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Mesh Design Considerations

Grid Spacing
— Range in periods that we need to model 10000s - 0.1s
— Calculate skin depths to give an approximate mesh spacing
— Multiple meshes for difference frequencies?
— Station spacing
— Block geometry

Dimensions of Core Region

— Site locations of the provided data
— Where does the data approach the halfspace value
— Computational abilities
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Mesh Design Considerations

Padding

— Padding distance - skin depth
— Satisfies boundary conditions
— Expansion factor

— Computational considerations

Verification

— Check halfspace response
— Compare with other meshes
— Compare with other users




How we tackled those considerations
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Period (s) Background skin depth (km) 1Qm block skin depth (km)

Core Reglon Design 10000 500.00 50,00
1000 158.11 15.81

100 50.00 5.00

10 15.81 1.58

. 1 5.00 050

— Fine mesh had 500 m cells 01 158 016

— Coarse mesh had 2500 m cells

Further Parameters

— EXxpansion factor of 1.4

— Fine mesh had 104 x 114 x 46 = 545,376 cells
» Coreregionhad 84 x 94 x 34 = 268,464 cells

— Coarse mesh had 44 x 52 x 43 cells = 98,384 cells
* Coreregionhad 28 x 36 x 27 = 27,216 cells
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Effects of Mesh Design on 560s Period

A A

256 km| |

185km

223 km|

v
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366 km
« Cross section of 44 x 52 x 43 cell . .
mesh with an expansion factor of e Cross section 72 x 72 x 72 cell mesh with

14 an expansion factor of 1.1
98.384 cells - 16 min o 373,248 cells -1 hour 40 min




Real Tz - #of datar 53

7500 B.35-005
[
25000, 5.126-005
-
12500, 1852005
ol
o . . |.-1.348005
"
1 o
12500, ; _-4.57e-005
.
.
25000 . I'. -7 808-005
37500, ; . . . N-110s004
25000 12500 O 13500 25000
Feal Zyx - # of data: 59
7500 _9EGe-004
25000 ; 9.05e-004
= —
J "
12500, | '|. 8448004
"
o] k| | 783004
—
1
12500 723004
-25000, 5526-004
3700, . : p . Nemeons
25000 12500 O 12800 25000
s7sn, el Eox - ot datar 50 5 330,005
I !
25000, | 5.11e-005
- |
1zs00, [ — 1882005
-
0] " | 1 342005
9
12500 . -4.562-005.
]
25000 ..I' 7 792005
37500, . . . . D 10e00
25000 412500 O 12500 25000
Real Zyx - # of data: 99
37500, 3638-004
25000 9.03e-004
5.42e-004
| 7.82e-004
7218004
| 5512-004
| 5.002-004

0 12800 25000

25000 _,l

-37500,

-25000

-37500

Observed Data
Imaginary Zxxc - # of dater 53

a7s00. . 6.382-005
.
1
25000, I | 4.455-005
iy
12500, " d .2.526-005
=
; " . |.5.98=-006
|
1
EFC o .1 33e-005
§
25000, .-'. 3280005
i .
arE0, . . . D s18e00s
25000 42500 O 12500 26000
Imaginary Ty - # of date 59
a7s00. -5.382-004
2s000. : | -5.852-004
4 -
12500. [ |._-. 7318004
b
o ‘. |7 77004
[ .
12500 -B.24e-004
25000, -8.70s-004
-37500 |-9.162-004

.25000 12500 O 12500 25000

Observed Data
Imaginary T - # of deta 59

37500 . 6356005
u
]
25000 i I i 4.436-005
i
12500, | [N 2516005
¥

0 |.5.952-006

s

12500 !

25000 12500 0 12500 25000

Imaginary Zy= - # of data 59

37500 -6 37e-004 37500

25000 _-6.83e-004 25000 1

12500

25000 412500 0 12500 25000

_-1.32e-005-12500

-3.24e-005-25000

-7.28e-004 12500 &

i
: . L
e
o] |.-7.76e-004

~12500 .-5.222-004-12500

Frequency: 0 Hz

Real Zxy - # of datac 59
37300

25000

12500 [ f

12500,

-25000.

-37500, 5 5 4 ,
-25000  -12500 0 12500 25000

Real Zyy - # of data: 59

37500
u
2o, |
1
12500. b
J
o R

12500 J '
25000, i
37500

.25000 12500 O 12500 25000

Frequency: 0 Hz
7500, RE.E\ Ixy - .#EI' data .59

25000

42500

)

.-516e-005-37500

25000 12500 0 12500 25000

Real Zyy - # of data 99

-5 68e-004-25000

.-9.14e-004-37500

25000 12500 0 12500 28000

-5.86e-004

-6.62e-004

-7.37e-004

|| -B128-004

-8.88e-004

-8.63e-004

-1 0de-003

1.56e-004

9.83e-005

410e-005

|| -1 64e-005

-7.38e-005

-1 31e-004

-1.89e-004

-5 85e-004

-6 Ble-004

-7 36e-004

| .-B118-004

--5.86e-004

.-9.61e-004

-1 04e-003

1 55e-004

.9.60e-005

-4.08e-005

|.-163-005

-7 .35e-005

.-1.31e-004

.-1.88e-004

Imaginary Zxy - # of data: 53
37500 9E7e-004

25000, I"-'_"l_.- | 3.078-004
|
12500 ] 8.47e-004
"
[| -
.
nl i || 77004
i
L1
2500, & = 7278004
|
b
25000, | 5 678004
-a7E00 | 5.07e-004

25000 12500 0 42500 25000

Imaginary Zyy - # of data: 53

7500 1 536004
o
2om. | 912e-005
||

=

12500, 4956005
.

