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LETTER OF TRANSMITTAL.

Sir,— Geological Survey Office, Wellington, 31st May, 1916.
I have the honour to forward herewith the tenth annual report of the Geological Survey
Branch of the Mines Department. This report covers the work of the Geological Survey during
the twelve months ending to-day. I have, &ec.,
P. G. Morcan,
Director, New Zecaland Geological Survey.
The Hon. W. D. S. MacDonald, Minister of Mines, Wellington.

DIRECTOR’S REPORT.

SuMMARY OF FiBLD OPERATIONS.

Durmvg the field-season ending 31st May, 1916. the detailed surveys of the Egmont and Gisborne
subdivisions were brought to a conclusion, and a re-examination of the greater part of the
Whatatutu Subdivision was made. Special arrangements were made with Professors James Park
and P. Marshall, of Otago University, to make surveys of the Oamaru and Tuapeka distriets.
These have been completed, and thus the area examined in detail during the 1915-16 season
(excluding Whatatutu Subdivision) is fully 1,000 square miles. Since the reorganization of the
Geological Survey in 1905 about 9,800 square miles has been subjected to detailed examination
and mapping. Reports on the four districts mentioned above are now in course of preparation.
Brief visits, involving geological examinations, were made by the Director to Waihi, Kaipara
Harbour district, Huiroa (Taranaki), Huntly, Marlborough (coastal rcgion), North Canterbury,
and Oamaru. He also visited Trentham and the new Icatherston -camp at the request of the
Defence Department in order to report upon soil and drainage conditions. Dr. J, Henderson
made visits to Huntly, Manawatu Gorge, Mauriceville, Reefton, and Wangapeka. The chief
results of these examinations are given in the special reports published on later pages.

Egmont Subdivision,

Field-work in the Hgmont Subdivision was resumed by Mr. W. Gibson, Assistant Geologist,
in September, 1915, and carried on until the completion of the survey towards the end of May,
1916. Mr. Gibson was assisted for some months by Messrs. L. Grange and H. A. Ellis, of the
Otago School of Mines, whilst during portions of February, March, April, and May the Director
also took part in the field-work. The ground examined during the past two seasons consists of
the survey districts of Ngatimaru, Huiroa, Egmont, Wairau, and Cape, together with a small
portion of Opunake Survey District. The total area surveyed is, roughly, 625 square miles.

Gisborne and Whatatutw Subdivisions.

Mr. M. Ongley, Assistant Geologist, recommenced work in the Gisborne Subdivision during
September, 1915, and early in March, 1916, was joined by Dr. Henderson, Mining Geologist.
The survey of the subdivision was completed before the end of March, and attention was then
directed to a revision of the geclogy of the adjoining Whatatutu Subdivision, a report on which
had been published in 1910 (N.Z.G.S. Bulletin No. 9). The desirability of such a revision has
been felt for some years, but the field-work done in the neighbouring area by Dr. Henderson and
Mr. Ongley has served to emphasize its necessity as a corollary to the report on the Gishorne area
now in preparation.

Tuapeka Digtrict.

On the 1st November, 1915, Dr. P. Marshall, with the assistance of Mr. G. E. Hyde, began
a detailed survey of the Lawrence, Waitahuna, and Waipori districts. TField-work was completed
during February, and since then Dr. Marshall has been occupied in laboratory-work in connec-
tion with the survey and in preparing a report and maps.

Oamarw District.
Professor Park began work in the Oamaru district early in December, 1915, and remained

in the field until the 7Tth March, 1916. Geological maps and sections have since been received
from Professor Park, who also advises that his report will be forwarded at an earlv date.

Limestone and Phosphate Deposits.

Largely in response to requests from the Agricultural Department, a good deal of attention
has been given during the past year to the limestone and phosphate deposits of the Dominion.
A visit was made to the Kaipara distriet principally for the purpose of re-discovering a phosphate
deposit from which a sample was collected many years ago by Mr. S. H. Cox, then a member
of the Geological Survey staff. This was stated to come from the Hoteo River, but a search of
the country near the mouth of that stream on the line of Mr. Cox’s route in 1879-80 showed
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that no phosphate deposit of any importance could well exist in that locality. It is possible that
the sample was wrongly labelled, and therefore that its source must be sought in some other
locality.

A definite though thin phosphatic horizon was identified at Kaikoura and Amuri Bluff,
between the ¢ Amuri’’ limestone proper and an upper limestone.® Since analyses show the pre-
scuce of 43'46 and 5362 per cent. of phosphate of lime further exploration of the Marlborough
coastal distriet is advisable. There is reason for believing that the same phosphate horizon exists
in the neighbourhood of Port Robinson and in the Clarence Valley.t and it is also found in
North Canterbury, though here the prospeet of a commercial development is very slight.

Special visits were “made by members of the staff to Douglas (Taranaki), Manawatu Gorge,
Mauriceville, Cape Campbell, Ward, and Waikari in order to cxamine limestone deposits con-
sidered suitable for agricultural purposes. Particulars of the data obtained will be found in
the reports ou later pages. Attention may be drawn to the soft limestone deposits near Cape
Campbell, Ward, and Waikari, which it is hoped will furnish naturally comminuted limestone
of sufficiently good quality to be useful to farmers at some distance as well as to those in the
immediate vicinity.

ParvoNToLoGreal, Wonrk,

During the past year Mr. H. Suter, of Cluistdmu,h, Consulting Palaoonfologi%t has been
steadily unployed in 1dent1tymg or deser 1b1ng the Tertiary Mollusea contained in the Geological
Survev collections, and in dealing with fresh material supplicd by Professor Park, Professor
Marshall, officers of the Survey, and others. He has supplied a valuable veport, entitled *“ Deserip-
tions of New Tertiary Mollusea occurring in New Zealand, accompanied by a few Notes on
neeessary Changes in Nomenelature: Part 1.7 This has been forwarded to the printer, and
will be published as one of the series of palwontological bulletins.

For some months prior to his joining the Fxpeditionary Forces Mr. I*. K. Broadgate, M.Sec.,
was employed in classifying the fossils at present stored in the Museum, and in allied work.

Mr. C. 1. Trechmann, of Castle Eden, County Durham, England, who visited New Zealand in
1914, some months ago was again a visitor with the object of collecting Mesozoic fossils. A con-
siderable number of Mesomu, fossils from the Geological Survey collections have been loaned
to Mr. Trechmann, who has undertaken to identify and, so far as necessary, to describe them,
or in special cases to arrange for this work being done by other competent palmeontologists.

PuniLicATIONS,

During the past year the following Geological Survey publications have been issued :—
Nmth Annual Report (as part of p(ulmmcntan p(l]’)el C.-2, and in separates).
Eighth Annual Report (sccond edition).
Bulletin No. 17 (N.8.): ““ The Geology and Mineral Resources of the Buller-Mokihinui
Subdivision,” by P. G. Morgan and J. A. Bartrum.
Palweontological Bulletin, No. 3: ‘‘ Revision of the Tertiary Mollusca of New Zealand,
based on Type Material, Part I1.”” by Henry Suter.
‘“ Alphabetical Hand-list of New Zealand Tertiary Mollusca,”” by Henry Suter.

Orrick AND MIScELLANEOUS INnoor Work.

R

During the year numerous requests for information concerning New Zealand minerals and
ore deposits have been answered by the Director and other members of the staff. Many mineral
and rock specimens sent from all parts of New Zealand have been examined and identified. A
good deal of attention has been given to the library, but owing to want of space the books cannot
be satisfactorily classified.

Maps, &ec—Mr. G. E. Harvis, Draughtsman, during the year compiled six maps and plans
and coloured sixteen proofs of maps for the Reefton Bulletin (No 18), drew four maps of survey
districts in the Bgmont and Gisborne subdivisions, two key-maps of survey distriets in the Qamaru
and Tuapcka (hhtllct\ two geological maps and a sheet of sections for Professor Park’s report
on the Oamaru district, maps of Kaikoura and Huntly districts for the present report, and a
small map of New Zealand. In addition to his other duties, he also attended to a considerable
amount of miscellancous office-work.

STAFF.

There have been no changes in the permanent staff during the year. Mr. H. 8. Whitehorn,
Assistant Topographer, who in October, 1914, joined the Expeditionary Forces with the rank
of captain, remains on active serviee, and has recently obtained his majority. Mr. F. Fulton-
Wood, chainman, after serving from the outbreak of war in Samoa and the Dardanclles, returned
severely wounded in November, 1915, but was able to resume office duties towards the end of
December. Mr. I, K. Broadgate, tempm ary assistant in paleeontologist work, joined the Expedi-
tionary Foreces at the end of August, 1915. Ex-members of the staff who have joined the colours
are Dr. J. M. Bell, Messrs. H. Rlch(ud_son E. J. H. Webb (accidentally killed on shipboard),
John Thompson, R. J. Crawford, and Peter Clarke. It may also here be mentioned that with
hardly an exception the men temporarily employed as field hands during the past few years have
volunteered for active service, and at least two have laid down their lives for King and country.

* 999 Special Report No 7 P ]7
t Phosphatic pebbles or concretions have lately been found in the Clarence Valley by Dr. J. A. Thomson (verbal
communication).
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CONCLUSION.

During the next few months several important reports have to be prepared, and others edited
as they pass through the press. Next season’s ficld-work has not yet been decided, but it is hoped
to continue detailed geological survey in Taranaki, and to undertake the preparation of an
exhaustive report on the liwe and phosphate deposits of the Dominion. This work will neces-
sarily entail a nuwmber of visits to various parts of New Zealand.

In conclusion, the advisability of undertaking a soil survey of the Dominion may be urged.
It niay be suggested that this object could best be accomplished by the Agricultural Department
and the Geological Survey working in conjunction. In some countries soil surveys are being
made by a special staff attached to an Agricultural Departinent or Bureau, whilst in others they
are under the control of the Geological Survey. In a small country such as this a combination
of the two systems will probably give the happiest results.

P. G. Monruan,
Director, Geological Survey.

SPECIAL REPORTS.

EGMONT SUBDIVISION.
(By P. G. Morgan.)
DurinG the past two scasons some interesting physiographic and geologic data liave been obtained
in the Egmount Subdivision, which, it will be remembered, includes the survey districts of Wairau,
Cape, Egmont, Huiroa, and Ngatimaru, and contains the greater part of the great voleanic
cone of Bgmont. The following incomplete notes on the physiography and geology of the arca
are given in advance of the detailed report to be written during the coming winter.

Puysiocrapny.

The dominating physical feature of Taranaki is Mount Egmont, a wonderful extinet voleano,
3,260 ft. high. All lines of evidence point to the fact that in a geological sense no great space
of time has passed since the last exhibition of voleanic activity in this part of New Zealand,
but at the present time not the slightest sign of vuleanism can be perceived, unless it is the
existence of a solitary tepid spring on the lower slopes of Mount Egmont. The flanks of this
mountain show almost in perfection thé catenary curves that are characteristic of the typical
voleano built mainly of fragmentary material ejected from a single vent. Its symmetry has
as yet been little affected by erosion, and is almost unbroken by parasitical cones, with the excep-
tion of Fantham’s Peak, a somewhat pronounced excrescence high on it southern side, and two
small dome-shaped bumps far down the southern slopes. The north-western slope of Egmont
does not reach a low level, but meets the Pouakai Range, an irregular and somewhat deeply
dissected mountaivous mass of andesitic agglomerate, with minor flows and dykes of andesite.
The highest point, Pouakai Peak, is 4,590 ft. above sea-level. Without doubt the Pouakai Range
represents a great extinet voleano, older than the present Mount Egmont, but not necessarily
materially older than its hidden central portion or core. A flat semi-swampy area between the
main part of the Pouukai Range and Mount Egmont, surrounded for three-fourths of its eir-
cuinference by peaks and spurs of the Pouakai, indicates the position of the main crater.

Between the Pouakai Range and the coast are the Kaitake Hills, with Patua Peak, 2,240 ft.
ligh, as their highest point. They also are of voleanic origin, and bear the same relation to
the Pounkai Range as that does to Mount Egmont.

The lower slopes of Mount Egmont and the Pouakai Range pass imperceptibly into a gently
sloping plain, well developed near Inglewood and to the south, where it is only very slightly
meised by the streams that traverse it.  In a general way this plain, though dissected by streams,
may be traced to the north-west through Koru to Oakura, and thence westward into the country
near Cape BEgmont, where it again opens out into a plain, diversified, however, by the innumer-
able low rounded elevations hereinafter designated ‘conical hills.”” Southward the Inglewood
plain extends through Stratford to Hawera, and becomes merged in the grecat Wanganui coastal
plain; but from the Stratford-Hawera district it also extends westward and northward to Manaia
and Opunake, thus ultimately completely encireling Mount Egmont, together with the closely
allied Pouakai Range and Kaitake Hills.

The Inglewood plain is bounded on its northern side by the Tapuae-Manganui Ridge;
deseribed by Clarke.®*  This vidge, extending from near Oakura to Inglewood, may be regarded
as a relatively elevated portion of the Inglewood plain. Tt is intersected by a number of streams,
notably the Walongona, which has formed a broad valley across it, now followed by the railway-
line from Inglewood to Lepperton. The summit of the so-called ridge is formed of a number
of subsidiary even-topped ridges, all sloping regularly seawards—that is, away from Mount
Egmont.

If one disregards the valley of the Manganui the Tapuae-Manganui Ridge may be said
to merge into the low ridges of similar or somewhat greater height that extend towards the Waitara

* (harko, B. de ;. ““The Geology of the New Plymouth Subdivigion, Taranaki Division.” N.Z. G.8. Bull. No. 14,
1912, pp. 5 and 8.
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River, and ave prominent in the eastern part of Huiroa Survey District and throughout Nga-
timara Survey District.  To the main water-divide—that between the Waitara and Patea water-
sheds—the name ““Te Wera Ridge” was given in Mr. Gibsou’s report of last year. The Te
Wera Ridge, however, 1s no more promiuent or of greater elevation than its neighbours.

Most interesting arce the small conical hills mentioned by Clarke as occurring ncar Ingle-
wood, aud also at Lepperton, in the New Plymouth Subdivision.  These gencrally consist of coarse
angular agglomerate, with some finer material, but in some cases niay correctly be deseribed as
formwed of shattered andesite. The Inglewood hills have a thick covering of tufaceous loam,
and only where they arve dissected Dby streams (a vare case) or opened by quarries can their true
nature be ascertained.  Near Warca and Cape Egmont similar conical hills occur by hundreds,
it not thousands. Many of these have been opened by quarries, and many others, owing to
dissection by streams or by the sea, or owing to the part removal of their soil covering, show
outerops, mainly of agglomerate, but in a few cases of shattered andesite, exactly as at Inglewood,
and, 1t may be added, at T.epperton. There can be no doubt that ecach of these conical hills
represents a minor centre of eruption.  There are many cases of two or nmore being confluent,
and in some areas, notably east of Warea, there are numerous low irregular ridges that no
longer show distinet points of eruption, partly owing to modification by stream erosion.

In the western part of the subdivision the streams radiate from Mount Egmont and the
Pouakai Range. Many flow direet to the sea, whilst others join the Waitara River. On the
sonthern boundary are some of the headwaters of the Patca River. Though in the ain of
consequent characters, those streams that intersect the Tapuae-Manganui Ridge are to be termed
antecedent in that part of their course. The eastern part of the subdivision is drained partly
by the Waitara River and partly by tributaries of the Patea River. Here the drainage is
irregular, and the various streams are deeply incised in a series of sedimentary rocks. The
manner in which the drainage of this area has been diverted to the north or to the south by the
piling-up of voleanic material in the Mount Egmont region is worthy of note. Attention has
previously been drawn to this peculiarity by Clarke.*

Inmmediately westward of the New Plymouth Subdivision the coast is backed by high cliffs con-
sisting mainly of agglomerate and broken ouly by the various streans that enter the sea. West-
ward of Oakura River the cliffs lessen in height, and near the mouth of the Stony or Hanga-
tahua River disappear for a considerable distance. Southward of Stony River low cliffs of tuff
and agglomerate are again scen, These continue, with interruptions, past Cape Egmont to the
southern boundary of the subdivision.  North and south of the mouth of the Hangatalhua River,
at the mouth of the Kapoaiaia Stream near Cape Fgmont, and immediately south of Cape Survey
District on the coast of Opunake Swrvey District, are insignificant sandhills. At low tide a wide
heach, cousisting in most localities maiuly of angular boulders, is exposed.  North and south
of the Hangatahua River are sandy stretches of some length.  Kach of the larger streams, such
as the Teikaparna and the Kapoaiaia, also has a little sand and shingle at its mouth, especially
near ligh-water mark. Near the southern boundary of Cape Survey District a continuous belt
of sand and shingle begins above half-tide wark and continues southward. Scaward the beach
s formed mainly of angular andesitic boulders, as to the northward

GENERAL GEoLOGY.

Pable of Formations—The rock-formations of the Egmont Subdivision are approximately
*fdicated by the following table :—

Name of Nories. : Nature of Rocks. Approximate Age.

Stream gravels, &c., swamp deposits, sand-dunes, | Recent.
marine sand, and shingle

\
_ ‘ Marine sand and shingle (raised beaches), stream | Late Pleistocene.
J deposits, peaty lignite

Upper Pouakai .. . .. | Andesitio lavas, tuffs, and agglomerates (of conical | Pleistocene.
t  hills), marine sandstone and conglomerate

Local unconformity.
Lower Pouakai .. .. .. | Andesitic lavas, tuffs, and agglomerates .. | Upper Pliocene.
Unconformity (of local type).

Upper Onairo .. . .. | Claystones, sandstones, pebble-beds, shelly lime- | Middle and Lower Pliocene.
stones, and conglomerates

Lower Onairo (not outcropping in | Claystones, sandstones, limestone, greensand-
subdivision) stones, marly clays, coal-seams, &c.

Miocene.

General Deseription.—The oldest rocks visible in the subdivision are a set of claystones,
sandstones, pebble-beds, shelly limestones, and calcarcous conglonierates, which, as indicated by
their fossils, are approximately of Pliocene age. These rocks belong to the upper part of E. de C.
Clarke’s Onairo Series, so named from a supposed typical development at the mouth of Onairo
Stream, west of Urenui.  The lower or Miocene part of the Onairo Series is nowhere known to be

* Clarke, L. de C.: Op. cit., p. 8.
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exposed at the surface in the Egmont Subdivision, and whether it has any development in the
New Plymouth Subdivision west of Urenui seems doubtful. The Upper Onairo is well developed
in the Ngatimaru Survey District and in the castern part of Huiroa Survey District. To the
westward it is unconformably overlain by an increasing thickness of volecanic debris belonging
to the upper horizon of Clarke’s Pouakai Series. At a distance of twelve or thirteen miles
from the summit of Mount Kgmont outerops of Onairo rocks disappear, and to the westward only
Pouakai and small patches of younger rocks are visible. .

