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A
Talk Outline

Why did we look into this? The quest for Critical Minerals understanding!

The PETM — what is it? Why do we consider it so important for landscape history mapping?

PETM regolith — where is it preserved? What does it look like?

PETM landscapes — echoes of a very, very wet past for west / central Victoria.

The curious case of the almost entirely missing PETM regolith in the Victorian Alps.

The curious case of the missing uplifted Mesozoic plateaus of far western and west-central Victoria
Permian glacial landscapes!

And — Permian glacial landscapes are everywhere!

Creating a new Permian — Recent narrative for Victorian landscape evolution.
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Global mean surface temperature at peak PETM: 27.2-34.5° C. (Inglis et al., 2020)

Sea surface temperatures in the East Tasman Plateau (located ~65° S at ~57 Ma)
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A

PETM significance for constraining Victoria’s landscape evolution history:

We can assign thick, tropical-style paleo-regolith profiles in Victoria to the PETM with confidence because:

the preceding +ve temperature excursion of similar magnitude (Cretaceous Thermal Maximum at ~90 mya)
is too old to explain thick in-situ tropical-style regolith profiles developed in Paleocene fluvial units in Victoria.

Eocene strata in Victoria are similarly weathered but with slightly less intensity
(consistent with the sustained ‘Eocene Optimum’ that followed the PETM).

Olicocene and younger strata in Victoria preserve no evidence of tropical-style weathering
(but locally incorporate reworked PETM remnants -kaolinitic clays / lateritic clasts — but intermixed with unweathered materials)

there has been no comparable global +ve thermal excursion since the Eocene — so no younger ‘tropical’ regolith here.

AESC February 2026



A

We consider the PETM is a fantastic time-marker.

* PETM regolith: indiscriminate and thick (uneroded PETM regolith profiles extend to ~80m deep in Palaeozoic bedrock).
* Supereasy and unambiguous to recognise

* Given the global context and Statewide remnant distribution of PETM in Victoria,
we expect this event affected every rock exposed in Victoria at that time.

Therefore:

* Where PETM regolith and / or coeval stratigraphy are substantially or even intermittently preserved,
it dates the local land-surface to Late Paleocene (at a minimum).

* Where PETM regolith and / or coeval stratigraphy are entirely absent, itis an indication that the local land-surface
is youngerthan the PETM (ie: has been subjected to a significant (~50m +) denudation post-Eocene)

AESC February 2026 8
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‘The Nobbies’
Phillip Island
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Gariwerd - Major Mitchell Plateau — one of
several remnants of the old uplifted land
surface deeply dissected prior to the
Paleocene and PETM

Cayley & Taylor, 1997

White Hills Gravel and thick PETM regolith



The deep dissection that dissects and surrounds Mount Cole / Pyrenees / Gariwerd is pre-PETM.
But is there a maximum age constraint for this palaeo-land surface uplift?
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Figure 3.5 Distribution of Palaeocene fluvial, Eocene basalt, and post Eocene units. The Palaeocene fluvial and Eocene
basalt deposits are proxies for local preservation of Palaeocene — Eocene thermal maximum regolith, and therefore
increased critical minerals in clay prospectivity. Post Eocene units either destroy or overlie Palaeocene — Eocene regolith.
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Waimakariri River, South Island, New Zealand

Conclusions:
western Victoria was WET in the Paleocene!

Erosion of the uplifted high plateau was
rapid and aggressive.

Paleocene rivers were wide and highly
energetic and eroded broad, mature
braidplain valleys.

The modern rivers are all underfit.

Plateau erosion has barely advanced since
the Eocene.

Why and how did this change?
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The Victorian Alps are different: pre-Palaeocene uplift, but little Paleocene erosion
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Cretaceous high plateau entirely eroded? Cretaceous high plateau entirely eroded?
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No Cretaceous uplift - No Cretaceous uplift
Limited erosion of . Limited erosion of
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Length of ice transport paths and aggressive nature of bedrock gouging

Statewide require ice thicknesses in excess of 1 km (but not Polar scale).

