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INTRODUCTION.

THE authors recently visited the Cape Maria van Diemen—North
Cape area of New Zealand with the primary object of studying the
peridotites and gabbroid rocks deseribed from there by Bell and
Clarke (1910). Owing to the time available being limited, and to
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the faet that a considerable portion of it was not used to best advant-
age because the coastal expostures could not be visited during higher
phases of the tide, the survey was very far from being thorough. In
spite of this fact, however, the observations made have brought to

tlight interesting information, and have shown that erroneous ideas

liave long been allowed to persist regarding the nature of many of
the rocks of the area.

This paper has therefore been prepared in order to remove these
miseoneeptions, and to introduece several fresh facts which have an
important bearing upon the geology of this northern region. The.
authors regret that, owing to foree of circumstances, they have had
to leave unvisited loealities which, judged by the reports of McKay
(1894), and Bell and Clarke (1910), would certainly have well
repaid investigation. Their thanks are due to Mr. and Mrs. L. Keene,
of Te Paki Station, who gave every assistance and kindness within
their power, to Mr. H. MaeQuarrie for kindly collecting and forward-
ing rocks from Pandora, to Mr. Manihera, who proved a veritable
mine of reliable information regarding routes, and finally to their
companions, Messrs. W. E. Lia Roch2 and K. A. Allen, who gave valu-
able help in field work.

Through the courtesy of the late Mr. P. G. Morgan, for many
years Director of the New Zealand Geological Survey, several exccl-
lent analyses by Mr. F. T. Seelye, of the Dominion Laboratory, are
available to support petrographic descriptions of certain igneous
rocks.

The authors of this paper would like to place on record their
great appreciation of the unfailing assistance which Mr. Morgan has
always afforded whenever it lay in his power. His interest and
co-operation have been of inealculable benefit to the advancement of
geology in this country.

EArvLiEr WORK.

The only important reports upon the geology of the North Cape—
Cape Maria van Diemen area are those of McKay (1894), Bell and
Clarke (1910), and Bell (1909), though Hector visited the distriet
prior to McKay, for it is mapped in his geological maps of New Zea-
land, and its geology briefly mentioned in an early report (1872),
whilst Dieffenbach (1843, p. 199) has made mention of it in his
Travels in New Zealand. Park (1910), Marshall (1911, 1912), and
Morgan (1921) have issued geological maps of the area now described,
and with others, such as Bartrum (1925), have made brief reference
to certain features of its geology, but have depended for their infor-
mation entirely upon the work of MecKay, Hector, and Bell and
Clarke.

SYNOPSIS OF STRATIGRAPHY.

The papers of McKay (1894), and Bell and Clarke (1910) have
described the present terrain as underlain by sediments of the com-
prehensive mid-Mesozoie system now known as the Hokonui System.
McKay noted that these were invaded by masses of crystalline igneous
rocks, and Bell and Clarke added the interesting facts that amongst
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these latter there were varied series of ultrabasic and gabbroid rocks,
whilst amygdaloidal and other igneous rocks intermixed in the so-
called sediments were probably contemporaneous lavas (Bell, 1911).

The identification of the rocks in question as sediments of the
Hokonui system is erroneous, for they prove to be shattered and
locally crushed basic andesitic and basaltic rocks of varied type which
include pillow-lavas with which, as is expectable, some marine sedi-
ments are bedded. The nearest sedimeénts of Hokonui facies appear
to be those at Te Arai Bluff on the west coast, which is over 20 miles
south of North Cape. It must be admitted, however, that Bell and
Clarke (1910), whilst accepting MeKay’s designation of the rocks as
sediments, appear to have had considerable doubt in their minds as
to the correctness of this course.

As will be shown, though many reasons can be advanced for
regarding this series of igneous rocks (Whangakea Series of Bell and
Clarke, 1910) as mid-Mesozoic (Hokonui System) in age, it may well
be uppermost Cretaceous or Palacocene, for marls laid down in close
association with pillow-lavas at Pandora (Whangakea), Spirits Bay,
contain numerous tests of foraminifera, amongst which there is a form
closely resembling Orbulina. These volcanic rocks are the oldest
rocks of the Cape Maria van Diemen—North Cape District, and are
provisionally eclassed as contemporaneous flows of the Hokonui
System (Trias —? Neocomian) analogous to those of the Whangaroa
area (Bell and Clarke, 1909). During the orogeny which terminated
Hokonui sedimentation immediately at the close of the Neocomian
{hese flows were intensely shattered, and, probably also at this time,
invaded by a mass of gabbroid and ultrabasic rocks in the vieinity
of North Cape, for Benson (1920, 1926) has ably shown that ultra-
basic intrusions are a characteristic accompaniment of moderately
intense crustal compression, whilst, in addition, the intrusive gabbroid
rocks include gneisses which are clearly the result of piezocrystalliza-
tion. On the analogy of Andrews’s interpretation of conditions at
Broken Hill (1923a) these intrusive bodies probably form a sill-like
mass which was injected under considerable pressure. In addition
10 this major intrusion, there were smaller probably contemporaneous
ones of intermediate character. These did not, however, close the
c¢yele of igneous activity, for intrusions in the form of dykes and sills
cut mid-Tertiary sediments (Coal Point Series), whilst interbedded
with these latter, there are thick masses of andesitic conglomerates
and tuff which are products of a phase of vulcanicity which mani-
fested itself far and wide in the northern half of the North Island
at this time.

Evidence from other parts of New Zealand clearly demonstrates
{hat the post-FHokonui diastrophism was followed by prolonged
erosion prior to the deposition of succeeding Upper Cretaceous beds.
These are represented in the present area by steeply folded sediments
(Rahia Series of Bell and Clarke) which contain occasional fragments
of a large fibrous corrugated shell referable with tolerable certainty
to Inoceramus. They are the equivalent of the Kaeo Series or Whanga-
roa (Bell and Clarke, 1909) and probably also of the Otamatea
Beds described by Ferrar (1924) from Kaipara Harbour. Unfor-
tunately, the contact of these Cretaceous beds with over-lying strata
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was not observed by the writers, but many facts indicate that a minor
period of pressure, with accompanying emergence and ensuing erosion,
intervened between the date of deposition of these strata and that of
a varied series of mid-Tertiary sediments (Coal Point Series of Bell
and Clarke) which were their immediate successors. These latter
strata frequently rest unconformably upon a basement of the Older
Voleanie (Whangakea) rocks. At their basc there is a conglomerate,
which is followed by marine sandstones, then by andesitic conglo-
merates spread in an extensive sheet at least 600 ft. in thickness, and
finally by an upper thick deposit of marine sandstones.

The emergence of these mid-Tertiary beds above the shallow seas
in which they accumulated was accompanied by the faulting charac-
teristic throughout New Zealand of this post-Mioccne (Kaikoura)
orogenic phase. Powerful faults which perhaps passed loecally into
monoclinal folds, as has happened elsewhere in New Zealand, differ-
entially elevated various blocks of the terrain, which were peneplained
after prolonged erosion. This erosion. removed great thicknesses of
strata from the more elevated blocks and laid bare the peridotites and
gneissic gabbros near North Cape. Plateau-like remnants of the pene-
plain are to-day the most remarkable physiographic feature of the
castern portion of the area deseribed in this paper.

Though incapable of demonstration, it is probable that the uplift
mainly responsible for the modern elevation of the plateaus has been
accompanied by further differential movement along lines of weakness
marked oul in the earlier stage, for Waikuku Flat, west of North
Cape, is more readily explained as the site of a relatively depressed
block than as the sole result of selective erosion following ecustatic
uplift. This final uplift was considerably greater quantitatively than
the present height (hetween 500 ft. and 600 {t.) of the remnants of
the ancient peneplain, for it has been followed by a sub-Recent nega-
iive movement of the area which has allowed drowning of the lower
portions of many of the streams.

The most recent change of sea-level relative to the land has aceom-
panied a positive movement of about 5 f£t. which is demonstrated by
raised heaches along many of the coasts of North Auckland, as was
carly pointed out by Pecrey Smith (1881).

Long subsequent to the emergence of the North Cape—Cape
Maria van Diemen area at the close of Miocene deposition (Coal Poind
Series), extensive deposits of wind-blown sand aceumulated, and
1o-day Pleistocenc and Reeent dune-sands here and there mask the
clder rocks of the coasts.

PHYSIOGRAPHY.

For completeness ol deseription it has been considercd advisable
to give a bricl account of the physiography of the distriet now studied,
z(tlt;lf(l)l)gh this hasg alrveady heen well desceribed by Bell and Clmke

1

The greater part of the area between Cape Maria van Diemen
and North Cape consists of a maturely dissected upland the highest
pomts of which attain a height of a little over 1 ,000 ££. On the north
it is abruptly terminated bv the rugged no1the1n coast, but south it
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merges into a great tombolo which continues south-east for fifty or
sixty miles to the ancient mainland at Ahipara.

The drainage pattern is mainly insequent, for the streams show
little dependence upon the structure of the area. These latter gener-
ally arc approaching grade, for they often have swampy valley-floors
or else meander over small alluvial flats in their lower reaches. Never-
theless, many of the tributary streams are far from mature and are
broken here and there by waterfalls, whilst their valley slopes are
generally very steep. Again, although the divides have usually the
well-defined nature and softcned slopes characteristic of maturity,
remnants of an elevated plain of erosion persist at a height of from
500 ft. to 600 ft., and form a very conspicuous feature of the topo-
graphy, especially in the vicinity of North Cape.

A further element in the topography has been introduced, par-
ticularly in the south-west, by the accumulation during Pleistocenc
and Recent times of great areas of wind-blown sand which are well
developed in Tom Bowling, Spirits, and Twilight Bays. These dune-
covered areas rcach their maximum development south of the distriet
under consideration, and have been deseribed in detail by McKay
(1894), and Bell and Clarke (1910). Erosion ol consolidated ancient
dune-sands by temporary streams draining into Twilight Bay has
resulted in developing, near the morth end of the bay, a splendid
small-scale example of bad-land topography (sec Fig. 4).

In contrast with the general insequent drainage, there are onc
or two instances ol streams which have had their courses determined
by lines of strueture. Such instances will be considered in some
detail, for they afford important physiographic evidence as to the
structure ol the area. The first example of such structural control
is furnished at the cast end of Spirits Bay, where the tributaries of
Kapo Wairua Stream draining from the south-east have adjusted
ihemselves parallel to the strike of a thick series of resistant volcanie
conglomerates interbedded with much softer strata. A. prominent
N.W.—S.E. homoclinal divide (Fig. 6) has been carved from the
conglomerate, having steep esearpment slopes on the north-cast and
somewhat gentler dip slopes on the south-west, whilst less pronounced
but quite distinet scries of similar cuesta-like divides may be observed
in lowlands of soft sandstone west of Kapo Wairna Stream and
immediately inland from Spirits Bay. West of these sandstone low-
lands there are resistant voleanic rocks which constitute hills which
rise abruptly to a height of 1,000 ft. The boundary of the two forma-
tions runs south-east from the west end of Spirits Bay beach, and
both physiographic and stratigraphic evidence point to this junection
being determined by faulting.

There is a second example of subsequent drainage about two miles
east of Cape Reinga where the north-west line followed by Otanga-
whiti Stream is continued beyond its headwaters by a tributary of
Taputaputa Stream. Just below its confluence with this tributary,
Taputaputa Stream swings around in a semi-circle and flows north-
west to the shore. The physiography thus points very strongly to the
presence of a fault-zone running in a N.W.-S.E. direction up the
valley of this tributary of Taputaputa Strcam and down Otangawhiti
Valley to the sca.
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The faets also suggest that the main valley of Taputaputa Stream
is incised along a similar N.W.-S.E. zone of shattering, whilst, going
further afield, indubitable evidence of similar control is furnished hy
the valley of Huka Stream draining into the middle portion of Tom
Bowling Bay, for the actual fault-plane is traceable at the shore.

Further physiographic evidence of faulting is afforded by a
registant block about H square miles in areca of which North Cape
forms the most easterly point. This North Cape block attains an
altitude of about 750 ft., and is separated from highlands further
south-west by a broad undulating flat about 40 ft. above sea-level
known as Waikuku Flat, which is covered superficially by alluvium
and swamp-filling, and is margined by sand-dunes,

The North Cape block rises so steeply from this flat as to suggest
that its south-west face is a dissected fault or fault-line scarp, and,
as will be seen from the section appearing later, therc is corroborative -
stratigraphic evidence of a fault running N.W.-S.E. parallel to the
north-cast border of the lowland. Further south-west the topography
again suggests that a fault may separate Waikuku Flat from plateau-
like highlands further south-west; if this be so, the north-west trend
ol Waitangi Stream is subsequent upon such faulting.

This evidence of N.W.-S.E. fracturing is of especial interest in
that it shows the continuation of dominant {ractures having this trend,
along with others roughly at right angles to the first, [rom as far
south as Taupo, where they have been described by Henderson (1924).
Bartrum and Laws (MS., 1924) have recognized the dominance of
these series necar Auckland, and Ferrar (1925, pp. 18-20) in the
extensive Whangarei—Bay of Islands area, though Bell and Clarke
(1909, p. 23) were able to rccognize only an E.N.E.-W.S.W. series
near Whangaroa.

The coast-lines of the Cape Maria van Diemen—North Cape dis-
iriet are still in a comparatively youthful stage of development, for
ithey consist in general of rugged stretches, with sca-cliffs as much
as 800 ft. in height, where slow retrogression is in progress, which
alternate with long sandy bays backed by extensive dunc arcas which
represent the partly filled embayments of the original coast-line of
submergence. Probably the most striking feature of the coast-lines
is the unusually perfect development of broad, flat, horizontal plat-
forms carved at the base of the cliffs at the height of about 1 {t. above
normal high-water level, and perhaps especially prominent in the
resistant ancient voleanic rocks of the region. The origin ol similar
platforms has been discussed in detail by one of the writers (Bartrum,
1926), and nced not further be considered here, heyond mentioning
that they are believed to be due primarily to the action of storm-
waves. These have most effective action at a level slightly above
normal high-water level during higher phases of the tide.  Theve
appear to be grounds for the belief, however, that subaerial processes
active upon the wave-cut platforms have contributed very materially
to the remarkably level nature of the benches of the present area, more
especially where they have been developed in more shattered .