The Onairo rocks are in general almost horizontally bedded. ln some localities they show
evidence of gentle but irregular folding, accompanied in one or two cases by slight faulting.

The Lower Pouakai rocks consist of andesitic agglomerate and tuff, Wlth contemnporaneous
andesitic lava-flows and dykes. In many places they show bedding to such an extent as to prove
some measure of transportation and sorting of water, but water-worn material is nowhere present
to any marked extent. To the Lower Pouakai are assigned the rocks of the Kaitake and Pouakai
ranges (with the exception of surface material) and the agglomerates cxposed in the valleys of
the Oakura and Timaru streams and along the sea-coast from the boundary of the New Plymouth
Subdivision to a point west of Qakura. Probably also the core of Mount Egmont belongs to
the Lower Pouakai.

On the coast-line near the mouth of the Tapuae Stream there is evidence of a distinet break
hetween the lower and the upper portions of the Pouakal Series IHere a thin inconstant con-
glomerate, followed upwards by a soft sandstone (probably partly marine and partly weolian)
rests with clear unconformity upon agglomerate. The same unconformity appears on the coast
at New Plymouth, but hag not been traced to the west of Qakura.

In the main the Upper Pouakal rocks consist of fine tuff (generally horizontally bedded) and
voleanic ash, but to them ave also assigned the agglomerate and andesitic masses forming the
conical hills previously mentioned, the lava-flows and fragmentary material that build up the
visible portions of Mount gmont, tog_)ether with the sandstone and conglomerate mentioned above,
and some contemporaneous fluviatile and marine debris. The tuiawous loam that forms the soil
and subsoil of nearly all western Taranaki may be considered as part of the Upper Pouakai Serics.

Whilst the Upper Pouakai Sevies is necessarily unconformable to the Onairo rocks, as may
be seen at various localities in the Huiroa Survey District, the relation of the Lower Pouakai
Series to the Onairo Series is more doubtful. It is practically certain that the volcanic crup-
tions that built up the Kaitake Hills and the Pouakai Range began while the deposition of Onairo
rocks was still proceeding in adjoining areas, and therefore complete unconformity cannot
exist. No doubt in places there is some degree of local unconformity, and this seems also to
be Clarke’s view, though his remarks on the subject in the New Plymouth Bulletin* may perhaps
be construed in a slightly different sense.

Roecks younger than the Upper Pouakal Series have an extremely limited distribution. Their
nature is sufficiently indicated in the table of formations given above.

EconoMic GEonLOGY.

Sotls.—DPractically everywhere on the lower slopes of Mount Fgmont and on the adjoining
country, on the Pouakai Range cxcept on the highest points, and on the Kaitake Hills, one type
of soil—a brown loam derived from decomposed voleanic tuff and ash—prevails. This is generally
underlain by a deep subsoil of almost the same character except for the absence ot vegetable mould,
but on the west side of Mount Kgmont, and also near the so-called ‘‘ radius line’’t (boundary
of Egmont National Reserve) on the east side, the subsoil is generally shallow, and in places not
more than 1 ft. or 18 in. of loam is seen above the bed-rock—cemented grey tuff or agglomerate.
The only other classes of soil found in the western part of the subdivision are the peaty soil
of swamps bordering small watercourses or occupying small undrained areas (most of which are
towards the coast), the gravelly soil of a few wsmall stream-flats or terraces, and the sandy soil
of dune-areas near the coast. Eastward from the central portion of the subdivision the volcanic

801l gradually becomes mixed with more and more material derived from the Onairo rocks.

The change is first apparent near the Mangunui Stream, and in Ngatimaru Survey District the
soils, cxmpt in swamp areas, are formed almost wholly of weafhmed sedimentary material. The
voleanic constituents that seem to be present in some of the river-flat soils are probably derived
from the central part of the North Island, and not from the Mount Egmont area.

Metallic Ores—The Kaitake or Patua Range has been prospected at intervals for gold,
silver, and copper. Owing to the presence of quartz lodes and silicified pyritized belts of country
which on assay are generally found to carry traces of gold, a litlte silver, and occasionally some
copper, hopes of developing successful mines have been entertained, but no real justification
for such expectations has been found.

Manganese oxide oceurs in small quantity at various places, for example, near Tipoka Road,
in the neighbourhood of Cape Egmont. Near Puke-iti Hill, between the Kaitake and Pouakai
runges, is a deposit of low-grade rhodochrosite (carbonate of manganese).

Very small deposits of magnetic oxide of iron (ironsand) oceur on the coast of the subdivision.
These have no commercial value.

Limestone and Caleareous Sinter.—The bands of shelly limestone in the Onairo Series are
too small and, as a rule, too imopure to be of much value for agricultural purposes. Deposits
of caleareous sinter occur (1) south of German Hill, a dome-like elevation five miles west-south-
west of Inglewood; (2) three miles south-south-west of Inglewood, on a branch of the Waiongona-

* Clarke, B. de C. : Op. cit., pp. 14 (table of formations) and 25.
T This term, looally apphed to the boundary of the many-sided polygon that consgtitutes the Egmont National
Reserve, is a complete misnomer.
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iti Stream; and (3) south of upper Kahui Road, near the southern boundary of the subdivision.
The largest of these deposits is that near German Hill, but even this is too small to be of any
appreciable commercial value as o source of lime. ) )

Roadmaking Materials—The greater part of the Eginont Subdivision is well supplied with
road-making material. Stone for that purpose is obtained from the stream-beds and from the
conical hills which are abundant near Inglewood, and much more so in the Cape Egmont district.
The Railway Department obtains ballasting-rock from the quarry on the eastern slope of Mount
Egmont mentioned in last year’s annual report. As vet nothing further has been done with
respect to the Public Works quarry, also mentioned in the same report.

In the eastern part of Huiroa Survey District and in Ngatimaru Survey Distriet voleanic
“rocks arc absent, and the chief road-making material iz supplied by a few bands of shelly limestone
or conglomerate in the Onairo vocks. East of Tavata pebbly bands are not uncommon in the
sedimentary rocks, and have furnished a considerable amount of material for the roads.

Petrolewm.—Various indications of petroleum, chiefly in the form of gas-emanations, occur
in the subdivision. Three bores* in search of oil have been drilled, these being (1) the Moa
bore, near Inglewood; (2) the Norfolk Road bore, near the railway, several miles south-south-
east of Inglewood; and (3) the Huiroa bore, near Huiroa. The last-named bore has reached a
depth of over 4,200 ft., and boring operations are still continuing. Discussion of the petroleum
prospects must be deferred to the detailed report on the subdivision now in course of preparation.

Water-power —A  considerable amount of water-power can be obtained from the various
streams traversing the lower slopes of Mount Egmont and the Pouakai Range. The Ngatoro
Stream supplies electrical energy for the lighting of Tnglewood, and the Borough of Stratford,
sonth of the subdivision, is similarly lighted by means of power dervived from the Patea River.

2. GISBORNT, AND WHATATUTU SUBDIVISTONS.

(By J. HexpErson and M. ONoLEY.)

Work in the Gisborne Subdivision has been carried on for two field seasons under the charge
of Dr. Henderson., who, however, has been occupied with other work during considerable portions
of the two periods. Mr. M. Ongley, Assistant Geologist, has been responsible for most of the
field-work. The survey districts of Uawa, Waikohu, Waimata, Whangara, Patutahi, and Tura-
nganui, in all an area of about 790 square miles, have been examined in detail, and the writers
have also made a brief inspection of Mangatu and Waingaromia survey distriets, which were
reported on by J. H. Adams in N.Z.G.S. Bulletin No. 9 (New Series), 19710, For the most part
the weather has been favourable and the work has not been difficult.

TOPOGRAPTY.

The Raukumara Division forms the castern portion of the old province of Auckland, and
comprises a broad belt of moderately elevated country to the north of Hawke Bay, lying, for the
most part, eastward of the dividing-range of the North Island. The area examined consists
chiefly of uplands, now deeply dissected, but which still exhibit remnants of an ancient surface
maturely sculptured during a time when the land stood considerably below its present level.
*The elevation of this ancient surface was intermittent, as is proved by the occurrence along
the major streams of three well-marked terrace series. Corresponding with these are raised
heaches near the coast at heights of about 560 ft., 220 ft., and 15 ft. respectively. There is
also proof that the land once stood at a higher level than at present, and the infilled lower
vallevs of the old rivers form the only lowlands of the subdivision.

GunrrAnL GEoOLOGY,

The oldest rocks of the Raukumara Division, consisting of beds of greywacke and argillite,
referred to the Trias-Jura system, are exposcd at various points along the mountain axis, and
thence eastward in a general way vounger formations appear successively as the sea is approached.
In the Gisborne and the adjoining Whatatutu Subdivision these ancient rocks do not outerop,
although the vavious younger series are well represented. Tn descending order these are :—

Alluvium, terrace and subaerial deposits (Quaternary)

Waipaoa Series (Pleistocene).
Tawhiti Series {Upper Miocene).
Turanganui Series (Tower Miocene).
Waikohu Series (Bocene ).
Mangatu Series (Cretaceous).

These formations, with the exception of the greater portion of the Quaternary and Pleistocene
deposits, are of marine origin, and indicate that most of the area examined was under the sca
during late Mesozoic and Tertiary times. Yet the unconformities separating the series one from
another show that the geological record is by no means complete, and that several periods of
deformation are represented.

Mangatu Series.——A thick series of beds helieved to be of Cretaceous age forms the north-
western portion of the Mangatu Survey District, where also occurs the highest land of the area
examined. These rocks may be divided into a lower group consisting chiefly of shales, and an

* According to Mr. E. de C. Clarke’s maps the New Plymouth Petroleum (‘/ompany’sr()mnta hore is on the eastern
boundary of Wairau Survey District. (See N.Z. G.S. Bull. No. 14, 1912, pp. 37, 53, and maps.)
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upper containing greensand, limestone, claystone, and their various gradations. These 1'oq]ss
have been subjected to decidedly more disturbance than the overlying Tertiary series, and with
the exception of the claystone are readily distinguishable from them in hand- -specimens.

IWaikohu Series.—The rocks of this series occupy a considerable area in the Mangatu and
Waikohu survey districts. They extend from the Mangatu River to the Hihiroroa Stream, and
have their chicf exposure along the river after which the serics has been named. They consist
cliiefly of clay-shales and sandstones in thick layers, and also in very rapid alternations of the
same rocks.  Ifault junctions between this and the preceding series oceur at several points, but
a junction of deposition was nowhere observed. The lowest rock noted wag a conglomerate or
breeela-conglomerate bed, perhaps 50 ft. thick, consisting of angular, subangular, and rounded
fragments of linwestone and calcarcous claystone, evidently derived from the Cretaceous beds,
and proving the unconformable relationship of the Mangatu and Waikohu rocks.

Turanganui Series.—In ascending order the Turanganui Servies consists of carbonaceous
sandstone and grit, locally passing into conglomerate, followed by a thick deposit of structureless
claystone which towards the top becomes more sandy, and grades into alternating beds of sand-
stone and claystone. The conglomerate is composed chiefly of roundad pebbles of igneous rock,
but contains also pieces of claystone and limestone, some small and rounded, others large and
angular. As a whole the rocks of this series resemble those of the Waikohu Series, but are less
sandy and ave softer. The relationship to the latter series is unconformable; angular uncon-
formities may be seen in the Wheao and Mangatu streams.

Pawhati Series.—The name  Tawhiti Series ’’ was applied by Sir James Hector to a great
thickness of beds of clay- and sand-stone covering large areas in the Raukumara Division. The
formation is characteristically developed at Tawhiti Hill, near the coast, four miles north of
Tokomaru Township. In a gencral way the succession of beds resembles that of the preceding
Tertiary series, but the rocks are decidedly move arenaceous and fossiliferous. TFossil Mollusea
and Brachiopoda are very common, and thick extensive layers of sandy limestone occur, especially
in the southern portion of the area examined. These Hector and McKay separated under the
name of the ‘“ Ormond Limestone.”” The Tawhiti Series in the Gisborne and Whatatutu sub-
divisions is unconformable with the Turanganui beds. There are numerous sections definitely
proving this relationship, although in one or two localities an appearance of conformity has heen
found. The Tawhiti beds are believed to be of Upper Miocene age, but they possibly extend into
the Pliocene.

Waipaoa Series.—The movements that brought the Tertiary epoch to a close resulted in the
uplift of the sea-floor and its sculpturing by subaerial denudation. During the period of depres-
sion that followed the valleys formed when the land was elevated were filled with gravels and
pumice sands. These form the Waipaoa Series, and are considered of Pleistocene age.

Recent Deposits.—During Recent times the land has been intermittently elevated, and raised
beaches at various heights, as previously noted, oceur along the coast. These, together with sand-
dunes, the terrace and flood-plain gravels of the streams, and also aerial purmice, form the Recent
deposits of the subdivision,

Voleanie Roecls.—The Raukumara Division Hes at no great distance from the volcanic belt
of the North Tsland. Although no dyke or flow rocks are known to occur within it, there are
numerous layers of fine-grained fragmental material of voleanic origin in the Tertiary rocks.
The oldest of these were noted in the upper portion of the Turanganui Series. During the deposi-
tion of the Tawhiti beds pumiceous material was increasingly abundant, and reached a maximwmn
towards the close of that period. The Waipaoa beds are largely composed of pumice of sub-
aqueous deposition, while similar material of subaerial origin covers the remnants of the maturely
sculptured uplands not yet destroved by the rejuvenated streams.

Kcorvomic Gronoagy

The geological survey of the Whatatutu and Gisborne subdivisions was undertaken on account
of the presence in the area of numerous mud and salt-water springs. From many of these
inflammable gas emanates, while a few also yicld traces of petroleum. In the great majority
of cases it can be definitely shown that the springs are connected with faults, while in the others
the structure is doubtful. On Waitangi Hill the gas and oil come from rocks of Cretaceous age,
and according to Hector and McKay a like condltl(m. obtains in the Waiapu district lying to the
northward. At Kaiti Headland, at Totangi, and in the Waimata Valley Cretaceous rocks either
oceur 4n sttw near the springs, or fraginents of them are contained in the wide zones of pug and
erushed rock from which the gas emanates. At Waihirere (near Ormond) there is no trace of pre-
Tertiary rocks. It cannot be doubted but rocks of Cretaceous age underlie the whole of the
Gisborne Subdivision, and there seems no reason why an alternative source for the oil should be
sought.

In Bulletin No. 9, dealing with the Whatatutu Subdivision, the rock structure was con-
sidered to have arvisen from the crumpling of the beds into a complex series of folds. The present
writers entirely dissent from this interpretation. In their view the tilting of the strata has
been caused by fanulting. What folding does oceur is in close connection with the fracture-
zones, and the defmnldtlons produced thereby are of quite insignificant amount. The main
fault-belts cross the area in an cast-and-west direction, and the major blocks thus formed are
again subdivided by minor fraetures having a north-north-east orientation. The strikes and
dips observed in the various blocks are too irregular to admit of any brief account of structural
details being given in the present report. In all boring hitherto undertaken but little heed was
given to the geological structure, which appears to have been mmmdemtood, and in every instance
the wells have been put down in faulted ground near seepages and springs. As a result the
unfaulted country has not been tested. But the prospecting of the possible oil-bearing areas will
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be dificult and expensive, and should not be undertaken except hy a company prepared to stand
the loss.  Yet the indications of petrolemm are so favourable that a trial is warranted. The
preliminary geological examination of an oil-area may be reduced to the answering of three
questions : (1) Is there any oil-formation in the district? (2) What is the horizon of the oil-
formationt (3) What is the structure of the strata? The fact that oil has been struck in wells
in moving fault-pug where no one would cxpect to find it even in a proved oilfield scems to indi-
cate that oil occurs in quantity. But it is questionable whether the oil has had an opportunity
of accumulating in a sandstone ov other pervious rock capable of acting as an oil-veservoir. The
rocks to be tested are with one exception fine-grained and argillaceous, and would suit well for
the impervious cap-rock, but could not serve as the reservoir. The single exception is the chalky
limestone of Cretaceous age, which is itself a close-grained dense rock, but is broken and fissured.
It is possible that this may afford storage for oil. The conglomerates are compacted and cemented
with clay, and possess little or no pore space. No hore has yet veached the horizon of the lime-
stone, where alone the occurrence of oil in quantity seems probable.

With bores beginning in the Turanganui Series, as in the case with most of those already
sunk, and as must also be the case with the majority of future bores in the Gishorne and Whatatutu
subdivisions, two unconformable junctions have to he passed. Tt is therefore impossible to say
anything about the structure or the depth of the Hmestone. When additional work has been
done in areas farther north and west move will be known about this stratum, which at present
seems to be the only possible oil-veservoir. Where the blocks are tilted the fault-zone will serve
as one impervious limb of the anticlinal, and the best hope of striking oil scems to be In boring
in the solid country some distance fromn the faults in such a manner as to strike the limestone
at a reasonable depth.

MACADAMIZING-MATERIAL.

Really good macadamizing-material is not procurable in the district. 'The limestone of the
Tawhiti Series is quarried in several places for roadmaking purposes. Beach and river gravels
in some loealitics also afford material of fair quality. A quarry is being opened in Motuhora, a
hill of greywacke and argillite in Motu Survey District, fifty miles north-west of Gisborne. The
greywacke of this locality seems to be the best stone for road-making procurable in or near the
(Gisborne distriet.

3. WAIHL

(By P. &. Moraan.)

In October, 1914, and again in September, 1915, T made short visits to Waihi, and inspected
portious of the underground workings of the Waihi and Grand Junction mines. 'The following
notes emhody various features of interest observed in these two mines :~--

Warar Ming.

In 1914, during the driving of the Bath crosscut north-north-west from the Dreadnought to
the Martha lode, three carbonaccous seams interbedded with tuff and fine breccia were intersected
at™ 100 ft. to 127 ft. from the Dreadnought lode. The following description, with slight verhal
alterations, is quoted from the report of Mr. J. L. Gilmour, mine-manager, published in the
Waihi Gold-mining Company’s annual report for 1914, pages 24-256: ““ From 71 ft. to 100 ft.
(north-north-west. of the Dreadnought lode) brecciated grey dacite is seen. At 1001ft. a black
carbonaceous seam about 1 ft. wide was met. It is dipping south-east at 28° from the horizontal.
From 101 ft. to 109 ft. is made up of thin layers, which are probably volcanic ash. TFrom 109 ft.
to 1093 ft. is a black carbonaceous seam parallel to the black seam at 100 ft. From 109} ft. to
127 ft. is wmostly made up of thin layers, probably volecanic ash. At 127 ft. there is a thin
carbonaceous scam about 1in. wide, dipping south-east at 359 from the horizontal. From 127 ft.
to 130 tt. is made up of thin layers. probably volecanic ash, parallel to the black seam at 127 ft.”
Analyses of the carbonaccons bands show the presence of 1'h and 1'57 per cent. of free curbon.

