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SUMMARY 

The rocks that form the Poor Knights Islands overlie a buried basement of 
Mesozoic greywacke capped by Oligocene sedimentary rocks. The Poor Knights 
Islands are composed of rhyolitic breccia and minor tuff that were deposited in 
the late Miocene, from hot pyroclastic flows, cooler avalanches and from ash 
and lapilli showers, probably on the western slopes of an active volcano. The 
volcanic pile continued to grow until the present Poor Knights rocks were buried 
beneath at least another 500m of volcanic debris. In the closing phases of 
activity hot hydrothermal fluids permeated through the volcanic pile, intensely 
altering all the rocks, with the most intense silicification occurring in the more 
porous units such as tuffaceous beds and along fractures. 

In approximately nine million years since volcanic activity ceased the 
originally extensive Poor Knights volcano has been almost completely eroded 
away leaving the islands as meagre remnants. These islands have probably not 
had any land connections to Northland for at least the last two million years. 
Their present shape was developed primarily by marine erosion during the last 
million years at a time when sea level was oscillating between approximately the 
present level and 100m lower and the whole region was being slowly uplifted. 
Cliffs and coastal platforms that formed during higher sea levels have been 
preserved by uplift and now dominate the islands' landforms. Sea cliffs, caves 
and arches, eroded along two sets of major fracture planes during lower sea 
levels about 30,000-15,000 years ago, are preserved beneath the sea and create 
a diver's paradise. 

INTRODUCTION 

The Poor Knights Islands group lies 24km off the east coast of Northland at 
latitude 174°44'E and longitude 35°28'S. It consists of two large islands 
(Tawhiti Rahi and Aorangi) and numerous smaller islets and stacks (Fig. 1). 
Previous accounts of the geology of this group have been brief and generalised 
because of the reconnaissance nature of field observations. Bartrum's (1936) 
notes are based on a half-day visit with the Wi l l Watch expedition in 1934. 
Sumich (1956) camped on Tawhiti Rahi with an Auckland University Field Club 
party early that year. Wodzicki and Bowen's (1979) description is based largely 
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on rock samples collected during a brief visit by three geologists on a naval 
vessel in 1969. 

The present paper is based on observations made on land and by sea in a 
small dinghy during a 6-day visit to Tawhiti Rahi in September 1980 and a 6-
day visit to Aorangi in September 1984. Both visits were organised by the 
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Fig. 1 a. Location of the Poor Knights Islands. Composed of the eroded remnants of a late 
Miocene rhyolite volcano, the islands lie at the northern end of NNW-trending line 
of similar late Miocene and Pliocene rhyolitic centres, b. The Poor Knights Islands 
and The Pinnacles and Sugarloaf Rock to the south rise rapidly from depths of 100-
125m on the floor of the outer continental shelf, c. Geological map of the Poor 
Knights Islands. 
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Offshore Islands Research Group. 
Most visitors to the Poor Knights Islands go out of biological interest but on 

arrival are also struck by the beauty of the unusual landforms. A number of 
species of animal and plant are endemic to the group and raise questions about 
their length of isolation from the mainland. As a result I have written this paper 
for a more general and especially biological audience. 

GEOLOGY 

A number of previous workers have made brief observations on the geology 
of the Poor Knights Islands (Oliver 1925, Bartrum 1936, Sumich 1956, 
Wodzicki and Bowen 1979) but this paper is the first to present a geological 
map and overall account. 

The rocks of the Poor Knights and The Pinnacles are composed of rhyolitic 
breccia and tuff that have suffered intense hydrothermal alteration, which 
renders useless any petrological or chemical analyses in determining their 
original composition in detail. From relict textures, the clasts within the breccia 
are flow-banded and spherulitic rhyolite, tuff and occasional pumice, andesite, 
greywacke, sandstone, mudstone and bedded, carbonaceous tuff. The majority 
of these are the products of a rhyolite volcano. 

