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| ‘Lecture Program

kg

Seismic data, multibeam imagery,
pot and heatflow data (RDM)

Week 1 - onday Signal definitionsand properties

ay Convolution
‘ Friday Fourier transforms

Monday Spectral density functions
Tuesday Coherence and basic statistics
Friday Seismic reflection data acquisition

M onday Seismic reflection data processing 1

Tuesday Seismic reflection data processing 2

Friday Seismic refraction data, integrating well
and seismic data

M onday Multibeam seafloor imaging
Tuesday Potential field data
Friday Heat flow data
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p ‘ Weeks 5-7

Nehceanographic Data (MH)

-
Week 5 Menday M ethods of tidal data collection
‘ Tuesday Harmonic analysis of tidal data

Friday Tidal filters

Monday Dealing with rotary tidal currents
Tuesday M ethods of wave/current data collection in
Friday the surf zone
Auto- and cross-correlation analysis of surf
zone waves

Auto- and cross-spectral analysis, filtering
of surf zone waves

Dealing with turbulence data

M easuring sediment transport in the surf
zone




‘Weeks 8-11

Monday Physiography of ocean basins and margins; Plate
Tuesday tectonic intro
Friday Plate tectonics and rotations

= The magnetic field

Week . Monday Modelling marine magnetic anomalies 1

Tuesday M odelling marine magnetic anomalies 2
Friday Plate flexure and lithospheric rheology 1

M onday Plate flexure and lithospheric rheology 2
Tuesday Thegravity field
Friday Gravity modelling 1

M onday Gravity modelling 2
Tuesday Heat flow 1
Friday Heat flow 2




eeks ' 12-14

Oceanic lithospheric evolution: depth-age, heat flow-age
Introduction to M antle convection
M odelling mantle convection 1

M odelling mantle convection 2
Sedimentary basins
1D Extensional basin modeling 1

1D Extensional basin modeling 2
2D Basin modeling
Foreland basin modeling




‘ Assessment
Ment for this course moduleis

based %7@/0 coursawork and 25% exam.

The coursewerk assessment is based on
practical exercises using Matlab and other
Linux software. The examination will be
2 hours long and will be held during the
examination period at the end of semester.
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d_ectu e 1

gnaI.Proc INg:

mExamples

m Basic signal definitions
and' properties




IHEPUIPose of signal

4 ‘ PIHOCESSINg

- M' sinals InvEaNitehave ene or more component
ot CicompeRENLS,; Wiileother components are random
of stochasticfbwonents.

= Most commpnierm of arandem component: noise

= Noise may centamniaie asignal in a variety of ways, e.g.
additive; multrplicative, o convelutional.

m Also the stochastics ofi neise can be extremely variable branch of
applied statistics called stochastic processes

m General purpose of signal processing:
m T 0 extract useful information from a signal
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Bielegy Identification
Sand/(%rgyel_ o Mud




IpIe deterministic information

/ ﬂﬁup‘ted pyradditive noise

‘ u Sgnel precessing aimsto remove as much of the
82185 pessil e tnus eahancing the information

CONLENT che signal — filtering
-

» [heeareeiner important reasons for understanding
signalfprecessing, Which can be loosely grouped into
fiour categoeries.

1. Description
2. Inference
3. Prediction
4, Control




S IDESCHiptionsand Inference

SDEibtion ams. 1o ldentify the principal
COMPERERIS, WhICh constitute a given measured signal

meg. d%ibe‘ signals In terms of ther freguency
COMPORERIS, I.e) spectrral r epresentation of signals.

= | nference relfiers to the process of making plausible
hypotheses about the underlying mechanisms which
gaverisetothe measured signals:

= What can we learn about physical processes in the earth
from various geophysical signals?




Ocean Drilling: JOIDESRESOLUTION
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Downhole logs
VErsus

data from'physical
property measurements
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* &dlgtlon.and Control

Ictient 1s; the precess of making intelligent
forecasts about future behaviors of a measured

signal‘ .