The locality where these surface-formed layers occur is towards the centre of the arca mapped
by Dr. J. M. Bell and Mr. €. Fraser as ‘‘intrusive dacite.”’* This they regard as by far the
mast favourable elass of country for the presence of profitable ore-shoots.  The discovery of bedded
material in the heart of the supposed intrusive rock makes it certain that Bell and Fraser’s
diagnosis of the geological structure of the Waihi Mine was to some extent erroncous. Recently
Mr. Arthur Jarmau, of the Walhi Grand Junction Company, has written a paper entitled * The
(teologv of the Waihi Grand Junction Mine,”’t in which he marshals a considerable amount of
evidence in favour of the thesis that the supposed intrusive dacite has the characters of a succes-
sion of lava-flows. Tn reviewing this paper the editor of the Mining Magyazinet again draws
attention to the close vesmblance between the geology of Waihi and that of Tonopah, Nevada (a
reremblance first noted by myself§), and suggests that at Waihi there arve intrusive masses or

* N.Z.G.S. Bull. No. 15, 1915, p. 125.

¥ Published about October, 1915. by the Institution of Mining and Metallurgy as a paper to be discussed at the
meeting on the 21st October. Sce also the discussion on this paper, published some time later.

i The Mining Magazine vol. xiii, November, 1915, pp. 251-252. (See also p. 281.)

§ Morgan, P. G.: “The Hauraki Goldfields, New Zozland,” Engineering and Mining Journal, vol. 1xxix, May 4,
1905, pp. 861-862. (Sece also Spurr, J. K. : “The Geology of the Tonopah Mining District, Nevada,” U.8. (leol. Sur,
Prof, Paper No. 42, 1905, pp. 284, 285.)
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sills of igneous rock scparating the members of a series of lava-flows, as is now believed to be the
case at Tonopah. This explanation had previously occurred to me, but since very little evidence
in its favour was available, and its validity was thus more than doubtful, publication seemed
unnecessary. Though at present in the positien of an unsupported hypothesis, it is, however,
well worthy of consideration by those interested in mining at Waihi. In concluding this para-
graph I may add that the carlier accounts of Waihi geology—those of McKay ana Park in 1897%
and of myself in 1902t—appear to be substantially correet in their main details, and more
especially in their direct or implied statement that the auriferous rocks of the Waihi Goldfield
consist of a succession of lava-flows. McKay, however, appears to ascribe too great importance
to the tuff and breceia beds present.

The importance of establishing the sheet-like character of the Waihi Goldfield rocks (whether
they are wholly flows or partly flows and partly sills) cannot be overestimated, for it follows that
the country favourable for gold probably has a lateral extension far beyond the boundaries assigned
in Bulletin No. 15. In consequence vigorous prospecting in the areas adjoining fh(- Waihi and
srand Junction mines is justified.

In many parts of Nos. 10 and 11 levels the quartzose lode material of the Waihi Mine i
associated with oxides of iron and manganese. Veinlets and small pockets or patches of sulphide
ore, in some places carrving ruby-silver or pyrargyrite, occur even in the poover parts of the
lodes. Tnelusions of country, large and small, are numerous in the more important veing, and
ay a rule are surrounded by good ore. This is quite in accord with the old mining rule that
“a horse pays for itself.”” Ileplacement of country bv lode material is well shown hy hand-
specimens of the inclusions. In the Royal and other lodes patches of soft chloritic material
generally carry gold and silver in such amount as to render the whole lode profitable where they
are numerous. On the whole, caleite and quartz pseudomorphous after caleite are much less
prominent than in some of the upper levels. Near the larger lodes, such as the Martha, oxidation
extends into the joints and creviees of the country, as in shown by the presence of ivon and
mangancse oxides.

The abundanee of oxides of iron and manganese, the open vugey character of the Larger lodes,
the presence of thin sulphide veins containing ruby-silver, and the scaveity of caleite all scem to
puint to secondary enrichment at a lower level. That ore-shoots equal in extent and value to
those of the upper levels in the Waihi Mine will again be encountered does not seem likely, hut
the outlook for the future is by no means unhopeful.

Granp JuncTiON MINE.

The ore-hodies in the No. 7 level of the Grand Junetion Mine are similar in most respects
to those of the Waihi Mine. The lodes branch and reunite both on a large and a small scale, thuy
forming horses of varying size. Some of the faces and backs (voofs) of levels driven on the lode
courses cxhibit a serics of branching veinlets enclosing lenses of country, the appearance being
therefore that of small stockworks. As in the Waihi Mine, soft chloritic ore is of good grade,
In places rhodochrosite (carbonate of manganese) is associated with the better grades of vein stone,

In various places, especially in the castern part of the workings, the hranches of the Finpire
and other lodes widen and contract at intervals. Another feature is that the ledes not uncom-
monly make a sudden bend where ore pinches, and resume their original direction ten to twenty
feet to one side, the appearance being that of a tault; but the true cxplanation seeins rather to
be that the country having been jointed, fissured, (md shattered prior to lode-formation on two
sets of nearly vertical planes, ore-deposition in various cases took place for some distance on one
joint or fissure, and then migrated to another parallel plane a few fect away. Probably the same
phenomenon happens on the dip as well as the strike of the lodes—-that is to say, the lodes, or
some of them, suddenly shift on a nearly horizontal plane to one side or the other.

WATER.

In September, 1915, the water pumped by the Waili Gold-mining Company was estimated
at 500 gallons per minute, whilst the Waihi Grand Junetion Company was pumping about
630 gallons per minute. 'l‘ho water entering at the lLottom of the shaft was stated to have a
temperature of 980 to 100° F.

In 1902 the Waihi Gold-mining Coxnparly pumped water at the rate of 835:6 gallons per
minute, and in 1903 at the rate of G6R3'2 gallons per minute.d In the nffcr vear the Waihi
Grand Junction Company also pumped a considerable amount of water, but the permanent flow
at the Waihi No. 6 level (555 ft. below the collar of No. 1 shaft) was tlu n estimated at not much
more than 600 gallons per minute for the whole of the Wailii mines.d It is evident that the
deepening of the mine-workings by approximately 750 ft., together with the inereased aren of
ground drained, has ecaused a large inereagse in the amount of water punmped.  Again, since
1903 the tempcrn,tm-u of the water pumped has inereased by at least 200 I,

* McKay, Alomndm “chnrb on the Geology of the Cape Colville Penmqul»v Auckland.” (.9, 1897. (See
pp. 59-60.) Park, James: “The Qeology and Veins of the Hauraki Goldfield.” Trans. N.Z. Inst. Min. Eng., vol. i,
1807. (See pp. 86-95.)

T Morgan, P.G.: “ Notes on the Geology, Quartz Reefs, and Minerals of the Wauihi Goldfield.” Trans. Aust, Inst.
Min. Eng., vol. viii, Part II, 1902, pp. 164-187.

1 Morgan, P. G.: ““ Water in the Hauraki Goldfield, New Zealand.” Eng. and Min. Journ. (New York), vol, Ixxviii,

1904 (15 Sept.), p. 429.
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4. KATPARA DISTRICT, NORTH AUCKLAND.

(By P. G. Morgavw.)

In September, 1915, 1 spent two days at Kaipara Flats, and during that time visited the
mouth of the Hoteo River. 1 then proceeded to Maungaturoto, and thence to Pahi, where two
days were occupied in the examinatjon of Pahi Peninsnla and in a launch trip to Komiti Bluff
and Gibraltar Rock.

PHYSIOGRAPHY.

The greater parvt of the distriet examined is (>Lcupicd by hills and ridges a few hundred feet
i height, with some intervening viver-flats and the “ wide nmturdv sculptured depression
known as the Kaipara Flats.”’*  The most striking ph\'ﬂoghlphlc feature is prescented by “the
numerous drowned valleys which allow the sca to penetrate far inland and form the intricate
shore-line of Kaipara Harbour. The depression thus m(]mated has been offset to some extent
by slight snbsegquent elevation, shown by an entrenching of the streams in their main valley-
foors and by « few probable wave-cut terraces about 20 ft. above high-water mark scen on the
shores of Kaipara Harbour.

GENERAL (GEOLOGY.

Owing to the bricfvess of my visit to the Kaipara district nothing of material importance
can be added to the accounts given by Cox, Park, and other previous observers.  Cox’s sketch-
map of IS8R+ appears to n]n(n\ent the geology of the distriet with a cousiderable degree of
accuracy. It mayv he stated, however, that numerous strong faults traverse the area, and render
its geological strueture decidedly complex. Many of these ave of post-Miocene age, but it is
not improbable that some originated hetween the Cretaceous and the Miocene periods.

UNcoNrorMITY BETWEEN M10CENE AND CRETACEOUS ROOKS.

According to the reports by Cox and Park, one or more angular unconformities may be
detected in the vocks of the Kaipara district. Owing to f‘mltmg or to the obscurity of the
stratigraphical relations, some of their sections bhowmg unconformity—for instance, that of
Cox in the upper part of the Pahi Estuary near Captain Colbeck’s old residencef—are unsatis-
factory.

A" clear angular uuconformity between Miocene and probable Cretaceous rocks may be seen
at the south-cast corner of Komiti Peninsula, at the point where Arapaoa Avm joins the Otamatea
Fstuary, three miles 4~a<t nnrth—cast of Komiti Blufi.  This no doubt is the unconformable section
mentioned by Heetor,§ and Parkd as occurring at or near Komiti Point.  Owing to adverse
weather-conditions 1 was uuable closely to examine the scetion, which as viewed from the sea
appears to consist of a yellowish sandstone resting with woderate angular unconformity upon
conerctionary greenish clays.

At Kaipara Flats unconiulnuty is indicated between Miocene and Early Tertiary or Cretaceous
by the occurrence of conglomerate with pebbles of hydraulic limestone and of limestone of the

Tibraltar Rock type.**

EcovoMic (GEOLOGY.

Coul —In the third gully south of Mr. Thomson’s house, near Kaipara Flats Railway-station,
the horvizontally hedded marine sandstone contains tiny lenticular seams of plant-remains con-
v&Pted into coaly material. These cannot be vegarded as indicative of workable coal-seains, but
merely of the fact that while the sandstone was forming on the sea-hottom pieces of wuod and
other vegetable matter transported by streams to the sea were embedded in it. No. 1 of the
1()110\\1113_ atnalysestt shows the u;mpumtlon of the coaly seams.  No. 2, given for LOlnp(UlsU]] is
the analysis of earhonized wood from the coal-measures in Miller (wd\. State Coal Reserve,
Grevmonth :-—

(L) (2.)
Per Cent. Per Cent.
Fixed carbon .. . . . . Lo 34442 43-61
Volatile hvdrocarbons .. .. . . .. 3816 30-22
Water .. .. .. . .. .. 15:63 19-17
Ash .. . .. . . . .o 1179 7:00
100- OO 100-00
Total sulphur . . .. . . 1'43 0-34
Specific gravit_v i, . . . . ]-38 .

* chderson, J.: “Coal Possibilities of tho Warkworth Flats.” N.Z.G.S. Eighth Annual Rep)rt pubhhhcd in
-2, 1914, p. 157.

t Cox, 8. H.: *“Geology of the Rodney and Marsden Counties.” Rep. Geol. Explor. during 1879-80, No. 13, 1881,
map opposite p. 28.

1 Op. cit., p. 19, )

§ Hector, J.: “ Progress Report " in Rep. Geol. Explor. during 1874-76, No. 9, 1877, p. v.

il Cox, 8. H.: Op. cit.. pp. 17, 33. 37; * North Auckland District.” Rep G:ol. Explor. during 1881, No. 14, 1882,
p. 23.
4 Park, James : " Kaipara and Wade Districts, Auckland,” Rep. G:ol. Explor. during 1886-87, No. 18, 1887,
pp. 221, 228, o

** Tu this comwutwn seo Henderson. J.: ‘“‘ Coal Possibilities of the Warkworth District,” N.Z G S. E:ghth Annual

Report, in C.~2, 1914, pp. 157-158.
+1 Taese a 1d gnbarquent 1nalyses, unless otherwise stated, arc the work of Dr. J, 8. M wlwurin, Dominion Analyst,

and his staff.
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Rock Phosphate —Various specimens of calcareous vocks collected newr Kaipara Flats on

being qualitatively tested gave at most a faint reaction for phosphate.

A fragment of limestone

taken from a breccia-conglomerate, with pebbles consixting nainly of voleanic md\, which outerops

in a brauch of the third gully south of Mr.

Thomson’s house, gave a good reaction, but on being

analysed vielded only 0065 per cent. of phosphorie anhydride, mluwaleut to 1°42 per cent. of

tricaleic phosphate.

Near the mouth of Hoteo River nothing resembling rock phosphate could be observed.

Various

samples of calcareous and other rocks collected in this locality on being tested gave only a slight

reaction for phosphoric anhydride.
A concretion collected on the west

side of Pahi Peninsula,

less than a wmile north of the

hotel. was found to be strongly but irvegularly phosphatic.  Of the following analyses No. |
represents the fine-grained part of this coneretion, and No. 2 the coarse-grained part :—
(1 (L.}

Per Cent. Per Cent.

Tnsoluble in acid . . . . 518 11-99
Tron oxides and alumma (F e,0,, ALLO,) .. . . 6-97 10-07
Manganous oxide (MnO) .. . . 23-95 39-80
Lime (CaO) .. . 22-92 2-40
Magnesia (MgO) 0-92 3-66
Phosphoric anhydride (P O 5) 15-48* 0-32
farbonic anhvdllde (CO,) .. . 19-86 - 2797
Moisture, organic matter, and undctonmnodf‘ .. .. 472 3479
100-00 TOO 00

Limestone,
Colbeck’s old residence, and (2) from the
analysed with the following vesults :—

Two samples of Himestone,
east side of the Pali Fstuary below Colbeck’s, have been

collected (1) frow Gibraltar Rock, above Captain

(1) (2.)

Insoluble in acid .. .. .. 313 7-05
Alumina and iron ()X]d(‘& (Al 0,, J*e 0,) .. . . 1-75 1-25
Lime (CaO) = .. . . . . 51-92 50-14
Magnesia (MgO) ) 077 1-16
l’hmphonc anhydride (P ) 10-12 027
Uarbonic a,nhydnde (CO,) 41-20 39-08
Water and organic matter 1-29 1-42
]OO 18 100 57

Roadmaking Material —Iun many parts of North Auckland good material for making roads
is by no means abundant, and this is especially the case in the Kaipara district. Nevertheless
stone suitable for road-making is obtainable in a nwnber of localities, and by means of rail or
water transport may generally be conveniently distributed where required.

In the Kaipara Flats district the Miocene sandstone, if moderately calcaveous, is in places
sufficiently hard to be used for roadmaking. TIuterbedded with it in some localities are layers of
conglomerate or breccia-conglomerate, such as that mentioned above as occurring south of Mr.
Thomson’s house.  The pebbles of this bed, which is 12 ft. or more thick, consist mainly of an
andesitic rock, together with some hard limestone and a little hydraulic limestone. North of
Kaipara Flats, on Mr. Breeze’s land east of the railway, shelly limestone is reported to oceur.
On the road from Hoteo Railway-station to Tauhoa is a small mass of serpentinized rock, pro-
bably originally a gabbro, which has heen quarried somewhat extensively. The following analysis
shows that the rock is now a fairly typical serpentine :— -

Silica (8i0,) .. 34-91
Alumina (Al1,0,) . .. . .. . .. 1308
Ferric oxide (Fe,0,) . .. .. .. .. . 2:76
Ferrous oxide (FeO) .. . . . . . 4-03
Lime (Ca0O) . . . . . . . 4-44
Magnesia (MgQ) . .. . .. .. .. .o 2746
Po‘rash (K,0) .. .. .. .. . .. . 0-05
Soda (Na,0) . . . . . .. 0-44
Titanium dioxide (T10 ) .. . . . .. . 0-12
Nickel oxide (NiO) . . . . .. . 0-04
Copper oxide (CuO). . . . . . .. . Nil
Loss on ignition .. 13-19
100-47

A similar rock is reported te occur on Mr. Le Gallais’s farm to the south-west. The report
may refer to the wooded conieal hill called Pukekohuku, about a mile and a half south of Tauhoa
E T’qmvalcnb to 33-82 per cent. of tricalcic phosphate (CagP,04).
"+ T'he undetermined is mainly barite (BaS0) ), small {ransparent masses of which were visible in both sanples.
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Township. Some miles north-west of Hoteo Railway-station is the wooded hill Kikitangeo, which
is mapped by Cox as partly < trachyte >’ (probably andesite).

In the Pahi-Paparoa distrvict there ave various outerops of limestone suitable for roadmaking
purposes. The Gibraltar Rock and other outerops on the Pahi Estuary could be casily quarried
and conveniently trausported by water to many points. Marvahemu Hill, east of Pahi, consists
of an andesite or allied rock, which forms excellent road-mctal. A similar hill oceurs west of
Matakohe Township, Komiti Pevinsula. Near Komiti Bluff, and again on the southern side
of the entrance to the Otamatea Hstuary, are considerable outerops of voleanic breceia, which
give rise to some patches of rough bouldery beach. Irom these and similar beaches much material
for roadmaking can be obtained and casily transported by water to any point on the shores of
Kaipara Harbour.

5. WATER-SUPPLY FOR KAIKOURA TOWNSHIP.

(By P. G. MorGaN.)

While at Kaikoura in December, 1915, my atlention was dirccted to the lack of a permanent
water-supply for the township. Owing to the dryness of the season all tanks were empty, and
water for drinking purposes was being carted several miles. For washing and for watering
domestic animals well-water was being generally nsed. At the Maori settlement on the south side
of the peninsula water was being obtained from a small spring in such a position that it could
easily be contaminated by surface drainage. -

A good supply of pure water is necessary for the health as well as the convenience of the
inhabitants of the township. Sporadic cases of typhoid fever occur in the digtrict,* and if
present conditions continue it would not be surprising if a severe epidemic of this or some similar
disease should break out. Kaikoura has been praised as a seaside resort, and has been termed
by its admirers the Scarborough of New Zealand, but it has a poor reputation for salubrity,
and so long as it is without a reliable water-supply intending visitors, if in scarch of health,
would do well to avoid this picturesque little township. i

The well-water at Kaikoura is obtained from moderately shallow wells sunk in the narrow
flat on which the greater part of that straggling township is built. This flat is a raised beach
backed by hills of limestone and other rocks, used mainly for grazing sheep. The water that
drains into it from these hills is very hard, and contains sufficient lime and other mineral matter
to give it a somewhat unpleasant taste. 'The danger of this supply beconing contaminated and
utterly unfit for consumption by human beings or by stoek is obvious.