Subsurface rocks 

The greywacke, sandstone and mudstone clasts within the breccia were 
probably ripped off the volcanic neck during eruption and blown out of the 
volcano with the rhyolitic material. These rocks from the volcanic neck give an 
indication of what lies beneath the volcanic rocks of the Poor Knights Islands, 
but are not seen at the surface. The presence of greywacke clasts suggests that 
these indurated sedimentary rocks of Permian to Jurassic age (300-130 million 
years old) that form much of eastern-Northland extend eastward beneath the 
continental shelf and also underlie the Poor Knights. 

The softer mudstone and sandstone undoubtedly lie between the top of the 
greywacke and the base of the volcanics, just as they do around Whangarei. One 
large block (12m + across) of calcareous, fine sandstone, exposed behind The 
Landing on Aorangi, contains microscopic, fossil foraminifera which show it 
was originally deposited in late Oligocene (Duntroonian) times (c 30 million 
years ago). This large block has a black, glassy crust around its margins 
indicating that it was carried to the surface by the hot magmatic fluids and 
ejected. 
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Rhyolite breccia 

The main rock type is massive breccia with angular to subangular blocks (up 
to 5m across, but mostly l-30cm) sitting in a tuffaceous or lapillituff matrix. In 
places this breccia shows weak stratification produced by narrow and 
impersistent bands of coarser clasts (0.2-0.6m across). Some horizons appear to 
be richer in pumice than others and in several places the rubbly breccia is 
dominated by angular to subrounded blocks (0.1-0.3m across) of grey, non-
calcareous sandstone derived from the underlying rocks. 

In the base of the cliffs at the northern end of Aorangaia and also at Urupa 
Point, The Landing and in parts of Tawhiti Rahi, erosion-enhanced banding 
parallel to bedding superficially resembles flow-banding in rhyolite. The bands 
are, in fact, welded zones within the breccia which are indicative of 
emplacement while they were still very hot. 

These volcanic breccias appear to have accumulated as deposits from varying 
types of pyroclastic and epiclastic avalanches on the terrestrial slopes of an 
active rhyolite volcano. Some of these mass flows were probably quite cool 
while others were obviously hot pyroclastic flows or small ignimbrites. 

On Archway Island, Haku Point and the ridge above Maomao Arch, there 
are large blocks (up to 8m across) of thin-bedded, carbonaceous tuffs, lapillituffs 
and silicificed tuffs in a highly disturbed breccia matrix. These are either slump 
deposits or tuffs that were disrupted by the emplacement of the overlying 
breccias. 

Tuff 

Within the large thickness of breccias there are occasional thin beds (1-30 
cm thick) of lapillituff and tuff, as well as several thicker, mappable units. The 
northern end of Tawhiti Rahi is capped by a 30m thick sequence of well-bedded, 
silicified tuffs, lapillituffs and lapillistones that form the crest of "Quartz H i l l " 
to "Tawaroa Grove" ridge and can be seen in the top of the cliffs between 
Maomao Bay and Barren Arch. Rocks identified by Wodzicki and Bowen (1979) 
as "sinter", a name properly applied to rocks formed at the surface during 
hydrothermal activity, appear to be quartzose tuff from this capping unit. 

Near the base of the western cliffs of Puweto Valley and also around the 
base of Tatua Peak there is a 10-25m thick band of sandy tuffaceous sediments 
lying conformably within the breccia sequence. A l l these tuffs, lapillituffs and 
lapillistones are ash and lapilli shower deposits that accumulated on the volcano 
slopes between pyroclastic breccia eruptions. As there is no evidence that any 
of these deposits accumulated beneath the sea, the whole region was either more 
elevated that it is today or sea level was lower at that time. 
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Structure 

Bedding within the breccias and tuffs is mostly gently inclined at angles up 
to 30° (averaging 5-10°). On northern Tawhiti Rahi the dip is towards the north 
but this swings around to a consistent westerly dip on southern Tawhiti Rahi and 
still further to a southwest or southerly dip on Aorangi (Fig. 1). These dips 
mark out a semicircular shape which suggests they may be primary and preserve 
some of the original slopes of the volcano. If this is so, the vent of the rhyolitic 
volcano which erupted these rocks, may have been centred only l-2km to the 
east of Hope Point. 

