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Introduction , Trip 11: Waitaki/Canterbury Basin

Day 1 short stop at Vanished World Centre [see also mid-cenée trip #7]; Wharekuri Creek
(Oligocene near-basin margin = a shoreline nearby in "aedivNZ); Corbies Creek/Backyards
(basement - Kaihikuan fossiliferous Triassic maritégkataramea Valley (Paleogene nonmarine
to marine, including richly fossiliferous Oligocene, and t@uaary block faulting); Waihao
Valley (if time permits - Eocene large forams and otharm-water fossils and/or Oligocene
unconformities). Night in Waimate.

Day 2 Otaio Gorge (Paleogene-early Miocene nonmarine-masewience); Squires Farm
(Oligocene unconformity); Makikihi (Plio-Pleistoceneaibw marine to nonmarine fossiliferous
strata); Elephant Hill Stream (Early Miocene; stdrNeogene basin infill).

Which localities are visited will depend on weather, tiraken at early stops, and farm/quarry
activities which normally don’t prevent access - but megasionally.

The guide draws on some material from earlier guidesdffe & Maxwell 2003, and others
cited). Graphics, photos, and field observations, arengnB-ordyce unless indicated.
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FIG. 2:.GENERALISED STRATIGRAPHY, DUNEDIN-NORTH OTAGO -SOUTH CANTERBURY

SOME KEY STRATIGRAPHIC UNITS
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INTRODUCTION TO STRATIGRAPHY

This summary is based on, but expands, that of Field7T¢yanished World Trail). The geology
of the Waitaki Valley and regions immediately noatid south is renowned for several reasons
inlcuding: 1, accessible, thin, superposed (“layer-cake”)eccsequences, sometimes with
abundant and spectacular fossils of middle Eocenartp Rliocene age; 2, basaltic volcanics and
intrusives, in places with significant upper mantle milsera, basement rocks with associated
fossils that elucidate terrane origins; 4, landforrafated particularly to faulting, unconformities

Geosciences 09 Fordyce Waitaki/Canterbury  FT 11-3



(Fig. 3, below) and karsting; 5, economically importantiggioal materials — mainly the Oamaru
“whitestone”, Ototara Limestone.

Fig. 3: Gently dipping top of St Mary's Range, south bankjt&%i River, as seen from northeast
near Homestead Stream, Hakataramea Valley. Elsewhdiee southern Canterbury Basin, a
similar surface is unconformably overlain by CretaceGasezoic cover strata.

The broader Waitaki region has received attentiomfroany notable geologists, starting with
Mantell in the late 1840s (Mantell 1850), and then-Otago pr@ligeologist Hector in the early

1860s. Later, from the Geological Survey, Hector dickéleKay’s work in the region. The early

1900s saw a succession of locally based geologists actite district: Park, Thomson, Uttley,

Allan, Finlay, and Marwick — all originating from or lesin Dunedin or Oamaru. All worked

with Cenozoic (and sometimes Cretaceous) fossils tathfrom the Waitaki region, and all

were involved variously in early proposals of New Zealamalges (Bortonian, Tahuian,

Duntroonian, Waitakian, Awamoan, Hutchinsonian). NorthgOtand nearby regions were thus
important in early studies of New Zealand’s Cretacddeisezoic stratigraphy, biostratigraphy,
and paleontology. Problems of local stratigraphy andetaiion in the early days involved

contentious debate about, for example, regional coiefa of volcanics, limestones and
greensands near Oamaru. Thus, Park (1918) and Uttley (192@)egidaon the number and
relationships of limestone formations.

By 1947, Finlay and Marwick had produced a workable chronagtapty (Fig. 2, opposite),
with stages recognised by biostratigraphy. This allowed G&887) to map much of North
Otago and, with help of biostratigraphy by Hornibrook, tsohee the issues debated by Park,
Uttley and others. Gage produced most of the stratigrapmesdhat are used today for the
Waitaki region and beyond. He worked at a time whenl l@ranational names were still in
common use for regionally widespread facies; some of damses can now be applied more-
widely than in 1957 (e.g. Kokoamu Greensand, Otekaike Limestahde others are synonyms
of earlier-proposed names. Formational names propos&bidh Canterbury by Gair (1959) and
Riddolls (1968) have also mostly been synonymised. Amongst meanPapakaio Formation
and Pentland Formation = Taratu Formation; and RiflesBbrmation, Waitoura Marl in part,
Bluecliffs Silt, and Tokama Siltstone = Mount Harrisrfation. Coombs et al. (1986) and
Edwards (1991) clarified the nomenclature for volcanicsasstciated limestones of the Oamaru
coast.

Reports on the Canterbury Basin (Field and Browne 1986, 198Rilygdace the Waitaki rocks
in a broader setting. Beyond the maps of Gage, sed/alth (1964) and Forsyth (2002).
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THE COVER SEQUENCE

In North Otago and South Canterbury, the cover stspn mainly late Cretaceous to early
Miocene, and Quaternary. The Paleogene units are thypibah, and may be condensed, with

terrigenous-rich rocks passing up into bioclastic limestanesgreensands of Oligocene age. The
field trip area has only a few Neogene formations oth@n tQQuaternary, but as further north in

the Canterbury Basin, Neogene strata are much thicklereflect substantial sediment input.

southwest northeast

It is useful to think of the cover sequent
as having 3 phases: 1, broad
transgressive, representing a Cretaceo
Paleogene passive margin; 2, quiesce
with thin terrigenous-poor Oligocen:
limestone and greensands represent
peak submergence; 3, a rapid regress
Neogene, with substantial inputs
terrigenous material from sources uplifte
on an increasingly active plate boundary.

