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Diamond Head is a prominent headland on the New South Wales central north 
coast, located 34km south of Port Macquarie and approximately 172 km 
northeast of Newcastle.  The headland area is situated in the northern half of the 
Crowdy Bay National Park. 
The headland occurs within the Lorne Basin, a 30 x 35 km area of sedimentary 
rocks which were deposited on land during the Early Triassic about 250 million 
years ago. The uniqueness of the rugged headland is a result of a series of lavas 
which flowed across the area in the Late Triassic (about 200 million years ago).  
The lavas were altered by fluids which modified the original minerals, and added 
quartz, pyrite and a little gold to the rocks.  The alteration process formed areas 
of relatively hard, quartz-rich rock which armoured the headland against erosion.  
The quartz-rich rocks also contain an abundance of small, perfectly formed, 
clear quartz crystals whose diamond-like appearance resulted in the geographic 
name for the site.  Following the eruption and alteration of the lavas, magma 
continued to move upward through the rocks, forming small intrusions and 
numerous dykes.  The combination of lavas, abundant small intrusions and 
extensive alteration is indicative that this area was on the very edge of a 
significant volcanic vent. 
This geological tour will describe some of the significant and interesting aspects 
of the geology at Diamond Head.  In particular, it will focus on the inter-
relationships of lavas, intrusions and sedimentary rocks, and the results of the 
process of alteration on these rocks.  Some of the rocks which give Diamond 
Head its sparkling name will also be examined. 
Most sites on this tour can be easily examined on foot, both on coastal rock 
platforms and on well formed walking tracks.  Some sites diverge from formed 
tracks and use the small number of rough, steep fisherman tracks which descend 
the headland to coastal rock platforms.  These should be negotiated with great 
care, and with sturdy and appropriate footwear.  One isolated site requires 
arduous and potentially dangerous rock scrambling along the bouldery shoreline 
and should only be attempted by capable individuals.  In all cases it is advised 
that shoreline sites only be visited at low tide and in dry weather.  Leave 
sufficient time to return from shoreline walks to avoid the incoming tide. 
The bulk of this guide is taken from the excellent mapping and interpretative 
study undertaken over this area in 2007 by University of New England student 
Darren Higgins.  The guide was produced following an enjoyable and insightful 
weekend at Diamond Head with Professor Paul Ashley of the University of 
New England.  Paul’s enthusiasm and learned observations are gratefully 
acknowledged. 
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PERIOD YEARS AGO LIFE FORMS ORIGINATING GEOLOGICAL EVENTS 

QUATERNARY 0 

2,000,000 

 
Human Beings 

Changes in sea level result in formation of elevated 
rock platforms.  Calcification and ferruginisation of 
sand and gravel in the intertidal zone to form 
beachrock.  Deep weathering of lavas with continued 
decay of pyrite to form sulphuric acid with resulting 
bleaching and decay of rocks. 

TERTIARY  
 

65,000,000 

Grazing and carnivorous 
mammals Probable commencement of weathering processes 

and the decay of pyrite to form sulphuric acid. 

CRETACEOUS  
 

145,000,000 

Last dinosaurs   First flowering 
plants No rocks preserved from this period in local area 

JURASSIC  

200,000,000 

First birds Large intrusions emplaced throughout the region in 
Early Jurassic. Possibly includes The Brothers. 

TRIASSIC  

251,000,000 

First dinosaurs and mammals Eruption and subsequent alteration of lavas prior to 
emplacement of intrusions. 
Deposition of sand and mud in a lake bordered by 
forest. 

PERMIAN  
 

299,000,000 

Mammal-like reptiles, last 
Trilobites  

CARBONIFEROUS  
 

359,000,000 

First reptiles; fern forests  

DEVONIAN  

416,000,000 

First amphibians and insects  

SILURIAN  

443,000,000 

Vascular land plants  

ORDOVICIAN  

488,000,000 

First corals, fish with vertebrae  

CAMBRIAN  

542,000,000 

Shellfish, Trilobites  

PRECAMBRIAN 700,000,000 
1,500,000,000 
3,500,000,000 
4,500,000,000 

 

Algae 
Complex cells 
Primitive cells 
 
Formation of the Earth 

 
 

Table 1.  Simplified geological time scale for exposed rocks in the Diamond Head area. 
 