In contrast with the exposed northern and western coasts, that
of Parengarenga Harbour presents outlines of a much less regular
kind, for it has originated by submergenee of a maturely sculptiured
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arca in not far distant itimes, and, on its northern shores, its initial
outlines have not been very greatly modified. Widespread mudfiats
are witness, however, to extensive infilling subsequent to the submerg-
ence, though the recession of the sea-cliffs at headlands does not
appear to have been considerable.

The negative movement involved must be taken as the widespread
one responsible for the unique cmbayed coast-lines of almost the whole
of the castern coast of North Auckland. Its amount cannot be caleu-
lated with any precision, but was probably about the order of 200 ft.

At a date subsequent to this, however, there have been slight
elevatory movements. Broad stream terraces about 30ft. above* sea-~
level are extensively developed along the banks of Waitiki Stream.
They are composed ol relatively fine-textured alluvium and suggest
that, during the period of aggradation which gave birth to the flood-
plain from which they were carved, sea-level was Aistinetly higher
than now. Other evidence of sub-Recent positive movement is
afforded by beaches about 4 [t. above modern storm-beach level on
the northern coast about threc-quarters of a mile west of Waitangi
Stream, whilst McKay (1894) describes broad flats of marine muds
containing recent molluscan species which reach a height of from
10 ft. to 15 ft. above sca-level near the shores of Parengarenga Har-
bour. Sub-Recent uplift of similar amount can be observed in
numerous other parts of North Auckland, especially around the
shores of Waihcke Island, Brown Island, Ponui Island and the main-
land in the vicinity of Auckland, and has already been remarked by
writers such as Smith (1881), Henderson (1924a, p. 582), Ferrar
(1925, pp. 53-54) and others. This uplift occurred long after the
major submergence described above, at a time when the coast-lines
had attained approximately their present outlines.

DETAILED STRATIGRAPHY.

The upward sequence of sedimentary and extrusive igneous rocks
appears to be as follows:—

(1) Older Voleanic Secries (Whangakea Scries of Bell and
Clarke)—age? Trias-Jura. Flows of basaltic rock with minor sedi-
ments.

(2) Upper Cretaccous Serics (Rahia Series of Bell and Clarke).
Siliceous mudstones and coneretionary green sandstones with Inoccra-
mus. Probably also includes basic pillow-lavas.

(3) Middle and Later Tertiary Series (Coal Point Series of Bell
and Clarke).

(a) Lower Beds including sandstones, mudstones, tuffs and
fossiliferous basal conglomerate;

(b) Andesitic conglomerates;

(¢) Upper Beds including spavsely fossiliferous sandstones,
mudstones, grits, and minor conglomerates.

(4) Recent and Pleistocene dunc-sands, bedded silts and gravels.
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1. OLper Vorcanic Seriks (WHANGAKEA SERIES oF BELL AND CLARKE).

Distribution and Lithology.

The name Whangakea Series was first used by Bell and Clarke
(1910) to include the extensive series of rocks which is developed in
hilly country extending west and south from Pandora (Whangakea)
at the west end of Spirits Bay Beach, to Te Paki, Cape Maria van
Diemen and Cape Reinga. The same writers also mapped similar
rocks exposed along the western part of Tom Bowling Bay between
Hooper Point and Huka Creek, as part of the same serics, whilst
McKay (1894) had previously described and mapped both these
areas as comprised mainly of Older Secondary or Palaecozoic sedi-
ments. Numerous outerops of the rocks of this series, which are here

l l 8 |\lz A l
“heibR e il
4;‘ V(?) 31 41'(?)

Section 8.8.W. and N.N.E. from Huka Creek to Kerr Point.

(1.) Older Volcanic Series. (2.) Lower Beds of Coal PiL. Series. (3.) Middle

Beds (andesitic conglomerates) of Coal Pt. Series. (4.) Upper Beds of Coal

Pt. Series. (5.) Basic and Ultrabasic intrusives of Kerr Pt. (6.) Sill of

quartz diorite. (7.) Pleistocene bedded silts. (8) Pleistocene and Recent
dune sands.

designated the Older Volcanic rocks, were also observed by the writers
in valleys adjacent to the track from Te Paki to Te Hapua on the
western shores of Parengarenga Harbour, so that these rocks evidently
extend a considerable distance south-east from Pandora. A narrow
strip of similar rocks was also found to connect the east and north
coasts along the north-east margin of Waikuku Flat in the vicinity
of North Cape, where they are invaded by a large mass of gabbroid
and ultrabasie rocks.

The rocks of the Older Voleanic (Whangakea) Series consist of
a succession of thick flows of basaltic or andesitic rocks which are
intensely shattered, and in thin section show various effects of pres-
sure, whilst, wherever individual flows are recognizable, they appear
to be tilted at high angles. Although the main mass of the series
consists of normal flows, pillow-lavas are devcloped in the vicinity
of Pandora, and, less perfectly, at various places along the western
part of Tom Bowling Bay.

McKay (1894) describes the rocks here recognized as voleanic
lypes as mainly indurated sandstones, shales and slates of Palaeozoic
or Older Secondary age which have been intruded by ‘¢ erystalline
rocks’’ mear North Cape and elsewhere. He evidently mistook them
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for older greywackes and other indurated sediments such as those of
the Whangaroa distriet, which are now referred to the Waipapa
Series (Hokonui System) of probable Trias-Jura age.

Marshall (1908, Pl. 13) maps these Older Volcanic rocks and the
intrusives of North Cape as diorites and gabbros of uncertain age,
presumably on the assumption that McKay made an error in identifi-
cation similar to that which Marshall (loc. cit., pp. 81-82) found that
he made in the case of similar rocks in the Mongonui district. Bell
and Clarke (1910), whilst recognizing that a large quantity of igneous
material is present in the Whangakea Series,. nevertheless follow
McKay’s opinion that the series is mainly sedimentary. The micro-
scopic examination of a large number of thin slices representative of
the rocks shows that they undoubtedly represent voleanic flows, even
though in some localities intense shattering has induced close macro-
scopic resemblance to indurated sediments. The whole series appears
to be voleanic with the exception of a small amount of sedimentary
material associated with pillow-lavas at Pandora.

In this connection the section at this latter loeality (Whangakea)
at Spirits Bay is of especial interest.. Almost vertical pillow-lavas are
well developed at the extremity of a small headland immediately west
of the mouth of the small stream at Pandora, and on a small stack
a few yards off-shore from this point. With the pillow-lavas there
are basaltic rocks lacking the pillow form and so intensely shattered
and crushed that they closely resemble red and green -clay-shales.
Carcful examination reveals, however, that cores of less crushed
microscopically identifiable basalt persist in the general shale-like
material and strongly suggest the voleanic origin of the whole series.
In some places below the pillow-lavas, where the cores of basaltic
rock are especially numerous, the rock resembles a conglomerate
veined and cemented with caleite. A few yards south from the pillow-
lavas towards the beach at Pandora, there is a dyke of pyroxene
diorite (N.C. 2) which serves to complicate the section, and, still
further on, there are striped red and green rocks which are associated
with finely laminated compressed foraminiferal marls. The green
material proves on sectioning to be andesitie in character, but the red
with which it is intermixed in irregular lensoid manner, is probably
sedimentary. The intermixture can he explained as a result of
moderately acute shearing.

The pillow-lavas present the usual chilled crust and are almost
certainly submarine flows, so that the associated sediments represent
deposits formed during an interval between successive outpourings
on the sea bottom.

East from Pandora there are two headlands composed mainly
of normal older volcanic (Whangakea) rocks. At the seecond, how-
ever, there is an interbedded steeply dipping flow of pillow lava on
the line of strike of the similar flow further west. As before, the
rocks below the pillow-lava are severely crushed. Still further east
at the same headland, there is a mass of hyalopilitic pyroxene andesite
(N.C. 25) which apparently belongs to the mid-Tertiary series of
extrusions briefly referred to earlier in the Synopsis and described
in more detail hereafter in Section 5 of the Lower Beds. (See also
Section D for petrographic description.)
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The Older Voleanic (Whangakea) rocks appear to have very
great thickness and lack fragmental eruptive material interbedded
with the flows. These faets and their generally non-porphyritic (or
aphyric) nature suggest that the lavas are the product of fissure
cruptions in which the magma rose rapidly from considerable depths.
Some at least of the flows were extruded under submarine conditions,
as is indicated by the existence of pillow-lavas and thin beds of marine
sediment associated with them, but the somewhat rare oceurrence of
such flows is suggestive that this was an exceptional condition.

Age of Older Volcanic (Whangakea) Series.

The age of the rocks described above is wuncertain. McKay
(1894) referring to rocks which are cvidently those occurring with
the pillow-lavas at Pandora, states: ‘‘ From these rocks and from a
calecareous red slate, I collected fragments of a fibrous shell apparently
Inoceramus, and from a mass of grey and reddish limestone on the
heach, numerous small shells of which the most abundant appears to
be a species af Halobie.”” On this cvidence, and on the supposed
lithological resemblance between the older rocks of this area and
Triassic and Jurassic sediments of the South Island, McKay placed
the rocks here grouped in the Whangakea Series in a serics ranging
from ¢ Older Secondary’’ to Palaeozoic in age. Heector (1894) refers
to the fossils as ‘‘ obscure fossils among which are fragments of fibrous
shell and a small convex bivalve,”” and is disinclined to aceept
MecKay’s belief that the Pandora rocks are Triassic in age. Bell
and Clarke (1910) bring forward no new evidence, and ave content
to quote McKay and Hector.

Stratigraphic cvidence as to the age of the scrics discussed is
meagre, and merely goes to show that there is strong unconformity
between it and overlying mid-Tertiary strata, whilst its relations to
the Upper Cretaceous Rahia series has not yet been observed.

Fresh, but somewhat indefinite, evidence of palacontological
nature has been unearthed, during the present expedition, in marly
sediment bedded with the Pandora pillow-lavas. In thin section this
proves to be a fine-grained caleareous rock compacted and streaked
out by pressure and containing numerous tests of foraminifera (See
Fig. 3). It appears to be a type of rock hitherto unknown from
Hokonui (Trias — ? Neocomian) rocks of the North Island. Mr.
W. J. Parr, of Melbourne, very kindly examined the somewhat erushed
foraminifera and obtained the valued opinion of Mr. F. Chapman
thereon. He writes that the foraminifera are certainly not Tertiary
:nd may even be as old as Carboniferous. The provisional identifica-
tions include Bigenerina, Marginalina, Valvulina, Endothyra, and

possibly Haplophragmium. In addition, there are numerous spherical
tests of a genus belonging to the Globigerinidac which closely

resembles Orbuline.

It will be seen that both palaeontological and stratigraphical data
fail to furnish very precise information as to the age of the rocks
discussed, so that the writers have depended very largely on dias-
trophic evidence in suggesting that these Older Voleanic or Whanga-
kea rocks are flows erupted contemporancously with the accumula-
tion elsewhere of mnormal sediments of the mid-Mesozoic Hokonui
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System, and are, in fact, the equivalents of the extensive sheets of
hasalt described by Bell and Clarke (1909) as interbedded with
sediments of this system (Waipapa Series) in the Whangaroa dis-
triet. This important diastrophic evidence is found in the presence
at North Cape of gabbro which has invaded the Whangakea rocks
and has primary foliation very strongly developed. It is considered
most probable that the injection of this intrusion and its foliation
are both the result of the Early Cretaceous orogeny which caused
the emergence and folding of the Hokonui sediments from one end
to the other of the New Zealand area, and initiated the period of
vigorous erosion which preeeded later Cretaceous sedimentation. If
this be so, the Whangakea rocks must be at least as old as those
of the Hokonui System. -

There is admittedly a possibility that the series is of Cretacco-
Eocene age, for igneous rocks similar in character to the Whangakea
lavas invade Upper Cretaceous sediments (Onerahi Series) in the
watershed of Upper Mangakahia Stream and elsewhere in North
Auckland, but against this view there are two main arguments.
Tirst, there is little evidence that the intensity of pressure involved
in the post-Onerahi uplift and folding which preceded general mid-
Tertiary sedimentation in North Auckland* attained sufficient
magnitude to develop foliation in the North Cape gabbros, whilst
sceondly, the foraminiferal fauna of the marl at Pandora is entirely
different from that so far discovered in the foraminiferal ‘¢ iydraulic
limestone’’ of the Upper Cretaceous Onerahi series.t

9. UppEr CrETACEOUS SERIES (RAHIA SERIES OF BELL AND CLARKE).

The rocks included by Bell and Clarke (1910) in their Rahia
Series occur at the south end of Rahia or Twilight Bay, in Taupiri
Bay four miles north of this, and at Parenga, on what used to be
Yates's station, but is now Mr. Chapman’s property. McKay (1894)
also placed certain ‘¢ Cretaceo-Tertiary >’ greensands and siliceous
mudstones from Dyson’s ‘old station on the north side of Parenga-
renga Harbour in the same series as the rocks of Yates’s station.
Though Bell and Clarke omitted the rocks near Dyson’s from their
Rahia Serics, McKay’s classification now proves to be correct, and
Bell and Clarke’s mapping erroneous in this respect. The rocks at
Twilight (Rahia) Bay, which are included in this series, contain
extensive associated pillow-lavas in addition to marine sediments.
Those at Parenga consist of steeply inclined calcareous shales and
mudstones alternating with moderately thick beds of concretionary
greensands in which there are oceasional thin bands of small pebbles.

The concretions are often coated by a layer of cone-in-cone lime-
stone and contain occasional fragments of a corrugated fibrous shell

which is almost certainly Inoceramus, as well as rare casts of a small
gasteropod.

+Benson (1923, p. 54) suggests that the northern portion of New
Zealand came within the influence of intense orogenic movements which
affected New Caledonia in the early Tertiary.

+Recent advice from Mr. W. J. Parr suggests that this statement may
need to be modified.
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The rocks mapped by McKay as ‘¢ Cretaceo-Tertiary >’ north
of Dyson’s prove to be highly siliceous mudstones, with green sand-
stones, which are all considerably shattered and dip at high angles
in irregular directions. Good outerops are plentiful along the divides
adjacent to the track from Dyson’s to Waikuku Flat. This series
of beds extends through to the coast near the south margin of the
headland in which Maukin Nook is situated, for a boulder of green
sandstone was picked up in the bed of a small stream at this place,
in which there was a large fragment of the shell of an Inoceramus.
This discovery obviously justifies McKay’s mapping of the area as
‘“ Cretaceo-Tertiary.’’

