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3D Geophys Inversion — A primer

Inversion » AT e I
‘. Some grav/mag data
|
T T Inversion - |
4 ... 3D Discretization
I [ _ =

Rock property inversion
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&
Observed _~ o =-_Computed

response  ~ response

Iterativelycalca B o [08) 10 o8
model that matches 05 05 10 |05
the obs data 0-1 01 01 02
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Rock properties can be allowed to vary
within a unit to better fit the response
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The Ambiguity Problem — A primer

How sensitive the data is to the shape of a contact/boundary
depends on the density contrast

1seJiuod Alisuaqg ou|

Higher the contrast, -> the less
volume of mass required
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Constrained Inversion — A primer

Reducing the ambiguity problem — constrained inversion

1. Create geological model 2. Rasterize model and assign rock
e properties

—

Magnetic Susceptibility

Density

3D Grid

3. Invert data and calculate misfit 4. Updated geological model

Calculate |
Misfit

Observed Response Calculated Response

Jupp & Monoury, 2014
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Constrained Inversion — A primer

A magnetic example..... + Constraints

Layer model |
+ cover thickness
+ susceptibility values

Aeromag data Unconstrained Constrained Model

magnetic (Observed TMI)nT Calculated Data View Model \ Calculated Data View Model |
| I - . Inverted Mods! *  \Vertical Section > [ Profle [ Weights [ | Fags Inverted Mods! Vertical Section = vl Pofle [ Weights [ | Fags
2032 5153 10015 25182 4035 55517 T068.4 magnetic (heterogenecus unit) 1 (1000) magnetic {contact elevations) S1 g¢1000)
1] o0 [ e T oo 00 [ T I o0
100 250 a0 550 700 850 1000 100 250 400 550 700 250 1000
- 7460.121
nT — Input J nT — Input ﬂ
= Output = Output
v 5580182 .
3700242
/ 1520.302
/
b,
59697
]
37613 77383385 ??3’9‘3&1. ' 77397895 7740515 77412 75265 7738280 ??3&;5335‘ h 7739787 77405405 77410
‘J
= = ]
Line Parameters Model Parameters Model Parameters
Start () 469150.0 End () 4651500 Length 36275 Max Blev 175.0 Sice Bev 1433 View Step 625 Columns 146 Max Blev 175.0 Sice Blev 1433 ViewStep 625  Coumns  15]
Start () 77376130 End () DEEPEE Azimath 0.0 Min Blev -1100.0 Cell Sizz 35 Depth Stretch 1 Rows 51 Min Elev 11100.0 Cell Sze 25 Depth Stretch 1 Rows &1
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The VPmg Advantage

e . —o—
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Regular mesh
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The VPmg (Vertical Prism mag grav) Advantage

Deforming (adaptive) mesh
— e Vertical rectangular prisms
Sy | * Internal horizontal contacts -> divide prism
% “V); into cells
1 = * Cellsboundariescan move up/down, prism
boundariesare fixed

—_———— -

11 ‘lnverslon ‘

PR -

Regular mesh VPmg adaptive mesh
_— Advantages:
/i?—-«,_‘_‘___ < || * Detailin geologicalmodel -
T s retained, especially thin units
up 1
f'/ ;/
] - e Surfaces, (topo), represented
- ~ P ~ more accurately
7
* Fewer cells -> faster run times
|
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The VPmg Advantage

Geol Unit Property Table
A Unit Density Min Manc Hetero Weights Cell Size Colour
1 Unit 1 22 0.00 0.00
2 Unit 2 27 0.00 0.00
3 Unit 3 3.0 0.00 0.00
4 Unit 4 26 0.00 0.00
5 Unit 5 255 0.00 0.00
b & VPmg basement |2.67 0.00 0.00
Advantages:
.  Upper & lower boundsimposed
Regular mesh VPmg adaptive mesh .
phys properties
/_ T = ~| . . . .
////——--.\____5__ = Controlwhl.ch l.,InItS a.ctlvely
—<t— o change duringinversion
up / T
/ ,/ :
| * Geol contacts can be fixed,
— ™ - = bounded or f
A ~ P ~ ounded or free
4
* Inversion operates directly on
| geological model
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The VPmg Advantage

Three VPmg inversion styles:
1) Homogeneous property — Physical property (dens, sus) of geological unit changes
2) Contact geometry - Shape of geological unit changes