The geological tour can be undertaken from one or both of the parking areas at the north or south of 
Diamond Head.  All sites could be visited in one lengthy day, but it is recommended that several 
days be set aside to visit all locations and to adequately enjoy the rugged beauty of this area.  Most 
sites are clustered near the northern and southern ends of the headland where access is relatively 
easy to the shoreline (Map 1), with a few sites scattered in between. 
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Map 1. Satellite image (left) and geological map (right) of the Diamond Head area showing geological tour 
stops.  Geological map after Darren Higgins. 

 
Stop 1.  Rocky outcrops of rhyolite lava on southern end of sandy beach.  See Maps 1 and 2. 

This site shows the typical rhyolite lavas (Tr on Maps 1 and 2) which cover most of Diamond 
Head.  The lava is generally pale yellow (Photo 1) and show prominent cooling columns.  The 
columns are visible in the bank on the western side of the beach, and excellent examples will 
be seen on all parts of the headland.  These lavas are rhyolitic in composition.  Rhyolite lavas 
are made up mainly of quartz and feldspar, and are generally of similar composition to 
granite.  They flowed from volcanic vents which formed above intruding magma of granitic 
composition.  As the magma approached the land surface, fractures developed above and 
allowed some of the magma to flow to the surface, erupting as lava and ash.  The magmas 
continued toward the surface during and after the lavas had erupted and in places have 
intruded the lavas.  You will see many of these intrusions in subsequent stops. 
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Following the eruption of lavas, very hot fluids moved through the rocks, removing some 
elements and introducing others.  Some minerals were altered to other mineral species by this 
process, and interesting metalliferous 
minerals such as pyrite and pyrrhotite (iron 
sulphide), copper minerals and gold were 
introduced into the altered lava.  Quartz 
was added to some rocks in large amounts 
– we will see this in subsequent stops.   
The cooling columns visible throughout the 
area result from slow cooling of the lavas.  
During cooling the lava crystallised and 
contracted, resulting in small cracks 
forming throughout the flow.  In slowly 
cooled lavas the cracks form in a vertical, 
hexagonal pattern, at about right angles to 
the top and bottom of the flow.  This is 
known as columnar jointing. 
Continue along the beach toward the cleft in the cliff line to the south. 

Stop 2. Cleft in headland.  See Map 2. 
This prominent landform has possibly formed from the weathering and eroding away of a 
dyke.  No trace of that rock is evident, but the deep, wide linear cleft has most likely resulted 
from the erosion of a pre-existing softer rock type. 
There are a number of interesting phenomena to observe here: flow banding in the lava, 
columnar jointing, and honeycomb weathering. 
Flow banding is evident on the surface of the rhyolite as fine, almost horizontal layering 
which is etched by weathering and erosion.  Good examples are visible on the western side of 
the cleft.  Flow banding, as the name implies, has formed as a result of the flowing of the 
cooling viscous lava.  Differences in composition and texture in the cooling lava resulted in 
the formation of thin layers which are strung out by the action of the lava flowing.   

Map 2.  Satellite image and corresponding geological map of the north of Diamond Head showing tour 
stops 1 – 9.  Refer to Map 1 for the geological legend. 

Photo 1. Yellow to white, altered rhyolite lava. 
Stop 2 is in the cleft in background. 
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Honeycomb weathering is a feature found in 
arid environments.  This is visible in a number 
of places at this site (Photo 2), and will be seen 
commonly along the headland.  Honeycomb 
weathering 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 expanding salt crystals 
weakens the rock, resulting in preferential 
erosion of the softer material, creating the honeycomb-like surface texture. 
Continue along the cleft to the south, passing along the bed of the eroded channel.  At the end 
of the channel is a talus slope leading to a cave.  Carefully climb the talus slope to the cave. 

