SEISMIC AND SEQUENCE STRATIGRAPHY

Lab #1: Introduction to seismic data
Due in class on Tuesday, January 24.
General Advice: Do not allow yourself to labor endlessly over these labs. Try to aim for getting 90% of the solution in your available time, as opposed to 95% of the solution in 150% of your available time. Decide when your answer is good enough (a subjective judgment, but you will have a better idea as the course progresses), and TURN IN your lab by the due date!
Part 1: Basic interpretations of simple data examples (2-3 hours)

You will look at some simple data examples, and learn how to make quick/first-order interpretations, concentrating on recognizing major features.  Don’t try to be too precise in this exercise, later labs will work on that—just try to get a basic understanding of each section.  Learn to overcome your fear of marking seismic sections: you can always erase mistakes (using erasable pencils of course!), and you will not fully understand the data until you start to mark them.  
* Before you start interpreting, decide (for each of the following seismic sections):

· Is the section migrated or unmigrated? (look for diffractions vs. smiles)

· What is the approximate horizontal scale?  (don’t always trust printed labels.)

· What is the apparent vertical exaggeration of the seismic section?  The vertical scale is in seconds of two-way time, and it changes down section (as the velocity of rocks change, ie., 1.5 km/s in water, 2-3 km/s for shallow sedimentary section, 6 km/s or higher for igneous/mm basement).

* Next, for each of the seismic profiles, identify the following features:

· Mark the sea floor reflection (if present) and multiples with a BLUE pencil

· Mark unconformities with a RED pencil using a squiggly line

· Mark faults with a YELLOW pencil

· Mark diffractions with a GREEN pencil

· Mark the top of acoustic basement and any other reflections from significant geologic horizons with an ORANGE pencil

It isn’t necessary to fill the seismic sections with color, but try to mark all of the major features.  In addition to color pencils, you will find it useful to have a ruler (for identifying multiples, measuring scale), and a clear protractor (for measuring angles), and a calculator.

Interpreting seismic data often requires you to make difficult decisions, on the basis of incomplete data or low quality data.  Your decisions, however difficult, are required.  In other words, you cannot choose whether to make a decision, you must interpret the data as best you can.

Let’s take an example:

Section 0.  Southwest African continental margin.


0-A) Is the section migrated?  I see lot’s of smiles at the base of the section, and no diffractions, so this I I see lot’s of smiles at the base of the section, and no diffractions, so this section is migrated.

0-B)  What is the horizontal scale? 
 I measure 6 km = 4.3 cm, or 1:139,535; so the horizontal scale is about 1:140,000. (round these numbers to a reasonable scale!)

0-C) What is the vertical exaggeration at the sea floor?  
I measure 5s = 11.75 cm.  At the sea floor, 5 s of TWT corresponds to 5 s * 1500 (m/s)/2 = 3750 m.  So vertical scale is 3.13 cm/km  (11.75/3.75).  Horizont al scale is 4.3 cm/6km or 0.717 cm/km.  exaggeration is 3.13/0.717 or 4.37, in other words, vert exaggeration is about 4 to 1.


0-D) Given this vertical exaggeration, what is the true dip of the sea floor at the SW end of the profile?  Measure the dip with protractor (15 degrees).  Tan 15 = 0.27.  but really, that’s 0.27/4 (for 4x vertical exagg).  Tan -1 of 0.07 is 4 degrees (ask yourself is this is reasonable!).

0-E)  Now, color the sea floor reflection (blue), and then mark the first water-bottom multiple at twice the travel time (blue).


0-F) Start coloring the more obvious and ‘important’ horizons (e.g. start at the right/NE at 1.5 s, trace across to 3.6 s at SW end (orange).



What feature is above this? (unconformity: red)


What feature is below this? Subparallel reflections at NE end (multiples?? Blue)

What are the bright reflectors on the SW side?  How do they end?


Color in a few more features, including one more shallow unconformity at the SW end of the section, then move on!

Section 1.  Taiwan, onshore, Plio-Pleistocene clastics.


1A)  Is the section migrated?


1B)  What is the horizontal scale?


1C)  What is the vertical exaggeration in the sediments of seismic velocity about 2 km/s?


1D)  At about 1s, layered Pleistocene units conformably overlie ‘chaotic’ (largely unreflective, or short ‘scattered’ reflections) Pleistocene units, which in turn overlie well-layered Pliocene along an erosional unconformity at 1.2 to 1.5 a.  Mark several reflections in the Pleistocene section, and in the Pliocene, and hence identify and mark the unconformity.