3) Heterogeneous property — physical property within geological unit changes

....... while maintainingsharp geological contacts
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Development of the Apparent Density Model

App Den5|ty & granlte O/C

GA Gravity & gravity stns
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Development of the Apparent Density Model
I S _ App Density & granite O/C

View Model |

ool Dufeion:
— | | | inverted Model * | Data Section |+| Observed Free air . Initial Model D Vertical Section * [ pofle [ weights [~ Fiags
gravity (Observed Free air) mGal gravity (basement) g/cc

o T — T | oo | v
1 57 &0 005 003 201 0

Fbﬂ

GrayD

£ \
E3NEST HENA B | TR

’H Starting Model

| |
e
Stant (X) [385815.0 End(X) [5268150 Length [141000.0 Max Elev [500 0 Siice Elev| 1433 ViewStep| 250 Columns [ 564 |
stan(v) [76090000 ] endn [76090000 ] Azimun [800 ] Min Elev[100000 | CeSze[ 250 | DephSwexh 3 | Rows[ 128 |
Fle Run Model Constiants Pt Toos Help Path = XAWorking diDonchue_JiDMQ
Model Detintion Observed Dat View Model |
— | 1| [averted Model [~ [ Horizontal Section [5] Topography - Inverted Model = Vertical Section * [ Profle [ Weghts [~ Flags

gravity (basement) glcc gravity (besement) glcc

OUHN] il%el ||
ol Paameters i

Stant (X) [385815.0 End (X) [5268150 Length 1410000 MexElev[5000 | SicoElev[ 1438 |  ViewStep[ 250 | Cdumns
sontn [oomns ] enan oo ] umun [0 | e (100000 | consze| 30 | oopmveen| & | e[ 28 ]
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App Density & granite O/C

‘Extent’ of Granite

vorsanul Kysuaq waseddy Buxdp

7,700,000 N

7,650,000 mN

7,600,000 mN

Granite Outcrop

i
3
4
@
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Granite Geometry?

Geol constraints had to be easy to deal with!

“layered” constraininginput models promising.......

(Fixad) Model density contrasts

Initial Four Layer Model

VPmg Input Model file

#MOD_3D#
= Hew MH madel 14 Nowv w6 Prot 2.5km thick over granite, contact fres, Granite hase fized
Vng adapt]ve mesh 383085.000 524585.000 7511985.000 7722985.000
s00.00 500.00
2]
-0.22 0 D Cover
-0.11 0 0 Granite
0.12 o0 Prot
-0.13 0 0 LsteCover
—-— = -0.17 0 0 Qtzite
0.12 0 0 Basement
/‘--""' - 271.7 0,01 0O
— 00 o0 00
/'___,...-/, 383335 7512235 222.62 4 -75.62 2.04 -2575.62 0.03 -3075.62
383835 7512235 224.15 4 -72.84 2.04 -2572.584 0.03 -3072.84
- = 384335 7512235 218.99 4 -70.92 2.04 -2570.92 0.03 -3070.92
/ 384835 7512235 227.8 4 -69.43 2.04 -2569.43 0.03 -3069.43
385335 7512235 226.64 4 -68.3 z2.04 -2568.3 0.03 -3068.3
/ 385635 7512235 216.85 4 -68.12 2.04 -2568.12 0.03 -3068.12
f 366335 7512235 z16.08 4 -67.95 2.04 -2567.95 0.03 -3067.95
366635 7512235 212.97 4 -68.72 2.04 -2568.72 0.03 -3068.72
387335 7512235 213.65 4 -69.64 2.04 -2569.64 0.03 -3069.64
’-£=_-"‘1-.._‘__ 387835 7512235 215.61 4 -70.94 2.04 -2570.94 0.03 -3070.94
388335 7512235 217.01 4 -72.65 2.04 -2572.65 0.03 -3072.65
// [~ 388835 7512235 216.78 4 -74.38 2.04 -2574.38 0.03 -3074.38
389335 7512235 215.91 4 -76.38 2.04 -2576.38 0.03 -3076.38
389835 7512235 215.35 4 -78.38 2.04 -2578.38 0.03 -3078.38
390335 7512235 214.9 4 -80.05 2.04 -2580.05 0.03 -3080.05
390835 7512235 212.71 4 -81.55 2.04 -2581.55 0.03 -3081.55
391335 7512235 206.93 4 -82.84 2.04 -2582.84 0.03 -3082.64
391835 7512235 202.28 4 -B3.57 2.04 -2583.57 0.03 -3083.57
392335 7512235 199.17 4 -84.3 2.04 -2584.3 0.03 -3084.3
392835 7512235 197.86 4 -85.26 Z.04 -2585.26 0.03 -3085.26
393335 7512235 196.28 4 -B6.26 Z.04 -2586.26 0.03 -3086.26
393835 7512235 195.64 4 -88.19 Z.04 -2588.19 0.03 -3088.19

