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Gravity and Aeromagnetic data 13GA EG-1

Gravity data

e Along seismic line, station spacing = 500 m, in vicinity,
station spacing =2 — 11?km

e Grid cell size =400 m

Magnetic data
* Flight-line spacing =200 —-400 m
e Grid cell size=80m
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Observed potential field data

Rodona SZ Mundrabilla SZ
Albany-Fraser Orogen Madura Province

> .

Jindarnga S2
Coompana Province (fka Forrest Zone)

. 'P‘South Aust" '

Gawler Craton

Bouguer gravity
(mGal)

-4.14
-20.45
-32.46
-41.22
-49.11
-57.37
-80.06

TMI RTP (nT)

545.90
223.14
82.10
-21.24
-117.42
-241.39
-504.45
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Presenter
Presentation Notes
Gravity
The largest change in gravity is across the Mundrabilla Shear Zone (~70 mGal decrease from W-E)
Generally, Madura Province has a higher Bouguer gravity than the Coompana Province
Gradual increase in gravity to the east as approach the Gawler Craton
Magnetics
Range in magnetic intensity is 1076 nT (654.73 to -421.5nT)
Dominated by high frequency variations:
Moodini S. monzogabbro in Madura Province
Moodini S. in western Coompana



Methods

1. 3D gravity inversions (GOCAD)

2. 2D gravity and magnetic forward modelling
(GM-SYS)
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3D Gravity inversions
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Presenter
Presentation Notes
Taken gravity across a large chunk of southern WA and SA

All displayed in MGA52 although that is only the central 3rd –
Albany Fraser is mainly in MGA51 and West Gawler in MGA53

Slightly unrepresentative of the Yilgarn as it only includes the low density area in front of the Albany Fraser – which is probably not normal Yilgarn


3D model area
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Presenter
Presentation Notes
The Albany Fraser has had the Fraser Zone modelled separately as it is of such a different density and composition to the rest of the Albany Fraser Region

The Coompana Province is divided into domains West Coompana, Undawidgi, Toolgana and Moodini based on the magnetic signatures and the geochemistry of rocks extracted from drillholes

West Gawler Craton is divided into Domains , Nawa, Christie and Fowler, Wigena and Harris, and Nyuts. For ease of modelling Christie & Fowler are not differentiated as are Wilgena & Harris
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Presenter
Presentation Notes
Seismic line made up of interpretation from the AF3 line, (Spaggiari at al 2013)
West Gawler interpretation (Doublier et al 2015)
And the Coompana – currently being worked on – image as of interp as far as it had got 16 June 2016 (Spaggiari, Dutch, Wise, Doublier, Pawley)


W Mundrabilla

Rodona
rog Dam SZ SZ
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Presenter
Presentation Notes
Yilgarn including Northern Foreland
Albany-Fraser with the Fraser Zone as it is so different
Madura Province
Coompana Province 
West Gawler Craton

Dividing faults being
Frog Dam Shear Zone marking the edge of the Yilgarn (leaving the Northern Foreland (reworked Yilgarn material) with the Yilgarn proper
East Rodona Shear Zone marking the Albany-Fraser/Madura boundary
Mundrabilla Shear Zone marking the Madura/Coompana boundary
Jindarnga Shear Zone marking the edge of the West Gawler Craton



Lower Crustal layers include the Gunnadorrah seismic Province, Coompana weakly reflective lower crust which is modelled separately to the Gunadorrah, the Lower West Gawler Seismic Province.
Under the Coompana, the middle crust extends throguh to the lower crust – this is an area of 2 layers rather than 3. 
In the east Coompana, the lower layers are modelled independently to the West Gawler Seismic Province even through it is undecided if they are related/same thing.


Double dip
under West
Gawler

Yilgan-Albany _
Fraser “ditch”
(Sippl et al. in

prep)
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Presenter
Presentation Notes
Moho taken from seismic line interp and in Albany Fraser, from passive seismic receiver functions. Rest is from the AuSREM model with a small DC shift to lift it to the seismic lines
Fixed in inversions
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Central Gawler SP.. "=

Surfaces & Block model

Wilgena-
Harris
Christie-Fowler

Undawidgi ~ Toolgana

West Coompana
Fraser Zone

Western Gawler SP

Forrest Lakes or
Gunnadorrah SP Forrest Lakes SP Western Gawler?
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Presenter
Presentation Notes
Surfaces bounding the major provinces and domains were added.
Horizontal surfaces were added that define crustal layering 
Blue – mid crustal layering
Reddish & greenish– lower crustal upper boundaries


nversions — gravity 3C
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1) Initial model lower crust 2.8, middle crust 2.7, upper crust 2.67 except 2.8 Fraser Z.)
2) Homogeneous block inversion using the 20 km upward cont.

