Lab 4 (midterm): Sequence and seismic stratigraphy of the NPRA
Due Thursday, Feb. 23
This exercise includes data from the sedimentary basin that underlies the North Slope of Alaska.  These data are of a quality sufficient to reveal the remarkable tectonic history of the region, as well as indicate why the largest oil field in North America (Prudhoe Bay) occurs in the area (these lines are from the National Petroleum Reserve- Alaska).  They will provide you with a good sense of the power of reflection seismic data to display the history of sedimentary basins at a regional scale, as well as providing you with hands-on experience with real seismic data.
The project has been loaded on the D: drive.  To access this data, right click on the data folder on the desktop.  Then select “mount directory” from the menu.  When the new window comes up, type ‘geo1’; this is the location of the folder we need on the data drive.  Now, copy everything from the SSS_Alaska folder (Select all… Copy) into your homes directory (also shown on the desktop). This is now your working copy of the project. The actual project file is called ‘BP_USGS.tks’
In order for Kingdom Suite to run at a workable pace, you might want to copy the folder from your home directory onto the desktop.  Every time you work on this project, this should be your first step.  However, when you log off of the computer, anything on the desktop is DELETED.  So when you are done working, copy the active ‘working’ folder from your desktop BACK INTO your homes directory (replacing the older one).  If you fail to do this, YOUR WORK WILL BE LOST!
A few other words of advice:

 - You do not need to interpret faults for this exercise.  You will see that the basement surface is rather uneven and faulted (see geologic history outlined in the handout).  When you interpret this top-basement surface, just do the best you can to correlate across faults. It is not easily resolved at this depth.
· You are mapping sequence boundaries at a regional scale. Do not agonize over each and every pick, but also do not over generalize.  Strive for an interpretation that accurately represents the ~300 million year geologic history of this large area (>100,000 km2! More than 1000 line-miles to interpret – and this isn’t even the full database!). 
· Remember to create and use yourself as an author on the project, as we did with the tutorial.
· Refer back to the tutorial to remember other tools: how to create and interpret horizons, etc.

· DO NOT PROCRASTINATE.  We are using the computers to make your life easier and to avoid struggling with printed lines that would run the length of a hallway BUT, computers always introduce an extra element of uncertainty.
· Sam and Cari can both help with this lab. We will set some office hours when we are available (Cari – wed. pm, Sam – mon. pm). We may not be able to stop what we are doing to help if you ‘drop by’ at other times, so you might want to set an appointment if these times do not work.
Part One: Megasequence Identification
You will first map three Megasequences (long-lived, large-scale bundles of genetically related sequences).  Three horizons will correspond to the “Brookian Sequence” (Cretacous-Recent), the “Beaufortian Sequence” (Jurassic-Lower Cretaceous) and the “Ellesmerian Sequence” (Mississippian-Triassic) as shown in Figure 2 and described in class. 
For this lab, concentrate on regional interpretations within the bounds of your best-controlled data. This means north of line R-16 and east of line R-4. There are structural complications south and west of these bounds that make it difficult to interpret much beyond this scope. However, as you view these boundaries – think about what this ‘mess’ is – what are these structures to the west and south??
* suggested scale for seismic display:50 traces/inch horiz. And 5 inches/second vertical.

The Inigok-01 well is a good starting point for “ground-truthing” the seismic data.  Find this well projection on Line 8; you should see several well logs (Gamma ray, bulk density, and sonic, from left to right), the borehole trace, and formation tops alongside the borehole.  Through careful study of the well logs and core (where collected), previous interpreters have determined these “Formation tops” are at the marked locations (make sure ‘student’ is selected as an author in order to see these). They should correlate to fairly strong reflectors that can be correlated away from the well.  
The top titled ‘LCU’, or Lower Cretaceous Unconformity, corresponds to the top of the Beaufortian megasequence, and ‘TSGR’ corresponds to the top of the Ellesmerian megasequence (Top Sag River Fm.).  Basement marks the top of the Franklinian megasequence, which is metamorphosed in this area (economic basement).  It is not penetrated by boreholes, so do your best to interpret the top of basement (=base of Ellesmerian) along the top of the chaotic, poorly resolved units at depth. Remember this is basically a rift unconformity that has been reactivated during later tectonism, so you should see quite a bit of faulting (probably poorly resolved) at depth. For example, in the Inigok-01 well on line 8, top basement appears to be about 3.4 seconds twt. The upper boundary of the Brookian is assumed to be at 0.0 s.  
IMPORTANT: This is a 2D dataset!  Unfortunately, very few (if any) of the wells fall directly along the seismic survey lines; this means that you are interpolating data from the well location over to the line.  In flat-lying, concordant strata, this isn’t a huge problem, but if the geology is complex it can become an issue.  Also, deviated (non-horizontal) boreholes can cause complications with extrapolating well data to seismic lines, and several of the wells in this survey are fairly deviated.  The Inigok-01 well is fairly close to line 8, and extrapolation should be generally accurate, but use caution when examining other wells.

