
12 July 2019 
 
Save Foulden Maar Incorporated Society 
Kimberley Collins  Chair 

 
To whom it may Concern 

 

Foulden Maar 

 
I adamantly support the Save Foulden Maar Incorporated Society in their efforts to save Foulden  
Maar for Most Valuable future scientific research, and to bring Foulden Maar and its uniquely 
invaluable fossils into public ownership. I completely endorse the option to buy the 42 hectares 
currently owned by Plaman Resources to prevent potential future attempts to use it for commercial 
purposes. 

I was Invertebrate Zoologist to Otago Museum from 1974 1999 and, after retiring, Honorary Curator 
of Entomology (Otago Museum) from 1999 to the present. I have published over six papers on fossil 
insects from New Zealand, and in 1983 published the first paper on a complete fossil insect 
(Dilophus campbelli) in the Journal of the Royal Society of New Zealand. 
 
My strong interest in entomology is life-long. My 1974 thesis (Victoria University of Wellington) was 
on the biosystematics of New Zealand Pompilidae (Hymenoptera), published in part in 1987 as 
Pompilidae, Fauna of New Zealand Monograph No. 12.  I have published 1,668 weekly articles in the 
Otago Daily Times  column between 1985 and the present.  

When writing journal articles on fossil insects, I read much of the (then) world literature on the 
subject. This has enabled me to fully appreciate the unique world value of Foulden Maar and its 
fossils.  

I first inspected Foulden Maar in 2000, realising it could well contain fossil insects. In 2002, I 
collected further samples. At this point I recognised that the small black specks apparent were likely 
the insect fossils. I published this opinion in my weekly column in the Otago Daily Times on 16 
December 2002. 
 
Until the discovery of Foulden Maar fossil insects, only six, mostly fragmentary, insect fossils were 
known from New Zealand. Foulden Maar contains many hundreds and likely many thousands of 
fossil insects which can be dated with exceptional precision and accuracy. They provide data on the 
fauna and flora occurring in New Zealand during a previous period of warming.  
 
The fossils provide enormous information to systematics (the study of classification  family trees) 
and biogeography (the distribution of animals and plants). When the fossils were laid down in 
Foulden Maar, New Zealand had not long emerged from a period of marine incursion (in the 



Oligocene). The fossils in Foulden Maar therefore constitute a record of animals and plants that 
survived inundation by the sea, by existing on land well above sea level throughout the Oligocene 
Epoch.  At least some of these plants and animals were likely long native to New Zealand, some 
possibly descendants of forms present in Gondwanaland before it broke up, and New Zealand 
drifted away from the lands with which it was once contiguous.  
 
These are just some of the many reasons why plant and animals fossils from the early Miocene 
(which are very rare anywhere in the world) are extremely valuable for solving geological questions 
of major international importance. 

Foulden Maar is consequently a priceless asset to New Zealand and to the world. To needlessly 
destroy this geological marvel would be an almost unparalleled act of uncivilised vandalism that 
would earn for New Zealand international contempt. 

 
 

Anthony Harris  
Anthony.harris@otagomuseum.nz  
31 Maybank Street, 
North East Valley, 
Dunedin 9010 

 

 









 
 
3 July 2019   
 
 
To Whom it May Concern 
 
THE PRESERVATION OF FOULDEN MAAR 
 
I am writing on behalf of Dunedin City Council in support of the application for funding made by Save 
Foulden Maar Incorporated, so the entirety of Foulden Maar may be purchased and preserved in 
perpetuity for ongoing palaeontological and climate change research for the good of humanity. 
 
Dunedin has a proud heritage in education, the arts, and the sciences, which continues to this day. As 
we, at the Dunedin City Council, have so recently learnt from our palaeontologists and geologists, 
Foulden Maar contains invaluable fossils of exceptional quality which are key to understanding our 
flora and fauna, providing both an insight into our past and possible future. 
 
We also learnt that the Maar contains 120,000 years of climate change data of incalculable value; that 
it is the only known site in the world that holds such high-resolution climate records spanning the 
period of the last major deglaciation of Antarctica, the very situation we are now facing.  
 
These treasures were at risk of destruction by a transnational mining company wanting to mine it for 
diatomite for use as a stock feed additive on offshore factory farms and feedlots. 
 
