








































































































If the clusters consisting of both adults and juveniles are the result of pre-
dation, then it is logical to attribute clusters consisting only of adult guards to the
same cause, and there is no reason why many of the numerous occurrences of
single guards should not also result from this. It is suggested here that rich
belemnite assemblages such as those in the Waikutakuta Siltstone and in the
lower part of the Port Waikato Puaroan stage (and in the Puti Siltstone if juveniles
are found to be present) are due at least in part to the action of predators during
times in which belemnites were particularly abundant. Possibly the peaks of con-
centration which occur in certain beds (cf. Waikutakuta Siltstone, Challinor 1968,
p. 116) result from the death of spawning swarms but the greater part of such
assemblages seems explainable in the above terms.

Therefore, segregation during life, together with factors operative during
collection, may be the explanation for the low proportion of very young guards
encountered while collecting material for this paper. Swarming of growth-stage 2
belemnites may have occurred at certain times, and as Stevens (1965, p.56)
has suggested, this could explain such fossil occurences as the Kinohaku Belemnite
Bed, and also the Maraitai Belemnite Bed (f972) of this paper. But it may be
unwise to place too much significance on evidence from such infrequent occur-
rences, particularly when they are of limited physical extent.

The prominence of the second growth-stage revealed in sections, and the
high proportion of specimens collected at this stage of growth, suggests that this
may have been a critical time in the development of the animal, and one which
was marked by a higher death rate than normal.

One further point is worth noting in connection with the clustering of speci-
mens mentioned above. When a single guard is being extracted it is always
advisable to excavate a little more matrix than necessary to remove the specimen
in question as this will sometimes reveal further guards in the immediate vicinity.
This may be particularly rewarding when specimens are scattered or rare.

CONCLUSIONS

The main findings of this work may be summarised as follows : —

Belemnite guards are common throughout the lower 1500 feet of the Puaroan
sequence at Port Waikato; above this point they are comparatively rare although
they extend upwards for a further 1200 feet to within 300 feet of the base of
the Huriwai Formation. All are Belemnopsis and a zone of Hibolithes such as is
developed at Kawhia Harbour is not evident. If a Hibolithes zone is present in
the Port Waikato region it is either insignificant or occurs below the base of the
Puaroan stage as it is mapped at present.

Three reasonably well defined species are present. B.a. aucklandica is best
developed in the lower 500 - 700 feet of the sequence but extends up to ca. 1500 feet
from the base of the stage. B. aff. suavis is apparently confined to the 700 - 900
foot interval, and B. aff. aucklandica ranges from ca. 1300 feet to ca. 2700 feet
above the base of the stage. Some specimens do not conform to the above-
mentioned species, and some appear to be interspecific or transitional forms.
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A sequence of development in which the juvenile guard is fully hastate and
the adult less or non-hastate appears to be common to all species as far as can
be judged from the limited number of internal sections prepared. Certain other
minor characteristics are also shared. All specimens collected are typical mem-
bers of Stevens’ uhligi-complex and the assemblage in the Port Waikato Puaroan
stage is equated with the upper part of the uhligi-complex of Indonesia.

If the identification in this paper of B.a. aucklandica from basal Puaroan beds
is correct, then either the species has a greater range in time than previously
thought, or the base of the Puaroan Stage at Port Waikato is incorrectly placed
or marked by an unconformity. Further collecting in the region in areas mapped
as Upper Ohauan may resolve the problem.

Contrasts in internal structure are due to differing environmental conditions
during the life of the animal, or result from alteration and recrystallization of
the guard subsequent to death.

Juvenile guards are present in many belemnite assemblages previously thought
to consist largely of adult specimens and this suggests that adult and juvenile
animals were not completely segregated during life. The association of juvenile,
adolescent and adult guards in contact clusters is thought to have resulted from
the action of predators, and predation may have played a large part in producing
rich belemnite deposits such as those in the Waikutakuta Siltstone at Kawhia
Harbour and in the lower part of the Puaroan stage at Port Waikato.