It was a continental —scale ice sheet (e.g. O’Brien et al., 2003).

Analogues: Pleistocene northern Canada and Scandinavia
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A. During maximum glaciatid e U-shaped trough is filled
by ice to the level of the small tributaries.

Strahler, 1951

B. After glaciation the trg
stream and lakes.
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A. During maximum glaciatid e U-shaped trough is filled B. After glaciation the trg floor may be occupied by o
by ice to the level of the small tributaries. stream and lakes.

Strahler, 1951
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A

Subglacial peaks (Nunataks) also often exhibit a stoss-lee effect, with smooth, abraded lower angle upstream sides (stoss)
and steeper plucked downstream side

— |ce flow
quarried debris

frozen to ice

5108° .
_ zone of abrasion /
high pressure \

-------------- Lee
zone Lot OOD Q

low pressure
zone (cavity)

joints and cracks —
iIn bedrock

bedrock

J. Bendle (2020)
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A

— jce flow

water-filled cavity

/

Full glaciation Deglaciation

piand pw balanced g’w )

bedrock

high overburden pressure | —_—
(cavities closed) ess overburden pressure

— ice flow (cavities open up)

Pi Pi
air-filled cavity bedrock

/

bedrock pigreater than pw

area most
likely to fail

—

pi
Pw

Rouche Moutonee develop more quickly

beneath ice sheet margins and/or

or during deglaciation when high differential
stress zones can develop in lee zones more easily.
(e.g. Roberts & Long, 2005)
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A
Talk Outline

Why did we look into this? The quest for Critical Minerals understanding!

The PETM — what is it? Why do we consider it so important for landscape history mapping?

PETM regolith — where is it preserved? What does it look like?

PETM landscapes — echoes of a very, very wet past for west / central Victoria.

The curious case of the almost entirely missing PETM regolith in the Victorian Alps.

The curious case of the missing uplifted Mesozoic plateaus of far western and west-central Victoria
Permian glacial landscapes!

And - Permian glacial landscapes are everywhere!

Creating a new Permian — Recent narrative for Victorian landscape evolution.
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Permian Glacial rocks and landscapes in Victoria!
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The entire Mansfield Basin is a broad Permian sublacial depression!
The Barjarg valley is an exit glacial valley (one of two we have identified)

Mt Samaria

Mt Strathbogie Barjarg — Nillacootie Dam

Cayley & Andrews, in prep.



A
Talk Outline

Why did we look into this? The quest for Critical Minerals understanding!

The PETM — what is it? Why do we consider it so important for landscape history mapping?

PETM regolith — where is it preserved? What does it look like?

PETM landscapes — echoes of a very, very wet past for west / central Victoria.

The curious case of the almost entirely missing PETM regolith in the Victorian Alps.

The curious case of the missing uplifted Mesozoic plateaus of far western and west-central Victoria
Permian glacial landscapes!

And — Permian glacial landscapes are everywhere!

Creating a new Permian — Recent narrative for Victorian landscape evolution.
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E Holocene
. . c 0.0117
Undulating Permian landscape % | Pristocene
- (2 2.58
on Paleozoic bedrock Pliocene |~
'§ :? Miocene
(=]
é 23.03

Subglacial_
valleys

33.9

-56.0

466.0

+100.5

oy Subglacial A\
depressions N
E (tarns)

Phanerozoic

143.1

Subglacial
rises
(nunataks)
~201
251

Adapted from Andrews & Cayley, 2025
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L A

Holocene

Beechworth 0.0117

Uplift to form E - W oriented continental divide Benambra

Ovens Graben Pliocene

Pleistocene

Quaternary

2.58
5.333

Mansfield Basin
(subglacial depression)

