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Time Allowed
Reading Time: 0 minutes

Examination Time: 120 minutes

INSTRUCTIONS
= Attempt all questions in ALL sections of this paper.

Permitted materials: non-programmable, non-graphical calculator, pens, pencils,
erasers and a ruler.

Marks will not be deducted for incorrect answers.

There are four sections to the exam that focus primarily on Biology, Chem,
Earth Science and Physics. In real science research, there are no hard boundaries
between different disciplines, so you will see questions within each section that
cross-over between different sciences. We encourage you to aspire to be an ‘all-
rounder’ in your science understanding!

MARKS

= 1 mark for each question unless otherwise specified
= Total marks for the paper: 48

Integrity of Competition

If there is evidence of collusion or other academic dishonesty, students will be
disqualified. Markers’ decisions are final.
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BIOLOGY

The information below relates to Questions 1 and 2

A key experiment in our early understanding of cell theory was conducted by Louis Pasteur.
In the mid-1800s, Pasteur set up a series of experiments, aiming to show that germs were the
likely cause of diseases, and that new cells came from existing cells. Pasteur’s experiment
entailed heating a growth medium for microorganisms, placing it in different conditions, and

determining if any bacterial growth occurred. Pasteur’s three main experiments are shown
below.

FesTasres

Heat applied Let flask sit No bacteria present
I
——p ——
Heat applied Removg the neck Bacteria present
and let it sit
) Tilt flask sideways Bacteria present
Heat applied and let it sit

Source: Wikimedia commons. Author: Kgerow16
https://commons.wikimedia.org/wiki/File:Louis_Pasteur_Experiment.svg
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(1 mark)

The main role of the heat in this experiment was:

A.

B.

To add bacteria to the flask
To provide a source of energy for the growth of microorganisms

To regulate the temperature of the broth for the effective growth of microorganisms

. To kill any existing microorganisms in the broth, ensuring that any growth is from other

microorganisms entering the system

(1 mark)

Which of the statements below best describes the specific purpose of setup “lI” in this
experiment?

A.

B.

To test whether bacteria is the microorganism which grows in the medium

To test whether bacteria present externally can enter a sterile flask, and hence
multiply in the growth medium

To test whether bacteria in the neck of the flask can enter the solution and hence grow
in the medium

. Totest whether bacteria will grow in the medium if bacterial cells are not allowed to

reach the medium at all
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Info

This information below relates to Question 3

The Andean Condor is a species of vulture found in various countries in South America.

Source: Thomas Fuhrmann, Wikimedia commons
https://commons.wikimedia.org/wiki/File:Andean_condor_%28Vultur_gryphus%29_at_Colca_Canyon.jpg

A condor feeds primarily on dead and decaying animal carcasses. It builds its nests in
elevated regions, such as in the Andes mountains. Condors have a ruff of white feathers
around the base of their necks. Some males tend to have white patches on their feathers,
whilst female condors tend to be smaller in size than the male.

(1 mark)

Condors have evolved to have almost no feathers on their head and upper neck. Based on its
appearance and lifestyle, what is the most likely benefit of this adaptation?

A. Reduced air resistance and hence ability to reach high heights when flying
B. Greater visibility to spot and hunt prey from a great distance

C. Greater appeal of males to mating females and hence greater chance of reproductive
success

D. Reduced retention of bacteria and other microorganisms when feeding on animal
carcasses
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Info

This information below relates to Questions 4 and 5

Marsupials are a group of organisms found almost exclusively in Australia, including different
species of kangaroo (genus: Macropus) and wombats (genus: Vombatus) and extinct animals
such as the Thylacine (Order: Dasyuromorphia).

Examples of marsupials found outside Australia include some species of opossum (order:
Didelphimorphia) found in the Americas and the tree kangaroo (order: Diprotontodia) found
in Papua New Guinea. Marsupials are believed to have first evolved in the Americas around
125 million years ago.

Today, the most diverse range of marsupials is found in Australia. The evolution of
marsupials in Australia is depicted in the diagram below. Each branch indicates the
divergence of a different order, family, genus or species, while the nodes indicate common
ancestors.

Didelphimorphia
Monodelphis * .

Didelphis

Metachirus \ @

Paucituberculata’
Rhyncholestes,

e

Caenolestes

Microbiotheri

a
Dromiciopsﬁ .

~ 4

Notoryctemorphia

Notoryctes¢

Dasyuromorphia

Phascogale
Dasyurus
Sminthopsis *

Myrmecobius

Peramelemorphia
Macrotis C“B\
Perameles A

Australidelphia

Euaustralidelphia

Isoodon

Diprotodontia
Tarsipes
Pseudocheirus
Trichosurus
> {gm Macropus & *
\\
Potorous -~
Vombatus

Source obtained from wikimedia commons:
https://commons.wikimedia.org/wiki/File:Phylogenetic_tree_of_marsupials_derived_from_retroposon_data_-
_journal.pbio.1000436.g002.png Nilsson, M. A.; Churakov, G.; Sommer, M.; Tran, N. V.; Zemann, A.; Brosius, J. R.; Schmitz, J. R. (2010).
"Tracking Marsupial Evolution Using Archaic Genomic Retroposon Insertions". PLoS Biology 8 (7):

e€1000436. DOI:10.1371/journal.pbio.1000436
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(1 mark)
Based on the image above, which of the following is the most accurate statement

A. The branches “Potorus” and “Vombatus” shared a common ancestor more recently
than “Potorus” and “Trichosurus”

B. The branches “Dromiciops” and “Notorycytes” are more closely linked to each other
than “Isoodon” and “Notorycytes”

C. Of all the branches in the image, the order “Didelphimorphia” is likely to show the
greatest amount of genetic differences when compared to Australian marsupials

D. The order “Diprotodontia” is the only branch which relates to Australian marsupials

(1 mark)

The best explanation for the widespread and diverse occurrence of marsupials in Australia is
that

A. They originated in the Americas and spread to Australia when the continents were
once connected. Over time, they evolved to occupy different roles in Australian
ecosystems

B. Theywere introduced in Australia by early colonial settlers and rapidly grew in number
and evolved to suit the Australian landscape

C. An extinction event wiped out the marsupials in other parts of the world but created
opportunities for Australian marsupials

D. The introduction of other non-native mammals into Australian ecosystems by colonial
settlers caused marsupials to adapt to occupy different functional roles in their
ecosystems
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(1 mark)

Trilobites are a group of ancient, extinct marine animals which have given evolutionary
biologists many insights into early life on our planet. Fossil evidence has suggested that
these organisms evolved as far back as 571 million years ago, and are believed to have gone
extinct approximately 250 million years ago.

Source: Wikimedia commons. Author: Estonian Museum of Natural History
https://commons.wikimedia.org/wiki/File:Estonian_Museum_of_Natural_History_-_trilobite_-_Hydrocephalus.png

The classification of trilobites has been debated for years. Some taxonomists believe that
trilobites should be classified within the phylum Arthropoda, while others suggest a
separate, unique phylum due to distinct features in their exoskeletons and body
segmentation. What does this debate in classification suggest about the challenges in
taxonomy?

A. ltreflects disagreements about the number of species within the phylum

B. It highlights the difficulties of applying modern taxonomic principles to extinct
organisms

C. Itindicates that the morphological features of trilobites are not useful for
classification

D. It shows that trilobites have always been classified as a single species
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Info

This information below relates to Questions 7

Taxonomy is a form of classification which involves a hierarchical approach to grouping
organisms based on their similarities and differences. Early forms of taxonomy relied
primarily on anatomical characteristics. Since the discovery of DNA, taxonomy has
increasingly considered genetic similarities and differences between organisms. Given
below is the classification system as relevant to the red fox.