ol - |7 E7e-008

-12500 -3.38e-008
-25000 -7 55e-005
37500, 3 . . . Borareon
-25000 12500 o 12500 25000
apgp, MEEnery Exy - #of data 59 9.65e-004
25000. l'.-'-"l_ i 9052004
i &
12500 g - . 8452004
g "
U,I | | 785004
i :
azson, L = J 7.26e-004
-
——
25000 i : g 6662004
37500, - . r . D e0se008
25000 -12500 0 12500 25000
Imaginary Z - #of data 59
a7son, oYY . 1.32e-004
.
25000 9.082-005
I'. -
I
12500 4.93e-005
E & " &
' .
0 ) | 7812006
3 5
"3 i
12800, i i -3.37e-005
i
25000, : i i | -7 528-005
37500, -1.47e-004

25000 12500 O 12500 25000
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560 s Period
Expansion 1.4
44 x 52 x 43
98,384 cells
16 min

560 s Period
Expansion1.1
72X 72X 72
373,248 cells
1 hour 40 min
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Effects of Mesh Design on 560s Period ™

Real Exx - # of data 58

Observed Data
Imaginary Ixx - # of data: 59

37500, .1.83e-007 37500 .2.57e-007
1 i
25000 1 1.20e-007 25000 1 1 L 1.81e-007
1 i i
5 I 1
12500, : - — .5.62e-008 12500 u - _- .1.06e-007

25000

37500

25000 12500 0 12500 25000

Real Zyx - # of data 58

| -7 4Ge-009 Di

-7 11e-008-12500

i B
el
-1.35e-007-25000 I |-1 21e-007-25000 .

-1.98e-007-37500, -1.97e-007-37500,

|.3.01e-008

25000 12500 0 12500 2500

Imaginary Zyx - #of date 59

37500 2.20e-006 37500 1142006
25000 1.89-006 25000 _-1.34-006
- —— —
.
12500, 179008 12500, [ .-1.54e.006
0 |.1.59e-006 ] |.-1.742-006
12500 _-1.848-006

25000

37500, oy 2 . B
-25000 12500 a 12500 25000

Real Zox - # of data: 58

800 3.34e+000
25000 . 1.7264000
12500, @ 8756002

o, 4 |.-1 5204000

"
-12600 2.1424000
25000, B -4 764000
"
1

378500 -6 3824000

38000 12800 0 12500 28000

Real Zyx - # of data: 59

32500, 231001
25000 . 2.192:001
L

12600, L 207e-001

[ -“ 185001
12500 123001
26000, 171001
32500 150001

8000 600 0 12500 25000

- — =
|
1.38e-006 -12500
1.18e-006 -25000
9.756-007 -37500
-24

|-2.1 4e-006-
-2 342-006-
Observed Data
Imaginary Zxx - # of data: 59

o0 -12500 0 12500 25000

7600 61804000

25000 | 5.5304000
12600 4814000
|.3.28e4000
12500 16724000
-28000 . 513002
0, . D.istes00
25000 12500 12500 25000
srsn, TR 2y - W of data: 59 2stann
25000 : 2430001
12600 228001
o] |-2.18e001
12500 203001
-28000 . | 1.90e-001
37500, , ) , . L177e001
28000 2800 0 12600 24000

-4.542-008-12500

Frequency: 0 Hz
Real Zxy - # of data: 59

37500,

25000

12500,

-25000 -12%000 0

Real Zyy - #of data 53

12500 25000

37500
r
25000
| ]
12500, 1 1
L N
" e
12500 _ o '

-25000

-37500, L .
25000 12500 O

Frequency: 0 Hz

Real Zxy - # of data: 59
37500

25000

12500

-
=

-12500

Lk,

25000

37500,
25000 12500

Real Zyy - #of data: 59

7800,
25000

12500

-12500

25000

37500, = B
-25h00 -12500 12500

12500 25000

25000

25000

Imagiriary Zxy - # of tata 59

_-9.44e-007 37500, 2.332-008
L -1.132-006 25000 _.—l.l 2.132-006
.-1.32e-006 12500, 1.922-008

»

P
1.51e-006 U,I ‘ | 1.72e-008

-1.70e-006-12500. 1 | - 1526008
——
| -1.36e-006-25000. 1.31-008
| -2.07¢-006-37500, ) . : . Bite0s
25000 12500 O 12500 25000
Imaginary Zyy - # of data: 59
sate007 s, oY 6276007
| 363e.007 25000, 4302007
1
157e.007 12500, | 1 2416007
a
|s51e008 0 r_ 3 |arrsoos
267600712500, 1 456-007
| -4.79¢-007-25000. -3.396-007
631600737500, : . o Msmeoor
25000 12500 O 12500 25000
pisenot  greng, TN Zy - Hofdata:s 2 476001
. 2.09e-001 25000 2.36e-001
1
. 1.0%e-001 12600, 2 26e-001
| 1.00e.001 0 r | 215001
- 1.80e-001 -12600_ 2.04e-001
|
. 1.70e-001 25000, 1.83e-001
1 ste001 7500, : . 1 Lieseon
s 0 0 2600 as0o0
L 2 - #of data: 59
_1.7824000 3TS00, maginary 2y ~ = 8.30e-001
1474000 25000 7.18e-001
. 1. 16e+000 12600, 6 06e-001
_-.. —
|-B8.56e-001 0 | 4.84e-001
[ - i
_5.47e-001 -12600_ - . 3.8%e-001
. 2.30e-001 25000, 2 B8e-001
1
| 6040002 37800, I . Liszeon
Zsbn .o 02500 asgon

Difference between the
solution on each mesh

Percent difference
between the solution on
each mesh




Computation Time (s)

24:00:00

21:36:00

19:12:00

16:48:00

14:24:00

12:00:00

09:36:00

07:12:00

04:48:00

02:24:00

00:00:00

Speed Considerations

Computation time vs Period

-1 0 1 2 3

Logl10 Period

4
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Resl Zox - 4 of data 53

31500
| :
25000
4 1
100, [ S
o 1 !
1250 . ‘
w000, [

3

7500, A )
25000 12500 O 12600 25000

Real Zye - #of date 59
75,

7

0 .
25000 42500 O 12500 25000

Resl Zox - 4 of data 53

sron
I |
200
» |
o
- |
120 ] ‘
26000, .l.