Stop 3.  Cave with various breccias.  See Map 2. 
This cave has formed at the end of a series of 
linear fractures in the lava.  At sea level the 
wave action has scoured out the channel 
walked along to reach this site.  We can see 
evidence of the fractures in the walls and roof 
of the cave entrance.  Note the breccia which 
has filled the fracture on the eastern side of 
the cave entrance (Photo 3).  A breccia is a 
rock composed of angular fragments, which is 
often the product of abrupt fracturing of a 
rock with little or no abrasion to remove the 
angularity of the fragments.  In this case the 
breccia is made up of many different rock 
types, not simply the surrounding lava.  This 
suggests that the fracture was opened under 
pressures exerted possibly by very high fluid 
pressures, such as the hot fluids which altered 
the lavas.  Movement of the fluids through the 
open fracture carried coarse rock fragments 
and fine rock dust which were deposited prior 
to the easing of pressures.  The resulting 
breccia sealed the fracture but has failed to strengthen the weakened rocks against preferential 
erosion. 
The cave has been filled with another type of breccia which is of a very different origin to the 
fracture-fill breccia.  This is a collapse breccia, formed when the roof of the cave and its walls 
subsided.  Note that this breccia is made up of angular boulders of lava and not a range of 
different rock types as is the case in the fracture-fill breccia.  It is likely that the cave formed 
as a result of the erosional activity of strong winds, and possibly was also cut by wave action 
during times of higher sea level many thousands or millions of years ago. 
A veneer of rusty brown iron oxides have formed along the western wall of the cave entrance.  
The iron oxides have resulted from the prolonged percolation of water rich in dissolved iron 

Photo 2. Honeycomb weathering in altered 
rhyolite lava. 

Photo 3. Fracture-fill breccia composed of a 
range of different angular rock types. 
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down the wall and possibly previously down one of the fractures which have played a role in 
forming the cave.  Much of the iron is probably derived from the decomposition of the pyrite 
which is abundant in these rocks. 
Near the base of the talus slope the rock is spotted with brown iron oxides less than 1 cm in 
diameter.  These spots are pyrite aggregates in the lava which are decomposing to iron oxides 
and sulphuric acid.  The acid has dissolved some minerals from the rock, giving the lavas 
their distinctive pale yellow to white colour. 
A little further from the foot of the talus slope with a little effort you can climb onto the rock 
platform on the east.  This is Stop 4. 

Stop 4.  Laminated rhyolite dykes.  See Map 2. 
This platform, and the cliff to the south show some spectacular examples of laminated dykes 
(Photos 4 & 5).  The dykes are evident in the platform and can be seen extending up the cliff 
face, giving a superb three dimensional appreciation of their geometric characteristics. 

The dykes are of a similar composition as the lavas, being that of a very fine-grained granite.  
It is apparent that the dykes were intruding relatively cold rocks, for as they intruded they 
began to cool rapidly, resulting in the formation of layers (laminae) of different viscosity and 
composition, much like the processes which formed the flow banding in lava seen at Stop 2.  
Note that in many places the laminae are parallel to the walls of the dyke, whereas in other 
places they are like flattened pipes (Photo 4).  This confirms that the flow direction of the 
magma was upward, and not horizontally within the dyke.  Some laminae are very contorted, 
following the irregular walls of the dyke where they have been injected into small cracks in 
the adjacent rock (Photo 5).  This irregular geometry of the dykes indicates that they have 
occupied fissures formed by explosively high pressures, rather than by occupying pre-existing 
faults or simple fractures.  The dyke rocks were probably derived from the same magma 
which had earlier sourced the lava.  If these dykes had reached the ground surface, they would 
have discharged the magma as either lava or ash. 
A magnificent example of a contorted laminated dyke is present in the cliff near the start of 
the sandy beach immediately to the south of the platform (Photo 5). 
Continue along the beach, passing the rocky headland and moving onto the next sandy beach.  
Proceed to the prominent rock formation in the sand. 
 

Photo 4. Laminated dyke. Note how the dyke 
has pinched out, with 2 separate sections. 

Photo 5. Laminated dyke. The contorted 
laminae approximately parallel the dyke margin 
where it is injected into the adjacent rocks. 
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Stop 5.  Columnar jointed lava, and view of sedimentary rocks beneath lavas.  See Map 2. 
This distinctive outcrop is formed of 
columnar jointed lava.  Its shattered columns 
give it a gothic-like appearance, reminiscent 
of scenes from Lord of the Rings (Photo 6). 
The view south of here is the initial sighting 
of the sedimentary rock formation which 
underlies the lava sequence.  The 
sedimentary rocks form the prominent 
platform which extends seaward from 
beneath the abruptly rising lava cliff line.  
We will examine the sedimentary rocks, and 
their contact with the lavas, at a subsequent 
stop. 
Proceed along the sandy beach toward the 
next rocky headland.  The next stop is at the 
base of that headland. 

