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Abstract 

The Mid-Cenozoic units of the Canterbury Basin contain multiple cool-water carbonate and greensand sequences formed along a passive 

margin within a New Zealand wide transgression. Extensive volcanic activity created localized shallow water environments which affected the 

distribution of potential reservoir facies. Outcrop near Oamaru exposes carbonate facies deposited around these volcanic cones providing a 

window into the likely geometry of reservoir facies in the subsurface. The volcanic tuff cones near Oamaru consist of olivine tholeiitic basalts 

(Waiareka-Deborah Formation) erupted in a field of closely spaced vents. Bedded, poorly-sorted, crystal-rich, lapilli tuffs are the result of 

monogenetic, Surtseyan-style eruptions forming subaqueous tuff cones on the continental shelf. Locally basaltic lavas were extruded into loose 

carbonate sediments at inner to mid-shelf depths forming pillows in a bryozoan-rich grainstone that has undergone contact diagenesis. 

Surrounding the volcanic tuff cones are highly porous bryozoan grainstone - packstone facies (Ototara Limestone) that may become reservoirs. 

These facies show limited diagenesis with <3% cementation due to shallow burial depths (<500m). The thickest occurrences range from 45 m 

to 105 m thick near the volcanic centres, thinning and fining laterally to impure wackestones. Heavily fragmented calcite bioclasts, primarily 

bryozoans, echinoids, red algae, and large benthic foraminifera, make up 37 – 86% of these facies with volcanic lithics present locally up to 

10%. The depositional environment is interpreted as a winnowed shoal developed over a submarine volcanic palaeohigh. Moderate to high 

energy currents were enough to winnow carbonate mud and cause fragmentation. Shallow burial depths mean that diagenesis has not proceeded 

to loss of porosity, however, with greater burial pressure dissolution and pore-filling cements may be expected. 

Overlying the bryozoan grainstones and volcanics are unconformably bounded, alternating packages of glauconite sandstones (Kokoamu and 

Gee Greensands) and glauconitic packstones (Otekaike Limestone). The glauconite sandstones are porous, poorly cemented, moderately to 

well-sorted, fine to medium sandstones, and are likely to maintain the high porosity needed for a reservoir facies with deeper burial. 

Sandwiched between these units the glauconitic packstone (Otekaike Limestone) is more variable; it is thin atop the remnant palaeohigh but 

accumulates adjacent to it as porous, well sorted packstones and glauconite sandstones with variable amounts of carbonate mud. Clean, well 
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sorted material indicates winnowing by submarine currents. Large asymmetric meandering channels are present to the north of the paleohigh 

filled with cross-bed sets up to 2 m high. Foreset beds alternate between low glauconite bioturbated packstone and highly glauconitic sandstone 

laminations, with packstones tending to be cemented, and glauconitic sandstones poorly cemented. These alternating packages reflect 

deposition in a current-winnowed, terrigenous-sediment-starved setting on the older palaeohigh following cessation of volcanism. 

 

The development of a volcanic high in the Oamaru region with multiple tuff cones on which carbonate production could take place allowed for 

deposition of localized porous cool-water carbonate grainstone facies followed by porous glauconite sandstones. Regional transgression and 

drowning of the cool-water carbonate factory has the potential to develop a widespread regional seal. In the more proximal Oamaru region the 

seal is not well developed, however finer grained deeper water facies may be found offshore to the east. 
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Local 
stratigraphy• Glauconitic siltstone 

and sandstone

• Glauconitic limestone 
and sandstone

• Basaltic pillows, cones, 
sills intrude bryozoan 
limestones

• Glauconitic quartz 
sandstone



Oligocene tectonic 
reconstruction

After King et al. 
1999 and King 
2000



Waiareka-Deborah Basalt pillows

Spherical to elongate pillows
Cooling rinds

Radial vesicle trails



Infilled with bryozoan grainstone



Waiareka-Deborah 
tuffs

crystal-rich, lapilli-bedded tuffs 
and tuff breccias

megacrysts of clinopyroxene, 
garnet, kaersutite, feldspar



Surtseyan-style eruptions

• Submarine eruption of 
volatile-rich basaltic melt

• Vent proximal ballistic 
dispersal of megacrysts
and scoria bombs

• Fall-out and density 
currents deposit normally 
graded lapilli tuffs

• Some reached subaerial 
eruptions of pyroclastic 
surges

From White and Hicks 2009



Larger cones at Cape Wanbrow were 
subaerial with large collapse features, ash 
beds and pillow breccia debris flows



Multiple cones form most of 
the resistant headlands along 

the coast



Ototara
Limestone

Bryozoan-rich grainstone and packstone containing 
abundant bryozoans (B), some coralline red algal (A), 
and a small echinoderm plate fragment (E). 



East vs west 
facies

• Fining to intensely bioturbated glauconitic 
quartzose wackestone facies to the west 
away from the volcanic cones

• Rhodolith rudstones in shore 
platforms on volcanic cones



Thickness variations • in east - thick 
clean bryozoan 
grainstone with 
basalt cones 
overlain by karst 
unconformities

• in west - fines to 
wackestone
overlain by 
glauconitic 
sandstone and 
limestone



Volcanic high may be raised platform by addition of underlying sills

• Shallow intrusive sill at 
Tokarahi with columnar joints 
and sandstone dikes



Paleogeography 
reconstruction

Volcanic cones form a high on the 
outer shelf on what would 
otherwise be a deep water ramp.

Shallow shoals allow creation of 
carbonate factory and deposition 
of porous bryozoan grainstones.



Long lasting high is the site 
of karst erosion with fall in 
sea level



Kokoamu
and Gee 

Glauconite
Sandstones

• Calcareous 
Greensand 
facies with very 
high glauconite
content as well 
as subtle cross-
bedding. 



Otekaike
Limestone

Glauconitic 
packstone with 

highly fragmented 
bioclast

assemblage



Long lasting high forms a 
barrier and diverts 

channels to north in 
glauconitic packstone

Waihao Forks



Prolonged 
effect of 
volcanic high 
forms 
reservoir 
rocks in 
association 
with volcanics



In Summary: •Volcanism forms paleohigh
allowing deposition of porous 
bryozoan grainstone facies

• Long lasting topographic barrier 
affects overlying facies once 
volcanism ceases

•Drowning may allow deposition of 
seal rocks

• Thanks to Mason Trust for 
funding the research