Domain
Eukarya

\ Kingdom
/ Animalia

Phylum
Chordata

Class
Mammalia
Order
Carnivora
Family
Canidae
Genus
Vulpes

Species D
Vulpes vulpes Scientific name: Vulpes vulpes
Common name: Red Fox

Source: Wikimedia Commons. Author: Annina Breen
https://commons.wikimedia.org/wiki/File:-Taxonomic_Rank_Graph_%28en%26la,ru%29.svg

Organisms of the same species are generally seen as being capable of reproducing to
produce viable young. The scientific name of a species is usually derived from the Genus and
Species tiers. For instance, humans are deemed as Homo sapiens (Genus- Homo, species-
sapiens).

In some cases, the organism’s genus and species name appear to be identical (e.g. the red
fox, as shown above). The scientific name may also include the sub species designation, to
distinguish from other organisms. For example, grey wolves are named Canis lupus, whilst
domesticated dogs are named Canis lupus familiaris (sub species: familiaris). The dingo
(scientific name: Canis lupus dingo) is a species native to Australia. In Australia, itis possible
to find domesticated dogs, dingoes and red foxes, but not grey wolves. The red fox and
European domesticated dogs were both introduced into Australia in the mid-1700s.
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(1 mark)
Based on this information, which of the following statements is least accurate?

A. Dingoes and domesticated dogs evolved from grey wolves, either separately, orvia a
common ancestor

B. Domesticated dogs are genetically more similar to the red fox than to the grey wolf
C. Dingoes are genetically more similar to the grey wolf than to the red fox

D. Domesticated dogs are likely to be able to reproduce with dingoes but not with foxes
to produce viable young
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Info

This information below relates to Questions 8 and 9

Afood web is a diagram which shows the feeding relationships in an ecosystem. In a food
web, arrows extend from an organism being consumed to the organism consuming it. The
arrows are meant to show the flow of energy from one organism to the next.

The diagram below depicts part of a food web, describing the food consumed by small fish in
an aquatic ecosystem in the gulf of Naples. The food web was constructed using data from a
study exploring the effects of nutrient levels. The circles on the left side give an indication of
the number of organisms in eutrophic (high nutrient) conditions, while those on the right side
show the number of organisms in oligotrophic (low nutrient) conditions.

The size of the arrows gives an indication of the relative amounts of each organism which are
available for consumption by the next level.

Picoplankton

Source: Wikimedia commons.
https://commons.wikimedia.org/wiki/File:Food_web_in_the_Gulf_of Naples_in_eutrophic_and_oligotrophic_summer_cond
itions_-_o00_297117.jpg

Zingone A, D’Alelio D, Mazzocchi MG, Montresor M, Sarno D, LTER-MC team (2019) Time series and beyond: multifaceted
plankton research at a marine Mediterranean LTER site. In: Mazzocchi MG, Capotondi L, Freppaz M, Luglié A, Campanaro A
(Eds) Italian Long-Term Ecological Research for understanding ecosystem diversity and functioning. Case studies from
aquatic, terrestrial and transitional domains. Nature Conservation 34: 273-

310. https://doi.org/10.3897/natureconservation.34.30789
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(1 mark)
Based on this food web, which of the following statements is LEAST correct?

A. Anincrease in microzooplankton would cause a subsequent decrease in
picoplankton and phytoplankton and an increase in mesozooplankton levels

B. Overfishing of small fish species would cause the mesozooplankton to increase in an
uncontrolled manner and put pressure on lower levels in the food web

C. The number and type of phytoplankton increases in high nutrient conditions

D. The number and type of picoplankton increase during high nutrient conditions

(1 mark)

Afood chain is a diagram which represents one feeding relationship from the food web.
Below is a food chain which is based on this ecosystem.

picoplankton — microzooplankton - mesozooplankton — small fish — large fish
Each stage in afood chainis called a trophic level. Typically, in a food chain, only about 10%

of the energy available to any level is passed on to a subsequent level. This is illustrated in
the energy pyramid below.

Secondary Consumers

Primary Consumers

Primary Producers

R led
L/ Energy

Pyramid

Source: Wikimedia commons. Author: Scann https://commons.wikimedia.org/wiki/File:Ecological Pyramid.png
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Based on this information, which of the following statements is LEAST correct?

A. Mesozooplankton would typically need to consume more food than
microzooplankton, as mesozooplankton occupy a higher trophic level

B. Inthis ecosystem, the number of large fish will typically be less than the number of
small fish, due to the loss of energy along the food chain

C. Any organism which feeds on the large fish would have a lot of energy available per
gram of fish

D. Inthis ecosystem, picoplankton is a primary producer and microzooplankton is a
primary consumer

Info

This information below relates to Questions 10

Eukaryotic cells have a range of organelles which serve specific purposes. Below is a
diagram of a typical eukaryotic cell and the role of some of its features.

Ribosome

Mitochondrion Rough endoplasmic reticulum

Plasma membrane

Cytoplasm Cell coat

Lysosome

Nucleus

Nucleolus
Chromatin

Nuclear pore

Nuclear envelope

Golgi body

Smooth endoplasmic
reticulum

Free ribosome

Centriole

Source: Wikimedia commons. Author: Mediran
https://commons.wikimedia.org/wiki/File:Eukaryotic_Cell_%28animal%29.jpg
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10

(1 marks)

Below is a list of key organelles and their function

Organelle / structure Function

Nucleus Contains the genetic material of the cell

Mitochondria The powerhouse of the cell — energy release through cellular
respiration

Ribosomes Important role in protein synthesis

Cellmembrane Passage of substances into and out of cells

Which of the following features would you most expect to see in cells such as muscle cells
which are required to undertake a large amount of work?

A. Alarge number of mitochondria

B. Alarge number of ribosomes

C. Alarge number of nuclei

D. Alarge cellmembrane
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Info | This information below relates to Questions 11

The human body is made up of a range of different cell types, all of which originate from
specific lines of stem cells. Whilst all cell types have similarities in their basic structure, they
do have some key differences relating to their function. Some of these cell types are shown
below (note: The sizes of each cell types are not shown to scale).

| MUSCLE CELLS @

FAT CELL

IMMUNE CELL
BONE CELL

EPITHELIAL CELLS j NERVE CELL RED BLOOD CELLS

Adapted from: Wikimedia commons. Author: Haileyfournier
https://commons.wikimedia.org/wiki/File:Final_stem_cell_differentiation_%281%29.svg
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11

(1 mark)

Which of the following statements matches the description of the cell type to an incorrect
structural feature linked to its function?

Cell type

Function

Structural feature

A Nerve cell

Transmit nerve impulses

Cell body branched into structures
called dendrites to better receive
signals

B Red blood cell

Carry oxygen

Absence of nucleus which creates
more capacity for carrying oxygen

C Epithelial cell

Lining (e.g. skin)

Small cells which are easy to
replace from lower layers if upper
layers are damaged

D Fat cell

To allow for storage of
fats

Removal of all organelles to create
more space for fat storage
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Info | This information below relates to Questions 12 and 13

Corals are organisms which can employ a range of reproductive strategies. As shown below,
sexual reproduction takes place when gametes from separate coral combine to establish
new colonies.