FOSSIL LOCALITIES

Fossil localities mentioned in this paper are described below. Lecality numbers
(e.g. N51/f 650) are those of the New Zealand Fossil Record for sheet N51 (N.Z.M.S. 1
published 1964); in the text and illustrations the prefix N51 is omitted.

Localities originally discovered by Purser are numbered from 615 to 662, and where
these were recollected, revised locality descriptions and grid references are given. Localities
marked * were not relocated and all details are from Purser 1961.

With the exception of belemnites only stratigraphically imporiant fossils are listed.

NS51/£ 615 Moewaka Stream. Grid ref. 323962. Mudstone and shale.
* Inoceramus haasti Hochstetter
Buchia n.sp.

N51/£623 Okahu Stream. Grid ref. 313973. Mudstone.
* Inoceramus haasti
Malayomaorica malayomaorica (Krumbeck)

N51/£631 Upper Te Karamu Stream. Grid ref, 326928. Grey mudstone and shale.
* Belemnopsis sp.
Buchia hochstetteri Fleming

N51/£633 Upper Te Karamu Stream. Grid ref. 325932. Grey mudstone and shale.
* Belemnopsis sp.
Buchia hochstetteri

N51/£636 Sunset Beach. Grid ref. 236940. Concretionary grey mudstone with tuffaceous
bands in quarry at roadside adjacent to shop and surf club building.
Belemnopsis aucklandica aucklandica (Hochstetter)
Belemnopsis aucklandica aucklandica juvenile
Buchia hochstetteri
N51/£637 Sunset Beach. Grid ref. 233940. Shales and mudstone.
* Belemnopsis aucklandica
Buchia plicata (Zittel)
NS51/£638 South Head. Grid ref. 231938. Shales.
= Buchia plicata
N51/£639 Maraitai Valley. Grid ref. 255934. Concretionary grey mudstone with tuffaceous
bands in a high cliff an the eastern side of Port Waikato - Waikaretu Road and
above Maraitai Stream.
Belemnopsis aucklandica aucklandica
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NS51/f 640
*

N51/f 642

NS51/f 643
*

N51/f*645

N51/f 647
*
NS51/f 648

NS51/f 650

N51/f*651
NS51/£ 657
*

Ns1 /E 660

NS51/f 662
*

NS51/£952

NS51/£ 953
N51/f 954
NS51/f 955

N51/£ 956

Belemnopsis aucklandica aucklandica juvenile
Buchia hochstetteri

Maraitai Stream. Grid ref. 256940. Brown mudstone.
Belemnopsis aucklandica
Buchia plicata

Maraitai Valley. Grid ref. 258930. Grey-brown weathered mudstone 75 yards
up westward-flowing tributary to Maraitai Stream. Belemnite beds in the south
bank 15 feet above stream and adjacent to a 3-foot waterfall. Other fossils in
stream bed and banks above and telow.

Belemnopsis aucklandica aucklandica

Belemnopsis aucklandica aucklandica juvenile

Inoceramus aff. everesti Oppel

Buchia plicata

Maraitai Stream. Grid ref. 257930. Grev mudstone in south-west bank.
Belemnopsis aucklandica
Buchia plicata
Aulacosphinctoides brownei (Marshall)

Maraitai Stream. Grid ref. 258928. Grey mudstone south-west bank.
Buchia hochstetteri
Belemnopsis sp.

Maraitai Stream. Grid ref. 264924. Grey mudstone west bank.
Buchia plicata
Belemnopsis sp.
Uhligites hectori Spath

Huriwai Valley. Grid ref. 265907. Hard grey mudstcne above Huriwai Stream
and Port Waikato - Waikaretu Road and below Tertiary cutcrops.

