
TANK. 25, 1979 

GEOLOGY OF T H E C A V A L L I ISLANDS, 
NORTHERN NEW Z E A L A N D 

P.R. Moore* and W . R . H . Ramsay** 
* New Zealand Geological Survey, lower Hull 

** Geology Department, University of New England, N.S.W. 2351 

S U M M A R Y 

The Cavalli Islands consist of interbedded thick sandstone, alternating 
sandstone and argillite, argillite, chert, red mudstone, and minor pillow 
lava. These rocks constitute part of the Waipapa Group, of possible Per
mian age. Units of thick, poorly bedded sandstone (lithic feldsarenite?) are 
dominant. In places the sequence is transected by quartz-sulphide veins. 

Structure of the island group is dominated by a W N W to N W trend. 
Probable structural features include steeply SE-plunging, NW-trending 
folds, and major faults separating thick sequences of strata. Several low-
angle, easterly-dipping faults are recognised. 

The sedimentary rocks and associated contemporaneous lens of pillow 
lava may represent deposition in shallow water. There is no evidence to sup
port the notion that the lava represents a slice of layer 2 Palaeozoic oceanic 
crust or a volcanic pile (guyot) tectonically emplaced within the sediments. 

I N T R O D U C T I O N 

The Cavalli Island Group, which consists of one main island (Motu
kawanui) surrounded by about thirty smaller ones (Fig. 1) lies 3km off the 
east coast of Northland and 18km east of the entrance to Whangaroa Har
bour. The group was first described by Dieffenbach as a "chain of islands 
of basaltic formation" (Dieffenbach 1843, p.238), possibly on the basis of 
the basalt at Flat Island. The geologist F. von Hochstetter, obviously 
influenced by Dieffenbach's description, also considered the Cavallis to 
consist of "fine columnar basalt" with "isolated regular pillars" (Fleming 
1959, p.41, 45). Ferrar et al. (1925) mapped Motukawanui as Waipapa grey
wacke, but thought some of the smaller islands could consist partly of 
volcanic rock (Ferrar et al. 1925, p.30). Kear and Hay (1961) show the 
islands only as undifferentiated Waipapa Group, of Permian-?Triassic age. 

Bowen (1968), in an unpublished report on the Whangaroa area (Sheet 
N8), included the rocks of the Cavalli Islands in one of two informal forma
tions within the "Waipapa greywacke". Kear (1971) later placed the 
Waipapa Group rocks in his Hunua Facies, and more recently Sporli (1978) 
has classified them as part of his Waipapa Terrane. 
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The Cavalli Islands were mapped by the writers during a 10-day trip (28 
December 1978—7 January 1979) organized by the Offshore Island 
Research Group, an informal group composed mainly of ex -AUFC 
members. Although all the islands were visited, either by the authors or 
others, rough seas and difficult access prevented a complete examination of 
the shoreline of some islands. Some observations of lithology, bedding 
attitude, etc., were made from a boat. Virtually the entire coastline of 
Motukawanui was traversed. 

Several of the names on the maps are informal names given by the party 
for ease of description (Hayward 1979). The formal names are shown on 
N Z M S 1 sheets N8 and N i l , and an unpublished Lands and Survey Depart
ment map. Fossil locality numbers e.g. P04/f2 are those of the metricated 
N . Z . Fossil Record File; localities are described in Appendix 1. ' P ' numbers 
e.g. P42268 refer to petrological samples held in the Petrology Collection, 
N . Z . Geological Survey, Lower Hutt, and brief petrographic descriptions 
are presented in Appendix 2. 

P H Y S I O G R A P H Y 

The physiography of the Cavalli Islands is largely a relict of Last Glaciation sub-aerial erosion, which produced a relatively mature landscape of 
rolling hills and graded valleys. With the post-glacial rise in sea level and 
increasing attack from the sea, the higher parts of the once more extensive 
landmass were isolated to form the group of islands as they exist today. 

Some of the physiographic features of this former landmass can still be 
seen. For example, the small but spectacular hanging valleys on Nukutaunga Island and Motutapere Island represent the headwaters of once 
much larger valleys, now truncated by the sea. The rounded primary ridges 
and two main valleys of Motukawanui (Fig. 2) are also a remnant of the old 
landmass. 