Source: Wikimedia commons. Author: Andcelano. https://commons.wikimedia.org/wiki/File:Life_Cycle_of Corals.svg

Asexual reproduction normally occurs when polyps develop from mature coral and
breakaway to expand or begin new colonies. Alternatively, fragmentation occurs when a
section of coral falls away and establishes a hew colony.

12 (1 mark)

When comparing the genetic diversity of offspring and their parents, fragmentation is most
similar to

A. Polyp based asexual reproduction
B. Sexualreproduction
C. Equally different from sexual and asexual reproduction

D. Not enough information to decide
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13

(1 mark)

Which of the following statements most accurately identifies an advantage and a
disadvantage of the specific reproductive strategies mentioned in the statement?

A. Advantage of fragmentation - results in the genes from the healthiest part of the coral
forming offspring.
Disadvantage of sexual reproduction - can result in traits from two separate coral
being expressed.

B. Advantage of sexual reproduction - results in a greater degree of genetic diversity.
Disadvantage of fragmentation - enables a coral to form a new colony in another
region, using a small part of its own structure.

C. Advantage of sexual reproduction - generally requires more energy and resources.
Disadvantage of sexual reproduction - relies on gametes joining together.

D. Advantage of asexual reproduction - ensures that beneficial traits are almost certainly
passed on to the next generation. Disadvantage of asexual reproduction - limits the
amount of genetic diversity in offspring.
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CHEMISTRY

14

(1 mark)

Pick the option which makes the sentence an accurate statement.

This diagram represents because there is more than one type of atom
making up each molecule.

Answer:
- Water
- Acompound
- A mixture
- Anelement
- Apure substance

- Asolution

Page 20 of 65
2025 Junior Science Olympiad Examination — 7 & 8

©Australian Science Innovations ABN 81731558309




15

(1 mark)

Source:

Icecream: Tobias Baur, Pexels; https://www.pexels.com/photo/close-up-shot-of-melted-ice-cream-on-cone-9887878/
Coffee: Picryl; https://picryl.com/media/appetizing-aroma-aromatic-food-drink-b299aa

Blue dye: Pickpik; https://www.pickpik.com/ink-water-water-glass-liquid-drip-flow-123481

Read the following statements about the pictures.

I. Theicecream is melting on the warm concrete.
II. The sugar cubes will melt into the hot coffee.
lll. The blue crystals are dissolving into the water.

Which statements are true?

A. lonly
B. landll
C. landlll

D. All are true

E. None are true
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16

(1 mark)

This photograph shows water in a glass cylinder marked in millilitres.

To the nearest 0.1mL, what is the volume of water shown?

Answer: 12.5mL
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Info

This information below relates to the following three questions (17, 18, 19)
The flowchart below shows a series of separations and chemical reactions.
The process starts with copper metal, which goes through steps P, Q, R, S, Tand U. During

the process, the copper atoms are incorporated into new substances, but when Step U is
finished, they are recovered as copper metal again.

concentrated
nitric acid
. NO. gas
solution 28
\ P / copper nitrate
copper > solution

sodium

Q / hydroxide
solution

Y

copper

S copper oxide heat pp‘
. < hydroxide

suspension ,
R suspension

sulfuric acid

T / solution

¥ copper
caopper sulfate U /
solution / —:\

zinc

liguid waste

solid copper
oxide

zinc sulfate
solution
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17 (1 mark)
Copper nitrate is the product of procedure P. The formula for copper nitrate is Cu(NO3)..
Which of the following correctly shows the number and type of atoms represented by this
formula?
Copper atoms Nitrogen atoms Oxygen atoms
A 1 2 6
B 1 1 6
C 1 1 5
D 0 0 3
18 (1 mark)
Identify which procedures were separations, and not chemical reactions.
A. StepsUandR
B. StepsRandS
C. StepsUandS
D. StepRonly
E. Step Sonly
19 (1 mark)

The copper hydroxide suspension formed after step Q looks cloudy. Which is the best
explanation for this?

A. The atoms forming the copper hydroxide are large enough to see individually

B. The copper hydroxide particles are fully dissolved and prevent light from passing
through the beaker

C. The copper hydroxide particles have formed small lumps of solid material which are
large enough to block light from coming through the liquid.

D. The copper hydroxide has filled the beaker so that it is no longer see-through.
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20

(1 mark)

Figure 1: hagfish slime

Figure 2a: Electron micrograph of protein strand (still coiled) from inside a gland thread cell

Figure 2b: A protein strand in the process of uncoiling

Source:

Slime: Public domain: https://timelessmoon.getarchive.net/amp/media/dr-ryan-kincer-demonstrates-the-elasticity-of-the-
authentic-pacific-hagfish-0f1ae8 Gland thread cell: Cells 2016, 5(2), 25; https://doi.org/10.3390/cells5020025

When hagfish (also known as slime eels) are alarmed, they can create a large volume of
slime around themselves in a very short period of time (Figure 1). They do this by squirting a
fluid from special glands into the surrounding water. This fluid contains cells known as gland
thread cells.

Each cell contains an incredibly long strand of protein coiled tightly into the cell (Figure 2a).
Released into water, the gland thread cells break open. The protein strands inside uncoil
within a fraction of a second (Figure 2b) and tangle together to make a loose gel.

Atypical gland thread cell has a volume of about 0.0002 mm?3.

The protein strand has the shape of a very long, thin cylinder. The radius of this cylinder is
0.0006mm.

Assume that the volume of the protein strand is equal to the volume of the cell. Calculate the
length (to the nearest millimetre) of the single protein strand from a gland thread cell of this

size.

Answer:

177mm
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21

(1 mark)
Information about Bond Enthalpy

One of the signs of a chemical reaction is a temperature change. This happens because heat
energy is either absorbed (making the surroundings cooler) or released (making the
surroundings warmer.)

During a chemical reaction:
e Bondsinthe reactant molecules must be broken to free up the atoms (which absorbs
energy)
e New bonds are formed between the atoms to make the product molecules (which
releases energy)

Each type of chemical bond has a specific bond enthalpy - this is the amount of energy it
takes to break the bond. The same amount of energy is released when that bond is made.

Imagine atoms A and B. A and B can bond together to form three simple diatomic (two-atom)
molecules: AB, A; and B,. The bond enthalpies for these pairs of atoms are shown below.

Bond Bond enthalpy (arbitrary units)

A-B (a chemical bond 300
between an A atom and

a B atom)
A-A 280
B-B 140

Which of the following reactions would have the overall effect of cooling the surroundings?
Reaction1: AB>A+B

Reaction 2: 2AB > A, + B,

Reaction 3: A,+B > AB+A

Reaction 1 only

Reaction 2 only
Reaction 3 only

OO0 w>»

Reactions 1 and 2
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E. Reactions1and3
F. Reactions2and3
G. Allthreereactions

22

(1 mark)

Sam has accidentally mixed salt, sugar and naphthalene (the main ingredient in mothballs).
These three substances have different solubilities in different solvents.

Based on the information below, what is the quickest way for Sam to recover the salt from
the mixture?

Substance Soluble in water? | Soluble in ethanol? Soluble in hexane?
Salt Yes No No

Sugar Yes Yes No

Naphthalene No Yes Yes

Pick the correct words from the drop-down boxes.