Belemnopsis aucklandica aucklandica juvenile

Buchia hochstetteri
Upper Huriwai Valley. Grid ref. 272907. Concretionary grey-brown mudstone
in cliff .in the north bank of Huriwai Stream just westwards of confluence with
north-flowing tributary.

Belemnopsis aucklandica aucklandica

Belemnopsis aucklandica aucklandica juvenile

Inoceramus aff. everesti

Buchia plicata

Aulacosphinctoides brownei
Waikawau Stream. Grid ref. 280882. Brown mudstone.

Buchia hochstetteri

Belemnopsis sp.
Huriwai Stream. Grid ref. 256911. Grey mudstone north bank.

Buchia hochstetteri

Belemnopsis sp.
Putataka Trig. Grid ref. 278932. Brown mudstone.

Cladophlebis australis (Morris)

Cladophlebis reversa (Fiestmantel)

Taeniopteris arctica Heer
Upper Maraitai Stream. Grid ref. 273941. Brown mudstone.

Cladophlebis australis

Taeniopteris arctica
Te Karamu Stream. Grid ref. 324928. Weathered brown mudstone south-western
bank of prominent meander, ca. 30 feet of beds exposed.

Belemnopsis aucklandica aucklandica

Belemnopsis aucklandica aucklandica juvenile moulds
Te Karamu Stream, eastern bank. Grid ref. 326925. Grey mudstone beneath
track, and not visible from track.

Belemnopsis aucklandica aucklandica
Okahu Stream. Grid ref. 297973. Grey-brown weathered mudstone with promi-
nent 2in.-4in. beds, just westward of confluence of tributaries.

Belemnopsis sp.
Okahu Stream. Grid ref. 298972. Grey mudstone bed in stream just south of
confluence of tributaries.

Belemnopsis ex. gr. aucklandica

Port Waikato Camping Ground. Grid ref. 247945. Weathered grey-brown
mudstone at the western boundary of camping ground in slip high above road.
Belemnopsis aucklandica aucklandica mould
Belemnopsis aucklandica aucklandica juvenile
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N51/f 957

NS51/£ 958

N51/f 959

N51/f 960

N51/£ 961

N51/£ 962

N51/f 963

NS51/f 964

NS51/f 965

NS51/f 966

NS51/f 967

N51/f 968

N51/f 969

N51/£ 970

NS51/£ 971

Oraeroa Stream. Grid ref. 246938. Concretionary grey mudstone in eastern
bank adjacent waterfall.
Belemnopsis ex. gr. aucklandica

Okahu Valley. Grid ref. 301964. Weathered grey-brown mudstone in slip high
on eastern side of valley of southernmost tributary of Okahu Stream.
Belemnopsis aucklandica aucklandica
Belemnopsis aucklandica aucklandica juvenile
Buchia aff. misolica (Krumbeck)

Upper Moewaka Stream. Grid ref. 309951. Very soft, badly weathered,
brownish-black mudstone at confluence of several tributaries, and at intervals
for 50 yards upstream of northernmost branch of system.

Belemnopsis aucklandica aucklandica

Klondyke Road. Grid ref. 290978. Weathered grey-brown mudstone in road
cutting above Okahu Stream ca. 100 yards west of farm house and sheds.
Belemnopsis ex. gr. aucklandica
Buchia aff. misolica

(?N51/£12) Maraitai Valley. Grid ref. 255934, Hard grey mudstone in road
cutting north-western side of Port Waikato - Waikaretu Road 20- 30 feet above
Maraitai Stream and 70 yards west of high cliff (f 639).

Belemnopsis aucklandica aucklandica

Belemnopsis aucklandica aucklandica juvenile

Belemnopsis sp.

Buchia hochstetteri

Maraitai Valley. Grid ref. 255934. Hard grey mudstone in bank of Maraitai
Stream at western limit of meander. Southwards across Port Waikato - Waikaretu
Road from f 961.