If Kaikoura had a large population an abundaut and satisfactory supply of water could be
obtained either from the Kowhai or the Hapuku River, but the adoption of either of these schemes
involves six to eight miles of pipe-line, at an expense beyond the means of the small community
that would be served. There are, however, other possible sources of water-supply, and these
may be classified as (I) streams draining the eastern slopes of Mount Fyfie, (IT) springs on the
Kaikoura Plain, and (II1) artesian or sub-artesian water of the Kaikoura Plain.

I. Stnpams rroM MounNt Fyrre.

(1.) Luke's Creek.—Luke’s Creek is a small stream draining part of the south-eastern slopes
of Mount IFyffe. Ou reaching the gravel-fans at the foot of the mountain it diminishes in volume
through soakage, and ultimately disappears. The creek has been favourably reported upon as
a source of water-supply, but at the time of my visit was perfectly dry at the proposed intake,
which is on the fan some distance from the base of Mount Fyffe. Tt ix thervefore fortunate that
no steps were taken to carry out the scheme recommended by the engineer consulted in the matter.
Possibly by going westward to the base of Mount Fyfle a fairly permanent supply of water could
be obtained from luke’'s Creek. The watershed, however, is small, and probably a large reservoir
on Kaikoura Peninsula would be needed in order to ensure a constant supply to the town.

Lulke’s Creek, provided stock are excluded from the watershed, would yield water of unques-
tionable purity. The pressure at Kaikoura would be ample for all purposes, but the main pipe-
line would be long, the headworks probably liable to he destroyed by floods, and, as mentioned
above, a reservoir neayr the township would probably be found necessary.

(2.) Waimangarara Stream.—This streann, situnated to the north of Luke’s Creek, has a much
larger valley, and if tapped near the base of Mount Fyffe would yield a never-failing supply
of good water under high pressure. As with Luke’s Creek, a long main pipe would be needed,
and the headworks would be liable to be destroyed by floods.

IT. SeriNes oN Katkoura Prain.

On the 19th December, accompanied by Messrs. James Boyd, Couuty Chairman, and J. C.
McLauchlan, County Engineer, T visited Hughie’s Creek, which has been considered as a source
of water-supply, and is a small stream flowing from a spring in the Kaikoura Plain at a spot
about three miles north-west of the western--end of Kalkoura Township. The gently sloping
surface of the plain is here somewhat over 100 ff. above sca-level. . At the point between Sec-
tions 101 and 159, where Hughie’s Creek crosses the voad, it has a flow, roughly estimated by
me at quite two-thirds of a sluice-head, or 40 cubic feet per minute—that is, sufficient for a
population of 7,200, using 50 gallons per head per day. The water is perfectly clear, tasteless,

* Four cages were treated at the hospital in 1914, See “ Statistics of the Dominion of New Zealand.” vol. i, 1915,
p. 141, : ' '
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and to all appearance eminently suitable for a town supply. A short distance to the north,
Section 168 or 169 is another spring equal in size to Hughie’s Creek, so that the supply tmm
the latter source could easily be supplemented if required.

Though 1 did not have the time or means required for gauging Hughie’s Creek, ‘and therefore
the estimate of 40 cubic feet per minute as its Hlow Is merely a guess, there need be no doubt
but that it will easily fulfil the needs of Kaikoura T ownship, which according to the census
of 1911 contained only 408 inhabitants. Probably the maximum number of people to be supplied
at the present time does not exceed six or seven hundred. The past two years have been among
the driest ever experienced in Marlborough, and yet, as I was told, the flow of water in Hughie’s
Creek has not diminished in the least. My inspection of the creek confirmed this statement,
for there was not the slightest indication of any lowering of the water-level.

The water of Hughie’s and other springs on the Kaikoura Plain is derived mainly from
the slopes of Mount Iyffe. It creeps through the gravels forming the vavious stream-fans until,
probably through the influcnce of some clayey layer more or less impervious to water, it is forced
to the surface. Quite possibly the bulk' of the water forming each spring follows « fairly
definite channel or course in the gravels in the early part as well as the later part of its career.
There appears to be no Jdanger of the springs belng contaminated by surface drainage, but
samples of the water, if il ix to be used for a town supply, ought to be taken ot different seasons
of the year and subjected to analysis.

Hughie’s Creel (exeluding Lyell Creck, which is liable to cuntamination) is the neavest
visible source of water-supply to the Township of Kaikoura. Possessing an ample and constant
flow, the stream by reason of its origin in a spring is free from floods, and the only drawbacks
that can be urged against its use are that the expense of bringing in the water will be somewhat
great for the present small population, and that the pressure will hardly be sufficient to supply
the hospital and other bu11dlng\ on the higher levels, nor will it be udoqlmtc for fire-prevention
purposes.  Hence some pumping will have to be done, and ultimately o .reservoir made to
supply the high levels. ¥or such a reservoir the hills of the Kaikoura Peninsula offer various
suitable sites.

111, PossiBiniTy OF ARTESIAN Warik ON Kaikounra PLaix.

The Kaikoura Plain has been formed by the coalescing of the delta-fans of the Kowhai and
Hapuku rivers, with the addition of material transported by the small streams draining the
seaward slopes of Mount Kyffe. Near the mountains it has a considerable slope, probably 100 ft.
to the mile, but towards the sea its grade is 30 ft. or less to the mile. Theoretically the plain
will be built up of numerous lenticular layers of gravel and finer debris, the coarser material
predominating near the mountains and the finer towards the coast. Since remmants of ancient
heaches on Kaikoura Peninsula and elsewhere along the coast prove considerable land-elevation
in comparatively recent times, it follows that most of the debris transported by the streams was
deposited by them in the sea, and hence is deltaic in character. The uppermost lavers of the
higher part towards the foot of the mountains were deposited on land, and are most correctly
regarded as fan deposits.

A very large amount of water undoubtedly finds its way through the gravels and sands of
the Kaikoura Plain to the sea, aund the question to be considered is whether any of this water
can be easily made available for a supply to Kaikoura Township. The conditions are similar
to those of the Canterbury Plains and several other localities in New Zcaland where artesian
water is obtained. The analogy of Kaikoura with Christchureh is rendercd curiously close by
the presence of peninsulas—Banks and Kaikoura—both of which are formed of hard rocks, and
were al one time islunds.  There appears to be no reason why bores for artesian water in the
ncighbourhood of Kaikoura should not be successful, provided sites some distance from the hills
of the peninsula are selected. so as to avoid the danger of striking solid rock before a good water-
hearing layer is tapped. 1t is also advisable, in the first place, to avoid boring near the shore-
line in case brackish water only should be obtained. Experience, however, may ultimately show
that fresh water extends right to the coast. Whether the water obtained by boring will rise
well above the surface or fail to reach it cannot be predicted beforchand. Much depends upon
the distribution of layers of clay or other comparatively impervious material in the neighbourhood
of the bores. The most probable case is that the water will reach the surface, but without any
great pressure behind it. In that event more or less pumping will be necessary.

Artesian Strueture —Rven in some comparatively modern text-books the theory of artesian
wells is treated in such a way that the reader will gather the impression that a basin structure
is required. There arve, however, at least half a dozen types of artesian structure, and of these
the basin, as originally defined, is not the most important. It is a faet that in many situations,
although the water of a porous stratum may have a means of escupe, yet it will rise in a bore
sunk to the porous stratum because the frietion in the channels of escape provides counsiderable
liead available for foveing the water up the bore. Hence it is quite reasonable to expect that
the underground watev of the K Kaikoura Plain can be successfully tapped by bores,

CoNCLUSION,

Although my opinion need not be aceepted as in any way authoritative, vet its expression
may be of use in a discussion regarding the Kaikoura water-supply. Of the varipus possible
schemes that of obtaining the town supply from Hughic’s Creek seems on present information
to be the best. As compared with the Luke’s Creek or Waimangarara Stream proposals it has
the advantage of being less cxpensive, but the disadvantage of not being purely gravitational.
The installation of a pumping plant and the construction of a small reservoir on the Kaikoura
Peninsula would make the Hughie’s Creck scheme equal in every respect to any of the gravitation
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schemes, and probably at a smaller total cost. Bores for artesian water may be Czuccessful in
4)})t.L]IllIlé water that can be delivered in the town at a slightly smaller cost than the Hughie's
‘reek scheme, but the supply from the latter is certain, whilst that from hores, though probable,
is unproved not only as regards quantity, but as wualds quality and pressure at the surface. It
is not to be denied, hOV\EV@I that one or two trial bores seem to hv fully justified by circum-
stances, and these, if thoroug‘hly successful, would bring the claims of an artesian supply to
the front.

6. SOFT-LIMESTONE DEPOSITS OF CAPE CAMPBELL, WARD, AND WAIKART DISTRICTS.

(By P. G. Moraax.)
INTRODUCTION.

Of late years attention has been directed to the value of ground anburnt limestone for agri-
cultural purposes. In this connection Mr. B. C. Aston, Chief Chemist to the Agricultural
Department, has pointed out that in New Zealand there are deposits of soft limestone which
can be easily mined, and are in some cases suitable for spreading on the land without any
preliminary treatment other than separating a small proportion of Tumps by sieving. The known
soft. or friable limestone deposits of New Zealand can be classified under the following headings :—

(1.) Naturally extremely soft limestones in place, ummodified by faulting or similar
agency. A typical example of this class is the caleavenus ooze near Lake Hayes,
Wakatipu district, deseribed by Professor Park in N.Z. Geological Survey Bulletin
No. 7.*

(2.) Friable limestones which on being quarrvied in the ordinary way yicld a large
amount of fine material, and of which the lumps can be very easily crushed,
such as the Oamaru and Mauriceville limestones.

(3.) Fault-crushed bands in hard limestone.

(4.) Slope deposits of friable limestone derived from classes (2) and (3), and perhaps
also produced by a peculiar weathering of hard or fairly hard limestone.

(b.) Calcareous travertine deposited by springs.  This material may be rvegarded as 2
variety of class (2).

With this introduction the observations recently (December, 1915) made by the writer in
Marlborough and North Canterbury may be given under the headings of (1) Cape Campbhell
Distriet, (II) Ward Distriet, and (II1) Waikari District.

1. Care CaMpBELL DISTRIOT.

A belt of ““ Amuri’’ limestonet extends southward from a point on the coast-line between
Liake Grassmere and Clifford Bay, and as viewed from the western side of I'isherman Creek
valley appears to run out to sea several miles to the south. This belt of limestone is fault-
involved, and in places has been so crushed that the naturally hard rock is reduced to a soft
white chalky powder, containing only a small proportion of hard lamps. Outerops of this
material may be distinguished from a distance by their general appearance, and more especially
by their peculiarly white colour. So far as can be seen, the quantity of crushed limestone is
very large, and itg quality fair. The facilities for mining are good, but this is hardly the
case as regards transport, unless a large, steady demand should arise, in which event the con-
struction of a tram-line would be advisable. The outcerops visited by the writer ave approximately
four miles from the railroad as the crow flies, and probably 400 ft. oy 500 ft. above sea-level.
The following analyses represent (1) an air-dried sample selected by the writer from an outerop
on the western side of Iisherman Creek valley, and (2) hard limestone from the coast-line between
Clape Campbell and Take Grassmere :—

B 2.

Insoluble in acid (silica, &e.) .. .. . 2’5'4)3 I.’§~O)3
Alumina and iron oxide (Al,0,, I'e 0, .. - . 1-64 119
Lime (Ca0) .. . . . . 3692 1412
Magnesia (MgO) . . . . 0-22 0-16
Carbonic anhydride (CO ) . . . .. 27460 33-28
Moisture and” organic matter .. . .. . 6-06 3-93
TPhosphoric anhvdride (P,04) .. . . . 0-14 0-13

]()0 Ol 99-84

Mr. B. C. Aston, Chief Chemist, Agricultural Department, who visited the district shortly
after the writer, obtained a sample of soft limestone from a spot on Mr. Cumming Law’s pro-
perty, known locally as the ““ Giant Shirt,”” and has kindly communicated the analysis, which
shows 20°37 per cent. of insoluble matter, 2:37 per cent. of alumina and iron oxide, 7368 per
cent. of carbonate of lime, and 2-10 per cent of water.

II. Warp Dirsrricr.

Deposits of soft limestone have lately been discovered on Mr. A. Thomson’s property by
the owner and Mrv. A, McTaggart, of the Agricultural Department. The locality is on the north
side of the ]i‘laxl,mmne River, near the 1oad and less than two miles from Ward Railway-station.

* ““The Geology of the Queenstown Subdivision,” 1909, pp. 97-99.
T S0 called from the Amuri Bluff district, where this limestone is typically developed.
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A cursory examination by the writer led to the belief that the deposits represent a band or
bands of fault-crushed Amuri limestone. They may, however, iu reality consist of slope debris
detached from the solid limestone outerops by crosional agencies and reduced to a powdery con-
dition by some peculiar process of decomposition.  The material at the outerop inspected by
the writer ix a light-pinkish to light grey-and-white substance, which crumbles easily between
the fingers, and is mixed with a moderate proportion of hard picces of limestone, most of which
are of small size. The analysis of an air-dried sample taken by the writer is as follows:—

Insoluble in acid (silica, &e.) .. . .. .. .. 36-33
Alumina and iron oxide (Al,0,, Fe,0,) . . .. . 217
Lime (CaO) . .. .. .. . . oo 32:13
Magnesia (MgO) .. .. . . . .. .. 0-35
Carbonic anhydride (CO,) .. . . . .. .o 2382
Moisture and organic matter .. .. .. .. .. 4-57
Phosphorie anhvdride (P,04) .. .. . . .. 0-11

100-08

Mr. B. C. Aston has communicated to the writer the vesults of analyses of numerous samples
taken by himself and Mr. Thomson. These show that the carbonate of lime in the soft limestone
varies from 4582 to 7642 per cent., whilst the hard limestone contains from 6039 to 920 pev
cent. of carbonate of lime.

It is understood that Mr. Thomson intends to work the soft-limestone deposits on his land,
and as a preliminary to drive into the one nearest the road, so as to get a hetter idea of the
quantity and quality of the material than is at present possible.

III. Waikanr:t Disrtricr.

In the Jowrnal of Agricutture for November, 1915, Mr. A. McTaggart interestingly describes
the discovery of soft-limestone deposits near Wailkarvi, and gives sorne details regarding their
situation, quality, &c. The depth of these deposits, according to Mr. McTaggart, is in places
at least 14 ft., but he gives no figures from which the average depth or the area covered can
be caleulated, and hence his opinion that there are probably ‘‘ millions of tons or unlimited
supplies of this desirable material in the locality > requires support before it can be accepted.
As a matter of fact data for a rveliable estimate of quantity and quality have not yet been
obtained. '

At the foot of u slope capped by limestone, and only a few chains south of Waikari Railway-
station, is the spot where, ay mentioned by Mr. MeTaggart, the Waipara County Counecil has
commenced to work a soft-limestone deposit.  From the opening made, which ix on the side of
the road, over 100 tons of material has been excavated for experimental purposes.  This has been
voughly sicved on the spot, and part taken by the Agricultural Departinent, whilst the remainder
has been distributed in small lots to settloers in varvious parts of Canterbury and Otago. The
working-face shows the following section :—

9 in. black soil.

6in. to 2 ft. hard limestone debris.

b ft. to 7 ft. highly friable limestone debris mixed with hard fragments of various sizes.
Yellowish-grey sand.

The lower part of the friable material is clearly poorer in quality than the upper. Post-
holes show that it .cxtends at least 2 chains up the slope to the south, but it is not visible a few
chaing to the eastward, where a cutting on the south side of the road shows only yellowish sandy
debris containing small irvegular veins or patches of pure-white almost impalpably fine material
resembling whiting.

The writer also visited the property of Mr. H. H. Holland, situated about two miles west
of Waikari.  This gentleman, who has taken a great interest in the question of obtaining supplies
ol lime or limestone for agrienltural purposes, kindly showed the writer the soft-limestone
deposits on his land and on the education reserve (Section 1145) abont a mile to the east. Mr.
Holland’s deposits arc on the slopes of a limestone-capped hill south-west and west of his resi-
dence, and appavently extend over a considerable arca. They are overlain by a foot or two of
s0il, and in one place have been bored 1o a depth of 14 ft. A number of shallow test-pits have
also been dug, with the vesult that the guality of the limestone is shown to be somewhat variable.
Half a mile or so to the west of Mv. Holland’s house a pit, which remaing open, shows only 2 ft.
of soft-limestone debris (of good quality, however), underlain by hard rock. .

The soft-limestone deposit on the cducation veserve is near the foot of a slope below a
limestone ridge. This has been bored to a depth of 14 ft., but onlv at one place, so far as the
writer could learn. :

Elsewhere in the Waikari district are various accumulations of soft limestone, as mentioned
by Mr. McTaggart in his article. None of these has been seen by the writer except a small
deposit which is exposed hy a vailway-cutting in Weka Pass. ‘

The following partial analyses of soft limestones are quoted from Mr. B. (. Aston’s article,
““ Houth Island Limestone Analyses,”” in the Jowrnal of Agrieulture foy-October, 1915, and from
Mr. McTaggart’s article previously cited.  The publication of the complete analyses and of the
exact localities of the samples may be urged as a desirable step. '
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Calcium ‘ L . |
Carbonate Moisture,  CaCQOy4 on |

Locality. . &e., Moisture- Remarks.
(Cali0s) 1 per Cent. - free Basis. |
per Cent

D B ; \

(1) Weka Pass Road, \ 72-92 ’ .. ‘ . ;

Waikari

(2) Waikari S0 TLBL 1847 8746
(3) Waikari . 60-82 | 1960 . 7565
(4) Waikari . 69-50 . . ‘
(5) Waikari .. 43-30 .. .. Sample from 81t. to 14 ft. below surfuce.
(6) Waikari .. 69-70 . . Sample from depth of 6 ft. below surface.
(7) Waikari .o, B900 . .. - Sample from 8 ft. to 14 ft. helow surface,
(8) Waikari 9300 | . ! .
Mr. H. H. Hollands .. .. " About 88

property ‘

ORIGIN 'OF SOPT-LIMESTONE DEPOSITS.