1) GIS - Interrogate solid geology at VPmg prisms as ‘Cover’, ‘Prot’ or ‘Granite’
2) Manipulate GIS outputin Excel to generate VPmg input model
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VPmg DENSITY MODEL

Proterozoic -
= J

4

g ﬁj

)

Layer model densities

| Unit Density
_ Caver -0.22
_ Granite -0.11
Cover + Cambrian Lste Prot 012
LsteCover -0.13
Basemen t 0.12

VPmg Input Model @ 120m RL
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Assigning Density Contrasts to the Vpmg Model

How sensitive the data is to the shape of a contact/boundary
depends on the density contrast.

Final (‘high’) density contrast used.......

LOW MEDIUM HIGH
b/g 2.67 | contrast 2.67 | contrast :/r‘ 2.65\ contrast
‘Cover’ 2.45(-0.22 2.45(-0.22 ," 2.45 ‘tO.ZZ
‘Cover LST’ l 2.54 ;0.13
‘Granite’ 2.61(-0.06 2.61(-0.06 2.59 (+0.08
‘Proterozoic’ 2.73|+0.06 2.79(+0.12 ‘\ 2'7,8 +0.11

T
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Assigning Density Contrasts to the Vpmg Model

2.92
2.91
2.90
2.89
2.88
2.87
2.86
2.85
2.84
2.83
2.82
2.81
2.80

2.78

2.76
2.75
2.74
2.73
2.72
2.71
2.70
2.69
2.68
2.67
2.66
2.65

‘Prot’ 2.78 g/cc (::::

=

@ BND

® CsL

2.64
2.63

| Infinite Prism Apparent Density

2.59
[
2.57
2.56
2.55
2.54

\; ’Gramte 2.59 g/cc

2.62
2.61
i (i -

»SCH

@ PEL

@BsH

®AMP

@®DoL

"PROTEROZOIC"

"WILLIAMS™

2.53
2.52
2.51
2.50
2.49
2.48

2.47
tonnes/m3

App. Density Model
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AMP Amphibolite
DOL Dolerite
SCH Schist

PEL Pelite

PHY Phyliite
BSH Black Shale
BND Banded CalcSilicate-Silt
CSL CalcSilicate
PEG Pegmatite
GRA Granite
QZT Quartzite

Properties from measuraments

AMP !7' Talfel [T 3”51“—7 | i TP
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“
° o0 oy of

BND oo %42 o o] o0
BNP o &

00 ) 1 O - ooy n
BSB :m

©» b

BX2 -

B8X3 oo o

- et
CMP 0 B gow o

b @osl sooe .0 | & |o

STAVELEY |

DIR 2 FRp—

TOOLE CREEK

GRA | |wo

s - Via @

TOOLE CREEK

WILLIAMS |
KURIDALA
KURIDALA

1%
(2}
X
[

§0
i
>

ey o of o po @ STAVELEYIANS

g

NEW HOPE-MT |

1 15 2 25 3 35 4 45 5 55
Density (q/cm’)

Chinova DDH Density data




Assigning Density Contrasts to the Vpmg Model

Mira Mt Dore Study: Prot,,, - Granite Density Contrast = +0.17

DMQ: Prot,,, - Granite Density Contrast = +0.19 (higher contrast -> less mass)

Final (‘high’) density contrast used.......