Add (water/ethanol/hexane) to the mixture, stir and filter, and then (dry/evaporate) the
(filtrate/residue).
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Info

This information below relates to the following three questions (23, 24, 25)

The rate of a reaction is how fast it occurs. Forinstance, explosions —which happen very
quickly — are chemical reactions with high rates.

A student was studying the reaction between magnesium metal and hydrochloric acid. Their
aim was to determine how the concentration of hydrochloric acid affected the rate of the
reaction.

They prepared five solutions of hydrochloric acid in beakers. The volumes they used are
shown in the table below. They added an identical 0.2g piece of magnesium to each beaker
and timed how long it took for the piece of magnesium to disappear. From the time value,
they were able to calculate a rate.

They noticed that beakers 1 and 2 became slightly warm. For beakers 3, 4 and 5 it was hard
to tell whether a temperature change had occurred.

Alex’s results are shown below.

Experiment Volume of Volume of water (mL) Time taken for
hydrochloric acid magnesium to
solution (mL) disappear (s)

1 50 0 11

2 40 10 16

3 30 20 20

4 20 30 32

5 10 40 didn’t disappear

23 (1 mark)

How many times more concentrated is the acid in experiment 1 than thatin experiment 47?

A. 2.5times
B. 2times
C. 1.5times
D

. 0.4times
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24

(1 mark)

After determining the rate of the reaction in each experiment, the student wrote a conclusion
based on their aim.

Select words in the drop-down boxes to make this conclusion accurate.

As the (volume/concentration) of (hydrochloric acid/magnesium/water)
(increases/decreases), the rate increases.

25

(1 mark)
Select true or false for each of the following statements.

e A 100mL beaker is the most appropriate piece of equipment to measure out the
volumes of liquid. (True/False)

e When the reactions in experiments 1-4 were complete, the solutions in the beakers
still contained some acid. (True/False)

e The total volume of the reaction solution is a dependent variable in this experiment.
(True/False)
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Info

This information below relates to the next two questions (26 and 27)

In iridium metal, the iridium atoms are arranged in a lattice (see Figure a). The geometry of
this lattice is called ‘face-centered cubic’. The darker atoms in Figure a indicate a single ‘unit
cell’: this is the most basic unit that is repeated to make the larger lattice.

However, each of the atoms in this unit cell is shared with at least one neighboring unit cell.
If we slice down the faces of the unit cell to reveal only the portion of each atom that is within
the unit cell, we get Figure b. Figure c shows the 14 atoms that contribute to one unit cell as
small dots.

Figuresa,b andc.
Diagram: https://www.e-education.psu.edu/matse81/node/2133 CC BY-NC-SA 4.0

26

(1 mark)
How many whole atoms are represented in a single unit cell?

A 4
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27

(1 mark)

Iniridium, each unit cell (Figure b) is a cube with a side length of 384 picometres (1
picometre is 1 trillionth of a metre).

Based on the dimensions of the unit cell for iridium metal, calculate the radius of an iridium
atom to the nearest whole picometre.

Answer: pm

136pm

Worked answer:

length of diagonal VZ(unitcellsidelength)
4 4

atom radius =

= 136pm
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PHYSICS

Info

Absorption of electromagnetic waves by plants

Visible light is a type of electromagnetic wave, which consists of oscillating electric and
magnetic fields. The wavelength of a light wave is the distance over which a whole oscillation
(cycle) of the electric field occurs.

Different plant pigments can absorb light with a range of different wavelengths as shown in
the graph below. 1nm is one millionth of a millimeter.

Absorption Spectra of Pigments

paJesjug

Absorption of light

350 400 450 500 550 600 650 700
Wavelength (nm)

Image modified from "The light-dependent reactions of photosynthesis: Figure 4," by OpenStax College, Biology (CC BY 3.0)
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28

(1 mark)

-~ z(nm)

L] L}

T T T T LAY T 7
£00 400 \ 600 @ 800

Electric field

The light waves shown in the graph could be absorbed by:

Chlorophyll a, Chlorophyll b and B-carotene
Chlorophyll a and Chlorophyll b
Chlorophyll a and B-carotene

Chlorophyll b and B-carotene

Chlorophyll a

Chlorophyllb

B-carotene

None of the pigments

Iommoom»

29

(1 mark)

A carrot (which contains B-carotene but not Chlorophyll pigments) and a leaf (containing
Chlorophyll a and Chlorophyll b but not B-carotene) are both illuminated with red light (i.e.
light with wavelengths very close to 650nm).

What colour will the carrot and leaf appear to be?

Carrot: Red
Leaf: Both black and red are accepted as correct (as the absorption of red light is not
complete)

A photo of a carrot and leaf on white paper under:
- white light,
- red
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- greenand
- blue lightis shown below.

As B-carotene absorbs does not absorb red light, this will be reflected (and the carrot will
appear red). As Chlorophyll absorbs red light the leaf will appear black (or at least reflect
much less red light than the carrot - as it does not absorb perfectly it will not be perfectly
black)

However our perception of the colour of an object is strongly influenced by the colours
around the object (our brain tries to ‘adjust’ our perception if it thinks the lighting is
coloured) so we also need to look at the colours from the photo in isolation.

Here’s a little section of the carrot from each photo (in order, white light, red, green and
blue). Note that carrots really do look quite black under green light (as B-carotene absorbs
green light more completely then does Chlorophyll).

Here’s a little section of the leaf from each photo (in order, white light, red, green and blue).
We can see that the true colour of the leaf in red light is in fact a little bit red, as it does not
perfectly absorb red light (or blue light)
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30

(1 mark)

The energy of a particle of light (a ‘photon’) carries depends on the frequency of the light as
E = hf where his an important constant in quantum mechanics called ‘Planck’s constant’.

The units of the physical quantities on each side of an equation must always be the same.
For example, if the units of distance is metres and the unit of time is seconds, then the units
of velocityinv = d/t mustbem/s.

Which of the following are correct statements about the units of Planck’s constant and the

energy of red and blue light?

A. The units of Planck’s constant are J /s and the energy carried by a photon of blue light
is larger than the energy carried by a photon of red light

B. The units of Planck’s constant are /s and the energy carried by a photon of blue light is
larger than the energy carried by a photon of red light

C. The units of Planck’s constant are J /s and the energy carried by a photon of red light is
larger than the energy carried by a photon of blue light

D. The units of Planck’s constant are /s and the energy carried by a photon of red light is
larger than the energy carried by a photon of blue light
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31

(1 mark)
A Sankey diagram shows the flow or change of some conserved quantity, such as energy,
through a series of processes. The width of the arrows represents the amount of energy at

each stage of the process.

The Sankey diagram below shows the energy transformations that occur when 100 units of
light energy from the sun falls on a leaf.

Non-bioavailable wavelengths

47
Not absorbed by leaf
Energy from Sun
100 Wavelength mismatch loss
9
Bioavailable wavelengths
Energy loss ATP+NADPH to d-glucose
Absorbed by leaf 19

37

Energy available for conversion Energy consumed by leaf in respiration

Energy stored as sugar

Net energy stored as glucose

Data from: David Oakley Hall; K. K. Rao; Institute of Biology (1999). Photosynthesis. Cambridge University Press. ISBN 978-
0-521-64497-6. Retrieved 3 November 2011.

What is the efficiency with which the leaf can convert energy from the Sun into Net energy
stored as glucose?

