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The Brooms Head area is situated on the far north coast of New South Wales.  This pleasant beach-side 
locality  is endowed with a rocky headland of deformed metasedimentary rocks (see Glossary).  These 
rocks exhibit a range of features ideal for demonstrating the common sedimentary structures of deep 

water marine sediments, and post-depositional deformation.  The rocks are Carboniferous in age (Table 1) and 
were formed far from land in a very deep ocean.  They have been metamorphosed, folded and faulted.  

Further along the Brooms Head beach to the west, boulders of sandstone and conglomerate have been used to 
protect the shoreline from erosion. These sandstones were deposited in rivers during the late Triassic to 
Jurassic period (Table 1) and show a range of structures which contrast strongly with those in the rocks along 
the headland.  Coal is present in some rocks. 

This guide provides a description of some of the rocks and geological features along the northern extent of the 
headland at Brooms Head and the boulders further west along the beach. The guide commences at the easily 
accessible northern end of the headland (Figure 1), passes along the shoreline and base of the cliffs on the 
eastern side of the headland, then continues from the walking track which heads south along the headland.  
The younger sandstone and conglomerate boulders are described subsequently.

Geological features examined on this headland and beach include:

 A range of metasedimentary rocks
 Various sedimentary structures including textbook quality graded bedding and cross-bedding
 Numerous faults
 Folds
 Quartz veining
 Sandstone dykes
 Coffee rock
 Sand dunes
 Weathering profiles
 Shallow water sandstone and conglomerate with minor coal

Many of the sites occur in a very dangerous environment prone to tidal influence and sporadic 
anomalous wave activity.  Sites close to the shoreline should only be attempted in good weather and at 
low tide.  Sites along the cliff base and cliff edges should be undertaken with great care, wearing 
appropriate, sturdy footwear.  Be aware of the potential for falling rocks and slippery surfaces.

LOCAL AND REGIONAL GEOLOGY

The Brooms Head area comprises metamorphosed and deformed Carboniferous, deep water marine rocks.  
These include sandstones, siltstones and mudstones.  They were formed in a very deep ocean many kilome-
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tres from land.  These were transported to the edge of the continent by movement of the underlying oceanic 
crust toward a subduction zone which existed along the margin of the Australian landmass.  The sediments 
were scraped off against the edge of the continent as the crust sank downwards into the subduction zone, 
forming a mass of compressed, metamorphosed and deformed rocks known as an accretionary wedge or 
subduction complex (Figure 2).   During this time Australia was moving about the surface of the earth by 
continental drift, becoming part of the supercontinent Gondwana in the Permian (Figure 3), which itself be-
gan to break apart in the Jurassic. The accretionary wedge rocks extend inland from the present coastline for 
several hundred kilometres, gradually increasing in age to the west.  The rocks exposed at Brooms Head are 
the Coramba beds, a Carboniferous package of sedimentary rocks formed in a deep oceanic setting, proba-
bly beneath several kilometres depth of water.  Sedimentary structures in these rocks, which will be exam-

Figure 1. Aerial photograph of the Brooms Head area, showing geological sites and walking tracks.
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ined on the headland, demonstrate that the sands, silts and muds were deposited close to the base of a high, 
steep slope on the ocean floor.

From the late Triassic period to the early Cretaceous (Table 1), much of the Australian landmass was 
undergoing erosion and accompanying deposition on land and in some places, shallow marine seas.  In what 
is now northeastern New South Wales and southeastern Queensland deposition took place in the Clarence-
Moreton Basin.  The first materials deposited in this basin included organic-rich swamp deposits which 
formed coal seams and some volcanic rocks.  However, most material deposited was sand, gravel, silt and 
mud formed in and about rivers and their alluvial plains.  Prolonged burial has converted these materials to 
sandstone, mudstone and siltstone. Rocks of this basin occur extensively to the west and north of Brooms 
Head, where they were deposited upon the much older Coramba beds.  These rocks aren’t exposed at 

PERIOD YEARS AGO LIFE FORMS GEOLOGICAL EVENTS

Holocene 0 -
10,000

Human Beings

Grazing 
and 
carnivorous 
Mammals

Modern mammals

Placental animals

Continued erosion of Great Divide, and westerly retreat 
of Great Escarpment.

Pleistocene 10,000 -
1,800,000

Last Ice Age reached greatest intensity 20,000 years 
ago, and had ceased in Australia by about 11,700. 

Pliocene 1,800,000 -
5,300,000

Continued uplift of Great Divide and erosion along east 
to form Great Escarpment.