3150, A )
25000 12500 O 12600 25000

Real Zye - #of date 59
75,

25000

o !

37500, . 2
25000 42500 O 12500 25000

Resd Zox - 9 ofdal 53
5

12500, [ S
-

31500

25000,

1250

26000
|
3

7500, A )
25000 12500 O 12600 25000

Real Zye - #of date 59

3750

25000

Observed Data  Frequency: 0 Hz
stn

&

i 1560008

B D00 EOEONE oy P s
122005 25000, 1 1 53e.005 25000 I -1 5e.00¢ 25000, 2202000
[ ! 1 L
4478006 12500 - 8056005 12500 A1 Tde-004 12500, " 2078004
3 326.006 0. .. |.285e.008 o, A |1 92004 o, y | 1808004
-1.110-005-12500 ¥ -4 150-006-12500 | o -2 0%e-004-12500. 4 1730004
[ 1 '_.-' | "
A so00sz000. | 1 42000825000 o 2recocsomn. 1880004
|
I o o 0 e i Soo v 0 v 25m
S iz i e e
2290004 37500, aner 1 1 448004 37500 o 3676005 F7S00. frearay vy 4178005
|
S - R -
- | %
pp—— Fr— by ‘ s4c0005 1250, [ 1550008
1850004 0 ‘. d |41secos o o | 356e008
S v - |
PP e ' -
o L i S o e
Observed Daia  Frequency: 0 Hz
s s e 1wl B I sy e i
PR D [ P - Fp— asvean
[ ’ 1 1
4478.006 12500, | ' 5386005 12500 74006 12500, v 2076.004
s o I ‘ b . -
-1.112-005-12500, » -4.158-006-12500 | o -2.09e-008-12500. 4 173004
[ | ".-' i "
-1 850 00%- 25000 P A 1 20-005-25000 -2 27e-004-25000,
|

aEmots s, Ml <0 ] Lsewewsn, 0 bisseon
3800 42500 0 12500 25600 fon 200 0 12600 25600 200 1200 0 12500 2800
moginery Iys - #01 oo €5 Feal vy - 4ot ot 58 ey vy - # o1 ot 59
2208004 37500, e 1 1 44-004 37500 o 3676005 F7S00, frerany Iye 4178005
E '||.
2148004 25000 1 53004 25000 2316005 25000 2808005
- | | .II
p—— D ! ‘ asems 1is0, |1 180ems
L | i Y L [
185004 O 3 |t sseone = PRI . |3 ste-006
ey [ = s
1700004 12500 -1 800412500 - 7808 42500 860005
PR I | B— [ s
1418004 - 37500 22580043750 y . 4.508.005 - _ 3450005
o0 4500 0 2500 25000 S0 4200 0 200 25000 shop 2800 0 12500 25000
Observed Data  Frequency: 0 Hz
T m,mzx: Fotgaass e Ry - dolda 53 P e R L L LI,

1220005 25000,

a4pe.006 12500, | |

2590008 u‘

1.128-00512500, .
[
[}

1 B3e.005 25000 -1 S6e.008 25000,

g 8916008 12500 | 1 7e.00% 12500,
-4 (38-006-12500 o -2.09e-008-12500.

L o
-1 118-005-25000 " |.-2 27e-006-25000,

. |1s0mams
|

|| 2208008
Y 2078000
&
l-'-. 3

1ramans
1 50000825000 1 880008
amemsarson, Bl w Y Lasseosswsn, 00000 Lisseon
25000 42600 0 12500 250 fon 250 0 1m0 25600 200 1200 0 12500 2800
moginary Iy - £01 oot €9 FenlZyy - #otcata 5 oy 2y - # o1 oot 9
2288004 37500, ey 15 -1 448.004 37500 o 3688.005 37500, frenan Iye 4188005
Em—
|
2148004 25000 1.538.004 25000 2326005 25000, 2308005
- | { .II
1908004 12500, F 710004 12500 570005 125, |} 153005

1650004 O,

25000 12500

RN

-- -
o 0 I S I -
P 2moonrm, 1l S , .
Dion o

0 12500 25000 4200 0 1200 25000

J |enseoos ol

| 3860008

o
"

1250 0 12500 25000

10000s Solver Toleran
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e Tolerance 10-10
e 3min 11 sec

e Tolerance 10
e 2min 20 sec

e Tolerance 104
e 1 min 34 sec




slide 10
© UBC-GIF 2002

10000s Solver Tolerance - Differences

Observed Data  Frequency: 0 Hz
37500, 5.550.011 grso, MEGMEy Doc - #of deta 53 4Tae01t ayspp, e Dy - #ofddda 59 1880011 s7spp, MRENErY Dy - # of data: 59 1 54011

I j 1 ¥
25000 i -3.25e-011 25000 II _-1.12e-010 25000 1548011 25000 I 5.12e-012
12500 I -1.21e-010 12500 -1.76e-010 12500 1092011 12500, 1 -5A4Te-012
1
i d i
o] |.-208e-010 0 1 |2 40e-010 I |.6.50e-012 o] L 1.1 548011
1 ) |
12500 -296e-010-12500 .I. -3.04e-010-12500 I L207e-012 12500 I -257e-011
. 1

Real Zxx - #of data: 59

)