% (Numerical answer)

Efficiency = 5%
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Info

Apart from energy released inside the earth due to natural nuclear decay processes, all
energy input to Earth arrives as electromagnetic radiation from the Sun. The distance from
the Earth to the sun is much (much) larger than the radius of the Earth.

The irradiance (power per square meter) varies over the surface of the earth as
- the Earthis an oblate spheroid (that can be approximated as a sphere), and

- istilted onits axis at an angle of 23°

Arctic Circle

Tropic of Cancer

Sun rays

— : Equator

Tropic of Capricorn

Rockhampton
Antarctic Circle

Image adapted from: https://scijinks.gov/review/solstice/seasons/ (NOAA: https://www.climate.gov/fags)

There are two latitudes (measured as an angle south or north of the equator) at which the sun
is directly overhead in the middle of the day in summer (the ‘summer solstice’). These are the
tropic of Cancer in the northern hemisphere (23° above the equator) and the tropic of
Capricorn in the southern hemisphere (23° below the equator)

A map of irradiance over the surface of the Earth is shown below.
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World map of surface downwelling solar radiation for the period
1981-2010 based on the CHELSA-BIOCLIM+ data set

5 10 15 20 25
rsds (MJm2d™")

Image credit: By Greenmind1980 - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=120082457

32

(1 mark)
What is the main reason that areas closer to the equator receive higher solar irradiance than
areas near the poles?

A. Areas of the Earth that are near to the equator are closer to the Sun than areas near
the poles

B. The surface of the Earth near the poles is not perpendicular to the light arriving from
the Sun

C. The Earth’s tilt on its axis increases the average light that falls on equatorial regions

D. The polarregions reflect more sunlight than regions near the equator.
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33 (1 mark)
The Australian city of Rockhampton is situated close to the tropic of Capricorn. At the
summer solstice the irradiance in the middle of the day is 1100W/m?.
A family in Rockhampton are considering purchasing solar panels for their flat roof.
The commercial solar cells they plan to buy have an efficiency of 22% and each solar panelis
1.7m long by 1.0m wide.
The family uses energy efficient 14W LED light bulbs in their house.
If one of these solar panels were placed flat on the family’s horizontal roof in the middle of
the day on the summer solstice, how many 14W light bulbs could it power?
A. 410
B. 219
C. 134
D. 85
E. 29
F. 17
34 (1 mark)

Energy usage in Australia can be measured in kilowatt hours or joules. 1 kWh is equivalent to
the energy transferred to a device that uses 1000 joules every second, if the device runs for 1
hour.

The family in Rockhampton uses 25kWh on average each day, which is about average for
Australian households.

How many joules of energy does the family use on average each day?

90 million joules
36 million joules
3.6 million joules
90 thousand joules
25 thousand joules

mmoow»

2.5thousand joules
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35

(1 mark)

In the past, incandescent light bulbs were used for converting electrical energy to light.
These devices use electrical energy to heat a wire filament to a high temperature so that it
glows.

Just like the sun, incandescent light bulbs produce a range of electromagnetic wavelengths.
As a light bulb is cooler than the sun, only a small fraction of this energy is produced at
wavelengths that are visible to humans and useful for lighting.

Animage of an incandescent light bulb in a table lamp (with the bulb pointing upwards) in
infrared wavelengths is shown below. Infrared images can be used to determine the
temperature of objects. Hotter areas of the bulb are coloured red, while cooler areas are
shown in blue.

Image credit: By Zaereth - Own work, CCO, https://commons.wikimedia.org/w/index.php?curid=20400759

What is the best explanation for why the top of the bulb is hotter than the bottom of the bulb?

A. The hotfilamentis closer to the top of the bulb than the base

B. Heatis more readily conducted through the glass at the top of the bulb than the metal
at the bottom.

C. Airflows upwards around the base of the bulb, cooling it.

D. The filament is oriented so that it emits more radiant heat in an upwards direction
than it does downwards.
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36

(1 mark)

A labelled diagram of an incandescent bulb is shown below.

1) Glass bulb

2) Low pressure inert gas (argon, nitrogen, krypton, xenon)
3) Tungsten filament

4) Contact wire A (carries current, goes into stem)

5) Contact wire B (carries current, goes out of stem)

6) Support wires (one end embedded in stem; no current)
7) Stem (glass mount)

8) Contact wire (carries current, goes out of stem)

9) Metal sleeve (electrically connected to contact wire B)
10) Insulation (vitrite, does not conduct electicity)

11) Metal electrical contact (connected to contact wire A)

Credit: KMJ, alpha masking Credit: Fastfission, Public domain, via Wikimedia Commons
by Edokter, CC BY-SA 3.0,
via Wikimedia Commons

Which of the following arrangements of a bulb, a battery and a conducting wire would light up
the bulb?

X Z

X,YandZ
XandY only
Y and Z only
Xand Z only
Xonly

Y only

Z only

A.
B.
C.
D.
E.
F.
G.
H.

None
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Info

Information about motion
A motion diagram consists of dots showing the position of an object at equal intervals of

time. If the distance travelled between dots becomes larger over time, then the objectis
speeding up, if the distance becomes smaller the object is slowing down.
Example: A motion diagram for someone running is shown below:

Direction of motion———

Speeding up constant speed slowing down
we e o o ) ] ) ) e o o 0oeee

By measuring how far an object travels in a time period we can find its speed:

distance travelled

speed =
p time taken

Information about forces

Forces are pushes or pulls that act on an object. Examples of forces are the gravitational
force (a ‘non-contact’ force); the force from a taut rope (tension); or from contact between
the object and a surface (called ‘friction’ when the force is parallel to the surface and the
‘normal’ force when perpendicular to a surface)

If the forces on an object are balanced, then the object’s speed and direction will stay
constant (if speed =0, it will remain zero)

If the forces are unbalanced, then the object’s speed and/or direction of motion will change.

Example: We can tell whether the forces are unbalanced by examining an object’s motion
diagram. Wherever the distance travelled in each time period changes, or the direction of
motion changes, then there must be an unbalanced force on the object. Wherever the
spacing and direction remains constant, the forces must be balanced.

® < balanced
[ ]

00 @ L ] [ ] [ ] L ] [ ] [ ] [ ] [ ] o oS00
unbalanced balanced unbalanced o
. . . unbalanced
Direction of motion ———— (]

When more than one force acts on an object the net force is the sum of the forces, taking
direction into account. A force diagram, which shows the direction and size of the forces
acting on the object using arrows is a useful tool for analysing these situations. Force
diagrams only include forces.

Page 42 of 65
2025 Junior Science Olympiad Examination — 7 & 8

©Australian Science Innovations ABN 81731558309




Example: The force diagram for a person as they jump upwards is shown below. While they
are touching the ground there are two forces on them, a ‘normal’ force that acts upwards on
the person due to the ground, and a non-contact force (their weight). These add (taking
direction into account) to an unbalanced force upwards, so the person speeds up in the
vertical direction.

The person creates the large upward normal force by pushing hard down into the ground with
their feet (which pushes upwards on them with an equally large force).

Force diagram during ~ Motion diagram during
push off from ground  push off from ground

Unbalanced upwards

Moving upwards, force during push off
speeding up from ground

Normal force
(from ground)

Weight force

Once the personis in the air, if they are not touching anything, then the only force on them is
their weight force. As this is an unbalanced downwards force they slow down while they
move upwards.