Owing to unfavourable tides, the Taupiri Bay outerops were
not examined at beach level. The rocks exposed in the accessible
higher portions of the sea-cliff at this locality, and those further
north, apparently all belong to the Older Volecanic Series, so that
it would appear that the Cretaceous or Rahia beds reported here hy
Bell and Clarke have very limited extent.

Amongst the most interesting of the beds assigned to the Rahia
Series are those at Twilight (Rahia) Bay first recorded by Bell and
Clarke (1910). Near the south end of the bay greenish and greyish
sandstones dipping due north at 40° outerop from beneath the
sands of an adjoining dune-area. These are followed downward by
a flow of pillow-lava about 70 ft. in depth, which has ovoid pillows
from 1 ft. to 3 ft. in diameter. Bach pillow exhibits small-seale
radial prismatic jointing and a somewhat glassy chilled crust. (Sec
Fig. 5). Beneath the lava there are what appear to be finely bedded
clay-shales which are almost eoncealed by beach sands.

At the extreme southern limit of the beach in this bay, pillow-
lavas are again developed in the sea-cliffs and shore-platforms; they

. dip steeply mnorth at an angle of about 50°, the dip being clearly
shewn by overfolding of individual pillows (see Fig. 2). Masses of
secondary caleareous material and caleite oceupy the interstices be-
tween the pillows, whilst this latter mineral is also abundant as the
filling of joint crevices and vesicles. Above the flow, and apparently
in part invaded by it, there are well-laminated indurated greyish
mudstones which are exposed on the shore below high-water mark.
Beneath the same flow there is a shattered breccia-like mass consisting
of vesicular fragments of lava similar to that of the pillows, inter-
mixed with a green matrix of doubtful nature but probably sedimen-
tary. This brececia is interpreted as a scoria formed at the base of
the uppermost flow of pillow-lava in this area. Passing further west,
the breccia or ¢‘ seoria ’’ is succeeded in downward sequence by a
stratum of green sandstone about 10 ft. in thickness which dips
steeply north-east, and then by what appears to be a small mass of
‘“ baked '’ shale. Near this a dyke of dolerite 20 ft. in width is
cxposed on the shore-platform and is succeeded westward by highly
amygdaloidal basalt lacking the pillow form. In the course of a few
yards this last basalt passes into typical pillow-lavas which continue
south along the rugged shore-line of Scott Point. Near the south
end of Scott Point, a non-porphyritic open-grained basaltic rock was
discovered a little east of the pillow-lavas in the valley of a small
stream cutting steeply down to the shore from the elevated plateau
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developed along the coast at this locality. It was at first believed to
belong to the Older Voleanic Series of rocks, but its petrographic
characters are not inconsistent with its deseription as a phase of
the series of fiows which nearby have the pillow form.

3. MippLE AND LATER TERTIARY BEDs (CoALn PoiNT SERIES OF BELL
AND CLARKE).

The area east of a line drawn from the western end of Spirits
Bay Beach to Te Hapua, Parengarenga Harbour, exhibits locally
thick, extensive sedimentary beds of Middle or Later Tertiary Age.
Hector (1872), McKay (1894) and Bell and Clarke (1910) have
mapped and described Tertiary rocks from this area, but their work
is far from complete. Bell and Clarke grouped the beds in their
Tertiary Coal Point Series along wtih rocks on the north side of
Parengarenga Harbour which actually belong to the Upper Creta-
ceous (Rahia) Series.

Although there is no definite evidence of interformational unecon-
formities subdividing the beds of the series, these latter constitute
three more or less separate groups or sub-series: an upper group
consisting of fossiliferous mudstones, sandstones, grits and minor
conglomerates; a middle sub-series of andesitic conglomerates; a
lower group which includes sandstones, tuffs, mudstones and a prom-
inent basal conglomerate. These will be considered in ascending
order.

(a). The Lower Beds of Coal Point Series.

The lower beds of the Tertiary Series are developed in five local-
ities:—the eastern end of Spirits Bay in the vicinity of Hooper’s
Point; along the coast east of Huka Creek; on the coast at the east
margin of Waikuku Flat; at Parengarenga North Head.

1. The Hooper Point Section.

At the east end of Spirits Bay andesitic conglomerates of the
middle group are strongly developed on the north wall of the valley
of Kapo Wairua stream, and in an islet near its mouth. After an
interval, these are succeeded mnorthward by a lower econglomerate
which unconformably overlies flows of the Older Voleanie Series
(Trias-Jura), and is composed of pebbles and fragments derived from
this latter series. It is about 20 ft. thick, and, as already noted by
McKay, its lower portion is crowded with the broken remnants of a
large cirripede which is probably the same species—Hezalasma
aucklandicum—as is found in the basal conglomerate of the Waite-
mata Series on certain islands of Hauraki Gulf near Auckland. Over-
lying the basal conglomerate there are beds of fine sandstone and
mudstone, which are exposed on the steep hill-slopes above the sea-
cliffs at this spot. These sediments then pass beneath the andesitic
conglomerates of the middle sub-series and, with the basal conglomer-
ate, constitute the lower group of Tertiary beds at this loeality.

The section is repeated in the bluff just east of Hooper Point.
The cirripede conglomerate, 25 ft. in thickness, is again seen to over-
lie the Older Voleanic (Whangakea) lavas, and is in turn succeeded
by a thickness of from 100 ft. to 200 ft. of fine sandstones and mud-
stones, which contain coneretions of pyrite and dip at 25° south.
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Several faults traverse the area, and one has dropped the Tertiary
beds described against the mass of Whangakea rocks which forms
the extremity of Hooper Point just west of this section.

McKay’s (1894) observations at this locality were faulty and
led him to place the cirripede conglomerate as the lowest part of his
¢ Manukau Breccias,”” which are here called the andesitic conglo-
merates. Bell and Clarke (1910) follow McKay in this error.

2. The Huka Creek Section.

Three-quarters of a mile west of the mouth of Waitangi Stream,
Tom Bowling Bay, sediments of the lower sub-series of Tertiary strata
outerop at the coast from beneath the andesitic conglomerates of the
middle sub-series, and continue to be exposed westward along the
coast for a distance of about a mile. At the east end of the section
the beds consist of alternate bands of sandstone and mudstone, fol-
lowed by two beds, 6 ft. and 30 ft. in depth respectively, of fine
voleanice grit in which are hroken fragments of molluscan shells, and
which are separated one from the other by a few feet of mudstone.
In downward sequence these in turn are followed by further mud-
stones and sandstones with shell fragments, which dip east or north-
east at an angle of about 20°. For the next 50 yds. the section is
obseured, but later, at the mouth of a small creek, there is a very
good exposure of fine-bedded mudstones which dip in the same general
direction as the preceding beds, but at a lesser angle. A quarter of
a mile east of Huka Creek thin tuffaceous beds are interbedded with
the mudstones, which then pass down into about 80 ft. of fine-grained
voleanic tuffs which dip at about 15° to the north-east and become
decidedly coarser at their base. These tuffs rest on a breccia-like
mass of erushed slickensided and weathered material, the fragments
of which consist largely of the andesitic or basaltic rocks typical of
the underlying Older Voleanie Series, but which also include masses,
18 ins. to 2 ft. in diameter, of diorite and of a glassy flow-breccia
gimilar to that locally characterising the Older Voleanic rocks of
Cape Reinga and Pandora. This basal material is regarded as the
cquivalent of the basal conglomerate of other Tertiary sections.
Immediately west of the mouth of Huka Creek, the tuff and basal
breccia are intersected by a fault with unknown throw which trends
north and south and dips at 70° to the east. On the shore-platform
the tuffs dislocated by it grade into a rock of ‘‘baked’’ aspect which
contains small argillaceous fragments set in a fine argillaceous matrix,
and which is invaded by a large dyke of diorite which forms the
headland west of Huka Creek. Beyond the dyke, flows of the Older
Voleanie Series again appear and continue for some miles westward
to Hooper Point.

The extent of the Tertiary beds is evidently limited, for the
valleys of the headwater tributaries of Huka Creek were found to be
carved in Older Voleanic rocks which outerop almost continuously in
the beds of the streams.

Elsewhere than at this loeality, the thickness of the beds of the
Lower Sub-Series does not exceed 400 ft.; here their disposition indi-
cates that it ecannot be less than 1500 ft., unless (as is indeed highly
probable, since one such fault is known to delimit the western margin
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of the Tertiary beds of the Huka Creek area) there has been repe-
tition of the strata by strike-faults.

3. The Tawakewake Creek Section, Tom Bowling Bay.

Tertiary rocks are again exposed at the mouth of Tawakewake
Creek at the eastern end of Tom Bowling Bay, and for half a mile
north-east along the coast. About 30 ft. of finely laminated sandy
indurated mudstones project from beneath dune-sands on the western
bank of the creek, and dip south-west at 85°. A sill of diorite, which
has caused recognizable induration of the sediments, is in contact with
them on their eastern margin, and continues for several hundred
yards as a high coastal bluff to where its eastern, lower junection with
the Tertiary sediments is clearly visible. These latter consist of about
40 ft. or 50 ft. of finely laminated sandy mudstones which dip south
at 25°; some are highly indurated, remarkably fissile and varve-like.
At the base of the section about 60 ft. of basal conglomerate uncon-
formably overlies greatly shattered and disordered flows of the base-
ment Voleanic Series. The conglomerate consists for the most part
of angular fragments about 3 ins. in diameter derived from the sub-
Jacent Trias-Jura Voleanic Series, though fragments of much larger
size are abundant. The cement is a highly caleareous material which
is crowded with spines of echinoids and remains of bryozoans, while
a few joints of a large Isis and several fragments of Hexalasma were
also disecovered.

McKay (1894) and Bell and Clarke (1910) do mnot appear to
have visited this locality, for they make no mention of Tertiary rocks
either here or at Huka Creek.

4. The Wharekau Bay Section of Tertiary Beds.

There is a further outecrop of the lower beds of the Tertiary
Series in the sea-cliffs at the north end of Wharekau Bay, which is
on the east coast about 2 miles south-east of the section that has
Jjust been described. This locality was visited by McKay and Bell and
Clarke, but appears to have heen rather cursorily examined.

At the north end of the beach the eliffs shew a considerable
development of brown volcanic grits which dip gently south. McKay
(1894) describes a band of ‘‘coralline and foraminiferal limestone’’
overlying these tuffaceous beds, but, as the tide was high, this could
not be examined by the writers of this paper. A short distance fur-
ther mnorth, white sandstones outcrop high up in the cliffs and dip
south above the grits, whilst a few hundred yards still further north
there is a disturbed fault-zone in which the tuffaceous beds, the white
sandstones and highly fissile sandy indurated shales similar to those
of Tom Bowling Bay are all involved. A large mass of diorite about
400 yds. in width here invades the Tertiary rocks, and is exposed in
a series of rocky Dbluffs along the coast. The brown arenaceous
character of the weathered rock, and the regularity of its major joints,
cause so remarkable a field resemblance to massive sandstone that it
was mistaken for such by McKay. The outerop of the Tertiary
sequence is continued beyond the northern edge of the diorite in the
sea-cliff about a mile and a half west of North Cape. The basal bed
is a heavy breccia, 70 ft. or 80 ft. in depth, which is composed of

H
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material derived from the Older Volcanic rocks which it uneonform-
ably overlies. It is overlaid by a finely-bedded, white sandstone of
unknown though not great thickness, which dips at 20° to the south-
south-west, whilst it is displaced by an oblique fault along which a
dyke of dolerite is injected. Unfortunately, McKay failed to realise
the nature and significance of the basal breccia, which he considered
to be the lower part of his ‘¢ Manukau Breccias.’’

5. The Section at Parengarenga North Head.

It is finally necessary to inelude in the lower sub-series of the
Tertiary succession, carbonaceous green sandstones, mudstones and
grits, with irregular lenses of impure lignite, which underlie the
andesitic conglomerates of the middle Sub-series, and outerop along
a limited stretch of the shore-line east of Dyson’s old station on the
north side of the entrance to Parengarenga Harbour, though the beds
were left unvisited by the present writers owing to lack of time.
Hector (1872) gives a very complete description of the beds of this
locality, in which he states that the general dip is about south-west
and the total thickness of the beds exposed over 300 ft. On the evi-
dence of plant fossils McKay (1894) correlates these rocks with the
lignites and plant-bearing beds of Cooper’s Beach, Mongonui, and of
St. Paul’s, Whangaroa.

Correlation of Lower Beds of Tertiary Series.

Summarizing the evidence disclosed by the sections, the following
general upward sequence is recognizable in the Tertiary strata:—

(a) Lower Beds.

1. Coarse basal conglomerate. Marine. Depth generally consid-
erable (up to 70 ft.), but only a few feet at Huka Creck.

2. Sandstones and mudstones which are largely marine in origin
and of shallow water character. Partly terrestrial or lacus-
trine, for lignites are present at Parengarenga North Head.
Depth at least 100 ft. to 200 ft., but may be as much as
1500 ft. in the Huka Creek section. Thick tuffs (100 ft. or
more) are interbedded at Huka Creek, and at the north
end of Wharekau Beach, at more than one horizon. The
sandstones are invaded by a thick mass of diorite at the
north end of Wharekau Beach and at Tawakewake Stream,
at the east end of Tom Bowling Bay.

(b) Amndesitic Conglomerates, about 1,000 ft. in maximum thickness,
constituting the ‘¢ Middle Beds.”’

(¢) Upper Beds—Thick sandstones at east end of Spirits Bay, at
‘Wharekau and east of Flat Point, Parengarenga Harbour.

Owing to their misinterpretaiion of the lithological nature of the
basal conglomerates, McKay and Bell and Clarke correlate the Lower
Beds with the Andesitic Conglomerates (‘‘ Manukau Breecias ’’) of
Auckland district, and with similar fragmental beds at Whangaroa
which Bell and Clarke (1909) have named the Wairakau Series. The
presence of Hexalasmae and other Tertiary fossils in the econglomerate
suggests, however, that the Lower Beds should be correlated with the



BarTrRUM-TURNER.—Pillow-Lavas, Peridotites . . . Rocks. 115

‘Waitemata Series of Auckland, which lies immediately below the
Manukau Breceias.