The dips of the sequence around the southern parts of Aorangi and Archway 
Islands are steep and irregular to the east. These may indicate another vent or 
later tectonic disruption. The breccias that form The Pinnacles, 6km to the 
south, were probably erupted from another vent of this large rhyolitic volcanic 
complex. 

Several faults with vertical displacements of 10-30m can be seen cutting the 
breccias at Hope Point and in the west cliffs of Puweto Valley. Undoubtedly 
many more exist but they are difficult to recognise because of the lack of marker 
horizons and the intense hydrothermal alteration. 

Hydrothermal Alteration 

Some time after accumulation the rocks were intensely altered by hot 
hydrothermal fluids associated with the rhyolitic magma at depth. These 
permeated through all the fairly porous breccia and tuffs, completely changing 
their chemical and mineralogical composition and replacing them with quartz, 
adularia, albite, cristobalite, leucoxene, pyrite, sericite and sphene (Wodzicki 
and Bowen 1979). The most obvious and abundant of these is quartz, which 
makes many of the rocks hard and sharp. It has been deposited in the 
groundmass of rocks, fills cavities, is present as small cross-cutting veinlets and 
has been deposited preferentially in fractures along which the hydrothermal 
fluids would have flowed. These former fractures now form sheet-like veins of 
erosion-resistant quartz and minor sulphides that cut through the breccias and 
can be seen in a number of places. 

The intensity of silicification of the breccias and tuffs is highly variable. The 
breccias on The Pinnacles and the tuffaceous sequence on the north end of 
Tawhiti Rahi have been highly silicified and ring when hit with a hammer. 
Within the cliffs, certain layers, probably those that originally were the more 
porous, appear to have been more silicified than others and are therefore more 
erosion-resistant. 

The mineralogy of the silicified, bedded tuff unit atop Tawhiti Rahi indicates 
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that hydrothermal alteration and silicification occurred at moderate temperatures 
at considerable depth within the volcanic pile (R.L. Braithwaite pers coram) and 
means that at least 500m of rock has since been eroded away off the top of the 
Poor Knights. 

Age 

A K - A r radiometric age of 9 million years has been obtained from a block 
of rhyolite within the breccias on Urupa Point (C.G. Adams, in Skinner 1986). 
This presumably dates the time of hydrothermal alteration and not the original 
time of solidification and eruption of the rhyolite. Since emanation of 
hydrothermal fluids is often the closing phase of rhyolitic volcanic activity, it 
can probably be assumed that the Poor Knights rhyolite volcano was active about 
10 million years ago (beginning of late Miocene period). 

The Poor Knights lie at the northern end of a NNW-trending line of rhyolite 
volcanoes that runs along the eastern side of northern New Zealand (Kear 1964) 
and includes Mokohinau, Great Barrier, Rakitu, Mercury, Ohena and Aldermen 
Islands. They may all be related to the same deep-seated tectonic setting. The 
ages so far available for these rocks range between 10 and 2 million years old 
(late Miocene and Pliocene). 

In the approximately 9 million years since activity ceased, the originally 
extensive Poor Knights' volcano or volcanic complex has been almost 
completely eroded away, so that the only bits now visible are the Poor Knights 
Islands and The Pinnacles. These are mere remnants of a once extensive feature 
that possibly stood 1000m high above the surrounding landscape and was 
perhaps 15-25km in diameter. 

LAND CONNECTIONS WITH NORTHLAND 

As the rocks that form the Poor Knights Islands accumulated on land, it 
seems reasonable to assume that the volcano was then part of the Northland land 
area and remained so for some time. With the lack of data on the structure and 
sedimentary sequence beneath the seafloor between the Poor Knights and 
Northland today, it is speculation as to when the Poor Knights were first 
separated from Northland as an island. 