Force diagram Motion diagram when
(in the air) in the air, moving upwards
Unbalanced
I ! downwards force
Weight force & while in the air
® Moving upwards,

. slowing down

Womens’ 200m world record

The current world record in the women's 200m is 21.34 seconds, set by Florence Griffith-
Joyner at the 1988 Summer Olympics in Seoul.

Below is a hypothetical motion diagram for an athlete running a womens’ 200m race.
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37

(1 mark)

If the spacing between each pair of dots represents 2.00s, by how many hundredths of a
second is the athlete behind world record time at the end of the race?

Your answer should be an integer in the range 1-99

Answer:

hundredths of a second.

(Answer: 11 dots x 2.00s = 22.00s. So the athlete is behind by 22.00-21.34 = 0.66s
So she is behind by 66 hundredths of a second)

38

(1 mark)

Whatis the athlete’s speed between the 64m mark and the 140m mark?

A. 8.8m/s

B. 9.7m/s

C. 10.9m/s
D. 12.7m/s
E. 15.2m/s

Answer:
distance travelled 140m — 64m
speed = - = =12.7m/s
time taken 6.00s
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39

(1 mark)

At the times indicated, are the forces on the runner balanced or unbalanced? If they are
unbalanced, in which direction is the unbalanced force?

At times (Drop down for each):

t=4.00s

t=12.00s

t=20.00s

Balanced, Unbalanced (acting to the right), Unbalanced (acting to the left)
Balanced, Unbalanced (acting to the right), Unbalanced (acting to the left)

Balanced, Unbalanced (acting to the right), Unbalanced (acting to the left)
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Info

Parkour

In the discipline of Parkour, practitioners (traceurs) practice moving between two places in
the most efficient way possible with no assisting equipment.

When a traceur performs a ‘wall run’, they make contact with the wall with their feet and
hands during the jump, finishing with their hands over the top of the wall.

40

(1 mark)

A motion diagram for a traceur during a wall run is shown below.

TV
VESY

(Credit for original video: Marco Gomes from Sao Paulo, Brasil, CC BY 2.0 <https://creativecommons.org/licenses/by/2.0>,
via Wikimedia Commons https://en.wikipedia.org/wiki/File:Parkour_-_climb_stairs.ogv)

The average height for a man in Brazil is 173cm. Use this fact to estimate the height of the

wall the traceur climbs to the nearest 30cm.
(https://en.wikipedia.org/wiki/Average_human_height_by_country)

1.8 m
2.1m
. 2.3m
. 2.6m

0O w >
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E. 2.9m
F. 3.2m
G. 3.5m

(1 mark)
Consider two specific positions on the motion diagram:

At position ‘11, the traceur is part-way up the wall. A vertical ruler has been provided next to
the motion diagram.

At position ‘16’ the traceur is moving upwards through the air and about to grab the top of the
wall.

A number of possible force diagrams are shown below.

A. B. C. D. E.a F.4 G.
friction  [force from Afriction orce from  |friction force from
from wall jump from wall jump ) from wall | jump
weight weight weight weight weight weight weight
v v
a) The correct force diagram for the position labelled “11’is: __A_____ (0.5 marks)
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As the distance moved between the 10" and 11" position is the same as that moved between
the 11" and 12" position, the forces must be balanced at this position.

There is no such thing as a “force from the jump”. The ground only exerts a force when the
person is in contact with it.

b) The correct force diagram for the position labelled ‘16’ is: __ G (0.5 marks)
(Cis also accepted, in case it is not clear from the photo that he is not touching the wall). At

position 16, the traceur is not touching the wall. The only force acting on him is his weight
downwards
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EARTH SCIENCE

EARTH SCIENCE RESOURCES

Igneous rock classification by mineral composition.

FELSIC INTERMEDIATE MAFIC ULTRAMAFIC

100

00 Biotite and/or Amphibole

80 —
70 —
0 | Pyroxene
50

40 ] Plagioclase fe

Mineral per cent

30

20

104 K-feldspar

0
Intrusive: | Granite Diorite Gabbro Peridotite

_________________________________________________________________________________________________________________________________________________________________

Extrusive: Rhyolite Andesite Basalt Komatiite

e Volcanic (extrusive) rocks cool quickly at the surface and may not have a chance to
develop many minerals to a visible size, with some minerals microscopic and some
magmatic material cooling to non-crystalline glass. Gases escaping to the surface often
form bubbles in the lava.

e Plutonic (intrusive) rocks cool slowly thousands of metres below the surface, under
pressures too high for gases to form bubbles, and all magmatic material develops into
visible crystals.

e Colouris notusually a good guide to mineral identification but Felsic rocks tend to be light
colours because quartz is often white or clear and feldspars are usually white or pale pink.

e Mafic rocks tend to be dark colours because pyroxene and amphibole are usually very
dark green or black. Lots of dark coloured minerals ‘hide’ the lighter coloured ones.

e Ultramafic rocks are usually distinctly green because olivine is always green or yellow-
green.

e Intermediate rocks tend to be grey in colour, in between Felsic and Mafic!
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Metamorphic rock table

Starting rock V Low Grade | Low Grade | Medium Grade High Grade
Mudrock* Regional Slate Phyllite Schast Gneiss
Granite \*Ietajl hism No change No change | Almost no change | Granite gneiss
Basalt ) - Greenschist Greenschist Amphibolite Amphibolite
Regional metamorphic grade 15 based on a combination of
temperatures and pressures, mostly found in tectonic collision zones.
The higher the grade the higher both the temperature and pressure.
Sandstone Contact No change Little change Quartzite Quartzite
Limestone Metamorphism Little change Marble Marble Marhle
Mudrock* ) P No change Little change Hornfels Hornfels
*Shale is a mudrock with obvious Contact metamorphic grade 15 based on temperature changes at
layering. Mudstone is mudrock rﬂati\'al.}' low pressute, usually found a!:ij acent to large 1gneous
with no obvious layering. intrusions. The higher the grade the higher the temperature.

A simplified gmde to the types of metamorphic rocks that form from different starting rocks at

different metamorphic grades. For example; Greenschist 15 a low grade regional metamorphic rock
that forms when Basalt 15 the starting rock.
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Sedimentary rock classification

Granular sediment name Grain size diameter Sedimentary rock name
Large boulder =630 mm
Boulder 200 - 630 mm
Cobble 63 — 200 mm Conglomerate
Cna;se gravel 20— 83 mm of Breccia®
Gravel Medium gravel 6.3 — 20 mm
Fine gravel 20-63mm
Coarse sand 0.63 - 2.0 mm
Sand Medium sand 0.2-0.63 mm Sandstone
Fine sand 0.063 - 0.2 mm
Coarse silt 0.02 - 0.063 mm
it Medium silt 0.0063 - 0.02 mm Siltstone Nudstone
Fine silt 0.002 - 0.0063 mm 51?;13
Clay <0.002 mm Claystone

*Conglomerate has rounded grains; breccia has angular grains.

Non-granular sediment name Features Sedimentary rock name
High proportion of
Lime-rich mud calcium carbonate Marl or Marlstone
mixed with clays

Mostly calcrum
carbonate materials
from accumulations

of shells, corals_ gtc

Soluble minerals left
behind when water
evaporates from lakes

and oceans.