The contact of the Tertiary beds with the Upper Cretaceous sedi-
ments of the Rahia Series has not yet been observed, so that the
exact relations of the two series is obsecure. Nevertheless, the fact
that the former strata rest directly upon the Older Volcanic Series
in the vieinity of North Cape, though, on the northern shores of
Parengarenga Harbour, at no great distance from North Cape, a
great thickness of Rahia beds is developed, is better explained by
supposing that near North Cape these latter were eroded from the
basement of Older Voleanic rocks prior to Tertiary sedimentation,
than by postulating overlap. The steeply folded and intensely shat-
tered nature of the rocks of the Rahia Series, which contrasts with
that of the Tertiary strata of the area, also suggests that the former
were subjected to an early Tertiary orogeny which later beds were
spared. This probability is strengthened by the evidence in favour
of unconformity between probable Upper Cretaceous (Omnerahi
Series) and Tertiary (Waitemata Series) beds in the Whangarei and
Auckland districts which has recently been brought forward by
Ferrar (1921, 1925) and Bartrum (1924).

(h). The Andesitic Conglomerates or the Middle Sub-Series of
Tertiary Strata.

The middle beds of the Tertiary Series are coarse andesitic con-
-glomerates which have a maximum thickness of over 600 ft. and, in
-some places, of probably not less than 1000 ft. These conglomerates
occupy the greater part of the area over which the Tertiary beds of
the area now described are exposed, and outcrop along a continuous
belt from the east end of Spirits Bay, through Munro’s station at
the north end of Parengarenga Harbour, to the east coast, where
they outerop discontinuously from the North Head of this latter har-
bour north to Wharckau Bluff. MeKay (1894) and Bell and Clarke
(1910) also map these rocks as extending in a strip from a short dis-
tance inland of the western end of Spirits Bay Beach, through to
Waitiki Stream mnear Te Paki, whilst Bell and Clarke (loc. cit., p.
619) record good exposures of them on the track from Parenga to
Te Paki. Earlier maps appear to be incorrect in extending the con-
glomerate beyond the north bank of Waitiki Stream, for the writers
traced the Older Volcanic (Whangakea) rocks for several miles east
from Te Paki along the route to Te Hapua.

As will be shown in the section on petrography, the conglo-
merates consist essentially of well-rounded pebbles of andesite a few
inches in diameter, which have been laid down in thick roughly-
bedded strata. Their best outerops are furnished by the occurrences
at the east end of Spirits Bay, at the coast west of Waitangi Stream
and in the headlands of the east coast such as those at Wharekan,
at Maukin Nook, at Coal Point and at Parengarenga North Head.

At Spirits Bay the beds form a prominent cuesta which trends
N.W.-S.E. and dips at 20° south-west to Kapo Wairua Creek, and
are somewhat coarser in their material than elsewhere. West of
Waitangi Stream the conglomerate is in well-bedded strata which dip
.at 20° to the east. The material there includes a fairly large propor-
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tion of diorite in addition to the usual andesitic pebbles, and a num-
ber of irregularly shaped bombs with glassy chilled crusts.

On the south side of the headland at Wharekau the conglomerate
is eovered conformably at high levels by sandstones, and, towards the
south, is followed at beach level by a series of sediments which dip
south-west at 25° and closely abut against a mass of the conglomer-
ates which is disturbed by faults causing rapid variations of direction
of strike and dip. The actual contact of the two sets of beds is not
visible, but it seems probable that the sediments belong to the Upper
Sub-Series of Tertiary strata.

The direction and steepness of dip vary somewhat rapidly in
the conglomerate at Wharekau and southward towards Coal Point,
but, west from this latter locality, the dip is prevailingly towards the
south-west, generally at angles of 15° or 20°. The synclinal structure
recorded by Bell and Clarke (1910) could not be recognized. The
beds of the headland in which Maukin Nook is situated have gener-
ally a gentle dip to the east, though Bell and Clarke (1910) record
from here (== Coal Point of Bell and Clarke’s map) a band of inter-
bedded lignite 6 chains long and 1 ft. thick which dips south at 35°.
The present writers did not see this bed for they did not visit the
shores of the Nook itself, but they observed numcrous carbonized and
silicified tree-trunks, one not less than 20 ft. in length and 1 ft. in
diameter, and noted the abundance of shale and mudstone relative
to andesite in the conglomerate, and the much smaller size of the
constituent pebbles as compared with those of other outcrops.

At a small headland immediately south of Dyson’s at the North
Head of Parengarenga Harhour, the conglomerates outerop in juxta-
position to débris of Upper Cretaceous (Rahia) heds. Their substan-
tial econformity both with the sediments of the Upper Sub-Series of
Tertiary beds and with those of the Lower Group below them is
undoubted, and conditions of occurrence at Parenga and near
Dyson’s, taken in conjunction with evidence in favour of uncon-
formity of the Upper Cretaceous to the Tertiary strata elsewhere in
Auckland Province, suggest that the conglomerates have overlapped
upon resistant erosion-residuals of Cretaceous rock.

On the east shore of a small inlet about a mile and a half east
of Flat Point, Parcngarcnga Harbour, the andesitic conglomerates
emerge from beneath a thick south-west dipping series of sandstones
with which they appear to be conformable. These latter are mapped
by McKay (1894) as below the conglomerates, but, in the absence of
reliable palacontological evidence, they are here placed on strati-
graphic grounds in the overlying Upper Sub-Series of beds. As,
however, the writers could not find time to visit the coastal section
castward towards Dyson’s, and other perhaps vital areas immediately
north of Te Hapua, they wish freely to admit the possibility that
the sequence they have just deseribed may have been inverted by
thrust faulting.

(¢). The Upper Beds of the Tertiary Sequence.

The Upper Beds of the Tertiary Coal Point Series include sand-
stones, mudstones. grits and minor conglomerates, which are devel-
oped extensively inland from Spirits Bay Beach and along the
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northern shores of Parengarenga Harbour. Similar beds have minor
development in sea-cliffs immediately south of Wharekau Bluff on
the east coast. The maximum thickness of these Upper Beds may be
as great as 1,000 ft.

Inland from Spirits Bay Beach the area underlain by these
sediments consists of low hills which contrast strikingly with the
much steeper and higher hills carved in the more resistant flows 8f
the Older Volcanic Series to the west and in the andesitic conglo-
merates to the east, and, like these latter, often reproduce
the cuesta type of divide. The strata of this area consist of soft
sandstones, alternating with thinner beds of mudstone; they dip
approximately south-west at low angles and are practically devoid of
fossils. McKay describes them as conformably overlying the andesitice
conglomerates, but Bell and Clarke map them as ‘‘ Older Débris *’
of Pleistocene age. Their inclined disposition, conforming with that
of the andesitic conglomerates, and their lithological difference from
the Pleistocene accumulations of the area descibed in this paper,
indicate, however, that Bell and Clarke’s alteration of McKay’s map-
ping is not justified.

Good exposures of sandstones, grits and mudstones with occa-
sional thin lenses of greywacke-conglomerate, are displayed in the
cliffs along the northern shore of Parengarenga Harbour for dis-
tances of about a mile north and two miles east of Flat Point, while
conglomerates containing, amongst other material, flinty boulders
apparently derived from subjacent Upper Cretaceous beds, appear to
be interbedded with the finer sediments on the crests of the divides
about a mile inland. The beds arc fossiliferous, but no collecting was
possible in the limited time available. Their dip varies considerably
in magnitude, but preserves a fairly constant south to south-west
direction. As already stated on p. 116 the writers place these beds
above the andesitic conglomerates and not below them as was done
by McKay (1894).

On the south side of Whareckau Bluff sandstones, with thin inter-
calated beds of mudstone, which lic conformably above the andesitic
conglomerates constituting the bluff, are well displayed at high levels.
A few chains south of these high-level outcrops there is a fault, and,
beyond this, about 150 ft. of sandstones appear at beach level and
dip south-west at 25°. Interbedded with them there is a tuffaceous
band which contains a few large bryozoa, numerous fragments of
crushed molluscan shells, broken echinodermal remains and occasional
foraminifera. It appears probable that these are down-faulted repre-
sentatives of the sandstones overlying the volcanic conglomerates.

4, PLEISTOCENE AND RECENT DEPOSITS.

Under the heading of Pleistocene and Recent deposits are in-
cluded all those rocks which have accumulated since the first great
uplift of the Kaikoura orogeny, which closed the cycle of Tertiary
marine sedimentation in North Awuckland approximately in early
Pliocene times.

Possibly the oldest beds of this group are those described from
the southern end of Twilight (Rahia) Bay by Bell and Clarke (1910)
as members of their ‘‘ Older Débris.”’
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In this loeality a horizontal basal bed about 2 ft. thick, com-
posed of small well-rounded pebbles, rests unconformably upon older
rocks (Rahia Series) and passes up into about 50 ft. of horizontally-
bedded white and yellow sandstones, which, in turn, give place up-
wards to consolidated dune-sands.

« Similarly, two small outliers of white sandstone, which lie above
the andesitic conglomerates on the plateau-like divide immediately
west of the mouth of Waitangi Creek, shew horizontal stratification
and appear to be subaqueous in origin. Such gravels and sands are
probably fluviatile deposits of local extent, which belong to the same
series of beds as the dune-sands above them.

Drifting dune-sands of Recent age and their consolidated Pleisto-
cene equivalents occur extensively along many of the coastal areas,
particularly south of Cape Reinga and in the vicinity of Parenga-
renga Heads, and have a remarkable development in the giant tombolo
south of the area described in this paper. Recent dunes characterise
the coastal portions of areas where filling and progradation have
followed the widespread and considerable depression, which, as
already noted in the Physiography Section, affected the North Cape-
Cape Maria van Diemen terrain in common with the rest of North
Auckland in Sub-Recent times.

In some localities, notably about three-quarters of a mile east
of Cape Maria van Diemen, the consolidated dune-sands contain
thousands of shells of terrestrial gasteropods (see Fig. 7), amongst
which are the following species :—Placostylus hongii ambagiosus Sut.,
Rhytide duplicate Sut., Realia turriculate PL., Paryphanta busbyi
(Gray), Serpho kivi (Gray) and others.*

Similarly, innumerable ancient Maori middens and ovens are
exposed in the dune arecas of the coasts, and, whilst human bones and
chips of obsidian are often very abundantly associated with these,
polished implements or ornaments are surprisingly scarce.

As these Recent and Pleistocene sands have been described in
detail by previous writers, nothing further need be added in the
present description, unless to make mention of the remarkable bad-
land topography carved at the north end of Twilight Bay from ancient
dune material (see Fig. 4), and to remark on the fact that, a little
east of the sand-dune area of this locality, the deep clays of less
elevated portions of the topography are highly suggestive of loess.

In addition to the types of deposit already described there are
alluvial gravels and silts which mantle terraces and small flood-plains
in the lower reaches of many of the streams and belong to this group
of beds, whilst there are also estuarine sands with Recent molluscs,
which have been deseribed by McKay (1894) as building extensive
flats, such as that at Flat Point, about 10 ft. or 15 ft. above high-
water level around the borders of Parengarenga Harbour.

“The writers are indebted to Mr. A. W. B. Powell for identification of
some of these species.
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INTRUSIVE ROCKS AND (RENERAL PETROGRAPHY.

This section of the present paper is reserved for deseription of
the igneous rocks, which may conveniently be grouped as follows:—
A. Intrusive Rocks.

Rocks intrusive into members of the stratigraphic series
already described.
B. The Older Volcanic (Whangakea) Series and Later Pillow-Lavas.
C. The Mid-Tertiary (Coal Point Series) Conglomerates.
D. Igneous Rocks of Uncertain Horizon.

A. INTRUSIVE ROCKS.

The intrusive rocks of the distriet may be considered to fall
broadly into two main groups which are based upon both field and
petrographic characters. One of these lends itself to further sub-
division.

1. Peridotitic and Gabbroid Rocks of the Kerr Point-North Cape

Mass. Probably Barly Cretaceous in age.
2. Minor Intrusions.
(a) Dykes of diorite and dolerite of pre-Miocene age.
(b) Dioritic intrusions in the Coal Point sediments. Pro-
bably Miocene in age.

1. Peridotitic and Gabbroid Rocks of the Kerr Point-North Cape
Mass.

General Description.

A most interesting series of ultrabasic and gabbroid rocks was
discovered by Bell and Clarke (1910) at the coast near North Cape
and Kerr Point. Whilst the present authors cannot claim to have
made a thorough examination of the area, they consider, nevertheless,
that Bell and Clarke overestimate the importance of noritic or gabb-
roid rocks in relation to the peridotitic. The coast at North Cape,
and thence north-west for half a mile and south-west for over a mile,
consists, it is true, wholly of gabbroid rocks, but at Kerr Point ultra-
basic rocks were followed continuously from both the west and the
east margins of their occurrence for distances aggregating well over
half a mile, and preponderated in quantity over the gabbroid. The
dominant rocks proved to be peridotites and pyroxenites which are
generally in relatively unaltered state, though sometimes considerably
serpentinized. These have been interseeted by numerous small dis-
continuous lensoid bodies or larger dykes of gabbroid rocks, which
shew considerable variety both in mineralogical constitution and tex-
ture, and are especially prominent on the western margin of Kerr
Point. At this last locality they include an extremely coarse norite
containing hypersthene, hornblende and diallage, in which the crys-
tals are sometimes over 4 ins. in largest dimension. It is almost
impossible to separate the various ultrabasie rocks one from another
in the field, for partial serpentinization of olivine completely masks
the character of many types. Microscope sections demonstrate, how-
ever, that they differ rather markedly in the proportions of the olivine
and pyroxenes present, and range from dunite-serpentine to lherzo-
lite and wehrlite. One section of serpentine (N.C. 19) shews that
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the rock from which it was eut may have been derived from harz-
burgite of which the original enstatite is now represented by ‘‘has-
tite,”” but not one of the 31 slices cut from various portions of
the gabbroid and ultrabasie intrusions shews any identifiable ensta-
tite, though numbers possess hypersthene which contains relatively
so little’ iron that its pleochroism is scarcely distinguishable. The
optical character of the mineral was tested time and time again, and
proved always to be negative, whilst the curvature of the hyperbolic
brushes in interference figures indicated an optiec axial angle less than
that of either enstatite or bronzite. It thus appears probable that
the mineral recorded by Bell and Clarke (1910, p. 623) as enstatite
should be called hypersthene.

As already remarked, it is difficult to estimate exactly what part
harzburgite-serpentine or dunite-serpentine plays in the make-up of
the main intrusion, for insufficiently numerous sections of the general
serpentine, of which most other types appear to be subsidiary phases,
were made to do more than establish the presence of both facies.