- Solution difference
between tolerance of 107

37500, -4.72e-010-37500 . J .-4.33e-010-37500 . B-6.80e-012-37500
25000 12500 0 12500 25000 -25000 12500 0 12500 25000 -25000 12500 0 12500 25000 25000 12500 0 12500 25000

Real Zyx - #of data: 59 Imaginary Ty - # of deta: 53 Real Zyy - #of deta 53 Imaginary Zyy - #of data: 53
37500, 3.10e-010 37500 8276011 37500 2218012 37500, 1176010 10
25000, 2362010 25000, |_1 B9e-011 25000, |_-E 32012 25000, 1.07e-010 al I d 1 O
12500 1.616-010 12500 -4.48e-011 12500 1 Me011 12500, 9.656-011
-
[0 | -
- b - =

0. C e | s7geont 0 o ] meetn o i s PR R S 1| 86001
12500 1.256-011 -12500 -1.726-010-12500. 1 BTe011-12500. 7.556-011
25000 | -6:19-011-25000 -2.362-010-25000. |2 28801125000 6518011
37500, . . M zge0i0.57500, . M-3.00e.010-37500, . Mzg9e01i 37500, 5 . Msagenn

-25000 -12500 0 12500 25000 -25000 -12500 12500 25000 -25000 -12500 O 12500 25000 -25000 412500 0 12500 25000
Observed Data  Frequency: 0 Hz

a7sgp, T IXn - #of ast S 6 4e.005 37son, MACINAY Ixx - # o detar 58 250 s, FEH Zx.y - #of data: 59 3955005 37500, MMAOTRY Zxy - # of dsta: 53 7 208008

. ! ] i

25000 7.67e-008 25000 | |_-4.37e-008 25000 | 7.58e-008 25000 1 -9.70e-009

[ I

i 1 L

12500, 1 7.33e-008 12500, | .-B.21e-008 12500 JBE1e-008 12500, || -2 FEe-00&

1 | . i

'|I - -
LU | 6.78e-008 o | --8.05e-008 o |.5.74e-008 0] I | -4.3%e-008 S O I t

i

12500, - .- B 6.23e-008 -12500 , I I . i |

-0.552-008-12500, L 4.E7e-005 12500 -5.04e-005
L= 1 4
25000, 5.692-008 -25000 | -1.17e-007-25000 I | 3.602-008 -25000 -7 73e-008 b etWe e n to I e ra n ( :e Of I O
37500, ‘ . .. Nsagenos s, ! . h . N1 sge.007-37500, ) . Nzs30.008 37500, : - . Dagsenns
25000 12500 0 12500 25000 25000 12500 O 12500 25000 25000 12500 O 12500 25000 25000 12500 0 12500 25000 an d ] O - 1
Real Zyx - # of dats: 59 Imaginary Zyx - # of data: 59 Real Zyy - # of datar 59 Imaginary Zyy - #of data: 59
a7s00. _-- 4752008 37500 1022007 37500, -5.802-008 37500 5622008

25000 4.21e-008 25000 8.63e-008 25000

3.676-008 12500 _7.04e-008 12500

| -8.026-008 25000 | 4.156.008
9.258-008 12500 257e-008
"
.
B : : e

| 3130008 By | 5450008 n* o 0%enr o) S | 1200008
2.598-008 -12500 3.878-008 12500 1.178-007-12500_ 271e-008
2.0Be.008 -25000 . 2.280.008 25000, | | -1 2900725000, | 1 74e-008
1.52¢-008 -37500 | 5.830-009 -a7500, -1 42¢.007 37500, -3.226-008

0 12500 25000 26000 12500 O 12500 25000 26000 12500 O 12500 25000 -25000 42500 0 12500 25000




10000s Solver Tolerance Percent Differ
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ENCES

Observed Data
Imaginary Zo: - # of deta: 59

Frequency: 0 Hz
Real Zxy - #of data 59

Real Zxx - # of data; 53

37500, 7.258-002 37500 (4418002 37500,

25000, 5.80e-002 25000, 2022002 25000,

12500, 4342002 12500, | .~3.79e-003 12500,

|.2:892-002 o, -2.78e-002 ]

12500, 1.442-002 12500 -517e-002-12500

25000, -1 27e-004-25000 -7 57e-002-25000 .

“a

e

37500

3 -1 46e-002-37500
25000 12500 O

. . " . . Masrenn2.a7s00, . X ) .
12500 25000 25000 412500 0 12500 25000 25000 12500 0 12500 25000

Real Zyx - # of deter 59 Imaginary Zyx - # of date: 59 Real Zyy - #of dater 59

37500, 1.55e-004 37500 1.49e-004 37500,
25000 1.18e-004 25000 1 .18e-004 25000
12500, 6.34e-005 12500, .6 66e-005 12500,
s
L = i
0. - . 4.76e-005 0] 1.5.53e-005
o
12500 1.16&-005 12500 2.408-005 12500
25000, -2 40e-005-25000 .7 32e-006-25000

-5 97e-005-37500

37500, . . ) . M 388e-005-37500, .
35000 12500 0 12500 25000 25000 412500 0 12500 25000 35000 12500 0 12500 25000

Observed Data
Imaginary Zxx - # of deta 53

Frequency: 0 Hz
7500, Re.al Ixx - #of date: .59 Ree\.ny - .#m datar 59

9.53e+000 37500 _6.7Be+000 37500,

25000, -2.0%e-001 25000, . 4.03e+000 25000

12500, -9.94e+00012500 .-6.08e-001 12500,

=
"
PRER=CC U

12500, -2.9%e+001-12500 .-9.98e+0001 2500,

25000, -3.91e+001-25000 . -1.47e+001-25000 .

