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QUESTION 1 FOR YOU ALL: HOW LONG HAS THE

SETTING FOR BUNBURY BEEN DEVELOPING?

®* Overview of landforms and geological features
® Perth Basin, Darling Fault and Yilgarn Craton
® Plate Tectonics (previously “Continental Drift”)

®* The amazing story of the Bunbury Basalt
paleoriver-valley lava flows

®* Answer to the question above
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QUESTION 2
WHY IS
THERE AN

OFFSET? KT 0 reicaiibni
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WORDS — TERMINOLOGY

The scientific approach requires formal and precise definitions of words —
pedanticism is persistently present!

* GEOGRAPHICAL NAME GEOLOGICAL NAME

Poorly defined : Precise definition, ratified
nationally
® Quindalup Dunes - Safety Bay Sand
®* Spearwood Dune System - Tamala Limestone
® Bassendean Dunes - Bassendean Sand
® Pinjarra Plain : Guildford Formation
\
° name here - Yoganup Formation and
/ Ridge Hill Formation







IN GEOLOGY WE NEED TO THINK IN 4-DIMENSIONS.
WHAT IS UNDERNEATH US & TIME?

PLATE TECTONICS
(CONTINENTAL DRIFT)

® First, map of regional setting between 300
and 130 million years ago (Ma)

® Gondwana then East Gondwana existed at
that time

® Offshore from WA is a northern extension of
India

® A gulf existed from Tethys Ocean to north
and land to south

® Rocks underneath the gulf slowly sank

®* Sediment eroded off Antarctica, India and
southern WA washed into gulf

7/ ulf basin was kept “topped up” with
iment as coast migrated backwards and

fo %ds
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Perth Basin sediments

® Deposited in north-south gulf

® 11,000 metres below Bunbury to the older
rocks under the Perth Basin

® All deposits were from rivers, in lakes
shallow seas

® Something like T mm each 10 years

® Brings home the concept of the enormity of
geological time — things happen slowly but
when continued for millions of years huge
changes happen

Note the northwest trend of geological
structures

/
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WHAT HAPPENED TO INDIA?

® About 130 million years ago East Gondwana

breakup.

®* Greater India headed off northwesterly at
breakneck speed — 20 cm per year for its first
20Ma (WA is moving north at 7.5cm per year,
considered fast for plates)

®* At about 30Ma the northern part hit Asia and
buried itself under the Asian plate

% Tibet is high (4-5 km) because the northern part

Note that Indonesia did
of the Indian plate underlies that part of the not exist-atithat fites

Asian plate — so the continental plate under Tibet

HH )7euble thickness



BETWEEN 140 &130 MILLION YEARS AGO (Ma)

® India became unhappy with its neighbours, Australia and
Antarctica

® In East Gondwana the continental crust started splitting,
allowing molten rock, magma, to migrate up to the surface
and out of volcanoes

® There are two major types of volcanoes;

1. The Ring of Fire type, like Indonesian or Vesuvius, that
can erupt explosively, the magma is much less fluid
and contains much more gas; and

2. The Basaltic type, like in Iceland now, pour out
immense quantities of lava that is more fluid

® The 140-130 Ma volcanoes were of basaltic composition




THE WESTERN AUSTRALIAN CASE

® Remember, at this time the area was towards the
southern end of a gulf with ocean to the north

® Basalt lava from volcanoes flowed down in a major
valley over 200 km from what is now offshore, south
of the WA coast, from under Flinders Bay

® Datings of the basalt give times of 137, 135 and
133 million years old, named the Bunbury Flow

® Volcanoes typically can live for millions of years

®* Then another major valley developed east of the
first. More lava poured out and followed this
younger valley, named the Donnybrook Flow

® There is no accurate dating of this basalt but as it
cuts through the Bunbury Flow it is younger

®Then at 130 Maq, a patch of basalt 4 km across was
formed at Black Point. Not connected to a valley
flow




OUTCROPS OF BASALT ARE RARE — HOW DO GEOLOGISTS KNOW?¢

®* Their magnetism tell us

Map of detail of Earth’s magnetic field
® Details of the variations of the Earth’s - 7

magnetic field are measured by flying with a

sensitive magnetometer. Variations in the

magnetic field are recorded Donnybrook
paleoflow

® Sedimentary rocks usually have no magnetic
minerals but basalt does and they preserve
the magnetic field when they solidify

® Earth’s magnetic field is unstable — its poles :;23#3\, -

O flip north and south Note looks like a W
CAP > | “ i : !
*Note the ridge and valley appearances of . ,' CATERET

e flows. , N bl :C s
®/These show that the Earth’s magnetic poles '
flipped between the flow times