Miocene 5,300,000 -
23,000,000

Eruption of Tweed Volcano 23-20 million years ago 
and subsequently the Ebor Volcano above mantle 
hotspot 19.6-19.2 million years ago.

Oligocene 23,000,000 -
33,900,000

Continued uplift of Great Divide and erosion along east 
to form Great Escarpment.

Eocene 33,900,000 -
55,800,000

Round Mountain volcano erupted about 48 million 
years ago.
Australia separated from Antarctica 55 million years 
ago and began moving rapidly northward.  

Paleocene 55,800,000 -
66,500,000

Beginning of uplift of the Great Dividing Range - con-
tinues to Pliocene

Cretaceous 66,500,000 -
145,500,000

Last dinosaurs. First flower-
ing plants

Jurassic 145,500,000-
200,000,000

First birds. Reptiles and am-
monites abundant.

Gondwana begins to break apart. Continued non-ma-
rine deposition in Clarence-Moreton Basin.

Triassic 200,000,000-
250,000,000

First dinosaurs, ammonites 
and primitive   mammals

Initial deposition and volcanic activity in Clarence-
Moreton Basin. Deposition of non-marine sediments, 
including coal.
Formation of Gondwana. I-type granites intrude.

Permian 250,000,000-
299,000,000

Mammal-like reptiles. Last 
trilobites.

I-type granites intrude.

Formation of new supercontinent,  Pangaea.  S-type 
granites intrude.
Deep water marine sedimentary rocks form part of ac-
cretionary wedge. 

Carboniferous 299,000,000-
359,000,000

First reptiles, fern forests

Devonian 359,000,000-
416,000,000

First amphibians and insects Deep water marine sedimentary rocks form part of ac-
cretionary wedge

Silurian 416,000,000-
443,000,000

Vascular land plants

No rocks from this time in local area. 

Supercontinent Rodinia breaking apart.

Ordovician 444,000,000-
488,000,000

First corals, fish with verte-
brae

Cambrian 488,000,000-
542,000,000

Shellfish, trilobites

Table 1. Simplified geological history of northeastern New South Wales.
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Brooms Head, but boulders of the basin rocks have been placed along the Brooms Head beach shoreline as a 
buffer against wave erosion.

Global cooling events which have occurred over the past 700,000 years have been associated with 
lowering of sea levels. This has resulted in the exposure of large expanses of sandy sea floor. This was 

Figure 3. The location of the pre-Australian continent during the Early Carboniferous.  Figure from 
www.scotese.com/earth.htm

Figure 2. Idealised diagram of a subduction zone, showing the setting of the subduction complex (accretionary 
wedge).



Brooms Head Geology                                                                                                                                      Page 5

From Bob and Nancy's Geological Tour Site:  http://ozgeotours.110mb.com

subjected to wind erosion which moved the sand inland as multitudes of shifting dunes. Those dunes were to 
some degree stabilised by vegetation in recent millennia. These dunes of clean, white fine sand occur along 
the coastline, overlying the older rocks.  The dunes are evident on the southern end of the headland.

Over the past tens of thousands of years, groundwater movement through the rocks and sand dunes has 
changed the composition of the materials it has moved through.  The groundwater is derived from rainfall and 
salt spray.  Its effect upon the rocks has been to decompose some minerals and remove the soluble products 
of that decomposition.  This is the process of weathering, and rocks which have undergone this process are 
generally bleached and relatively soft.  Weathering effects will be examined on the headland.  However, 
groundwater movement within the dunes has resulted in the accumulation of weathering-derived iron and 
humus at the base of the dunes to form a soft, brown, sandy rock known as coffee rock.  This rock is exposed 
along the southern end of the headland.

THE GEOLOGICAL WALK

The sites described below are presented in order along a route which passes from the northern end of the 
headland then along the eastern base of the cliffs to a point where safe passage is not possible, a distance of 
about 200 m.  The route then returns to the north and proceeds along the walking track which ascends the 
headland and passes southward for about 670 m.  The location of each site is described and a grid reference 
provided in UTM coordinates (GDA1994, MGA Zone 56) for those using a GPS.  Please allow up to 10 m 
inaccuracy in GPS coordinates for normal GPS positioning error.

Site 1.  Grid reference 533032  6724359. Southeastern edge of lagoon (Figure 1, Photo 1).

This locality is easily accessible at 
low tide.  It is situated on the east-
ern edge of the lagoon.  Features 
examined here include bedding, 
graded bedding, honeycomb 
weathering and faults.