On 29 May, the Dunedin City Council voted to preserve Foulden Maar.  The motions passed as follows: 
 1. Recognise the significance of the fossil record at Foulden Maar 
 2. Support its preservation and protection as a scientific resource 
 3. Requests options with urgency for giving effect to this 
 
Dunedin and Otago also have a proud heritage of people who have tirelessly fought to preserve what 
are now considered outstanding features of our region and the South Island, such as the iconic Lake 
Manapouri and our very own Aramoana at the mouth of Otago Harbour.  Foulden Maar is now being 
talked about in the same way. 
 
From a long-term economic and sustainability perspective, our region would be best served by 
preserving Foulden Maar, promoting the area as an international centre for scientific, geological and 
climate research, and encouraging controlled geo-tourism such as at the Messel Pit in Germany.  We 
believe public ownership is the best solution, otherwise Foulden Maar could, in the future again, be 
at risk of commercial destruction. 
 
To this end, we reiterate our support of the application for funding submitted by the Save Foulden 
Maar Incorporated Society. 
 
Yours sincerely 

 
Dave Cull 
Mayor of Dunedin 
 

























5th July 2019

To Whom It May Concern:

The 42 ha property near Middlemarch, Otago, containing the majority of the Foulden Maar is 
currently held by the Australian company, Plaman Resources, which has recently gone into 
receivership. The company had floated plans that could have seen the entirety of the diatomite 
deposit infilling the Maar mined away. From a scientific perspective Foulden Maar is a globally 
significant maar lake deposit containing a ~120,000-year-long annual record of infill (mostly 
varved diatomite) from the early Miocene (approximately 23 million years ago). Numerous 
plants, flowers, insects and freshwater fish have been described from this deposit and enable 
geological research into New Zealand climate in the Miocene. The detail available from the 
deposits is exceptional and is the best record of Miocene freshwater environments in New 
Zealand. This is an extremely valuable scientific resource and of relevance to all New 
Zealanders interested in our biological and geological history. This has been recognised 
financially via research funding support to investigate this site. This research has yielded nearly 
40 peer-reviewed scientific articles and several postgraduate student research theses. The site 
was one of the first to be included in the New Zealand Geopreservation Inventory as 
“Middlemarch diatomite-bearing leaf fossils.” and now as “Foulden Maar terrestrial and 
freshwater fossils in diatomite” see https://services.main.net.nz/geopreservation/. Attached is 
a summary document covering the significance and scientific outputs related to Foulden Maar. 

The climate record at this site is also globally unique and has not yet been fully utilised. It is 
preserved to its full extent only in the central and deepest/thickest part of the diatomite deposit. 
The climate record is important as:

1. Foulden Maar is the world’s only known annually layered record of climate and 
environment from the earliest Miocene. It can be investigated down to individual years 
and seasons, allowing us to see changes on human timescales, such as El Niño events. 
Other records of the time period have at best millennial resolution (i.e. a single 
subsample represents an average of at least 1000 years, and there is no way to look at 
any changes or events that take place over shorter timescales). The Foulden Maar thus 
is our only way of understanding human-timescale events during this period of 
geological history.

2. Foulden Maar also includes an unparalleled record for atmospheric carbon dioxide. 
There is no other place in the world where you have the potential of linking global 
climatic events to changes in the carbon cycle. This is highly relevant to the modern 
interaction between Antarctic ice extent, global temperatures and rising carbon dioxide 
levels. The presence of well-preserved fossil leaves also allows us to estimate 
atmospheric carbon dioxide changes. Again, this is very unusual for a deposit this old, 



and this combined with the annual resolution allows us to pinpoint the rate of change 
of atmospheric carbon dioxide at a level of detail which is almost unknown elsewhere.

3. During this period of the Miocene, large parts of the Antarctic ice sheet melted for 
reasons that have not previously been well understood. The Foulden Maar represents a 
unique opportunity to investigate the causes of this ice-sheet loss and the effects that 
the warming had on New Zealand on human timescales. 

In the future, new geological techniques will become available which will allow us to extract 
even more information about climate, environment and ecology from Foulden Maar and thus 
preservation of a continuous and full sequence of the layered diatomites is critical; the centre
of the deposit is by far the most significant location for scientific research.