Wehrlite (N.C. 18, 18a) possessing different degrees of coarse-
ness of grain is very abundant on the west edge of Kerr Point, whilst
on its eastern border, a little north-west of North Cape, there is a
considerable mass of lherzolite, as already described by Bell and
Clarke (loc. cit.). Pyroxenites similarly are oceasionally prominent,
as is exemplified by a websterite (N.C. 52) on the western portion of
the Kerr Point promontory, and by a lherzolitic rock (N.C. 14)
immediately west of the North Cape lherzolite that has just heen
mentioned.

Detailed Description of Ultrabasic Intrusive Rocks.

In the rock described as wehrlite (N.C. 18, 18a), diallage, and
serpentinized olivine associated with the usual strings of magnetite,
are sub-equal in amount, the large rather rounded erystals of the
former being enwrapped by the latter (see Fig. 8). In section N.C.
18a the lamellar twinning of the diallage is made obvious by what
appears to be incipient alteration to some unidentified product. In
the lherzolite (N.C. 1, 38) the grain-size is large, for crystals 3 in.
or more in length are not uncommon. The proportions of olivine to
pyroxene vary, but the former mineral is at least equal in amount to
the latter. The olivine is partially serpentinized and has given rise
to dense strings and masses of secondary magnetite. In one section
(N.C. 38) the pyroxene is mainly hypersthene which exhibits fine-
seale lamellar twinning and poicilitically encloses chondri of olivine,
but there is also a little colourless monocliniec pyroxene which appears
1o be augite. In the other section (N.C. 1) the augite is perhaps more
abundant than the hypersthene, though in much smaller crystals. A
little interstitial altered basic plagioclase is present, whilst small
amounts of hastite, tale and uralite are associated with the pyroxene.
The Therzolitic rock (N.C. 14) recorded from near the typical lherzo-
lite just described, contains a greatly reduced quantity of olivine (25
per cent.). There is no feldspar and the pyroxene is mainly augite,
though polysynthetieally-twinned hypersthene is represented by a few
erystals. Some of the pyroxene is permeated by minute vermiform
markings which seem to be elongated fluid inclusions, though their
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appearance strongly resembles that obtained with micrographic inter-
growth. Brownish-green hornblende occurs in ragged crystals which
are chiefly concentrated along a narrow shatter-zone; with it there is
a quantity of secondary bladed actinolite, whilst chlorite and tale are
found elsewhere as derivative of the pyroxene. ’

The websterite (N.C. 52) recorded above is essentially a diallage
rock, though hypersthene is also an important constituent; incipient
alteration has again caused the lamellar twinning of the diallage to
be especially obvious.

In addition to the pyroxenites described, there are occasional
small dykes of an altered diallage rock (N.C. 11) in which a small
quantity of greenish hornblende, tinged here and there by brown, is
the only constituent besides the diallage.

This latter mineral is often altered to an almost opaque whitish
product in which the high birefringence of the original mineral is
still recognisable.

Gabbrvid Rocks of the Minor Intrusions Associated with the Ultra-
basic Complezx.

Gabbroid dykes invade the peridotites and allied rocks described
in the last section, especially on the west margin of the mass. In
hand-specimen the rocks of these dykes are generally normal coarse-
grained types. Their varieties include granophyric quartz gabbro;
anorthosite or anorthositic gabbro; olivine norite or gabbro; gabbros
and norites with occasional hornblende in addition to both monoclinie
and orthorhombie pyroxenes; and finally gabbros in which the usual
pale-green augite is largely converted to uralite.

The granophyric quartz gabbro and the olivine gabbros or norites
were not located in situ, but were identified from sections cut from large
beach boulders at the west margin of Kerr Point. The quartz gabbro
(N.C. 53) has a most unusual structure. Uralite is an abundant con-
stituent; it is associated with cores of almost colourless greenish
augite and a small amount of probable hypersthene and is in slightly
less quantity than plagioclase (basic labradorite). The latter mineral
is in two generations, for there are crowded nests of lath-like erystals
about 0.4 mm. in length around which large erystals of plagioclase
have crystallized (see Fig. 11). Meanwhile, the uralitized pyroxene’
ophitically enwraps the feldspar and occasional large masses of iron
ore. Finally, there is a moderate quantity of interstitial mierogra--
phically intergrown material, which consists of quartz and an albite-
twinned feldspar possessing an index of refraction greater than that
of Canada balsam.

Generally the feldspars present very clean-cut idiomorphic bor-
ders to the micropegmatitic material, but in a few instances the mar-
gins of the larger crystals are somewhat ragged. Dr. W. N. Benson
has suggested in explanation of the unusual relations between the
two generations of feldspar, that the larger crystals began crystalliza-
tion at an earlier date than the smaller, but later continued the pro-
cess contemporaneously with the latter, and thus finally were moulded
upon them.*

*Personal communication.
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The more typical gabbros vary rapidly in facies as a result of
differences in the proportions of the constituent minerals. More leuco-
cratic phases are represented by anorthositic rocks which occur as
narrow dyke-like portions of larger gabbroid masses with the usual
abundant ferromagnesian minerals. One such rock when sectioned
(N.C. 39) proved to be composed of about 80 per eent. of plagioclase
(? basic labradorite), with a little over 15 per cent. of colourless
monoclinic pyroxene (? diopside) and a relatively large amount of
rather strongly pleochroic sphene. This last mineral occurs as small
wedge-shaped crystals, which are collected in bar-like aggregates in
close association with the pyroxene, and possibly represent original
ilmenite. The feldspar is somewhat shattered, so that exact deter-
mination of its variety proved impracticable. Amnother unusual leuco-
cratic rock forms conspicuous veinlets, a few inches wide, in the
Therzolite north-west of North Cape. It is a coarse-grained rock with
dark ferromagnesian erystals as much as 1 in. in length, and quite a
number of small amber-coloured grains of sphene visible in hand-
specimen. Whitish material constitutes about 75 per cent. of the
rock and proves in section (N.C. 76) to be plagioclase which is now
largely converted to scales of a moderately highly refractive and
strongly birefringent mineral. This has positive optical character
and negative elongation, so that it is probably prehnite. With the
prehnite there are minute ramifying veinlets of actinolite, whilst the
large dark crystals of ferromagnesian mineral are brown hornblende
or a pale-green variety fringed with brown. The sphene recognised
macroscopically is not plentiful in section.

Amongst other gabbros, mention may be made of an irregular
lens-like intrusion of hornblende gabbro (N.C. 42) which penetrates
the serpentine near its extreme westerly margin at Kerr Point. Its
feldspar (basic labradorite) varies from point to point in its propor-
tions relative to hornblende, but appears generally to be in excess of
this latter. It is associated with dérived rosette-like groups of preh-
nite and minute spherulitic growths of chlorite. There is a large
amount of pale-green to bluish-grcen primary hornblende, and abun-
dant fibrous secondary amphibole, wedged in between crystals of
plagioclase, whilst in parts of the section therc are relatively large
masses of sphene and magnetite. The structure is eoarsely holoerys-
talline and frequently ophitic. Hypersthene and pale-green augite
or diallage are the most plentiful ferromagnesian constituents, and,
though all have been more or less converted to uralite, augite is the
first to suffer such alteration. The hypersthene generally exhibits the
usual multiple twinning, and frequently is minutely intergrown with
monoclinie pyroxene disposed along the composition planes of the
twin. Hornblende generally accompanies the pyroxene, usually form-
ing intergrowths with this latter. It is doubtful whether or not it is
primary; it may be magmatically derived from pyroxcne as so often
appears to be the case with the amphibole of gabbroid rocks. Usually
it is greenish-brown in colour, but may be pale-green.

Hypersthene and monoclinie pyroxenes (both augite and dial-
lage) are present in mnearly all the varieties of gabbroid rocks, and
in such nearly equal proportions that the latter must be classed as
noritic gabbros. There is no hypersthene, however, in a uralite-augite
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gabbro (N.C. 50) which forms a 20 ft. dyke on the extreme west
border of the peridotites. Olivine norite-gabbro was identified only
from large beach boulders. About 8 per cent. to 10 per cent. of
olivine is present in the rocks sectioned (N.C. 49, 58); it is in moder-
ately unaltered crystals which accompany the other ferromagnesian
minerals usunal in these rocks.

The Noritic Gabbro of North Cape.

An extensive mass of gabbroid rock forms the coast for about
half a mile north-west and over a mile south-west from North Cape.
The rock is typically a fine-grained basic type, but is subject to varia-
tions in texture, and, near North Cape itself, is strongly gneissic in
structure (see Fig. 9). The foliation is believed to be due to piezo-
crystallization ; it is very regular in orientation and trends approxi-
mately N.W.-S.E. with a dip of 20° to the south-west. Locally it is
on a very fine scale, but more generally it is coarse and regular,
exhibiting laminae about { in. in depth which are alternately rich
in feldspar and ferromagnesian minerals. West of North Cape this
gneissic rock is associated with lherzolite, but the mutual relations
were not determined.

It is difficult to conceive how the variations of structure and
certain alternations of texture and mineralogical differences shewn
by different parts of the main gabbroid intrusion can be due to diver-
gences in the rates of cooling of different portions of a single injected
magmatic body, and, although no supporting evidence was obtained
in the field, it appears more probable that the intrusion was not a
single event, but partook of the nature of a multiple injection of
bodies of almost identical magma, probably at closely spaced intervals
of time. On this hypothesis, the gneissic portion of the gabbro is
capable of two interpretations. In the first place it may be considered
the earliest phase of the invasion of magma. If this be so, the unila-
teral pressure responsible for its foliation must largely have found
relief before later injections occurred, for the only suggestion of
oriented stress furnished by other rocks of the mass lies in granular
pyroxene and ragged, bladed uralite illustrated by two of the sec-
tions prepared from representative rocks.

As an alternative, it is conceivable that the gneissic gabbro was
the last phase of the intrusion, and that the earlier associated gabbros
had been intruded in advance of an epoch of severe pressure which
accompanied the injection of the gneissic body. Following this view,
the foliation of this latter, lacking in the earlier gabbros, was possible
only because of high temperature (the temperature of solidification)
acting in conjunction with pressure. The first of these interpreta-
tions, namely, that the foliated portion of the gabbroid intrusion
represents the earliest phase of the injeetion, appears to the writers
to be the more probable. .

The gabbroid rocks prove microscopically to be more or less
ophitic noritic gabbros in which the femie minerals are generally in
excess of the feldspar (either basie labradorite or bytownite). The
ferromagnesian minerals are generally augite, hypersthene and wura-
lite, which is extensively developed from both pyroxenes, though more
especially from the augite. In one or two rocks (N.C. 8, 10) conver-



124 Transactions.

sion to uralite has almost been completed (see Figs. 12, 13). In most
instances augite has been present originally in greater quantity than
hypersthene. In one slide (N.C. 10) a little probable quartz is
present, though it does not lend itself to ready identification. In
this same rock, there is also a little minutely micrographic material
and a small quantity of an interstitial mineral, in fibrous radial sheaf-
like aggregates, which appears to be a feldspar. In another rock
(N.C. 9), brownish-green hornblende is plentifully associated with
pyroxene as if intergrown with it, and appears to be derived from
the latter mineral. The pyroxene is in small granular crystals about
0.2 mm. in diameter, whilst the plagioclase has especially ragged out-
lines as a result, it is believed, of unilateral pressure. (See Fig. 10).

A number of narrow holoerystalline dykes of lighter colour than
the general rock penetrate the gabbro south-west of North Cape. Of
those sectioned, one (N.C. 40) is very similar to the diopside-sphene-
rich rock described by Bell and Clarke (1910, p. 623) as forming
dykes in the lherzolite near North Cape, but differs in possessing a
greater amount of feldspar. The rock here described is an even-
grained holoerystalline type with about 50 per cent. of colourless
pyroxene (? diopside), between 1 per cent. and 2 per cent. of sphene
and the remainder basic labradorite. The rock of another such dyke
(N.C. 4) was found to be a quartz-augite diorite. The feldspar (acid
labradorite) is in rather lath-shaped crystals and dominates over
almost colourless partially uralitized augite. There are groups of
sphene and iron-ore, though these minerals are not unusually abun-
dant, whilst quartz constitutes about 10 per cent. to 15 per cent. of
the rock. Still another type (N.C. 24) is dominantly feldspathie,
with only about 15 per cent. of pyroxene (? diopside) and with
about.2 per cent. of sphene. The feldspar is greatly altered and
weathered, and is replaced here and there by large clear masses of
a zeolite which resembles natrolite.

An analysis of a typical moderately coarse-grained noritic gabbro
(N.C. 48) from near the southernmost margin of the gabbroid mass is
given in Column 1, Table 1. The rock is somewhat ophitie, with
about 40 per cent. of modal plagioclase, and is relatively free from
decomposition or alteration. Augite is slightly in excess of hypers-
thene, and has been the later of the two to crystallize, for it is often
moulded upon the hypersthene. The analysis calls for no special
comment apart from its high percentage of lime, which is co-ordinated
with a high proportion of normative anorthite.

Age of the North Cape-Kerr Point Intrusives.

West of Kerr Point, and also on the east coast a short distance
south of Whiriwhiri Stream, the peridotites and gabbros appear to
invade the flows of the Older Voleanic Series, which are intensely
shattered and crushed near the contact, and frequently are impreg-
nated with pyrite, which is also found in some of the intrusive rocks
themselves. They thus definitely post-date the Older Voleanie Series,
and, as already indicated in a previous section, though the date of
intrusion may therefore possibly be Eocene (p. 109), the gneissie
nature of some of the rocks in question strongly supports the proba-
bility that they were injected in Early Cretaceous times, and broadly
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speaking, accompanied the great orogenic movement which closed the
Hokonui period of sedimentation in New Zealand.

2. MiNorR INTRUSIONS.

In addition to a closely related series of intrusions forming part
and parcel of the Kerr Point ultrabasic and gabbroid mass, there are
a number of injections which fall fairly completely within two groups.
so far as date of intrusion is concerned.

The earlier group has invaded rocks of the Older Volcanic
(Whangakea) Series of probable Trias-Jura age at a date prior, it
is believed, to the conclusion of the orogeny which terminated the
prolonged Trias-Jura sedimentation, for the rocks of several of the
intrusions indicate by bent lamellae of plagioclase, and other signs,
that they have been subjected to considerable pressure during or
sinee their consolidation.