You will have to create 3 new horizons to start, use appropriate horizon names, such as Top_Ellesmerian, Top_Beaufortian, and Basement.  Start from your area of well control (Inigok well) and map the Top_Ellesmerian (TSGR) horizon outward, remembering the basic workflow for interpreting seismic that was discussed in class.  For your first loop, try the small loop formed by lines R-13, 14, 8, and 9.  
Use the following colors and names:

Top_Beaufortian - ORANGE


Top_Ellesmerian - BLUE

Basement – YELLOW
The Ninigok No. 1 well projects onto line 13 close to the tie line with R-8.  Use this well to check (and correct if necessary) the megasequence boundaries you have picked on line 8 (from the Inigok well). 
Now, do the same loop with the other 2 horizons, using the Inigok and Ninigok wells for control.  Continue to interpret and tie each of these three horizons through the area of interest from R-4 eastward, and from R-15 northward.  Also do lines S82HB1, 14, and 19 (complete lines).  Follow the advice on page one to limit the scope of your mapping.  Refer to the notes from our in-class tutorial on the Kingdom Suite for additional help.

Once you’re done mapping the horizons and checking line-ties, create structure and isochron maps of the three megasequences you have recognized during your traversing of the data.  Refer to your handouts and notes from the in-class tutorial exercise to do the following:

First, create a gridded structure map for each of the 3 horizons (remember this is 2D data, so we have to first create the structure maps to interpolate each horizon before we can compute an isochron). Display each map with a rainbow color bar (add to file) (I recommend SOLID SPECTRUM as we did before, and overlay a contour map. Print out each of these using the print instructions below. Label them with your name, appropriate title, and other necessary details (contour interval, etc). 

Next, create three isochron maps from these gridded horizons. We also did this together in class on the tutorial database. Go to Tools ( Depth Conversion ( Compute Isochron Map. Note that we are not really doing a depth conversion here. We want to map the twt difference between each of your horizons, to estimate the ‘thickness’ of deposits associated with each sequence. Make sure you choose the appropriate upper and lower grid maps as follows:

Isochron



Use Horizon Grids
Ellesmerian



basement to Top Ellesmerian

Beaufortian



Top Ellesmerian-Top Beaufortian
Brookian
we assume top Brookian to be 0.0 seconds, so you have already created this isochron map – it’s the structure map to top Beaufortian that you created above, right?!

Your grids will appear on the project tree and basemap. CHECK THEM!  Do they make sense?  It’s ok if the edges are a little strange (think about why this is), I will only worry about what is within the bounds of the surveys you’ve interpreted.  

How to Print: This is a little bit tricky, follow directions exactly and ask for help if you need it.  Look at the basemap (using solid spectrum and overlaid by contours as shown above) that you want to print.  TURN OFF the wells by deselecting the ‘wells’ folder on the project tree.
· Make sure the color bar is displayed.

· From the top menu bar, choose, Map ( Presentation Plot.  
· On the left side, choose ‘Complete Figure’ and Print range: stretch to page.  
· Deselect all of the boxes on the right side (no title block/legend/etc.).  600 dpi is fine.

