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Talk outline

* Geology of the Capricorn Orogen: an
iIntroduction.

« Summary of northern Carpricorn Orogen

geology.

* Preliminary interpretation of deep seismic
reflection line 10GA-CP1: crustal
architecture of the northern Capricorn
Orogen.
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Capricorn Orogen
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Location of Deep Seismic

Government of Western Australia Department of Mines and Petroleum



Capricorn Orogen: Geological

Evolution (1

e Early intracratonic models:
— e.g. Horwitz & Smith 1978; Gee, 1979

* Pilbara-Yilgarn collision models:
— e.dg. Muhling,1988; Tyler and Thorne, 1990; Myers, 1993.

* Recent work highlights complexity of the

Capricorn Orogen.

— e.g. Occhipinti et al. 2004; Rasmussen et al. 2005;
Sheppard et al., 2005, 2010; Martin and Morris, 2010;
Johnson et al. 2011 (and many more)

e Seven major orogenic events recognised:
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Capricorn Orogen: Geological

=\Ye][V]ife]g o
¢ 2215-2145 Ma Ophthalmian Orogeny, "'!Para— Glenburgh

' Terrane (Gascoyne)
collision

 2005-1950 Ma Glenburgh Orogeny, Plbara* Glenburgh

Terrane — Yilgarn
collision

e 1820-1770 Ma Capricorn Orogeny,
e 1680-1620 Ma Mangaroon Orogeny,

e 1385-1200 Ma Mutherbukin tectonic | intracratonic
event reworking

e 1030-950 Ma Edmundian Orogeny
e c. 570 Ma Mulka Tectonic Event
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ARCHEAN

Northern Capricorn Orogen geology
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Northern Capricorn Orogen:

Generalized stratigraphy

BLAIR
BASIN

ASHBURTON BASIN

5 km

FORTESCUE, HAMERSLE] , AND

)

TUREE CREEK BASIN 5

. Tectonic Interpretation
Age (Ma) Deformation (modified after Martin
g Events and Morris (2010)

Capricorn Orogeny (1820-1770 Ma)
Ashburton Fold Belt D2ash/M2ash, D3ash/M3ash

Capricorn Group
(siliciclastic sedimentary) c. 1804
e Capricorn Orogeny (1820-1770 Ma)
Ashburton Fold Belt D1ash/M1iash
c. 1806 Foreland Basin
Upper Wyloo Group c. 1829, 1860
(siliciclastic and carbonate
sedimentary) c. 1799, 1786
Extensional uplift?
— S~ - 2080 Ophthaimia Orogeny (2215-2145 M
C. thalmia Orogen — a
Lower Wyloo Group P geny ( ) Extension/Foreland
Mafic volcanic and Basin?
siliciclastic sedimentary) )
- - - - - Ophthalmia Orogeny (2215-2145 Ma)
Turee Creek Group Foreland Basin
(siliciclastic sedimentary)
c. 2445 Back Arc Basin
Hamersley Group Passive Margin
banded iron-formation, shale N .
carbonate, felsic volcanic c. 2629 Dlvergent Marg'"
Fortescue Group Rift

(mafic and felsic volcanic,
siliciclastic sedimentary
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Pilbara Craton basement
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Southern Pilbara Craton basement ¢, %

few details known
* Greenstones:low-grade meta mafic volcanic

and siliclastic sedimentary rocks.

e Granites mostly biotite monzogranite and minor
pegmatite;locally intruded by pre-Fortescue
Group metadolerite dykes.

« Granite-greenstone minimum age set by c.
2775 Ma age of overlying basal Fortescue
Group.

« Maximum age unknown. Probably formed
between 3800—2830 Ma.
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Northern Capricorn Orogen:

Tectonic Interpretation

Generalized stratigraphy

Age (Ma) Events and Morris (2010)

Capricorn Orogeny (1820-1770 Ma)
Ashburton Fold Belt D2ash/M2ash, D3ash/M3ash

£= Capricorn Group
; g (siliciclastic sedimentary) c. 1804
e ~————~——— Capricorn Orogeny (1820-1770 Ma)
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=
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o (siliciclastic and carbonate
z sedimentary) c. 1799, 1786
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Fortescue Group — Pilbara Craton

rifting (c. 2775 — c. 2630 Ma)
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MB: Marble Bar, K: Karratha, P: Paraburdoo, TP: Tom Price, N: Newman




Fortescue Group rift stratigraphy (south

Pilbara)