One of the most common features 
of the rocks on the headland is 
graded bedding (see Glossary).   
These are common at Site 1, and 
range in thickness from tens of cen-
timetres, to more than a metre.  The 
beds have been tilted by folding so 
that they dip downwards toward the 
west at about 60°.  The graded beds 
show sharply defined bases of 
coarse sandstone, with a gradual 

decrease in grainsize toward the top 
of the bed (Photos 2 & 3).  Recog-
nising this grainsize variation is sig-
nificant as it confirms which is the 
top of the beds, an important inter-
pretation in rocks which have been 

Photo 1. Northern end of Brooms Head showing location of sites 1 and 2. Note 
the varied orientation of layering in the outcrops, resulting from folding and 
faulting.

Photo 2. A graded bed at Site 1. Note 
the coarse sandstone base near lens 
cap in sharp contact with grey mudstone 
of the underlying bed.  The sandstone 
becomes finer grained toward the top of 
photo.
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strongly folded and are locally overturned.  The rocks on this headland are not overturned, as the graded beds 
demonstrate that the coarse bases and fine-grained tops are in a normal, upright position.

Another interesting feature visible here is honey-
comb weathering (Photos 3 & 4).  Honeycomb 
weathering is a feature found in arid environments. 
It forms from the expansion of salts which have been 
introduced into solution into the porous or fractured 
rocks either from sea water flung against the rock 
face, or from saline accumulations in inland areas.  
Evaporation of the solution leaves the salts behind, 
which can expand up to 3 times their normal size 
when heated by the sun. The pressure of the expand-
ing salt crystals weakens the rock, resulting in pref-
erential erosion of the softer material, creating the 
honeycomb-like surface texture.

Most outcrops show some degree of faulting.  This 
is evident as a line on the rock  surface (it is actually 
a plane through the rock) which offsets or truncates 
the rocks on either side of it.  The amount of offset 
associated with the fault is known as its displace-
ment. Some faults have very small displacements of 
millimetres or centimetres.  Others have much larger 
displacements of many metres.  Site 1 shows many 
faults with small offsets (Photo 5).  Some larger 
offset are apparent at Site 2.

Photo 3. Graded beds at Site 1. Arrows indicate individual beds, with the arrowhead showing the bed top.  Note the 
sharply defined bases of coarse sandstone, and the gradation upward into mudstone. Note the honeycomb weather-
ing in the sandier beds.

Photo 4. Honeycomb weathering is common on exposed 
rock surfaces.

Photo 5. Thinly layered mudstone with many small faults 
with displacements of millimetres (shown by arrows). 
Note that all faults here have the same sense of displace-
ment, with the rocks on the right of each fault moving to-
wards the top of photo.
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Site 2.  Grid reference 533032  6724332. Southeastern edge of lagoon (Figure 1, Photo 1).

This site consists mostly of thinly layered (i.e. laminated) grey mudstone with thin sandstone beds.  Faults are 
abundant here,with a varied range of displacements, and including normal and reverse faults (Photos 6, 7 & 
8, Figure 4).

One other feature present in the mudstones here is convolute lami-
nation (Photo 9) . This comprises extremely contorted laminae 
usually toward the top of a bed. They result from the deformation of 
sediment soon after deposition by liquefaction (see glossary), either 
in a location with a gentle slope, or where shearing forces are 
applied by current action above the layer. Many examples of  
convolute laminae here have been further disrupted by intrusion of 
massive (non-laminated) mudstone between fragments of laminated 
mudstone by the liquefaction process. 

To travel to Site 3, walk southeasterly toward the end of the headland. This site is close to the eastern 
shoreline.  The walk crosses some thick, graded sandstone beds and intervening mudstones, and numerous 
small faults.

Site 3.  Grid reference 533051  6724308. End of headland, close to eastern shoreline (Figure 1, Photo 10).

This site examines some quartz veins within the sedimentary rocks, and demonstrates how rock composition 
can control the emplacement of veins.

Photo 7. A graded sandstone bed which has been truncat-
ed and offset by a reverse fault. The sandstone bed at top 
of photo is offset from the sandstone at the base of photo.

Photo 6. Laminated mudstone with a prominent normal 
fault (see arrow).

Figure 4. Diagram illustrating two of the 
most common styles of fault.

Photo 8. One of several large displacement faults at Site 
2. Equivalent positions on opposite sides of the fault are 
indicated by symbols.