The sea has concentrated its attack on the northern and eastern coasts of 
the islands, resulting in coastlines of high, near-vertical cliffs and wide 
shore platforms. The northern side of Step (Motukawaiti) I. is a spectacular 
example of wave erosion, the former northern slopes of the main east-west 
ridge having been almost entirely removed. 

The jagged nature of some of the shorelines is due to preferential erosion 
along lines of weakness such as faults, joints and bedding planes; the 
formation of caves; and the ultimate collapse of the caves to produce islets, 
stacks and reefs. The small gap between east and west Hamaruru and the 
narrow rocky channel between east Hamaruru and Panaki (Fig. 2) are 
undoubtedly the result of cave collapse. Tutoruowai is an example of an 
islet produced as a result of cave formation and subsequent collapse. 

Later physiographic features also include the formation of a storm beach 
along the southwest side of Motukawanui, and the infilling of valleys drain-
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Fig. 2. Aerial view of the Cavalli Islands, looking south. The northern chain of islands at 
bottom of photo are from left: Panaki I., Hamaruru I., and Motutapere I. (far right). The 
rounded island of Haraweka lies between Panaki I. and the main island, Motukawanui. In the 
distance is Motukawaiti (Step) I., and the other southern islands. Photograph: D.L. Homer 
(New Zealand Geological Survey). 

ing into Waiiti and Papatara bays. These features originated during the 
Holocene i.e. during the last 14 000 years. 

S T R A T I G R A P H Y 

Waipapa Group (Permian?) 
The Waipapa Group of the Cavalli Islands consists of five main lithologic 

types (Figs 3, 4)—thick, massive or poorly bedded sandstone; alternating 
sandstone and argillite; argillite; chert; and red mudstone. Pillow lava oc
curs at one locality on Motukawanui Island, and volcanic rock and marble 
form part of a fault zone on Step I. 

Various rock samples are listed in Appendix 2. 

Massive or thick-bedded sandstone 
Thick, massive or poorly bedded fine to coarse, indurated green-grey 

sandstone is the predominant rock type. Units range in thickness from 
20-30m to perhaps 100-200m or more, although the very thick zones of 
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sandstone probably result from repetition by folding and faulting (e.g. Step 
I). Sandstone units are particularly well exposed along the east and west 
coasts of Motukawanui (Fig. 3). 

Thick sandstone is interbedded with thinner units of green chert, alter
nating sandstone and argillite, argillite, and red mudstone. Minor beds and 
lenses of sedimentary breccia ('chipwacke') occur in some sandstone units, 
particularly in thinner bedded phases. Breccia clasts mostly consist of 
angular mudstone. In places, thick sandstone units contain very thin-
bedded phases consisting of sandstone beds l-3cm thick with vague, gradational top and bottom contacts. Quartz veins are common in some sand
stones (Fig. 6). 

In thin section (P42266, P42269) the sandstone consists largely of angular 
to sub-rounded altered volcanic rock fragments and serialised feldspar 
(mainly plagioclase), with lesser amounts of mono- and polycrystalline 
quartz, sedimentary rock fragments, chert, opaques and epidote, set in a 
chloritic matrix. Both sandstones are poorly sorted. Although P42266 is 
finer grained it is very similar to P42269 in composition, and both rocks can 
probably be classified as lithic feldsarenites (Folk el al. 1970). P42266 con
tains thin quartz veins. 

Alternating sandstone and argillite 
Units consisting of alternating fine sandstone and dark grey argillite beds 

probably form less than 30% by volume of the Waipapa Group assemblage. 
The only extensive unit is in the southern part of Motukawanui (Fig. 3) 
where, assuming no significant repetition, approximately 200-300m of beds 
are present. Small units occur on the main island east of Motumahanga, on 
Motutapere and Hamaruru in the northern group, and on Piraunui (Fig. 4). 

The ratio of sandstone to argillite varies considerably, but in most places 
sandstone is dominant. Sandstone beds are commonly from 2-10cm thick, 
graded, and show parallel and cross-lamination, and rarer convolute 
lamination. Argillite beds are usually thinner, parallel laminated and 
sheared. 