LOW MEDIUM HIGH
b/g 2.67 | contrast 2.67 | contrast :/r‘ 2.65\ contrast
‘Cover’ 2.45(-0.22 2.45(-0.22 ," 2.45 ‘YO'ZZ
‘Cover LST’ i 2.54 30.13
‘Granite’ 2.61(-0.06 2.61(-0.06 2.59 (+0.08
‘Proterozoic’ 2.73|+0.06 2.79(+0.12 ‘\ 2.7 +0.11

T
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Investigating granite thickness (via G Inv) Thickness of granite (km)

Model Style ‘A’

T Cover —
Proterozoic

Input Model: 2km thick Prot over thin granite layer
(Base of thin granite free to expand)

— Input
= Qutput

T

11985 7554185 7596385 7638585 7680785 77224

YWH
Mt Dore

Squirrel Hills

Geometry Inv ->expand base of
thin granite layer downward

=
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Investigating granite thickness (via G Inv)

Starting model

Model Style A

(Granite base free) £
ouputmodel 2| e S
—

Prot r
ModelStyle B suringmoce |

(no granite o/c,

Outputmodel o

Model Style C

(Granite top free) EI

Output model é
—

Not that useful for defining granite morphology.......
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ite thickness

ins from gran

Granite Ou

Granite Subsurface Extent

O
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worssanu Kysuaq waseddy Buxia

50,000 N
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S i
Gy

»

Generating ‘Base-of-granite’ Doma

Granite Outcrop

| Granite Subsurface Extent
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‘Base-of-granite’ Domain Geometry Inversions

Starting model

1) Added Quartzite unit (low density zones that are not granite)

2) Top of graniteset @ 0.5 x depth of granite base

3) Top-of-Ganite — Base-of-Prot interface allowed to change

4) Allowed fixed base-of-granite below outcrop areasto change also

£
—
Output model o

i

31.761 1
— Input
— Qutput

-9.*&»

3085 411385 439685 467985 496285 5245
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Problem with O/Cin ‘Base of granite’ domain models.....

Starting model

Output model

10 km

3085 411385 439685

467985 496285 5245

I), 5N \ Geometry Inv can’t adjust/smooth the vertical
; ‘ |
|

density contrast at surface

|

il-

S5 S

1

Percentsge Misfit

Observed — Calc
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Develop the ‘Grow’ granite upwards option

-9.434

mGal — Input

— Dutput

o M |
L= -

3085 411385 4309685

467985 496285 5245

Prot

Input model ¢
v
(@)
—

| {

Output model
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Step change in getting useable models.....

* Domainedinput model to granite ‘mid-depths’,
* Granitelayer (& low density Qtz ) set to Om thick
* Two step procedure

1) Address poor misfits beyond AOI via Heterogeneous Inversion of Vpmg Basement

gravity (Observed Free air) mGal gravity (basement) g/cc

[ E 3 _______CEEE E 3 ]
| | | | I I | | ] I I | I
-33 -225 -12 -15 9 195 30 011 012 013 0.14 0.15 0.16 017
;l mGal — Input ;l
-23.563
3335 411335 439335 467335 495335 5233
I |

U EEBEES Starting Model (V:H x2)

VPmg Basement Output Model (V:H x2)
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Step change in getting useable models.....

2) Invoke growing of granite volumes from granite unit Om thick via Geometry Inversion
(+ magnify adjustments made to shallow interfaces)

| Pot | Granite (Omthick) |

Heterogeneous Vpmg Prot

<€ 30 km >

10 km

Heterogeneous Vpmg Prot

24127

mGal — Input
12297 — Output
0.467
364
-23.193
3335 411335 439335 467335 495335 5233
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After many refinements.....

10 km

y:
(_,/\

App Density Revised ‘Mid-Depth’ Domains Depth to top of Granite
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After many refinements.....

| Prot  Granite (Om thick)

Heterogeneous Vpmg Prot

7608000N

B\

£
; Heterogeneous 20 km
— [ —

24127

12,297 — Output
0.467 — :
\/v\>k364 | '
-23.19¥A\
3335 411335 439335 467335 495335 5233
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The final granite geometry.....
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Summary

VPmg regional scale App. density model suggests more
sub-surface granite than previously acknowledged

Close spatial relationship between min occ. and
margins/shoulders of granites in the App. Density model

Geological constraints simplified to a three unit
density model; Granite — Prot — Quartzite, +/- Cover

Determine potential granite thicknesses via Geometry
Inversion of gravity data

Domain the 3D volume accordingto an interpreted
depth of ‘mid-granite level’

Perturb a Om thick granite layer via geometry
inversion to match the gravity data (while honouring
outcrop)
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Geophysics

Some text
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