If the Older Voleanic Series is correctly assigned to the Hokonui
System, it would then appear most probable that the early Cretaceous
orogeny not only affected the lavas of this series but also the rocks of
intrusions which were themselves an accompaniment of the early
phases of the orogeny.

The second group of intrusions referred to intrudes into the
sediments of the Coal Point Series (? Miocene).

(a). Pre-Miocene (2 Early Cretaceous) Intrusive Rocks.

Most of the dykes included in this group are placed there because,
as has just been stated they intrude into the older voleanic rocks
and shew evidence of having been subjected to intense pressure since
their consolidation. Though the intrusions are quite small, their rocks
have plutonic facies, thus indicating that considerable depths of the
original cover have been removed since the injection of the dykes.
It is by no means improbable that the period of intrusion of the
majority was the same as that of the Kerr Point ultrabasic and
gabbroid mass.

The examples recorded could doubtless have been increased con-
siderably if thorough examination of the mnorthern coast had been
practicable.

They are:— .

1. A wide dyke of micrographic pyroxene-quartz diorite (N.C.
61) outcropping at the shore about 1 mile east of Cape
Maria van Diemen.

2. A narrow dyke of pyroxene diorile (N.C. 2) discovered in
the sea-cliff near the mouth of the stream at Pandora,
Spirits Bay.

3. An intrusion, probably of limited size, represented by large
blocks on the east wall of the valley at Pandora about 300
yards south from the shore-line. Its rock is an augite dio-
rite containing brown hornblende (N.C. 41).

4. A doleritic dyke, 21 ft. wide, trending N.65°'W., associated
with pillow-lavas at the southern end of Twilight (Rahia)
Bay. There is no evidence of pressure having affected the
rock of this intrusion, but its petrographie similarity to the
pillow-lavas suggests that it is the hypabyssal equivalent
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of these latter, which the writers have included in the Upper
Cretaceous Rahia Series.

Macroscopically this rock closely resembles 4 greensand
upon casual inspection, but the rocks of the other dykes in
this group are typical fine-grained dioritic types.

Examined microscopically the pyroxene-quartz diorite (N.C. 61)
recorded from 1 mile east of Cape Maria van Diemen proves to be a
moderately even-grained holocrystalline rock containing approxi-
mately 60 per cent. of plagioclase (acid labradorite) in lath-like
crystals which seldom exceed 1 mm. in length, and which are built
around about 25 per cent. or more of sub-idiomorphiec slightly titani-
ferous pyroxene and about 10 per cent. of ilmenite in large erystals.
Here and there are masses of minutely micrographieally or spheru-
litically intergrown material enclosing large crystals of plagioclase
or other earlier mineral. The spherulites appear to be almost wholly
feldspathic; the micrographie intergrowths are on so fine a secale that
exact identification of the constituent minerals is not possible, yet a
small amount of quartz was detected elsewhere in the section and it
is probable that both quartz and feldspar (? orthoclase) are present
in the intergrowths. There is no evidence that the material is myrme-
kite. It appears rather to be a product of end-stage erystallization as
described by Colony* for similar intergrowths in mnoritiec rocks from
Sudbury, Ontario, and clsewhere.

The pyroxene diorite from Pandora (N.C. 2) is a weathered
fairly coarse-grained rock with abundant very pale green augite in
granular aggregations which suggest shattering by pressure. Larger,
less plentiful erystals of hypersthene accompany the augite. Secon-
dary amphibole and chlorite abound in some parts of the slide and
may be in stellar and sheaf-like forms. The pyroxene-hornblende
diorite from the Pandora valley is similarly an altered and weathered
type with prominent kaolin and chlorite. The femiec minerals are
subidiomorphic deep-brown hornblende with a less amount of pink
titaniferous augite and 4 per cent. or 5 per cent. of ilmenite. There
are numerous small sharp prisms of apatite and a very little radially
fibrous mineral which appears to be a feldspar. Plagioclase consti-
tutes about 60 per cent. of the rock by volume but is so weathered
that its variety was not determined with certainty; it is apparently
basic andesine. )

The last of the rocks deseribed in this group—the dolerite from
Twilight Bay (N.C. 33)—is a coarse-grained ophitic rock which has
been greatly altered and weathered. Pinkish, faintly pleochroic aug-
ite (about 25 per cent.) and ilmenite (about 5 per cent.) in long
irregular rods are the only primary femiec minerals, unless rare
chloritic pseudomorphs preserving cracks and form suggestive of

olivine actually represent that mineral. The plagioclase sometimes
-encloses close-spaced needle-like prisms of brown hornblende or of

pale-green augite. Needles of apatite are ubiquitous. Weathering
again militates against exact determination of the variety of the
plagioclase. It is, however, at least as basie as acid labradorite. The

*R. J. Colony, The Final Consolidation Phenomena in the Crystalliza-
-tion of igneous Rocks, Journ. of Geol., vol. 31, 1923, pp. 169-178.
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secondary minerals include chlorite, a little opal, chalcedony in radi-
ally built masses and a poorly refractive and poorly birefringent
mineral in radial or divergent fibres which is associated with the
chalcedony. It generally is very deeply clouded, or even rendered
almost opaque as a result of some form of decomposition, and is
referred with considerable doubt to some or other zeolite (? stilbite).

The classification of this rock as a dolerite is perhaps open to
doubt in view of the uncertainty of the variety of the plagioclase.
Its strongly ophitic strueture, however, points to this being its cor-
Tect position.

(b). Intrusions in the Coal Point Sediments (2 Miocene).

Three important intrusions were located in sediments of the Coal
Point Series (? Miocene) not far from Kerr Point and North Cape.
.One of the largest is a sill of quartz-augite diorite (N.C. 5), 300 ft.
or 400 ft. in depth, which intrudes into fine-grained sandstones near
the base of the Coal Point Series as developed at the east margin of
Tom Bowling Bay. Its lower surface is distinetly chilled and accords
perfectly with the stratification of the laminated sandy mudstone
beneath it. The mudstone exhibits no sign of metamorphism other
than slight marginal induration at the western margin of the sill
near the mouth of Tawakewake Creck.

In hand-specimen the diorite is a compact fairly finely crystal-
‘line.rock which weathers deeply to a sandstone-like mass which can
.only be determined as igneous in relatively fresh examples. It con-
tains about 45 per cent. of feldspar (acid labradorite), 15 per cent.
of quartz and a very small quantity of micrographically intergrown
.quartz and orthoclase; the balance of the rock is mainly pale green
augite with a moderate quantity of uralite, some greenish-brown
hornblende, and magnetite in normal quantity.

A second member of this group of intrusions outcrops on the cast
coast a little north of Waikuku Flat. It is a mass of mierographie
quartz diorite (N.C. 23) similar to the preceding one, but its relations
to the intruded strata are not disecernible and its thickness is greater
than that of the sill just described. In its weathered condition at
its outerop it so closely resembles a sandstone- as to have been
deseribed as such by earlier workers. In section the rock is domin-
antly feldspathic, the feldspar (acid labradorite) being in stout lath-
shaped ecrystals which are accompanied by about 15 per cent. of
quartz, and a lesser quantity of chlorite which is associated with
oceasional ragged remnants of brownish green hornblende and a little
magnetite. There are, in addition, a fairly large proportion (10 per
cent.) of micrographically intergrown quartz and feldspar which
enwrap earlier minerals (see Fig. 17), and a few needles of apatite.

The third intrusion of this period interseets heavy basal conglo-
merates of the Coal Point Series outcropping on the coast 14 miles
west of North Cape. It proved to consist of a most interesting coarse-
grained doleritic rock (N.C. 80) which includes alkaline varieties
-amongst its feldspars. These latter minerals constitute 50 per cent.
of the rock, and are generally in lath-shaped crystals about 1 mm. in
‘length; basic labradorite is the dominant variety, but there are also
.occasional crystals of albite, others of probable orthoclase and several
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fairly large anhedral oncs of an unidentified alkali feldspar closely
crowded with vermiform growths of chlorite. It has a refractive
index considerably lower than that of Canada balsam, and shews faint,
highly irregular sub-microscopic twinning reminiscent of that of anor-
thoclase. An additional seetion was made from the only duplicate
available, but failed to shew any trace of the mineral in question, and
it is therefore believed to be present as xenoerysts. There is a possi-
bility that this feldspar is albite, for lath-shaped ecrystals of this
mineral were detected by their low refractive index and positive
optical character, but the irregular outline of the (?) anorthoclase
suggests that its origin, in any case, differs from that of the more
tabular albite. The analysis of this Tock (No. 2 of Table 1, p. 131)
shews its relative basicity. The content of alkalis, though not high,
is above the average and is clearly due to the presence of modal
alkali feldspar.

Immediately west of Huka Creek, Tom Bowling Bay, therc is a
massive intrusion which outerops at the shore-line for several hundred
yards, and which, though intersecting the Older Voleanic Series, has
been injected along the course of a fault which dislocates the basal
tuffs of the Coal Point Series in this locality. This mass thus belongs
to the same period of intrusion as the others of this section and is,
moreover, a micrographic quartz-augite diorite (N.C. 59) elosely
similar to other intrusive rocks of this period. The micrographic
material is in comparatively small amount, whilst the augite is accom-
panied by a very little brownish hornblende

In view of the fact that all four of the intrusions just described
definitely post-date the Lower Beds of the Coal Point Series, it may
be affirmed with safety that they were injected in later Miocene
times, during the period of igneous activity which gave rise to semi-
basic lavas from which the andesitic conglomerates of the Coal Point
Series were derived.

B. OLpEr VoLcaNic (WHANGAKEA) SERIES AND THE
PILLOW-LAVAS.
Normal Whangakea Lavas.

One of the ubiquitous characters of the lavas classed here as the
Older Voleanic Series is their poverty in phenocrysts. Rarely indeed
is it possible to deteet these latter in hand-specimens. It is unusual
to find a succession of flows spread over a comparatively wide area
which shew such uniformity in this respect, and this fact suggests
that the uprise of the magma to the surface from considerable depths
was a rapid proeess.

The lavas of this series have suffered extensive shattering and
locally have been comminuted by shearing to such an extent that their
true nature is completely masked, and only made decipherable by the
diseovery of cores of uncrushed igneous rock in the general shale-like
material. Veinlets composed mainly of ealcite, but with subsidiary
zeolite, occupy the interstices between the fragments resulting from
this shattering.

MeceKay (1894) was excusably misled by their aphyric character,
into regarding this series of rocks as consisting of greywackes and
shales. Bell and Clarke (1910), whilst shewing obvious doubt as to
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Fi1c. 1.—View looking west to Cape Reinga, whence according to Maori
tradition the spirits of the dead depart for the next world.
Older andesites. Note the characteristic wave-cut platforms
(tide nearly full).

Fic. 2.—Pillow-lavas at south end of Twilight Bay. The flow dips steeply
to the left.

F16. 3.—Photomicrograph of foraminiferal marl associated with pillow lavas
of the Older Volcanic Series at Pandora (Whangakea), Spirits
Bay; magnification 45 diameters.

Face p, 128,



Fic. 4—Bad-land topography developed in consolidated
dune sands, Twilight Bay.

F16. 6.—Homoclinal ridge of andesitic conglomerate over-
lying Tertiary sandstones and mudstones, east
end of Spirits Bay.

F1c. 5.—Pillow-lavas unconformably overlain by Pleistocene
bedded gravels and sands, near the south end
of Twilight Bay.

F1c. 7.—Fossil shells of Placostylus hongii ambagiosus and
other terrestrial gasteropods in consolidated
dune sands, south-east of Cape Maria van
Diemen.
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Fia. 8. Fia. 9.

Fia. 8.—Wehrlite (N.C. 18) from Kerr Point intrusion, shewing slightly
altered lamellar diallage, and partially serpentinized olivine.

Frc. 9.—Gneissic norite-gabbro (N.C. 55) from near North Cape, with bands
alternately rich in pyroxene and plagioclase.

Fi1a. 10, Fia. 11,

Fi¢. 10—Fine-grained phase of norite-gabbro (N.C. 9) from southwest of
North Cape, shewing plagioclase and granular pyroxene. Nicols
crossed.

Fic. 11.—Granophyric quartz gabbro (N.C. 53) from beach boulder on the
western margin of Kerr Point. Nests of small laths of plagio-
clase are enwrapped by large crystals of the same mineral, the
whole being enveloped by pyroxene. Nicols crossed.

Magnification of figures, 38 diams.
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Fia. 12. F1a. 13.

Fi6. 12.—Noritic gabbro (N.C. 8) from south-west of North Cape, shewing
plagioclase, and secondary amphibole replacing pyroxene.
Nicols crossed.

Fia. 13.—Finer phase of noritic gabbro (N.C. 10) from south-west of North
Cape. The pyroxene is almost completely converted to uralite.

Fi¢. 14. ‘ Fia 15.
Fia. 14—Subophitic andesitic basalt (N.C. 12) from Older Volcanic Series

in bed of Huka Creek. Laths of plagioclase enwrapped by par-
tially chloritized augite. Nicols csossed.

1. 15.—Picritic basalt (N.C. 17); pillow-lava from 3 miles east of Hooper
Point. Phenocrysts of plagioclase are enclosed in a (?) hyalo-
pilitic groundmass of chloritized augite and laths of plagioclase.

Magnification of figures, 38 diams.
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e
Fia. 17.

F1e. 16.—Pillow lava (N.C. 29) from south end of Twilight Bay. A pseudo-
morph after olivine enclosed in a plexus of laths of plagioclase.

F16. 17.—Quartz diorite (N.C. 23) from east of Waikuku Flat, east coast,
shewing plagioclase and quartz enwrapped by a micrographic
intergrowth of these two minerals. Nicols crossed.

Fia. 18,
F16. 18.—Andesite (N.C. 26b) from conglomerates of Coal Point Series, west
side of mouth of Waitangi Stream, Tom Bowling Bay. Pheno-
crysts of plagioclase, ilmenite and augite in a groundmass of
plagioclase enclosing radially grouped needles of hornblende.

Frc. 19.—Andesite (N.C. 43a) from conglomerates of Coal Point Series, west
of Waitangi Stream, shewing a vesicle filled with concretionary
opal and zeolite (central part).

Magnification of figures, 38 diams.
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their true nature, followed McKay’s lead, but brought to light some
nteresting details of intrusives injecting the series, and also noted
the ‘*orbicular’’ structure of some of the flows comprising it, which
are, in actual fact, perfect examples of pillow-lavas.