District
71, p1io

T

Series

NZG3. Bull. NaJ9
t G
ing

Naseby Subdh

Willtamson

T \Ma.run
. e

T

o

z
EE

MIOCENE | PLIOCENE
E4
£

E o e
c.G/ . 5a =l
_Eliﬁvu ncxx uﬂ 5T0~E
" Sfuddy ™ Sandstons .

L]

Pareora_|S'thiand|
\

1'1

OLIGOCENE

Mata | DE [Arnold | Landon

SIEI?IE-I?I?]?I?IZ° Hl

Wellman (1953) produced an inspire
clear summary of this pattern showir
broad patterns for the Cenozoic of tt S Sp——— e

southern Canterbury basin. The Vertic| suewe (e SERSOM Srren exriam | secresaon.
axis is time, not rock thickness (and tl NOTE __ THICKNESSES [NSREGARDED
Hutchinsonian and Awamoan Stages - Fn,

Pa - are no longer used).

3

UCRET| EQCENE

Fig. 4. above, Wellman’s 1953 cross section of transgréssgrassion in the southern
Canterbury basin.

Fig. 5, below: Livingstone gold sluicings, showing dippingrdtu Formation, lower left, and
overlying subhorizontal Tapui Formation beyond the people.

In the Waitaki region, the basement of either Ot&gbist or
Torlesse rocks is everywhere overlain unconformably by ==
cover strata, most of which were deposited in a pasSis
margin setting. The basal cover rocks are comma
nonmarine, particularly quartz-dominated conglomerates
sometimes coal measures of the Taratu Formationlags (
dominated Broken River Formation; the coal measures &
late Cretaceous to ?middle Eocene (Haumurian- ?Boripnf

In places, there may be some m of kaolinitic claystabove §
basement rocks. Elsewhere, shallow marine Kauru Fayma
(Paleocene — Wangaloan and younger) and Tapui Forma®
(middle Eocene - Bortonian) mark the base of the cg
rocks. Nonmarine Taratu strata, if present, are ovellsi
shallow marine sandstones of the Kauru and Ta
Formations.
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The Kauru and Tapui formations both include strata witlall@l-water fossils and/or
sedimentary structures, and perhaps only one formatimarake could be used. The overlying
strata, and lateral equivalents to the east, becomgeigous-poor, glauconitic, calcareous, and
more massive, commonly with open water fossil assegablandicating a deeper, or at least
distal, marine origin. Thus, Waihao Greensand in Sdidimterbury is a deep water lateral
equivalent of Tapui Formation; intriguingly, in placd®e tWaihao Greensand just above an
unconformity with basement includes the large foraminifegerocyclina (see Riddolls 1966),
an indicator of warm shallow conditions. The patclakposed Burnside Mudstone/Hampden
Formation, better exposed in South Canterbury than irhratiblorth Otago, has been interpreted
as marking outer shelf to upper bathyal settings.

From Oamaru to Kakanui and beyond, and inland to Westdield, the basaltic Deborah-
Waiareka volcanics and associated bryozoan-bioclasttafdt Limestone are significant (Eo-
Oligocene, Kaiatan-Runangan-Whaingaroan). Further wtést, basaltic rocks occur as the
Tokarahi Sill (middle Eocene — Bortonian), while thetkquakes Marl (lower Whaingaroan) is
laterally equivalent to the Ototara Limestone of cdaktealities. In South Canterbury, the
basaltic Kapua Tuff (Riddolls 1968) lies within the Burnsidadstone (Kaiatan-Runangan, late
Eocene).

Widely across the field trip area, the Earthquakes
is truncated by a “mid” Oligocene unconformity (t
Marshall unconformity; see figure showing N de
Hornibrook at a representative outcrop) which
followed by variably-developed Kokoamu Greensa
(sometimes upper Whaingaroan in base,

Duntroonian), and resistant Otekaike Limesto
(Duntroonian-Waitakian). Whereas the massi
foraminiferal-rich Earthquakes Marl and Amu
Limestone reflect deep waters, the overlyiy
Kokoamu Greensand (bedded and macrofossil-ric
places) and Otekaike Limestone mark shallov
settings, probably of mid-shelf depths below stof§ss
wave base. Otekaike Limestone produces promirg
landforms in the Awamoko-Maerewhenua area &%
the Waihao Valley, but in North Otago both th&
Limestone and underlying Greensand thin eastwag
and are thin or absent from modern coastal locali
near Oamaru.

Fig. 6. Micropaleontologist N de B Hornibrook at the emttof Kokamu Greensand (above) with
Earthquakes Marl (below); eastern end of Kokoamu Cliffs.

Commonly, inland outcrops of Otekaike Limestone are cappelbdss and other Quaternary

sediments, but the Limestone may grade conformably uphasal Mount Harris Formation
(Waitakian, Otaian and Altonian — mainly Early Miocgrniée Mount Harris — Tokama Siltstone
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of Field and Browne (1989) is significant north of the i for example, at Mt Harris,

Elephant Hill Stream, and Bluecliffs (below). Occasily, the Otekaike is truncated by an
unconformity, and overlain by Gee Greensand and in turan¥darris Formation; such contacts
are seen at the modern coast, and at a few inlanditiegaincluding Brothers Stream,

Hakataramea Valley. Mount Harris strata are often eebed by shallow-water strata of the
Southburn Sand.

Fig. 7: Bluecliffs Silt (=
Mount Harris Formation),
type locality of Otaian Stage
(Early Miocene), Bluecliffs
section, Otaio River.