[
L 4
- r
375l

00, -4.59e+001-37500
25000 12500 O

] . . i o Lasaecomarsoo, i | .
12500 25000 25000 412500 O 12500 25000 25000 12500 0 12500 25000

37500, RE.EI Zyx - )X.Df date: .59 29%e.002 37500, Imaginary Zyx - # of data; 53 3.07e.003 37500, Real Zyy - .#U' data; 59
25000, 2.00e-002 25000, 1126002 25000,
12500, 1.78e-002 12500, 1848002 12500,
0, |.1.52e.002 o, - 2752002 0,
"
12500, 1.28e-002 12500, .-3.56e-002-12500 .

T |

1.042-002 25000, . -4 38e-002-25000 .

.-5.19e-002-37500

n . Mzn4e.003 37500, . . g " .
0 12500 25000 25000 12500 0 12500 25000 -25000 12500 0 12500 25000

.2.898-006 37500,

1 .07e-006 25000,

-6 47e-007 12500,

-2.768-006 0

-4 68e-006-12500,

-6 60e-006 25000,

-6 528-006-37500,

25000 42500 0

.2358-003 37500,

1.858-003 25000

.1.358-003 12500,

|.B.458-004 0,

_3.448-004 -12500_
|

-1 56e-004-25000,

-6 57e-004-37500,

25000 42500 O

.-1.23e-002 37500,

-1.73e-002 25000,

-2 23e-002 12500,

-2.74s-002

.-3.248-002-12500,

-3 75e-002-25000,

-4 25e-002-37500,

25000 42500 0

_1.83e+001 37500,

. 1.258+001 25000,

.6.532+000 12500,

|.8Ete.0m 0,

-4 85e+000-12500,

| -1.08e+001-25000,

-1 86e+001-37500,

=
25000 12500 O

Imaginary Ixy - # of datar 53

12500 25000

Imaginary Zyy - # of date: 59

w

i .
) 12500 25000

Imaginary Zxy - # of dete: 53
" .

12500 25000

Imaginary Zyy - # of date: 59

12500 25000

6.83-006

2.16e-008

2522008

|.-7.19=-006

-1.18e-005

-1.852-005

2128005

1.51e-002

1.34e-002

6.67e-003

|.3.93e-003

-7.98e-004

-5.53e-003

-1.03e-002

3.19e-003

4142003

1152002

|.-1.88e-002

2622002

-3.35e-002

-4.08e-002

4.33e+000

3.34e+000

2.36e+000

| 1.37es000

3.84e-001

-6.022-0M

-1.53e+000

Percent solution
difference between
tolerance of 10-° and

Percent solution

difference between
tolerance of 104 an

0-10

d 1010
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10s Solver Tolerance

« Tolerance 1010

1 hour 44 min

e Tolerance 10

21 min

e Tolerance 103

1 min 30 sec




7500
E
25000, B 5
12500,
. i 1
o, '
=
i
ar
12500, |
|
25000 __-' Sl
7500, E ] .
-25000 -12500 o 12500 25000
Real Zyx - # o dale: 59
37500
25000,
12500
ol
. r )
¥
12500
25000, | ]
B — .
37500, . . . .
25000 42500 O 12500 25000
rsn, Feel Dox - #of dater 59
25000,
i
e J
12500

25000,

3700

25000

37500

25000,

12500

12500

25000,

l==37500,

-25000

-

-
—

12500 25000

Real Zxx - #of data 58

3

12500 o

Real Zyx - # of data: 59

-

-12500 0

-

12500 25000

4.0%e-008 37500,

285006 25000,

1.65e-006 12500,

| 447007 a

-7.54e-007-12500.

-1.96e-006-25000

-3.16e-006-37500

1.21e-004 37500,

1.16e-004 25000,

1.10e-004 12500

|.1.05e-004 of

1.00e-004 12500

9.48e-005 -25000,

8 .86e-005 -3750

1.34e-004 37500,

1.01e-004 25000,

6.78e-005 12500

|.3.48e-005 o

1.83e-006 -12500.

-3.12e-005-25000,

-6.42e-005-37500

25000 12500 0

3.3%e-004 37500

257e-004 25000,

1.79-004 12500

(101004 a.

2.25e-005 12500

-5 56e-005-25000,

-1.34e-004-37500

25000 12500 O

o, 5 3
-25000 -12500 0

‘.r
| 3

10s Solver Tolerance - Differences
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Observed Data

maginary T - ROttt 53 o o o

| .3 66e-007 o

’ -1.15e-006-12500

| -2.6Be-008-25000
-4.17e-008-37500

25000 12500 D

12500 25000

Imaginary Zyx - # of date: 59

- _1.85e-004 37500

. 1.652-004 12500

|.1.55e-004 o

.1.45e-004 12500

—— 1 255004 -37500

Observed Data
Imaginary Zxx - # of date; 59

.l' .316e-005 25000,

4.78e-005 37500

.1.55e-005 12500

-7 05e-007 0.

.-169e-005-12500

e

-3 308-005-25000

-

12500 25000

|.-4.92e-005-37500

Imaginary Zyx - # of date: 59

.2.37e-004 37500

J1.24e-004 12500

.1.04e-005 12500

B | | -4.526-005-25000 .

|-1.03e-004-37500,
-25000

12500 25000

.33%e-008 25000,

.1.88e-006 12500,

-25000 12500 O

.1.75e-004 25000,

1 35e-004 -25000

12500 25000 25000 12500 O

25000 12500 0

.1.80s-004 25000,

PEEER o)