Photo 9. One of numerous displays of convolute laminae 
in mudstones. Note how the blocks of contorted mudtone 
have been intruded by massive, pale grey mudstone.
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The vertical rock face shown in Photo 10, and the rocks immediately to the east, are useful outcrops for 
demonstrating how different compositions of rock respond to crustal forces.   When rocks are placed under 
stress they can deform in a brittle or ductile manner.  Brittle rocks have varied elasticity and minimal ductile 
behaviour before they fracture, whereas  ductile rocks have limited elasticity and significant ductile behaviour 
and take much more stress before they fracture.  Brittle rocks are composed of brittle minerals such as quartz 
and feldspars, whereas ductile rocks are composed of minerals such as micas, clays and calcite.  Sandstone is 
composed mainly of brittle minerals, whereas mudstone is mainly composed of ductile minerals.

Examine the rocks here and note how the veins decrease in abundance towards the muddier tops of the thick, 
graded sandstone beds. The graded sandstone to mudstone beds represent a transition from brittle rocks near 
the base of the beds, to ductile rocks toward the top.  Crustal stresses which were active on these rocks have 
fractured, folded and faulted them, with fracturing being more prevalent in the sandier bases of the beds.  
When the rocks were undergoing these stresses deep within the crust, they were also subjected to heat and 
fluid movement.  The fluids contained dissolved silica (quartz) which occupied some of the newly formed 
fractures in the sandier rocks. The resulting quartz veins (Photo 11) have filled many fractures, forming a 
network.  Tensional stresses reopened some fractures, resulting in voids through the centre of some thicker 
veins.  Continued silica emplacement into the veins resulted in the growth of fine quartz crystals on the walls 
of some veins.

Continue with caution southward along the foot of the cliffs.  Do not continue in rough seas, or if the tide is 
too high or incoming.  Site 4 is about 30 m south, where the cliff recedes to reveal white rocks near the cliff 
top.

Site 4.  Grid reference 533036  6724280. Eastern shoreline beneath white rocks capping cliff top (Figure 1, 
Photo 12).

This site demonstrates the influence of weathering on rocks.  Weathering is the breakdown of rocks by 
exposure to the atmosphere.  It includes: 

1. physical weathering, where rocks are broken down entirely by mechanical processes such as abrasion 
(due to moving wind, water or ice), wetting and drying, crystallisation, heating and cooling, plant 
growth, and crustal pressure release; and

2. chemical weathering, which involves the alteration of the chemical and mineralogical composition of 
the rock by processes which include hydrolysis, oxidation, hydration and carbonation, most of which 
involve the presence of water.

The rocks at this site are undergoing both physical and chemical weathering.  Abrasion by wind and water, 
wetting and drying, crystallisation stresses caused by the growth of salt, heating and cooling and a number of 
chemical processes have had a significant impact upon the rocks.  The bleached colour and their relatively 
softness contrasts significantly with the rocks on the shoreline, which remain grey and hard.  The bleaching 

Photo 10. Rock outcrop at Site 3. Examine the occurrence 
of quartz veins in the prominent, vertical outcrop surface.

Photo 11. Quartz veins in sandstone at Site 3.
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signifies the chemical breakdown of reactive 
minerals, with soluble materials (such as iron 
oxides) being carried away in solution.  Less 
reactive new minerals such as clays form, 
giving the rock a pale colour, and making it 
relatively soft. The soft rocks become suscep-
tible to erosion, which results in the cliff line 
retreating.

The shoreline rocks don’t show the same 
weathering characteristics because they are in 
a very different environment.  These rocks 
are subjected to constant, severe erosion, 
which strips weathered material rapidly from 
the outcrop, leaving relatively fresh rock. 
Some are frequently immersed, which reduc-
es the rate of oxidation and carbonation, 
thereby slowing the rate of mineral alteration.

Note how weathering and erosion enhances some features in the rock, particularly those relating to rock 
composition.  The tops of many graded beds are paler and softer, demonstrating the low physical strength of 
the more clay-rich tops (Photo 12).  The pale colour of the rocks is due to weathering of feldspar and some 
dark coloured minerals (amphiboles and micas) to paler coloured clays.

Continue along the beach to the pebble beach and cliff face.  Do not attempt to proceed further along the 
shoreline from here, or to climb the steep cliff face.

Site 6.  Grid reference 532992  6724177. Folded rocks in cliff face (Figure 1, Photo 13).

This site shows a combination of folded and faulted sedimentary rocks, with the 
cliff dominated by an anticline (Figure 5). Two of the most common fold types 
are anticlines and synclines.  An anticline is an upward-arching fold and a 
syncline is a basin-shaped fold. This terminology relates to rocks which are 
known to be upright, i.e. They are not overturned.  If this can’t be determined, 
then the upward arching fold is referred to as an antiform, and the basin-shaped 
fold is a synform.  As the rocks here are all upright-facing (we can determine this 
from the consistent graded bedding) then the major fold in the cliff face is an 
anticline.