Within the limits of the field trip, no younger marinecks are seen immediately over the
Southburn Sand Formation; rather, coal measures ame @ferlying, and there is little marine
record until the Quaternary. The exception is the reabese to the Kowai Formation, as seen at
Makikihi, where a shallow-water Nukumaruan (latest Pl@jeasssemblage is reported.
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DAY 1 ITINERARY

Travel fromDunedin to Maheno, northwards.
En route, note:

Dunedin Volcanic group basaltic rocks occur in road outcrops, and form skyliines) Dunedin

to Waitati. Volcanic-capped peaks are prominent as fah s Palmerston. After Evansdale, the
road over the Kilmog has cuttings Abbotsford Mudstone (Paleocene/ Eocene) with, in places,
large clastic dykes. Mass movement features can be aedrencountered on subsiding bits of
the road. To the west, the Silverpeaks area is developdte@tago Schist.The surface of the
schist, the “Otago peneplain” of old literature, dips getalthe northeast, and is overlain by the
coastal east and north Otago Cretaceous-Cenozoic seguen

North of the Kilmog, near Cherry Farm, views to thetheast reveal thick yellow-brown mid-
shelf marine Caversham Sandstone(early Miocene) at Karitane and Matanaka. Near
Palmerston, there are views of the Kakanui Range ¢ontrth, uplifted along the northwest
Waihemo Fault - a Cretaceous normal fault on which reverse movémecurred in the late
Cenozoic.

To the north of Shag Point is Katiki Beach, withegjsence of maringatiki Formation (with
belemnites, mosasaurs and plesiosaurs)@tegopo Greensand(both Late Cretaceous). Katiki
Formation overlies coal measures of the nonmarine talipdaratu Formation, seen later on
this field trip. The north end of Katiki Beach is forinby Moeraki peninsula, with basaltic
volcanics, and associated sedimentary rocks. Moerattieislocality for the famous Moeraki
Boulders, concretions derived from the distal marine nwnst of theMoeraki Formation.
Alas, we have no time to visit these or to view natlting the coast to thHdampden Formation
(Bortonian reference section) and beyond. At Waianakahe,skyline east of the road is
dominated by thevit Charles Sill (Eocene); to the left/ west, there may be a glimpiséhe
Otepopo GreensandCretaceous).

At Maheno, where shallow marir@totara Limestone (latest Eocene) forms a distant skyline
beyond the Kakanui River, we turn west toward Duntrauhiaitially travel on the floodplain of
the Kakanui River. Kauru Hill — with a volcanic cap - wi# on our left as we approach Five
Forks. The Kakanui River exits a gorge in t@éago Schist which can be seen in roadside
outcrops including some that show the unconformable cowtéh overlyingTaratu Formation

(Fig. 8).

Fig. 8. Unconformable contact of highly
altered Otago Schist, below, with quartz
pebble conglomerate of Taratu Formation,
Five Forks-Tapui-Tokarahi Road, near
Raki's Table.
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To the north/right is Raki's Table, with a flat toprifeed by a thin resistant cap Gftekaike
Limestone the latter become progressively more significantaindiforms toward Duntroon.
Roadside outcrops of browirapui Formation (Eocene) occur towards Awamoko Valley, where
we will see prominent scarps Gftekaike Limestone The basalticTokarahi Sill (Eocene) is
visible between Tokarahi and Dansey’s Pass road, andatickops of Otekaike Limestone form
cliffs on the north side (left) of the MaerewhenugdRr close to Duntroon.

VANISHED WORLD CENTRE, DUNTROON

The Vanished World Trail comprises a self-guided 80 km éoound some 20 geological sites in
North Otago, on the coast from Waianakarua (south) toa@a (north), and inland to Duntroon
in the Waitaki Valley. Sites are on public and privated; access to sites is free, but conditions
may be imposed by some landowners. Some sites aretolaseon roads, but others require a
short walk. The trail is a community initiative develdd®y locals since 2000, in partnership with
the University of Otago, to foster conservation, edunatind scientific study. The concept of
Vanished World arose from local interest in, particylartsearch on fossils from the district, but
aims to take geology in the broadest sense to the public.

TheVanished World Trail sites - key outcrops, fossil localities, and landforrase signposted,
and most have explanatory plaques. A trail map, outcrapoghaphs and details of particular
sites are given in theanished World trail brochure — an A3 folded colour document (Fordyce
2002) which is sold to raise funds to maintain the Trall @antre. Copies of the brochure will be
provided to field trip participants. Two sites show prepaossif whales in the rock. There are
large information boards with maps at key points on g tut the Trail Brochure provides the
best guide to localities.

The Vanished World Centre in Duntroon
(Fig. 9, right) contains a free-to-public foye ™
and sales area, and pay-to-view displays
complement the Trail; we will visit the latte
as part of the trip. The displays maini#
comprise fossils and other specimens loar§
from the Geology Museum, University O _
Otago, with some items added by interests ===
volunteers. While the Centre emphasis
fossils, there is scope to expand to inclute B ;
more on significant rocks, minerals and landforms. Seulgects are covered on large graphics
panels (by Ewan Fordyce and Martin Fisher), for exajgotegeological time, geological maps,
the Ototara Limestone, and the pengdhliatydptes. Also displayed are some original artworks by
Chris Gaskin, showing reconstructions of ancient Newafeborganisms; these are on loan from
the Geology Museum, University of Otago.

Display specimens, which are from the district, includigimal specimens and casts of fossil
whales, dolphins, penguins, sharks. The replicas were producesindrew Grebneff, Rick
Morcom, and Ewan Fordyce, using polyester resin arm@bsg moulds. Diverse invertebrates on
display include well-preserved assemblages in blocks cut flemOtekaike Limestone, and
prepared by students at University of Otago as part ofleo@eology exercise. A small room
allows visiting school groups to work to uncover fossilblocks of Otekaike Limestone cut from
a local quarry. This is a popular activity for children.
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Fig. 10, left: replica ofSqualodon-like shark-toothed dolphin skull,
. Vanished World Centre.