While industrial excavation at the site can expose new scientific information the pace and scale 
of a currently economic mining operation would make it difficult to realise the full scientific 
value of fossils exposed under any sort of NZ paleontological research ‘business as usual’ 
scenario as fossil preservation and study is slow and labour intensive. Although other infilled 
Maar craters, such as Hindon Maar, exist in the Otago region no other site in New Zealand or 
elsewhere globally preserves this time sequence and suite of fossil plants, fish and insects (and 
potentially birds and reptiles). During the recent mining proposal we also became concerned 
that lowering the water table (pumping the pit) during deep extraction could have cause any 
intact/preserved portion of the deposit to dry out. While currently lacking data to model this, if 
it occurred it could cause irreparable damage to the in situ fossils and layering hence destroying 
the scientific value of the entire site.

The Geoscience Society of New Zealand has consistently submitted a recommendation that at 
this unique site a significant and representative portion of these deposits should be retained in 
perpetuity, so that the scientific value of this resource remains for future public science and 
educational use. Public purchase of the land when it comes up for sale in the receivership 
process would be a good way to preserve this even if only a small part of the land from the 
edge to centre of the Maar was ultimately retained for science and education. The geoscience
value of the site could be preserved in harmony with pastoral/agricultural/ecological restoration
use of the land surface.

Yours sincerely

Dr Jennifer Eccles 

GSNZ President

School of Environment, Rm 735, 23 Symonds Street (Building 302), University of Auckland, 
Private Bag 92019, Auckland 1142, New Zealand
Ph: +64 93737599 x88092 Mb: +64 212035279 









PO Box 53 
Twizel 7944 
Canterbury 
 
12th July 2019 
 
 
To Whom it May Concern, 
 
This letter is in support of funding applications by the Save Foulden Maar Incorporated Society to 
purchase the land that Foulden Maar sits on, to bring it into public ownership. This land purchase 
would prevent any diatomite mining on the land in the future, and protect and preserve this 
important fossil site for future generations. 
 
I am a climate scientist, currently working in the energy industry, modelling climate and the NZ 
energy system decades into the future. I have worked on various climate research projects over the 
past 30 years, including microclimate modelling with the Topoclimate South project, and have 
contributed to the Lake Ohau Climate History project - a project using sediment cores from the Lake 
Ohau lake bed for palaeoclimate reconstruction. 
(https://www.victoria.ac.nz/antarctic/research/research-prog/loch) 
 
Foulden Maar is one of New Z -eminent fossil sites that provides a unique window into 

 
mined for animal fodder. The fossils retrieved to date from Foulden Maar represent only a tiny part 
of the potential fossil record at the site. In the face of human-induced climate change, we have no 
mandate to destroy one of the few sites that could offer unique insights to how our climate has 
changed over millenia. 
 
This is not the first time this site has been at risk of being destroyed by mining, and it is vital 
that it is purchased and made into a reserve so that its scientific value can be preserved. 
 
 
Yours faithfully, 
 
Dr Jen Purdie 































 







1 
 

E ng  rak ra o te Nature Heritage Fund  
Esteemed leaders of the Nature Heritage Fund

 
We are a group of mana whenua and connect through whakapapa to this whenua. We are 
deeply concerned about the future of Foulden Maar. Several of these maar exist within the 
rohe of Puketeraki r naka. They are a result of past volcanic processes which are 
characteristic of the north Dunedin City landscape. This landscape is our whenua t puna, and 
the significance of these mauka to us is embedded in the landscape through the names of 
our  in waka traditions such as the Araiteuru.  

We write this letter in support of the application from Save Foulden Maar Incorporated to 
the Nature Heritage Fund, to secure funding in order to purchase 42 hectares of Foulden 
Maar and place the site in public ownership.  
 
We are deeply offended and extremely disappointed that this outstanding natural feature 
may become commodified and sold as an additive to stock food on factory farms and 
feedlots. Equally disturbing is the very real possibility that it could also end up as a fertiliser 
on palm oil plantations. Any commercial mining activity is an absolute affront to the unique 
23-million-year-old lens into the past that this deposit offers. Neither do we consider it 
necessary that science expound and appropriate the totality of that past; it is enough that 
this fascinating and rare feature of our unique biodiversity exists in our landscape.  
 