The classification of soft-limestone deposits given in the introductory paragraph indieates
in a gencral way the modes in which they originate. Tt will readily be understood that soft
materiad does not afford good -outerops, and.that until (omidcmble openings have been made
the origin of any given deposit may be. more or less doubtful. - Thus, as regards the Waikari
deposits, it is clon that as cxposed they are accumulations of lnneﬁt(mc debris- on ‘slopes below
limestone outcrops, hut it is not clear whether the material has come from.fault-crushed bands
in the rock, ov has been formed by the weathering of hard limestone: It is perhaps as well to
emphasize the fact that the Waikari: deposits are slope aceumulations, of compavatively modern
date, derived from limestones of Early Tertiary or Late Cretaceous age, and mnot bedded por-
tions of those limestones, as has been suggested by onc or two of those who have seen the deposits.
Thus it becomes evident that their composition is likely to vary greatly, a fact that is mdeed
shown by the analyses quoted. o

QUALITY AND QUANTITY OF SOFT LIMESTONE. :

The soft-limestone deposits deseribed in this report bélong to two classes—fault-crushed
material approximately in place, and detrital accumulations on or at the foot of slopes. "The
material of fault-crushed bands may be ¢ xpected to have much thg same composition on a moisture-
free basis as the hard limestone with which ‘it is associated. ~Detrital accumulations, owing to
the inclusion of elay and other foreign ‘substances, on the whole must he regarded as less pure
than the original lunestone but it seems to be a fact that in places, as mentmned above, some
eqneentration of calelum carbonate has occurred.  Such an enrichment, however, will seldom
or never apply to the whole thickness of the’ depowt There need be' little, doubt, hm\ovot that
considerable portions of the virious deposits are sufficiently high in caleiuin carbounate to be of
value for agricultural purposeés. The fact that as mined or dug the soft limestone will contain
« high percentage of ‘moisture needs to be clearly stated. In summer the greater part of this
can be cxpelled by airv-drying, but if the dcpo@lts are to be \\mked m “mtm artificial dlylng
will probably be found nécessary. ‘

Although the quantity of friable limestone in’the Capg Campbell, Ward, and Waikari dis-
tricts is no doubt large, vet a considerable amount of exploration is leqllllcd before any authm i-
tative statement can bo ‘made.  Tn estimating 'quantlty, goologlcal ;llV(‘Stlgatl(‘)]l\ of the or igin
antd mode of occurrence will be ]wlpfu] but, «LbOV(‘ all, numerous test-pits, bores, and measure-
ments of area’ ave imperative. This last statement applies more particularly to slope accumula-
tions, which are highly variable, bBoth in thickness and quallty Finally, the grade of material
worth transporting long (lmtaneos must be determined by analysis.

\TO’I‘lth OF A VISIT'TO MARLBOROUGH AND NORTH CANfI‘]*“RBU'I?QY wIiTHH E SPE(“]AL
"REFERENCE TO UNCONFORMTTIES POST-DATING THE A\ﬂT]d LIMESTONE

(By P. G MOR(’AN)
INTRODUCTORY .

The writer left Wellington for “Picton and Bl(‘nhelm oii- thc 13th D(‘combe 1915, and next
day procceded to Ward (IFlaxbourne), where two days were spent in the ex xamination of the
(ounh} within reach. Ou the 17th Deceinber Le went to Kaikoura, where he remained for
several days. The 22nd and 23vd December were occupied in Oxamlmnw the neighbourhood
of H\mdalco the lower Conway River, and Amuri Bluff. On the 24th t]w writer proceeded to
Waipara, and emploved the next four days in visits, to Welka P.lss VV’LI]ULH the muh]lo mem.l
Gorge, Cass Range &e.
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Carr CaMpPBELL-WARD Districr. )

The country between Cape Campbell and the Flaxbourne River was superficially examined
by Hutton in 1873 (4%, p. 27), and in somewhat greater detail by MeKay several years later
(7, pp. 185-91). Subsequent visits by geologists have been of very briet duration.  Although
McKay’s later reports contain some additional information, the geology of the district is far
from being sufficiently elucidated. The vocks present, according to McKay, range in age from
Cretaceous to Pliocene, and consist of igneous Dbreceta, sandstone, limestone, mudstone, con-
glomerate, &e. By adding Pleistocene and  Recent  deposits the following classification s
reached :—

Formation or Series.

|
Composition, &ec. 1 Approximate Age,
I

—— Gravels, &c., of river-flats, terraces, and | Recent and Pleistocene,

[
1
raised beaches ‘
I

Great Marlborough Conglomerate .. | Conglomerate east of Lake Grassmere .. ! Pliocene (7).

Awatere beds .. .. .. | Calcareous mudstone, &c. .. | Miocene.

Grey Marl .. .. .. | Calcareous mudstone and fine sandstone .. | Early Tertiary (7).

Waipara .. . .. | Limestone, flint, sandstone, igneous breccia, | Cretaceous (possibly in part Iarly

.conglomerate, &c. i Tertiary).

For many details concerning the various rock formations the reader may he referred to
McKay’s reports. His sketch-map published in 1877 requires considerable corrvections, but in
order to make these a detailed survey is necessary. The following remarks, supplementing
McKay’s information, may here be given. The Flaxbourne breecia does not consist wholly of
fragments of igneous origin, but also contains a considerable proportion of sedimoentary rocks,
Much of the material is water-worn, and there are small bands of dark-grey mudstone interbedded
with the coarser beds.t  Caleite is abundant in vesicles of voleanic rock fragments, as a coment,
and as lenticular patches. In places the calearcons material is deeidedly phosphatic.  These
observations confirm a verbal statement made by Dr. J. A. Thomson to the writer that the
breceia probably passes northward into an ordinary conglomerate. It occuples a much narrower.
area than that shown on McKay’s map, for its western boundary is some distance cast of Lake
Llterwater.}

The limestone of the Cape Campbell - Ward district, together with the flinty coneretions and
lenses in which it abounds, may conveniently be hereafter referred to as the Amuri limestone,
the name in common use for this portion of the Waipara Series. Owing to the combined effects
of faulting and folding it has a more crratic distribution than that shown on McKay's map.
In particular a belt of flinty facies trends along the coast north and south of the Flaxbourne
River. Appearances favour the opinion that there are two distinet bands of limestone, sepa-
rated by a thick bed of sandstone, but further examination is necessary before this view can be
cstablished. The interstratified greensand beds mentioned by MeKay (7, p. 188) are of small
thickness. They are best seen at the outerop of Amuri limestone on the shove east of T.ake
Grassmere, where, however, owing to faulting, only the uppermost limestone horizon is represented,

The calearcous grey mudstone, or in places fine sandstone, known as the Grey Marl, has a
great development in the Cape Campbell district. It forms cliffs from the Amuri limestone
outerop mentioned above to Cape Campbell, and thence southward along the coast. Since the
breadth of exposure at right angles to the strike is almost three wniles, and the dip in most places
is 40° or over in a consistent easterly or south-easterly direction, McKay’s estimated thickness
of 8,000 ft.§ (7, p. 189) seems reasonable, provided there is no fault in the section. Faults,
however, are present, and though their effect cannot be definitely stated, a considerable veduc-
tion of McKay’s cstimate may be safely made. Another factor that may cnter into the question
is the possible presence of Awatere beds in the upper part of the sapposed Grey Ml scetion.

The Awatere beds of the district lithologically vesemble the Ghrey Marl, and can be eertainly
separated from it only by their fossil contents. They are less indurated than the average sample
of Grey Marl, and conscquently even more liable to slump. The greater part of their castern
boundary as shown on McKay’s map of 1877 ought to be extended farther to the cast, particularly
in the neighbourhood of Lake Elterwater. '

The Great Marlborough or post-Awatere Conglomerate was found by the writer to occur
between Lake Grassmercfl and Cape Campbell near the position indicated by MceKay, but some-
what farther to the eastward. The exposure is much narrower than shown by McKay’s map
of 1877, and probably does not extend so far to the south. His map of 1890 (16, opp. p. 96),
though on a much smaller scale, is more correct in these respects. The character of the comn-
glomerate, except that no boulders over 2 ft. in” diameter were seen by the writev, is precisely as
deseribed by MeKay, and his estimated thickness of not less than 200 ft. is approximately corvect,
or, at least, not over the mark. Curiously enough, in 1877 MeKav, ux shown by iy séetion BB
(7, opp. p. 188), misjudged the stratigraphical relations of the conglomerate, so that his estimate
of the thickness must have been a mere guess. Instead of lving on the upturncd edges of the
other formations, it is involved cqually with them in a great fault-zone, and has an alimost vertical

*This and other numbers similarly enclosed in parcntheses refer to the list of literature at, end of report.
T McKay mentions interstratified beds of green sandstone (7, p. 187). ‘
1 In December, 1915, Lake Elterwater was perfectly dry.
§ In Sixth Ann. Rep. G.S., C.-9, 1912, p. 9, this estimate is misquoted as 12,000 ft.
. I Ln.ke;{ Grassmere was dry at the time of the writer’s visit in-December, 1915, although its bed is below high-
water mark, )
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dip inelining to the south of cast. Lt ix thus similay in attitude to the Awatere beds lying imme-
diately to the west, aud to the Amuari limestone seen not far to the east.  Since it must actually,
as well as seamingly, overlic the Awatere beds,® it cannot be conformabl: to the Grey Marl, as
stupposed by Cotton (24, p. 2455 25, p. 350 et seq.), and Thomson (23, p. 123), unless the Awatere
heds and the Grey Marl atve mu,tly contemporancous, an hypothesis which, notwithstanding
the lithological mn]mlty, uo one has yet been bold cuough cxplicitly to state, though it cer-
tainly seems to be logieally dedueible from the views held bv Marshall (sec 19, 20, 21) and by
(! ntton (24, 25). .

Lvidence of raised beaches in the form of well-worn shingly pebbles may be observed on
the seaward slopes north of the I‘laxbomne River. The projection forming Cape Campbell is
flat-topped, a‘ml is clearly o fragment of n sea-worn tervace fovmed when the land was roughly
260 11, helow its present level.  Remnants of a relatively modern beach, only a few feet above
figl-water mark, may be seen here and there along the coast-line. They arc especially well
I)H'\UIV(‘({ l)d\\u a Liake Grassmere and Cape Campbell.

Faults.

The hilly country extending norvth-north-cast and south-south-west from Ward is badly
siashed by faults trending north and south or somewhat east of north. The western boundary
of the Cretaccous rocks 1s formed by a great fracture which represents, in whole or in part,
the northern exiension of the  Great Clarence Fault ”” of MceKay (17, pp. 14-18). Involved
in this fault or fault-zonc are not only the outerops of the Great Marlborough Conglomerate
cast of lLake (}1‘:1.\'5111('1'0, but alsv thosce farther south described by Cotton as conformable to the
Grey Marl (25, pp. 350 eb seq.). Faults usually detract from the value of the mineral deposits
thom interscet, but the crushing of the Amuri limestone where it is traversed by faults has
increased ity uscfulness for agricultural purposes by providing a great amount of naturally
comminuted material. (Bee Speeial Report No. 6, p. 15.)

Economic Geology.

Limestone.—The Amuri limestone, though as a rule somewhat siliceous, and in its lowest
hovizon largely veplaced by flint, can furnish lime for agricultural purposes in practically
imexliaustible quantity.  Tately o proposal to use ground limestone in the Marlborough Dis-
trict has heen made, but sinee the Amuri Hmestone in its normal condition is an exceedingly
closc-grained and hard rock, it needs grinding to a fine powder, necessarily a somewhat expensive
process.  The discovery of the soft-limestone deposits deseribed in another report (see p. 15)
will therefore probably be of great value to the neighbouring distriets.

Lhosphate.—Many years ago a white mineral taken from a cave near Flaxbourne (Ward)
and forwarded to the Colonial Labor: atory was found to be mainly a hydrous phosphate of
almminium, with some ammonium phosphate, and contained 31'64 per cent. of phosphoric
pentoxide (Twenty-seventh Ann. Rep. of the Col. Mus. and Lab., 1893, p. 27). Probably this
sample came from the sea-coast, and represented merely a minor modctn deposit formed by the
interaction of guano and some aluminous substance.  The phosphatic horizon immediately
overlying the Amuri limestone at Kaikoura, Amuri Bluff, and Weka Pass appears not to Le
present in the Cape Campbell - Ward district. The limestone itself, as would be expected from
its lauck of orgauic remains other than those of low type, such as Foraminifera, is exceedingly

rdow in phosphatic content, as was determined by a number of qualitative tests. Various other
rocks were tested tor phosphite with practically negative vesults, but a small sample of caleareous
line-grained Ilaxbourne breccia yiclded a good test, and was therefore analysed, with the result
that it was found to contain 0790 per cent. of phosphovic anhydride. equivalent to 196 per cent.
of tricaleic phosphate.
Katkoura Districr.

The Kaikoura district has been visited at various times since 18721 by Hutton, Hector,
MceKay, and other geologists, but only those named have published anything of importance
relating to the neighbourhned of Kaikoura Township. Concerning the geology of Kaikoura
Peninsula o sharp difference of opinion arvose between Hutton on the one hand and Hector,
supported by MceKay, on the other. The principal point in dispute was whether a physical
mwunlmnui\' \C])(’lul(‘f] the Aumuri limestone from the overlying Grey Marl. The present writer
paid special attentiou to this matter, with the result that he is able in some measure to confirm
Hutton’s view, and to state that what appears to be a mild local unconformity intervenes between
the Grev Nl(lll and the underlying limestone. Moreover, there is a second and str onger uncon-
formity in the limestone at an horizon, voughly, from 50 ft. to 120 ft. or more below the Grey
Marl contact.  The same unconformity appears at and near Amuri Bluff from 15 ft. to 50 ft.
below the Grey Marl, and is also ohservable far to the south in the Waipara-Waikari district,
ax stated in o later part of this report.

Physrography.

he Seaward Kaikoura or looker-on Range, with a trend parallel to the coast, forms the
dominating physical feature of the Kaikoura distriet. It reaches heights well over 8,000 ft.,
but as viewed from Kaikoura Township the most prominent clevation is Mount Fyffe (Kaltarau)

rl\

* ’I his st lte-mmt mi Ly 'wt, be v!hd 1f unpoxt mt flult movement has taken plice between the Aw%ere beds ‘md
the ¢ ()vltflum“! vte.  'This, however, does not seem to bo the case. .

T T caricst report is by John Bachanan.  Sze Abstract Ropors on the Pragress of the Gl Surv. during 1856-67
No. 4, 1868, pp. 34-41. g )
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with a height of 5,960 tt.  North of the Hapuku River and soath of the Kaliutara, spuvs of
the Looker-on Rnugc reach the shore, but the greater part of the area between these poinuts is
a fertile delta-fan,*® built mainly by the Kowhai and Huapuku rvivers. This plain has a cousider-
able upward \101)(. to the base of the mountains, the grade, of conrse, inereasing as the high land
is approached. Its outer margin is interrupted 1.)3 the moderately low smwooth hills that form
Kaikoura Peninsula. These, on the seaward sides of the peninsula, terminate in cliffs descending
to highswater mark or to low vaised beaches. Several stacks and numerous outlying rocks,
with tops at or above high-tide level, mark comparatively recent encroachment of the sea upon
the. pentnsula, a process contemporary with the outbuilding of the Kaikoura Plain by the rivers.

Considerable elevation of the land iu not very remote periods is shown by the presence of
nunierous wave-cut platforms on the peninsula. These way be traced to the highest points
(450 ft. or more), and arc especially well marked at levels of ¢p1>|(»\1111at(A1) 100 ft. and 160 ft.,
where also fine heacli-shingle is present. The 100 ft. stage is well represented north of the
Hapuku River by a fluvio-warine terrace.  The most modern peviod of standstill is distinguished
by raised beaches a few feet above higli-water mark ou the north and sonth sides of Kaikoura
Peninsula, which continue along the scaward margin of the Kaikonra Plain, and by sea-worn
caves 10 ft. or 12 ft. above high-tide level on its castern side. The long strage 11115 townslip
of Kaikoura is built mainly on strips of vuised beacl flunking the novthern coast of the peninsula.
Kspecially noteworthy is the magnificent vaised storm-beach, with crest 6 or 7 chains wide, that
‘extends for nearly two miles northward from the mouth of Lyell Creek.  Low sandhills, backed
by w smull terrace, then take its place. KExtensive vock benches or shelves, with a very slight
downward: slope from high-water mark, are developed on the castern and southern sides of the
peninsula, and conxtitute additional evidence of the cneroachment of the sea wpon its solid
fHanks of comparatively hard rock. Similar shelves are scen on many other portions of the
New Zealand coast, hut-have nal reecived much attention in the geological Titerature. +

The principal stresms of the Kaikoura district ave the H(Ll)ll]\.ll (with its tributwry the
Puahipuhi), the Kowhai, aud the Kahutara. These streans, especially the Hapuku and the
Kowhal, fed with abundunt debris from the crumbling vocks of the Scaward Kaikouva Moun-
tains, have built great delta-fans, which by their coalescence form the Kaikoura Plain.  Note-
worthy are the lavge blocks, some 6 ft. in diaeter, brought by the Hapuku River to its fan,
thus causing the material. to resemble morainic or fluvic-glacial gravel, a feature noted by
McKay in 1890 (16, p. 183). Though the three streams namcd above carry large bodies of
water in time of tlood,. vet. during dry seasons such as that prevailing at the end of 1915 their
visible flow 1s reduced to a few cubic feet per second. There need be no doubt, however, that
the water escaping by percolation fht'ough the gravels of the various fans greatly cxceeds that
seen in the stream-channels. -

The valley of the Puhipubi River, as seen from the neighbourhood of Kaikoura, iy remarkably
straight, and almost ‘typically U-shaped in cross-scetion. Thus glaciation is llleVltdbl} sug-
gested; but the features noted are elearly related to structural causes, with some modification
duc to stream-crosion. The neighbouring valley of Irongate Creck presents similar characters.

No, physiographic account of the Kaikoura district could be written without some descrip-
tion of the faults that dislocate all the rdcks except those of Quaternary age, and it is doubtiul
if cven these latter have entirvely escaped.. A tremendous fault or fault-zone, the Kaikoura fault
of MeKay (16, p. 98; 17, pp. 19-14), marks the castern base of Mount Fyffe, and evidently
extends far to the sonth-west into the Cherwell Valley. North-castward it passes up the Puhipuhi
Valley and, crossing a saddle, enters the lower Clarence Valley. Thence, according to McKay,
it rcaches the mouth of the Flags River;.and, crossing Cook Strait, extends up the Wairarapa
Valley along the eastern base of the ‘Rimutaka Range. McKay remarks that ¢ hetween the lower
CLU'(‘HCL and the castern base of Mount Fyffe, west of Kaikoura Peninsula, the fault-line is
single.””  But this is doubtful, for a parallel dislocation probably extends through the upper
purt of Trongate Creek valley, and theré is'certainly strong parallel faulting along the coast-line,
as shown by the smashing and:crushing of the pre- Quaternary rocks wherever these are exposed.
Thus the essentially faulted nature of. the coast-line is clearly demonstrated. This feature,
which forms part of the' subject-matter of an elaborate: paper hy Cotton.i was somewhat crudely
described by J. Buchanan (1, p. 36):almost half a century ago.