Age (Trendall

HAMERSLEY GP et al, 2004)
c. 2629 Ma
JEERINAH FM 4
c. 2715 Ma

BUNJINAH FM

PYRADIE FM 3
BOONGAL FM

c. 2745 Ma
HARDEY FM 2

—_— T~ "~~~ ~_~— . 2763 Ma

MT ROE BASALT 1
0 WWN c. 2775 Ma

(s granite—greenstone

Deep marine sediment
and basalt

Submarine basalt

Submarine high-Mg
basalt + komatiite

Submarine basalt

Fluvial to shallow
marine sediment

Subaerial basalt

Lacustrine? shallow marine?
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5 km

Northern Capricorn Orogen:

Generalized stratigraphy

BLAIR
BASIN

ASHBURTON BASIN

Capricorn Group
(siliciclastic sedimentary)

—— T T e e

Upper Wyloo Group
(siliciclastic and carbonate
sedimentary)

e e e e o e, L

Lower Wyloo Group
Mafic volcanic and
siliciclastic sedimentary)

W

Turee Creek Group
(siliciclastic sedimentary)

Deformation

Tectonic Interpretation
(modified after Martin
and Morris (2010)

Foreland Basin

Extensional uplift?

Extension/Foreland
Basin?

Foreland Basin

Hamersley Group
banded iron-formation, shale
carbonate, felsic volcanic

Age (Ma) Events

Capricorn Orogeny (1820-1770 Ma)
Ashburton Fold Belt D2a/M2a, D3a/M3a

c. 1804
Capricorn Orogeny (1820-1770 Ma)
Ashburton Fold Belt D1a/M1a

c. 1806

c. 1829, 1860

c. 1799, 1786
NW dykes (2008 Ma)

c. 2208 Ophthalmia Orogeny (2215-2145 Ma)
Ophthalmia Orogeny (2215-2145 Ma)

c. 2445

c. 2629

Back Arc
Passive Margin
Divergent Margin

HAMERYLEY BASIN

Fortescue Group
(mafic and felsic volcanic,
siliciclastic sedimentary

——— e~ T~~~ ~._— C. 2775

Pilbara Craton
(granite—greenstone)
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Hamersley Group: passive to active

margin sedimentation and volcanism

Age (Trendall Tectonic Interpretation (after

Km TUREE CREEK GP et al, 2004) Martin and Morris, 2010)
~ 37 BOOLGEEDA
IRON FM
WOONGARRA . 2450 Ma ACTIVE MARGIN (BACK
RHYOLITE ' ARC?) l Rhyolite (intrusive
or extrusive?)
Banded iron-
E WEELI WOLLI FM formation (BIF)
- Mudstone
[ c. 2460 Ma
BROCKMAN % Carbonate
IRON FM

c. 2495 Ma .
Mt Sylvia Fm, Mt McRae Shale PASSIVE MARGIN - Dolerite
¢ 2565 Ma DEEP MARINE SHELF
WITTENOOM FM

MARRA MAMBA c. 2597 Ma
IRON FM

FORTESCUE GP



Northern Capricorn Orogen:

Generalized stratigraphy

Capricorn Group

) Tectonic Interpretation
Age (Ma) Deformation (modified after Martin
ge (Wa Events and Morris (2010)

Capricorn Orogeny (1820-1770 Ma)
Ashburton Fold Belt D2a/M2a, D3a/M3a

=
é g (siliciclastic sedimentary) c. 1804

— o~ ———~—_—— Capricorn Orogeny (1820-1770 Ma)
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c. 1806 Foreland Basin
c. 1829, 1860

=
a Upper Wyloo Group o i
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g sedimentary)
|_ - -
::: Extensional uplift?
T
2

o ~————~—— NW dykes (2008 Ma)

Lower Wyloo Group c. 2208 Ophthalmia Orogeny (2215-2145 Ma) Extension/Fors
Mafic volcanic and Basin?
siliciclastic sedimentary) )
e Ophthalmia Orogeny (2215-2145 Ma)
Turee Creek Group Foreland

———(siliciclastic sedimentary)
= c. 2445 Back Arc Basin
@ Hamersley Group - :

_ g banded iron-forn]ation, sh_ale Sia‘f::v:nh::nrg:nin

r carbonate, felsic volcanic c. 2629 g g
7
4
[1T]
2
== Fortescue Group

(mafic and felsic volcanic,
siliciclastic sedimentary

Rift

——— e~ T~~~ ~._— C. 2775

Pilbara Craton
(granite—greenstone)