Stop 6.  Contact of diorite intrusion with lavas.  See Map 2. 
This site and the following Stop 7 shows the 
features of a larger  intrusive body which has 
intruded into the lavas.  The outcropping size 
and shape of the body (Tqd) is illustrated in 
the geological map in Map 2.  The intrusion is 
a quartz diorite, a rock type made up of the 
minerals quartz, plagioclase feldspar, biotite, 
hornblende and/or pyroxene.  Its dark colour 
and the presence of abundant, fresh white 
feldspar contrasts with the pale rhyolite lava 
which has lost its feldspars during alteration.  
The diorite is not altered, confirming that it 
intruded after the lavas were altered. 
A number of dykes are present in the rock 
platform.  The dykes include pale, rhyolitic 
varieties, and dark coloured, possibly dioritic 
variants.  One large, dark dyke has intruded 
along a fault which has cut both the lava and a rhyolitic dyke in the lava (Photo 8)  The pale 
coloured, faulted rhyolite dyke is visible on both sides of the dark coloured dyke. 

Photo 6. Eroded columnar jointed lava. 
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Photo 8. Diorite dyke occupying a fault which has dislocated a rhyolite dyke and lava. 

Photo 7. Large diorite body (dark boulders on 
right) which has intruded pale yellow rhyolite 
on left. 
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The contact of the black diorite with the yellow lava is well exposed in the pavement.  If you 
follow it around the headland you will note that it forms a relatively smooth curve.  You can 
also observe that the contact is very steep, possibly vertical.   
The diorite may be related to the magma body which sourced the lavas.  Large intrusions of 
granitic rocks occur throughout the region (but not at Diamond Head), and are probably from 
a related source.  This includes The Brothers, the major granitic hills to the north and west of 
Diamond Head. 
Continue around the diorite headland to the southern cliff face, just before the start of the next 
sandy beach.  Stop 7 is toward the western end of the cliff, against the diorite body. 

Stop 7.  Slabs of lava within the diorite.  See Map 2. 
When large intrusions squeeze their way into surrounding rocks they make room by a 
combination of pushing apart the surrounding rocks and stoping off and assimilating at least 
some of that rock.  This site shows evidence of stoping and assimilation of the crystallised 
rhyolitic lava into the molten diorite. 
Several small exposures low in the cliff face show 
thin, elongate pieces of pale yellow rhyolite within 
the darker diorite (Photo 9).  At first glance it 
appears that the rhyolite occurs as veins within the 
diorite.  However, this is not possible, as we know 
that the lava was intruded by the diorite after it was 
crystallised and altered.  The rhyolite pieces are 
most likely long, thin slabs of rhyolite which were 
torn off during intrusion of the diorite.  The pieces 
were rotated inward into the magma, revealing their 
end sections.  Closer examination of the rhyolite 
pieces shows that their margins are indistinct, and in 
some places you can see that the diorite adjacent to 
the rhyolite is locally paler.  This is a result of partial 
assimilation of the rhyolite.  The great heat of the 
diorite has caused the rhyolite slabs to commence 
melting along their margins, the melted material then 
mixing with the diorite magma to produce local 
areas of different composition.   
To proceed to Stop 8, continue along the sandy beach to the next significant rocky outcrop. 

Stop 8.  Altered Triassic sedimentary rocks.  See Map 2. 
The sedimentary rocks beneath the lavas were deposited in a lake.  At a number of sites along 
the headland plant fossils, freshwater animal grazing trails and other evidence reported on by 
Darren Higgins demonstrate the types of sediment, and the nature of the environment that the 
sands and muds were deposited in.  One of these sites shows features indicating that the lava 
flowed over the sediment whilst it was wet, resulting in explosive intermixing of the sediment 
and lava.  These localities are difficult to reach and won’t be covered in this guide. 
Some of the sedimentary rocks were altered by the same fluids which modified the lavas.  In 
other places the sedimentary rocks appear unaltered and retain their original minerals and 
textures. 
At this stop we will examine some altered sedimentary rocks.  These were probably originally 
fine grained sands or silts.  They have been permeated by fluids containing dissolved quartz 
which has hardened the rocks and made them very resistant to wave erosion.  In places there 