These latter arc best seen in two outerops near Pandora at
Spirits Bay, but they are also exposed on the shores of a cove three
miles cast of Hooper’s Point and doubtless in other places which the
writers were unable to visit. At Scott’s Point there is a most exten-
sive outerop of highly characteristic pillow-lava, but there are grounds
for believing that it belongs to a later period of extrusion than other
flows of this type.

The exact microscopic determination of the members of the
Older Volcanic Series is difficult on account of chloritization and
other alteration. All are semi-basic or basie in character, and range
from quartz andesites to fairly basic basalts which are free from
modal olivine in all but the pillow-lavas. The rocks generally consist
microscopically of a plexus of rather small laths of plagioclase quite
devoid of fluxional arrangement, along with variable proportions of
more or less chloritized pale-green or pale-brown augite and some
iron-ore. In a few instances, notably in a mass (N.C. 12) compara-
tively little affected by shattering whieh outerops in the wide-spread
valley of Huka Creek, Tom Bowling Bay, ophitic and sub-ophitic
structure appears. (See Fig. 14).

The variety of plagioclase is andesine-labradorite in the more
acidie, and is as basic as Ab,, An,, in the more basic members of
the series. The laths are very often bent in response to severe pres-
sure which doubtless has also caused the shattering already referred
to. The proportion of iron-ore varies from about 1 per cent. to about
7 per cent.; both magnetite and ilmenite are represented.

Quartz-augite andesite was collected from the shore at the west
margin of the Kerr Point ultrabasic and gabbroid mass; it is a much-
altered type with very abundant chlorite, some epidote and compara-
tively little identifiable quartz. A quartz-uralite andesite with
about 10 per cent. of quartz was sectioned, but unfortunately its
locality was omitted in the field-labelling.

A rock kindly forwarded with others by Mr. H. MacQuarrie from
the shore a few yards south of the pillow-lava at Pandora, has small
lenses of dark-reddish-brown material in a greenish altered lava
which proved in section (N.C. 80) to be a fine-grained non-porphyritic
olivine-free basalt. It is traversed by veinlets of zeolites and by ocea-
sional narrow crush-zones.

Microscopically examined, the reddish lenses (N.C. 79) are found
to consist of an indecipherable shale-like material closely traversed by
veinlets of calcite associated with a zeolite. If the rock were actually
shale entangled in the associated lava, it expectably should shew some
sign of mineral reorganisation. It does not do so, however, and it is
perhaps possible to regard it as comminuted and completely altered
portions of the associated basalt. There is support for this latter
suggestion in somewhat similar alteration traceable adjacent to the
pillow-lavas a few yards away. Sections of these latter have such
densc oxidation products that the original structure of the rocks is
considerably obscured.

J
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In a small rill entering the sea at the north end of the first sandy
beach south of Cape Reinga, a blackish glass was found which had
entangled large blocks of the normal lava, and had so created a flow-
breceia. Similar material was noted at the base of the Tertiary
sequence at Huka Creek, Tom Bowling Bay, and amongst specimens
forwarded by Mr. MacQuarrie from the shore 1 mile west of Pandora,
Spirits Bay. In thin section the glass is a deep-brown almost opaque
variety. It encloses scattered, rather small erystals of augite and
plagioclase.

Bell and Clarke (1910, p. 622) describe an altered augite ande-
site from Darky Hill (Tirikawa), west of Spirits Bay; it has moder-
ately large phenocrysts of augite and plagioclase and a groundmass
which apparently has been hyalopilitic. A similar rock (N.C. 83)
was collected by Mr. MeQuarrie from the shore } mile west of Pan-
dora. It has idiomorphic phenocrysts of both plagioclase and augite,
the former in elongated altered crystals about 0.8 mm. in length and
the latter a colourless variety quite unaffected by alteration or decom-
position. The groundmass is in considerable excess of the phenocrysts,
and its structure greatly obscured by weathering. The augite present
in this matrix is in minute prisms which are often grouped side by
side to form fringes to the larger laths of plagioclase.

The remainder of those of the Older Volcanic rocks which have
been examined microscopically either fall on the border-line between
andesites and basalts as defined by Washington,® or are more defi-
nitely basalts, for the percentage proportions of modal femic minerals
range from about 35 to as much as 65. Two examples of more basie
basalts are yielded by a rock (N.C. 80) out-cropping a few yards
south of the pillow-lava at Pandora, and by a hyalopilitic type from
a small cove 3 miles east of Hooper’s Point. This last basalt (N.C.
6) contains numerous small phenocrysts of augite along with a few
of plagioclase, and, following Washington (loc. cit.), is to be classed
as a pierite-basalt. (See Fig. 15).

An analysis of the rock from Taputaputa, a little over 2 miles
east of Cape Reinga, is appended in Column 3 of Table 1, whilst
its norm is in the corresponding column of Table 2.

In section this type is an olivine-free, non-porphyritic andesitic
basalt, consisting essentially of a plexus of unoriented laths of plagio-
clase (Ab,; An,) enclosing ahout 40 per cent. of almost colourless
augite sub-ophitically related to the plagioclase. (Compare Fig. 14).
The analysis demonstrates that the rock unquestionably is a basalt,
though with a leaning towards the andesites as defined by Washing-
ton (loc. cit.). The variety of plagioclase determined in section is
more basic than that shewn by the norm, whilst the normative olivine
in actual fact has separated out as pyroxene.

*H. S. Washington, Petrology of the Hawaiian Islands; I. Kohala and
Mauna Kea, Hawaii. Am. Journ. Sc., vol. 5, 1923, pp. 465-502.
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ANALYSES oF IeNEOUS RoOCKS.

TABLE 1.
ANALYSES. '
1. 2. 3.

Sio, . . 48.12 49.82 49.76
Al,0, . . 14.07 17.61 15.72
Fe,0, 3.85 0.96 2.31
FeO . . 5.38 4.66 6.52
MgO .. . 7.03 9.78 715
CaO . 8.62 14.67 9.85
Na,0 2.68 - 1.23 3.68
K.0 1.44 0.10 0.34
H,04 . 3.29 0.56 2.55
H,0— . 3.51 0.19 0.56
CO, None 0.04 Trace
TiO, . 1.92 0.25 1.04
Zr0O, . _— None None
P.O, . 0.07 0.03 0.10
S 0.01 0.03 0.12
Cr,0, . None 0.03 0.03
V.0, . . . 0.04 — —
NiO . — 0.04 0.03
MnO . - 0.16 0.15 0.22 .
Sro . . 0.04 None Trace o
BaO . None Trace Trace -

100.23 100.15 99.98

Analyses by Mr. F. T. Seelye.

TABLE 2.
NoRrs.
1. 2. 3.

Quartz 0.60 — —

Orthoclase 8.34 0.56 1.67
Albite 23.06 10.48 31.44
Anorthite 21.96 42.26 25.30
Diopside . 16.55 24.43 18.41
Hypersthene 13.58 17.72 5.02
Olivine . — 1.98 9.28
Magnetite . 5.57 1.39 3.02
Ilmenite 3.65 0.46 1.98
Pyrite —_ — 0.23
Apatite — — 0.34

1. Dolerite N.C, 30) from dyke in basal Tertiary beds, 13 mile west of

North Cape.
.2. Noritic gabbro (N.C. 48), southern margin of gabbroid mass, North Cape.

3. Basalt from Older Volcanic Series (N.C. 51), Taputaputa, east of Cape
Reinga.

The Pillow-Lavas.

As has heen noted elsewhere in this paper, it is believed that not
all of the pillow-lavas of the Cape Maria van Diemen-North Cape
area belong to the Older Voleanic Series, but they are so closely allied
petrographically that it is convenient to describe all together. They
resemble the rocks of this last-mentioned series in being severely shat-
tered and altered. The individual pillows vary in diameter from 1 ft.
to 3 ft., and, in their best development, shew a more or less distinet
radiate, finely prismatie structure and a chilled erust which is clearly
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illustrated in Fig. 5. Some are decidedly overturned and clongated
in the direction of flow. (See Fig. 2).

The rock of the pillow-lava at the northern margin of Scott’s
Point is finely vesicular, and exhibits in hand-specimen a moderate
number of red pseudomorphs of carbonate and haematite after oli-
vine. A little below what appears to be the uppermost flow of the
series exposed at the south end of Twilight (Rahia) Bay, and imme-
diately wost of a dyke of green dolerite, there is a massive aphyric
amydaloidal rock of similar nature to the pillow-lava, but devoid of
olivine, which is soon followed westwards by further pillow-lavas
which form the sea-cliffs for about two miles at Scott Point, but
which were not examined microscopically. The pillow-lava at the
south-end of Twilight Bay and the associated amygdaloid are pro-
bably best classed as basic andesites and andesitic basalts, for they
are intermediate between andesites and basalts. In the present
writers’ seetions of the pillow-lava (N.C. 29), pseudomorphs after
olivine are the only phenocrysts, though Bell and Clarke (1910, p.
622) have noted occasional labradorite in addition to the olivine in
their slides. About 70 per ceent. of the rock consists of laths of
weathered plagioclase, which form an unoriented open-textured

matrix (see Fig. 16) in which arc a little very pale green augite and
about & per cent. of rod-like ilmenite. The amygdaloidal olivine-free

aphyric basalt has a less proportion (about 60 per cent.) of plagio-
clase. There is a large quantity of pink augite with densely crowded
ilmenite and magnetite. The augite is generally in curious closely
appressed minute sub-parallel prisms, though sometimes in divergent
or radial groups. No exact detecrmination of the variety of plagio-
clasc proved possible. In most instances the extinetion angles obtained
with albite twin-lamellae were small. Albite was suspected, but, so
far as the weathered condition of the mineral allowed determination,
refractive index tests negatived any possibility of the occurrence of
this mineral.

Bell and Clarke (1910, p. 622) compare the pillow-lavas at
Pandora with those at Scott Point, but state that the crystals of
olivine are free from alteration, more frequent, smaller and corroded,
whilst there are no phenocrysts of plagioclasc. The present writers”
sections are so obscured by hematitic and other oxidation products
as to render determination of olivine impracticable. A small mass
of lavas having imperfeet pillow form, which outerop at a small cove
3 miles cast of Hooper Point, consist of an olivine-free chloritized
basalt possessing numerous phenocrysts of almost colourless augite
accompanied by a few groups of small cerystals of plagioclase. There
is abundant pyroxene in the groundmass, with about 25 per cent.
of plagioclase in diversely arranged relatively long laths, and a mod-
erate amount of iron-ore which is mainly ilmenite.

Summing up the faets, it is evident that there is no petrographic
reason for separating the pillow-lavas from other members of the
Older Voleanic (Whangakea) Series. The Twilight Bay-Scott Point
pillow-lavas have been grouped with the Cretaceous Rahia Series, and
thus separated from other similar flows, only because of their associa-
tion with sediments which are quite dissimilar from any of Trias-Jura
age yet known from New Zealand, but closely resemble Cretaceous.
beds at Parenga.
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C. THE PETROGRAPHY OF THE MIp-TERTIARY (Co0AL POINT SERIES)
CONGLOMERATES.

The conglomerates of the mid-Tertiary Coal Point Series pre-
serve a dominantly igneous character throughout their wide extent
of outerop, and somewhat rarely contain any noteworthy proportion
of pebbles of sedimentary rocks. Bell and Clarke (1910, p. 619)
record sedimentary material in the conglomerate outcropping on the
trail between Parenga and Te Paki, whilst the present writers found
it in moderate abundance at Maukin’s Nook on the east coast.

A very large number of microscope sections were cut from consti-
tuent fragments of the conglomerate west of Waitangi Stream and at
the east end of Spirits Bay, but little important variation was discov-
ered. Bell and Clarke describe the prevailing type as a hyalopilitic
augite andesite with a large amount of glass, and remark on the lack
of importance of hypersthene which is so ubiguitous in the pyroxene
andesites of the similar ¢onglomerates and breccias of the Waitakerei
Ranges near Auckland. The present study shews, however, that
hypersthene is no whit less abundant than in the southern rocks;
there is, however, greater lithologic variety in the mnorthern than
in the Waitakerei conglomerates.

Boulders of dioritic, and more rarely, of gabbroid rocks, which
have been derived from intrusions such as those descrjbed in an
earlier section, though never very plentiful, can nearly always be
found after brief search, whilst, as is to be expected, representatives
of the earlier (? Trias-Jura) volcanics are also diseoverable.

Hyalopilitic pyroxene andesites with both augite and hypers-
thene, usually with plagioclase as the most abundant phenocryst as
well as the most important constituent of erystalline portions of the
groundmass, are apparently the prevailing types. Phenocrysts and
matrix are sub-equal in amount. The matrix shews all gradations
from a variety with comparatively little glass (e.g. N.C. 34, o) to
distinetly vitrophyric types in which the minerals of the second
generation arc represented only by tiny microlites. The rocks are
remarkably free from signs of alteration, though rare chloritic pseu-
domorphs after possible olivine were noted in one or two of them.
The phenoerysts are idiomorphiec and seldom exceed 1 mm. in length.
Those of plagioclase very often contain numerous minute glass or
mineral inclusions, and generally vary in variety from andesine-
labradorite to acid labradorite, though, in one more basic rock (N.C.
34, e), the feldspar is labradorite-bytownite. This particular rock is
one of the few with pseudomorphs of chlorite after olivine, and
further exhibits abnormal basicity in possessing proportionally more
pyroxene as compared with feldspar than the andesites associated
with it, for the two minerals are sub-equal in amount.

Other types of andesite identified include the following:—vitro-
phyric augite-hornblende andesite with quite a number of small
phenocrysts of brown hornblende in addition to those of plagioclase
and augite ; fine-grained varieties with imperfectly crystallized matrix
and few phenoecrysts; hyalopilitic augite andesite with curious sheaf-
like grouping of the plagioclase in the groundmass (N.C. 70,a); a
special type of andesite (N.C. 26,b) with augite and some green
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hornblende. About 75 per cent. of this last rock consists of large
idiomorphie crystals of plagioclase (Ab,, An,,) as much as 1.5 mm.
in length and numerous smaller ones (about 0.2 mm. in length) of
the same mineral, with a greatly subordinate quantity of very pale
greyish augite and a little ilmenite. The bhalance of the rock is a
‘“matrix’’ consisting partly of clear colourless glass and partly of
feldspar in large irregular crystals which enclose numerous minute
needles of green hornblende, these latter very often being grouped
in stellar fashion. (See Fig. 18).