Well-bedded coarse sandstone, laminated mudstone and sedimentary 
breccia outcrops at Motukawa Point. The beds appear less indurated than 
those in the alternating unit further east, but are probably not significantly 
younger. 

Argillite 
Units of grey to dark grey, poorly bedded argillite or mudstone occur on 

Motukawanui and the southern islands, but none has been mapped on the 
northern group. The argillite units are up to 50-100m thick and contain thin 
fine sandstone beds and scattered calcareous concretions. Minor red-brown 
argillite is associated with the thick argillite unit at the south end of 
Cormorant Bay (Fig. 3). 

On Piraunui Island dark grey argillite grades southward into alternating 
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sandstone and siltstone, and to the north is in sedimentary contact with 
green chert (Fig. 4). The argillite unit on the north side of Kahangaro Island 
consists of interbedded grey and greenish mudstone, and may represent a 
lateral equivalent of the argillite-chert sequence on Piraunui. The green 
mudstone is similar to that found in chert units. 

A thin section (P42268) of one concretion from the argillite at Cormorant 
Bay reveals only a fine mosaic of sparry calcite, and minor patches of 
opaque material containing small, spherical bodies, possibly "calcispheres" 
(thin-walled calcareous microfossils; A . R . Edwards, pers. comm.). 

Other concretions at this locality (P04/T3) contain sparse, recrystallised, 
indeterminate shell fragments. Concretions in argillite at Kikipaku Beach 
(P04/T4) also contain rare shell fragments, and scattered thin tubes infilled 
by iron oxides occur in the enclosing argillite. 

Chert 
Units of green to grey chert and siliceous sediments up to 50m thick, but 

usually less than 20m, are interbedded with massive sandstone and alter
nating sandstone and argillite. The chert units are typically thin-bedded, 
with beds ranging from 2cm to 20cm. Grey to green-grey argillite generally 
occurs between the chert beds. 

Most of the "chert" probably consists of silicified mudstone rather than 
a primary silica deposit. The beds rarely display the conchoidal fracture or 
waxy lustre of pure chert. In thin-section, a sample of "chert" from a thin 
horizon on Motumahanga Island (P42270) consists of mud-size detrital 
grains in an altered chloritic and siliceous matrix, cut by numerous shear 
planes and veins of quartz and iron oxide. The green colour is presumably 
due to the chloritic matrix. 

No definite size grading or sedimentary structures were seen in any of the 
chert beds. Colour zoning, however, occurs in some beds. Colour of most 
beds is a uniform greyish green to dusky blue-green, but some show changes 
to grey, white and purple near the middle or inferred top of the bed. The 
source of the common red chert pebbles on southern beaches, and par
ticularly on the west end of Step Island is unknown, but probably lies below 
low-tide level. Minor red chert is present on Whatupuke Island (Fig. 4). 

Red mudstone 
Thin bands of red-brown, purple and minor green-grey mudstone are 

restricted to the southern half of Motukawanui (south of a line between 
Cormorant Bay and Pillow Bay), and the west end of Hamaruru Island 
(Figs 3, 4). They are associated with thick sandstone, alternating sandstone 
and argillite, argillite, and pillow lava. The term mudstone, rather than 
argillite, is preferred because of the generally less fissile nature of the rock. 

The thickest red mudstone band is in Pillow Bay where up to 30-40m of 
poorly bedded, plastically deformed grey, red-brown and purple mudstone 
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overlies pillow lava to the south, and is faulted against thick sandstone on 
the north side. The basal part of the unit contains calcareous concretions 
(P04/T5). The thick band is also present at the west end of Waiiti Bay, 
where 10-12m of well-bedded red-brown and grey-green mudstone is inter
bedded with fine sandstone to the east, and faulted on the west. Individual 
beds within the mudstone are commonly 2-20cm thick. Elsewhere on 
Motukawanui, red mudstone units are less than 8-10m, and in places only 
2m thick. 

On west Hamaruru, approximately 20m of red-brown and greenish-grey 
thin-bedded mudstone occurs within an alternating sandstone/argillite unit. 
The red mudstone is in sedimentary contact with beds to the north, but is 
faulted on the south side. 