Photo 9.  Yellow rhyolite slabs 
undergoing assimilation within the diorite.  
Note the diffuse margins of the rhyolite 
blocks. 
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are numerous small iron oxide nodules (Photo 
10).  These nodules are indicative of conditions 
within the lake where there was poor water 
circulation and little oxygen.  Certain bacteria 
thrive in these conditions, producing pyrite as a 
result of their natural processes.  Weathering of 
the pyrite has resulted in its decomposition to 
iron oxides. 
Climb to the top of the rock platform.  Stop 9 is 
located against the foot of the cliff on the 
western side of the channel. 
 
 

Stop 9.  Contact of lavas and sedimentary rocks.  See Map 2. 
This site clearly shows the contact of the sedimentary rocks and lavas.  A large dyke is also 
present in the rock platform, and is probably responsible for the eroded channel in the 
platform. 
The contact between the sedimentary rocks and 
overlying lava is sharp and regular (Photo 11).  
This suggests that the lava flowed over dry 
sand and mud.  Further south, beyond this 
headland, the lava rests upon sand and clay 
which was still wet, resulting in the rapid 
vaporisation of the water, and explosive 
intermixing of the sand, mud and lava along 
the base of the lava flow. 
The sedimentary rocks have been intruded by a 
wide, possibly dioritic dyke.  The dyke passes 
from the platform into the wave-cut channel, 
suggesting that the channel has been eroded 
along the dyke.  Although the dyke is relatively 
hard in outcrop, it probably decomposes and 
softens once immersed in sea water, therefore 
becoming a relatively weak point in the rock 
platform. 
This is the final stop on this leg of the tour.  Retrace the route back to the northern car park.  
To proceed to Stop 10, take the formed walking track from west of the Park office and 
continue along it toward Diamond Head Trig, taking the left fork in the track (see Map 3).  
Stop before the trig at the track-side sign describing The Brothers.  The distance along the 
track from its start is a little over 1 km. 

Stop 10.  The Brothers and altered rhyolite lava with quartz crystals.  See Map 3. 
This sign gives you a great view of The Brothers, three large hills to the north and west.  The 
sign provides a dreamtime interpretation for the origin of the hills but neglects the geological 
story.  Numerous large granitic and dioritic intrusions were emplaced into the coastal region 
during the Late Triassic and Early Jurassic as a result of the processes associated with plate 
tectonics.  Three large granitic bodies intruded the rocks of the Lorne Basin as a result of 
melting within the crust at great depths.  Over the past 200 million years the area has been 

Photo 10. Iron oxide nodule in altered siltstone. 

Photo 11.  Yellow, flow laminated rhyolite 
resting upon grey sandstone. 
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slowly eroded, lowering the 
ground surface below the 
original level of the hard, 
erosion-resistant granitic bodies.  
Those granites now form the 
three large hills geographically 
known as The Brothers. 
Travel back along the track for 
about 130 metres, to just before 
the track curves around to the 
north (see Map 3).  Look for 
relatively bare, rocky ground on 
the left (south) edge of the track.  
This is an old prospecting pit, 
one of several in the area (see 
map 3) which were dug more 
than 100 years ago by gold 
prospectors.  The rocks here is 
very altered rhyolite lava which 
has undergone replacement of 
some of the original minerals with large quantities of quartz and possibly a little gold.  Fine, 
perfectly formed quartz crystals occur throughout the rock, giving it a sparkly appearance.  
Numerous small crystals can be found amongst the broken rock debris and soil.  These 
crystals were responsible for the geographic name of the headland.  Alteration similar to this 
has produced some of the world’s most significant mineral deposits. 
The remaining stops are numbered from south to north, facilitating travel from the southern 
car park.  Alternatively, you can continue southward along the track from Stop 10, visiting the 
stops in reverse order. 