Information on the Trail and Centre is also on the .wkib earlier
Geological Society field guide, produced for geologistsamathan lay
visitors, reviewed the development and promotion of thal Bnd
Vanished World Centre (Fordyce 2003). Since their opening, the
Vanished World Trail and Centre have attracted many Nealahd

and international visitors. The Trail and Centre rare by Vanished
World Incorporated: a society for policy and administration,
including fundraising and logistics (site and trail mainteeg. A
complementary groupFriends of Vanished World, provides support through membership
subscriptions.

The route fromDuntroon to Kurow affords views of fault-bounded basement blocks on the
distant north bank of the Waitaki. The Takiroa Maogk art site is developed at an overhang of
Otekaike Limestone, a few km beyond which schist basermems roadside outcrops. After
Otekaike River, theTrig Z” outcrop of Otekaike Limestone appears to the left, sdbt is the
type-locality for the Waitakian Stage.

Fig. 11: Trig Z, Otiake. Most of the
outcrop comprises massive
Maerewhenua Member, Otekaike
Limestone. The upper, honeycombed
strata with low-angle crossbeds,
represent the Miller Member, at the
base of which is a prominent
shellbed. The person at the base of
the outcrop, slighlty right of middle,

| is close to the base of the Waitakian
| Stage.

Kurow — brief stop.

Travel from Kurow westwards up the Waitaki Valley taatleofLake Waitaki nearAviemore
Dam. Note fault-bounded blocks.

WHAREKURI CREEK

Flg 12 SeCtlon Of Wharekurl CreEK’ fro' Section across Tertiary Basin at Wharekauri from the Waitaki River westward.
McKay 1882 SurprlSlngly, McKay d|d no a represents the subschistose rocks of the Kurow Mountains. 5. The Kekenodon

beds. e. The Otakaika limestone, including Hutchinson’s Quarry beds. d. Grits
recognlse the thrust Shown beIOW |n F|g 1 and sandstones associated with the Wharekauri coal-seam. e. The coal-seam

as seen on the west side of the hill. ¢’. Its supposed outcrop on the eastern slope
of the hill. f. The Pareora gravels overlying the coal-seam. g. Glacier drifts.
H. The point whence the fossil remains of Kekenodon onamata were obtained.

Wharekuri Creek preserves the most inland
substantial occurrence of Cenozoic marine strata ilthigaki Valley. The locality was visited at
least twice by Alexander McKay in his earlier years (18881; see McKay 1882a, b), as part of

Geosciences 09 Fordyce Waitaki/Canterbury FT 11-10



field work on the widely-cited fossil whakéekenodon onamata. The oldest marine Cenozoic unit
here is the Wharekuri Greensand (Whaingaroan) - oneeoddrliest named units in the Waitaki
Valley, but older rocks (Taratu-like quartz pebble congloteenath Flabellum corals - Kauru or
Tapui Formation?) occur a few km to the north, onftaetopped basement mesa beyond the
Aviemore dam across the Waitaki River. The Wharekuri sespuendisrupted by faulting, with
access hampered by gorse, and access beyond the Wharelanmsabk is slow goinddazard
warning: the steep-sided creek walls are capped by loose alluvium which regularly collapse.
Where the creek steepens near the range front, theme Bxcellent exposure of basement
semischist thrust over late Cenozoic gravels (alasyevét have time to visit this top part of the
sequence).

Fig. 13. Range front fault, Wharekuri Creef®
Basement semischist, upper left, is thrust of
conglomerate of the ?Kurow Group, lower righ
View faces northwest; creek flows left to right.

The creek bed close to the highway is cut in Wkarekuri Greensand:. massive brown-
weathered glauconitic siltstone with distinctive browuartz granules (lower Whaingaroan;
Subbotina angiporoides-zone). Macroinvertebrates are present, but sparsegtefare the scallop
Janupecten, terebratulid brachiopods;labellum corals, and the crabumidocarcinus. Vascular
plants includeTeredo-bored logs and rar€ocos-like coconuts; two archaic whales have been
collected here. To the east, equivalent strata arddbp marindarthquakes Marl, sometimes
with a basal Nessing Greensand. Upstream, the Wharekeen&and passes up into a few m of
what is interpreted as Earthquakes Marl. The abundantargfenous debris and land-derived
plants is consistent with a more-proximal setting for

the Greensand than most other Whaingaroan rc;
of the Canterbury Basin. :

Fig. 14: Section in east bank, Wharekuri Cr
about 100 m upstream of old 1800s bridge

from the base, Wharekuri Greensand, ~3
overlain by ~1 m of Earthquakes Marl; truncated =~
a burrowed unconformity; in turn overlain by 1.3 *"‘“
of Kokoamu Greensand and Quaternary grave
Thicknesses here are distorted by wide-angle vi
from below.

The top of the Wharekuri Greensand/Earthquakes
Marl is truncated by the presumbthrshall Unconformity (Disconformity) which is better seen
elsewhere, for example, at Squires FarKokoamu Greensand (upper Whaingaroan-
Duntroonian, late Oligocene) overlies the unconformitythe poorly-exposed base, macrofossils
are rare, but they become more common up-sectionngoiddges form diffuse shellbeds — in the
Kekenodon bedsin the sense of McKay. Of historic note, the archaathed whaldekenodon
onamata and other fossil whales were collected by McKay in 188infoutcrops at the junction
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of Wharekuri Creek and the Waitaki River, now covered lakel Waitaki (on history, see
Fordyce & Watson 1998). The single specimeKedenodon onamata provides the name for the
Kekenodon Group of Canterbury Basin regional stratigraphy.