Volcanic rocks 
The single most important feature of the geology is an occurrence of 

pillow lava in a small bay (Pillow Bay) on the east coast of Motukawanui 
(Figs 3, 5). The lava extends for approximately 1km in a N W direction, and 
is up to 50m thick at the bay itself. It thins rapidly to the northwest, and is 
only about 10m thick at the base of the valley. 

On the south point of the bay, pillow lava is in contact with a 10m thick 
unit of thin-bedded (beds 2-5cm) green-grey chert and siliceous mudstone 
dipping 80°NE. The contact, which is considered to mark the base of the 
pillow lava (see below) is very sharp, but only locally faulted. Loading of 
sediments beneath individual pillows is apparent in places. Several small, 
isolated pillows also occur within the underlying bedded mudstone and 
impure chert; some lie up to 8m stratigraphically below the lava-sediment 
contact (Fig. 5). A fault separates the cherty sediments from thick sand
stone to the south. 

At the south end of the beach, 100m west of the former locality, the base 
of the lava pile is again exposed in contact with impure siliceous sediments. 
This contact is very sharp, strikes 150°/80°S, and is offset by small faults. 
Thin (2-3cm) layers of lava parallel the contact. The adjacent sediments, 
south of the contact, strike 145°/60°S. The top of the pillowed lava pile is 
exposed at the base of the valley, at the mouth of the northern stream. Here 
2m of thin-bedded, red-brown argillite overlies an irregular surface on the 
pillows. The basal argillite passes up into poorly bedded grey, purple and 
red-brown mudstone. 

The pillow lava itself consists of a pile of individual pillows (in cross-
section) or tubes (in 3 dimensions) up to 2m in diameter (Fig. 7). The pillows 
are composed of dense, grey-black lava with darker, fine-grained, chilled 
margins. Some contain sparse vesicles. Flow-layering, sub-parallel to the 
outer surface of the pillow is seen on some slightly weathered examples. 
Between the pillows are lumps of recrystallised coral, marble, radiolarian? 
chert, and minor red-brown mudstone, enclosed within a sheared, dark, 
chloritic, devitrified matrix. Coralline material is common. Radiolarian? 
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Fig. 7. Small pillow in the submarine lava at Pillow Bay, Motukawanui Island. Note the 
irregular radial fractures in the pillow. 

chert, quartz, and some marble also occurs within pillows. 
Many of the pillows are concavo-convex in cross-section, and a majority 

are convex towards the northeast indicating that younging is in that direc
tion. This agrees with observations made at the upper (northern) and lower 
(southern) contacts. Within the main part of the lava pile, on the south side 
of the bay, is an 8m thick mass of fine grained dolerite located approxi
mately 10m above the base. This dolerite appears to thin rapidly to the 
north and south. 

In thin section the lavas vary from variolitic to intergranular. R45953, 
taken from the outer margin of a single isolated pillow intercalated within 
the underlying sediments contains fine skeletal plagioclase and plumose 
clinopyroxene set in an iron-charged, devitrified matrix. R45955 is a little 
more coarsely grained and varies from variolitic to intergranular in texture. 
Plagioclase laths, in part skeletal, are partially altered by the presence of 
numerous minute inclusions which may include chlorite and sericite. The 
pyroxene is an augite (2Vy ~ 44°, y A C ~ 48 °) whilst fine blebs of interstitial 
opaque oxide are scattered through the rock. R45954 is coarsely 
intergranular with plagioclase laths (An 50-57) up to 1mm length. Partially 
altered augite (2Vy ~ 44°) and opaque oxide occur interstitial to the 
plagioclase. Minor amounts of primary quartz are scattered through the 
section. Alteration minerals include calcite, chlorite, smectite, possible 
sericite, and quartz. 



Volcanic rock also occurs along the eastern part of a major fault on the 
south side of Step Island (Fig. 4). A band of highly sheared green rock, 
2-3m thick, extends for 400m along the fault between the eastern and 
western ends a of sandy bay. In thin section (P42271) the rock consists 
predominantly of strongly pleochroic (apple green-pale brown) chlorite and 
crystalline calcite with scattered subhedral to anhedral opaques. The 
original composition of the rock is not clear, but may have been volcanic. 
Large blocks of grey-white marble (P04/T2) up to lm diameter weather out 
of the green band. 