Photo 12. Weathered graded sandstone beds. The base of one bed 
is near the photo bottom, with the next bed commencing near the 
lens cap.

Photo 14. Folded rocks at Site 6.

Figure 5. Common fold ter-
minology for upright-facing 
rocks.

Bedding 
Fault

Figure 6. Interpretation of the anticline in Photo 14.
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Examine the shape of the anticline.  It is not a simple structure, because it has been cut by a number of large 
faults which have displaced parts of the structure.  This is particularly evident on the eastern side of the fold.  
Figure 6 presents a simplified view of the fold, showing the major features of this structure.

These rocks were probably folded at the end of the Carboniferous period about 300 million years ago (Table 
1) when the Australian landmass was forming part of the supercontinent Pangaea.

Return to the area near Site 1 and take the walking track up the headland. The track visits the lookout on the 
highest part of the headland, then continues southward.  About 70 m south of the lookout, a small track leads 
of the main track and proceeds toward the shoreline across the grass.  Site 7 is reached when the first rocky 
outcrops are encountered (Figure 6).

Site 7.  Grid reference 532966  6724057. Tessellated pavement on top of cliff face (Figure 6, Photo 15).

This site shows a well-developed tessellated pavement in weathered sandstone.  Tessellated pavements are a 
phenomenon commonly associated with rock platforms on shorelines. They resemble ancient Roman tiled 
floors, hence the adoption of the Roman term tessellation. Tessellated pavements form when rocks with a set 
of intersecting fractures erode to produce a mosaic-like texture. In most cases the fractures fill during 
weathering with a relatively harder material, such as iron oxides, creating raised edges to each tile in the 
pavement. The opposite can also occur, where the fractures are relatively soft, eroding away faster than the 
surrounding rock to produce a raised, mosaic tiled appearance. The rocks at this site have received abundant 
iron oxide from groundwater passing through weathering iron-rich minerals, resulting in hard, raised fracture 

Figure 6. Satellite image of the headland near the Brooms Head lookout, showing the location of sites 7-11. Note the 
folded rocks visible on the southern end of the headland, extending northward to the lookout.
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fillings bordering the softer sandstone (Photo 15).  
The erosion of the sandstone “tiles” has been 
accelerated by the action of crystallising salt and 
wind, with accompanying development of honey-
comb weathering. 

Sites 8 to 11 are reached by carefully descending 
the headland. A short ladder has been fixed to the 
rocks to assist in one place.  The remainder of the 
descent is managed by walking along the terraced 
rocks.

Site 8 is below and to the north of Site 7, at a point 
where the vertical rock wall to the north can 
easily be viewed.

Site 8.  Grid reference 532974  6724058. Anticlines and synclines (Figure 6, Photos 16 & 17).

A number of folds are visible in the satellite image southward from the lookout (Figure 6). These are a 
continuation and broader development of the folds viewed at Site 6.  The folds can be viewed in the weathered 
sandstones and mudstones at Site 8.  Looking northwards (Photo 16) the rolling shape of the folds can be 
observed.  Note how the sandstone layers are prominent and less eroded than the softer, bleached muddier 
layers.

Site 8 lies immediately upon the crest of an anticline (Photo 17). Note how the beds are tilted to the west on 
the up-slope side, and tilt to the east on the down-hill side of the outcrop.  

The rocks here are also tessellated.  Note how the tessellations disappear down-slope, but are abundant along 
the top of the headland.  This is because during the time that the iron oxide fracture fillings were being 
deposited from groundwater, this higher part of the headland occupied part of a buried weathering profile in 
which conditions existed for the accumulation and precipitation of iron oxides. Other parts of the profile were 
undergoing iron oxide depletion due to weathering - this can be examined at Site 9. This process probably took 
place during the deep weathering conditions of the Eocene to Miocene periods (Table 1), when three humid, 
warm-cool climatic cycles existed on the Australian continent.

Follow the rock terrace northward, passing the vertical surface of folded rocks shown in Photo 16.  Site 9 is 
about 15 m past this surface.

Photo 15. Tessellated pavement with honeycomb weathering.

Photo 16. Anticlinal and synclinal folds in weathered sand-
stone and mudstone at Site 8, looking north.