Darling
Fault




BASALT

® A nondescript rock — dark grey with greenish
or bluish tint

® A lava that rises from depths of the Earth and R

is erupted from volcanoes

® Commonly crystals started forming in the
magma as it was coming up to the surface

® Felspar crystals occur as rectangular laths

® Other crystals formed after basalt cooled
more but cooled quickly and did not have

fime to grow big like the felspar

® Prized for use in road and concrete making

(W%

Look in drains along highways in hilly
places — Main Roads uses boulders to
control erosion in the drains




Bunbury Basalt with geological ages
Note: Ma= million years (mega-annum)

THE PICTURE OF THE FLOWS — L

133 Ma
'Bu bfr

o Still lots of detailed geoscience questions

Gelorup
135 Ma

remain

* Where were the volcanic vents?

* A basalt magma is most unlikely to remain fluid
flowing along a valley for over 200km ‘ (

* Side “valleys” from Balingup and past ol
Donnybrook are from the older Yilgarn Craton

:

| Bunbury Flow ;
. JAuguSta ,

rocks - vents there?
* More sediment was deposited on the basalt —
/’r e Leederville Formation - up to 300m thick

lding and faulting of the Perth Basin

s}!'nen’rs occurred since AN




Lava flows from Mauna Loa, 1843-2018

Numerous eruptions that occurred only at the
summit of Mauna Loa are not depicted on the map.

NEW QUESTION NEEDING ANSWER

Basalt lava flows at between 200C and 1200C

In contact with the atmosphere, the fluid lava will start cooling

A submarne erugtion on the west flank of Mauna
Laa in 1877 Is nat depicted on the man

Lava flow year (CE)
1984

and will solidify.

How far can a lava flow?
Recent lava flows from Hawaii are up to 40 km long
But long flows are formed over long periods 10s-1000s of
years
Longest are tubes — Undarra in Qld 160 km
No tubes known in WA so flows advanced slowly

possibly with younger flows on top of older flows

. "
b \ Y >
R3] Lava Flow Hazard Zones
\; Wright and sthers (1992
- Zone 1 - summt and it zones, where vents E
. v Dewn repeatedly active in hstorcal time

Zooe 7 - adjcant to and downsope of Zone 1

Jooe 3 - less hazardous aeds due Lo greater distance
Fom recently acthee vents and (or) Because of opography

Zone 6 - proteched by topograpty
1 © ‘. L] 16 M

thick: Listento “Fingal's Cave" by Felix Mendelssohn
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BUNBURY BASALT VOLCANOES OR VENTS

Total volume of basalt erupted in Bunbury Basalt flows
is 20 cubic kilometres — YES or about 300,000 million
tfonnes

Average thickness about 30 metres. However the
basalt thickens into the deepest part of the valley to
conform to its shape

From off south coast — extensive areas indicated —
sheet flows — very speculative?

“Tributary” side valleys — sourced from additional side

ents
ote concealed plugs around Capel-Busselton
ewdence of major basalt vents
e are still looking




Black Point

BASALT COLUMNS

® Basalt outcrops typically form vertical columns — as at
Black Point, Back Beach or Fingal’s Cave or Tasmania

® Basalt flows cool from top and bottom
® Shrinking creates tensions

® Fractures start on top and bottom from a point

® Stress relief tends to form three fractures at 120

degrees that migrate away from the cooling surface

Columns on

Tasmanian

Back beach

at Bunbury




FAULTING IN PERTH BASIN

After Leederville Formation sediment deposition ceased,
earth movements continued faulting the sediments. Faults
commonly have dropped sediments on western side and
lifted them on the eastern — they slope down easterly
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FOLDING IN PERTH BASIN

North-south Section Showing seismic profile and with

Bunbury they commonly dip to the east.
(TWT is Two-Way Time, the time for ground vibrations to descend, be

reflected and return to the ground surface)

formation boundaries highlighted showing folding. Around

Sabina
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OCCURRENCES AT BUNBURY

Back Beach

Gelorup

Google Earth
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BASALT AT BLACK POINT ON FLINDERS BAY

MARGARET RIV

Black Point
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SO, THE ANSWERS:

Q2. The offset is because the Back Beach outcrop has controlled
the formation of the coast causing the 4km offset at Koombana Bay

Q1 130 000 000 years — since basalt outflowed.

Nothing to do with Governor Stirling in 1838 sending the
first colonists to start farming nor with more settlers sent in
1942

Nothing to do with 1658 when the Dutch trading ship
Elberg passed

Nothing to do with the Aboriginals who had lived here for
millennia
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