At the eastern end of the bay the band of green, chloritic rock cuts 
through the end of the headland before continuing out to sea. The band is 
faulted against sheared and veined fine sandstone on the south side, and 
possibly in sedimentary contact with sandstone to the north. Boudins of 
marble (P04/T1), amygdular lava and sandstone occur within the green 
band. 

Quartz-sulphide veins 

Veins of quartz and minor sulphides, probably mainly pyrite or marcasite, are particularly evident along the east and west coasts of Motu
kawanui (Fig. 3). The veins are commonly l-5m thick (maximum 10m), and 
quite distinct from the thin veins of quartz which occur along joints and 
fractures, predominantly in thick sandstone units. Many of the quartz-
sulphide veins are associated with altered rock, and in places the veins and 
altered rock form zones 40-50m wide (e.g. opposite Moturahurahu Island). 
The widest zone (c. 250m) strikes approximately E N E through Limonite 
Bay, and contains small deposits of iron oxides, primarily limonite. 

The origin of the mineralised veins is uncertain, but their formation is 
probably related to a major period of faulting (resulting in hydrothermal 
activity) during either the Rangitata or Kaikoura orogenies. Although it is 
difficult to demonstrate any displacement of strata across the veins, the 
occurrence of breccia clasts (e.g. in a vein between east and west Hamaruru) 
indicates that some have formed along faults. In other instances veins have 
probably formed along major joints, which perhaps explains why veins are 
more common in massive sandstone units. However, quartz-sulphide veins 
also occur within argillite units (e.g. at Kikipaku Beach). 

Age 
Apart from the corals occurring within pillow lava at Pillow Bay 

(P04/T6), no readily identifiable fossils have been obtained from the Cavalli 
Islands. The only clue to the age of the rocks is provided by an occurrence 
of pillow lava, similar to that at Pillow Bay, exposed at Marble Bay near 
Whangaroa, which contains blocks of limestone with Permian corals and 
fusulinid foraminifera (Leed 1951, Hornibrook 1951). Waterhouse (1964a, 
b) has assigned a Kazanian (Upper Permian) age to the fauna. 

The question of whether or not the pillow lava and associated fossils are 
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interbedded with, and therefore actually date, the surrounding greywacke 
rocks is a subject of some importance (see Discussion). 

Horeke basalt 
A 1.3m wide dike of coarse grained porphyritic basalt cuts veined, fine

grained sandstone at the western end of Kahangaro Island (Fig. 4). The dike 
strikes 0 2 0 V 9 0 0 , is not faulted, or veined, shows no obvious baking of 
adjacent sediments, and no clearly defined chilled margin. Zones of 
amygdules occur throughout the dike, parallel to the contacts. In thin sec
tion (P42265) the rock consists of phenocrysts and glomerophenocrysts of 
pyroxene and zoned plagioclase in a sub-trachytic groundmass of plagio
clase and pyroxene laths and opaques. The rock, based on its field relation
ships and appearance in thin section, is clearly younger than the surround
ing Waipapa Group rocks and most likely constitutes part of the Horeke 
Basalts (Pleistocene) which outcrop extensively on the adjacent mainland 
(Kear and Hay 1961). 

Holocene 
Deposits mapped as Holocene (Fig. 3) include alluvium filling valley 

floors; marine gravels underlying a low terrace (2m a.s.l.) at Papatara Bay, 
Waiiti Bay and on the west end of Step Island; and dune sand at North 
Beach. The terrace gravel at Motukawa Point is cemented into a hard 
"beach rock" (see also Ferrar et al. 1925, p.54). No definite higher level 
terraces have been recognised. 

S T R U C T U R E 

Major structures 
The construction of a form-line map for the Cavalli Islands (Fig. 1) 

reveals the existence of several possible major faults and folds. Although 
the form lines are based on scattered bedding attitudes, the existence of 
large-scale, southeast plunging antiforms and synforms in the northern part 
of the island group seems certain. The presence of separate sheets of strata 
bounded by major faults is also likely. 

