GLG 629 – HOMEWORK 3 – Basic sequence stratigraphy using seismic reflection lines from Gulf of California MARGINS projects

The purpose of this homework is to practice using the methods of seismic stratigraphic analysis on real seismic lines from my recent cruise in the Gulf of California.  The methods were explained in class and are written up in Miall on pages 324- 325.  Here is more background.

NOTE – this homework is out last and is worth 10%, not 5% as originally stated.

Basics of Seismic data

Seismic equipment consists of a source of sound (dynamite or vibrosis trucks that shake the earth on land; airguns at sea) and a linear series of geophones that receive the reflected sound.  The airguns give off blasts of compressed air at regular intervals of distance (approximately time) depending of the type of data desired and these are known as shot points.  The data on our sections were recorded every 50 m.  For the Ewing there were 20 airguns and a 6 km long streamer with XX geophones.


Seismic reflections are formed at the interface between layers of contrasting acoustic impedence, which is a function of velocity times density.  Density is related to both rock density and porosity.  


Seismic sections are produced from a series of vertical traces gathered together at an interval closer than the shot points, so perhaps at 12 m from this data.  The process of gathering data into traces is basically combining the records of numerous adjacent geophones that have a common depth point or midpoint (see figure).  This process then involves assigning velocities at certain points.  This is called “stacking”, and the first product of the seismic processing is commonly a stacked section”.  Seismic sections have two-way-travel-time as the vertical axis, NOT depth.  THUS at any given horizontal line, the time is constant but the depth will vary.  Thus one must be careful of features that are not real.  


A further processing technique is migration.  Migration is when diffractions are removed.  Diffractions are caused by waves reflecting off steep surfaces, and those outside the plane of the section.  They are not real in the sense that they do not show true structure.  A stacked and migrated section is still in two-way-travel-time, but it is often much superior than the original section.  


Spurious seismic data that interferes with interpretations are many,  Diffractions are most common along steep faults and channels.

Multiples are just that – reflections that represent the sound reflecting off a prominent shallow reflector more than once and coming back to the geophones.  These appear as reflections with the same shape as one above but at 2x (or 3x etc) the distance below the surface of the section.  The water bottom multiple is commonly the most prominent.  

Reverberations are sound received after the reflectors from real horizons because of either shallow water causing numerous overlapping multiples or more correctly from the signal of the airguns having a tail of sound.  


Unconformities and faults are commonly not well displayed in detail until after much processing.  In general features over 30° of dip are not well recorded.  

Method of Seismic sequence and facies analysis – you need colored pencils!

1) look over whole section trying to find prominent unconformities and thus sequences.  Do not draw on the section at this point.

2) Unconformities are often variable laterally because of the juxtaposition of variable facies.  Unconformities also have numerous truncated layers along them.  One has to be careful at this first step of drawing on the section but proceed by using one sided RED arrows to indicate the seismic reflections with truncations.

3) Then draw in GREEN the major unconformities. These should be located along the truncation points.

4) Now examine the internal reflections of each package or sequence.  Draw a few prominent reflectors in each package in light blue to show the internal architecture.  This will also show any interesting growth strata and syn-depositional faults.  

BACKGROUND

Line 4 – Note the map of the Ewing cruise.  Line 4 is across the margin of the Baja peninsula on the west side.  This is a former convergent margin with a subduction zone and accretionary complex and forearc basin.  The subduction stopped at 12 Ma and since then there have been a series of strike-slip and oblique-slip faults formed on the shelf parallel to Baja.  These faults form complex transtensional basins.  

Line 28 – This line crossed the San Blas basin on the shelf just north of Puerto Vallarta.  From ~25 – 12 Ma this area was in the middle of a terrestial volcanic arc.  The arc lies on Cretaceous granitic basement.  Sometime between 12 and 6 Ma Cabo and the Baja California peninsula started to rift away from PV and the mainland Mexico.  Rift basins formed on the margins.  Here is a summary of part of a rift basin that lies on the largest of the Tres Marias islands north of the line from Jim Ingle:

“ Oldest basement rocks are Cretaceous granites.  These latter rocks are overlain by Miocene andesite and tuff.  In turn, the Miocene volcanics are overlain by a Miocene shallow marine sandstone (10+ m in thickness).  The next overlying unit is an upper Miocene through lower Pliocene unit composed of bathyal diatomaceous shale, mudstone and siltstones approximately 530 m in thickness (where we measured it)---however, it was a faulted section and may in fact be thicker.  The latter unit is unconformably overlain in our measured section by a 175 m thick lower Pliocene bathyal mudstone and siltstone which is in turn unconformably overlain by Pleistocene non-marine and littoral terrace sands.  In other areas of the island, the bathyal lower Pliocene mudstone-siltstone unit is unconformably overlain by an upper Pliocene marl and limestone unit ca. 80 m thick in our measured section.  The oldest diatom date we obtained on the Neogene marine sediments is located near the base of the diatomaceous unit and is correlative with a radiometric age of 8.2 Ma.  The youngest age we recorded is a planktonic foraminiferal date in the upper Pliocene marl and limestone unit correlative with a radiometric age of <3.0 Ma.

The benthic forams and sediments in the Isla Maria Madre Neogene sections record an interesting basin history.  Earliest subsidence is recorded by the basal Miocene marine sandstone but we lack a firm date on this unit.  By 8 Ma bathyal diatomaceous muds were being deposited in water depths of ca. 600-700 m with water depth increasing to 1500 m by ca. 6.5 Ma when diatomaceous muds give way to siltstones and mudstones.  The angular unconformity separating the diatomaceous-mudstone-siltstone unit from the overlying lower Pliocene mudstone-siltstone unit apparently marks the initiation of deformation and uplift of this sequence with post-unconformity sediments deposited in shoaling water depths from 1500 m to 1000 m. More pronounced uplift and shoaling are recorded by the upper Pliocene marl and limestone unit which we interpret to represent bank top sediments deposited at water depths of ca. 700-500 m.  The overlying Pleistocene terrace deposits record final uplift of this area above sea level.”

ASSIGNMENT

1) Use the migrated version of Line 4.  Examine the top part of the whole section.  I have labeled some of the more obvious faults and basins from E to W.  You are to write a summary of the basic character of each of the main basins (shape, “depth” in time, width, internal architecture, and internal faults and bounding faults), and if there is any evidence for it being active.  Note that for the horizontal dimension the shot spacing was 50 m and the shot numbers are labeled across the top.  ALSO discuss what you can decipher of the character of the “basement” below and between the basins.  Add any short discussion of interesting features you may find outside the basins above the basement.

2)
Use the migrated portion of line 28.  I would start with a very simple stratigraphic section based on Jim Ingle’s summary of the island.  Then complete a seismic sequence analysis of the line 28 following the methods outlined above.  Then write a brief history of the area above the basement by comparing the two data sets.

You are allowed to discuss what you find and any questions with me or any other student as much as you like.

TO BE handed in:

• summary of line 4

• stratigraphic section of Tres Marias island

• seismic section of portion of line 28 with seismic analysis on it

• brief history of basin(s) above basement on line 28