The much-disturbed roeks of Kaikoura Peninsula - show sceveral consideruble faults with a
north-cast. trend, -approximately parallel to the strike of the fractured beds, hesides a great
number of minor dislocations. Several small:faults may be scen traversing the rock bench near
the eastern headland of the peninsula, whilst at a spot near the Maori settlement on the south
side (South Beach) no less than fourteen faults may be seen dislocating the limestone and Grey
Marl in a distance of less than 7 chains. 'These are small normal faults str iking into the north-
west. quadrant, and iw most cases dipping steeply to the south-west.  Thus they are nearly at
ht angles to tlie strike of the dislocated rocks and to the major faults of the district. A sketch
showing a number of these fanlts is given hy MeKay in one of his veports (13, p. 76).

General ("eoloqu

Although a fairly comprehensive 1det of the woologv of the Kaikoura district can he obtained
by studying McKay’s eports (6, 11, 13, 16), vet a 1("ba])]t111(lt1011 of the main points may be useful
to ‘the reader. 'The’ oldest racks ol thm part of New Zealand are the stlonglv folded much-

* Seb page 14 for ex-pla.nat]on of ‘bhlh -

rSce. however, J. M. Bell and E. de C. Clarke in “']‘hc Geulug} of the W hangaroa Subdivision.” N.Z.G.S. Bull.
No. 8. 1909, p. 80, for a careful diseussion of rock-benehios on the shores of bhe Whangaroa Subdivision.: See also »a
qhmt, p.mper by J. A. Birtrum. which will appear in the 1916 volume of the Trans. N.Z, Insb

I Cotbon, €. A < Faulb Coasts in New Zoaland.” tha Geograplic  Buwiaw. vo' i, No 1, Juviuavy, 1916, pp. 20-47.
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disturbed greywackes and argillites forming the Seaward Kaikoura Range. These are regarded
by McKay as belonging to the Maitai System, and therefore of Carboniferous age. Similar
rocks occupy a considerable urea near the coast worth of the Hapuku River, appear in the lower
part of the DPuhipuhi Valley, and form hilly country south of the Kaikoura River. These,
together with some badly weathered saudstones or greywacke occupying a sl portion of Kai-
koura Peniusula, arc mapped by McKay us Liassic, whilst to lithologically similar rocks south
of the Kalutara River he assigny a Lriassic age. At the present time there is no satisfactory
evidence to show that the rocks of the Seaward Kaikoura Range are older than those of similar
appearance Lear the coast-line, and therefore all may well be tentatively assigned to a Trias-
Jura system uutil the necessary criteria for subdivision are forthcoming.

Resting unconformably on the Trias-Jura vocks are sundstones and shales, reported by
MeKay (6, p. 176) to contain Inoceramus, and thereforc presumably of Cretaceous age. These
rocks, which arve but poorly exposed either in the Kaikoura Peninsula or the Puhipuhi Valley,
ave succeeded, appavently with conformity, by the thick, fine-grained, hard limestone known to
geologists as the Amuri limestone, the age of which ix cither Upper Cretaceous (Danian) or very
early Tertiary. The upper limit of this must be regurded as defined by a water-worn surface,
on which rests unconformably a thin layer of conglomerate formed almost wholly of phosphatized
fragments of limestone, embedded in a caleareous glauconitic and sandy matrix, and accom-
panied by thin inconstant beds of greemsand. Next follows from 50 ft. to 120 ft. (or more) of
limestone, lithologically similar to the Amuri limestone, but considered by McKay to be equivalent
to the Weka Pass stone of northern Canterbury (16, pp. 163-64), a corrclation that seems to be
well founded, and that, if accepted, implies a Tertiary age for the Kaikoura roek. Next in
upward suceession follows the Grey Marl, a calcareous argillaceous rock of great thickness, which,
as previously stated, is separated by a wild unconformity from the underlying limestoue. The
Grey Marl in most localities contains a considerable amount of fine micaccous sand, so that the
name given to it is not altogether a happy onc. In places, especially towards its base, 1t is
veally a fine or even medium-grained calcareous sandstone.  Small pyritic concretions, many
now converted into limonite, are not uncommon in the exposcd faces of Grey Marl east of the
Maori village on the south side of Kaikoura Peninsula. On the tidal sheli in the same locality
a number of steeply dipping veins of calcarecous sandstone, none more than a foot in thickness,
may be seen crossing the bedding of the Grey Marl at various angles. These are evidently of
the same nature as the so-called ‘“ sandstone dykes '’ of California and other regions.

Notwithstanding the unconformities present, the post-Jurassic rocks of the last paragraph,
whether Cretaceous or Tertiary, do not exhibit any marked divergence in structure other than
the peculiar local corrugations of the limestone to be deseribed later.  In the Puhipuly Valley,
owing to the combined effects of folding and faulting, they strvike north-north-east, and dip at
Ligh angles to the south of east or north of west. In Kaikoura Peninsula their strike is  generally
north-east and their dip of varying intensity. On the whole, as stated Ly McKay (6, p. 174)
the arrangement appears to be anticlinal, but is complicated by minor crumpling and by faulting.

The remaining rocks of the district are of Pleistocene to Recent age, and consist in the main
of the gravels forming the great conjoint delta-fan of the Hapuku, Kowhai, and Kahutara *
rivers, together with the shingle and sand that constitute the raised heaches deseribed on a former
page under the heading of ¢‘ Physiography.”’

Gleological Map.—McKay's geological maps being merely vough sketches on smali scales, it

=xin desirable that a more detailed map of the Kaikoura district should be published. Owing to
the insufficiency of the available data, a geological map to accompany the present. report could
not bhe prepared, and it is evident that a considerable amount of survey ix nceded in order to
enable one of a satisfactory nature to be compiled. .

Minor Folds or Corrugations of Limestone.

The limestone of the Kaikoura Peninsula in places shows a remarkable corrugated structure
not clearly traceable into the overlying Grey Marl. These corrugations were therefore considered
by von Haast to be evidence of unconformity between the two rocks (2, p. 39, and seetion viii,
opp. p. 46), whereas Hector, on the other hand, regarded them as produced in the limestone
by some form of concretionary action (3, p. xi). At u later time he seems to have ascribed the
phenomenon to dynamic forces only (12, p. x). The writer observed that on the east side of
Kaikoura Peninsula the Grey Marl shows traces of minor folds in sympathy with the underlying
contorted limestone, and, moreover, is slickensided close to the contact with the underlying rock.
Hence it is clear that Hector was right as regards the minor significance of the local contortions
in the limestone. Marshall, Speight, and Cotton’s explanation of the reason why the corruga-
tions are not seen in the Grey Marl-—namely, that its plasticity allowed.it to vield to external
forees without itself being materially deformed (19, p. 390)—secms to be perfectly corveet.

Highly irregular corrugations are seen on the tidal rock shelf at the east head of Kaikoura
Peninsula, where they affect the uppermost layers of the limestone immediately below the Grey
Marl.  Being exposed by denudation over an area that may be measured in. acres, they give
an appearance comparable to a choppy sea.. In the cliffs to the southward they are of greater
size and appear somewhat more regular, but on the foreshore near the Maori village close
irregular folds, with a vertical component of only a very few feet, are aguin prominent. Here
the upper 60 ft. of the limestone adjoining the Grey Marl, though with a steep dip, is fairly
regular.  The contortions were not observed to extend in uny cxposure below the thin con-
glomerate that marks the contact with the true Amuri limestone, but it cannot be definitely
stated that such is everywhere the case. McKay, indeed, gives o sketch showing  corrugation
in the older Hmestone (13, p. 76). ' ‘
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A few minor corrugations were seen by the writer in the stecplv dipping limestone of the
Pahipuhi Valley about four miles from the Tapuku River.  Though Giey Marl appears not far
away, the writer’s notes are insufficient to cnable him to sa - whether the corrugated vock forms
part of the upper limestone (Weka Pass Stone horizon) ov of “l(‘ underlving Amuri Hmestone.

Marshall, \pnwht and Cotton describe covrugation or pud\()nw of the Amuri limestone
at the mouth of Okariki (Okarahia) Stream, ncar Amuri South Bloff (19, p.o 390), whilst von
Haast and Hutton inention what appears to be sinilar corvugation of the Amuri limestone on the
sorth bank of the Conway River, ten or twelve aniles from ite mouth (2, p. 40; 9, p. 271).

Unconformaties.

Referenices 1o the presence ol two unconformities above the dmurvi Limestone have already
hecu made, and the evidence for their existence will now be presented in detail.  The lower of
these unconformitios, that separating the Amuri limestone proper from what riay be ealled the
upper lmestone (horizon of Weka Pass stone) has apparently not previously heen definitely
recognized as a stratigraphical break.® The chief evidence in its favour is furnished by the
water-worn and irregular upper surface of the Amuri limestone, similar to that at Weka Pass
as deseribed by Hutton (4, p. 44), and by the presence of the thin bed of phosphatized limestone
conglomerate previously mentioned.  The pebbles of this rock weather externally to a dark-
greenish hue, and as o rule their interior is also more or less greenish in colour.  This peculiarity
explains Heetor's dv”vl'iptiun of the bed in question as ““a thin laver of breecinted fragments
of calearcous greensands (3, p. xi). Thus he does not recognize it as o conglomerate or s
evidence of uncmlfmmjty, and in this is followed by McKay. Hutton speaks of bandst of
conglomervate interbedded with the Amuri limestone at Kuikoura (4, p. 39). but, curiously enough,
does not suspeet the existence of a stvatigraphical hiatus. ()wm;ﬁ to the presenee of phosphate
in the hovizon under discussion, the qguestion of unconformity has diveet economic as well
seientific importance, and therefure o full sunumary of the writer’s notes vespeeting the contact
hetween the Amuri and the upper limestone will be given.

Immediately east of the Muori village on the south side of Kaikoura Peninsula a con-
siderable exposure of Hmestone above high-water mark is visible.  Here the conglomerate layer,
which wi]l be found some chaing west of the Grey Marl (mtm'up, is 6in. thick, and consists
mainly of subangalar pieces of phosphatic limestone, with an average diameter of Tin. or a
little more.  The vock above is white flaggy limestone, that bdm\ is a grevish-white argillaceous
limestone, the uppermost layer of which is erowded with “‘ fucoid ™ castx.  There is no detectable
dizcordance in the bedding-plancs of the over- and the nnder-lying rock. In the cliff a few
chainx to the north the conglomerate, herve about 5 in. thick, may be found after a little search
i s hovizon voughly 120 ft. or 130 ft. below the Grey Marl.

On following the shore-line castward from the Maori village the conglonierate is next seen
ahout a mile away at the base of a small headland north-east of Atui Point, where it is 6 in.
to 9 in. thick. IHere it is underlain by 6 in. of lnestone containing a few scattered pebbles
of caleareons rock and some small irvegular lenses of sandstone, which appear to represent worm-
casts,  Below this is a band of llmost(me barely 1 ft. thick, which also contuains cylindrical

" worm-casts approaching in their character so-called fucoid casts.  Above the conglonerate ig 2 in.
$in. greensand, followed by some feet of more or less glauconitic Timestone containing a few
pebbles of the same kind of rock (probably somewhnt phosphatized).  The conglomerate itself
consixts of snall subangular to vounded calcarcous pebbles with greenish exterior, embedded in
a matrix of caleareous green sand.  Its strongh phosphatlc clhiar d(,tCl i shown by the followmg
part analysis:  Caleium carbonate (CaCO,), 34:95 per cent; phosphoric anhydvide (P,0,) 2455
per cent. The phosphorie anhydride is equivalent to 5362 pu cont. of tricalcic phos])lmte,

The phosphatic conglomerate can be traced some distance along the cliff to the north-east
in a horizon 60 ft. to 70 ft. below the Grey Marl. At one point in the cliff 2 ft. of greensand
with interlaminated limestone overlies, but more to the north-east this almost completely dis-
appears. © Ax viewed from a little distance the limestone above and below it arve very much alike.
Owing to faulting the conglomerate a little to the northward is raised to a horizon above the
cliff-top, and thevefore cannot be seen for some distance, but is again visible at a small headland
not far from the cast head of the peninsula. Here it is 91in. thick, and overlain by 2in. ov
3n. of greensand, above which comes B0 ft. or 60 ft. of limestone and then the Grey Marl,

The contact between the upper limestone and the Greyv Mar! is in several vespects very
sirnilar to that just deseribed. Tt may best be seen on the rock shelves at the cast head of the
peninsula and neav the Maori scttlement.  Tn both localities there is a sharp passage from lime-
stone to a calearcous greyv sandstone, which in places near the contact is somewhat coarse-grained.
On the whole the sandstone has been deposited parallel to the bedding:planes of the limestone,
and therefore there ix apparent conformity. As explained previously, the diserepancy produced
by local corrugation of the limestone has no bearing on the question of unconformitv, but at
one spot near the Maori village there is apparently a very slight angulir unconformity, which,
owing to faulting, cannot be clearly traced for more than a few yvurds.

Viewed closely, the upper surface of the limestone is highlv irregular and covered with
small erosion hollows. now tightly filled by the overlying ealeareous sandstone. whiell, coloured
somewhat by glauconite, also ponotl ates into small 1negula1 passages and fissures in the lime-
stone. \Lmv of the smaller passages are undoubtedly worm-borings, hut owing to extensive
reboring in modern times and just prior to the last minor uplift of the land this is not so pro-
minent as it would otherwise be, At one or two places the limestone close to the contact is

* Hutton’s unconformity in the Kaikoura Peninsula is at the base of the Girey Mar! (see postea).
t There is, however, only one conglomerate horizon in the limestone.
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glauconitic, thus apparently showing a transition into glauconitic Grey Marl, but since its
lowest horizon is also glauconitic not much importance nced be attachied to this feature. Other
characters somewhat favouring a tvansition without unconformity ave the presence of thin sand-
stoue layers in the upper part of the limestone, and, at one or two places only, an apparent
interlamination of sandstone and limestone at the contact. This last phenomenon may be
cxplained as due to chemical erosion of the limestone along bedding-planes, followed by deposi
tion of sand in the cavities.

The Grey Marl (sandstone) in the first foot above the contact contains a few irregularly
shaped ‘“floaters >’ and sub-rounded pebbles of light-coloured limestone, together with very rare
pebbles or fragments of sandstone lithologically similar to the lowest horizon of the Grey Marl
itself.  There are also some rounded pebbles, with dark exteriov but lighter-colored greenish
interior, which are usually of very small size, and in most cases arc probably phosphatized lime-
stone, but some may possibly be greywacke. These are found cextending several feet above the
limestone contact. Near the Maori village the Grey Marl sandstone contains a few water-worn
picees of davk-brown hone, probably derived from the skeleton of a ziphioid whale or allied
animal. A saurian origin, however, is possible, and if it could be proved would be clear evidence
in favour of unconformity. McKay also refers to the occurrence of bone fragments in the Grey
Marl (13, p. 77).

In the Puhipyhi Valley definite ovidence of the unconformities deseribed above could not
be obtained in the time available for examination. About four miles up the valley the Amuri
limestone gives place to thin inconstant beds of grecnsand containing a few fish-tecth, followed
by hard Dluish calearcons sandstone.  This Iast vock passes into more or less typical Grey Marl--
that is, into bluish calearcous and argillaceous fine-grained sandstone.

Economic Geology.

Linestone —The upper part of the Amuri limestone and the overlying upper limestone,
though somewhat arenaceous, may be used for the production of quicklime, and are also more
or less suitable for use as building-stones. At the end of 1915 a small plant at the cast end of
Kaikoura Township was producing ground limestone for agricultural purposes.  The lower part
of the Amuri limestone is too flinty to be of much value.

Phosphate —The analysis of the phosphatic conglomerate marking the unconformity bhetween
the Amuri limestone proper and the upper limestone quoted on a former page shows that at
the loeality where the sample was taken it contains 5362 per cent. of tvicalcic phosphate, which,
though low-grade, marks a commercially saleable quality. The only previous record of phosphate
from the vieinity of Kaikoura is in the ““ Thirty-second Annual Report of the Colonial Labora-
tory 77 (1899, p. 9), where it is stated that a ““ nodule of impure coprolites ™ containing some
quartz pebbles, forwarded by Messrs. Thompson and Co., per Mr. R. C. Renner, of Kaikoura,
contained 16:14 per cent. of phosphoric anhydride (equivalent to 35:24 per cont. of tricaleic
phosphate).  MeKay in his report of 1890 refers to the presence of a ‘° phosphatic or conere-
tionary greensand bed ”” (16, p. 164) underlying calearcous sandstone (the upper limestone of
this report).

The exposures of phosphatic conglomerate on the shores of Kaikoura Peninsula are more
likely to comtain less than B0 per cent. of caleium phosphate than a greater percentage, but
proof of this has vet to he obtained by means of a serics of analyses. Morecover, the known

.:‘mfcm])s, which range fl'w'm_ only b in. .to 9in. in thickr}(:ss, are too thin to l)o_ worked to any
wreat oxtent, but the proving of a definite phosphatic horizon ix of importance, since it furnishes
a clear guide for prospecting not only at Kaikoura Peninsula, hut also in neighbouring districts,
snch as the Pubipuhi Valley, Amuri Bluff (see postea), Counway River, Gore Bay (Port
Robinson),* &e.

Oil-indications.—An inflammable-gas emanation veported to oceur in the Pulipuhi district
is natnrally regarded as an indication of petroleum. Though on the whole the available geolo-
gical dota ave not favourable to this hope (as regards the Puhipuhi Valley), yet the occurrence,
taken in eonjunction with the gas and oil springs farther north in the Ure River (Benmore)
district (see 27, pp. 100-1), and the oil-seepages near Cheviot, has vome value ax an indica-
tion of the possible petroliferous character of the Cretaceous rocks in other localities where better
conditions prevail. Tt may be noted that in a very early report J. Buchanan (I, p. 38) mentions
the supposed occurrences of occasional films of oil on the sea off “‘ Bqually Point,” & name not
shown on anyv map known to the weiter.

Miseellaneons -—~MceKay mentions that some vears previous to 1890 a ““ reef ' was discovered
on Mount Ivfie, near Kaikoura, which contained traces of gold (16, p. 138), and adds the very
doubtful statement that o quantity sent to Australia was reported to have vielded something
like 2oz gold to the ton.  The only other record known to the writer of any commereially
valuable metallic mineral Leing found in the Kaikoura distriet will be found in the ¢ Twenty-
first Annual Report of the Colonial Museumn and Laboratory,”” 1886, p. 47, whieh mentions
stibnite, with about 20 per cont. of antimony, collected from the Puhipuhi (*“ Buibui *’) Vallev.
In the Thirtieth Annual Report, 1897, p. 13, ave two analyses of epsomite from Kaikoura,

Ayort Brurr, Howparrr, CoNway River, Erc.