The structure of Motukawanui Island is divisible into two parts: 
1. a northern part, dominated by NW-SE trending strata, and 
2. a southern part dominated by N N W to northerly trending beds. 
The two parts are roughly divided by a line drawn between Pillow Bay and 
the bay north of Motumahanga Island. Lithologically the northern part 
consists predominantly of massive sandstone and chert, with two thick 
argillite units, and the southern part contains a thick unit of alternating 
sandstone and argillite, and most of the red mudstone bands. 

Despite the fact that there is a consistent NW-SE strike over much of the 
northern half of Motukawanui, lithologic units cannot be correlated from 
one coast to the other. Presumably units are wedged out by faulting, or 

53 



affected by the presence of major SE-plunging folds (i.e. occur at different 
stratigraphic levels). 

The structure of Motukawanui can also be interpreted as shown in Fig. 3. 
In this alternative construction, the two northern exposures of red 
mudstone are inferred to be part of the same band, as are the units of alter
nating sandstone and argillite exposed east of Motumahanga, and at 
Limonite Bay. A further line can be drawn connecting all the occurrences of 
red mudstone in the southwestern part of the island. This would imply the 
presence of major NNE-trending fold axes. 

The main objection to this interpretation is that younging of beds in the 
alternating unit is in opposite directions; grading indicates that the beds east 
of Motumahanga are overturned, but it is possible that the sandstones are 
reverse graded. However, the pillow lava sequence at Pillow Bay definitely 
youngs to the northeast, and as the beds at Limonite Bay certainly face west 
(based on cross-lamination), there must be a major anticline, or fault, 
between rocks forming the northern and southern parts of the island. 

The southern islands are dominated by a strong east-west trend which 
converges with the N N W trend extending from Motukawanui (Fig. 1). The 
junction between the two trends is inferred to be a fault, in the absence of 
any evidence for a major fold. 

Mesoscopic structures 
/. Folds 

Small-scale, mesoscopic folds are largely restricted to units of chert and 
red mudstone, although in places (e.g. Panaki and Hamaruru) alternating 
sandstone and argillite beds are also complexly folded. Many of the folds 
are steeply plunging, asymmetric, and disharmonic. 

Mesoscopic folds, often steeply plunging, are an important feature of the 
chert units. The best examples occur in a thick chert unit at the south end of 
Cormorant Bay, where both symmetric and disharmonic antiforms plunge 
80° N W . Small-scale disharmonic folds are also present in the chert unit 
underlying pillow lava at Pillow Bay. These folds die out through the beds, 
and may be slump features. Small folds with sub-horizontal axes also occur 
at Blowhole Point and at the west end of Motutapere Island. At the latter 
locality the folds are asymmetric, with axial planes dipping west. 

Plastic deformation is evident in many of the red mudstone bands, and 
some argillite units. Vertically plunging zig-zag folds occur in a 20m wide 
band of red mudstone at the west end of Hamaruru Island. Well-bedded 
red-brown mudstone extending across the headland at the west end of 
Waiiti Bay appears to be folded into a moderate to steeply north-plunging 
synform. 

The discontinuous and disharmonic nature of many of the folds, and 
their predominant occurrence in incompetent facies, suggests that the 
features originated by gravitational slumping rather than by compressive 
tectonism, although this is difficult to prove. However, the complex plastic 
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deformation of some red mudstones (e.g. Pillow Bay), and small-scale 
isoclinal folding of entire chert units (e.g. on Piraunui) suggests that these 
structures were formed while the sediments were in a soft state. Loading 
resulting from the deposition of thick sandstones could have initiated slump 
movements. 
2. Faults 

Mesoscopic to megascopic faults are widespread and are of two types: 
(a) high-angle; 
(b) low-angle. 
The high-angle faults appear to be more common, particularly in thick 

sandstone units. Fault planes are generally relatively straight, and dip at 
angles of 70-90°. Thin crush zones are associated with these faults. 