Limestone

Evaporite

A simplified guide to the types of sedimentary rocks formed from granular material and other
sedimentary rocks formed by the accumulation of materials in other ways. For example; a sandstone

1z formed by the compaction of sand grains deposited together by the movement of water or wind but
a [imestone can be formed by the on-site accumulation of carbonate matenials, often the skeletons of
corals and other manine creatures.
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Info

Road trip

Friends Ruby Larenim and Jasper Enost love road trips, especially ones where they find
fantastic landforms, geoscapes and fossils along the way. Find out about their latest
adventure in the Ruby & Jasper diary: Drive down-under!

Excerpts from the travel diary of Ruby & Jasper (written by Ruby)

Drive down-under: Before we start!

What’s a contour map? Here’s a quick primer:

Contour lines join points of equal elevation, for example points at 10 m above seal level
(asl), 20 m asl, etc. A map with set contour intervals will allow observers to discern the
topography; valleys, hills and the gradient of slopes (see the example, Figure 1b, below).

Figure la: An example of a contour map. By convention north is at the
top of the map unless otherwise specified.

In this example the contour lines are 10 meters apart. The hill represented
here is more than 210 m above sea level (asl) but less than 220 m asl. The
horvizontal scale shown as a bar is in metres

Road cuttings

Also, as all Earth Scientists will tell you, road trips are great because engineers love to
cut through hills to make the gradients easier for cars and trucks. The ‘road cuttings’ are
wonderful windows into the geoscapes below the landscapes and are often the only
places you get to see the geology that is normally covered by soil and forests or farmland
crops.

Figure 1b: An example of a road cutting.

The top image is a map, showing a road passing through the hill shown
in Figure la.

The bottom image shows the road cutting, exposing all the interesting
strata below the hill in cross-section. The road is relatively flat, saving
all the effort of going up and over the hilltop!

Note: the vertical scale is exaggerated for clarity.
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We have decided to ditch the GPS and try navigating by map, just for fun. What could
possibly go wrong? Road maps are nice but a bit boring, so we have gone the extra mile
(kilometre in Australia!) and purchased topographic maps that show the topography using
contour lines as well as all the roads.

Drive down under: Flat or what?
We were told that Australia was flat! So far everywhere we have been there are hills. Even this

interesting place we found (see Map, Figure 2, on next page) is hilly! It turns out, Australia
isn’t totally flat, it just is not as hilly as other places!
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Figure 2: A piece of the Australian landscape Ruby and Jasper quite liked.
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42

(1 mark)

Travelling Highway 101, we decided to take a break at a picnic spot where the road crosses
over the Anduin River (Figure 2). We found a camp ground adjacent to a billabong (also
known as an oxbow lake), a natural feature only marked on the map as a Point Of Interest
(PQI). A sign indicated this billabong is a wetland habitat known to have been in place for
many thousands years, based on carbon-14 dates taken on samples retrieved from the lake
bottom.

As they ate their picnic lunch, what material did they decide might be found in the
billabong/oxbow lake bottom sediments?

A.

I o m m

Mud, silt and fine sand from when the river occasionally floods.

. Pollen from plants in the region.

B
C.
D

Ash from bushfires.

. Human artefacts, made from a variety of materials including stone, wood, metal and

plastic.
Options A and B.
Options B and C.

. Options A,BandC.
. Options A, CandD.

Options B, C and D.
Options Aand C.
Options C and D.
Options A, B, Cand D
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43

(1 mark)

Jasper and | were intrigued by the two high hills visible from the picnic area. One, almost due
South, we called H1 and the other, almost due East, we called H2 (Figure 2). Both hills looked
a bitbarren on top. | decided to check out H1 and Jasper went to check out H2. Luckily there
was a path to each hilltop with a handy foot bridge over the river for the trek to H2.

We both found a very hard, fine grained, black-grey rock capping each hill. Using his phone’s
GPS Jasper determined the black-grey rock only outcropped above 210 m asl. My finding was
the same for H1. The third hill, just to the Southwest of H1 that | am calling H3, also had a
black-grey rock cap above 210 m. Furthermore, | identified weathered granite material on the
ridge between H1 and H3. The granite was visible down to about 180 asl, below which the
grass cover obscured everything. Jasper concurred, having noted granite visible on the ridge
leading to H2 above about 170 asl.

Back at camp we used our field kit to examine our samples of black-grey rock. Both samples
exhibited numerous bubble-like cavities and a few visible glassy green minerals with no
cleavage and a hardness of ~6.5. Otherwise they were featureless.

What did they conclude about the geology of the 3 hills?

A. The black-grey rock is a marble, formed by contact metamorphism of limestone when
the granite intruded into it. Most of the marble has since weathered and been eroded
away.

B. The black-grey rock is a gabbro, formed from a different magma that formed the
granite. The gas bubbles that were trapped as the intrusion cooled are always a
feature of igneous rocks.

C. The black-grey rock is a basalt, formed by lava that flowed over the weathered granite.
Volcanic gas was trapped by the cooling lava as bubbles. Most of the lava flow has
since weathered and been eroded away.

D. The black-grey rock is a schist. It formed by the regional metamorphism of quartz

sandstone when the granite intruded.

Answer: C — only basalt lava flows have (green) olivine crystals and gas bubbles.
Gas bubbles do not form in intrusive rocks so not A.

Gabbro is coarse grained, and has no gas bubbles so not B.

Metamorphism of quartz stone forms quartzite so not D.
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44

(1 mark)

We were happy with our hilltop discoveries, but | was thrilled to see the linear feature on the
third hill top, H3 (Figure 2). It was obviously the result of a very black rock that protruded
slightly above the surface of the granite outcrops, like a tiny wall about two metres wide.
Unlike the black rock capping the hills, it did not contain any bubble-like cavities. It appeared
to be trending NW-SE. A quick look at satellite images of the area confirmed this linear
feature extended across the landscape (Figure 2) but was not very distinct in most places.

Road cuttings are often good places to see the geology in cross-section so we drove a short
distance to a hill on the highway (Figure 2, H4). The best exposure, about 1000 m wide, was
on the SE side of the cutting. | was pleased to see the vertical black rock in the outcrop was
very obvious, confirming my suspicions that the rock is an igneous dyke (Figure 3). A dyke of
this size, intruding into the cold rocks of the sedimentary sequence, could not heat the rocks
enough to cause a wide zone of contact metamorphism. However, we did observe something
of interest. See my field notes (Figure 4)!

O
¢ «\\)65\
-
S) e®
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=)

Conglomerate.

Figure 3: A sketch of the road cutting outcrop, showing the dyke cutting through the folded sedimentary rocks at this
location. The generic term for rocks being intruded is ‘country rocks’. The limestone unit is very fine grained, showing no
obvious fossils or clasts.
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Zone with visible white crystals

Edge of d!//\‘(

Zone of dyke
with no crystals

Edgé of dyke

Zone of dyke
with no crystals

Dy ke with some macroscopic grey-white crystals

~ 2 metres

Figure 4: A sketch of some subtle features, visible at the road cutting where the dyke outcrop is in contact with the
sedimentary rocks. The visible white crystals fizz with HCL, confirming they are CaCOs

What else did they find where the dyke cuts through the sedimentary rocks?

A. The dyke has cooled more quickly at the edges, where itis in contact with the country
rocks, than the rest of the dyke away from the edges.

B. The dyke has caused a tiny zone of contact metamorphism in some of the country
rocks.

C. The dyke has caused no contact metamorphism in any of the country rocks.

D. The dyke has cooled more slowly at the edges, where it is in contact with the country

rocks, than the rest of the dyke away from the edges.

Options A and B.

Options Aand C.

. Options D and B.