On the 22nd and 23rd December the writer had an opportunity of examining the coast-line
from the wouth of the Conway River to that of Qaro Stream, and the inland conntry to the

* Von Haast, mentions a *“ peculiar greensand, conglomerate about 3 ft, thick  at Gore Bay (2, p. 41). McKay’s
reports contain frequent references to the same horizon., ’

¢
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west traversed by the main road. The most important observations made relate to the raised
beaches near the coast-line, to some beds, mainly conglomerate, of Upper Tertiary age, and to
an unconformity above the Amuri limestone similar to that already described as oceurring in
the necighbourhood of Kaikoura. The general geology of the lucalities now under consideration
is practically the same as that of the Kaikoura district.

Raised Beaches.

Evidence of considerable elevation in Pleistocene and Recent time is very easily observed
almost cverywhere along the Marlborough coast. At the mouths of the Ouro Stream and the
Conway River and elsewhere raised beaches representing the last uplift of the land occur only
a few feet above sea-level. Very fine fluvio-marine terraces, with tops approximately 40 ft.,
50 ft., and 200 ft. above the sca, also distinguish the mouth of the Conway. Northward near
Claverly homestead the 200 ft. terrace is clearly observable, whilst the almost flat tops of Amuri
South and Amuri Bluffs also indicate marine erosion at approximately the same contour. West
of Claverly homestead a well-marked terrace appears at approximately 400 ft. elevation, and
again almost on the top of the hills overlooking the coast are outerops of beach shingle and
sand at a height roughly estimated at nearly 600 ft.* McKay gives the height of the highest
terrace gravel as seen on Amuri Bluff Hill as 500 ft., and mentions that it is there fossiliferous
(6, pp. 177-78; 11, p. 127; 16, p. 182). Hutton mentions the terraces and sca-cut platforms
of this district in his earliest report (4, p. 55). Recently J. A. Thomson réports fossiliferous
sandy heds in the valley of Oaro Stream at an elevation of 900 ft. (22, p. 8). Since, however,
the contained fossils indicate a Pleistocene age, it is likely that the beds in question belong to
an carlicr period than the series of ralsed beaches here described, and, in fact, there is room
for a suspicion that they form part of the Upper Tertiary beds now to be described.

Upper Tertiary Beds (‘“ Great Marlhorough Conglomerate”’ ).

On or near the road from Te Oaro to the Conway River numerous outcrops of a conglomerate
post-dating the Grey Marl may be obscrved. This rock, together with some- associated fine-
grained beds, may without much hegitation be correlated with McKav’s ¢‘ Great Post-Miocene
Conglomerate,”” called by Thomson and Cotton the “ Great Mavlborough Conglomerate,” a
non-committal name that will be adopted in this report.

The first outerop to be noted is not far south of Te Oaro School, where on the east side of the
road is steeply dipping conglomerate composed of medium gravel 1nt01m1ngled with large masses
of various kindy of rock, iucluding Grey Marl. This conglomerate rests on a fault-plane,
below which is a hard caleareous mudstone, presumably the Grey Marl. It is noteworthy that
the fault follows a bedding-plane of the latter rock, and hence there is an appearance ofcon-
formity hetween the Grey Marl and the conglomerate.

Southward from the saddle leading into Okarahia Stream conglomerate outerops in the
road-cuttings for a considerable distance. The rock consists of b'mdﬂ of medium greywacke
conglomerate, interhedded with Tayers of Dbluish claystone, but here and there exhibits its
characteristic feature, a liberal admixture of great angular boulders of grevwacke, Amuri lime-
stone, and Grey Marl many feet in diameter. Not far from the point where the road crosses
Okarahia Stream the conglomerate is abruptly terminated against crushed greywacke by a strong
reversed fault. R

The next appearance of the Upper Tertiary rocks is near the saddle south of Hundalee Post-
office (Norrie’s), where the road-cuttings expose outerops of conglomerate and claystone, more
or less intermingled by faulting movements. The conglomerate, which contains a number of
marine fossils, consists mainly of small pebbles of greywacke, with some Amuri limestone, flint, &e.
South of the saddle and for some distance towards the Conway River there are good exposures
of conglomerate interbedded with blue claystone, which was not observed to be fossiliferous or
calcareous. In places the conglomerate is composed only of small or medium-sized pebbles in
a matrix of finer material, whilst elsewhere it contains huge angular blocks of grevwacke and
bluish claystone (plcqumftbly Grey Marl). At one point on the roadside (‘onglomernte appe'ub to
rest unconformably on bluish clavstone (7 Grev Marl).

Everywhere from Te Oaro fo the Conwmy River the Great Marlborough Conglomerate is more:
or less fault-involved, and cxhibits strong dips, 4ll in a westerly direction so far as the writer’s
recollection serves. e

Relation of Conglomerate to Grey Marl.—C. A. Cotton has not me Iely cas’r squlclon upon
the supposed unconformable relation of the Great Marlborough Couglomerate to the Grey Marl,
an unconformity which was never doubted by MeKay, but has maintained that in the Clarence
Valley the opposite velation holds good (25, pp. 350 et seq.). A consideration of the data afforded
by the outerops of the conglomerate hetween Toe Oaro and the Conway River, together with those:
obtained in the Cape Campbell district, leaves :no:doubt in the writer’s mind as to the existence
of unconformity between the two rocks. A passing glimpse of the coastal outerops near Kele-
rangu gives a similar impression. Thus the coastal region, which, however, was espressly-
excepted by Cotton from the scope, of his paper, appanently. lends no support to that author’s
views.

When one considers the inherent probability of a cnng]omc rate containing numerous houlders
derived from undmlvmg strata beihe unconformable to these strata, \\hen McKay’s powerful
testimony is. giveu:duc weight, and. when the similarity: of all the eccurrences ig taken into
acepunt, Cotton’s. hypotheq)s of conformity ,in: the Clarence Valley, with its various corollaries;:
fails to carry conviction. Tt may be nggeqfod that the apparent continnity nbserved hy (Otton

* All terrace helghts mentloned in this report wero eatlma,ted by means of the eye’ only
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is either due to faulting bringing blocks of unconformable beds into juxtaposition and parallel
attitudes, or is a copformity between the conglomerate and beds much younger than the Grey
Marl, but lithologically similar.

Unconformity above Amuri Limestone.

On the vock-shell a short distance south of Amuri Bluff a contact between Amuri limestone
and a thin upper limestone is very clearly shown, and is of exactly the same character as at
Kaikoura DPeninsula. The irregular upper surface of the Amuri limestone is penetrated by
numerous small cavities and tubular passages (worm-borings) filled with calcareous glauconitic
sandstone. On this surface rests 6in. of conglomerate, composed of phosphatized pebbles of
limestone,® set in a small amount of caleareous greensand matrix. This is followed by 2 ft. or
3 ft. of caleareous greensand, containing numerous pebbles of limestone, some 2in. or more
in diameter. Many of these weather to a black colour, and are no doubt phosphatic. Above
the greensand is 10 ft. to 15 ft. of limestone, followed with apparent conformity by grey cal-
careous sandstone passing upward into a more argillaceous rock (Grey Marl). The phosphatic
conglomerate may be scen for some distance on the vock-shelf, and also in the cliff to a point
near the natural tunnel at the outermost portion of the Amuri Bluff. It is deseribed by von
ITanst as a greensand couglomerate (2, p. 43), by Hector as a layer of brecciated fragments of
calcareous greensands (3. p. x1), and in 1877 by McKay as a greensand conglomerate, which is,
he wsays, a most peculiar bed, consisting of nodules of a calecareous greensand in a matrix of
greensand, and, although apparently incoherent, is often of extreme hardness’” (6, p. 179). He
also states that it contains fossil bones, including those of o penguin (8, pp. 584, 585), and an
ovster (13, p. 77).  Ycars later the last-named writer speaks of it as a ‘“ bed of phosphatic nodules
in a matrix of rather loose greensands ™ (16, p. 164). In the meantime the prescnce of phos-
phatic nodules in a corresponding horizon at Weka Pass had been determmined, but there is no
record of any analysis of the Amuri Bluff conglomerate having been made. Be this as it may,
MeKay's statement, though probably merely a shrewd guess, is corvect, as is shown by the
following analysisx of @ sample selected neav the most southern outerop on the foreshorve: Caleium
carbonate (CaCO,), 4586 per cent.; phosphoric anhydride (P,04), 19°91 per cent. The phos-
phorie anhydride is equivalent to 4346 per cent. of tricalcic phosphate.

The next locality where the unconformable contact of Amuri limestone with the overlying
rock may be observed is some distance north of Mikonui (Mikinui) Creek. Here there is a
peculiar section, which may be deseribed as follows :—

Grey Marl (calecaveous sandstone), underlain by —

12 ft. to 15 ft. of calcareous rock, the lower part with many pebbles of limestone,
reaching 1in. to 2 in. in diameter.

5 in. to 14 in. calcareous phosphatic conglomerate, with a greensand matrix,

Several fect of limestone, much eroded on its upper surface, with cavities extending
to some depth, and filled with calecareous sandstone containing many small dark
pebbles (probably phosphatized limestone).

2% ft. to 3 ft. of calcareous sandstone with many pebbles (of limestone probably),
which in a few feet both to the novth and the south passes gradually into slightly
glauconitic limestone.

The phosphatic conglomerate can be traced in the cliff-face for some distance to the north

,~,1mtﬂ it iz cut off by a fault with downthrow to the northward. The Amuri limestone reappears a
short distance farther north, but the conglomerate was not observed by the writer. Not very
far to the west or north-west, however, a limestone cliff capped by Grev Marl may be seen on
the east side of the main road up the Oaro Valley. Here, opposite a small clump of bush where
i Public Works camp was situated in December, 1915, caleareous and presumably phosphatic
conglomerate 6in. thick is exposed for u length of 6 ft. a little above the road-level. At one end
debris hides the outerop. and at the other it is terminated by a fault. Caleareous strata overlie
for 40 ft. or HO ft., and above these comes the Grey Marl proper.

Economie Geology.

The remarks made on a previons page with respeet to the phosphatic conglomerate at Kai-
koura apply equally well to that in the Amuri Bluff district. Many vears ago the limestone at
Amuri Bluff was quarried as a building-stone and for the manufacture of quicklime (1, p. 39;
2, p. 38), but the enterprise has long heen abandoned.  Much of the limestone appears to be
of good quality, and suitable for both the purposes mentioned. The lower horizons, however,
contain numerous flinty coneretions and are of little value, except that they are the source of
large quantities of flint pebbles which have accumulated on the shore not far north of Amuri
Bluff.  Though the majority of these ave flattened by erosion, and therefore narrowly ellipical in
cross-gection, like most shingle pebbles, vet a portion of them may be suitable for use in tube
mills, and in dayvs to come may find other uses.

Warrara, Wrka Pass, anp Warkar: Disrriors,
Several days spent in the Waipara and adjoining districts were largely devoted to examin-
ing the contact between the Amuri limestone and Weka Pass stone.  The observations made on
the whole support Hutton’s view that the contaet is unconformable. On the other hand, the

* The assumption that the phosphate of lime replaces the carbonate of lime in limestone p(-,th;s is ;md; o;lvi
to the analogy with Weka Pass. Tt has not been strictly proved.

4—C. 9s.
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conitact of the Weka Pass stone and the overlying Grey Marl* wherever seen appeared to be per-
feetly conformable. FRvidence of an unconformity at the basc of the Mount Brown beds was
also noted, and somd scanty all-too-incomplete data concerning the faults traversing the area
examined were obtained.  The general geology of the Waipara and Waikari distriets is deseribed
in the last annual report of the Geological Survey (26, pp. 90-93), and in the publications there
eited, so that no summary need be given on the present occasion.

Unconformities.

(1) Amuri Limestone and Weka Pass Stone Contact.—Near Weka Pass and Waikari this
voutact is evervwhere of the same character as that deseribed in the last annual report of the
Geological Survey (26, pp. 90-93)-—that is, it is marked by an eroded surface of Aunri limestone,
upon which rests a thin, calcarcous glauconitic sandstone containing limestone pebbles which passes
gradually into the Weka Pass stone.  One or two observations may be added to those made last
vear. In various places small tubular passages in the Amuri limestone now filled with glauconitic
sandstone are undoubtedly worm-borings, whilst between Waikari and the middle gorge of the
Waipara River “‘fucoid’’ casts are abundant in the lower part of the glauconitic sandstone.
Small externally black pebbles, which look like grevwacke but are really phosphatized limestone,
occur in the glauconitic sandstone to a height of 4 ft. above the Amuri-limestone surface. One
or two small quartz pebbles occur near the contact in the railway-cutting, and in onc locality a
single flint pebble, 14 in. by 1in. by lin., was observed 1{t. above the contact. The following
part analyses of calearcous phosphatic pebbles collected from the horizon last December may here
be quoted -

(1) @.

Per Cent. Per Cent. .
Insoluble in acids . .. .. .. .. 434 7-:30
Caleium carbonate (CaCO,) . . . o 24401 48-09
Phosphoric anhydride (P,0,) .. . . co22-56 13-65

The phosphorie anhvdride in (1) iy equivalent to 4929 pee cent. of tricaleic phosphate
(Ca,P?,0,); that in (2) to 29-96 per cent.

No. | sample consisted of pebbles with dark exterior, and No. 2 of light-coloured pebbles.
Joth were collected on the west side of the road some distance south of Weka Poss Saddle and
of the railway viaduet.  They are similar in .composition to the ** phosphatie nodules " eollected
in the sane horizon by McKay many yeurs ago (14, p. 84), but differ from the calearcous pebbles
collected Dy the present writer in March, 1915 (26, p. 92, analysis No. 4) near the railway
viaduct.

As the contact is followed southward from Weka Creek valley towards the second gorge of
the Waipara River it gradually changes in appearance. The pebbles of limestone marking
thre contact become fewer, and abont a mile from the Waipara River disappear. Not only so,
but the water-worn aspect of the upper surface of the Amuri limestone zlso gradually becomes
indistinet, whilst the overlving glauconitic sandstone becomes less glanconitic and ore cal-
eareous, so that the contaet is marked only by a slight change of lithological character, by the
presence of numerous “ fucoid ’” casts, and by small oval grey patches, apparvently more sandy
than the enclosing rock, some of which are surrounded by a ring of iren oxide. Thus at the
second gorge of the Waipara River there is no visible evidence of physical unconformity,’ but
since numerous similar contacts in other parts of the world ave regarded by competent geologists
us unconformable, and in some cases without dispute, it is still possible to aceept the Amuri
limestone and Weka Pass stone contact as representing a stratigraphical break.

The Weka Pass stone generally overhangs the Amuri limestone contact owing to its lowoest
layer being softer and more easily eroded than the rock above or below, and thus a shelf appears
at the junction. In the middle Waipara Gorge a shelf, marked by shrubs, is formed at the
expense of the uppermost layer of Amuri limestone, here softer than the overlying vock. ’

The only recognizable fossils seen by the writer near the junction, other thaun ¢ fucoid’’
easts and the erustacean(?) mentioned below, were two specimens of FEpitoniwm (probably £.
rrgalosum Tyratum (Zitt.) ) in very sandy Weka Pass stone 4 ft. or 3 ft. above the Amuri lime-
stone. The locality is just to the south of the watershed between Weka Creek and the Waipara
River (north-west of Mount Dean). A little farther south a lnose block of Weka Pass stone was
observed to contadn what seemed to be the remains of some erustacean.  Thomson and Cotton
found somewhat numerous speeimens of Peeten huttoni (Park) in the same horizon (22, p. R),
and Mro Alex. MeKay has personally informed the writer that in o loeality south of the Waipara
Tiver whale bones are abundant close to the junction of Weka Puasxs stone and Amuri limestone.
This is probably the hone horizon mentioned by him in an.carly report (5, p. 3R).

(2.) Contact of Crey Marl and Mount Brown Beds.—In many places the contact of the Grev
Marl with the overlying (Mount Brown) beds is obscured by soil and debris. A elear jnnctimf,
however, is visible in a small gorge of Weka Creck, about half & mile west of the voad through
Weka Pass, and affords very satisfactory proof of the unconformity muaintained hy Hector and
McKay (12, pp. xi-xii; 18 p. 102, &e.) as present between Grev Marl and Mount Brown beds.
In this locality the upper surface of the Grey Marl (heve a fine-grained calearcous argillaceous
sandstone) is irvegularly eroded, and succeeded by layers of caleareoux shelly grevwicke and
current-hedded sandstone containing pebbly beds or lenses composed largely of Grey Marl frag-
ments. At one spot the first few inches of the soft sandstone immediately above the € rev Marl

* McKn,y’s.correlatvion of the bluish-grey mudstone or fine-grained sandstone overl)irmigitiho Weka Péss stone with
the Grey Marl is here provisionally accepted. For a discuseion of this point see Thomson in the Sixth Annual Report
of the Geological Survey (22. p. 9).
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coltains nuwmerons picces of that rock, thus recalling the Amuri limestone and Weka Pass stone
junetion in ity typieal aspect. A chain or two away the contact is devoid of pebblis, and soft
brownish sandstone lies on o slightly irregular surince of hard bluish fine-grained sandstone.

IP'rom Weka Creek, 1o the second or middle gorge of the Waipara appearances arve eonsistent
with a varving thickness of the Grey Marl, a condition in favowr of unconformity. A quarter
of a mile or more helow the point where the limestone belt erosses the Waipara iver a slight
synelinal voll in the Grey Marl does not pass into the overlying Mount Brown beds, hut this
oceurrence i not necessarily of such w character as o indieate unconformity. A contact of Grey
Marl and probable Mount Brown beds scen in the gorge from a distance of 150 vavds appears
al fivst sight to he conformable, hut no weight can he attached to this observation—a hasty one
—until it isx contirmed by a close examination.  On the contrary. McKay when speaking of this
locality states, ““ A stratigraphical nneonformity is here cevident enough in the seetion displayed
in the right bank of the river, and again a litde turther down on the left bauk of the viver
(18, p. 102).

Hector very strongly supports the view that the Mount Donald—-/.c., Mount Brown-—beds
uncouformably overlic the Grey Marl in the Weka Pass, and gives a section and plan in
confirmation (12, pp. xi-xii).

Some miles south-cast of Waipara w high elifi on the south side of Washereek Rouad shows
blue elaystone or fine sandstone (Grey .\l:n'l), followed with apparent slight unconformity by a
soft sandstone, evidently part of the Mount Brown heds.  Here again further examinition is
neeessary before the observation can be given eredit.

(3.) Uneonformities post-dating Mownt Brown Beds.—About two miles south-cast of Waipara
Township the cuttings of Washereek Road show loose sand and shingle unconformably overlying
fossiliferous sand conglomerate (? Motunan beds). On the south bank of the Waipara River,
west of the voad-bridge, a distinet unconformity may be seen in the Quaternary strata there
exposed. (See Figs. 1 and 2 under the heading of ¢ Faults.")

Faults.