Beneath better known parts of the east Northland continental shelf there are 
a number of down-faulted areas filled with seismically young sediments 
(probably Pliocene and Pleistocene - Thrasher 1986). The block faulting that 
created these areas probably occurred in the late Miocene and Pliocene (2-8 
million years ago). It is likely that the Poor Knights area was downthrown 
relative to eastern Northland during this time and became an island or islands, 
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much larger than the present. 
It is unlikely that the Poor Knights Islands have had a land connection to 

mainland Northland or anywhere else at anytime since the Pliocene (at least the 
last 2 million years). This distinguishes the biota of the Poor Knights, together 
with that of the Three Kings Islands, from all the other offshore islands of 
northern New Zealand which have been linked to the mainland many times 
during the Ice Ages of the last 2 million years. 

Ice Ages and Sea Level Fluctuations 

There have been over 20 major glacial periods (ice ages) separated by 
warmer interglacial periods in the last 2 million years. Each glacial or 
interglacial period lasted about 10,000 - 60,000 years. During each glacial 
period much of the earth's water became frozen above sea level on the northern 
parts of North America and Eurasia, and as a consequence the level of the 
oceans fell 50-120m below the present. In each interglacial, this ice melted and 
sea level slowly returned to near that of the present time and never more than 
3m above now. 

At the peak of the Last Glaciation, 18,000 - 20,000 years ago, sea level was 
about 110m below the present and the Poor Knights were probably separated 
from mainland Northland by a shallow 5-8km wide strait. The present depth in 
the area 0-8km west of the Poor Knights is 100-125m but this is quite possibly 
slightly infilled by post-glacial sediments. In addition the Northland region has 
been gently rising during at least the last million years (Ballance and Williams 
1982). This supports the statement above that it is highly improbable that the 
Poor Knights Islands were joined to Northland during interglacial periods of low 
sea level at any time in the last 2 million years. 

GEOMORPHOLOGY 

The original volcano has been eroding for around 9 million years, but events 
of the last million or so years have primarily produced the present form of the 
Poor Knights Islands. Moulding the islands during this time has been largely the 
work of the sea, under the strong influence of two independent phenomena: 1. 
the alternating sea levels of the Ice Ages; 2. slow tectonic uplift of Northland 
and its eastern continental shelf (Hayward 1986). 

Uplifted Terraces 

During times of near-static sea level (e.g. interglacial peaks), sea erosion of 
the cliffs progressed sufficiently to create an intertidal or shallow subtidal shore 
platform. As sea level dropped away during the next glacial period and the 
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islands were slowly uplifted, some of these platforms were preserved on the 
islands as flat or gently seaward-sloping terraces. Over a long period of time, 
a staircase-like series of terraces was produced. Seven of these terraces are well-
preserved in Puweto Valley on Aorangi, with an eighth above the head of the 
valley on the ridge leading up to Oneho H i l l (Figs 2,3). Calculations based on 
the well-established late Pleistocene glaciation curve (last million years) suggest 
that the highest terrace, at 170-185m above sea level, may have been formed 
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Fig. 2 Sketch map and cross section of the uplifted terraces in Puweto Valley, Aorangi 
Island. 
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Fig. 3. Puweto Valley, Aorangi, from the north with the cliffs of Crater Bay in the left 
foreground. The uplifted, former seacliffs border Tatua Peak (left) and Castle Hill 
(right) on either side of the marine eroded valley. 

during an interglacial period about 700 thousand years ago, and that the lowest, 
at 30-40m above sea level, probably formed in an interglacial period 100 or 130 
thousand years ago. 