3) Geometry inversion
4) heterogeneous density inversion using the upward continued data where just the

middle layers are allowed to very in density — fixed bottom layers. This is making the
assumption that the long wavelength variation is in the middle crust

5) Vary upper crust vary heterogeneously using the full gravity field including the high
frequency component, but middle crust is still available to vary
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Presenter
Presentation Notes
Inversion processing
Initial model started with high density lower crust 2.8, moderate density middle crust 2.7, low density upper crust 2.67 except for the Fraser Zone give an density of 2.8
Homogeneous block inversion done using the 20km upward continued gravity
Then a geometry inversion done to better the results
Then a heterogeneous density inversion done using the upward continued data where just the middle layers are alloed to very in density – fixed bottom layers. This is making the assumption that the long wavelength stuff is happening in the middle crust
Using the full gravity field with the high frequency component, let the upper crust vary heterogeneously – assumed high freq signal coming from upper crust, but middle crust is still available to move (if have time will provide statistics)




Lower and mid crustal inversions done on the upwardly continued by 20 km gravity
Included homogeneous block inversion, geometry inversion and heterogeneous property inversion
Final heterogeneous inversion done on full total Bouguer anomaly to get the detail in the upper crust

Not the ultimately final inversion – note differences with the forward 2D model – eg in Forrest Lakes SP and upper crustal Coompana layers





Presenter
Presentation Notes
Inversion processing
Initial model started with high density lower crust 2.8, moderate density middle crust 2.7, low density upper crust 2.67 except for the Fraser Zone give an density of 2.8
Homogeneous block inversion done using the 20km upward continued gravity
Then a geometry inversion done to better the results
Then a heterogeneous density inversion done using the upward continued data where just the middle layers are alloed to very in density – fixed bottom layers. This is making the assumption that the long wavelength stuff is happening in the middle crust
Using the full gravity field with the high frequency component, let the upper crust vary heterogeneously – assumed high freq signal coming from upper crust, but middle crust is still available to move (if have time will provide statistics)




Lower and mid crustal inversions done on the upwardly continued by 20 km gravity
Included homogeneous block inversion, geometry inversion and heterogeneous property inversion
Final heterogeneous inversion done on full total Bouguer anomaly to get the detail in the upper crust

Not the ultimately final inversion – note differences with the forward 2D model – eg in Forrest Lakes SP and upper crustal Coompana layers



* Lots of assumptions need to be fine tuned
e Initial results:

West Gawler Seismic Province appears to be high density all through the crust

The Toolgana middle-lower crust has a similar density to the West Gawler SP —
possibly is part of West Gawler ?

Yarraquin SP and Albany Fraser have similar densities with the Madura middle crust
having a slightly higher density.

The Yilgarn and Upper Madura have low densities

The Fraser Zone with a high gabbroic content has a very high density

The Coompana Province upper crustal domains have similar densities to the Albany
Fraser

The Forrest Lakes middle crust requires a very low density to underlie the moderate
densities of the upper crust
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Presenter
Presentation Notes
WGSP – high density in lower, middle and upper layers


2D Gravity Forward Model - Method

EG1-west model setup:
e  GM-SYS 2D forward modelling software
e RTP aeromagnetic data and Bouguer gravity data sampled every ~500 m along EG1-west

e Model extends from the topographic surface to 70 km depth and west and east of the ends
of the profile to reduce edge effects

* Observed magnetic data set at 80m above topography
e Gravity stations at 1 m above topography

Forward modelling approach:
e Basins and Moho constrained using seismic interp.

e Properties (density and susceptibility) constrained using petrophysical data (particularly the
upper crust) and properties used in adjacent seismic lines (AF3 and EG1-east)
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2D Forward Model - Moho

Mundrabilla Shear Zone

0 | e ~4 km thinning produces ~33 mGal
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Moho plus Eucla and Officer Basins

i Muncrabils Shear Zone e Eucla Basin = 2.30 g/cm3; Officer Basin =
4 - Obs. Bouguer gravity .
=], p - Cee gy 2.60 g/cm3 (van der Wielen et al., 2015)
Sy  Lateral Eucla thickness variation account
for some higher frequency anomalies.
“| Error 42.9
o - ot ) e Several examples where basin thickening,
] E associated with basement faults produces
: W a high frequency trough in the Bouger
a o @O ] .
| gravity data
Upper mantle 3.2 g/cm® e
ToTTRTT T e T T e e * e.g Nuria Scarp is associated with a 20 m
Mundrabilla SZ Eucla Basin 2.3 g/cm’ Officer Basin 2.6 g/cm® tOpOgraphlc depreSSIon and deepenlng Of
pFr— ———— Eucla Basin (by ~800 m) and produces
gc — - S L e gravity trough (~6 mGal obs. gravity)
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Eucla basement specific grayity