Numerous faults, few of which have been indicated un the geological maps or sections com-
piled by various geologists, traverse the Waipara and Waikari districts. Hutton was the frst
to observe aun important gast-and-west fault with northerly downthrow that ‘dislocates Cre-
taceous and Tertiary strata at the sccond or middle gorge of the Waipara River (4, p. 45 and

Soil (siflt).
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section ix, opposite p. H6; see also B, pp. 268, 269). The same geologist also mentions a fa-u_lt
in the Weka Pass (4, p. 45 and seetion x).  One or two other Smnlll dislocations may be seen in
the same locality (14, p. 86). Pr.obubly o strong cast-and-west fault passes through Waikari
Township just to the south of the railway-station. ' . ' '

More common than the east-and-west faults are those with strikes varying from nearly north
and south to north-cast and south-west. In all probahility a great fault at the foot of Doctor’s
Range separates the Cretaceous rocks to the east from the Trms-tTura. (or older) mck's to the- west.
West of Waikari this fault either bends to the west of north or is l'eplaceﬂ by a series ot disloca-
tions striking iu that direction. Between the second gorge of the Waipara and Waikari the
limestone belt is obliquely intersected by several moderate faults, the most prominent of which
is perhaps that seen where the Amuri limest()ne crosses Weka Cl'gek. T}?c limestone of the
Mount Cass Range cast of Waipara is broken in several places by faults of small or moderate
throw. The later Tertiary strata (Mount Brown or Motunau beds) at the inland entrance to
the lower Waipara Gorge dip at high angles, and are probably dislocated by a strong fault
striking north-eastward and having downthrow to the north-west. .

The Quaternarv or, at least very late Tertiary, age of some of the faults is shown by the
oceurrence of two faults intersecting the late Pliocene or more probably Pleistocene gravels and
clays exposed on the south bank of the Walpara River one milq and one mile and a half
l‘es‘lwe(ztix;(él'\' west of the main road bridge. The one nearer the bridge appears to be a normal
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fault (veally a narrow fault-wone) with considerable downthrow to the north-eastward. A small
tlat-topped hill, immediately to the south-west, almost certaiuly owes its origin to the conditions
produced by this fault. It ix worthy of note that a trigonometrical station plaeced on this hill
has reccived the name of < Mound.” The wsecond disloeation ix a small revermsed fault with
upthrow of 20 ft. or more to the west or south-west.  Sketches (1) and (2) dingrammatically
illustrate these faults.
Economee Geology.

The Weka Pass stone many years ago was quarried to some extent for building purposes
(2, p. 13; 4, p. 43), but its use in this connection seems to have been discontinued. The Amuri
limestone, though everywhere somewhat siliceous, is in places \uﬂlcl(nﬂx pure to furnish lime
of fair quality. The soft-limestone deposits of the Waikari and Weka Pass district are deseribed
in another report. Their value for agriculture hax yet to be determined hy exploration and
experimental work. — Although the phosphatic horizon m(ulxmg the unconformity above the Amuri
limestone at Kaikoura and Amuri Bluff is present in the Waikari and Weka PPass distriets, no
locality where phosphate is present in commereinl quantity has yet been discovered.

DiscussioNn oF UNCONFORMITINS.

If the very late Tertiary or Quaternary uncontormities observed near Waipara be disregarded
as of no great importance, there remain threc or four supposedly unconformable horlzons to be
discussed—mnamely (1) between the Amuri limestone and the Weka Pass stone, (2) between the
Weka Pass stone and the Grey Marl, (3) between the Grey Marl and the Mount Brown beds,
and (4) below the Great Marlborough C(wngl()lrlcl ate.  All these unconformities have been strongly
affirmed and just as strongly denied by geologists of repute. so that the student who has not
had an opportunity of examining the typical sections at Kaikoura, Amuri Bluff, Weka Pass,
and elsewhere for himself fecls at a loss what to believe. From the data given heve and in other
papers by the writer it is not unreasonable to conclude that the stratigraphical break between
the Amuri limestone and the overlving Weka Pass stone is widespread, whilst that between the
latter rock and the Grey Marl, being seen only at Kaikoura Peninsula, ix merely local. The
next break, that above the Grey Marl, is probably tolerably widespread, especially if the uncon-
formity below the Great Marlborough Conglomerate be cousidered to come into this horizon.
More probably, perhaps, the last-named break is at a higher point in the geologieal succession.
At present in no case, unfortunately, have we sufficient paleontological data for enabling the
time value of the break to be estimated.

The fact that no marked discordance in strike or dip can be found in the succession of beds
from Cretaccous to upper Tertiary has led Marshall and others to advance the view that perfect
physical conformity exists from top to bottom of a Cretaceo-Tertiary sequence in all parts of
New Zealand (19, 20, 21, &c.). Though of a bold simplicity, this conception has not been
fruitful in any respect save the promotion of discussion and a temporary thickening of the cloud
of confusion involving an admittedly difficult problem. Under thesc circumstances the writer
hesitates in making the new, or partly new, suggestion-—and it is not intended to be anything
more than a suggestion—that since the deposition of the Amuri limestone there have been many
movements producing local unconformity in different areas, but none (with perhaps one exception)
that affected the whole of New Zealand simultaneously, at least in the same way and to a like
degree. Hence there may be no universal post-Amuri unconformity, but a series of local strati-
graphical breaks, comparable to a number of faults disposed en echelon, in places overlapping,
but as a rule not uniting so as to form a continuous fracture. In the abscnce of sufficient
paleontological data it is not possible to decide whether the break above the Amuri limestone
is of major importance or represents only a minor land-movement. The physical criteria as
they stand seem in favour of the latter view, whilst the scanty palwontological evidence tends
the other way. To some extent the few fossils reported as collected from the Amuri limestone
indicate a Tertiary age for that much-disputed rock, but there can be no doubt that some of
these came from the conglomerate, greensand, and limestone overlving the Amuri limestone
proper, and therefore above an unconformity. Though McKav the chief collector, usually dis-
tinguished the upper limestone as the ‘¢ Weka Pass stone,”” it ix by no 1neans certain that
he always did so. One fact not hitherto mentioned is mgmﬁcnnt,, or rather may be so. Kai-
koura, Amuri Bluff, and Weka Pass are points on what is practically a straight line, and that
straight line is parallel fo the tiend not to the South Island, hut of the Southern Alps and their
continuation, the Spenser Range. Can we suppose that whilst the Southern Alps were being
uplifted, probably for the fivst time, a sympathetic but much less pronounced wmovement raised the
Amuri limestone and any overlying strata to or above sea-level, and that subsequently, depression
having taken place, the Weka Pass stone and its oqlnvaleni\ were deposited on the croded but
almost impereeptibly tilted sarfuace of the older rock? Such a supposition. though ill founded
on faets, is in accordance with those that are known. When data are scanty, however, hypotheses
are easy to construct., and what is needed ix rather the accumulation of faets through the extension
of detailed survevs and paleontologieal research, so as to obtain a solid foundation for theeretical
conclusiouns.
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8. SCHEELITE, AND WOLFRAM (TUNGSTEN ORES) IN NEW ZEALAND.
(By P. G. Moraan.)

Scheclite occurs at Saddle Hill, near Dunedin; Stony Creek and other localities near Wai-
pori; Carrick Range; Bendigo (Cromwell District); in the gravels of many streams in the
Like Wakatipu distriet, and in lodes near Glenorchy; in the Buckleburn Valley, at Mount
MeIntosh, &e. ; at Mount Highlay, near Hyde; 1n the Macraes distviet; at Stoneburn, and various
other lacalities in Otago; in the Jubilee Mine lode, Top Valley (Marlborough); in the Waka-
marina district (Dowinion Mine, &e.); and in the gravels of the Buller River at Newton Flat,
Tnaneahua Junction, &e. Tt is also reported from the Mount Radiant district.

All the known New Zenland occurrences of scheelite ¢n sitw are in connection with more or
less auriferous quartz lodes in mica-schist country. In other parts of the world tungsten minerals
are wenerally found in granite. The mineral is found cither as vich bunches or thinly dis-
seminated through the quartz. Tn the former case it may be obtained by hand-picking the
broken ores, whilst in the latter case fine crushing and treatment by some form of econcentrating
nmuachinery is necessary.

Wolfran occurs in tin-bearing gravels, Stewart Island, and in a quartz lode, Mount Mantell
(Murchison distviet). It is also reported from the Mount Arthur distriet, from the gravels of
the Westport district, and from Mount Rangitoto (North Westland). In several of these localities
there is a possibility of prospecting revealing workable deposits.

The prineipal scheelite-producing district in New Zealand for a number of years was
Mucraes. but at the present time comparatively little scheelite-mining is being done in that
locality.  IMvom observations made ‘during visits in 1909 and 1914, I think that an increase in
the price of scheelite will lead to venewed activity in the Macraes and the adjoining Mount
ITighlay distriets, followed by increased production. For several vears there has been a consider-
able production in the Glenorchy district. From the Inspector of Mines’ veport made in 1913
it would appear that there is a large area of scheelite-bearing country, and that the industry
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1s capable of great oxpan\ion (Mines Report, 1913, p. 35). There are several small claims on
high country (4,000 ft. or 5,000 {t.) which can be worked only during suminer.

In the adjoining Mid-Wukatipu distriet Professor Park states that there is veason to believe
that quartz ledes carrying scheelite will be found between Moke Lake and Benmore, between
Bob’s Cave and Mount Crichton, and on the ranges round Lake Luna. (’N.Z.G.S. Bull., No. 7
1909, p. 94.)

The Alfa lode, cast of Bendigo (Cromwell distriet), which was worked for gold over forty
years ago, earries a considerable amount of scheelite. The deseriptions of it given by G. H. T,
Ulrich, A. M. Finlayson, und T. Park all agree in regarding the lode as worth reworking.

A 2 ft. gold and scheelite lode at Saddle Hill, wox]xcd im a short time about 1889-90, and
at that time visited by me, is, T believe, worth reopening. The scheelite-saving apphanws used
were crude, and the price of the mineral was low, so that much better results might be expected
to-day than were possible a quarter of a century ago. '

During 1914, 204 tons of scheelite concentrate and ore, valued at £21,498, was exported
trom New Zecaland. Kor 1915 the corresponding figures are 194 tons and £27,784. The decrease
of 10 tons in the production, though small, 1z somewhat surprising, in view of the greatly
increased price of tungsten ores since February, 1915, but is partly to be explained by the
uncertainty of the market during the preceding six months. This factor probably affected the
1915 production more than that of the preceding year.

9. NOTES ON THE LIMESTONES OF THE MANAWATU GORGE AND OF MAURICEVILLE,

(By J. HexpErsoN, Mining Geologist.)

The writer, in company with Mr. B. C. Aston, Agricultural Chemist, paid a hurried visit
to the above-named localities on the 10th September, 1915.

The sequence of the Tertiary beds exposed between the Manawatu Gorge and Woodville has
been described by McKay* and Park,t the latter of whom also illustrates his veport by a section.
Ax noted by these writers, several limestone layers occur intercalated with conglomerate and
sandstone beds always more ur less caleareons. The conglomerate bunds consist of well-rounded
cobbles set in a matrix chiefly made up of very well sinoothed grit-sized particles, while the lirge-
stone beds are mainly formed of shell fragments and contain throughout numerous grit particles
and occasional layers of rounded stones. The whole succession is clearly of littoral origin, and
the beds were laid down as the beach deposits of a Tertiary sea, the land area of the region
considered being at that time represented by what is now the Tararua—Ruahine Range. In
such deposits the alteration in nature and texture of the different beds is very rapid. Thus
the limestone band which above the Gorge Railway-station is perhaps 40 ft. in thickness grades
to the dip into a caleareous sandstone containing numerous scattered stones. The examination
made was insufficient to determine its horvizontal variation, but from considerations of the
origin of the deposit it is unlikely that its variation will be as vapid along the strike as down
the dip. In this locality the strike varies between 25° and 40° east of north, while the dip is
eastward at about 400, with a flattening of the beds on the hill-tops.  Where the Railway Depart-
ment is at present obtaining ballmstmg material the limestone luvers are decidedly thicker
and the rock itself contains as a whole fewer grit particles. The strike is here about 700 east
of north, with a southerly dip of about 60°. This locality is much better suited for the opening
of a quarry for the supply of ground limestone than that at the Gorge. Not only is the rock
here more friable, but it contains less grit and fewer pebbles, while the amount available is
many times greater.

At Mauriceville the limestone deposit is also indubitably of littoral origin. The vock is
made up of shell fragments and contains a few pd,lflcles of greywacke, while towards the top
a layer of caleareous conglomerate perhaps 6 ft. in thickness is interbedded. The whole is
overlain by blue fossiliferous sandstone, but contact with the underlying strata, which also
consist of sandstone, was not observed. Where worked the limestone strikes abhout 1709 and
dips eastward at a very steep angle, ity thickness here being about 300 ft.  Southward the
limestone 1s decidedly thinner, being replaced by conglomerate, of which a section iy well exposed
in a cutting on the road to Mauriceville West, 20 chmm hom the railwav-station. A similav
condition is reported to obtain to the northward, but the writer did not cxplove the district in
this direction. )

The deposit contains a very large tonnage of high-grade limestone, and Is admirably situated
for cheap exploitation. With a more up-to-date method of quuarrving and modern drying
machinery ground limestone could be produced at a cost materially lower than at present.

The following fossils, most of which were given to the writer by Mr. G. Drvden
of the Mauriceville Lime Company’s works, have been determined hy Mr. H. Suter -

Manawatu Gorge: Ostrea tater, Suter (= 0. hippopus, Tate, non Lamarck).

Mauriceville :  Calliostoma pellucidum (Vall): Calliostome selectwm (Chenm.): Siphonalin
mandarma (Duclos) (1) Mytilus canaliculus (Martyn); Panopea zelandica, Q. and G
sulcata (Martyn); Lethophaga truncata (Gray).

All the species mentioned are found Recent, and the last two have not hitherto been recorded
fossil.

. hiatager

.y Astraea

* McKay :
1877, pp. 75-6.

+ Park, J.: ““ On the Geology of the Western Part of Wellington Provincial District and Part of Taranaki.”
of Geol. Expl. during 1886-87, No. 18, 1877, p. 34.

“ Repoﬁ/ on thc ("ounhy between Mas‘oﬂton and Napier.” Rep. of Geol. Expl. dufing 1876-7, No. 10,
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0. NOTES ON THE HUNTLY DISTRICT.

(By J. HenpersoN, Mining Geologist.)
The distriet in the neighbourhood of Huntly has been cxamined by several geologists, who
have recorded their observations in the following publications :—

1867. Tochstetter, F. vou: ‘¢ New Zealand,”” pp. 80-81. 302-306.

1867. TIutton, ¥, W.: ¢ Geological Report on the Lower Waikatc Distriet.”” (Rep.
(ieol. Explor., No. 2.)

1877, Cox, S. H.: “Repmt on Raglan and Waikato Districts,”” Rep. (eol. Explor.
during 874 76, 9, pp. 9-16.

1877, ,0\ S.H.: Report on Waikato District,” Rep. Geol. Kxplor. during 1876-77,
No. 10, pp. 11—26. .

I877. Dennis’mn, R. B.: ¢ Summary Report of Coal Explorations, Auckland District,”
Rep. Geol. lﬁxplm during 1876-77, No. 10, pp. 114-128.

[886. Park, J.: “ Report on the Huntly R aglan Distriet,”” Rep. Geol. Explor. during
1885, No. 17, pp. 141-147.

The above writers are in substantial agreement as to the rock sequence, which is as follows :—

(1.) Recent gravel and sand.

(2.) Pleistocene gravel, sand, and clay.

(3.) Tertiary claystone, limestone, sandstone, and at the base again claystone with

coal-seams.

(4.) Early Mesozoic argillite and greywacke.

The Mesozoic series forms the Hakarimata Hills, and on a gently undulating surface of
these rocks the Tertiary strata rest. Only the lowest or coal-bearing horizon occurs in the area
examined, and the rocks composing it consist of massive, ocecasionally arenaccous, claystone locally
known as ‘“fireclay.”” The layers both above and below the coal are similar, and when weathered
closely resemble the clay and silt that form the Pleistocene beds. These latter were evidently
deposited in an ancient valley-system croded during a post-Tertiary uplift. The bulk of these
deposits are of fluviatile origin, hut near their base a layer of clay containing shells shows that
the sca invaded the old valley as far as Huntly during the Pleistocene depression. Elevation
during Recent times 1e]uvmmtod the streams, and the Waikato is now re- -excavating the ancient
valley. The Recent history of the area, however, is by no means as snnple as the above statements
implv.  Thus at a very late period cither a qhght depression of the land or, more probably, a
great increasc in the oad of the Waikato led to the river aggrading its hed and forming an
extensive flood-plain.  The remarkable series of shallow later al lakes formed by the damming of
its tributary valleys by the overloaded stream was produced at the same time.

The Taupiri Coal Company have shafts and numerous boves penetrating the post-Tertiary
clays and sands to the coal-measures beneath. One borehole sunk from the flats, which are
approximately 44 ft. above sca-level, reached a depth of 146 ft. before striking the Tertiary
beds. Tt was in one of these hores that the clay with shells was struck, at a depth of 111 ft.
from the surface and 34 ft. from the coal-measures.

On exposure to the air the claystone in which the coal-seams arc contained developes cracks
in all directions. When the rock outerops and is strongly weathered these cracks are filled with
a waxy translucent substauce of a vellowish or reddish colour. At Huntly, in a quarry worked
o clay, the weathered rock exhibits all stages of (\H(mfi(m the minute veins of halloysite—for
such the mineral proved to be—expanding fn such a size and bowmmg so numerous that certain
layers in the face resemble weathered breceia.  The mass of the clay is then formed of secondary
material, in which angular leached fragments of the original rock are set. often several inches
apart.  Samples were n]\on and analysed, with the following results :—

(1) (2.)
7 Average Sample. Veing in Clay.

Silica (S10,) .. . .. . .. .. 4999 39-65
Alumina (Al,0.,) . .. .. o .o 2195 34-29
Tron oxide (Fe,0,) .. . .. . .. 1:48 1-58
Lime (C20) .. . . . .. .. 0-03 0-07
Magnesia (MgO) .. . .. .. .. 0-16 0-14
Water at 100° C. - . .. . 9-83 10-42
Combined water and organie ma‘rfm .. .. .. 10-24 13-67
Alkalies - .. .. . .. . 0-32 0-18

100-00 100-00

Dy .\l:l('lnurin. I'(:p(n'ts that the samples are clays of very good plasticity, and that their
colour when burnt is Light hrown,

Approximate Cost of Paper.—Preparation, not given ; printing (1,350 copies including maps), £25.

By Authorily : Marcus I'. Marks, Government Printer, Wellington.—1916.
Piice 6d, )
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