The same envelopment of earlier prismatic hornblende by later
plagioclase is exhibited by two other rocks sectioned, both of them
highly feldspathic, though with a little augite. One is almost iden-
tical with the rock just deseribed, but for the fact that the texture
is even-grained. Large stumpy laths of labradorite are more or less
ophitically enwrapped by a minor proportion of augite, whilst the
last-crystallized feldspar, as before, is erowded with minute prisms
ot deep-green hornblende.

In addition to the hyalopilitic andesites deseribed, there are closely
allied perlitic vitrophyrie rocks (N.C. 34,k, m,n,p) which bear very
close similarity in section to certain rocks from the Whangarei-Bay
of Islands area described by one of the present writers in a chapter
of a recent Geological Survey bulletin (Ferrar, 1925). These proved
on analysis to be andesitic dacites. About 60 per cent. of the bulk
of these perlitic rocks is a glass colourless in section and containing
numerous lath-shaped crystals (about 0.2 mm. in length) of plagio-
clase, and prisms of hypersthene and augite, the former in greater
profusion than the augite, whilst there is also a variable though
important quantity of deep-brown hornblende. The glass itself is
crowded with trichitic microlites; in some slides these have so in-
creased in size as to be mineralogically determinable, though in such
cases the glass has lost its elarity and become more opaque.

The older andesitic rocks scetioned (N.C. 34,h; 43,a) resemble
the rocks typical of the series (Whangakea Series) to which they
belong, and are largely composed of laths of basic labradorite which
make an open-textured unoriented mesh. There is about 4 per cent.
or 5 per cent. of ilmenite in relatively large crystals whilst about 10
per cent. of pale-greyish-green partially chloritized augite is entangled
in the mesh of plagioclase and, at times, ophitically enwraps this last
mineral. In one of the two slides (N.C. 43, a) large prisms of secon-
dary quartz have crystallized in drusy spaces in company with opal,
a radially fibrous zeolite, chlorite and a little pyrite. Chlorite has
lined the cavities and has then been followed by the opal which has
crystallized as tiny radially built coneretions. (See Fig. 19).

The gabbroid and dioritic rocks sectioned have their prototypes
in the similar pre-Tertiary intrusive rocks which already have been
deseribed.  The gabbros (N.C. 34,d; 34,e¢) arc a uralite-augite
variety and another containing uralite with both hypersthene and
augite.

The diorites have plagioclase (labradorite) dominant over ferro-
magnesian minerals; they include an augite diorite with a little
brownish-green hornblende and some micropegmatite (N.C. 72). and
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quartz diorites containing uralite associated with plentiful cores of
augite (N.C. 15,b), or else augite with a little greenish-brown horn-
blende (N.C. 15, ¢).

West of the mouth of Waitangi Stream, Tom Bowling’s Bay, the
Tertiary conglomerates contain numerous small fragments of black
chilled igneous roeck which in section prove to consist of a brown glass
with a few small phenocrysts of augite and plagioclase. These repre-
sent the chilled crust of andesitic bombs.

D. Iexreous Rocks or UncrerRTAIN HORIZON.

An andesitie rock (N.C. 25) which outerops on the shore-platform
about half a mile east of Pandora, Spirits Bay, proved on sectioning
to be an unaltered hyalopilitic hypersthene-augite andesite identical
with the similar rocks of the conglomerates of the Coal Point Series.
It is adjomed by typical members of the Older Voleanic Series, but
unfortunately its petrographie separation from these latter was only
determined when microscopie slides had been prepared, so that its
field relations were not carefully observed. It was believed to be a
small intrusion, but the distinet parallelism of its numerous lath-
shaped phenocrysts of plagiolease and certain other characters sug-
gest rather that it is an extrusion. If this rock actually represents
a lava, the explanation of its occurrence presents many difficulties
which are otherwise non-existent, so that, in the absence of more pre-
cise knowledge, it has provisionally been classed as a dyke rock in
the section on stratigraphy.

A number of boulders of a white voleaniec rock were discovered
at the mouth of Pandora Creek, Spirits Bay. It consists of an irre-
solvable light-grey ‘‘earthy’’ matrix which cncloses numerous small
idiomorphic phenoerysts of plagioclase, and great numbers of much
smaller lath-shaped crystals of the same mineral, along with scat-
tered small euhedral erystals of deep-brown hornblende and a little
magnetite. The plagioclase is very finely zoned and is relatively free
from lamellar twinning. The rock is microscopically indistinguish-
able from many of the trachytic dacites which have been described
by one of the writers (Bartrum, 1925) from the ‘Whangarei Heads
distriet. Its chemical nature could only be determined by analysis,
but it was considered that the labour of analysis was scarcely justified
whilst nothing was known of its field relationships.

Acidic dyke rocks were also located by the writers at Mt. Camel
in the Hohoura distriet, 29 miles south-south-east from North Cape;
several of them exhibit phenomena indicative of severe strain, so
that their injection probably occurred before the commencement of
the Early Cretaccous deformation which terminated Hokonui sedi-
mentation. The Pandora rock, on the contrary, lacks any evidence
of strain and is therefore probably an early Tertiary effusive approxi-
mately contemporaneous with similar acidie rocks in the ‘Whangarei-
Bay of Islands Subdivision (Ferrar, 1925). '

THE STRUCTURE OF NORTH AUCKLAND PENINSULA.

In discussion of the structure of the Whangarei-Bay of Islands
Subdivision, Ferrar (1925, p. 18) has recently summarized many of
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the various opinions with regard to the structure of North Auckland
Peninsula, but has found the distortion of the basement Hokonui
(Waipapa Series) rocks of his area too great to permit of any safe
generalization of fold-directions therein. He suggests, however, on
the basis of the trend of certain greywacke ranges, that ¢“ . . . the
Mesozoic earth movements were in the nature of folds along north-
west to south-east axes, the folds bending over eastward toward a
submerged area.’”” However correct this conclusion may prove, it
must be observed, nevertheless, that the trend of these ranges is
probably largely governed by the N.W.-S.E. fracture-system accom-
panying later Tertiary emergence of the New Zealand area, and
believed by Park (1921) to determine the framework of the penin-
sula.

As already remarked, these fractures can bhe clearly followed
from an originating source in the Taupo region, where they meet
the immense fractures of a N.E.-S.W. gystem (Henderson, 1924),
through Auckland to Whangarei and the Bay of Islands (Ferrar,
1925, pp. 18-21), until they finally reach North Cape.

Benson (1924, p. 132) remarks how, in the New Zealand region,
these fracture-systems generally cross the trend-lines obliquely, as
had been noted earlier by Cotton (1916) for the southern part of
North Island, and states the possibility of regarding the New Zealand-
Kermadec ridge ‘. . more as a complex fault-horst than as a fold-
anticline,”’ though Brouwer, he states, believes ‘‘ that a geanticline
growing at depth is represented by a fractured ridge.’’

Bell and Clarke (1909, pp. 42-43) find the general trend of a
major anticlinorium in the inland portion of the Whangaroa area
to be E.N.E.-W.S.W., though nearer the coast the folds approximate
a WIN.W.-E.S.E. direction. They are in agreement with Marshall
(1908; 1911, p. 5), who found a dominant north or north-east trend
in the Bay of Islands and in localities further north, that the arrange-
ment of the basement rocks of Whangaroa Subdivision shews no rela-
tion to the alignment of North Auckland Peninsula. In the north
of Great Barrier Island, however, the strike of rocks of the same
system is approximately N.W-S.E. (Bartrum, 1921), though near
Coron)la.ndel it is approximately meridional (Fraser Adams, 1907,
p. 26.).

In view of the frequent disparity of direction hetween the axis
of the peninsula and the fold-axes shewn by these observations, it
is surprising to find that the foliation of the gneissic gabbro at North
Cape, in common with the folding of the sediments at Great Barrier,
accords in direction with the backbone of North Auckland. It is well
known by those familiar with the Hokonui rocks, as developed in

North Auckland, that stratification is seldom distinet, except in areas
characterised by complex minor folding such as would tend to obsecure

the general trend of the strata. It is therefore probable that an
erroneous conception of the direction of the major folds has heen
gained, as appears to be the opinon of Morgan (1922), and that, in
the present state of our knowledge, it is unwise to accept Benson’s
(loc. cit.) generalization concerning the obliquity of intersection of
fracture-lines with trend-lines in the New Zealand area, as applying
unreservedly to North Auckland.
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The evidence at Great Barrier Island and North Cape undoubt-
edly supports Suess’s (1913) view that fold-axes open out to the
north and north-west from the main structural axis of New Zealand,
and pass through North Auckland as an integral part of his ““ Third
Australian Are.”’ Following Brouwer’s suggestion (fide Benson, loc.
cit.) the N.W.-S.E. fractures of the late Tertiary orogeny (Kaikoura
orogeny of Cotton) are perhaps the result of geanticlinal folding fol-
lowing the early Cretaceous axis along which the Hokonui rocks were
up-arched. This is the ‘‘ closing Tertiary > Australasian crustal
undulation of Andrews (1923, p. 2) progressing ‘‘ from the conti-
nental nucleus to the Central Pacifie, the prominence of the forms
and the relative youth of the activities being aceentuated with pro-
gressive approach to the main ocean itself.’’

LIST OF LITERATURE.

Axprews, E. C., 1923. Geographical Distribution of Ore Deposits in Austra-
lasia, Baon. Geol., vol. 18, pp. 2-25.

— 1923 (a). Supplementary Note on the Geology of the Broken Hill
District, Mem. Geol. Surv. N.8.W., No. 8, Supplement.

BarTrUM, J. A., 1921. Notes on the Geology of Great Barrier Island, New
Zealand, Trans. N.Z. Inst., vol. 53, pp. 115-127.

—— 1924. Geology of the Riverhead-Kaukapakapa District, Waitemata
County, Auckland, Trens. N.Z. Inst., vol. 55, pp. 137-153.

~—— 1925. The Igneous Rocks of North Auckland, New Zealand, Geden-
boek Verbeek, Verhiand. v.h. Geol-Mynb. Gen. v. Ned. e. Kol.,, Geol.
Ser., Deel 8, pp. 1-17.

— 19%6. “Abnormal” Shore Platforms, Journ. of Geol., vol. 34, No. 8, pp.
793-806.

BarTrUM, J. A. and Laws, C. R., 1924. The Geology of the Papakura-Hunua
Dastrict, MS. in possession of Auckland University College.

BeLL, J. M., 1909. Reconnaissance of North Cape Peninsula, N.Z. Geol. Surv.
3rd. Ann. Rep. (n.s.), pp. 5-6.

BELL, J. M., and Crairke, E. de C., 1909. The Geology of the Whangaroa
Subdivision, N.Z. Geol. Surv. Bull. No. 8 (n.s.).

—— 1910. A Geological Reconnaissance of Northernmost New Zealand,
Trans. N.Z. Inst.,, vol. 42, pp. 613-624,

BENSON, W. N., 1920, Tectonic Conditions Accompanying Intrusion of Basic
and Ultrabasic Igneous Rocks, Bull. Geaol. Soc. Am., vol. 31, pp. 145-
148.

— 1923. Palaeozoic and Mesozoic Seas in Australasia, Trans. N.Z. Inst.,
vol. 54, pp. 1-62.

—— 1924. The Structural Features of the Margin of Australasia, Trans.
N.Z. Inst., vol. 55, pp. 99-137.

——— 1926. The Tectonic Conditions Accompanying the Intrusion of Basic
and Ultrabasic Igneous Rocks, Mem. Nei. Acad. Scu., vol. 19 (First
Memoir).

CorroN, C. A., 1916. The Structure and Later Geological History of New
Zealand, Geol. Mag., dec. 6, vol. 3, pp. 243-249, 314-320.

FerrAR, H. T., 1924. Rodney Subdivision, N.Z. Geol. Surv. 18th Ann. Rep.
(n.s.), pp. 6-7.

FERRAR, H. T., and Cropp, W. H., 1921. Whangarei and Bay of Islands Sub-
division, N.Z. Geol. Surv. 15th Ann. Rep. (n.s.), Dpp. 6-8.

Frrrar, H. T., and Others, 1925. The Geology of the Whangarei-Bay of
Islands Subdivision, N.Z. Geol. Surv. Bull. No. 27, (n.s.).

Fraser, C., and Apams, J. H, 1907. The Geology of the Coromandel Sub-
division, N.Z. Geol. Surv. Bull. No. 4 (n.s.).



138 Transactions.

HECTOR, J., 1872. Report on Coal Seams at Whangaroa and Mongonui, Auck-
land, Rep. Geol. Expl. 1871-72, pp. 153-158.

—— 1894. Parengarenga and North Cape, Rep. Geol. Expl. 1892-93, Prog.
Rep., pp. 16-20.

HENDERSON, J., 1924, The Structure of the Taupo-Rotorua Region, N.Z.
Journ. Sci. and Tech., vol. 6, pp. 270-274.

—— 1924 (a). The Post-Tertiary History of New Zealand, Trans. N.Z.
Inst., vol. 55, pp. 580-599.

McKAay, A., 1894. The Geology of Hokianga and Mongonui Counties, North
Auckland, Rep. Geol. Expl. 1892-1893, pp. 70-90.

MarsHALL, P., 1908. Geology of Centre and North of North Island, T ans.
N.Z. Inst.,, vol. 40, pp. 79-98.

—— 1911. New Zealand and Adjacent Islands, Handbuch der regionalen
Geologie, Bd. 7, Ab. 1.

1912. Geology of New Zealand, Wellington.

Morecan, P. G., 1921. Geological Sketch Maps of New Zealand. (See also
N.Z. Journ. Sc. and Tech., vol. 5, 1922).

—— 1922. Notes on the Geology of New Zealand, N.Z. Journ. Sc. and Tech.,
vol. 5, pp. 46-57.

PARxk, J., 1910. ‘Geology vf New Zealand, Wellington.

—— 1921. Geology and Mineral Resources of Western Southland, N.Z.
Geol. Surv. Bull. No. 23, (n.s.).

Saite, S. P, 1881. On Some Indications of Changes in the Level of the
Coast-line in the northern part of the North Island, Trans. N.Z.
Inst., vol. 13, pp. 398-410.

Suess, E., 1913. La Face de la Terre (French Translation), vol. 3, pp. 1049-

1053.