Specific gravity — Eucla stratigraphic drill core Madura Province

¢ Includes dense basalts
(incl. Pinto Basalt) and

+  Median
Unit Rock type/s Specific gravity —+~ Mean and std dev. monzoga bbro (KCG, MS)
Monzogabbro (KCG) l —ae—s MADOLL '
Monzogranite to syenogranite| [ ~mapola ° AISO inlCUdes

Moaodini Supersuite Granodiorite to monzogran?le = MADDLA L. i

P Hbl-shoshonite ——s+— roRo10 felsic/intermediate MS

Bottle Corner Shoshonite | Hbl-shoshonite et FORD11 -
Syenogranite|—ss— rForo1o granites
Si-shoshonite| —— Foro11
Unnamed metabasalt Metabasalt (?PHCS) —s MADO11 ° H
Haig Cave Supersuite Adakite Fe4 MADDO2 Dense Loonga na, Ha'g;
Pinto Basalt Metabasalt MADDOZ e Serpent rocks?
Metamonzogranite and tonalite —e— FOROL0
T . Metasyenite and metamonzodiorite —————++—————FORO11
Undawidgi Supersuite Y Felsic volcanic schist —a—t FORO12 ] Western Coom pana
Metasyenogranite 444 FORO12
Mafic schist (7) e+ FORDL2 ° TS and US
Monzogranite to granodiorite gneiss and leucogranite| ——s—s—— FoR004 i
Monzogranite to granodiorite gneiss and leucogranite and diorite gneiss —————————— FORODA ] average/sllghtly above
Diorite gneiss (?) ——a—s FORO04 ..
Toolgana Supersuite Migmatitic granodiorite to monzogranite gneiss ———t———i FOROOR average denSItIes
Migmatitic dominantly granodiorite gneiss| e roRroos
Migmatitic granodiorite to monzogranite gneiss, strongly altered| +——s——roroos ° Exceptions include mafic
Granodiorite gneiss, strongly altered +—w+ FORDDS L.
26 2.7 28 29 3 3.1 3.2 components and Si-rich

Specific gravity (g/cm’) (evolved) shoshonites
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2D Forward Model — Moho angl Crust

4 + Obs. Bouguer gravity
— Calc. gravity
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Alternative Moho depth
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Can ‘the wedge’ be Gunnadorrah?
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What happened to the Coompana ’lower crust?

Mundrabllla SZ
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Learnings

1. Mundrabilla SZ separates significantly different crustal
domains
W’ Coompana differs in thickness, structure and composition
Better understanding of petrophysics needed across the study
area (electrical, density, velocity, ...) that will help understand
craton, craton margins and ‘oceanic domains’ anywhere in
WA and Australia
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Progress: Better Question‘s

1. If common ancestry across MSZ — what chain of events
involving which processes reworked either side of MSZ?

Can we assume homogeneous mantle density across MSZ?

Aside from MSZ — what do the structural transitions in the
lower and mid-crust between W’ Coompana to the west and
east mean?
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Specialist Group in Tectonics and
Structural Geology Biennial Meetlng :

e ' BTG, T4
Specialist Group in Tectonics and e @EN ARK

Structural Geology Biennial Meet'ing’w ’:

‘“..-___, AT

8-12 November 2017
Denmark Riverside Club
Western Australia

sl - 5 R, T,
Situatelon thegneisses of the Albany Fraser Orogen and nestied afang the southern coast of
Western Australia, Denmark is a small town within the Great Southernwine region. =

" Denmark s thirty minutes drive from Albany, and about five hours drive from Peth.
b ill be held during the nmgn(ux wild flower seasor
-I
)
1
F
i
1 g
15
" -
! -
1 ¥
- 1

L v i i E Geological Survey of
r k e U Western Australi




	Slide Number 1
	Gravity and Aeromagnetic data 13GA EG-1
	Slide Number 3
	Slide Number 4
	3D Gravity inversions
	3D model area
	Seismic Interpretation
	3D model based on domains
	Moho
	Surfaces & Block model
	Inversions – gravity 3D
	Inversions - gravity
	3D Inversion comments
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Eucla basement specific gravity
	Slide Number 18
	2D Forward model – Alternate Moho
	Can ‘the wedge’ be Gunnadorrah?
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24