Otekaike Limestoneis present, but not seen in contact w
the Kokoamu; it occurs as an isolated outcrop well abl’
and east of creek levebee Greensandhas been reporte
(by McKay and others) as overlying Otekaike leestc
near Wharekuri, but is not seen in the creek. Rather ’_
Kokoamu Greensand is faulted against jarositic sandstor’
the Southburn Sand here undated but presumably Otaig
Altonian, early Miocene. The sands coarsen upwards
quartz granule conglomerate with well develop
bidirectional crossbeds, consistent with a shorefeting. §:
The marine sequence is overlain, with uncertain conltgc

carbonaceous mudstone with plant remains, sandston
places with coaly and sometimes silicified logs), grelags,
and freshwater limestone.

Fig. 15: Section in east bank, Wharekuri Creek: logs
stems in a vertical bed base of carbonaceous sands
Waitangi Coal Measures/ Manuherikia Group.

Quartz-dominated gravels further up-section (upstream) ateably part of the same section.
The sequence includes, or

. . . EPOCH NZ SERIES AND STAGE WHAREKURI CREEK STRATIGRAPHIC UNITS
comprises, th&Vaitangi Coal o Haweran
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from nearby was mined fOI E = o §§ Tongaporutuan | Kurow Group
local use in the 1930s. Mor "1 | = | |z ! .
broadly, these strata ar® =l §§ Lillburnian foesong
presumed equivalent to th S - v— [ Waitangl Coal Messires
ManUherikia GI’OUp ’ We” o 20 = e 8 Allonian ? 200 Manuherikia Group
o = o M .
documented from Centra$ = |® S Otaian i
Otago localities 40-50 km tc - Waitakian i
the southwesturow Group z |2 ||z [—Dunironian
conglomerate (of uncertair§a || 8 (|2 7 I
later Neogene age) contair™ © |§||7 | Whaingaroan SRR
abundant clasts of semischis ® = 0 R, T SR E
and Torlesse rocks, whicl q e ol e
differentiate it from the g4 | * |5 ||2 .y Otekaike Limestane
underlying quartz-dominatecz ik orfoman 1 A\ =T S e
conglomerates o le Porangan - [Kekenodon bed]
5 Tl x Heretaungan nconf |
50 — | @ Wharekuri Greensand
. . w | >|([Z | Mangaorapan 1 8 S
. @ < metres,
Flg' 16 Stratlg rap hy Of = e Waipawan Unit thicknesses from McDermid 1998
Wharekuri Creek. Unit
i TRIASSIC-PERMIAN
thlcknes_ses are fron — Schf:sse SuperarouE | ia Terrane
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Travel northwest vidDtematata, with Benmore Dam on the right. Torlesse basemesksrare
exposed in the river bed below the dam (Retallack 1983), ta@dAkatarawa miniterrane
sequence, with late Permian fusulinid limestones occuitlea downstream (Hada & Landis
1995). Turn south at Otamatapaio River; drive 5 km to Badky3tation.

CORBIES CREEK-BACKYARDS, FORMATION PALAEOENVIRONNENT
OTEMATATA STATION S s
Torlesse rocks on the south side of the Waitaki Vetiem il Joue |
Awakino (near Kurow) to Otematata region include not g
localities for middle Triassic invertebrates and pldmsn T o oon
the Kaihikuan Stage (Gair et al 1962, Campbell & Wari e ‘et b o |

barrier beach

1965). Retallack & Ryburn (1982) documented of |
sedimentary formations spanning 1200 m in an area eaf
Backyards Station. The rocks, now metamorphosed|
prehnite-pumpellyite grade, were inferred to repres
settings including shallow marine, bar, shoreface, lagc| "]
delta and flat coastal plain. :

Matagouri  Siltstone

offshore marine

Charlie  Free Sandstone
Taylor  Siltstone

shallow and
Elderberry  Formation marginal marine

KAIHIKUAN

Fig. 17: Stratigraphy of the Kaihikuan sequence, Backye'
Station, from Retallack & Ryburn (1982). I

Rabhbiters Hut
Sandstone

Retallackl& Ryburn 1982: Fig 1.

In the Backyards-Corbies Creek area, assemblagedivarese and, for Torlesse Triassic, well
preserved. Key age indicators are the brachiopbgunctifera kaihikuana and the bivalve
Daonella sp., but other brachiopods (lingulids, rhynchonellids, tetela), bivalves (including
trigoniids, documented by Fleming 1987), gastropods, and crieaxins occur. The fossils are
generally decalcified, but otherwise may preserve fine [detaampbell & Warren (1965) noted
that assemblages are comparable in diversity to thageidtiiku sequences.

Fig. 18: Right, Fossiliferous Kaihikuan strata, Backyam's g —
Station.

Fig. 19: Below, Age-diagnostic Kaihikuan brachiopao
Alipunctifera kaihikuana, from Backyards Station.
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Route returns toKurow, to cross the Waitaki River into South Canterbutyente into
Hakataramea Valley. Cross Hakataramea River, and take Meyers Pass Road.

HAKATARAMEA VALLEY

Kokoamu Greensand and Otekaike Limestone occur at the informally-named “Haughs’
Quarry,” also known as Hurstlea or Hakataramea Quanryjakataramea Valley en route to
Waimate. This quarry is one of New Zealand’s singlstpoolific localities for fossil vertebrates
(whales, dolphins, and penguins), under study here since 198ify g@mbers are asked not to
damage any bones found. The quarry is further significarth@exceptional macroinvertebrate
assemblage at the top of the sequence.

Fig. 20: Below, mollusc-dominated assemblage from muddy fofheo Otekaike Limestone
(Waitakian stage, latest Oligocene), Hakataramea Valegpared blocks are displayed at the
Vanished World Centre and at the Geology Museum, Uniyaes§iDtago.