Frequency: 0 Hz

Real Fxy - # of data: 53

-
-

Real Zyy - #of date: 59

Frequency: 0 Hz

Real Zxy - # of data: 53

o
O

Real Zyy - #of date: 59

2500 0

12500 25000

12500 25000

|.-1.55e-004 D

12500 25000

12500 25000

1242004 375000

.118e-004 25000,

L 13e-004 12500,

|.1.08e-004

.1.02e-004 12500

.9 67e-005 -25000

.9.13e-005 -37500,

25000 12500 0

1848-005 37500

.1.39e-005 25000,

.8.26e-006 12500

|-268e-008 a

.-2.91e-008-12500

. -8.508-006-25000,

| -1.418-005-37500, . A
25000 12500 O

_-1.20e-005 37500

.-5.888-005 25000,

.-1.08e-004 12500

.-2.03e-004-12500

-2 518-004-25000,

|.-2.992-004-37500

25000 -12500 o

1 05e-004 37500

.7 62e-005 25000,

J447e-005 125000

|.1320-008 0,

.-1.83e-005-12500_

.4 888-005-25000,

| -5.13e-005-37500, . .
-25000 12500 Ll

Imaginary Zxy - # of data: 59

Imeginary Zyy - # of date: 59
"
1
N
-
F =

o .
r

12500 25000

Imaginary Zxy - # of date: 59

8§

12500 25000

-7.99e-005

-8 38e-005

.-877e-005

|.-8.16-005

-9.552-005

-9.93e-005

-1.03e-004

6.85-006

.4 .37e-006

1.78e-006

|.-8.00e-007

-3.38e-008

-5 95=-005

-8.55e-006

-9.30e-007

- 1 .-2.326-005

1

e

Imaginary Zyy - # of date: 59

12500 25000

12500 25000

-4.552-005

+ |-BTTe005

-9.00e-005

| -1.125-004

-1.35e-004

£.682-005

.5 656-005

2.61e-005

|.-4.27e-008

-3.4Be-005

. -6.508-005

-9.542-005

Solution difference
between tolerance of 104
and 1019

Solution difference
between tolerance of 103
and 1019




Real Zxx - # of datar 53

Imaginary Zxx - #of date 59

o’

37500 - 4.06e+001 37500
W Il'r

25000, r | 2.59e+001 25000
[l
&

12500 — 1.41e+001 12500

a . |.-362e+000
[®
L
12500, - .-1.84e+001-12500
.
25000 — * | -3.31e+001-25000
a7500 ‘- -4 79e+001-37500

|
-25000 12500 O 12500 25000

Real Zyx - # of dater 53

37500,

25000,

12500

ol ‘_-.- |1 8404000
[% ] oy

12500, o

25000

37500, e i S .
-25000 12500 O 12500 25000

Realzn - orca: s

eam, I e
N 5 .
L
wm aem

.
. | e
I
" T T
i
o,k e
i
=
-290m. I . BT
om B i B
Tm Em 6 wm mm

S
- -
- ‘ |m
- v
—
.
—

-
o, PRE

-zam,

"
n
L -
2am. Er
&
e, . Meomum
=m o 2 em

-m

w1

.2.252+000 37500,

-25000

L2.11e+000 25000,

1.98e+000 12500

o,

.1.70e+000-12500,
1.576+000-25000

| 1.43e+000-37500,
-25000 12500 O

-t2am,

am

2w

EER

1290

-t2am,

e,
2dm

Imaginary Zyx - #of dater 59

10s Solver Tolerance Percent Differe
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NCES

Observed Data
1.24e+002 37500

.5.96e+001 25000,

.5.58e+001 12500

[ o

PEREL ] ol

L

] -1.20e+00112500,

.
' | -4.598+001-25000 .
.

- wr |, L7s7esnnarann,
2500 0 12500 25000 -25000

.-1.86e+000 37500,

.-2.08e+000 25000,

-2.26e+00012500

|.-2.48e+000

] .-289e+000-12500 .

1 | -2.89-+000-25000 .
J

. M.z0ge+00037500
12500 25000

Observed Data

maghanu - AorEE: s

RESC RN EY
L | s 2am
mem D
PRES 0
ima wm,

EEC )

oo =m 2am

maghanzy - Aore: s

_ssemt

_2e0m1

|-imesam

.20

| -mesm

> > > JEE ]
-12m o 1=m

25000 12500 O

'_g—
b |

Frequency: 0 Hz

Real Zxy - # of datar 59
[

412500 0

Real Zyy - #of data: 59

Frequency: 0 Hz

Realzy - #orca: s

[

Realzy - #orca:ss

12500 25000

12500 25000

Imagiriary Zxy - # of deta: 59

15524000 37500 1 21e+000
-1 E8e+000 25000, -1.31e+000
.
-1.812+000 12500 | & 14024000
S4e+000 U,F :I - ; | -1.48e+000
I
-2.07e+000-12500 -1.59e+000
2208400025000 | . :l -1 B8e+000
-2.33e+000-37500, . . A B ]
-25000 -12500 0 12500 25000
.4 71e+003 37500, maginary Zyy - # of date: 53 3.04e+0M
.3.80e+003 25000, -1.08e+002
30924003 12500, 301es002
.2 28e+003 1. -4.97e+002
.1 4Be+003 12500, -5.93e+002
|-6.538+002 25000 -5.69e+002
| -1.58e+002-37500, 5 . -1.08e+003
-25000 -12500 0 12500 25000
o washazy - oraes s
e e
ameamm Er
s | -t
Tresm e
| seemi -13eam
2m wm, 23wm
Hm  zn0 ED mm
woghaz - oraes
o 2oz
e e
s e
i | e
p—— e
s e
R 2

Percent solution
difference between

tolerance of 10* and 1010

Percent solution

difference between
tolerance of 103 and 10-10
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Inversion of data

Periods to invert
— Inverteach frequency individually: start at 10000s period
— Joint 10000, 1000, 100s
— Joint 10000, 1000, 100s, 10s
— Computational considerations since the higher frequencies are
much quicker to solve
Noise
— \arious noise schemes were examined

