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'Forward Modeling
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3Numerical Solutio
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!Differential equation
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Flow chart
Set:
* |nitial start model m,.
* Desired data misfit y, total number of iterations N, desired
error for CG solver € and total number of CG steps K.
For 1=0 to Njer
Compute F(m,)
Compute data misfit ¥y
if Wy <7y then exit
Setmjp= m
For k=0to K
Compute py.rand By
Myt = Mg Bt Pt
Next
Set my,; =my
Next
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Symbol

Represents

m, my € M

a(m) : M—Spp
My, : M=Spp
Cm: MM
e.e;esSp

deD

wj-(e(m], m) : Sp—=C
]j e SP

q; € M

L:Sp=D

Q: M—D

S, SpSp

P: M—Sp

J: M=D

T: Sp=Sp
Tm'ln{,},l:g :‘SF,DH‘SD
AP e Sp

iPesp

Model parameter vectors

Mapping from model parameter to primary or dual grid
dx/om, evaluated at mg

Model covariance

Solution vectors on the primary grid

Data vector

j'th data functional, in general non-linear
dy;/oe, evaluated at eg,mq; j'th row of L
dy;/om, evaluated at ep, mg; j'th row of Q
Sparse matrix constructed from I;

Sparse matrix constructed from g;

Forward solver; S,e=b

Operator —ad(Smep)/am, evaluated at mg

Full Jacobian dy/om; ] =1S,,' P+ Q

Linear mapping from the primary to dual grid
(T ymy€0) /dx, evaluated at z(myp)

Primary grid interpolation coefficients (sparse)
Dual grid interpolation coefficients (sparse)
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Routine name Inputs Outputs Used for Module

initSolver iTx,m e, (eb) fwdPred, Jmult, JmultT, calc| Forward solver (driver)
exitSolver e, (eb) fwdPred, Jmult, JmulkT, calc| Forward solver (driver)
fwdSolver iTx (FWDorAD],b) e fwdPred, Jmult, JmulkT, calc| Forward solver (driver)
Pmult €g,Mp,m b Jmult Solver sensitivities
PmultT €q,M,e m({m') JmulkT, calc] Solver sensitivities
Qmult eg,my,dg,m d Jmult Data sensitivities
QmultT eg,mg,d m{m') JmultT Data sensitivities
Lmult eg,mg,dpe d Jmult Data sensitivities
LmultT eg,mp,d b JmultT Data sensitivities
Qrows eg,m,iDt iRx m Qmult, QmultT, calg Data functionals
Lrows eg,m,iDt, iRx 1 Lmult, LmultT, calc] Data functionals
dataResp e,m,iDtiRx z fwdPred Data functionals
fwdPred m, dgy die) Parallel inversion algorithms Jacobian computations
calcJ my, dy ] Parallel inversion algorithms Jacobian computations
Jmult am, mg, dy (€) ad Parallel inversion algorithms Jacobian computations
JmultT my, 5d (e) sm Parallel inversion algorithms Jacobian computations
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MPI_Main

Master:

Subroutine Master_lob_fwdPred (m0,d,e0)
1- Task = ‘Distribute Model Parameters’
-Send a copy of model parameters to all workers.
2- Task = ‘Solve Forward Problem *
- Send the index of one transmitter to each worker
- Receive the predicted data
End subroutine

Worker:
Do
Receive task from Master

if task = ‘Distribute Model Parameters’ then
Receive a copy of model parameters from Master

if task = ‘Solve Forward Problem * then
Receive the index of one transmitter from Master
Call fwdPred_TX (m0,d,e0)
Send the predicted data for one transmitter to Master

if task = ‘Stop’ then
EXIT loop

Loop

b C

Serial version: i.e. inside NLCG Serial/Parallel version: i.e. inside NLCG

#if def=MPI then
Call Master_Job_fwdPred (m0,d,eAll)
: ftelse
Call fwdPred (mO,d,eAll} Call fwdPred (mO,d,eAll)
: #tend if
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Abstract

Magnetotelluric (MT) method is a passive surface geophysical technique so that uses real
passive electromagnetic surface fields for analysis of subsurface electric resistivity
structures. Investigation depth in MT method is much more than the other
electromagnetic ones. From 1970 to 1980, MT method was applying as an initial tool for
identifying variation of thickness in large sedimentary areas. As in most cases, real
studied areas inherently has complexities so 1D or even 2D modelling is not adequate
for exploration targets and requirement of 3D modeling makes sense as well.

In conjunction with the USArray component of EarthScope, long period magnetotelluric
(MT) data are being acquired in a series of arrays across the continental US. Initial
deployments in 2006 and 2007 acquired data (10—10,000 s) at 110 sites covering the US
Pacific Northwest, distributed with the same nominal spacing as the USArray seismic
transportable array (75 km).

ModEm is a type of modular system for 3D inversion of MT data. A regular inversion
program was selected for inversion of impedance four components tensor for 109 sites
with acceptable good quality data for 8 periods (100 to 8000 seconds). These data were
acquired from the Cascadia area. Suitable time length for calculation of 162 periods, was
12 hours while the best result was occurred in 162" period by 1.75798 error. The most
striking and robust features revealed by initial three-dimensional inversion of this dataset

are extensive areas of high

conductivity in the lower crust beneath all of southeastern Oregon, and beneath the
Cascade Mountains, contrasting with very resistive crust in Siletzia and the Columbia

Embayment.

For testing results validation, residual data will be used. The results will prove the

validation of inversion results.

Key words: Magnetotelluric, 3D inversion modelling, ModEm, nonlinear conjugate

gradient method
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