Belemnopsis aucklandica aucklandica
Belemnopsis aucklandica aucklandica juvenile

(IN51/£ 656) Waikawau Valley.  Grid ref. 286876. Northern tributary system
of Waikawau Stream. Grey mudstone in ncrthern bank of southernmost tributary
above a small cataract and adjacent to blocks of Tertiary sandstone.

Belemnopsis aucklandica aucklandica

Belemnopsis aucklandica aucklandica juvenile
Waikawau Valley. Grid ref. 286878. Northern tributary system of Waikawau
Stream. Grey-brown mudstone in north bank and near the mouth of westward-
flowing tributary (just north of f 963).

Buchia hochstetteri

Maraitai Valley. Grid ref. 256933. Small grey-brown mudstone outcrops high
on southern side of spur which has f 639 on its northein side.
Belemnopsis aucklandica aucklandica juvenile

Waikawau Valley. Grid ref. 285876. Northernmost tributary system of Wai-
kawau Stream. Fifteen-yard outcrop of hard grey mudstone in western bank
of stream just south of confluence of tributaries.

Belemnopsis aucklandica aucklandica juvenile

Huriwai Stream.' Grid ref. 256907. Grey mudstone in north bank just westward
of small tributary.

Belemnopsis aucklandica aucklandica

Belemnopsis aucklandica aucklandica juvenile
Moewaka Stream. Grid ref. 305953. Badly weathered brownish-black mudstone
western bank.

Belemnopsis ex. gr. aucklandica moulds

Huriwai Stream. Grid ref. 267908. Grey mudstone cliff in northern bank, just
eastwards of confluence with south-flowing tributary. Belemnites in upper part
of ca. 100 feet of beds.

Belemnopsis aucklandica aucklandica juvenile

Belemnopsis sp. )

Waikawau Valley. Grid ref. 289875. Northern tributary system of Waikawau
Stream. Grey-brown mudstone in eastern bank at the mouth of a short, steep,
northward-flowing tributary.

Belemnopsis aucklandica aucklandica

Waikawau Valley. Grid ref. 282886. Northern tributary system of Waikawau
Stream. Grey mudstone in bed and eastern bank of northernmost tributary
adjacent to large fallen blocks of Tertiary sandstone.

Belemnopsis aucklandica aucklandica

Belemnopsis aff. suavis Stolley

Belemnopsis sp.

Isolated phragmocones
Buchia hochstetteri Fleming
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N51/£ 972 Maraitai Valley. Grid ref. 257924. Maraitai Belemnite Bed. Steep bank
immediately below Port Waikato - Waikaretu Road and above Maraitai Stream.
Belemnopsis aucklandica aucklandica juvenile
and/or Belemnopsis aff. suavis juvenile
N51/£973 Sunset Beach. Grid ref. 234937. An isolated block of strata on beach immedi-
ately south of two downthrown blocks of Tertiary sandstone.
Belemnopsis aucklandica aucklandica
Belemnopsis aff. aucklandica
Belemnopsis sp.
Buchia plicata
N51/£ 974 Coastline east of South Head . Grid ref. 231934, A small bay immediately east-
wards of the beach at South Head. Grey mudstone beds at top of shore plat-
form, base of beach at the eastern end of the bay. Siltstone, sandstone above,
siltstone, sandstone below.
Belemnopsis aff. aucklandica
Buchia plicata
N51/£975 South Head. Grid ref. 229933. Western end of beach. Fine grey sandstone
bteds at top of beach, base of cliff, amongst fallen boulders.
Belemnopsis ex. gr. oucklandica
Buchia plicata -
N51/£976 Coastline South of South Head. Grid ref. 229927. Small stack of siltstone
capped with sandstone, at northern end of the beach north of Okariha Point.
Belemnopsis aff. aucklandica
Note : When the term “affinis” (aff.) is used in this paper in reference tc belemnite guards,
it indicates that the fossil material is well enough preserved for identification, and
slightly different from the named species.
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