— Standard deviation of the noise was a percentage of the data
plus a floor

— Many ways to come up with a floor
—Same floor for everything or should it be element specific

— Relative sizes of diagonal vs off-diagonal elements may change
depending on the geometry
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Inversion of data

Determining an appropriate floor
— Examine the decay of |ZxX| , |Zxy|, |ZyX|, |ZyY]

x10° Decay of the absolute value zxx
4 T T T T T
ak al
2- =
U _
q I | I | |
i 10 20 a0 [i] 50 50
%10 Decay of the absolute value of zxy
a5 T T T T T
3r ol
251 il
2- <)
15 L 1 L I L [ Z = ‘ . Z
i 0 20 a0 [] 50 60 O—IU — RUH IS TY —I- U0 ki Y
x10* Decay of the absolute value of zyx = © b=
35 T T T T T
3k b
- = 0.05 % Z,» + 0.05  min|Z
\ Oy = 0.05 % Z,, + 0.05 « min|Z,..
P 1 I 1 I I
0 10 20 0 ] 50 60
x10° Decay of the absolute value of zyy
8 T T T T T
B

Ty = 0.05 % Z,, +0.05 % | Z,,|

Oow = 0.05 % Zyy 4+ 0.05 % | Z,|

Decay of [Zxx|,[Zxy|,|ZyX|,|Zyy| for 10000s period




10000s period Inversion

Depth= 0
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0.0355

0.0261

0.0191

0.0141

0.0103

0.00757

0.00556
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10000s period Inversion
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10000s period Inversion
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10000s period Inversion
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10000s period Inversion




75 km

10000s period Inversion

y=-20000m

90 km
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10000 Qm




75 km

10000s period Inversion

y=-10000m

90 km
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10000 Qm




75 km

10000s period Inversion

y=0m

90 km
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10000 Qm




75 km

10000s period Inversion

y=10000m

90 km
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10000 Qm




75 km

10000s period Inversion

y=20000m

90 km
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10000 Qm




dla

Data Misfit of 10000s period d

Observed - Predicted (Normalized by Stn Dev)
Imaginary Zxx - # of data: 59

Frequency: 0.0001 Hz

Real Zxx Real Zxy - #of dsta 59

- # of data: 29

37300, 1.92e+000 37500 .2.38e+000 37500,

23000, | 1.28e+000 25000 _1.59e+000 25000

12300, .5.40e-001 12500 7942001 12500

. 0.00e+000 0 .0.00e+000 0

12300, .-G 40e-001-12500 -7 S94e-001-12500

25000, . -1.28e+000-2:5000 .-1.59e+000-25000

-2 38e+D00:37500 . J

37300, T
-25000 12500 0

-25000

| -1.92e+000:37500

42500 0 12500 25000 25000 12500 O 12500 25000 12500 25000

Real Zyx - # of dsta: 59 Imaginary Zyx - # of data: 59 Real Zyy - # of dsta: 59

37300, L 3.03e+000 37500 ,
“,
. I n

.2 4Be+000 37500,

23000 | 2.02e+000 23000 1.64e+000 23000

12300, J1.07e+000 12500 J8.27e-001 12500

. 0.002+000 0. 0.002+000 1}

12300, -1.01e+000-12500 -8.21e-001-12500

v

25000, | 2.02e+000-25000 _ -1 G4e+000-25000
37500, - . N -3.03e+00037500 = . N -246e+00037500 : — )
25000 12500 0 12500 25000 -25000 -12500 12500 25000 25000 12500 0 12500 25000

2B5e+000 37spp, MRAMATY Zxy - #of data: 59

1.7 7e+000 23000,

.8.83e-001 12300

.0.00e+000

.-5.83e-001 -12:500,

-1.77e+000-2:3000_

| -2.65e+000-37300
-25000

42500 O 12500 25000

Imaginary Zyy - # of data: 59

1

:i.'.

.2.38e+000 37300,

1.539e+000 23000

7942001 12300,

.0.00e+000 0,

-7 84e-001 12300,

.-1.59e+000-2:3000

-2 .38e+000-37:300,
-25000 12500

0 12500 25000

slide 27
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3. Ede+000

| 2. 43e+000

J1.21e+000

. 0.00e+000

-1 21e+000

. -2.43e+000

| -3.64e+000

. 2.64e+000

L 1.7Be+000

.5.80e-0M

. 0.00e+000

.-3.80e-001

-1 .76e+000

-2 G4e+000
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Convergence of 10000s period data

target misfit: 4.72E+02
final misfit: 4.33E+02

TOTAL cpu time: 15:35:55

1.55e+004

5.32e+003._

2.59e+003_

misfit

1.06e+003_

4 33e+002_

0 2 4 5} 8 10
[teration #
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Inversion of 10000s,1000s,100s period datd™

Depth= 0

0.0316

0.0239

0.0181

0.0137

0.0104

0.00786

0.00595




Inversion of 10000s,1000s,100s period data™
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Inversion of 10000s,1000s,100s period data™

Depth = -20000

100 km
‘B

0.0104

I 0.00786
0.00595

150 km
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Inversion of 10000s,1000s,100s period datd™ ™
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Inversion of 10000s,1000s,100s period datd™ ™




75 km

slide 34

Inversion of 10000s,1000s,100s period datd"

y=-20000m

90 km

10000 Qm




75 km

slide 35

Inversion of 10000s,1000s,100s period data ™

90 km

y=-10000m

10000 Qm




75 km

90 km

y=0m

slide 36

Inversion of 10000s,1000s,100s period data ™

10000 Qm




75 km
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Inversion of 10000s,1000s,100s period data ™