The strata are part of a thin sequence which starteeteatith in Homestead Stream with basal
coal measuresTaratu Formation), and passes up through shallow marine sands dfabeu
Formation (early Eocene?), indifferently expos&daihao Greensand (Bortonian), Burnside
Mudstone (?Kaiatan), an@arthquakes Marl (early Whaingaroan).

The top of the sequence at Haughs’ Quarry marks the gradlfiom Otekaike Limestone into
mudstone of theMount Harris Formation. Nearby (Brothers Stream), this contact is
unconformable, withGee Greensandpresent.Southburn Sand (Otaian or younger) forms a
nonmarine top to the sequence. Mapping here as part of O2iifblsvel field class suggests that
most units are locally quite variable in thickness, peshadicating local paleotopography.
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Fig. 21: Below, locality map, guide to distribution of OtddeaiLimestone and Kokoamu
Greensand, and column for the Kokoamu Greensand and malsé @tekaike Limestone at
Haughs’ Quarry. From Gottfried, Fordyce and Rust, submitted.
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iFE 3 el massive glauconitic
/ 3 e bioclastic limestone
/ E [P A i
= Je|le|of 2
o = s
syvaimate 1040 |S|xl up Lwh = upper Whaingaroan
~ o 1o 8 o lo Lwh = lower Whaingaroan
ihao R == 6 Tz
f/ 39 ||V < upper quarry level
l Jo|3l|/ =
\ = ) S Ol
| o :
1 4 @© =yl
. 44 i .
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yakd Sr O 0 Lwh ;
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To detall the quarry section, the basal Kokoamu Greenisamanassive bioturbated calcarenite,
without macrofossils; the latter become apparéeht{pecten, scattered bones) as bioturbation
reduces; at the level of a diffuse brachipod-rich shellbesl,unit is indistinctly dm-bedded to
massive. The underlying Earthquakes Marl can be seen otigrimhing; it is a richly glauconitic
calcareous mudstone. At the level of the working quargkdamu Greensand passes up into
massive, bioturbated, slightly cemented, glauconitic, agi very fine sand-calcarenite, the
Maerewhenua Member of Gage (1957). Lower in the limestibbeee are sporadic para-
autochthonous macroinvertebrates. A rich assemblagaafimvertebrates (>200 species), as in
Fig. 20, has been collected by University of Otago geologypgdrom the diffuseProtula
shellbed in the muddy top of the limestone. Limestone degmsited remote from terrigenous
inputs, in sheltered water below normal storm wave bgsebably mid shelf, >75 m.

FromHakataramea Valley, takeMeyers Pass roado cross into the Waihao Valley. Basement
strata —Torlesse pelagic mudstone of phrenite-pumpellyite facies -hattbp of Meyers Pass
have yielded early Permian conodonts (Ford et al. 1999; Coeindl. 1996). Views to the west
show the eroded unconformable top on basement rocks dippmity geward Hakataramea
River; ridges beyond include the smooth crest of St MReygye (see Fig. 3).
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WAIHAO FORKS

Immediately south o¥Waihao Forks is a spectacular 500 m outcrop of cross-beddtzkaike
Limestone (Duntroonian-Waitakian, Late Oligocene).

Fig. 22: Scoured and cross-bedded Otekaike Limestone, Waihks. F

Fig. 23: Right, detail of scoured an
cross-bedded Otekaike Limeston
from middle right of the panoram:
above. :

Ward & Lewis (1975) gave a detaile
account of the sedimentology a
inferred environment for the limesto

(following Riddolls 1968). Cros
bedded bioclastic and glauconitiEs
sediments form beds 2-3 m thick, wit. ==
sharp bases succeeded by interg@s
crossbeds dipping eastwards. TFHcE

sharp bases for the larger sediment packets are gentisa\m)rplausmly formed by southerly
currents related to storm events. The crossbeds n@eisstent westerly source for the bioclastic
glauconitic sediments. The strata are in places hedadurbated, particularly by spatangoid
heart echinoderms which produce a distinctielicia trace. A few 100 m eastwards, the
sequence is seen to overlie a few m of Kokoamu Greensamdh in turn unconformably
succeeds Burnside Mudstone.

Reportedly, it was Alexander McKay who first suggested thatWaihao River originally ran
from about the modern Waihao Forks towards Waimate,irflpwhrough théWaimate Gorge
(which we will follow by road). Stream capture divertée tflow to the east along the present
route, south of the Waimate Hills.

Night in Waimate.
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DAY 2

Depart Waimate, travelling north but inland Junter and Backline Road to pass historic
Bluecliffs Station, stopping at Otaio Gorge.

OTAIO GORGE

This account is slightly changed from that of Fordgtal. (2009). Canterbury Basin strata are
well exposed at Otaio Gorge, where uplifted basementg3s®) strata upstream of the road are
faulted against Cenozoic strata for about a km downstoddhe bridge. (The fault, not seen here,
can be localised elsewhere.) A basal unconformitpfesiied, but not exposed. In summary, the
basal strata comprise shallow east-dipping coal measlvese which is a marine sequence that
is important for Eocene paleontology and stratigraptasaB shallow marine strata (shellbeds,
Early Eocene?) are followed by a fining upwards sequengeeeihsand, mudstone, and muddy
limestone that are presumed to represent an increasiagp setting. Dips continue to steepen to
and above the Marshall unconformity (Oligocene), butmyps stop before thickest marine unit
in the district (Bluecliffs Silt, or Tokama Siltstonef Field and Browne, = Mount Harris
Formation; Miocene). Riverbed exposures vary considgrabim month to year, depending on
flood activity.