Section 2.  Little Murray Ridge, south toe of the Makran accretionary prism.

2A)  Is the section migrated?

2B)  What is the horizontal scale?

2C)  What is the vertical exaggeration at the sea floor? (beneath water with seismic velocity 1.5 km/s)

2D)  What is the steepest apparent dip of the sea floor?

2E)  What is this dip after correction for vertical exaggeration?  (Your answer probably indicates the approximate limit of slope stability for unconsolidated sediment.)
2F)  About how deep is the abyssal plain?

2G)  About how high is the frontal ridge (first pronounced spike to north of abyssal plain) above the deep ocean floor?

2H)  Mark the sea-floor reflection and the first water-bottom multiple (note: the top of the section is not sea level).  Find and mark ponded sediments between the thrust ridges.  Mark the acoustic basement of the Little Murray Ridge buried beneath the abyssal plain; mark its sediment carapace and the grossly unconformable fine-layered deep marine sedimentary rocks above it.  Also, mark one unconformity within the deep ocean basin.

Section 3.  High-resolution profile, offshore Louisiana.


3A) Is the section migrated?


3B)  What is the horizontal scale?


3C)  What is the vertical exaggeration in the sediments?

3D)  Mark the sea-floor, a few sedimentary reflectors, an apparently steep fault, and one unconformity on either side of the fault.


3E)  What is the sense of motion on the fault (normal/reverse)?


3F)  Where is the sea-floor multiple?


3G)  What is the coherent energy plotted above the sea-floor reflection?

Section 4.  Salt pillow structure, southern North Sea


4A)  Is the section migrated?

4B) What is the horizontal scale? (The scale at the top of the section is in shotpoint numbers; the label gives the shotpoint spacing as 25 m)

4C) What is the vertical exaggeration above the Permian salt (what velocity are you assuming)?


4D) Mark several reflections (no more than 10).


4E)  Identify and mark the dramatic angular unconformity between the Upper Cretaceous and Jurassic, and an equally dramatic late-Tertiary-Quaternary unconformity close to the sea floor.


4F)  Identify the triangular salt pillow, with a concave-down upper surface (beneath strongly reflective Triassic reflectors), a faulted sub-horizontal lower surface (above strongly reflective Lower Permian reflectors), pinching out to left and right, and a chaotic/sparsely reflective interior.


4G)  Roughly, at what shot-point number is the crest of the salt pillow?


4H)  Roughly, what shotpoint number is the crest of the Cretaceous unconformity?  Why are the positions different?

Section 5:  Cascadia margin, CA


5A) Is the section migrated?


5B)  What is the horizontal scale?


56C)  What is the vertical exaggeration of the sea-floor topography?

5D)  Mark the sea-floor and the first water-bottom multiple everywhere it occurs.  If you measure carefully, you will find the deeper parts of the multiple are not at exactly twice the seafloor reflection time.  Why?

5E) Map a “bottom-simulating reflection” (BSR) about 0.3 s below the sea floor of the accretionary prism.  This is a gas hydrate, stable only up to a constant temperature (hence, constant depth below sea floor), and it cuts across stratigraphy.

5F)  Mark a few east-dipping reflections in the accretionary prism that cut across the BSR without offsetting it.  Are these stratigraphic reflectors, or thrust faults?

5G)  Mark a couple of sedimentary reflections in the deep ocean basin, and follow them as far inboard as you can, beneath the thrust front.

5H)  Mark the top of igneous oceanic crust.  What is the apparent dip?  What is the true dip after correction for vertical exaggeration?

5I)  The seismic section is plotted in time, not depth.  Assuming the top of oceanic crust has a constant dip (in depth) beneath the accretionary prism, draw in roughly where the reflection from the top of oceanic crust would appear if it was available, all the way to the east (right) end of the section.

Section 6:  Offshore Louisiana, Mississippi Delta


6A) Is the section migrated?

6B) What is the horizontal scale?
6C) What is the vertical exaggeration in the Neogene sediments of seismic velocity about 2 km/sec.?

6D) Start mapping at the north (right-hand) end of the section. 
Choose a clear reflection, e.g. at 1.2 sec (Lower Miocene) and follow it as far south as you can with the orange pencil.

When you meet a fault, guess where the reflection continues across the fault,

Choose another clear reflection (e.g., just below 1.0 sec – Upper Miocene), and do the same.

Choose the bright reflection at 1.8 s (Oligocene), and do the same.