90 km

y=10000m

10000 Qm




75 km

slide 38

Inversion of 10000s,1000s,100s period datd™

90 km

y=20000m

10000 Qm
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Data Misfit of 10000s period data

Observed - Predicted {(Hormalized by Stn Dev) Frequency: 0.0001 Hz

Real Zox - # of data: 59 Imaginary Zxx - # of data: 59

L 3.T9e+000 37500 3 3e+000 37500 _ R.eal Zoy - .# of data: 5_9 1.2 1e+000 ATE00_ Ima-ginar;r e C Hof data.: 5 1194000

. Z.A3e+000 2E000 _Z.4Ze+000 2000 _ & .0de-001 5000 | 7.91e-001

. 1.2Ge+000 12400 _ _1.z1e+000 12500 _ 4.0Ze-001 12500 . 3.98e-001

. 0.00e+000 1] _0.00e+000 1] _0.00e+000 . 0.00e-+100

-1 Mhe4000 12500, -1 2ed00 12500, -4 02e-001 -12500 .-3.95e-001

. -2 83e+000  -2S000 -2 42e+000  -2E000 _-305e-001 25000 . -7.81e-001
3700, I . . . | -3.79e+000  -37500 n . -3 G3e+000  -37500 - . . _-1.21e+000 37500, . . . -1.192+000

-RS000 -12500 1] 12500 25000 -X5000  -12500 1] 12500 25000 -x5000  -12500 1] 12500 25000 -k5000  -12500 1] 12500 25000

p— Real Zyx - # of data: 59 {73040 _— Imaginary Zyx - # of data: 58 | 74e4000 _— Real Zyy - # of data: 59 3 4000 37500, Imaginary Zyy .- # of datal: a9 3 Ddes000
25000 _ . 1.15e+000 25000 . 1.1Ge+000 25000 . I.40e+000 | E.03e+000
12500 V6.7Te-001 12400 _ 5.8 Te-001 12400 _ 12024000 1.0 e+000
o, . 0.00e+000 o -2 I2e-016 o _0.00e+000 . 0.00e+000
12400, 67 Te-001 -12500 S8te-00l 12800 .-1.20e+000 .- 1.0 e-+000
-RS000 -1 18e+000  -2E000 -1 1Ge+000  -28000 _-2 A0e+000 . -2.03e-+000
37400 -1 T3e+000  -37500 l l : -1 7de+000  -37500 -3 A0e+000  -37500 | -3.04e-+000

-28000 12600 0O 12500 26000 25000 -12800 0O 12600 25000 26000 12800 0O 12600 26000 25000 12800 O 12600 26000




40Me4D00  37H00
ZETe+00 25000
A3de+D00 12500
0.002+000 o
12424000 -12600 _
-2 E7ed000 25000 _
3700, - o N-apteson  -3s00
26000 12600 0O 12500 26000 25000
3700, R?alzyx ’ f Dfdma:ﬁe 17424000 37600
25000 _ 1.16e4000 25000
12500 _ Egle001 12500
0. 0.00e+000 i
12500, &8le00l 12500
26000 _ 11624000 25000 _
37500 -1 74e4000  -37500

L2E000  -12500

Real Zux - # of data: 59

Data M

Isfit of 1000s period data

o 12500 26000 25000

Observed - Predicted {(Hormalized by Stn Dev)

Imaginary Zex - 8 of data: 59
9 " . . J3e+000

I 1de+000

_1.0Fe+000

. 0.00e+000

_-1.07e+000

-2 1de+000

-3 Ie+000

AzE00 O 12500 25000

Imaginary Zyx - # of data: 58

. 1.72e4000

. 1.15e+000

575001

_0.00e+000

.6 The-001

-1 18e+000

- L1 7zes000
25000

12500

-12a00

Frequency: 0.001 Hz
Real 2oy - # of data: 59

37500 _ 1. 1Te+000
2000 _ T Ale-001
12500 _ 3 90e-001
1] _0.00e+000
-12500 _-3 80e-001
26000 _ |78 1e-001
37500, - . . -1 17e+000
-x5000  -12500 1] 12500 25000
_— Real Zyy - # of data: 59 37284000
5000 _ | I.45e+000
12600 _ 1. 24e+000
1] _-d.dde-016
-12500 _ .-1.24e4000
-RE000 _ _-2.dfe+000
37500 | -3.7Te+000

25000 25000

-12500 1}

12300

-12500,

25000

37500

Imaginary Dy - # of data: 59

ATE00_

25000

12500

-12500,

25000

37500, .
-k5000  -12500 12500
Imaginary - # of data: 52
37500 HnEny Sy

25000

12500

12800

25000 12800 O

28000

25000
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1 1fe+000

| 7.7 3e-001

. 3.8%e-001

. 0.0De+000

L -3.87e-00

. -7.73e-001

. -1.16e+000

.1 G000

. 1.10e+000

. 5.8%e-001

-2.12e-01G

L-8.52e-001

.- 1. 1024000

. -1.Gfe-+000




ATA00_

25000

12400

-12500,

28000

3700,

28000

FP500,

25000

12400

-12600,

2000

-ETan0

26000

Data Misfit of 100s period data

Real Zux - # of data: 59

Real Zyx - # of data: 59

L 4.07=+000

. 2.7 1e+000

1. 36e+000

. 0.00e+000

.- 1.36e+000

-2 Tle+000

-4 07e+000

. 1.GGe+000

. 1.1Ze+000

CG.6Te-001

. 0.00e+000

A fle-001

-1 12e+000

-1 fide+000

-124500

28000 _

-12a00

2000 _

-ETann

Observed - Predicted {Hormalized by Stn Dev)

Imaginary Zex - 8 of data: 59
37E00 _ g i . .

2E000

12400 _

-37P500 . . .
-X5000  -12500 1] 12500 25000
Imaginary Zyx - # of data: 52
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