The coal-measures of thgroken River Formation include massive kaolinitic clay-siltstone,
quartz sandstones, and lignite beds. The lowest unit;aistinctly graded white-brown-gray
siltstones to very fine sandstones, with vertical caslseous rootlets indicative of paleosols;
preserved rootlets imply an anoxic setting, perhaps veateirated. The first major coal seam
encountered has an upper surface riddled with a complexwadslof burrows, possibly
indicating crustacean (crab) activity in a marginal maseiting. Further up section (Fig. below)
are cross-bedded sandstones, some bi-directional, climippies, possible synsedimentary
slumped sandstone blocks, and alternating planar teawdentithin seams of lignite-carbonaceous
mudstone.

Fig. 24: Coal measures, Broken River Formation, Otaig&oaview faces north; river flows (and
sequence youngs) left to right. Scale = 1 m.

The upper part of the Broken River Formation, exposed afsagnificant bend to the right as the
valley opens further, comprises well-exposed alterndigrgte and mudstone-quartz sandstone
horizons, with sometimes-abundant roots in place. tdpeof the Broken River Formation is a
burrowed unconformity; burrow diameters of >10 mm, depths>H30 mm, and varying
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orientations are consistent with a crustacean (prgbatalb) origin. Immediately overlying is
brown siltstone and jarositic carbonaceous pebbly muddgssane/pebble conglomerate of the
Kauru Formation (Otaio Gorge Sandstoneof Gair 1959). After a short unexposed interval, the
reknownedOtaio Gorge shellbed(of Marwick 1960 and others), within the Kauru Formation, is
exposed in the river bed.

Fig. 25: Right, Otaio Gorge Shellbed section, formeriyosed in 8§
the 1980s, ~100 m to the northwest of the outcrop in the;ri’
horizons of often-worn shells are associated witllitgctional # ¢
cm-dm crossbedded sandstone. Py

Stage, later middle Eocene. Marwick (1960; source of columii
Fig. 26) described the fauna, recording 33 species of bivahges ¢
gastropods, of which 14 of were new. Of note are areiespef |
Cubitostrea, Eucrassatella, Glyptoactis, Hedecardium, #
Costacallista, Colposgma, "Colposigma”, Perissodonta,
Monalaria, Priscoficus, Pseudofax andAthleta (list from Maxwell,
in Fordyce et al. 1985). The late Phillip A. Maxwell, knofer his
deep insights into the Paleogene of the southern GamyeBasin
(Beu et al. 2007) considered the age relationships of theaf :
(Maxwell 2003: 376), citing E. Crouch for a dinoflagellate age/\mlpawan or Mangaorapan
[early Eocene]. ThusCubitostrea, elsewhere regarded as reliably indicating an age no thider
Lutetian, is clearly older here. The molluscan assegebiga thus temporally associated with the
Paleocene/ Eocene Thermal Maximum, PETM. Maxwell staslying a diverse and roughly
coeval molluscan fauna from nearby Pentland Hillhatime of his death.

Fig. 26: Litho- and chronostratigraphy, Otaio Gorge, preted on column from Marwick (1960).
See Field & Brown (1989: J39, column 7) for a revised sectio

Epoch NZ Stage
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based beds, passing up into the Waihao Greensand. Theme ear evidence of an
unconformable contact, in contrast to the Waihao Vallethe south, where Kauru is overlain
unconformably by the Waihao Greensand. Maxwell (in Fordstcal. 1985) noted substantial
evidence from many localities on the east coast ofSbeth Island for an important hiatus
between Bortonian (or in some places, late Porangadd bed underlying beds (typically
Heretaungan), probably corresponding to a major seafieN€#9.5 Ma). This part of the Otaio
Gorge section warrants careful dating.

Waihao Greensand here comprises massive to indistinctly dm-bedded andplates,
concretionary, muddy calcareous greensand. Bortonider [liddle Eocene] molluscs occur
about 50 m above the Kauru Formation; eQubitostrea, Duplipecten, the struthiolariid
Monalaria, and turritellids. Other fossils of note include cor@alanophyllia), a spiny lobster
(Linuparus) and ray teethMyliobatis). The contact is not clear with the overlyiBgirnside
Formation - grey, soft, massive, glauconitic, micaceous calcar@mugstone with occasional
molluscs and a rich foraminiferal microfauna includingid€an stage (late Eocene). To the south,
in Waihao Valley, the top of the Waihao Greensand isketh by an intensely bioturbated
concretionary phosphatic greensand up to 1 m thick, whabaty represents an unconformity —
perhaps the Pr-1 sequence boundary at or near the top Béttomian. A distal marine setting
for the Burnside, probably bathyal, is indicated by fos<ilentact details with the overlying
Earthquakes Marl are uncertain; elsewhere in southern Canterbury Bagmm example in the
Waihao Valley to the south — the contact is marked bwronformity overlain by Nessing
Greensand. The Earthquakes Marl is a muddy lateral equivafiéhe Amuri Limestone. In the
Otaio Gorge region, there is considerable facies changeonly a few km to the north near
Squires Farm the unit is a white moderately cementedtone reminiscent of Amuri lithologies
more-northern sites in the Canterbury Basin. Lesseoéed facies yield rich foraminiferal faunas
of the Subbotina angiporoides zone, lower Whaingaroan stage.

Kokoamu Greensand— a calcareous massive to dm-bedded greensand - is vandgloged,
depending on the state of the river. The contact wighBarthquakes Marl is a deeply burrowed
unconformity (see “Squires Farm,” below), overlain by msieely burrowed greensand.
Kokoamu Greensand is overlain apparently conformably byeoted dm-bedded bioclastic
Otekaike Limestone note the increasingly steep dips of the upper part ®fQtaio Gorge
sequence. Contacts between the Kokoamu Greensand andk®tekaestone may be quite
variable on a local scale: gradational over some rabarpt and unconformable.

From Otaio Gorge, travel <2 km northwestSitverstream.