Several low-angle faults (dips generally <30°) have been mapped: on 
Motuharakeke Island two prominent parallel fractures filled with crushed 
rock and quartz dip 15 °SE; a very thin shear plane 250m east of Motukawa 
Pt strikes 165° and dips 25 °E; a NE-trending fault dipping 30°SE extends 
south from Cormorant Bay; and at the western end of Kahangaro Island a 
well exposed fault plane dips at between 10 °E and 10 °N (Fig. 8). The latter 
fault separates thick fine sandstone (overlying) and highly contorted, veined 
dark grey argillite. The fault plane is gently folded, and very sharply defined 
by a 3-4cm thick quartz vein along it. Quartz veins in the overlying sand
stone trend at 30-40° to the fault plane. At the north end of Hamaruru 
Island a slightly steeper fault striking 170° and dipping 40-45 °E separates 
siliceous fine sandstone from an underlying unit of highly sheared, foliated 
sediment (Fig. 4). The foliation is sub-parallel to the fault plane. It is signifi
cant that all of the low-angle faults mapped dip in an easterly direction. 

Although the amount of displacement on the faults cannot be deter-

quartz veins 
Fig. 8. Low-angle fault between thick sandstone and contorted argillite on small point at west 
end of Kahangaro Island. Fault plane dips between 10°N and 10 °E. Quartz veins in overlying 
sandstone trend at 30-40° to fault plane. Cliff section is approximately 4m high. 
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mined, the deformation associated with low-angle faults suggests that 
movement on some of these fractures may have been considerable. Most of 
the high-angle faults could be much later features, of small displacement. 

DISCUSSION 

There are three main questions concerning the rocks of the Cavalli 
Islands: their age; structure and deformational history; and environment of 
deposition. The question of age is discussed first because it has some 
bearing on the other two factors. 

Age 
To date, no age-diagnostic fossils have been obtained from Waipapa 

Group rocks in the Whangaroa district, except from limestone blocks 
within pillow lava. The relationship of the lava to the surrounding sedimen
tary rocks is the subject of differing opinions. Bowen (1968) considers that 
the metavolcanic rocks at Marble Bay, which contain the fossiliferous 
limestone or marble blocks (Hay 1960), grade down into sedimentary rocks 
of the Waipapa Group. The marble, according to Bowen, forms part of the 
volcanic sequence and has not been derived from older, underlying forma
tions. Sporli (1978), on the other hand, holds the view that the spilitic lavas 
are part of the sea floor upon which the sedimentary rocks were deposited, 
and thus significantly older than the overlying sediments. The spilites, 
according to Sporli, were sheared into the sedimentary pile during subduction of the sea floor along the Antarctic-Australian margin. Hay (1960) 
does not specifically discuss volcanic-sedimentary relationships in the 
Waipapa Group, but clearly considers the igneous rocks to be con
temporaneous with sedimentation. 

Evidence from the Cavalli Islands favours the view that pillow lava is 
interbedded in the sedimentary sequence, and not tectonically emplaced sea 
floor. The lava clearly overlies silicified sediment, and although there is a 
fault between these sediments and thick sandstone to the south, it is almost 
certainly of small displacement. 

If the volcanic rocks and clastic sediments at Marble Bay are interbedded, 
then the fossiliferous limestone blocks indicate a Permian age for the 
Waipapa Group in the Whangaroa area. The close proximity of the Cavalli 
Islands would suggest that the rocks there are also Permian. 

Structure 
The structure of the Cavalli Islands is incompletely known, but the 

existence of large-scale, steeply plunging folds and major faults separating 
thick sequences of strata seems certain. The overall west to N W structural 
trend compares very closely with the W N W to N W trend observed on the 
adjacent mainland (Maehl 1970). Maehl also mapped a major NW-plunging 
asymmetric anticline, which contrasts with the apparent SE-plunging folds 
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on the Cavallis. 
The deformational history of the Waipapa Group rocks on the Cavalli 

Islands has not been determined. Sporli (1978) considers that there are at 
least three deformational phases in the Waipapa Terrane: 
1. an earliest phase which produced melange-like structures; 
2. a second phase of relatively open folds with sub-horizontal axes, often 

trending N W ; 
3. a third phase during which pre-existing structures were rotated on sub-

vertical (?) axes, producing open folds of variable but often considerable 
plunge. 
The second and third deformational phases appear to be present, but 

early melange-like structures have not been recognised on the Cavalli 
Islands. Instead, complex small-scale folding of chert beds and some thin-
bedded alternating sandstone and argillite, and plastic deformation of red 
mudstone and some argillite units appears to be the earliest deformational 
feature. These early structures were probably caused by slumping of the 
compacted but unstable sediments. 