Stop 11.  Dyke swarm, sedimentary rocks, sill.  See Map 4. 
If travelling here from the southern car park, take the steep track to the sandy beach from the 
clearing on top of the headland.  Care is advised as the track is very steep towards the base of 
the hill.  Only visit this site at low tide and beware of abnormal wave heights which may 
wash onto the rock platform at the foot of the cliff. 
Travel along the foot of the cliff eastward and ascend the narrow rock platform.  This site  

Map 3.  Geological map of the Stop 10 area, showing access 
track, old prospector’s pits, and the altered rhyolite (Trs).  
Map by Darren Higgins. For legend see Map 1. 

Photo 12. Large rhyolite dyke intruding sandstone 
and siltstone. The dyke bifurcates at this point.  
Note the fault in the cliff to the left of the dyke. 

Photo 13. Porphyritic dacite 
dyke with large feldspar 
crystals. 
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shows some very good examples of multiple dykes of various compositions.  The dykes are 
mainly vertical and comprise a pale, rhyolitic variety and a dark, possibly dioritic type (Photo 
12).  Note how the rhyolitic dyke splits (bifurcates) into two arms.  Dykes are igneous 
intrusions which are long and relatively narrow, and cut across the bedding layers of the rocks 
they have intruded.  Sills are similar intrusions, but have intruded along the layers.  A sill of 
very coarse grained, dark rock, possibly also a diorite, is present on the seaward edge of the 
platform (Photo 13).  Note how this sill is almost horizontal.  The coarse feldspar crystals in 
the sill give the rock a porphyritic texture, and consequently the rock is described as a 
porphyry.  If you examine the porphyry closely, you will observe that the coarse crystals

Map 4. Geological map (top) and satellite image of the southern Diamond Head area, 
showing tour stops. Geological map by Darren Higgins.  For legend, see Map 1. 



Diamond Head Geological Excursion Guide Page 12 

From Bob and Nancy’s Geotourism Site  http://ozgeotours.yolasite.com 

become much finer near the walls of the sill, indicating that it had chilled relatively quickly 
along its margins, thereby impeding the growth of the feldspar crystals in that area whilst the 
sill was molten. 

The sedimentary rocks here are relatively unaltered.  You can observe the bedding planes in 
the sandstone and note the fine, dark grey to black layers which comprise fine grained organic 
material that was probably plant remains.  Also note the numerous small faults in the cliff 
face.  These are normal faults, where the rocks on the upper surface of the dipping fault plane 
have slid down the plane. 
To proceed to Stop 12, return to the sandy beach and ascend the headland.  Continue along the 
formed track until an unformed side track is encountered on the right (east) of the track.  
Carefully descend this steep track until outcrops of white rock are apparent to the right of the 
track. 

Stop 12. Bleached rhyolitic lava, view of rock arch.  Map 4. 
The white rocks to the right of the track 
are common along the top of the headland 
(Photo 15).  These are altered rhyolite lava 
outcrops which have been subjected to 
prolonged exposure to weathering.  The 
pyrite in these rocks, which was emplaced 
during alteration, has decomposed due to 
the weathering.  Its decomposition has 
resulted in the formation of iron oxides 
and sulphuric acid.  The acid has 
transported the iron oxide from the rock, 
depositing it on the rocks at the foot of the 
hill.  The removal of the iron oxide and 
other elements and minerals from the 
rocks is known as leaching.  The leached rhyolite rocks owe their white colour to the action of 
sulphuric acid, and to the prevalent wet conditions along the headland over many millions of 
years. 
The rock platforms at the foot of the headland contain a rock arch formed by erosion and 
undermining of the rocks by wave action (Photo 16).  The arch has probably formed by 
erosion along a fault, fracture or dyke.  As the waves gradually eroded away the softer rock 

Photo 14. sandstone with abundant thin, black organic layers.  There are several small faults running 
through this exposure.  The movement on the faults is shown by the displaced layers on opposite sides 
of the fault. These are normal faults, where the rocks on top of the fault plane have slipped downward. 

Photo 15. Leached rhyolite lava. 
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the cave formed at wave height was 
gradually undermined, resulting in the 
eventual collapse of its roof, leaving the 
arch. 
Continue down the track to the foot of 
the headland, stopping at the top of the 
rock platform near the rusty brown rocks. 

