore-parallel lines cross.  Mark those points on each profile and label with the name of the crossing line.

A note about transect names:  Each transect is identified with a name similar to ‘AI-04-03a’.  The parts of the name refer to the general study area near Assateague Island (‘AI’), the year of the cruise, which was 2004 (‘-04’), the individual transect or line (‘-03’) and the section within that line (‘a’).

2.  Identify any multiples in the seismic profile.  A multiple is a second or third echo of a reflection seen in a seismic profile.  The most prominent and continuous multiple usually is the first seafloor multiple.  This will mimic exactly the seafloor, but will be below the actual seafloor reflection by twice the water depth.  Also, if the seafloor dips, the seafloor multiple will dip at twice the inclination (which often is useful for distinguishing the multiple from real reflections).

Once you are confident that you can interpret the seafloor multiple, trace over it with a yellow marker (highlighter).  Also look for multiples of strong subsurface reflections and highlight those.  Finally, identify and mark the second or third multiples.

By identifying the multiples before making any other interpretation, you are reducing the risk of being fooled by reflections that look like good stratigraphic units but aren’t.

3.  The shoreface ravinement.  Identify the seafloor and the shoreface ravinement surface on the seismic profiles.  Identify any sediments that overlie the ravinement, and estimate the maximum and minimum thickness of those sediments.  

A note about vertical and horizontal distances:  The vertical tic marks are every 5 m, and the horizontal spacing between sets of vertical tics is 200 m.

Compare the distribution of sediments above the ravinement surface with the side-scan sonar (SSS) sections and with the bathymetry shown on the navigation chart.  What features of the shoreface are above the ravinement surface?

Is there any place where the ravinement surface coincides with the seafloor?  What does the SSS show at this location?

4. Creating an isopach map.  An isopach map shows contours of equal (“iso”) thickness (“pach”) of a sedimentary unit.  

On your seismic profiles,  subdivide the total thickness of  sediments above the ravinement surface into 0.5-m increments.  Mark the position along the profile where each 0.5-m contour begins and ends; for the 0-m contour, use <0.25 m, since it is difficult to resolve layers of sediment thinner than about 0.25 m.   Transfer these positions onto a blank trackline map (one that does not have the navigation chart in the background.  Connect the contours among the transects that you are working on.  Compare your isopach map to the navigation chart.

Can you identify any shoals in your isopach map?

What happens to sediment thickness above the ravinement close to the shore?

Does your map show any area with <0.25 m of sediment above the ravinement?   What is the significance of this area?

5.  Identifying sedimentary facies.  Most of the vertical thickness of sediments in the profiles comprises the Holocene sequence.  Pleistocene sediments from similar marginal-marine depositional environments underlie the Holocene sediments.  Look at all your profiles together and identify major packets of sediment with similar characteristics, internal bedding, or bounding surfaces.  These are likely to be sedimentary facies.

Starting with the most obvious facies, highlight the bounding surfaces above and below that facies.  

At this point, and starting at the top of the sequence (i.e., the seafloor), make an initial interpretation of what these facies might be.  Make notes directly on the printed profiles and point out any features that are important to your interpretation; write down any alternative interpretations as well.  Base your interpretations of facies on the geometry, internal bedding, and other physical characteristics of each unit.

6.  Identifying the base of the Holocene.  The base of the Holocene sequence in the study area is the pre-transgressive surface.  That is, the land exposed as a coastal plain during low sea level that has now been flooded during the Holocene sea-level rise.  All of the Holocene transgressive deposits overlie this surface.  In some cases, the base of the Holocene is fairly obvious, in others it is subtle or obscured.

Besides the ravinement surface, are there other surfaces that you can trace over long sections of the profile?

Is there any surface, or combination of surfaces, that might be the base of the Holocene transgressive sequence?  Make an initial interpretation – you will probably come back and revise this interpretation later.

*** First review of interpretations by the instructor and the class ***

7.  Facies in a barrier-island depositional system.  Draw a map view of a barrier-island coastal system, showing the upland (exposed coastal plain), the back-barrier lagoon, the barrier island, and the shoreface (the innermost continental shelf).  