Rounded beach pebbles still lie in the surface soil layers on some of these 
terraces, a reminder of their origin as shore platforms. The pebbles on the lower 
terraces are generally much fresher and less weathered than those on the higher, 
older terraces. Archaeologists have suggested that these pebbles were added to 
the soils by prehistoric Maori gardeners. As there are no beaches or other 
sources of rounded pebbles on the islands today, nor in the recent past, and as 
the pebbles are of local origin, this archaeological explanation can be ruled out. 

Many of the land features on the Poor Knights have been influenced by these 
uplifted terrace levels. For example, the flat high points atop the western cliffs 
of Puweto Valley, as well as the top of Tatua Peak, were probably all planed 
off at the same time as the 170-185m high terrace and have since been eroded 
back to mere remnants. The large plateau that caps the top of the northern two 
thirds of Tawhiti Rahi is undoubtedly an uplifted interglacial terrace (former 
shore platform) formed about 800 thousand years ago. Many of the ridge crests 
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Fig. 4. Profile of Tawhiti Rahi from the southwest showing two levels of uplifted terrace. 
The higher at around 190m forms "The Plateau" (right) and a second at 60-80m 
forms the ridge crests in the south (centre of photo). 

on the southern part of Tawhiti Rahi are at a consistent height and appear to be 
the remains of another lower terrace (Fig. 4). These ridges are separated from 
the main plateau by bluffs which are undoubtedly an uplifted seacliff that was 
formed during erosion of the lower terrace. 

The prominent steep scarp around the head of Puweto Valley is another 
uplifted seacliff between the two highest terraces (Fig. 2), and the cliffs that run 
along the west side of the valley were also formed by sea erosion during several 
interglacial periods when the land was not so elevated. 

Marine and Submarine features 

As the Poor Knights lie 20km off the Northland coast, they are subjected to 
considerable sea attack from all directions, although Northland does provide 
considerable shelter from the west, especially at times of lowered sea level. The 
largest and most prevalent seas, which come from the north and northeast, have 
cut the highest cliffs, both above and below present sea level, around the north 
end of Tawhiti Rahi and along the east coast of all islands. Whereas evidence 
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of erosion during interglacial stillstands is preserved uplifted on the islands, 
evidence of erosion during lower sea levels in glacial periods (mainly Last 
Glaciation) is preserved beneath the sea. In many places the cliffs drop away 
very rapidly to considerable depths and these cliffs were eroded back to base 
levels well below the present in glacial periods. 

Marine erosion of the fairly hard, massive rocks of the Poor Knights Islands 
is mostly concentrated along and controlled by pre-existing fracture planes or 
joints that cut through the rocks. The pounding waves force their way into these 
fractures, gradually eroding them out to form guts, caves and arches or 
sufficiently loosening large blocks that fall away leaving straight-sided sections 
of cliff and coastline. Two major sets of near-vertical fracture planes, almost at 
right angles to each other, are recognisable on the Poor Knights (Fig. 5) and are 
responsible for the majority of coastal features. There is a NNE-striking set 
along which have been eroded such features as Northern Arch, Rikoriko Cave, 
Cathedral Arch (Fig. 6) and the western cliffs of Puweto Valley. The second set 
trends almost east-west, being closer to E N E on southern Aorangi and ESE on 
northern Aorangi and Tawhiti Rahi. Erosion along these fractures has produced 
such features as Haku Point, Te Araara Point, Cave Bay, Middle Arch, Rocklily 
Inlet, Maomao Arch, Nursery Cove and The Tunnel on Aorangaia. Narrow 
bays, such as Cave Bay, Nursery Cove and Rocklily Inlet were probably initially 
eroded along fractures, forming caves, and subsequent roof collapse has 
produced their present form. 

The majority of marine and all submarine caves and arches at the Poor 
Knights have their base levels well below present wave base and at all different 
heights. Thus they were mostly carved out at various times during the last or no 
earlier than second to last glacial period, when sea levels were lower. Some may 
have been started at higher levels and lowered their floors as sea level dropped. 

At least two caves recognisably eroded by the sea are now preserved 50-90m 
up in the cliffs, behind Slip and Punawai Bays. These have been uplifted along 
with the interglacially carved terraces and cliff lines. 