Turee Creek and lower Wyloo Groups:

foreland basin deposition and volcanism

Tectonic Interpretation

Km ( after Martin and Morris, 2010)
- UPPER WYLOO GP c. 2008 Ma g‘ng |.||(§EM|A .
% WOOLY DOLOMITE c. 2030 Ma 3
o c. 2209 Ma
3 Foredeep mafic
S BASALT
n;c - Subaerial basalt
3 Wedge top to
BEASLEY RIVER QTZITE marginal foredeep Fluvial, shallow
T — T T T T ~— OPHTHALMIA F2 marine sand
Overfilled T==,
KAZPUT FM foredeep *_%_ Glacial diamictite
— T T T T OPHTHALMIA F1
o
) KOOLBYE FM % Dolostone
il
& - Mudstone
o Meteorite Bore Memb. ¢ 2208 Ma
H Dolerite
m -
E ;Jnderfllled Banded iron-
oredeep formation (BIF)

KUNGARRA FM

Geochronology:

BOOLGEEDA Starved M{:}Irltin et all-, ;388;
IRON FM foredeep dller et al., 5

|
o
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Turee Creek and Lower Wyloo Groups

10GA-CP1 ~

o o]
= | o, Turee Upper ok Edmund/
= Fortescus Gp ; E o Creek Gp Wyloo Gp E 5 E Collier Gp
X N 4
e Pilbara Craton <o Hamersley Lower o | Capricorn
= granite-greenstone Gp Wyloo Gp Gp
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Northern Capricorn Orogen:

Generalized stratigraphy

Tectonic Interpretation
(modified after Martin
nd Morris (2010)

Deformation
Age (Ma) Events

Capricorn Orogeny (1820-1770 Ma)

%% Capricorn Group Ashburton Fold Belt D2a/M2a, D3a/M3a
EI g (siliciclastic sedimentary) c. 1804
— o~ ———~—_—— Capricorn Orogeny (1820-1770 Ma)
Ashburton Fold Belt D1a/M1a
c. 1806 Foreland Basin
c. 1829, 1860
=
2 Upper Wyloo Group CESENTEE
m (siliciclastic and carbonate
g sedimentary)
& ional uplift?
1=
w
<

Lower Wyloo Group 3 P almia Orogeny (2215-2145 Ma)

Extension/Foreland
Mafic volcanic and

i : . Basin?
5 km siliciclastic sedimentary)
e Ophthalmia Orogeny (2215-2145 Ma)
Turee Creek Group Foreland Basin
(siliciclastic sedimentary)
c. 2445 Back Arc Basin

Hamersley Group - :
banded iron-formation, shale Passive Margin
carbonate, felsic volcanic c. 2629 Dlvergent Margln

HAMERSLEY BASIN

Fortescue Group
(mafic and felsic volcanic,
siliciclastic sedimentary

Rift

——— e~ T~~~ ~._— C. 2775

Pilbara Craton
(granite—greenstone)



Upper Wyloo and Capricorn Groups:

more foreland basin sedimentation?

EDMUND GROUP p—
¢ ? CAPRICORN D2a, D3a

~ 10 .
CAPRICORN GROUP . .
(BLAIR BASIN) c. 18042 ma De€ltaic (late foreland basin?)
~75- — — ~— ~—~— ~——c.1786Ma CAPRICORN D1a, Boolaloo Granodiorite
c. 1806 Ma
Jp— .. 1829 Ma Foreland basin mafic and

felsic volcanism . .
1 | Submarine mafic and

. [ ] felsic volcanism
Submarine channel, el

lobes, and basinal fines Turbidite sandstone
(foreland basin fill) and conglomerate

Fluvial, shallow
marine sand

ASHBURTON FM

Submarine channel and - Mudstone
lobes (foreland basin fill)

UPPER WYLOO GROUP
(ASHBURTON BASIN)

- Subaerial basalt
"3  June Hill Volcanics c1799Ma  ~_ ponate shelf
DUCK CREEK (sediment stgrved
DOLOMITE foreland basin?) Geochronology:
FM e (1999); Hall et al., (2001);
— 0~ N i OPHTHALMIA F3 .
T, Evans et al., 2003;

GROUP Sircombe, 2003
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Deformation history: Ophthalmia and




Ophthalmia Fold Belt

Affects very low grade supracrustal rocks, up to
and including the lower Wyloo Group

Comprises three pre- and one post- lower
Wyloo Group events.

Dated 2215 — 2145 Ma (Rasmussen et al 2005).

Results in regional scale, en-echelon, open to
tight, upright structures e.g. Hardey Syncline,
Turner Syncline, Rocklea Dome.