Photo 17. Anticlinal fold in weathered sandstone and mud-
stone at Site 8, looking south.
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Site 9.  Grid reference 532990  6724082. Selective weathering and leaching of folded rocks (Figure 6, Photo 
18).

This site demonstrates some of the features associated with weathering a little lower in the weathering profile.  
The rocks here are characterised by mottled colours, with only partial bleaching of the weathered material 
(Photos 19 & 20).  Note how the rocks retain some of their original grey, unweathered colour , whilst planes 
of bleached rock are also present. In these rocks, groundwater has not been in contact with the entire rock mass 
for sufficiently long periods of time for the entire mass to weather and be leached of its iron oxides.  As a 
result, groundwater has only reacted with minerals along fractures and bedding planes.  Iron oxides have 
subsequently precipitated along some surfaces, but with less abundance than in the tessellated rocks higher up 
the headland.  On the terrace immediately below this site, the rocks show less bleaching and very little iron 
oxide infills, demonstrating that they were further below the zone of most intense weathering.

Also note how some of the sandstone beds have been 
folded and faulted.  One of the sandstones visible in 
Photo 19 has been very tightly folded, with faults 
passing along the edges of individual folds.

Make your way onto the terrace below that at Site 9, 
either by continuing a little further to the north, or by 
returning to near the previous site.  Site 10 occurs just 
to the north of Site 8.

Site 10.  Grid reference 532987  6724057. Spectacular 
faults (Figure 6, Photo 21).

This site shows some of the most spectacular fault 
planes on the headland.  The northern-most fault 
(Photos 22 & 23), when viewed from above, is curved 

in a Z shape. The fault plane dips steeply to the south, and the rocks on the southern side of the fault have been 
moved upward relative to those on the northern side, making this a reverse fault.  Note how the sandstone bed 
on the southern side has been warped into a small syncline by movement along the fault plane.  The fault is 
unusual when viewed in plan as it is not straight or gently curved, but has refracted across bedding, and then 
along the bedding planes.

Several metres to the south, a reverse fault has displaced the beds for more than 1 metre (Photo 24). Note how 
this fault is associated with numerous small normal faults on its northern flank, and another, low angle reverse 
fault to the south. The association of normal and reverse faults is interesting, as both result from different 
crustal stress conditions.  Normal faults result from tension, where the crust is being pulled apart.  However, 

Photo 18. Location of Site 9, showing well bedded, deeply 
weathered rocks with abundant iron oxide fracture-fills. 
Note how bleaching and iron oxides are almost absent in 
rocks immediately below this site.

Photo 19.  Weathered siltstones and mudstones with a 
few beds of sandstone. Note the mottled grey to white col-
our of the rocks, and the accumulation of iron oxides in 
fractures and along bedding planes.

Photo 20. Weathering in siltstone. The bleached zones are
areas of more advanced weathering, where groundwater 
has penetrated along fractures and bedding planes and 
removed soluble iron oxides. 
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reverse faults result from compression, where the crust is being squeezed.  The association of both normal and 
reverse faults suggests that they were formed at different times, possibly millions of years apart.

Continue along the terrace toward the south. Site 11 is reached where the rock platform levels out.  

Site 11.  Grid reference 532966  6724025. Sandstone intrusion (Figure 6, Photo 25).

This site displays a sill-like body of white sandstone within mudstones. When unconsolidated sediments are 
buried beneath the weight of overlying sediment it is common for some degree of liquefaction to take place.  
This is due to the high water content of the sediment, and the high confining pressure of the overlying material. 

Photo 21. Very photogenic faults characterise Site 10. The 
trace of the northernmost fault is shown by a yellow line.

Photo 22. View along part of the northern fault plane, 
showing the fault trace with the yellow line.

Photo 24. The southern reverse fault is accompanied by 
numerous smaller normal faults.

Photo 23. The path of the northern fault plane shown by 
the yellow line.
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Liquefaction can also be exacerbated or triggered by 
earthquake activity.  In many cases the liquefaction 
results in only minor movement of the liquefied sedi-
ment, and in extreme cases the sediment can migrate 
into large bodies and reach the surface of the sediment 
mass. Commonly, liquefied sediment forms small 
intrusive bodies, which migrate toward areas of lower 
pressure.  The migrating material is usually sand, 
because the pore spaces between the sand grains holds 
water which acts as a lubricant, allowing the sand to 
flow.

Site 11 shows a very photogenic example of a sandstone sill.  This body of white sand has entered the muds 
by intruding along and across the bedding planes (Photos 26 & 27). In places the sill bifurcates, and has broken 
off fragments of the mudstone which are now enclosed within the sill (Photo 28).  Intrusive interaction 
between the sandstone and mudstone are evident in the angular, irregular contacts of the two (Photo 28). 