 
 
 
 
 

Stop 13.  Iron oxide veneer, view of multiple lava flows.  Map 4. 
The rocks at this site are coated in rusty 
brown iron oxides.  These represent some of 
the iron removed from the leached lavas 
above.  As the mixture of acid, iron and 
other elements was washed down slope, the 
acid solution was diluted, resulting in the 
precipitation of the iron. 
The cliff face to the south (Photo 17) shows 
two rhyolitic lava flows.  The upper flow 
has been most effected by leaching, 
resulting in its bleached colour. 
Continue downward to the main part of the 
rock platform. Stop near the prominent 
outcrop of rock with broad, pale and dark bands. 

Stop 14. Intense alteration along fractures.  Map 4. 
This unique outcrop shows alternating, 
vertical bands of pale and dark rock 
(Photo 18).  The narrower, pale bands are 
altered rhyolite lava.  The broader, dark 
bands are very altered, iron-rich lava.  
Note how the darker, iron-rich bands are 
more eroded and etched by weathering, 
indicating that they are softer. 
This rock was formed during the process 
of alteration, when the altering fluids 
travelled along parallel, closely spaced 
fractures in the lava, reacting with the 
rock on the fracture walls.  Whilst the 
fluids continued to move through the rock 
the alteration moved further inward from 
the fractures, replacing more and more of the rock over time.  What we see now is the 
relatively less altered, pale lava, with the more intensely altered, dark rock in between.  Why 
was this outcrop altered in this way and those around it not?  Possibly because the rock here 

Photo 16. Rock arch formed by undermining by 
wave erosion. 

Photo 17. View of two lava flows, the uppermost 
being strongly acid leached and weathered. 

Photo 18.  Variable alteration along fractures. 
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was more fractured than the surrounding rocks, or because many fractures intersected at this 
point, channelling more alteration fluids through these rocks. 
Continue northward along the platform and investigate the rocks on the northern end. 

Stop 15.  Tessellated pavement and liesegang rings.  Map 4. 
Some of the most attractive geometric features of geology are evident throughout this area: 
tessellation, with its rectilinear character, and liesegang rings with their smooth curves. 
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 rode 
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 mosaic tiled appearance.  The rocks at this site 
have received abundant iron oxide from the decomposition of pyrite, resulting in hard, raised 
fracture fillings about the softer, altered rhyolite (Photo 19). 

Liesegang rings are a phenomenon witnessed in chemistry where concentric rings are 
produced as a result of a chemical reaction.  In geology, the concentric rings are formed by 
precipitation of iron oxide from groundwater.  The concentric layers (Photo 20) are generally 
developed sub-parallel to fractures in the rock.  The rock is porous and able to transmit 
groundwater through its structure.  Repeated heating and cooling of the rock at or near the 
ground surface allows the iron-rich groundwater to move through the individual fractured 
blocks of the rock, drawn outward by evaporation on the edges of the blocks.  As the water 
evaporates it becomes chemically saturated in iron oxide which deposits as a layer within the 
rock.  Repeated cycles of evaporation and replenishment eventually form prominent iron 
oxide bands. 
To travel to Stop 16 continue northwards along the beach to the next rocky headland.  
Examine the rock platform, moving along the easily reached area. This is only accessible at 
low tide.  Allow sufficient time to return before the tide rises, as the return route passes 
across rocks normally covered during the higher stages of the tide. To cross this stretch at 
high tide is very dangerous and could prove fatal!  

Stop 16.  Intrusive breccia, sulphide mineralisation, acid pools, beachrock.  See Map 4. 
This is one of the most interesting and significant parts of the tour.  A large mass of breccia 
(Thb on Map 4), comprising a range of different rock types, intruded into the lavas following 
their crystallisation.  The breccia body is enclosed within concentric zones of more intensely 