Cut by NW dykes and overprinted by Ashburton
Fold Belt structures
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Ashburton Fold Belt structures

Affects stratigraphy up to and including the
Capricorn Group

Overprints Ophthalmia Fold Belt structures

Comprises one pre- Capricorn Group (D1la) and
two post Capricorn Group — pre- Edmund
Group events (D2a, D3a)

Dla between 1806 — 1786 Ma
D2a between 1786-1738 Ma
D3a between 1738-1620 Ma

Geochronology: Krapez & McNaughton (1999); Sener et al., (2005)
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| \" " .
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Ashburton Fold Belt D1a/M1a

« \Widespread Sla foliation in low strain areas,
 rare Fla folds, some recumbent

 marked angular unconformity between
Ashburton Fm and Capricorn Group,

o guartz-chlorite-muscovite(sericite) in pelitic and
psammitic rocks.

e guartz—muscovite—biotite—cordierite—andalusite
—garnet schist in west.




Ashburton Fold Belt D2a/M2a: dextral

transpression
Dextral strike slip faults (includes Nanjilgardy)

Open to tight, non-cylindrical, upright folds,trend
west to northwest,

axial planes dip steeply to the southwest or
northeast.

S2a generally a penetrative slaty cleavage In
the east and a crenulation cleavage in the west

Low-grade retrogression of biotite to chlorite
and andalusite to sericite,

growth of porphyroblastic muscovite.



Capricorn Seismic Line 10GA-CP1.:
Preliminary Interpretation




Seismic Line 10GA-CP1: major

objectives

e character of major faults (e.g. Nanjilgardy) that
mark the boundary between the Pilbara Craton
and the Ashburton Basin,

e nature of reactivated Fortescue Group growth
faults in the southern Pilbara,

« deep crustal structure of the northern Capricorn
Orogen.

e crustal architecture of the Ashburton Basin —is it
consistent with current tectonic models for the
Orogen?




Northern Capricorn Orogen: major

al e

R B~

Syncline

Moona Fault

Soda + Karra
Well Faults

Bellary Dome

Nanjilgardy
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Baring Downs
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Migrated seismic section for 10GA-CP1,northern Capricorn
Orogen (north to right)

*Vertical scale equal to the horizontal scale (assuming a crustal
velocity of 6000 m s1). One sec Two Way Travel time (TWT) ~3 km

«Common Depth Point (CDP) location are shown along the surface
(100CDP = 2km).
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Seismic Line 10GA-CP1.: preliminary

Interpretation

Fortescue, Hamersley, Turee Creek Basins North

a) Souh Ashburton Basin
.c':‘;?_,ﬁy Elair Fault Baring Downs Fault Manjigardy Fault Karra Well Fault Moona Fault
| | I Hardey Syncline | Rocklea Dome | Turner Syneline 0
B:-.'«,e',mmi'a\eae'w‘;i
Bandee Seismic Province
o BaseMiddieGrust km
—_— = - Moho
PC — Pilbara Craton granite-greenstone, FG - Fortescue Gp; HG — Hamersley Gp;
LWG — lower Wyloo Group; UWG — Upper Wyloo Group; DCD — Duck Creek Dolomite
GA10-CP1 60
k Karra 2ackle:
11000 Seaon. 100005121 7000 "“Her® 6000 Fagt5000  Dom 2002 COF
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Seismic province: a discrete volume of middle to lower crust, which cannot be traced to the surface, and
whose crustal reflectivity is different to that of adjoining provinces, either laterally or vertically (Korsch, 2010).
20 60

Base Fortescue Group Base middle crust
Form Line Moho w_ 20km |
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Base Lower Wyloo Group
Base Hamersley Group . - Fault
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Northern Capricorn Orogen: major

structural elements
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Turner Syncline —Rocklea Dome:

preliminary interpretation
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Rocklea Dome to Nanjilgardy Fault:

preliminary interpretation
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Northern Capricorn Orogen: major

structural elements
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Nanjilgardy Fault to Baring Downs

Interpretation
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Baring Downs Fault to southern end of

10GA-CP1: preliminary interpretation
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Seismic Line 10GA-CP1: summary of

major findings 1)
e Major faults at the boundary between the Pilbara

Craton and the Ashburton Basin are steep to listric,
northward dipping — mantle tapping.