= Control 1S the process of initiating or modifying
other signals based on the information extracted
from one or more measured signals. Control
Processes are very important in engineering and in
designing particular sound sources for seismic
experiments and exploration.




les of Signal Processing
) Reflecien Seismol ogy

SmIc\Wavesiare generated at the surface of the
Liien exampl eiat earthguakes or due to an
ariiicreifseurce.

o T%/ are directed downwards and may penetrate the

sediments, crust, the mantle and core.
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SEISICNEection structural analysis

B Hoerizons mappesie
represent major tectonic
events; ongiN

m Analyse timing and
styles of faulting
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SSeisic daltel structural analysis

y NG of f‘a'ult activity
‘ »

lTimMUlt activity! -

correlate with WEIIgata
mMin age of fialili

Reactivation cani e
assessed by inversion
structures or significant
changes in dip g though
similar lithologies

mE.g.: Purple fault has
changed sense through
time




i feEdrsIgnalsicentainiinfoermation about the subsurface
SiIcHUEEREN e ee); Ut the seismic signal is a complicated
Tt tltuge Eipessitle signal components including

F.

%ﬁ&: Signature - deconvolution
nZ if] n(')i.s_e dueite seattering - stacking

u 3. signaleneray; @s due to attenuation - true amplitude recovery
4, Interi iiremISOHz pewer lines - notch filtering
5. corrupueR by greund-roll - muting & band pass filtering
6. multiplereiecuons - predictive deconvolution
7. distertion due to ray-pathing - migration
8. reflectivity seguence of the earth'slayers - desired signal

The first component above (Earth's reflectivity sequence) isthe
information the geophysicist needs to infer structure and lithology.
All the remaining components need to be removed.
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| “Bxamples of Signal Processing:

/ ‘2) Satellite altimetry

mme radar altimeters

meap the’distance etween
themseVesiand thesealevel.

= BY meastiiinaptne sea surfiace
helghts, theratimeter maps
the marine geoid as well as
" noise" firom oceanic
currents, waves, and tides.




-;‘WhWho‘i'se” sand what 1s“ data” ?

» WiiEi IS NEISENo) Ther geophysicist (currents, waves, tides)

epresentsierphysical oceanographer's data, whereas

the ™ eceaneoiiePher’s noise (geoid anomalies from density
anemall ewthe ) represents the geophysicist's data.

= Diffictlivesym tracking of the satellite result in apparent DC-
(very leng-waveéliength) snifts in the height of the geoid so that
repeat cycles cannot be simply stacked to reduce the noise. The
solution to this problem is differentiation of the geoid heights
before stacking, and Integration after stacking.

m The integration Is replaced by a frequency domain operation
called Hilbert transforming, which allows us to compute gravity
anomalies directly from the horizontal derivative of the geoid
heights.




eliiimetny records and processing
EPEEens include

u 1 daigieverand andiice - editing
.2 OM - correction applied

= 3. s0lid earthtides - correction applied
= 4. jonesphere agop&)here delay: - correction applied

m 5. sea surfiacelierght which reflects geoid - desired signal

= 6. low frequ. radia et eror (unknown bias) - differentiation (results
Inthe horizontal gravity gradient)

= 7. high freguency noise - stacking of repeat cycles
m 8. vertical gravity anemalies - obtained from stacked horiz. grav.
grad. data by Hilbert transformation

m The and result of several decades of collecting satellite altimetry data is a global
marine geoid map, which has been used to compute a marine free-air gravity map




Memdistance
betw lite and the

sea surfaceby radar. These
data ar e usedito provide a

geoid map. Thegeoid isan
equipotential field, and
describesthe Earth's shape. A
gravity map can bederived
from the geoid data. Marine
gravity data reveal many
tectonic features of the ocean
basinsin detail.
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‘[)ngtal Signals

Ii%e;t‘lme (@igiial)s signalst ane represented by a variable
Wi LEger subscript, suchias X,

m [he subsﬁt i can e theught of as the sample number, but
we will commeniy take -8'<'t <8 even though the signal may
have only afinite number of non-zero samples.

m The time interval between samples is assumed to be a fixed
constant called the sampling interval or sampling rate. The
t=0 sample is called the time origin of the signal.
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/ ‘Xnglog-agnals

Mnuous—ti me (analog) signals are
represerrteq In the usual functional notation

givente functions of areal variable.

X(t) = cos(2 p t/T)

represents a continuous time cosine wave of
frequency LUT