· Click on setup, choose WBB-C color printer.  Landscape orientation.  
· Your plot SHOULD fit onto 1 page that way.  If this works, print it and put your name/title on the map by hand.  
· Focus in on the part you really need to print – bounds of project

What to turn in for part 1:

5 labelled maps: 3 structure maps (one for each horizon), and two isochron maps for the Ellesmerian and Beaufortian (again, the Brookian isochron is the same as the Top Brookian horizon structure map).
Part 2: Sequence-Scale Interpretation (uses line R-14 only!)
The Torok-Nanushuk is a deltaic sequence (refer to Figure 2).  Assume the top Torok in the Inigok-01 well to be 0.80 s on line 14 (note that this horizon corresponds to topsets in the delta sequence).  Based on geometries (reflector terminations, onlap, downlap) and sequence-scale packaging, locate the top and base of the Torok foreset and bottomset packages, and map these two horizons on line 14 ONLY (horizon names = Top_Torok and Base_Torok).  Look at the whole line before you decide where to pick the lower boundary (find the true base of this succession).
Locate a strong reflector on line 14 at the intersection of line 7 at a depth of 0.80 seconds.  Trace this horizon (call it Torok Delta Front) down the clinoform between lines 7 and 8.  The surface is marked by subtle onlap of the unit above. PRINT OUT seismic line 14 showing the interpretation of this delta front and the Top/Bottom Torok horizons.  

· With the seismic line displayed, choose Line ( presentation plot (top menu).  As before, choose WBB-C (landscape format).  

· Choose ‘specify range’ on the left side of the plot window.  Enter shotpoints 8,500-10,100 for the range, and 0.1-2 seconds.

· Choose stretch to page (should fit on ONE), and no title block, etc.  Print.

Write a title and your name on the print out.   Label the facies that are likely represented along that surface (inner shelf, outer shelf/upper slope, middle-lower slope, and basin floor), and briefly note seismic character along the clinoform corresponding to these facies. What portions of the Torok indicate highest depositional energies?  Lowest? 
Between the top and base Torok horizons on line 14, there are multiple sequence boundaries (>20!).  You have just mapped one! Mark a few more of these sequence boundaries on line 14 and print out a representative section (i.e., shotpoints 8,000-13,000; time 0.1-2 sec). 
Finally, quickly scan through the regional lines for other clinoform packages in the older sequences – particularly the Ellesmerian-Beaufortian. Do you see any? Where? Which direction are they prograding? Are they similar to the type of packaging you see in the Torok, or are they different?

What to turn in for Part Two: 2 printouts of line 14 of Torok delta features, labelled, as described above. You can address the questions posed above in the writeup for Part 3.
Part Three: Basin Interpretation

Stratigraphic sequences of this scale generally are interpreted to arise from tectonic and/or global eustatic driving forces.  In the latter regard, Figure 3 of the handout shows the longer term (2nd order) coastal onlap curve of Vail et al. (1977).  Phenomena shown on this curve, if real, are similar in time scale to the megasequences you have traced in this exercise.
Reviewing the data, maps, and interpretations you have produced and analyzed in this exercise, provide written explanation (two pages max) of the origin and nature of the three megasequences and the unconformities that separate them.  We know that this has been a tectonically active area during deposition; consider all of the data and discuss the effects on sedimentation caused by tectonics vs. eustatic sea-level change.  Cite evidence from your line interpretations and maps to support your views. Be creative in your answer – what, if anything, can these data tell you about the possible origin of these stratigraphic successions? Is there any significance to changing thicknesses of packages, or the directions in which they thicken (think about evolving depocenters and locations of maximum subsidence)? What is the timing of known events (i.e., sequence boundaries on the global eustatic curve vs. tectonic history)? Are there other factors to consider?
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Figure 1 – Location map showing major tectonic elements of the area (Kirschner et al,. 1988).
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Figure 1. Stratigraphic column for the NPRA assessment area showing the stratigraphic position of
the 24 plays evaluated in the 2002 USGS assessment. Six plays with a "+" symbol actually consist of
two or more plays in different geographic areas, so the 14 plays indicated here represent all 24 plays
listed in Table 1.




Figure 2 – Generalized stratigraphic column for the NPRA (Bird and Houseknecht, 2002).
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Figure 3 – Global sea level cycles (Vail et al., 1977).