I o m m

Options D and C.
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Answer: E- The dyke has chilled margins shown by more coarsely xtalline towards the centre => A is
correct. The dyke has produced some marble and some hornfels contact metamorphic rocks => B is correct
= E is the best answer.
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(1 mark)

That evening we camped next to the billabong. It proved to be a very clear night with
spectacular views of the Milky Way.

We spent the evening spotting planets, stars, meteors and satellites. We even saw the
International Space Station zoom overhead!

| fell asleep under the stars at about midnight, just as the Moon was rising. Jasper was

bemused to see the Moon was still visible as we prepared to eat breakfast in the light of
dawn.

How did Ruby explain this to Jasper?

We had a dark sky before we fell asleep because the Moon phase was ...

A. ...alast Quarter Moon, not a First Quarter Moon.
B. ... aFirst Quarter Moon, not a Last Quarter Moon.
C. ...aFullMoon, nota New Moon

D. ...aNew Moon, not a Full Moon.

Specific requirement: Demonstrate understanding of the orbit of the Moon around the Earth and why it is

not always visible for the entire evening.

Answer: A — A Last Quarter Moon rises at midnight and sets at midday, so the sky will be moonlight-free
until around midnight.

A First Quarter Moon rises at noon, sets at midnight, so it is moonlit until after midnight B not B

A Full Moon rises at sunset, sets at sunrise, so moonlit all night = not C

A New Moon sets at sunset and rises at sunrise, so no moonlight all night = not D

Page 60 of 65
2025 Junior Science Olympiad Examination — 7 & 8

©Australian Science Innovations ABN 81731558309




46

(1 mark)

We decided to camp longer at the site so we could explore the local geology a bit more,
starting at another road cutting we saw on the way here (H5, Figure 2). The cutting is about
1000 m wide and has some wonderful rocks exposed for all to admire (Figure 6).

Figure 6 : Road cutting at H5, looking SE. The cutting is about 1000 m in width.

As we were admiring the vista, local farmer Herb Petani stopped to ask us what we were
looking at.

Jasper was very excited by the intrusive rocks but | was more interested in the sedimentary
rocks and the fossils they contained. Jasper explained to Herb that the rock at the bottom of
the cutting was a granite intrusion.

What else did Jasper say to Herb about the granite?

A. Itwas once magma that pushed its way to the surface where it cooled quickly, after
which it was intruded by a dyke and then overlain by sediments.

B. Itwas a magma that erupted onto the sea floor, where it cooled slowly, growing large
crystals.

C. Itwas once magma that cooled slowly deep below the surface before being intruded

by a dyke and then being exposed at the surface by lots of erosion.
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D. The hillwas once a volcano and the granite is the rock that formed when the near-
surface magma chamber finished erupting and the volcano went dormant. The other
rocks in-filled the volcano’s caldera.

Answer: C — Granites cool at depth. The dyke post dates the cooling but predates the extensive erosion
that happened prior to the deposition of the layers.

Granites cool at depth, not at the surface = not A.

Magma erupting onto the sea floor must cool quickly (and not grow large xtals) => not B

The hill is strato-volcano shaped but not composed of volcanic rocks and scale is wrong = not D.

47

(1 mark)

| was very excited to show Herb the fossils | found in the rubble at the bottom of the road
cutting.

Initlfound a tropical coral-rich Silurian rock, a Jurassic fern frond in some sandstone and a
group of large Permian marine shells sitting in a slab of shale.

What else did Ruby say to Herb about the fossils and the road cutting?

A. Over time fast flowing rivers produced conglomerate deposits before depositing sand
and silt as river flow rates dropped. A change in sea level produced a tropical shallow
marine environment which in turn gave way to a shellfish-friendly muddy marine
environment before returning to a swampy environment just above sea level.

B. Overtime aninitial marine environment produced conglomerate deposits before
depositing sand and silt as the climate changed due to increasing volcanism. This
ultimately produced a shellfish-friendly muddy marine environment which in turn gave
way to a shallow tropical marine environment before returning to a swampy
environment just above sea level.

C. The sequence represents a short period of time during which the local landscape was
transformed from a flat expanse to a hilly area by mountain building tectonic
processes. This is demonstrated by the sequence of fossils found in the strata found
here.

D. Overtime aninitial still water submarine environment transformed into a swampy
environment just above sea level through a process of landscape evolution driven by
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climate change and plate tectonics. This is demonstrated by the sequence of fossils
found in the strata found here.

Specific requirement: Demonstrate an understanding of the properties of sedimentary rocks including the
environments they form in (and represent) and the evolution of those environments through time as sea
levels change. Law of Superposition. Law of cross-cutting relationships.

Answer: A — Environments of deposition match the sequence through time:

Youngest - Sandstone with coal => coal and fern fossil suggests swampy (Jurassic in this case)
Lime mudstone => mud with shelly marine fossils suggests (deeper) marine (Oermian in this case)
Limestone => limestone with corals are shallow marine (Silurian in this case)

Sandstone & siltstone => smaller grain sizes suggest lower flow rates

Oldest - conglomerate => at bottom resting on the eroded granite

B has the units out of sequence.

Cis conceptually wrong. Sedimentary sequences in folded rocks don’t tell us about the tectonic process,
they only record that they have happened.

D is out of sequence and conceptually wrong
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48

(1 mark)

Herb was fascinated by the rocks and fossils and asked lots more questions. Jasper showed
him a Rock Cycle poster (Figure 7) to help explain what had happened in the region over the
last 500 million years.

Weathering, erosion,
transportation,
& deposition

The Rock
Cycle

Uplift

Extrusive
igneous rock

Earth’s Surface

Intrusive
igneous rock Burial,
compaction,

& cementation

Cooling

Sedimentary
rock

Deeper burial,

Melting heat, and pressure

m A
Metamorphic
rock

Figure 7: The Rock Cycle poster, courtesy of (© Steven Earle. CC BY)

While explaining the features seen in the road cutting outcrops at both H4 (Figure 3) and
H5 (Figure 6) what else did Jasper have to add that is not shown in the poster?

A. The granite exposed at the base of H5 was formed by melting at a subduction zone
during the Devonian.

B. The top of the hill at H5 is a Permian glacial deposit formed when Australia was over
the South Pole.

C. The folding was caused by Plate Tectonic processes that compressed the rocks until
they deformed sometime after the Jurassic.

D. The dyke seen at H5 was intruded during the rifting that formed the Australian and
Antarctic continents in the late Cretaceous.

E. The volcanism recorded in the limestone unit was caused by Subduction Zone

processes in the Ordovician.
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F. The siltstones and mudstones outcropping on the surface of H4 are missing from H5
because of faulting in the Paleogene.

Answer: C — Folds on this scale and across a region are part of the widespread deformations caused by
Plate Tectonic collisions compressing the rocks and causing ductile deformation of rocks at depth.
A could very well be right but not in the Devonian since it is overlain by sediments older than or of Silurian
age.
B could (maybe) be right but it cannot be Permian as the underlying strata are Jurassic. This is to challenge
students who might know about the Permian glaciation!
D could well be right except that the dyke is truncated by erosion and overlain by sediments older than or
of Silurian age.
E could also be right but not during the Ordoviician as it overlays sediments older than or of Silurian age.
F There is no evidence of faulting, except maybe for the emplacement of dykes. These sediments might be
Palaegene but have been folded with the rest so the absence from H5 is best explained by post-uplift

erosion.
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