6E) Is the implied fault motion the consistent for all three reflections?
6F) Map the fault towards the surface, then down towards the base of the section. Is it normal or reverse? Is this style consistent with what you know about the geologic setting of this area?

6E) Is the implied amount of offset consistent for all three reflections? How do you explain  this observation?
Lab 1, Part Two: Contouring Data

It is very important for you to understand how to correctly contour data-points (i.e., times to structural or stratigraphic horizons) that you’ve picked from seismic sections.  In the real world, most contouring is done by various software packages.  However, as you will see from these exercises, there is an ‘art’ to contouring data, and one can often make multiple interpretations on a single dataset, while still honoring the data.  Some of these interpretations may be technically correct, but geologically unreasonable, and that is where you (the interpreter) must step in to double check even computer-generated contour maps.  Furthermore, it is important for you to be able to visualize subsurface geometries and structures, and here’s a good chance to practice.

Contour the following datasets as best you can, keeping in mind basic contouring principles (below).  Remember to annotate your maps appropriately.  Always start with erasable pencils.  Try to make your structures look geologically reasonable—use interpretive contouring. Consider all values on your figures as times below sea level to a particular stratigraphic horizon—in other words, low values are structural highs (in the absence of velocity variations, of course).

Use appropriate contour intervals for each map—it’s hard to contour if the lines are too close to draw well; but if the contours are too far apart, then you may have ignored important information.  As a rule of thumb, when working by hand as in this lab, try to keep your contours spaced about 1 cm apart, regardless of the size of the map.  All maps must have your chosen contour interval clearly marked.

If you do have any trouble visualizing structures from contour maps, Steve Reynolds (Arizona State University) has a great website that may help: http://geology.asu.edu/~sreynolds/home.htm
(try the Visualizing Topography module).  

Contouring Basics
1. Remember, contours represent a line of constant value – elevation in the case of topographic contours, or depth to a surface/horizon on seismic data. They do not move up or down in value, and they do not cross one another.

2. Honor all data when contouring a geologic interpretation, but use reason. Spurious seismic events can often be ‘interpreted out’ with experience.

3. Contour all data, but used dashed contour lines or a ‘?’ when extrapolating your interpretation to areas of uncertainty, where unconstrained by data.

4. Do not use dashed lines or ‘?s’ as an excuse for not using data that can be interpreted!

5. Explain, label, and annotate each map with: 

a. your name and date

b. name of the map (isochron, time-structure) on __ (Formation, Time Marker, etc.)

c. label contours and the contour interval

d. annotate ‘high’ or ‘low’ where appropriate to make map clear

e. indicate displacement along faults, and note the symbol you used in the legend 

6. Be aware of regional strike and dip and overall structural style

7. Make contours as smooth and indicative as possible. Keep within the realm of geologic possibility.

2.1) Contouring to find oil (two copies, plus one ‘scratch’)

The same set of data can be contoured in different ways to yield different maps, because you are interpolating between data points.  Suggested contour interval: 2.5 ms.

-Contour the first copy optimistically – that is, try to create a prospect, a closed structural high in which oil may be trapped.

-Contour the second copy conservatively – that is, do not close any contours unless you have to.  Make the map as different as you can from the first map while still honoring the data.

2.2) Correlating faults (one copy, plus one ‘scratch’)

This is an example of a base-map that you may have generated from looking at a seismic grid in an area with many normal faults. When you interpret a single seismic profile you may recognize that the horizon you are following is faulted.  You can tell which side is up, which side is down, but you cannot tell the strike of the fault from a single cross-section.  So you put a fault symbol on your map at this point, as a neat symbol perpendicular to the profile direction.  When you have picked your whole grid of lines you need to correlate the faults as well as contour the data.

Remember to distinguish between shot-point numbers and times – the times are the larger numbers from about 1510-1580 (milliseconds TWT to a certain horizon of interest).  Tick marks are on the downthrown (hanging wall) side of these normal faults.

· Contour the map as a geologic structure.  As you begin to contour, try to connect the fault symbols to define larger structures.  Your structure contours should stop when they meet a fault, and start again on the other side.  Think about which sense of displacement you would expect to see in map view.

· When you have finished your map, sketch a cross section along profiles 43 and 48 to illustrate the structure. (below)

· Finally, decide where to drill for oil, mark the location on your map, and explain your choice.  (Your initial wildcat should really be on a seismic line—your structure map is only correct along these profiles, everywhere else is a guessed interpolation.  After the well is drilled, you will have a direct tie from well to seismic for better lithologic correlations).
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