SQUIRES’ FARM

Silverstream Farm, long known as “Squires’ Farm”, &
type locality for the so-called Marshall Paraconfoynof
Carter and Landis (1972), namely the unconfor
between the lower Earthquakes Marl/Amuri Limestos
(lower ~1 m in the figure), and overlying Kokoarm;
Greensand (here thinner than at most other localities

southern Canterbury Basin). 5

Fig. 27: “Squires’ Farm” outcrop, showing basal ligh

coloured Earthquakes Marl, unconformably overlain §
Kokoamu Greesand and Otekaike Limestone.
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The sequence is as follows (slightly modified from Horook, in Fordyce et al. 1985):

30m Otekaike Limestone (Duntroonian-Waitakian, Lateg@lene-earliest Miocene). Hard
nodular crystalline glauconitic limestone. The Waitakiadex foraminiferarGloboquadrina
dehiscens occurs in upper 12m. Grades down into:

4.5m Kokoamu Greensand (?Upper Whaingaroan-Duntroonian, ligtecéne). Middle portion
has about 0.7m uncemented pure crossbedded greensand; tlesl raotl muddy basal
massive portion is extensely bioturbated, with chunks efutiderlying marl in the basal 0.5
m. Fossils include the distinctive Duntroonian and youngethiie foraminiferarNotorotalia
spinosa, occasional brachiopodsAdtheia), Lentipecten, and cetacean bones. Extensively
burrowed Marshall Disconformity at base.

5m Earthquakes Marl (lower Whaingaroan, Early Oligocemadturbated glauconitic white
calcareous mudstone/ muddy limestone with rare maagitdodNotable foraminifera are
Globigerina angiporoides andNotorotalia stachei.

Carter and Landis (1972) suggested the name "Marshall Péoawity” for this "extensive
Oligocene unconformity...widespread in shallow marine sscpsethroughout southern Australia
and New Zealand". They interpreted it as a submariogicer feature caused by high velocity
currents associated with Southern Ocean circula@anter and Landis (1982) later defined the
Marshall Paraconformity formally as "the burrowed emhtbetween the Squires Greensand and
the Holme Station Limestone at the Squires Farmaect' At the type outcrop, we will see that
the contact is not a paraconformity, but is a discaonityr in the sense of Dunbar and Rogers
(1957: Fig 57): an unconformity involving two parallel stratifiedcks with a clear
unconformable contact. Intriguingly, a few 100s of m tortbeh/northeast, the surface becomes
an angular unconformity. Depositional complexity is furtimelicated by a planar top above the
most basal 1.5 m of greensand, followed by ~ 1 m of prortiyneross-bedded greensand. This
“mid Oligocene” unconformity has been discussed widebe (8.g. Lewis and Bellis 1984,
Maxwell in Beu and Maxwell 1990, Lever 2007) without clear enissis.

From Squires Farm-Otaio Gorge, return southBakline Road towards Hunter, turning east
towardsMakikihi .

MAKIKIHI

Thick sands, gravels and sometimes muds in the Waihaakdkikii districts, and inland toward

the Hunters Hills, represent the Kowai Formatiorynét first recognised in North Canterbury.
Strata are usually weathered, and may reach 180 m thickn&eh et al. (2008) reported on the
sequence on the bank of Makikihi stream

Fig. 28: Base of Kowai Formation
Makikihi Stream. People are at t
level of a prominent fossil horizorgs
discussed by Feldmann et al. 2008.

Here, the base of the sequen
contains marine invertebrategs
including molluscs  Qstrea, [
Crassostrea, Anomia, Stiracolpus,
Trochus) barnacles, an isopod, a
crustaceans (Feldmann et al. 200§

. x"
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The molluscs indicate a Nukumaruan age, latest Plioddreearthropods occur in small nodules,
whereas the molluscs also occur individually within sleeliment. Some tens of m up section,
cetacean bones were recovered from pebbly coarse sBalibnann et al. identified the
paleoenvironment as a shallow water, active marinengesupplied by Torlesse clasts probably
originating from the uplifting Hunters Hills. Older Isgure referred to the strata as Elephant Hill
and Cannington Gravels (e.g. Gair 1959).

Elsewhere, Kowai Formation crops out sporadically inltlve hills west of SH1 near Morven,
and in bluffs at Elephant Hill Stream and along the loreaches of the Waihao River; strata are
reported subsurface from boreholes near Waimate.

Travel south via Highway 1, thence to Waimate, Waintadege, Waihao Forks, and Elephant
Hill Stream.

ELEPHANT HILL STREAM

The aim here is to note the remarkable thickness, about 660 the Mount Harris Formation,
based on interpretation of Field and Browne (1989, colummt4) Field and Browne reported a
succession from base to top comprising, in their termgyl8roken River Formation, Waihao
Greensand, Tokama Siltstone, Southburn Sand, and KowaiaEon. Field mapping classes
from University of Otago, and independent student projeckwy G. McMurtrie and Z. Boyd,
have shown that the sequence beneath the Tokama&ilighe latter = Mount Harris Formation
of this guide) includes other units disrupted by faults. For pl@nmmarine strata above the
Broken River coals include lithologies more typical auru Formation than of Waihao
Greensand, while a calcareous mudstone facies identieBuenside Mudstone overlies the
Waihao Greensand. A thin horizon of relatively pure graedswith sparse foraminifera,
presumed to be Kokoamu Greensand, unconformably overlies Baiivisidstone.

Field and Browne (1989: column J40 c14) report microfossgsdédr Mount Harris strata as
Waitakian to Otaian, with the Otaian-Altonian boundaryhe overlying Southburn Sand. Thus,
650 m of silts accumulated in perhaps 3 M years. This majgrease in sedimentation
presumably marks the development of new terrigenous soreleted to plate boundary activity.

From Elephant Hill Stream, travel @lenavy, thence on Highway 1 tOamaru.
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