Note how the sandstone is a different colour to the adjacent sandstone beds.  This is because liquefaction has 
resulted in the darker micas being left behind as the sand-size grains of feldspar and possibly quartz began to 
migrate.

In places the sill contains abundant brown iron oxides.  This may be because the sill also contained enriched 
accumulations of pyrite which may have been present in the sediment during deposition, or because the very 
porous sandstone has acted as a conduit for groundwater to introduce dissolved iron oxides into the sill.

Photo 25. Site 11 lies toward the end of the headland.

Site 11

Photo 26. Sandstone intrusion within mudstones.

Photo 27. Detail of bifurcation zone of intrusion.

Photo 28. Detail of intrusion margins and inclusion. 
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Return to the top of the headland and proceed to the main walking track.  Walk southward for about 120 m, 
passing the junction with another track from the north, and stopping at the bench.

Site 12.  Grid reference 532827  6724024. GCi’s Outlook - a view of folded rocks to the north (Figure 1, Photo 
29).

The view of the end of the head-
land displays the variation in bed-
ding dips due to folding in that 
area. Note the contrast of the al-
most horizontal dips on the eastern 
side, and the very steep dips mov-
ing progressively westward.  A 
small sea cave has been eroded into 
the headland between the areas of 
shallow and steep dips, because 
that area corresponds with an anti-
cline, the perfect site for a cave to 
develop.

Continue along the track for a fur-
ther 210 m to where the track en-
ters the sandy beach.  Follow the 
beach around to the north for a 

bout 70 m to the outcrops on the western edge of the sandy beach.

Site 13.  Grid reference 532762  6723900. A view of folded rocks to the north and spectacular iron oxide 
formations in weathered siltstone (Figure 1, Photo 30).

This site reveals a great view of the folded rocks on the southern end of Brooms Head (Photo 30) and displays 
some spectacular iron oxide veins within bleached, weathered siltstone and mudstone (Photo 31). The iron 
oxide veins are arranged in almost parallel groups, are curved and show sharp ends, suggesting that they have 
formed as infills within fractures  which formed by fracturing of the rocks, probably by tensional forces. 
Perhaps these fractures resulted from forces associated with the formation of the folds and faults in the area.

Return to the point where the track enters the beach and examine the outcrops to the immediate south of this 
point.

Site 14.  Grid reference 532688  6723883. Coffee rock and sand dune (Figure 1, Photo 32).

A thin layer of coffee rock is exposed along the edge of the beach area (Photo 32).  This is a common rock 

Photo 29. Folded bedding on the southern end of the headland.

Photo 30. An excellent view of the folded rocks on Brooms 
Head.

Photo 31. Veins of iron oxide within weathered siltstone.
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along the coastal regions and some islands, such as Fraser Island. It is a soft, dark rock which is composed of 
fine sand which has compacted and is cemented by dark brown organic colloids that have settled out of the 
tanin-rich water associated with coastal fresh water lakes, swamps and ponds.  Coffee rock can also form 
within sandy soil profiles from the accumulation of humus and iron oxides.

The coffee rock outcrops here as a discontinuous layer at the base of the local sand dunes.  Note the dark 
colour, some internal layering, and moderate softness of the rock.  It has formed at the top of the intensely 
weathered Carboniferous rocks, and in places has formed on layers of rubble overlying the older rocks.  The 
rubble represents a pre-existing soil profile.

The coffee rock has formed within dune sands of Pleistocene age (Table 1). White dune sands overlying the 
coffee rock are remnants of lower sea levels associated with global cooling events and ice ages which occurred 
over the past 700,000 years. As the shoreline retreated seaward during the ice ages, large expanses of sandy 
seafloor were exposed. This was subjected to wind erosion which moved the sand inland to form multitudes 
of shifting dunes. Those dunes have to some degree been stabilised by vegetation in recent millennia. 

This is the final site on the headland walk.  However, an optional site, about 75 m south (Site 15) shows some 
mottled and intensely weathered siltstones and mudstones.  The sandy and pebbly beach between sites 14 and 
15 shows accumulations of heavy mineral sands.  These comprise rutile, ilmenite, magnetite, zircon, monazite 
and possibly gold.  These minerals have been eroded from coastal and inland rocks, and then concentrated by 
wave action on the beach.  Large, rich accumulations of these sands were mined along the coastline from the 
1920s to the 1990s for use as a source of abrasives, pigments, gold and titanium.