Photo 19. Tessellated pavement in altered rhyolite. Photo 20. Liesegang rings in altered rhyolite. 
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altered rhyolite (Trh, Trp on Map 4), indicating that the intrusive rhyolite was a source of 
outward moving alteration fluids.  The alteration has introduced quartz, pyrite and copper 
sulphide and has replaced some of the original feldspar in the lava with the white mica 
sericite.  
The breccia here is made up of blocks up 
to tens of metres across of rhyolite and 
various sedimentary rocks (Photo 21).  
Detailed work by Darren Higgins has 
shown that the blocks are surrounded by a 
matrix of pulverised rock which is 
cemented by abundant very fine-grained 
black tourmaline, quartz, and minor 
sericite and pyrite.  It is likely that the 
breccia formed by explosive fracturing of 
rocks as high pressure gas and water 
penetrated the rocks as a result of heat 
generated by the abundant magmatic 
activity at the time.  The resulting 
agglomeration of broken rock and 
pulverized rock dust was mixed with 
fluids which altered the original minerals 
and introduced the cementing agents.  As 
the fluids moved outward through the 
surrounding rocks they produced a concentric zone of alteration which grew weaker away 
from the breccia pipe.  Darren’s work has shown that the pipe is nearly vertical, and contains 
subsequent rhyolite dykes. 
Toward the northern end of the platform you will find stagnant pools of water with no marine 
life present.  These pools are derived from sulphuric acid leaching from the decomposing 
pyrite-rich rocks.  Accumulations of pyrite and other sulphide minerals are common locally. 
Nearby you will find areas of iron oxide-
cemented gravel (Photo 22) amongst the 
boulders.  This is beachrock, which forms 
from the long-term, repeated evaporation 
of sea water from shoreline sand and 
gravel.  It is always found in the intertidal 
zone, that is the area between high and low 
tide on a beach, where the rock is wet for 
long periods of time, and is then allowed to 
dry rapidly, thereby precipitating the 
cementing agent. 
Stop 17 is located at the far end of the 
accessible coastline here.  To reach it 
requires a rugged scramble over large 
boulders and a climb to the end of the platform, with potential risk of injury.  Great care 
should be taken if continuing. 

Stop 17.  Breccia, strongly altered rhyolite, large dyke. 
This site shows spectacular cliff and boulder views of the breccia, a large, vertical rhyolite 
dyke, and some good examples of intensely altered, quartz crystal-rich rhyolite.  Black 
tourmaline-rich blocks are abundant. 

Photo 21.  Intrusive breccia 

Photo 22. Breccia block in iron oxide-cemented 
beachrock. 
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The intrusive breccia is well exposed in 
the cliff face.  Large blocks of black, 
tourmaline-rich altered rhyolite are 
abundant near the foot of the cliff (Photo 
23).  Fallen boulders of breccia reveal the 
range of rock types and textures present in 
the pipe.  Large, fallen boulders of quartz-
rich, altered rhyolite are abundant.  They 
contain numerous cavities of very small, 
perfectly formed quartz crystals.  The 
abundance of crystalline quartz makes the 
rocks sparkle in sunlight. 
The breccia is cut by a wide, vertical 
rhyolite dyke near its northern margin.  
Erosion by the sea has formed a small 
cave into the cliff face along the wall of 
the breccia pipe. 
Return to the top of the headland by 
retracing the route.  Continue along the formed track northward.  An unformed track is 
encountered on the right (east) of the track.  Carefully descend this track to the rock platform. 

Stop 18.  Collapsed sea cave.  Map 4. 
The large, open area in the centre of the platform is probably a collapsed sea cave.  The 
entrance to the cave is open on the seaward side.  Be very careful if looking down into the 
cave entrance as the rocks on the lip are undercut and pose a potential hazard.  The original 
cave may not have been as large as the open area, as subsequent erosion and collapse of the 
cave walls may have enlarged the area.  The cave must have occupied an area of relatively 
soft rocks, which may have been very fractured or intruded by many, small dykes. 
 
This concludes the Diamond Head geological tour.  There are many more amazing geological 
and landform features to be found along the shoreline for those able to scramble down the 
steep escarpment.  Darren Higgins has identified features further supporting the close 
proximity of this site to a major area of volcanic activity.  At least two small volcanic 
structures (cryptodomes) which represent small magmatic intrusions into a volcanic cone have 
been identified.  Many more spectacular dykes, and an area of widespread tourmaline 
alteration were described by Darren in his 2007 study.  Some of these are shown on his map 
(Map 1).  They are not part of this tour as no easy access is available to the sites. 
We hope you have learned something of the very different volcanic geology of Diamond 
Head, thanks to Darren’s insightful and energetic observations, documentation and study.  If 
you have any queries, or would like to examine Darren’s original work, please contact us. 

Photo 23.  Intrusive breccia with abundant, black 
tourmaline-rich blocks. 