Miocene

Neogene

23.03

~ |
-
Cenozoic

33.9

56.0

66.0

100.5

Less local
uplift

Phanerozoic

143.1

No local
uplift

~201

Lower Cretaceous Strzelecki Group also deformed and
Uplifted at this time to form Otway and Strzelecki Ranges

251

Adapted from Andrews & Cayley, 2025
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\ \ \
\ Incr-easec! orographic \ Eastern Victoria
rainfall in central - .
. . rainshadow
\ \ western Victoria \

\ \ A\

\ \
\\\

Fluvial incision of pre-Palaeocene
landscape

Deposition of White Hills Gravel and
equivalents

Prevailing PETM
rainfall from the
south-west

White Hills Gravel
and Equivalents
(e.g. Childers Frm,
Sub-basaltic gravel)

Late Cretaceous Otway and Strzelecki Ranges also deeply j
dissected at this time, with WHG equivalents

(Eastern View Formation, Demons Bluff Group,, Wiridjil Gravel, Latrobe Valley Group, etc.)
deposited at bases of erosional escarpments

Phanerozoic

Cenozoic

Holocene

Pleistocene

Quaternary

Pliocene

Miocene

Neogene

Oligocene

0.0117

2.58
5.333

23.03
33.9

56.0

66.0

100.5

143.1

~201

251
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4
Palaeocene - Eocene
Thermal Maximum

Indiscriminate in situ weathering of all
exposed geology

Permian mostly removed from
Grampians-Stavely and Stawell
Zones

Permian mostly survives
in Glenelg Zone

Permian mostly survives
in Bendigo Zone and eastern
Victoria

PETM weathering
profile

White Hills Gravel
and Equivalents
(e.g. Childers Frm,
Sub-basaltic gravel)

Adapted from Andrews & Cayley, 2025
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Eruption of Eocene basalt onto White Hills r il PP
Grave| é Plells-tocene 258
- Pliocene 5333
25
Weathering of Eocene basalt HES
g 23.03

33.9

56.0

66.0

100.5

Phanerozoic

143.1

- Eocene basalt
PETM weathering
profile

White Hills Gravel
- . . and Equivalents
- * . (e.g.Childers Frm,

Sub-basaltic gravel)

Adapted from Andrews & Cayley, 2025
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South America — Australia — Antarctica separations finally allowed full development of Circum-Antarctic ocean circulation.

This polarised global temperatures and exposed southern Australia to a cold ocean.

Cold ocean = dry climate. Victoria dried out in the Oligocene. Virtually no erosion evident anywhere.
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A

East Australian Current (EAC) -
Initiated in the Miocene.
(e.g. Eberli 2022)

The imposition of a completely new
rainfall regime for SE Australia,
from the East!

Now its western Victoria’s turn to be
In a rain shadow!

By NASA - http://earthobservatory.nasa.gov/NaturalHazards/view.php?id=15366, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=11578179




A

Increased orographic rainfall in

Decreased rainfall in eastern Victoria
western Victoria Incision and landscape
inversion

/) IS .
AN
”
o

Most Permian lost

PETM regolith lost
except where protected
Beneath Eocene basalt caps)

Eocene basalt

Fluvial incision of pre-Oligocene landscape
PETM weathering
profile

Erosion of Permian and PETM weathering

profile White Hills Gravel

and Equivalents
(e.g. Childers Frm,
Sub-basaltic gravel)

SN

Deposition of Calivil Formation

First significant erosion in eastern Victoria

Most Permian lost in eastern Victoria
Adapted from Andrews & Cayley, 2025
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466.0
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143.1

Miocene marine
incursion
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PETM weathering
profile
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White Hills Gravel
and Equivalents
(e.g. Childers Frm,
Sub-basaltic gravel)
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Eruption of Newer Volcanic Group

Local burial and destruction of
Permian and PETM weathering profile
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Adapted from Andrews & Cayley, 2025
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