A number of the Poor Knights' caves have their roofs higher at the back that 
the front and some are well-known to divers as "air-bubble caves". These shafts 
at the back of the caves were probably formed when sea level was close to roof 
height at the entrance. The waves crashing into the cave blocked the entrance 
and compressed the air at the back which was forced under pressure upwards 
into the rock fracture, thereby gradually eroding it out, assisted by occasional 
falls of loosened rock. A well-developed example above the tides is to be found 
at the back of Cave Bay on Tawhiti Rahi. Thirty metres inside the cave there 
is a shaft that extends upwards all the way to a sink hole in the bush on The 
Plateau, 180m above. 
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Many of the small-scale, present day foreshore features are also eroded along 
fractures and joints to form small guts and depressions. The mouths of three 
small streams that drain the south-eastern slopes of Aorangi flow down and out 
of small, narrow gorges incised deeply along the east-west fractures in this area. 
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Fig. 5. Terrestrial and marine erosion is mostly concentrated along the controlled by two 
sets of near-vertical fracture planes and joints. Arches, caves and many cliff faces 
follow these zones of weakness. 
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On the sloping rock platform at The Landing on Aorangi, there are a number 
of large, often rectangular pools. These were formed by erosion of the softer 
rock between two sets of fractures that have more resistant zones of silification 
along them (Fig. 7). 

Land Features 

Landform development above sea level on the islands is slow compared with 
the erosional force of the surrounding sea. Many of the major features present 
on land owe all or part of their form to erosion during interglacial high sea 
levels and later uplift. Some of these terraces and cliff lines are still well-
preserved where as others have suffered considerable stream erosion and 
weathering, such as the southern end of Tawhiti Rati. In general, the small 
catchments have not had sufficient time or runoff to erode anything other than 
small, youthful stream beds. Puweto Valley is unusual, as the wide valley was 
carved by the sea and the stream is a gross underfit. So far it has only managed 
to incise itself into a narrow 2-3m deep channel running almost straight down 
to the sea. 

Subaerial erosion of the rocky cliffs and bluffs is largely controlled by near-
vertical fracture planes, although the rate is much slower than at sea level. 
Weathering and erosive forces slowly work along the fractures until large 
loosened blocks fall away, leaving further near-vertical faces, such as around 
Tatua Peak. The blocks themselves crash down into the sea or form scree slopes 
at the bottom of the bluffs together with finer debris that has spalled off. Typical 
examples of scree slopes occur along the base of the western cliffs of Puweto 
Valley or the base of The Bluffs on Tawhiti Rahi. 

Physical and salt-enhanced chemical weathering eat away at the faces of the 
cliffs, usually more rapidly on the softer, less silicified portions. Grain by grain 
the faces are eroded back, producing a honeycomb pattern with the more 
resistant veinlets standing out or in places forming rows of pockmarks parallel 
to the bedding where the softer horizons have been preferentially picked out. An 
extreme example of this is in the eastern cliffs of Tawhiti Rahi where a huge 
block of softer tuffs has been weathered out, greatly enlarging a former sea cave 
and forming the present Crystal Cave. 

In several places on land, the harder, more silicified horizons within the 
rocks are resisting erosion and forming gently tilted bedding plane surfaces. One 
example is on top of the silicified tuff horizon at the northern end of Tawhiti 
Rahi and another is the 30 degree eastward slope atop the northern end of 
Archway Island. (Fig. 5). Another probable example of these exhumed dipslopes 
is the sloping rock platform at Fraser Landing on Aorangi. 
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Fig. 6. Forty metre high Cathedral Arch is eroded along a set of north-south trending joints 
in the rocks of Archway Island. 

Fig. 7. The pattern of large pools on the rock platform at The Landing, Aorangi, is formed 
by erosion of the softer rocks between sets of silicified fracture planes. (Width of 
photo (left to right) is ca. 80m) 
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