The future of Foulden Maar must not be decided upon within the limited paradigm of 
market-driven commercial viability. Its future must be a value driven process, in which the 
community, present and future, has the opportunity to fully appreciate its significance and 
worth. Anything other than public ownership and protection of the site would be 
antithetical to that outcome. 
 
The effort to save Foulden Maar from commercial exploitation has highlighted how these 
kinds of geologically significant natural features are not well protected through current 
legislative and regulatory processes. There has been little recognition by local government 
of geological significance under RMA process. We trust that Foulden Maar will set a 
precedent and become a catalyst for the protection of other such invaluable sites (Hindon 
Maar Complex). 
 
As tangata and mana whenua, we recognise there is a current and rapidly escalating future 
climate crisis. We have begun processes to understand the changes necessary in our 
engagement with the economy and resource utilisation to avert climate disaster. Minimal 
foresight is necessary to recognise that the agribusiness petrochemical intensive food 
production systems supported by the mining of Foulden Maar, heavily reliant on CO2 
outputs, are creating the very climate crisis we seek to avert.  
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In its layers of diatomite, Foulden Maar is the only known site in the world that holds 
evidence of climate change spanning the last deglaciation of the Antartica, which is essential 
for us to understand and plan for the conditions we may confront. Foulden Maar is currently 
unprotected and vulnerable to profit-driven mining interests. To leave it this way, the 
people of Aotearoa, tangata and mana whenua, our children and future generations are 
literally robbed of insight into both our past and future.   
 
We reiterate our support of the work of Save Foulden Maar Incorporated to place the site in 
its entirety and in perpetuity under public ownership and protection. We strongly urge you 
to be proactive in protecting this taonga for future generations. 
 

He waka eke noa   We are all in this together
 
N  m tou, 
 
 
Mr Alan Teraki. Ph: 03 4181799 

Calvin Boulter. E: calvinboulter54@icloud.com 

Sandy Te Raki. E: sandyteraki@gmail.com   

Lisa Te Raki. Ph: 02102715186 

Nathan Te Raki. E: nteraki@hotmail.com   

Jason Te Raki. E: julia_rata@hotmail.com 

Shane Te Raki. E: shane.teraki@anzcofoods.com

Kerry Te Raki. E: kerry_teraki@hotmail.com 

James Crofts-Bennett. Ph: 0273569627 

Ruby Thompson-Te Raki. E: vspark14@gmail.com  

Reuben Te Raki. E: lisateraki@yahoo.com.au 

Daniel Te Raki. E: julia_rata@hotmail.com 

Ethan Te Raki. E. julia_rata@hotmail.com 

Jay-T Te Raki. E: julia_rata@hotmail.com  

(Ng i T haitara, Ng i T huriri, T rakautahi, Ng i Te Atawhiua, Ng
teatea, ti Raki, ti Huirapa) 



3 
 

Rachel Wesley (  Taoka) Rachel.Wesley@otagomuseum.nz 
 
Paulette Tamati-Elliffe  
paulette.tamati-elliffe@ngaitahu.iwi.nz    
 
Rua McCallum  ki Moeraki. 
 
Dr Khyla Russell Khyla.Russell@op.ac.nz 
 
Dominic Karaitiana Clucas ( iri, Te Rakiamoa)  
 
Natalie Karaitiana (  Taoka) komiti@tro.org.nz 
 
I, tautoko the Foulden Maar kaupapa. Mrs Koa Whitau Kean, Moeraki. (Ng ti Irakehu, Ng ti 

ti Waewae). koawkean3@hotmail.com 
 
Deirdre Carroll ( ) deirdrec@psusi.org.nz 
 
Maree Clayton ( ) 
 
Kuini Scott  kuini.scott@gmail.com  
 
Dr Terence L Broad ( Tahu) terry.broad@hotmail.com 
 
Moana Wesley (  Taoka) 
 
I Gene Waaka, tautoko this idea. Kai Tahu- Kaati Mamoe- Waitaha- Te Rapuwai (South Island 
tribes) Kaati Huirapa 
 
Roslyn Nijenhuis (Ng ti ) 
 