Environment of deposition 
Kear (1971) considered that the Waipapa Group, which forms part of his 

Hunua Facies, was probably deposited in deep water beyond the continental 
slope. Sporli (1978) envisages a prograding clastic apron which spread out 
over the sea floor in a northerly direction. The sea floor contained volcanic 
piles around which the clastic sediments were deposited, and as the sea floor 
was subducted both sediments and upstanding volcanic piles were sheared 
off and accreted to the continental margin. 

The model proposed by Sporli (1978) attempts to account for the 
presence of what could be interpreted as deep water, ocean basin 
sediments—the red mudstones—in an otherwise coarse clastic sequence. 
The coarse sandstones and rare conglomerates (Maehl, 1970) could have 
been transported into deep water by various mass flow mechanisms. 
However, the occurrence of apparently shallow water corals (Leed, 1951) 
associated with vesicle-bearing pillow lava, interbedded within clastic 
sediments, indicates that the lava-sediment association may represent a 
shallow water origin. 

Sporli's argument that the lavas represent huge volcanic piles or guyots 
which projected into shallow water from the sea floor is not accepted for the 
lava occurrence on Motukawanui Island nor by analogy for the occurrence 
at Marble Bay, Whangaroa Harbour. The lava lens on Motukawanui has a 
maximum thickness of 50m and has stratigraphic upper and lower contacts 
with the enclosing sediments. Moreover the lava displays no field evidence 
of ever having been in close proximity to former oceanic crust (gabbros, 
ultramafics etc.). 
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APPENDIX I 

List of fossil localities 
Fossil localities are those of the metricated N.Z. Fossil Record File. Metric grid references 

are based on computer conversions of the NZMS 1 coordinates given in brackets. 
Samples collected for microfauna were processed by Mr J.E. Simes, N.Z. Geological 

Survey. 
P04/T1 986846 (Nl 1/464799). Step I. Base of headland at east end of bay. Clasts of marble 

in sheared green rock. n.f. 
P04/f2 984846 (Nl 1/462799). Step I. At west end of bay, in gap between main island and 

offlying islet. Loose boulders of marble, n.f. 
P04/f3 966894 (N8/440849). Motukawanui I. South side of Cormorant Bay. Concretions in 

grey argillite. 
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P04/I4 977895 (N8/453851). Motukawanui I. South side of Kikipaku Beach. Concretions in 
grey argillite. n.f. 

P04/f5 975885 (N8/451840). Motukawanui 1. At mouth of northern stream, Pillow Bay. 
Concretions in red-brown argillite. n.f. 

P04/f6 975884 (N8/451839). Motukawanui I. South side of Pillow Bay, in pillow lava. 

Coral masses and radiolarian? chert between pillows. 

APPENDIX 2 

Sample localities 
'P' numbers are those of the Petrology Collection, N.Z. Geological Survey, Lower Hutt. 

Metric grid references are followed by NZMS 1 co-ordinates in brackets. "R" numbers are 
those belonging to the collections of the Department of Geology, University of New England. 
P42265 PO4/968850 (N8/445802). Western point of Kahangaro 1. 1.3m wide basalt dike. 
P42266 P04/974882 (N8/450838). Cliff face opposite Moturahurahu I. Thick, medium 

sandstone. Lithic feldsarenite? 
P42267 P04/975884 (N8/451839). Pillow Bay, at south end of beach. Pillow lava. 
P42268 P04/966894 (N8/440849). South end of Cormorant Bay, Motukawanui I. 

Calcareous concretion in grey argillite. 
P42269 P04/975899 (N8/451856). North end of Motukawanui I. Thick coarse sandstone. 

Lithic feldsarenite? 
P42270 P04/959887 (N8/434843). North end of Motumahanga I. Green, siliceous 

mudstone (chert). 
P42271 P04/984847 (N8/426799). South side of Step I., at west end of bay. Sheared, green 

metavolcanic? rock. 
R45953 P04/975884 (N8/451839). Pillow Bay. Variolitic pillow lava at base of sequence. 
R45954 P04/975884 (N8/451839). Pillow Bay. Centre of pillow lava. 
R45955 P04/975884 (N8/451839). Pillow Bay. Centre of pillow lava. 
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