Add to your map: 

a tidal creek cutting up into the upland; 

a tidal marsh on the landward side of the lagoon; 

a tidal inlet that has breached the barrier island and produced a flood-tidal delta; and an offshore shoal oriented about 20-30 degrees oblique to the shoreline 

(if the barrier island trends N-S, the shoal would trend NNE-SSW).

For each morphologic unit in your map (for example, tidal marsh, flood-tidal delta) sketch what it would look like in vertical cross section.  Show the underlying contact, any expected bedding, and expected lithology.  Estimate the total thickness of each unit (is it 1 m thick, 5 m, or 10 m?).

Are any of these features good stratigraphic indicators of contemporaneous sea level?

8.  Applying Walther’s Law.  The basic idea of Walther’s Law is that sedimentary facies that are next to each other laterally (in map view) will be stacked vertically in a sedimentary sequence (assuming, of course, preservation of each facies, which we will investigate later).  

On the map of the barrier-island system that you created in Task 6, choose a spot on the mainland – mark this “core site” with an X inside a circle.

Imagine that sea level is rising continuously and smoothly from the present position depicted on your map.  Also assume that almost all sediments deposited at the “core site” will be preserved.  The total sea level rise is 25 m, which means that if your “core site” started at 5 m above sea level, it is now offshore in the ocean with 20 m of seawater over the site.

What is the succession of depositional systems that migrate across your “core site” as sea level rises?  Remember that features like tidal inlets don’t stay in the same position on the barrier island.

Create a synthetic depositional sequence starting with the upland – which represents the pre-transgressive surface.  Add the facies in order as the transgression proceeds and the barrier island migrates landward past the “core site.”  Your sequence should end with either the seafloor or an offshore shoal.

9.  Evaluate lateral variations in the seismic profiles.  

Find the crossing points of the shore-perpendicular and shore-parallel lines.  Make a set of fence diagrams to view the intersections from different perspectives. 

Correlate the surfaces and units (facies) seen in the shore-perpendicular seismic profiles with those seen in the shore-parallel profiles.

Find a prominent facies in your profiles and map variations in the thickness of that unit (i.e., create an isopach map).  A flood-tidal delta might be a good candidate unit.

10.  Create a composite stratigraphic sequence from the seismic profiles.
Start with the seafloor as the youngest depositional unit in the sequence and work down through the seismic profiles (backward in time) to the base of the Holocene.  Consider superposition and cross-cutting relations of units to determine the relative order of the sequence.  

Check with other groups that have transects next to the ones you are working on.  Can you correlate the major features between the lines?  Do any prominent features in your transects, such as a flood-tidal delta, appear on adjacent lines?

11.  Compare your synthetic, idealized sequence from Tasks 6 & 7 with the real sequence preserved in the seismic profiles.  

Does the vertical sequence of facies that you interpreted from the seismic profiles match the synthetic depositional sequence that you created?  

If not, reconsider (a) your initial interpretation of the seismic profiles, or (b) any depositional or erosional processes that might have changed what is actually preserved in the seismic profiles.

Think about the following for a class discussion:

12.  Accommodation space and preservation potential.  Sediments are deposited and preserved in holes – this is accommodation space in the most general sense.  In the coastal environment, preservation potential is defined by both the initial accommodation space and the energy available to erode or remove sediment that has been deposited previously.

On the map that you created for Task 6, choose a site in the middle of the lagoon behind the modern barrier island.  The present water depth at this site is probably 1-1.5 m, but there may be 3-6 m of lagoonal mud (organic-rich silt with some clay) beneath the bay floor.  

What are the important factors controlling deposition at this site in the lagoon?  Where is the silt coming from?  Once deposited, is the silt likely to be removed?  Can the lagoon fill completely?  If so, under what conditions?

What happens to sediments previously deposited in the lagoon if the barrier island is breached and a tidal inlet forms?  Has the energy available to erode and transport sediments changed?  Has the type of sediment being deposited changed?  What new facies is being created?

If you take a snapshot in time of this coastal barrier-island system, where is the most complete and thickest preserved sequence of Holocene sediments?  

In this section of the Mid-Atlantic coast, the depth of shoreface ravinement (i.e., the erosional process) is typically 11 to 13 m below contemporaneous sea level.  If the ravinement migrates landward across the entire sequence represented in your seismic profiles, how much (what thickness) of the Holocene sequence will be preserved?  Where will any Holocene sediments be preserved?