Kim Karaitiana ( ) Ph 0220803498 
 
Gisele Laven giselelaven51@hotmail.com (Te Pahi, ) Ph 0272724478 
 
Ranui Ryan ( ti Huirapa, Ng ti ) ranuiryan@gmail.com 
 
Kera Baker (Te Rapuwai, Waitaha, Kai Tahu te iwi, ko  Huirapa te hap . Waea: 
0273281175 
 
Mrs Christine Kingi ( ti ) Ph: 0211012123 
 
Mrs H ria Moffat (  Huirapa) Ph: 034394746 



    
  

Stella McQueen 
 
 

Native Fish Specialist 
Science Communicator 
 

027 7378 561 
nznativefish@gmail.com   
 

 
 
            5 July 2019 

Letter in support of the protection of Foulden Maar for science 

s native fish and an internationally 
recognised science communicator, bringing native fish biology and ecology to a broad audience 
through social media, radio, printed articles, workshops and my two books, A Photographic Guide to 
Freshwater Fishes of New Zealand (2013) and The New Zealand Native Freshwater Aquarium (2018). 

Preserved within the layers of Foulden Maar is an irreplaceable record of the evolution of a single fish 
species, from a migratory ancestor that favoured flowing waters, to one that was supremely adapted 
to the quiet lake in which it lived. The existence of such a perfectly preserved, year-by-year 
evolutionary record of a species is utterly staggering.  

That fish, Galaxias effusus, is part of the whitebait  group, a well-studied family of small, scaleless 
fishes. G. effusus ail. Its migratory 
ancestors likely entered Foulden Maar during a rare overflow event, but were then able to establish a 
landlocked population within the lake, with no need to go to sea as juveniles. It then evolved 
undisturbed, adapting to conditions within the lake. 

It is from a family that is characterised by a cool-temperate Southern Hemisphere distribution, not the 
warm-temperate to sub-tropical conditions present within the lake. And yet there were other galaxiid 
species in other lakes and streams around Otago at the sam family is 
no longer able to tolerate warmer environments. Further work on this fossil species may be able to 
answer this, and help us understand the future of this fish family on a warming planet. 

 

Galaxias effusus from Foulden Maar, showing perfect articulation of even the tiniest bones. 



    
  

ble to form landlocked populations, typically the adults spend their 
lives in inflowing streams, with juveniles using the lake in place of the sea as rearing habitat. The lack 
of inflowing streams forced both adults and juvenile G. effusus to cohabit, as evidenced by the 
presence of fossils and coprolites of both stages in the centre of the lake.  

This open water would have had no structural habitat and deadly anoxic water below. There would 
have been few large invertebrates to feed the adult fish, but smaller zooplankton provided plentiful 
food for juvenile fish. So why were adult fish there? They were probably feeding cannibalistically. The 
fossil record may yet reveal a competing arms race within the one species, featuring speedy, fast-
growing juveniles adapted to feast on zooplankton while avoiding their elders, later maturing into 
powerful adults primed to snatch mouthfuls of their own young. 

Aside from Galaxias effusus, the only other fish species present was a freshwater eel (Anguilla spp.), 
known from a single fossil specimen. This is the first record of a freshwater eel in the Southern 
Hemisphere. Eels are unable to landlock, and would have only been occasional visitors to the lake. 

Asia, India and western Africa, but to the more distant and northerly American and European eels. 
Prior to the discovery of this fossil, Oceanic and Atlantic eels were thought to have diverged 15 mya. 
This fossil revises this date to more than 23 mya, unless it represents an earlier radiation and 
extinction. Unfortunately this specimen is poorly preserved, limiting what can be learned from it. The 
discovery of other eel specimens at Foulden Maar may yield important information of the phylogeny 
and radiation of the Anguilla family. 

Globally, the loss of the fish fossil record at Foulden Maar would prevent a greater understanding of 
the phylogeny and evolution of Galaxias and Anguilla. Within New Zealand, f  reshwater fish fossils have 
only been found in two regions: inland from Gisborne and several lake deposits in Otago. These lake 
deposits cover different time periods and contain different species. The loss of one cannot be justified 
by the existence of others. 

Foulden Maar is scientifically priceless in so many ways. Its proposed destruction to produce low-
grade, pseudoscientific animal feed is incomprehensible vandalism. This site must be permanently 
protected for scientific research and education. 

 

 Yours sincerely, 

   

 Stella McQueen   