Return to the Brooms Head beach and proceed westward past the boat ramp.  Examine the large rocks used 
for erosion control.  These rocks have been quarried from the Triassic to Jurassic Clarence-Moreton Basin 
which occurs to the west and north of this locality.  These rocks were deposited in shallow, non-marine 
environments, which contrast markedly with those of 
the Carboniferous rocks comprising the headland.  
The photographic gallery below explains some of the 
structures present in these sandstones and conglomer-
ates (Photo 34).

Photo 32. A layer of dark coloured coffee rock rests upon 
intensely weathered Carboniferous rocks, and are overlain 
by white dune sand.

Photo 33. Coffee rock with minor honeycomb weathering 
rests upon a layer of rubble overlying intensely weathered 
Carboniferous rocks.

Photo 34. Sandstone underlying pebble conglomerate.



Brooms Head Geology                                                                                                                                      Page 17

From Bob and Nancy's Geological Tour Site:  http://ozgeotours.110mb.com

Photo 35. Planar laminae within a coarse sandstone. 
Structures such as this may be formed by very fast flowing 
water which scours the stream bed.

Photo 36. Cross-bedding in sandstone. The base of the 
cross-bedded layer has scoured into the underlying sand. 
This has then been planed flat by fast moving currents 
which formed the overlying sandstone and pebbly sand-
stone. The current was flowing from right to left.

Photo 37. A cross-bedded sandstone overlain by pebbly 
sandstone with abundant mudstone pebbles (rip-up 
clasts). The contorted and angular shape of the mudstone 
pebbles shows that they were plastic mud when deposit-
ed, probably eroded from a layer of clay which was previ-
ously deposited nearby in the stream. The mud had not 
hardened, so was broken up and deformed into distorted 
pebbles during transport. 

Photo 38. Sandstone containing elongate fragments of 
woody plant fossils.  These were plant stems and branch-
es. They have been converted to coal which is soft and 
erodes rapidly, leaving the numerous large cavities in the 
rock.

Photo 39. Sandstone with pyrite aggregates.  Pyrite (iron 
sulphide) forms in environments low in oxygen, such as 
swamps, due to the presence of sulphur-producing bacte-
ria which thrive in such conditions. The sulphur produced 
by these bacteria combines with iron to produce pyrite. 
Weathering of the pyrite produces sulphuric acid and iron 
oxide, the latter mineral precipitating about the original 
pyrite aggregates.
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Photo 40. Complex cross-bedding. Bedding has eroded downward toward the bottom of photo. The orientation of 
each cross-bedded unit shows that current directions were varied, such as would occur in very small channels which 
rapidly erode and change course. 
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GLOSSARY

Cross bedding:  also known as cross-stratification, is sedimentary structures of inclined layers 
within a bed.  These tilted structures result from migrating features such as ripples 
and dunes, and they indicate that the depositional environment contained a flowing 
fluid (typically, water or wind). 

Graded bedding: This is layering in sedimentary rocks which is characterised by a gradual de-
crease in grainsize from the base to the top. Commonly it is a gradation from a sand-
stone or gravelly base, through finer-grained sandstone and siltstone, to a mudstone 
top.  It forms when a sudden strong current deposits heavy, coarse sediments first, 
with finer sediment settling as the current weakens.  Graded bedding commonly forms 
in deep oceans from turbidity currents.

Liquefaction: the process by which water-saturated, unconsolidated sediments are transformed 
into a substance that acts like a liquid.

Metasedimentary:  these are sedimentary rocks which have been altered by heat and pressure 
(metamorphic processes). The resulting changes to the minerals in the rock common-
ly make it harder and produce different colours.

Sedimentary rocks:  a rock formed at or near the Earth's surface from the accumulation of frag-
ments of preexisting rocks or by precipitation if minerals from solution at normal sur-
face temperatures.

Sill: a sill is an intrusion which has dominantly intruded parallel to bedding.  Conversely, a dyke 
has intruded at a high angle to bedding.

Traction currents:  these currents, which are typical of streams and shallow coastal waters, 
transport sediment grains in a manner by which the sediment remains in contact with 
the bed of the stream or sea, moving by rolling or sliding.  A wide range of sedimentary 
structures result, including scour structures, cross bedding and rippling.

Turbidity currents are examples of density or gravity currents. They are frequently propagated by 
the abrupt dislodging of water-saturated sediment down the face of a slope.  These 
currents are fast moving and hold sediment in suspension within a dense cloud of 
intermixed water, sand, silt and clay. 