« Reactivated Fortescue Group growth faults are
listric, northward dipping.

a) South Ashburton Basin Fortescue, Hamersley, Turee Creek Basins North
Beasl
:iﬁ)’ Blair Fault Baring Downs Fault Nanjigardy Fault Karra Well Fault Moona Fault
| | | | Hardey Syncline | Rocklea Domi | Turner Syncline

— ——— —_———— —— —— —_— — . — D

uwe Y 7 WG uw -@ ‘ 7 e o 7
,/_7}( i B __L;VE-_R_\ ﬁ"; 4 N’ ' ™~ e

/. e Be : -

Bﬁs'é‘wdd\elcmst BaseMiddle, o . Jogr, % - 'M'\;&é\e-ﬁr.ué{/
e
Bandee Seismic Province =
B Carlathunda Seismic Province
Base-Middle:Grust————— km

(I - S Moho -

PC — Pilbara Craton granite-greenstone, FG - Fortescue Gp; HG — Hamersley Gp;
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Seismic Line 10GA-CP1: summary of

major findings
Deep crustal structure of the northern Capricorn
Orogen:
Is the Baring Downs Fault a reactivated Pilbara Craton
terrane suture?

a) South Ashburton Basin Fortescue, Hamersley, Turee Creek Basins North

Beasley
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Seismic Line 10GA-CP1: summary of

major findings
 crustal architecture of the Ashburton Basin —
IS It consistent with accepted tectonic models

for the Orogen?

a) South Ashburton Basin Fortescue, Hamersley, Turee Creek Basins North

Beasley
r- ult Blai F ult Baring Do wn-sF it Nanjigar dyF ult K W!IF It Moona Fault
Hardey 2 | cklea Dome | Turner Syncline
0

e e 7 — " = FG :
e /-‘ /6 j G
_/—7/——/ ‘ . Pe
pe ' B '

o

dlelErust BaselMiciain s sy
pase Mid > Middlelry s Sad"%c_:f: e e <
- a
Bandee Seismic Province
———L Carlathunda Seismic Province
Base.Middle-Grust km
- Moho

PC — Pilbara Craton granite-greenstone, FG - Fortescue Gp; HG — Hamersley Gp;
LWG — lower Wyloo Group; UWG — Upper Wyloo Group; DCD — Duck Creek Dolomite

60

GA10-CP1




Interpreting Line 10GA-CP1: additional

geologmal/geophysmal constralnts 1
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Interpreting Line 10GA-CP1: additional

geological/geophysical constraints 2
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Interpreting Line 10GA-CP1: additional

geological/geophysical constraints 3
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§ Turner
= Syncline

Magnetic Modelling

* Aeromagnetic anomaly could be

caused by a very strongly
magnetic unit such as the
Hamersley Group (susceptibility =
0.13 SI), occurring at a depth of
~9.5 t010 km.

modelled depth is similar to the 8
to 11 km, expected for the
Hamersley Group based on
position of the base of the lower
Wyloo Group on the seismic
section.

Deep-seated source, below strongly
deformed and dismembered Ashburton
Formation ie > 4.5 km depth.
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geological/geophysical constraints 5

« Magnetotelluric data (Heinsen et al., 2011)
Indicates the presence a conductive layer at depth
beneath the Ashburton Basin.

 There are no clues in the Fortescue and Hamersley
Group stratigraphy to suggest proximity to a
southern basin margin at the Nanjilgardy Fault.

e Paleocurrent and provenance data suggest the
Hamersley Group was distally exposed to the south
of the present-day Pilbara margin during deposition
of the middle to upper Turee Creek Group.




Interpreting Line 10GA-CP1: additional

geological/geophysical constraints 6

Also:
iIsmic i i Mount McGrath F
e Seismic interpretation shows ount Mctrath =m
both lower Wyloo Group and Baifg D A / Nanjigardy Faut

Mount McGrath Fm changing in
thickness from about c. 1 to 4 km
between the Nanjilgardy and
Baring Downs Faults. This doesn’t
match outcrop data which
Indicates consistent thicknesses
of ~ 3 km and ~1.2 km for the
lower Wyloo Group and Mount Lower Wyloo Group
McGrath Fm respectively.
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Seismic Line 10GA-CP1: alternative

Interpretation south of Nanjilgardy Fault
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Seismic Line 10GA-CP1: preliminary

Interpretations

Preliminary
interpretation
10GA-CP1

Alternative
preliminary
interpretation
10GA-CP1
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Conclusions

Seismic line 10GA-CP1 is a major advance in our
understanding of the northern Capricorn Orogen.
It shows:

« Nature of major, mantle-tapping faults e.g.
Nanjilgardy and Baring Downs Faults, that mark the
boundary between the Pilbara Craton and the
Ashburton Basin,

e northward-dipping, reactivated Fortescue Group
growth faults in the southern Pilbara,

» deep crustal structure of the northern Capricorn
Orogen, with the recognition of the Carlathunda and
Bandee Seismic Provinces.



Conclusions — 2

 highlighted the crustal architecture beneath
the Ashburton Basin, showing a change In
fault orientation from north-dipping in the
north to south-dipping in the south,

 the Interpretation process Is ongoing,
particularly with regard to the supracrustal
stratigraphy south of the Nanjilgardy Fault.
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